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Examine from head to toes
 Before you dare to diagnose.

More harm is done because you do not look
Than from not knowing what is in the book.

Above all try not to spot
Because you think you know a lot;

Spot-diagnosis you should hate
Until you are a surgeon great

The acute abdomen in rhyme
by ZETA 1949

Voor mijn ouders
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GENERAL INTRODUCTION AND OUTLINE OF THE THESIS

GENERAL INTRODUCTION

Acute abdominal pain is the most common presentation at the Emergency Department (ED).(1,2) 
Each year more than 8 million patients in the United States visit the ED with abdominal pain as 
their major complaint. (2) Patients presenting with abdominal pain at the Emergency Department 
(ED) pose a diagnostic challenge for clinicians. A broad variety of underlying conditions can cause 
abdominal pain.(3–5) Causes range from mild, self-limiting to life-threatening conditions. Only 
a small proportion of conditions necessitate immediate treatment but missing such a diagnosis 
often has major consequences on the outcome. The diagnostic challenge lies in differentiating 
the life-threatening conditions from self-limiting conditions to provide timely and accurate treat-
ment. 

The term acute abdominal pain refers to non-traumatic abdominal pain of rapid onset with du-
ration of less than five days. (5) Acute abdominal pain can be divided in urgent and non-urgent 
conditions. Urgent causes require treatment within 24 hours to prevent serious complications 
whereas for non-urgent conditions treatment is not necessitated within a fixed period of time. 
(5,6) The majority of patients are discharged home immediately after ED evaluation. Only 25% 
of patients are admitted to the hospital.(1) Imaging is commonly performed to prevent missing 
an urgent condition. 

Whilst the number of patients presenting to the ED has been consistent since 1972 there has 
been a major increase in the utilization of additional resources such as ultrasonography (US) 
and computed tomography (CT) between 1992 and 2007.(1) The type of resources utilized 
also changed over the past decades. In 1972 only plain abdominal x-rays or a complete blood 
count were performed, in respectively 47% and 95% of patients. (7) Whereas in 2007 42% of 
patients received either ultrasonography or computed tomography. The use of laboratory tests 
has also increased with 65% of patients receiving some form of blood analysis in 2007. Despite 
an increased utilization of diagnostic modalities only 3.8% fewer patients were discharged home 
labelled NSAP in 2007 compared to 1992.(1)

Imaging is believed to increase diagnostic accuracy however the liberal use of imaging also has 
downsides. Recently a study demonstrated that routine use of CT in patients with abdominal 
pain leads to significantly higher costs when compared to a selective imaging practice. (8) Be-
sides an increase in costs imaging also places a burden on patients and the healthcare system. 
Patient time at the ED is extended, ED throughput of patients is protracted and in the case of 
computed tomography patients are exposed to ionizing radiation.(9). In patients with an urgent 
condition the advantages of imaging have clearly been demonstrated. (10) However in patients 
with a non-urgent condition the downsides of imaging outweigh the advantage of an increased 
diagnostic accuracy. The ideal imaging strategy in patients with acute abdominal pain provides an 
optimal balance between the highest diagnostic accuracy and subsequently the most accurate 
management decisions whilst exposing patients the least to unnecessary downsides of imaging.
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CLINICAL EXAMINATION

Traditionally the diagnostic work-up of patients with acute abdominal pain starts with history and 
physical examination. (11) However, several studies demonstrated that the diagnostic accuracy 
for a specific diagnosis is low. (3,5) The clinical diagnosis after medical history and physical ex-
amination corresponded to the final diagnosis in only 43-59% of patients.(12,13) The addition of 
laboratory tests has not shown to increase the diagnostic accuracy. History and physical exami-
nation combined with laboratory tests still resulted in an unacceptably low diagnostic accuracy. 
In only 46-48% of patients the clinical diagnosis corresponded with the final diagnosis. (3,5)

Clinical assessment is challenging because signs and symptoms are often vague and nonspecific 
at initial presentation. Symptoms can evolve and become more specific in time. Clinical evalu-
ation is also highly inter-examiner dependent. Critics have argued that the reported diagnostic 
accuracy is biased due to several limitations in design of the studies. First of all, most studies 
lack an acceptable reference standard that accurately establishes the final diagnosis. Especially in 
patients not undergoing surgery it is hard to establish an accurate final diagnosis. Even additional 
imaging modalities such as CT and US are not always 100% accurate and therefore invalid as ref-
erence standard. It has also been argued that in these studies the more inexperienced residents 
have performed the clinical evaluation, which might explain the low diagnostic accuracy. Never-
theless in most countries it is common practice that residents examine patients and establish a 
clinical diagnosis before specialists examine patients. 

Treatment based on medical history and physical examination alone leads to misdiagnosis, re-
sulting in delayed or inadequate treatment. In the OPTIMA study, a large multicenter study eval-
uating the performance of all individual diagnostic modalities, it was estimated that treatment 
based on clinical evaluation alone would lead to 12% missed urgent diagnosis and 27% false 
positive urgent diagnosis. Meaning that 27% of patients would undergo unnecessary additional 
investigations or treatment and in 12% of patients urgent necessary treatment could be delayed 
with its subsequent consequences.(5) 

This demonstrates the need of an accurate diagnosis to provide optimal treatment, especially 
in patients with an urgent condition. Clinicians rely heavily on imaging to increase diagnostic 
accuracy. However, only a small proportion of patients presenting with acute abdominal pain, 
approximately 65%, has an urgent condition, requiring immediate treatment.(5)Thus imaging in 
all patients presenting with acute abdominal pain would lead to overuse of imaging with its subs
quent consequences. It places an unnecessary burden on health care facilities (time and money 
wise) whilst exposing the majority of patients unnecessary to risks associated with imaging.(8) 
Even though the accuracy of clinical evaluation for a specific diagnosis is low it still might be 
of additional value in discriminating urgent from non-urgent conditions. Differentiating urgent 
from non-urgent causes is important to guide in the selection of patients for additional imaging. 
In patients with an urgent condition, immediate imaging is justified, whereas in patients with a 
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non-urgent condition immediate imaging is not required. 
It has been hypothesized that a longer duration of complaints (>48 hours) in combination with 
low inflammatory markers could be used to rule out urgent conditions. Contrarily, high inflamma-
tory markers and a short duration of complaints might be more predictive of urgent conditions. 
Another means to prevent over-utilization of imaging is the use of decision tools. A decision rule 
guides decision making by providing an objective means to increase or decrease the pre-test 
probability of an outcome, thereby suggesting a course of action. Decision tools also aid in the 
selection of patients for additional work-up.(14–16) Several decision rules have been developed 
to guide decision making in patients suspected of acute appendicitis or diverticulitis, the most 
common urgent conditions.(17–21) They demonstrated an increased diagnostic accuracy in a 
study setting but their usage and influence on daily practice has not yet been studied. 

IMAGING

Imaging modalities such as CT and US have been demonstrated to increase the diagnostic accu-
racy in patients with acute abdominal pain. (5) However, none of the imaging modalities is always 
100% accurate. 

For years plain abdominal x-rays have been the initial imaging modality of choice. Abdominal 
radiography is widely available, cheap and it only exposes patients to limited radiation dose in 
comparison with CT. Despite these minor advantages, numerous studies have demonstrated 
limited benefits of abdominal radiography in daily practice. (22) In only 8.9% of patients ab-
dominal radiography contributed to changes in management. Also only in 11% of patients the 
physician altered the initial clinical diagnosis of which 22% resulted in an accurate change, so the 
benefit of abdominal radiography on top of clinical evaluation has not been demonstrated. (22)
Nevertheless abdominal radiography is still widely used in daily practice. Even though the costs 
and radiation dose of plain abdominal radiographs are much lower than of CT it still adds to an 
increased burden for patients and healthcare systems, especially since it has been demonstrated 
that plain abdominal radiographs have no additional diagnostic value. (5,10) 

In terms of diagnostic performance CT is superior over ultrasound and abdominal radiography. 
(5) However, CT has more disadvantages than ultrasound and abdominal radiography. It exposes 
patients to ionizing radiation, which can induce cancer. Another drawback is the risk of contrast 
nephropathy due to enhancement of CT with intravenous contrast. Ultrasonography has less 
downside compared to CT.(23) No administration of contrast agents is required, costs are lower 
and it doesn’t expose patients to ionizing radiation. However, ultrasonography is a real time 
investigation and others do not easily interpret images afterwards. Another drawback is the de-
pendency of the diagnostic accuracy on observer experience. 

In the OPTIMA study the sensitivity of CT is higher compared to ultrasonography, respectively 

GENERAL INTRODUCTION AND OUTLINE OF THE THESIS
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89% versus 70%. The percentage of missed urgent diagnoses on CT is also much lower, 11% 
versus 30%. The number of false positive diagnoses is nearly similar, 12% and 11%. Although 
computed tomography leads to the highest diagnostic accuracy ultrasonography is preferred as 
the first imaging strategy because it lacks the downsides of CT related to contrast and radiation. 
(5) However, a diagnostic strategy based solely on ultrasonography would lead to an unaccept-
ably high number of missed urgent conditions. The OPTIMA study demonstrated that a strategy 
based on US first and CT only in patients with negative or inconclusive US results in acceptable 
accuracy whilst reducing the overall exposure to radiation in patients with acute abdominal pain. 
Nowadays the conditional imaging strategy is advocated.

The conditional CT strategy detected more urgent diagnoses than a CT only strategy in a general 
population of patients with acute abdominal pain. The ideal strategy might differ for specific se-
lections of patients. For example in patients suspected of acute mesenteric ischemia (AMI). AMI 
is rare condition with a very high mortality rate ranging between 30-95%.(24) Due to its severe 
clinical course the clinical suspicion of AMI necessitates a rapid and accurate diagnosis. In these 
patients it might be justified to perform a CT as initial imaging modality to prevent unnecessary 
delay in treatment. Selecting patients with a high suspicion of AMI remains difficult. Currently it 
is unknown which elements of history, physical examination and laboratory tests justify direct 
computed tomography. 

Another possible group of patients that might benefit from a different imaging strategy are pa-
tients with a strong clinical suspicion of acute appendicitis. In the past it has been argued that 
acute appendicitis is a clinical diagnosis because of its presentation of signs and symptoms might 
be very specific. (25)Ultrasonography often leads to more false positive diagnoses, increasing the 
number of negative appendectomies. Therefore it might be justified to perform a direct CT in all 
patients with a high clinical suspicion of appendicitis. 

The diagnostic accuracy of abdominal CT could differ between the different types of enhance-
ment; oral, intravenous, rectal or no contrast. Each type of enhancement has its advantages and 
disadvantages. IV contrast is preferred to diagnose bowel wall pathology, inflammatory lesions 
and provides information regarding the vascular status of abdominal organs. Usually IV contrast 
is preferred because it is the least discomforting for patients and does not require extended 
preparation time. Downsides of IV contrast enhancement are the risk of contrast-induced ne-
phropathy and the possibility of an allergic reaction. Oral contrast is provides more information 
about structural abnormalities and allows small bowel opacification. Limitations of the use of 
oral contrast are the time between administration and CT (approximately 90 minutes), the risk of 
vomiting and aspiration and possible patient intolerance. Rectal contrast aids in the diagnosis of 
abnormalities of the rectum and colon. Rectal contrast is used to visualize lesions, obstructions, 
diverticula and bowel perforation or anastomotic leakage. Concerns of rectal contrast are the 
possibility of contrast extravasation and increased patient discomfort. (26,27) It remains under 
debate which type or combination of contrast enhancement increases diagnostic accuracy in 
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patients with acute abdominal pain without unnecessarily increasing patient burden. 
The accuracy of the clinical diagnosis in patients presenting with acute abdominal pain at the 
Emergency Department is low even though additional imaging increases the diagnostic accu-
racy. Imaging in all patients would lead to over-utilization, exposing the majority of patients to 
unnecessary risks, prolong throughput at the ED and place a major burden on the health care 
system. The first part of this thesis explores means to increase the accuracy of the clinical diag-
nosis. If, based on clinical evaluation, patients with an urgent condition could be distinguished 
from patients with a non-urgent condition over-utilization of imaging could be restricted. The 
second part of this thesis evaluates current imaging strategies in selected patient groups. The 
effectiveness of the conditional imaging strategy has been proven in a general population of 
patients with acute abdominal pain but it has not been investigated yet whether this is also the 
preferred strategy in patients with rare but severe diseases such as AMI or diseases with a very 
typical clinical presentation. In patients who undergo an abdominal CT it still is under debate 
what type of enhancement is preferred. The third part assessed the implementation of evidence 
intro daily practice. 

OUTLINE OF THE THESIS

PART 1: CLINICAL DIAGNOSIS

Critics argue that the reported accuracy of the clinical diagnosis in studies is low because a 
young and inexperienced resident instead of an experienced surgeon provides the diagnosis. If 
surgeons have a higher diagnostic accuracy this could potentially decrease the use of imaging. 
Chapter 1 compares the diagnostic accuracy between surgical residents and surgeons in unse-
lected patients with acute abdominal pain presenting at the ED. 

Decision tools aid in the selection of patients for additional imaging, thereby preventing the 
over-utilization of imaging. Several decision tools have been developed and validated for acute 
appendicitis and diverticulitis; however their influence on the use of hospital resources and cer-
tainty of diagnosis has not yet been evaluated. In Chapter 2 the influence of decision tools for 
acute appendicitis and acute diverticulitis on clinical practice is evaluated. 

Laboratory parameters such as CRP and WBC rise rapidly in response to various infectious and 
inflammatory conditions. Although their diagnostic accuracy for a specific diagnosis is low, they 
are part of standard diagnostic work-up. CRP and WBC could be useful as a triage test, discrimi-
nating between urgent and non-urgent conditions, guiding the selection of patients for immedi-
ate diagnostic imaging. Chapter 3 assesses the diagnostic value of C-reactive protein and white 
blood cell count to discriminate between urgent and non-urgent conditions in 2691 patients 
with acute abdominal pain at the Emergency Department (ED). 

GENERAL INTRODUCTION AND OUTLINE OF THE THESIS
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The diagnostic accuracy of CRP and WBC might increase in correlation to the duration of symp-
toms. Chapter 4 evaluates whether the suspicion of acute appendicitis can safely be discarded 
or based on inflammatory marker levels correlated to the duration of symptoms. 

Since CRP is a widely available, fast and cheap marker it might also be of value in detecting 
post-operative infectious complications. Infectious complications occur frequently after major 
abdominal surgery and have a major influence on patient outcome and hospital costs. A marker 
that can rule out post-operative infectious complications (PIC) could aid patient selection for 
safe and early hospital discharge. Chapter 5 systematically reviews the literature on the diagnos-
tic value of CRP to rule out PIC following major abdominal surgery. 

PART 2: IMAGING

Imaging increases diagnostic accuracy. The preferred imaging strategy in patients with acute 
abdominal pain consists of ultrasonography first followed by computed tomography when the 
ultrasound is negative or inconclusive. Chapter 6 evaluates whether this imaging strategy is also 
preferred in patients with a clinical suspicion of acute appendicitis. 

In patients suspected of acute intestinal ischemia the preferred imaging strategy is unknown. 
The accuracy of several separate diagnostic modalities has been studied previously however 
no studies have focused on the added value of each step in the diagnostic work up. Chapter 7 
summarizes the existing literature on each commonly utilized step of the diagnostic work-up in 
patients with acute intestinal ischemia. 

Whether contrast enhancement provides a diagnostic advantage in patients with acute abdom-
inal pain remains under debate. Chapter 8 systematically evaluates the diagnostic accuracy of 
contrast agents in patients with acute abdominal pain.
 

PART 3: IMPLEMENTATION

Numerous studies have demonstrated low sensitivity and accuracy of plain abdominal radiogra-
phy in evaluation of acute abdominal pain as well as various specific diseases such as perforated 
viscus, bowel obstruction, ingested foreign body and ureteral stones. Nevertheless, plain X-rays 
are continuously being used in daily practice. Chapter 9 summarizes the role of abdominal radi-
ography in the past, the present and the future. 

Several factors hinder the implementation of scientific research into daily practice. Chapter 10 
investigates the role other factors such as experiences of the doctor and psychological processes 
have when translating clear scientific evidence into daily practice.
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Diagnostic practice for acute abdominal pain at the Emergency Department varies widely and is 
mostly based on doctor’s preferences. In Chapter 11 an evidence-based guideline for the diag-
nostic pathway of patients with abdominal pain of non-traumatic origin is described. 

GENERAL INTRODUCTION AND OUTLINE OF THE THESIS
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ABSTRACT

Introduction: Diagnostic accuracy of the clinical diagnosis in patients with acute abdominal pain 
is not high enough. Critics argue that this is due to the fact that these data predominantly are 
based on resident or registrar work-up. If surgeons have a higher accuracy of the clinical diagno-
sis this could lower resource utilisation.

Methods: Patients with acute abdominal pain were included in a prospective cohort study. Both 
a surgical resident and a surgeon recorded the clinical diagnosis and proposed diagnostic work-
up on independent assessment. The proportion of correct diagnosis was calculated. Diagnostic 
accuracy was expressed with sensitivity, specificity, positive predictive value and negative pre-
dictive value. Inter-observer agreement for the diagnosis and elements of history taking and 
physical examination were expressed with Cohen’s kappa. Certainty of diagnosis was recorded 
using a visual analogue scale. 

Results: Both a resident and a surgeon independently assessed 126 patients. Residents made a 
correct diagnosis in 44% of cases and surgeons in 43% (p =0.839). Surgeons however recorded 
a higher level of diagnostic certainty than residents. Diagnostic accuracy was comparable in dis-
tinguishing urgent from non-urgent diagnoses and for the most common diseases. Inter-observer 
agreement for the clinical diagnosis varied from fair to moderate (ƙ 0.28-0.57). There was no dif-
ference in the proposed diagnostic work-up between surgeons and residents. Both proposed to 
perform imaging in 77% of patients and ultrasound was the imaging modality of first choice.  

Conclusion: Diagnostic accuracy of the clinical diagnosis does not improve if a surgeon instead 
of a surgical resident assesses a patient with abdominal pain on the emergency department. It is 
unlikely that surgeon assessment will reduce resource utilisation. 
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DIFFERENCE IN DIAGNOSTIC ACCURACY BETWEEN SURGEONS AND RESIDENTS 

INTRODUCTION

Acute abdominal pain is a common complaint, accounting for up to 10% of all visits to the 
Emergency Department (ED).1,2 There are many possible diagnoses causing acute abdominal 
pain, ranging from self-limiting conditions to life threatening disorders. Therefore, rapid work-up 
is needed to establish an accurate diagnosis. Prevalence of acute abdominal pain in the ED has 
been stable since the early 1970’s.3-5 However, the diagnostic work-up has changed considerably 
since; more and more imaging techniques are used. In 1972 complete blood count was used in 
95% of patient as the only diagnostic modality on top of history taking and physical examination. 
Plain X-ray was the only imaging technique used, in about 42% of patients.3 A six-fold increase 
is seen in the use of ultrasound and computed tomography (CT) in the work-up of ED patients 
presenting with acute abdominal pain, from 6.8% in 1992 to 42% in 2007.1,4 

Over the years diagnostic accuracy of the clinical diagnosis remained unchanged.16,17 Still, history 
taking and physical examination are used as key diagnostics to identify those patients in need 
of additional work-up. As history taking and physical examination are highly examiner-depend-
ent, there has been a longstanding debate on who is best to examine the patient with acute 
abdominal pain. How do differences in performance influence the decision-making process for 
treatment or additional imaging work-up? The inter-examiner differences between surgeons and 
surgical residents or ED physicians in assessment of the (preliminary) diagnosis have not been 
studied yet. A limited amount of studies describe individual entities of the diagnostic pathway, 
for instance the inter-examiner reliability of different components of history taking and physical 
examination.18-20

The sensitivity of surgical residents for urgent diagnoses is rather high (88%).16 However, this is 
accompanied by a false positive rate of 27% for urgent diagnoses. This indicates that surgical 
residents wrongly suspect many patients of having a serious condition. The consequence of 
this over-selection is that many patients are burdened unnecessarily with additional work-up, 
increasing resource utilisation. For computed tomography (CT) there are the risks of contrast 
allergy, contrast nephropathy and radiation effects. The question remains if the judgement of the 
young surgical resident is reliable enough, and consequently, if an experienced surgeon can do 
better. The aim of this study was to evaluate the difference in diagnostic accuracy of the clinical 
diagnosis between surgeons and surgical residents.

METHODS

Setting and inclusion
This study was designed as a multi-center prospective cohort study. The study was conducted 
between January 2010 and January 2013 in the emergency department of one academic hos-
pital (Academic Medical Center) and two large teaching hospitals (Onze Lieve Vrouwe Gasthuis 
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and Sint Lucas Andreas Hospital) in the Netherlands. The institutional review board of each par-
ticipating hospital approved the study. Prior to inclusion patients gave written informed consent. 
Consecutive patients were included according to the study protocol. However, due to the limited 
availability of an experienced surgeon on the ED during out of office hours, the patients for this 
study were included during office hours on Monday through Friday from 8 am until 5 pm. In 
this same cohort we evaluated use of decision tools round the clock, of which assessment took 
place after round-up of present study question per patient and will be analysed and reported 
separately. 

Patients were considered eligible for inclusion if they presented at the emergency department 
with non-traumatic abdominal pain with a duration of more than 2 hours and less than 5 days. 
Exclusion criteria were age under 18 years, hemorrhagic shock due to gastrointestinal bleeding, 
ruptured aortic aneurysm and known pregnancy. Patients in whom further diagnostic investiga-
tions such as imaging was already performed, before consultation of the surgical discipline, were 
not eligible. Patients were either self-referred or referred by their general practitioner.

Evaluation protocol
Patients were included at the emergency department by the attending surgical resident. The 
residents recorded elements of history taking, physical examination and routine laboratory tests 
in an online case record form. Furthermore, they recorded the initial clinical diagnosis and were 
asked to express their certainty of the diagnosis with a Visual Analogue Scale (VAS). The VAS 
ranged from 1 to 10 where 1 indicated total uncertainty and 10 absolute certainty. The diagnosis 
was recorded without knowledge of the outcome of additional (non-routine) laboratory tests or 
consultation of a different specialism whenever performed; imaging had not been performed yet.

A surgeon who was not aware of the findings of the resident independently assessed each pa-
tient. Similar to the residents the surgeons recorded elements of history taking, physical exam-
ination and clinical diagnosis in the online case record form. They were aware of the results of 
routine blood tests, just as the residents. Surgeons were also asked to express their certainty of 
diagnosis with a VAS score. Further need for diagnostic work-up such as additional laboratory 
tests or imaging and initiation of treatment was not regulated per study protocol, but initiated by 
the treating resident and surgeon. 

Reference standard
A final diagnosis was established to serve as reference standard. Four panels consisting of two 
surgeons who were not involved in the initial evaluation or management of the subjects were 
formed. Additional data to that recorded by the residents and surgeons was collected by two of 
the investigators (JK and SG). The data was gathered for a total follow-up period of three months 
after presentation at the emergency department. The expert panels were provided with stand-
ardized information sheets. The sheets included findings of history taking, physical examination, 
laboratory tests, additional imaging, operation reports, histo-pathological reports, hospital admis-
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sion discharge letters and reports of outpatient clinic visits during the follow-up period. 

Each member of a panel assigned a final diagnosis to every case. Whenever one of the surgeons 
asked for more specified information, both surgeons of that panel were provided with the in-
formation. Disagreement within each panel was resolved in a consensus meeting with a third 
expert. 

Statistical analysis
The percentage of the initial diagnosis that was in accordance with the final diagnosis was com-
pared between surgeons and residents. Differences were compared with McNemar’s test. Di-
agnostic accuracy of residents and surgeons in distinguishing between urgent and non-urgent 
diagnosis was calculated. Also the diagnostic accuracy was calculated and compared for specific 
diagnosis such as acute appendicitis, acute diverticulitis, acute cholecystitis and non-specific 
abdominal pain (NSAP). Diagnostic accuracy was expressed by sensitivity, specificity, positive 
predictive value (PPV) and negative predictive value (NPV). False negative rates (FNR) and false 
positive rates (FPR) are mentioned whenever they clarify the text however they are not given 
standard since they can be readily calculated (FNR as 1-NPV, FPR as 1-PPV). 

Accordance of diagnosis between the residents and surgeons was expressed with the Cohen’s 
kappa coefficient (ƙ). This coefficient was also used to evaluate inter-observer variation between 
surgeons and residents with regard to several elements of history taking and physical examina-
tion. These variables were evaluated only if either resident or surgeon observed them in at least 
10 patients. Values were classified in six categories: 0.00 Poor, 0.00-0.20 limited, 0.21-0.40 fair, 
0.41-0.60 moderate, 0.61-0.80 good, 0.81-1.00 almost perfect. Certainty of the diagnosis and 
proposal for treatment was compared between residents and surgeons by performing a Wilcox-
on signed ranks test on the median VAS scores. Statistical analysis was performed in Microsoft 
Excel 2010 (Microsoft, Redmond, WA, USA) and IBM SPSS 20 (IBM, Armonk, NY, USA).
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RESULTS

Study population and assessment
Figure 1 shows that a total of 387 patients were eligible for the study of which 126 were includ-
ed in present analysis. 92 patients were excluded because they either did not meet the inclusion 
criteria or the data was incomplete. The remaining 168 patients had been assessed only by 
residents and not by a surgeon, predominantly because of presentation outside of office hours. 

Figure 1. Study flow chart

A total of 46 different surgical residents evaluated the patients. The experience as surgical resi-
dent ranged from 0 to 7 years. At least 34 different surgeons independently assessed the patient 
with a range of 0 to over 35 years of experience as surgeon. In 31 of 126 included patients the 
name of the surgeon was not recorded. Table 1 displays the patient characteristics: 69 of 126 
patients were female (55%) and the median age was 39 years (IQR 26-54 years). Median dura-
tion of abdominal pain prior to presentation was 24 hours (IQR 12-72 hours). Twenty patients 
(16%) did not have any additional imaging. Abdominal ultrasound was the most frequently used 
modality in 92 (73%) of patients presenting with abdominal pain. 

 

Patients with acute abdominal pain
(n=387)

Patients assessed by resident
(n=294)

Patients assessed by surgeon

(n=126)

Final diagnosis by expert panel
(n=126)

Excluded (n=92)
- Did not meet criteria (n=45)

- Incomplete data (n=47)

Not assessed by surgeon 
(n=168)
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N = 126

Agea 39 (IQR: 27-54)

Female : Male 69 (55%) : 57 (45%)

Duration of painb 24 (IQR: 12-72)

Temperature ≥ 38.5 ºC 6 (5%)

WBC (x109/L)d 11.2 (SD 4.5)

Imaging in the EDc

No imaging 20 (16%)

Plain abdominal X-ray 16 (13%)

Chest X-ray 8 (6%)

Ultrasound 92 (73%)

CT 32 (25%)

MRI 3 (2%)

Table 1. Patient characteristics

a Median age in years with the interquartile range
b Median duration of pain in hours with the interquartile range
c Percentages are given with the study population (n=126) as denominator, since some patients 
underwent more than one imaging modality addition of the percentages exceeds 100%
d Mean white blood cell count (WBC) with the standard deviation (SD)

DIFFERENCE IN DIAGNOSTIC ACCURACY BETWEEN SURGEONS AND RESIDENTS 
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In Table 2 the final diagnosis are displayed. The proportion of urgent versus non-urgent diagnosis 
was 48% (n=60) versus 52% (n=66). With a prevalence of 27%, 7% and 6%, acute appendicitis, 
acute diverticulitis and acute cholecystitis, respectively, were the most frequently diagnosed 
urgent conditions. Of the non-urgent diagnosis nonspecific abdominal pain (NSAP) was the most 
frequent diagnosis with a prevalence of 33%. 

N = 126

Urgent diagnosis 60 (48%)

Acute appendicitis 34 (27%)

Acute diverticulitis 9 (7%)

Acute cholecystitis 7 (6%)

Pelvic Inflammatory disease 3 (2%)

Small bowel obstruction 2 (2%)

Colonic obstruction 1(1%)

Small bowel ischemia 1 (1%)

Acute pancreatitis 1 (1%)

Pyelonephritis 1 (1%)

Pneumonia 1 (1%)

Non-urgent diagnosis 66 (52%)

NSAP 41 (33%)

Cholecysto-/docholithiasis 7 (6%)

Gynaecologic disease (e.g. endometriosis) 6 (5%)

Gastro-enteritis 3 (2%)

Urine tract infection 3 (2%)

Colonic disease (e.g. carcinoma) 3 (2%)

Urologic disease (e.g. nephrolithiasis) 2 (2%)

Gastritis 1 (1%)

Table 2. Specification of final diagnosis by expert panel

Diagnostic accuracy and certainty
Overall surgeons made a correct initial diagnosis in 43% (54 out of 126) of patients and resi-
dents in 44% (56 out of 126) of patients (p=0.839). Table 3 displays the diagnostic accuracy and 
inter-observer agreement for urgent versus non-urgent diagnosis of surgeons versus residents. 
Surgeons and residents had comparable sensitivity (77% versus 82%), specificity (71% versus 
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67%), PPV (71% versus 69%) and NPV (77% versus 80%) to distinguish urgent from non-urgent 
diagnoses. Although surgeons were not more accurate, they were more certain of their diagnosis; 
mean VAS 8.0 (IQR 6.0-8.0) vs. 7.0 (IQR 7.0-9.0) for residents (p = 0.02).

Table 4 displays diagnostic accuracy of the most frequently diagnosed conditions. Residents had 
a non-significant higher sensitivity than surgeons for acute appendicitis (85% versus 76%); spec-
ificity, PPV and NPV were comparable for acute appendicitis. Nevertheless, surgeons were more 
certain about their diagnosis of appendicitis: median VAS 8.0 (IQR 6.75-9.0) vs.7.0 (IQR 6.0-8.0) 
for residents. Surgeons also had a lower sensitivity than residents for the diagnosis of divertic-
ulitis (33% vs. 44%), but they had less false positive cases than residents (PPV 75% vs. 44%). In 
contrast, surgeons had a higher sensitivity for acute cholecystitis (71% vs. 43%). 

Inter-observer agreement
Table 3 also displays inter-observer agreement between residents and surgeons for urgent ver-
sus non-urgent diagnosis and for each of the most common diseases. Agreement on urgent ver-
sus non-urgent diagnosis is moderate (ƙ 0.46). Table 4 shows a comparable agreement on acute 
diverticulitis (ƙ 0.47) and somewhat higher but still moderate agreement on acute appendicitis (ƙ 
0.57). There is a fair agreement for acute cholecystitis (ƙ 0.28) and NSAP (ƙ 0.38). 

The agreement between surgeons and residents regarding elements of history taking and phys-
ical examination is displayed in table 5. Agreement on history taking variables varied from good 
(pain in the lower right quadrant, pain in the upper right quadrant, diarrhea, vomiting, constipa-
tion, fever) to moderate (migration of pain, referred pain) and fair (pain in the whole lower ab-
domen, transport pain, anorexia). Variables of physical examination had lower agreement. Most 
notably is the limited agreement when assessing if the patient is in an ill condition (ƙ 0.13). 

Course of diagnostic pathway and treatment
Both residents and surgeons proposed to perform additional imaging in 77% of patients. The 
choice of imaging modality was comparable in both groups. Ultrasound was for residents as well 
as surgeons the first choice in the majority of patients (86% vs. 83%). CT was proposed in 9% of 
cases by the residents and 10% of cases by the surgeons as first step imaging. Both surgeons and 
residents proposed plain X-ray in only a few patients (5% and 6%, respectively). The certainty of 
the proposed treatment plan was significantly lower in residents compared to surgeons: VAS 7.0 
(IQR 7.0-8.0) vs. 9.0 (IQR 7.0-10.0) (p < 0.001). 
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Observeda ƙb

Resident Surgeon

History taking

Pain right lower quadrant 56/120 50/120 0.63

Pain right upper quadrant 12/120 9/120 0.64

Pain whole lower abdomen 16/120 16/120 0.35

Migration of pain 31/120 33/120 0.45

Referred pain 32/118 31/118 0.50

Transport pain 55/107 54/107 0.31

Anorexia 60/107 59/107 0.29

Diarrhea 21/118 17/118 0.62

Vomiting 43/119 42/119 0.80

Constipation 21/116 22/116 0.63

Fever 18/115 23/115 0.62

Physical examination

Scars 35/124 34/125 0.70

Ill impression 52/122 59/122 0.13

Pain right lower quadrant 52/110 43/110 0.50

Pain right upper quadrant 13/117 11/117 0.44

Pain whole lower abdomen 20/107 15/107 0.35

Abdominal distension 10/124 9/124 0.37

Rebound tenderness 49/109 47/109 0.52

Abdominal guarding 21/123 26/123 0.34

 Table 5. Inter-observer variation between surgeons and residents

a Not all variables were recorded in all 126 patients for both resident and surgeons. Comparisons 
were only made in those patients were both resident and surgeon recorded the variable. Only 
variables that were observed at least 10 times by either resident or surgeon were evaluated. 
b Cohen’s kappa coefficient interpretation: 0.00 Poor, 0.00-0.20 Limited, 0.21-0.40 Fair, 0.41-
0.60 Moderate, 0.61-0.80 good, 0.81-1.00 almost perfect. 
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DISCUSSION

Surgeons did not outperform surgical residents in terms of accuracy of the clinical diagnosis in 
patients presenting with acute abdominal pain. Residents as well as surgeons correctly diagnosed 
less than half of the patients (43% vs. 44%), illustrating the challenge of the clinical diagnosis 
in acute abdominal pain. Furthermore, agreement of diagnosis between surgeons and residents 
was only fair to moderate (ƙ 0.28-0.57), indicating examiner dependence. This is also reflected 
in the found variable inter-observer agreement for the evaluated elements of history taking and 
physical examination. 

Diagnostic accuracy of the residents in our study is slightly lower than previous reported accuracy 
of residents.16 In that study sensitivity to diagnose urgent conditions was 88% at a specificity of 
41% compared to 82% and 67% in this study. Because of delayed treatment the missed urgent 
diagnosis are of great clinical importance as well as the false positive rate, which as mentioned, 
can lead to unnecessary costs and burden. In the previous study the missed urgent diagnosis 
was 12% and the false positive rate 27% compared to 18% and 31% respectively. Findings of 
inter-observer agreement for elements of history taking and physical examination are similar to 
results previously published.18-20 There is a substantial difference in inter-observer variation since 
the agreement ranged from limited to good. Surprisingly enough this difference in interpretation 
does not seem to influence the overall diagnostic accuracy of the clinical diagnosis. 

Although surgeons are more certain about their diagnosis they do not propose to use less im-
aging than residents. Both propose to use imaging in 77% of patients presenting with acute ab-
dominal pain. This lies close to the actual percentage of 84% of patients that had additional im-
aging in this study (Table 1). Still it is remarkable that there is a difference in what the evaluating 
physicians propose to do and what they actually do. This difference is also seen for plain X-rays. 
Surgeons and residents propose to perform plain X-ray for respectively 6% and 5% of patients 
but it was actually done in 13%. Performing additional imaging in more than 8 out of 10 patients 
is in accordance with the trend to use more imaging over the last few decades.1,4 An important 
difference is that the most performed modality in this study is ultrasound (73%) whereas in the 
latest study by Hastings et al in 2007 CT is ordered more often than ultrasound.4

A potential limitation of this study is that the referral patterns of patients with acute abdominal 
pain and the threshold to attend the emergency department may differ from other countries. In 
this study a general practitioner referred most patients. Patient selection influences the case-mix 
which is illustrated if the prevalence of urgent diagnosis if compared to other studies. In a study 
performed in largely the same hospitals the prevalence of urgent diagnosis was 65%16 compared 
to 48% in this study. Most noticeable difference in patient selection was that Laméris et al only 
included patients if additional imaging was deemed necessary. Another study from Sweden did 
not specifically classify the final diagnosis in urgent versus non-urgent but the prevalence of 
NSAP was already 37% of all final diagnosis.17 Although the exact number is not reported, if 
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the other non-urgent diagnosis are added the prevalence of urgent diagnosis is likely to resem-
ble the prevalence in this study since NSAP occurred in 33% of our patients. In this study we 
experienced that is difficult to include consecutive patients because a surgeon was not always 
available to perform the independent assessment. However, this does resemble current practice 
where even if the diagnostic accuracy of a surgeon would be better than a resident it will not be 
easy to facilitate a surgeon to always be readily available for assessment of patients presenting 
with acute abdominal pain. Another limitation is that it is impossible to recreate the exact same 
conditions for independent assessment by a resident and a surgeon. Presentation of complaints 
can vary in time. Elements of history taking and physical examination are influenced by the exam-
ination of the first physician, be it the resident or the surgeon. In this study most of the patients 
were assessed by the resident first and later on by the surgeon imposing greater risk of patient 
dependent bias. This bias may well be a significant factor in the found variation in agreement of 
elements in history taking and physical examination. Furthermore, a formal power analysis was 
not performed. Forming a hypothesis on how much better a surgeon would perform than a resi-
dent seemed erroneous because there is no single report available to base a funded estimate on. 

This study provided some relevant insights in the assessment of patients with acute abdominal 
pain that have not been uncovered before. Interrater agreement is studied widely especially in 
the field of imaging modalities. However, to our knowledge this is the first study that makes a 
head to head comparison in the clinical assessment of acute abdominal pain between surgeons 
and residents in term of diagnostic accuracy. Interrater agreement on elements of history taking 
and physical examination has also not been reported between residents and surgeons. Routine 
and experience are considered to be an important asset in the clinical assessment of patients. 
This study showed that although surgeons are more certain about their diagnosis it does not lead 
to a higher diagnostic accuracy. In one specific condition, acute diverticulitis, surgeons have a 
substantial higher PPV (75%) compared to residents (44%). Since most cases of acute diverticu-
litis are uncomplicated these might be diagnosed without the need for additional imaging.21 This 
could impose that surgeons would need less additional imaging in the patients they suspect of 
having diverticulitis. In contrast, residents have a slightly better sensitivity (44%) than surgeons 
(33%). However, sensitivity is of limited value and is not likely to affect the choices made by the 
attending physician evaluating patients in the ED. It only indicates how many times the physician 
was right in hindsight when all the patients who had diverticulitis were identified.

In this study we investigated the independent assessment by a surgeon. The question that re-
mains is whether or not the diagnostic accuracy improves if the assessment by a surgeon is 
done on top of the assessment by the surgical resident. What we do know is that the diagnostic 
accuracy of the clinical diagnosis does not improve if a surgeon rather than a surgical resident 
assesses every patient. Assessment by surgeons would not decrease the burden of additional 
work-up and overuse of imaging when comparing the suggested work-up of surgeons and resi-
dents in patients presenting with acute abdominal pain.
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ABSTRACT

Rationale: Correctly identifying patients with acute appendicitis or diverticulitis is a diagnostic 
challenge. The majority of these patients is referred for additional imaging. Decision tools can be 
used to prevent over-utilisation of imaging by selecting patients for diagnostic imaging. Several 
decision tools have been developed and validated; however their influence on the use of hospital 
resources and certainty of diagnosis has not yet been evaluated. The objective of current study 
was to assess the influence of the use of decision tools on clinical practice. 

Methods: Between 2009 and 2013 adult patients with acute abdominal pain (AAP) were includ-
ed in a multi-center prospective cohort study (AAP study). Immediately after clinical evaluation 
surgical residents recorded their diagnosis and its certainty (VAS score). A decision tool had to be 
completed in case of suspected acute appendicitis or diverticulitis. Upon completion, residents 
were provided with the outcome and recorded their diagnosis and certainty once more. An ex-
pert panel assigned the final diagnosis after three months of follow up. 

Results: A total of 294 patients were enrolled in three hospitals. The clinical diagnosis was cor-
rect in 81 of the 143 patients (56.6%) suspected of appendicitis. A combined clinical diagnosis 
with decision tool use was registered in 132 patients suspected of appendicitis and correct in 72 
patients (54.5%). The clinical diagnosis was correct in 11 of the 20 patients (55%) suspected of 
diverticulitis. The level of certainty of residents increased after completion of the decision tool 
for only 19.2% of patients with final diagnosis appendicitis and 13.6% patients without appen-
dicitis. For diverticulitis these proportions were 36.4% and 37.5%, respectively. In only 18% of 
patients with diverticulitis the decision tool was reported to influence the utilization of imaging, 
and in none of the patients with an alternative final diagnosis.

Conclusion: This multi-center prospective cohort study demonstrates that use of decision tools 
for acute appendicitis and diverticulitis has limited influence on the modest accuracy and certain-
ty of a clinical diagnosis. Currently, decision tools are unlikely to influence utilization of hospital 
resources. The diverticulitis decision tool has some potential to influence daily practice. 
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INTRODUCTION

Acute abdominal pain accounts for almost 10% of all emergency department visits.(1–3) Acute 
appendicitis and acute diverticulitis are frequently suspected serious causes for acute abdominal 
pain.(1–3) Correctly identifying patients with acute appendicitis or acute diverticulitis is a diag-
nostic challenge.(4–11) Guidelines often suggest that both these diagnoses can be made based 
on history and physical examination.(12,13) Several studies though, have demonstrated that 
medical history and physical examination alone lead to misdiagnosis resulting in delayed or in-
adequate treatment.(1,2,14) Therefore most patients are referred for additional imaging.(3,6,13) 
However, only 50% of patients with clinical suspicion, who are referred for imaging, are ultimate-
ly diagnosed with acute appendicitis or diverticulitis.(1) This implies over-utilisation of imaging 
modalities.(6,15) Additionally, approximately 90% of patients have uncomplicated diverticulitis 
and imaging may be omitted because it will not alter the management.(6,12,13) 

Over-utilization of additional imaging places an unnecessary burden on both patients and health 
care facilities.(4,11,16–19) Selective use of imaging in patients suspected of acute appendicitis 
and diverticulitis would improve both patient satisfaction and reduce health care costs An in-
ternational survey amongst emergency physicians demonstrated the need for a decision rule to 
select patients with acute abdominal pain for Computed Tomography (CT).(20) Decision tools 
potentially can prevent over-utilisation of imaging by selecting patients for diagnostic imaging.
(16,21–24) A decision rule is comprised of several variables from medical history, physical ex-
amination and simple tests.(25) Decision rules can increase or decrease the pre- test probability 
of an outcome suggesting a course of action (such as imaging). (21) Several decision rules have 
been developed to guide decision making in patients suspected of acute appendicitis or divertic-
ulitis. The most commonly used decision rules are the appendicitis inflammatory response score 
(AIR) and the Alvarado score for appendicitis. For the diagnosis of diverticulitis the emergency 
department (ED) triad and the Clinical scoring system (CS tool) for diverticulitis have been intro-
duced and validated recently.(7,8,10,26–29) 

Several factors contribute to successful implementation of decision tools into daily clinical prac-
tice.(16,21–24,30) First, as is the case for the mentioned decision tools, studies must have 
demonstrated sufficient diagnostic accuracy.(7,26,28) A second step is external validation.
(29,31) External validation of the diverticulitis tool has shown a positive predictive value of 97%, 
and 3% false positives.(29) The triad has a sensitivity of 36%, meaning that the tool misses 64% 
of patients with diverticulitis. For appendicitis the external validation of the AIR score has shown 
a positive predictive value of 79%, and 23.3% false positives.(31) A higher positive predictive 
value is seen for a score of more than 8, but this cut-off had sensitivity for appendicitis of a mere 
10%. This means that the tool misses 90% of patients with appendicitis, but when the score is 
above 8 then the presence of appendicitis is highly probable. 

Accuracy is one thing but usage in daily practice is another. The rationale for the use of decision 
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tools lies in their ability to alter the daily diagnostic work-up. Therefore, the true effect of a 
decision tool on patient care should be assessed by a prospective implementation study before 
widespread implementation of decision tools can be advocated.(21) 

The objective of this study was to assess the influence of the use of decision tools for appen-
dicitis and diverticulitis in clinical practice. The primary objective was to evaluate the influence 
of decision tools on the impact on the certainty of diagnosis in relation to initially requested 
diagnostic imaging. For appendicitis a new decision tool had been constructed that produced a 
more detailed probability (expressed as percentage) than the three categories (low, intermediate, 
high) of the AIR tool. 

 METHODS

The AAP (Acute Abdominal Pain) study was a multi-center prospective cohort study conducted 
between December 2009 and January 2013. The objective of the AAP study was to evaluate the 
impact of decision tools on the certainty of diagnosis in relation to initially requested diagnostic 
imaging (according to present day practice). Approval of the institutional review board of each 
participating center was obtained prior to initiation. Three hospitals in the Netherlands partic-
ipated in patient accrual: one academic hospital (Academic Medical Center, Amsterdam) and 
two large teaching hospitals (Onze Lieve Vrouwe Gasthuis and Sint Lucas Andreas Ziekenhuis, 
Amsterdam). Patients gave written informed consent before inclusion. Patients presenting at the 
emergency with non-traumatic abdominal pain with a duration of more than two hours and less 
than five days were considered eligible. Exclusion criteria were age under 18 years, hemorrhagic 
shock due to gastrointestinal bleeding, ruptured aortic aneurysm and known pregnancy. Patients 
in whom further diagnostic investigations such as imaging were already performed for acute 
abdominal pain were also excluded. Patient were either self-referred or referred by their general 
practitioner. 

Decision tools: 
The decision tool for appendicitis was built using logistic regression analysis on a cohort of 422 
(41%) patients with clinical suspicion of appendicitis from a large database containing 1021 pa-
tients with acute abdominal pain.(1) The prevalence of appendicitis in this cohort was 251 of 422 
(59%). The incorporated variables were identified based on the literature.(32) The final appendi-
citis tool consisted of five variables; sex, migration of pain to the right lower quadrant, vomiting, 
rigidity of the right lower quadrant, and white blood cell count. A nomogram was created of the 
regression coefficients from the logistic regression model. Each of the variables was translated 
into points based on the coefficients in the final model, adding up to a total of 60 points. The 
achieved score in points was correlated with a probability (%) that the diagnosis of appendicitis 
was correct. The decision tool had an area under the operator receiver curve of 0.78 (95%CI 
0.73-0.82). More detailed information on this decision tool is provided in appendix 1. 
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The decision tool used for diverticulitis was the Emergency Department triad.(7,29) The ED tri-
ad consisted of three parameters: tenderness exclusively in the left lower quadrant on physical 
examination, absence of vomiting, and a C-reactive protein > 50mg/L. The ED triad is conclusive 
for diverticulitis when all three parameters are positive. When not all parameters are positive the 
ED triad advises to perform additional imaging. (7,29) More detailed information on this decision 
tool is provided in appendix 2. 

Diagnostic protocol 
Treating physicians at the emergency department prospectively identified eligible patients. The 
attending surgical residents prospectively registered history taking, physical examination and lab-
oratory tests. Laboratory tests were requested upon judgement of the attending resident. After-
wards they were asked to give their clinical diagnosis and record their certainty of the diagnosis 
by means of a Visual Analogue Scale (VAS). The scale ranged from 1 to 10 with 10 indicating 
absolute certainty. Residents also recorded whether they would perform additional laboratory 
investigations, imaging investigations, whether they would consult another specialism, and their 
management plan. All data were recorded in an online structured case record form. After com-
pletion of this step the case record form could not be changed. 

When the clinical diagnosis of the resident was acute appendicitis or diverticulitis the dis-
ease-specific decision tool was prompted automatically from the online case record form and 
had to be completed. When the decision tool was completed the outcome of the tool was 
provided to the residents. After review of the decision tool results the residents recorded their 
certainty of the diagnosis once more. Residents also answered questions about the role the 
decision tools played in that diagnostic process, such as their influence on the certainty of the 
diagnosis and their influence on the consecutive course of actions. After the appendicitis deci-
sion tool residents recorded whether the decision tool influenced their diagnosis and certainty 
of diagnosis. In case of the decision tool for diverticulitis residents recorded whether the tool 
had influenced their suggested utilisation of imaging. The outcome of the decision tool was not 
binding in this research setting. Initiation of further diagnostic work up was based on the overall 
judgement of the attending resident, and according to the standard practice Dutch guidelines for 
acute abdominal pain.(33) This guideline also elaborates on the need for additional imaging due 
to the limited accuracy of a clinical diagnosis in patients with acute abdominal pain presenting at 
the emergency department.

Reference standard 
Additional data on clinical, laboratory and surgical findings as well as pathology results, imaging 
reports, outcomes of treatment and outpatient clinics information were collected for a follow-up 
period of three months. Data was summarized in a standardized manner including all available 
information collected during the first emergency department visit and the follow-up period. 

Four expert panels of each two surgeons with extensive clinical experience assigned the final 
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diagnosis based all information. Patient cases were divided among the expert panels. Cases were 
assigned to expert panel members who had not been involved in the initial examination or man-
agement of the case. Each member of an expert panel individually assigned a final diagnosis to 
every case; disagreements were resolved during consensus meetings with a third expert. 

Statistical analysis
The diagnostic accuracy of the clinical diagnosis versus the clinical diagnosis in combination 
with the decision tool was calculated by comparison with the final diagnosis. The percentage 
of missed cases (1-sensitivity) and the percentage of false positive cases (1- positive predictive 
values) were also calculated. Difference in mean levels of certainty of diagnosis was tested using 
an independent sample t-test. All statistical analyses were performed with statistical analysis 
software (SPSS version 18.0; IBM, Armonk, NY). 

RESULTS

A total of 294 patients were included. Acute appendicitis was suspected in 143 patients and 
acute diverticulitis in 20 patients based on clinical evaluation (Figure 1); 56% (91/163) of pa-
tients were females with a median age of 33 (IQR 24-49); males had a median age of 38 (IQR 
29-48). The clinical diagnosis was in accordance with the final diagnosis in 56.6% of patients sus-
pected of appendicitis (81/143) and in 55% of patients suspected of acute diverticulitis (11/20 
patients). Nonspecific abdominal pain (NSAP) and bowel obstruction were the most common 
other final diagnoses (table 1a and 1b).

Diagnosis Clinical diagnosis N=143 Final diagnosis N=143

Acute appendicitis  143 (100%) 81 (56.6%)

Acute Diverticulitis - 5 (3.5%)

Appendagitis epiploica - 2 (1.4%)

Acute cholecystitis - 2 (1.4%)

Gastro enteritis - 4 (2.8%)

Bowel obstruction - 5 (3.5%)

Pelvic inflammatory disease - 3 (2.1%)

Tubo-ovarian abscess - 1 (0.7)

Urinary tract infection - 1 (0.7%)

NSAP - 35 (24.5%)

Perforated viscus - 1 (0.7%)

Gynaecological disease non-urgent - 3 (2.1%)

Table 1a. Differential and final diagnoses in patients suspected of appendicitis (n=143)
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Diagnosis Clinical diagnosis N=20 Final diagnosis N=20

Acute Diverticulitis 20 (100%) 11 (55%)

Acute appendicitis - 2 (10%)

Acute cholecystitis - 2 (10%)

Bowel obstruction - 1 (5%)

Pelvic inflammatory disease - 1 (5%)

NSAP - 2 (10%)

Bowel ischemia - 1 (5%)

Table 1b. Differential and final diagnoses in patients suspected of diverticulitis (n=20)

Diagnostic accuracy of clinical diagnosis versus clinical diagnosis plus decision tool 
Table 2 summarizes the diagnostic accuracy of clinical evaluation compared to the accuracy of 
the clinical evaluation combined with the decision tool in patients suspected of appendicitis. 
The clinical diagnosis was correct in 81 of the 143 patients (56.6%). In 43% of patients (62/143 
patients) clinical evaluation alone would lead to a false positive diagnosis. The combination of a 
clinical diagnosis and decision tool was registered in 132 patients suspected of appendicitis and 
correct in 72 patients (54.5%). In 40% of patients clinical evaluation combined with the decision 
tool would lead to a false positive diagnosis.

Diagnostic 
strategy

Sensitivity
(95%CI)

Specificity
(95%CI)

PPV
(95%CI)

NPV
(95%CI)

True 
positives

False 
positives

Appendicitis

Clinical 
evaluation a 

88%
(79%-94%)

69% 
(62%-75%)

57% 
(48%-65%)

93%
(87%-96%)

81 43%

Clinical evalua-
tion plus appen-
dicitis decision 
tool b

94% 
(86%-98%)

14% 
(6%-27%)

60%
(51-69%)

67%
(35%-89%)

72 40%

Diverticulitis c

Clinical 
evaluation d

55% 
(32%-76%)

97% 
(94%-98%)

55%
(32%-76%)

97%
(94%-98%)

11
45%
(9/20)

Table 2. Diagnostic accuracy of the clinical diagnosis compared with the clinical diagnosis plus the decision tool

a Accuracy based on clinical suspicion after history, physical examination and laboratory evalua-
tion recorded by the treating physician
b In 11 patients no diagnosis was recorded after the decision tool 
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c The accuracy of the ED triad was not calculated due to the limited number of patients with 
diverticulitis 
d Accuracy based on clinical suspicion after history, physical examination and laboratory evalua-
tion recorded by the treating physician

In 55% of patients (11/20) suspected of diverticulitis the clinical diagnosis was correct. Clinical 
evaluation alone would lead to a false positive diagnosis in 45% of patients (9/20 patients). Due 
to the limited amount of patients with a final diagnosis of diverticulitis the accuracy of the clinical 
diagnosis combined with use of the ED triad was not calculated.

Figure 1. Study flow chart

Patients with acute abdominal pain
(n=387)

Index test: standardized clinical
evaluation and laboratory tests

(n=294)

Assesment resident
(n=294)

Additional assessment based on clinical
judgement attending resident (n=294)

Reference test: final diagnosis 3
months follow up (n=294)

No acute appendicitis or 
diverticulitis

(n=126)

Acute appendicitis (n=143)
Acute diverticulitis (n=20)

Excluded (n=92)
- Did not meet criteria* (n=45)

- Incomplete data (n=47)

Decision tools
Appendicitis n=137
Diverticulitis n=19

Final diagnosis

Clinical diagnosis Resident
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Utilization of hospital resources before application of decision tools 
Table 3 depicts the utilization of hospital resources as suggested by residents after clinical eval-
uation. Additional imaging was requested by residents in 142 of 156 patients (91%). Residents 
suggested abdominal ultrasonography in nearly all of these patients (88.5%). In only 0.06% of 
patients consultation of another specialism was requested as next step in the diagnostic work 
up. The most commonly suggested management plan after clinical evaluation (53.8% of patients) 
was admission for operative treatment. Outpatient re-evaluation (21.8%) and admission without 
treatment (17.3%) were second and third most suggested by residents.

All N=156

Additional laboratory investigations (Y)
Biochemistry
Hematology
Blood cultures

44 (28.2%)
35 (22.4%)
2 (0.01%)
1 (0%)

Additional imaging investigations (Y)
Abdominal ultrasound
Abdominal computed tomography

142 (91%)
138 (88.5%)
5 (0.03%)

Management plan
Home with advise/medication
Outpatient reevaluation
Admission no treatment (observation)
Admission conservative treatment
Admission for operative treatment

Admission for intervention (not operative)

3 (0.02%)
34 (21.8%)
27 (17.3%)
7 (0.04%)
84 (53.8%)
1 (0%)

Consultation other specialism (Y) 10 (0.06%)

Table 3. Suggested utilization of hospital resources before use of decision tools 

Proposed utilization of hospital resources was recorded in 19 of the 20 patients suspected of 
diverticulitis and in 137 of 143 patients suspected of appendicitis

Impact of decision tools on clinical practice
The mean level of certainty of the clinical diagnosis was higher (7.19 (IQR 6-8)) in patients with 
a final diagnosis of appendicitis compared to patients with a final diagnosis that turned out to 
be other than appendicitis (6.5 (IQR 6-7)). The mean level of certainty decreased to 7.08 (IQR 
6-9) in patients with appendicitis after the use of the decision tool for appendicitis. In patients 
without acute appendicitis the mean level of certainty also decreased to 6.02 (IQR 6.02). In the 
majority of patients the level of certainty remained unchanged; in 51% of patients with a final 
diagnosis of acute appendicitis and in 49% of patients without appendicitis. The level of certain-
ty of residents increased after completion of the decision tool for only 19.2% of patients with 
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final diagnosis appendicitis and 13.6% patients without appendicitis. In 29.5% of patients with 
appendicitis the level of certainty even decreased after use of the decision tool, and it decreased 
in 37.3% of patients without appendicitis. In only 5.1% of patients with appendicitis residents 
described an influence of the decision tool on their assigned diagnosis, compared to 13.6% in 
patients without appendicitis. Their certainty of diagnosis was positively influenced in 24.4% of 
patients with appendicitis and 32.2% without appendicitis. 

The mean level of certainty after clinical evaluation was higher (7.55 IQR 7-8) in patients with 
diverticulitis compared to patients with an alternative final diagnosis (5.22 IQR 5-6). The mean 
level of certainty after completion of the decision tool remained similar in patients with divertic-
ulitis (7.55 IQR 7-9) but decreased to 5.13 (IQR 5-6) in patients without diverticulitis. In 36.4% 
of patients with diverticulitis and in 37.5% of patients without diverticulitis the level of certainty 
increased. In 36.4% of patients with diverticulitis the level of certainty decreased after the de-
cision model compared to 25% in patients without diverticulitis. In the minority of patients the 
level of certainty remained unchanged; in 27.3% of patients with a final diagnosis of diverticulitis 
and in 37.5% of patients with another final diagnosis. In only 18% of patients with diverticulitis 
the decision tool was reported to influence the utilization of imaging, and in none of the patients 
with an alternative final diagnosis.

Appendicitis Diverticulitis

Yes (n=81) No (n=62) Yes (n=11) No (n=9)

Correct diagnosis clinically 81 (57%) 11 (58%)

Agreement with model c ( yes ,%) - - 7(63.6%) 7(77.8%)

Level of confidence after clinical evaluation 
(mean, IQR) b

7.19(6-8) 6.5(6-7) 7.55(7-8) 5.22(5-6)

Level of confidence after decision tool 
(mean,IQR) b

7.08(6-9) 6.02(5-7) 7.55(7-9) 5.13(5-6)

Level of confidence increased n (%) b 15(19.2%) 8(13.6%) 4(36.4%) 3(37.5%)

Level of confidence decreased n (%) b 23 (29.5%) 22(37.3%) 4(36.4%) 2(25%)

Level of confidence unchanged n (%) b 40 (51.3%) 29(49.2%) 3(27.3%) 3(37.5%)

Influence on utilization of imaging c (Yes %) - - 2(18.2%) 0(0%)

Influence on diagnosis a (yes,%) 4 (5.1%) 8 (13.6%) - -

 Table 4. Impact of decision tools on the level of certainty of the diagnosis. 
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a Influence on diagnosis and influence on certainty of diagnosis was recorded in 137 of 143 
patients suspected of appendicitis 
b The level of confidence before and after the decision tool was recorded in 19 of the 20 patients 
suspected of diverticulitis and in 137 of 143 patients suspected of appendicitis
c Agreement with the decision model and influence on imaging utilization was recorded in 18 of 
the 20 patients suspected of diverticulitis

DISCUSSION

This multi-center prospective cohort study demonstrates that use of decision tools for acute ap-
pendicitis and diverticulitis has limited influence on the modest accuracy and certainty of a clin-
ical diagnosis. Currently, decision tools are unlikely to influence utilization of hospital resources. 
The diverticulitis ED triad has some potential to influence daily practice. In only 18% of patients 
with diverticulitis the decision tool was reported to influence the utilization of imaging, and in 
none of the patients with an alternative final diagnosis.

The decision tools had limited beneficial effect on the certainty of diagnosis of the residents, in 
a setting where they were not consciously aware of the accuracy of the tool but had knowledge 
of the limited accuracy of a clinical diagnosis. The level of certainty decreased or remained un-
changed in the majority of patients after use of the disease-specific tool. In suspected diverticu-
litis the level of certainty changed more often than in suspected appendicitis. 

Over the past years decision rules have been extensively described in the literature.
(7,8,10,26,28,34) However, most of these decision tools are seldom used in daily practice. Suc-
cessful implementation into daily practice has been demonstrated in only a select few of these 
rules, such as the Ottawa ankle rules.(23,35) Adoption of decision tools by physicians is affect-
ed by attributes of the decision tool such as the accuracy and reliability. Several studies have 
demonstrated high accuracy and reliability of the emergency department triad for acute diver-
ticulitis.(7,29) The low diagnostic accuracy of the appendicitis decision tool in this study influ-
ences the adoption of the decision tool in daily practice. The question remains whether another 
decision tool such as the AIR score would have performed better in terms of level of perceived 
certainty of the clinical diagnosis. The degree of dissemination of the decision tools in this study 
is limited, inherent to the design of the study that set out to evaluate the potential of the tools to 
change future daily practice. It has been demonstrated that physicians are less likely to change 
their behavior based on a decision tool that they are unfamiliar with.(21,30,35,36) Even though 
the Dutch guidelines for acute diverticulitis describe the emergency department triad and its 
diagnostic characteristics we are not sure how well disseminated the emergency department 
triad is.(37) The Dutch guideline for diagnostics in patients with acute abdominal pain had been 
recently introduced and that might have influenced the value that the residents attribute to the 
outcome of the decision tool. 
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Several other factors can influence the use and subsequent efficacy of a decision tool. The de-
cision tool has to bring an advantage to current practice such as a higher diagnostic accuracy or 
proven economic benefits. Another important factor is the perceived easiness to remember and 
use the decision tool.(25,36) Decision rules consisting of more than 3 variables are often too 
difficult to memorize and are therefore less likely to be used in daily practice. Decision rules that 
provide a probability are also less likely to alter daily practice than decision rules that suggest 
a direct course of action. Implementation of any of the currently existing appendicitis decision 
tools might be hindered by several of these attributes. The most commonly used decision tools 
for appendicitis consist of more than three variables, result in a probability of appendicitis instead 
of suggesting a course of action or have insufficient discriminating capacity.(8,10,26,31) These 
factors diminish the chance of successful implementation of any of the current decision tools for 
appendicitis. In case of the emergency department triad these hindering factors are less promi-
nent. The rule consists of only three variables which are easy to memorize, it suggests a course of 
action and its diagnostic accuracy has been demonstrated in several cohorts.(7,29) Importantly, 
residents value its results just as low as the decision tool for acute appendicitis. 

The fundamental principle of a decision tool is to improve daily practice. Successfully imple-
mented decision tools can alter daily practice in several ways; it can increase certainty in medical 
decision making by objectifying the interpretation of clinical data, it can decrease burden for 
patients and reduce hospital costs by preventing unnecessary imaging.(16,21) Although several 
studies have described the development and external validation of decision tools no study has 
prospectively studied the implementation of decision tools for patients suspected of acute ap-
pendicitis or diverticulitis. 

Implementation studies are the golden standard to evaluate the clinical value of decision tools in 
‘the real world’. By implementing decision tools in a patient series in multiple hospitals we were 
able to assess the impact of decision rules in daily practice in various settings. (21,35) Another 
advantage of this study design is that selection bias was prevented as the decision tool was 
automatically applied in all consecutive patients for whom the decision tool was developed. By 
recording residents’ certainty of diagnosis before and after use of the decision tool, we were able 
to assess whether they believed that the decision tool changed their diagnosis, the certainty of 
their diagnosis and the suggested utilization of imaging. All outcomes were self-reported out-
comes by residents, which might introduce another source of bias. Self-reported behavior might 
not always be in accordance with actual behavior. (36)

Based on these results we can conclude that currently both the decision tools for acute appen-
dicitis and acute diverticulitis will have limited influence on diagnostic certainty and therefore 
on utilization of hospital resources. Successful implementation of decision tools is dependent of 
several factors. The Emergency Department triad has the potential to influence daily practice. It 
has a sufficient diagnostic accuracy, is easy to memorize and apply and provides the user with a 
suggested course of action. Future studies should therefore be aimed at assessing the hindering 
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factors that prevent widespread implementation of the Emergency Department triad. However, 
our study only included a limited amount of patients suspected of acute diverticulitis. After wide-
spread implementation of the Emergency Department triad the effectiveness in daily practice 
should be reevaluated in a larger population. The appendicitis decision tool has too many limiting 
attributes to be successfully implemented, but this also holds true for other tools. Future studies 
should aim at developing a simple decision model that is easy to incorporate into daily practice 
and suggests a clear course of action. 2
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ABSTRACT

Objective: To assess the diagnostic accuracy of CRP and WBC count to discriminate between 
urgent and non-urgent conditions in patients with acute abdominal pain at the Emergency De-
partment (ED), thereby guiding the selection of patients for immediate diagnostic imaging.

Methods: Data from three large published prospective cohort studies of patients with acute 
abdominal pain were combined in an individual patient data meta-analysis. CRP levels and WBC 
counts were compared between patients with urgent and non-urgent final diagnoses. Parame-
ters of diagnostic accuracy were calculated for clinically applicable cut-off values of CRP levels, 
WBC count and for combinations.

Results: A total of 2961 patients were included of which 1352 patients (45.6%) had an urgent 
final diagnosis. The median WBC count and CRP levels were significantly higher in the urgent 
group than in the non-urgent group (12.8 x109/L (IQR 9.9-16) versus (9.3 x109/L(IQR 7.2-12.1)) 
and (46 mg/L (IQR 12-100) versus 10 mg/L (IQR 7-26)) (p<o.oo1). 
The highest PPV (85.5%) and lowest false positives (14.5%) were reached when cut-off values 
of CRP level> 50 mg/L and WBC count> 15 x109/L were combined; however 85.3% of urgent 
cases was missed. 

Conclusion: A high CRP level (> 50 mg/L) combined with a high WBC count (> 15 x109/L) leads 
to the highest positive predictive value. However, this applies only to a small subgroup of pa-
tients (8.7%). Overall CRP levels and WBC count are insufficient markers to be used as a triage 
test in the selection for diagnostic imaging, even with a longer duration of complaints (>48hours).
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INTRODUCTION

The acute abdomen represents a major diagnostic challenge at the emergency department (ED). 
Up to 10% of all patients at the ED present with complaints of acute abdominal pain 1,2. Under-
lying causes vary between mild and self-limiting conditions to conditions requiring urgent treat-
ment3–5. Clinical evaluation is often insufficient to correctly diagnose the underlying cause. The 
accuracy of clinical assessment (history and physical examination and laboratory evaluation) has 
been reported between 47-76% 3,6–8. Management based on clinical assessment alone can result 
in overtreatment or cause delay of vital treatment. Imaging modalities such as ultrasound and 
computed tomography (CT) have been increasingly used to enhance diagnostic accuracy 1,9,10. 

Studies have demonstrated that the use of imaging leads to a decrease in missed urgent condi-
tions and false positive diagnoses. Imaging also increases diagnostic certainty and changes man-
agement decisions. 3 However, the increased use of imaging also has downsides. The hospital 
costs rise exponentially, patient throughput at the ED is protracted and, in case of CT, patients 
are exposed to ionizing radiation and contrast agents 1,11. 

A timely and accurate diagnosis leads to improved outcomes in case of urgent conditions 3. It is 
therefore essential to rapidly distinguish between patients with an urgent condition and those 
with a non-urgent condition. Ideally clinical evaluation would lead to an accurate selection of 
patients with an urgent condition, in whom immediate imaging is required without exposing 
patients with a non-urgent condition to unnecessary imaging. 

The inflammatory markers C-reactive protein (CRP) and White Blood Cell count (WBC) are rou-
tinely determined as part of the work up of patients with an acute abdomen. These markers rise 
rapidly in response to various infectious and inflammatory conditions 12–14. However, elevated 
levels are non-specific and their diagnostic accuracy for a specific diagnosis is low. CRP and 
WBC count could be helpful in discrimination between urgent and non-urgent conditions, and 
to function as a triage test in the selection of patients for immediate additional imaging and the 
identification of patients with non-urgent conditions in whom no immediate imaging is required. 
With a longer duration of complaints the discriminative power of CRP levels and WBC count 
may increase.

The aim of this study is to assess the value of CRP levels and WBC count in differentiating sus-
pected urgent conditions - requiring immediate imaging work-up and further treatment - from 
suspected non-urgent conditions - not requiring immediate work-up - in patients with acute 
abdominal pain at the Emergency Department.

 

CRP AND WBC COUNT AS TRIAGE TEST IN PATIENTS WITH ACUTE ABDOMINAL PAIN

3
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MATERIAL AND METHODS

Study selection and patients
Three large prospective cohort studies of patients with acute abdominal pain at the ED were 
identified by a literature search3,5,15. Principal investigators of eligible studies were invited to 
participate by e-mail. The investigators were asked to share their complete dataset in original 
format with complete, anonymous data. All received data was carefully examined for inconsist-
encies between the data and their original papers. Received data was converted and recoded 
into a uniform format. A separate data dictionary of each study was requested to prevent errors 
in conversion of the individual studies to one uniform format. Issues or inconsistencies were 
checked with the principal investigators. Full study design of the included studies is described in 
the original publications 3,5,15. The institutional review board of the initiating centre approved all 
studies. In each study a final diagnosis had been assigned to patients by an expert panel. The final 
diagnosis was based on all available data, including at least 3 months of follow up and if available 
histopathology, imaging or surgery reports. 

After harmonisation of the databases only the adult patients (>18 years) of each study were 
selected for inclusion. A new variable was created in order to classify the final diagnosis into 
urgent and non-urgent conditions, based upon the classification proposed by Lameris et al 10. 
Urgent conditions were defined as conditions requiring treatment within 24 hours. Duration of 
symptoms was categorised into three categories; <24 hours, 24-48 hours and >48 hours. Patient 
data were only included if CRP levels or WBC counts were available. 

Study quality assessment 
The quality of the included studies was assessed from their original publication using the QUA-
DAS -2 checklist 16. Completeness of data sets was assessed and described based on availability 
of data on CRP levels and WBC counts, final diagnosis and duration of complaints. Review man-
ager was used to summarize the results of the QUADAS-2 assessment. 

Statistical analysis 
Data analysis was performed according to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement 17. The baseline characteristics were analysed using de-
scriptive statistics. Continuous variables were tested for normality using the Shapiro Wilk test. 
Group differences between urgent and non- urgent groups were tested using the Mann-Whitney 
U test. Non-normally distributed continuous data were expressed as median and inter quartile 
range. Probability (P) values were considered significant at a cut-off point of 0.05. A CRP level 
of > 10mg/L and a WBC count of >10 x109/L were considered elevated above the reference 
standard. CRP levels and WBC count were plotted for urgent and non-urgent groups in box plots 
to demonstrate their distribution. 

The values of CRP levels and WBC were categorised into several clinically relevant and applicable 
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cut-off values. We constructed 2x2 contingency tables for each of the cut-off values of CRP and 
WBC in the database. The sensitivity and specificity of CRP and WBC for detecting urgent con-
ditions were calculated by comparing the results of the cut-off scenarios with the final diagnoses. 
The percentage of missed urgent cases (1-sensitivity), the percentage of false positives (false 
positives/all positives), the positive predictive values (true positives/all positives) and negative 
predictive values (true negatives/all negatives) were calculated using the contingency tables. The 
false positives are patients with a final non-urgent diagnosis and elevated CRP level or WBC 
count above the cut-off. The missed urgent cases are the patients with a final urgent diagnosis 
and normal CRP levels or WBC count. The discriminatory value of CRP and WBC was analysed 
by calculating the area under the receiver-operating curve (AUC). An AUC of more than 0.80 
was considered to indicate good discrimination. These analyses were repeated for each of the 
separate time categories (duration of complaints). All data was analysed using SPSS 20.0 (SPSS 
Inc., Chicago, IL, USA) and MedCalc for windows 12.5 (MedCalc software, Ostend, Belgium). 

RESULTS

Study characteristics
Three large prospective cohort studies were included, comprising a total of 2961 adult patients 
presenting at the ED with acute abdominal pain. Two studies were performed in the Netherlands 
3,15 and one in Sweden 5. The study designs and baseline characteristics of the three cohorts 
were comparable (table 1). The inclusion criteria differed between the studies. In one study3 only 
patients were included when imaging was deemed necessary by the treating physician whereas 
the other two studies5,15 included all consecutive patients with acute abdominal pain. An over-
view of the quality of the included studies according to the criteria of the QUADAS-2 checklist 
is shown in figure 1. 

 

Figure 1. Quadas-2 checklist of the included studies
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Baseline characteristics
In 1352 patients (45.6%) the final diagnosis was classified as urgent and in 1609 patients (54.3%) 
the final diagnosis was classified as non-urgent (table 2). The percentage of males was significant-
ly higher in the urgent group (48.7%) compared with the non-urgent group (38.3%) (p<0.001). 
The median age was 45.4 years (IQR 31.2-64.2) in the non-urgent group and 53.7 years (IQR 
38.4-68.7) in the urgent group (p<0.001). The median duration of pain was 1 day in both groups 
(p=0.469). 
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Lameris3 Laurell5 Toorenvliet15

Year of publication 2009, BMJ
2005, Scandinavian Jour-
nal of Gastroenterology

2010, World journal of 
surgery

Country Netherlands Sweden Netherlands

Number of adult patients 
(total cohort)

1020 1438 (1738) 503 (802)

Inclusion period
March 2005-November 
2006

February 1997-June 2000 June 2005-July 2006

Definition acute abdominal 
pain

Patients with acute 
abdominal pain lasting 
more than 2 hours and 
less than five days 

Patients with abdominal 
pain lasting for 
up to 7 days

All patients seen at the 
ED for acute 
abdominal pain

Exclusion criteria

- Patients who were to 
be discharged from the 
ED without imaging 
considered
- Recent hospitalization for 
acute abdominal pain
- traumatic or haemor-
rhagic origin of pain
- age <18 years

- age < 1 year
- tourists

- Evaluation for same 
complaint at another 
hospital
- Traumatic origin of 
pain
- Radiological examina-
tion prior to consulta-
tion at ED

Definition reference standard

Follow up 6 months and 
expert panel (based on 
intra operative and histo-
logical findings in combina-
tion with follow up)

Follow up 1 year. Diagnos-
tic criteria were defined 
according to the World Or-
ganization of Gastroenter-
ology multinational survey 
on acute abdominal pain 

Follow up and expert 
panel
(based on intra oper-
ative and histological 
findings in combination 
with follow up)

Expert panel
2 gastro intestinal sur-
geons and 1 radiologist

2 surgeons 2 surgical residents

Age (median, IQR) 46 (34-60) 53 (34-72) 50 (33-65)

Number of patients with 
urgent condition (%)

661 (64.8) 488 (33.9) 203 (40.4)

Number of female patients 
(%)

564 (55.3) 810 (56.3) 313 (62.2%)

Average duration of com-
plaints, days (median, IQR)

2 (1-3) 1 (1-2) 2 (1-4)

CRP mg/L (median, IQR) 41.4 (12.3-97) 10 (7-50) 9 (8-47.5)

WBC x109/L (median, IQR) 11.8 (9-14.9) 10.7 (8-13.9) 9.6 (7.4-12.9)

 Table 1. Characteristics of the included studies

3
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The most common urgent conditions were acute appendicitis (15.0%) and acute diverticuli-
tis (8.4%) (table 3). The most common non-urgent condition was non-specific abdominal pain 
(24.6%) followed by gastrointestinal diseases (8.3%). Non-abdominal causes accounted for 1.2% 
of urgent causes and 3.1% of non-urgent causes. Malignancies were found in 1.7% of all pa-
tients. A gynaecological cause (both urgent and non-urgent) was found in 3.6% of all patients and 
an urological origin in 7.1% of patients. 

Diagnosis No %

Urgent

Acute appendicitis 443 15%

Acute diverticulitis 249 8.4%

Acute cholecystitis 117 4%

Perforated viscus 101 3.4%

Acute pancreatitis 89 3%

Bowel obstruction 80 2.7%

Gynaecologic diseases a 47 1.6%

Ileus 47 1.6%

Urological diseases b 43 1.5%

Non abdominal urgent causes 35 1.2%

Hernia, incarcerated 30 1%

Abscess c 16 0.6%

Bowel ischemia 18 0.6%

Retro peritoneal/abdominal wall bleeding 13 0.4%

Cholangitis 10 0.3%

Ruptured abdominal aneurysm/dissection 10 0.3%

Acute peritonitis (no specific diagnosis) 4 0.1%

Non-urgent

Non-specific abdominal pain 728 24.6%

Gastro intestinal diseases d 247 8.3%

Hepatic, pancreatic and biliary diseases e 172 5.7%

Urological disease f 167 5.6%

Other 92 3.1%

Inflammatory bowel disease 86 2.9%

Gynaecological disease g 59 1.9%

Malignancy h 52 1.7%

Hernia 7 0.2%

Table 3. Final diagnoses in 2961 patients classified by urgency
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a Ovarian torision, pelvic inflammatory disease, bleeding/rupture ovarian cyst
b Renal and ureteral stones with obstruction, hydronephrosis, pyelonephritis
c Intra- abdominal abscess, retro-peritoneal abscess, hepatic abscess, tubo-ovarian abscess
d Gastritis, gastroenteritis, peptic ulcer, acute epiploic appendagitis and constipation
e Hepatic metastases, cholecystolithiasis and chronic pancreatitis
f Renal and ureteral stones without obstruction, urinary tract infection
g Ovulation pain/bleeding, endometriosis, menstrual pain, uterine myoma and benign adnexal 
cyst
h Pancreatic, gastro intestinal and kidney malignancies

Non-Urgent
n=1609 (54,3%)

Urgent
n=1352 (45,6%)

P

Sex (male, %) 616 (38.3%) 658 (48.7%) <0.001

Age (median; IQR) 45.4 (31.2-64.2.) 53.7 (38.4-68.7) <0.001

WBC count x109/L (median; IQR) 9.3 (7.2-12.1) 12.8 (9.9-16) <0.001

CRP mg/L (median; IQR) 9.8 (7-26) 46.0 (12-100) <0.001

Duration of pain in days (median; IQR) 1.0 (1-3) 1.0 (1-3) 0.469

Table 2. Characteristics of patients classified by urgency

Distribution of CRP levels and WBC count in urgent and non-urgent causes
In 2783 of the 2961 patients (93.9%) CRP levels had been determined during ED evaluation, and 
WBC count in 2636 patients (89.0%). For 2458 of 2962 patients (82.9%) both CRP levels and 
WBC count were available. The distribution of CRP levels and WBC count is depicted in figure 2 
and 3. The median CRP and WBC values were raised above the reference value in patients in the 
urgent group, while in the non-urgent group the median CRP and WBC values were within the 
normal range (table 2). The median CRP level was significantly higher in the urgent group, 46.0 
mg/L (IQR 12-100) compared with 9.8 mg/L (IQR 7-26) in the non-urgent group (p<0.001). The 
median WBC count was also significantly higher in the urgent group (12.8 x109/L; IQR 9.9-16) 
compared with the non-urgent group (9.3 x109/L; IQR 7.2-12.1; p<o.oo1) (table 2).

3
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Figure 2. Boxplot of the distribution of values of CRP in patients with urgent vs. non-urgent diagnoses (p<0.001)

Figure 3. Boxplot of the distribution of values of WBC count in patients with urgent vs, non-urgent diagnoses (p<0.001)
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Diagnostic accuracy
Table 4 depicts the diagnostic accuracy of several cut-off values of CRP levels, WBC count and 
their combinations. CRP had an area under the curve of 0.721 and WBC count of 0.712. CRP 
was elevated (CRP >10mg/L) in 56.2% of the patients (1565/2783). Using an elevated CRP level 
as cut-off resulted in a sensitivity of 76.9% (95%CI 74 to 79) and a specificity of 61.4% (95%CI 
59 to 64). This cut-off value would lead to 36.9% false positive diagnoses and 23.1% missed 
urgent diagnoses. Raising the cut-off value up to a CRP > 150mg/L increased the specificity up 
to 95.8% (95%CI 95 to 97), but also led to a decreased sensitivity of 15.7% (95%CI 14 to 18) 
and therefore 84.3% missed urgent diagnoses. It is of note that in only 9.4% of all 2783 patients 
CRP values were elevated above 150mg/L. 

No. test 
positive (%)

Sensitivity Specificity
Missed 
urgent

False 
positives

PPV NPV

CRP > 10 mg/L
1565/2783

 (56.2%)

76.9% 

(74 to 79)

61.4% 

(59 to 64)
23.1% 36.9%

63.0% 

(61 to 65)

76.0% 

(73 to 78)

CRP > 50 mg/L
797/2783 

(28.6%) 

44.7%

 (42 to 48)

85.1% 

(83 to 87) 
55.3% 27.9%

72.0% 

(69 to 75)

64.0% 

(62 to 66)

CRP > 100 mg/L
423/2783 

(15.1%)

24.7%

 (22 to 27)

92.9%

 (91 to 94)
75.3% 25.1%

74.9% 

(70 to 79)

59.0% 

(57 to 61)

CRP > 150 mg/L
263/2783 

(9.4%)

15.7% 

(14 to 18)

95.8% 

(95 to 97)
84.3% 23.6%

76.4% 

(71 to 81)

57.0% 

(55 to 59)

WBC > 10 x109/L
1523/2636 

(57.7%)

73.9%

 (71 to 76)

57.5% 

(56 to 60)
26.1% 37.7%

62.3% 

(60 to 65)

69.9% 

(67 to 73)

WBC > 15 x109/L
511/2636 

(19.4%)

29.5%

 (27 to 32)

90.2% 

(88 to 92)
70.5% 25.8%

74.1% 

(70 to 78)

57.4% 

(55 to 60)

WBC > 20 x109/L
119/2636 

(4.5%)

7.0% 

(5 to 9)

97.9% 

(97 to 99) 
93.0% 24.4%

75.6% 

(67 to 83)

53.0% 

(51 to 55)

CRP > 10 mg/L AND 

WBC > 10 x109/L

978/2458 

(39.8%)

58.0%

 (55 to 61)

76.7% 

(76 to 80)
42.0% 27.9%

72.1% 

(69 to 75)

65,5% 

(63 to 68)

CRP > 50 mg/L AND 

WBC > 15 x109/L

214/2458 

(8.7%)

14.7% 

(13 to 17)

97.5% 

(96 to 98)
85.3% 14.5%

85.5% 

(80 to 90)

53.9% 

(52 to 56)

CRP > 100 mg/L AND 

WBC> 20 x109/L

39/2458 

(1.6%)

2.6% 

(2 to 4)

97.8% 

(98 to 100)
97.4% 17.9%

82.1% 

(66 to 92)

51.1% 

(49 to 53)

Table 4. Discriminatory accuracy of different CRP and WBC cut-off values, 

and combinations, for urgent vs non-urgent conditions.
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No. test positive = number of patients with positive test outcome/ all patients). Values in paren-
theses are 95 per cent confidence intervals unless otherwise specified. Data were missing for 
some cut- off values. PPV, positive predictive value; NPV, negative predictive value 

In 57.7% of patients WBC count was elevated (1523/2636). An elevated WBC count (WBC>10 
x109/L) resulted in a sensitivity of 73.9% (95%CI 71 to 76) and a specificity of 57.5% (95%CI 56 
to 60). In 26.1% an urgent diagnosis was missed and in 37.7% the diagnosis was falsely positive. 
Raising the cut-off value up to a WBC count >20 x109/L resulted in a specificity of 97.9% (95% 
CI 96 to 98), but decreased sensitivity down to 7.0% (95% CI 5 to 9) leading to 93.0% missed 
urgent diagnoses and 24.4% false positive diagnoses. In only 4.5% of all 2636 patients the WBC 
count was raised above 20 x109/L.

Combining cut-off values of CRP and WBC count increased both the positive and negative 
predictive values. The combination of an elevated CRP level and WBC count (CRP> 10 mg/L 
and a WBC count>10 x109/L) resulted in a sensitivity of 58.0 %( 95%CI 55 to 61) with a spec-
ificity of 76.7% (95%CI 76 to 80). This cut-off value led to 42.0% missed urgent diagnoses and 
27.9% false positive diagnoses. In 39.8% of patients both the CRP level and WBC count were 
elevated (978/2458). A combination of intermediate cut-off values (CRP > 50 mg/L and WBC > 
15 x109/L) increased the specificity up to 97.5% (95%CI 96 to 98) and decreased sensitivity to 
14.7% (95%CI 13 to 17). These values led to a positive predictive value of 85.5% (95%CI 80 to 
90) but with a high percentage of missed urgent cases (85.3%). In only 8.7% of patients both the 
CRP level and WBC count were higher than these cut-off levels. 

Extreme values of CRP and WBC count (CRP >100 mg/L and WBC> 20 x109/L) decreased 
the sensitivity even further down to 2.6% (95%CI 2 to 4) and increased the specificity up to 
97.8% (95%CI 96 to 98). The percentage of missed urgent diagnoses remained unacceptably 
high (97.4%) with a positive predictive value of 82.1% (95%CI 66 to 92). However, only in 1.6% 
of patients both CRP and WBC count were severely elevated. 

Non-Urgent
n=1609 (54,3%)

Urgent
n=1352 (45,6%)

P

0-24 hours (median, IQR) (n=219) 8.9 (6.9-11.9) 12.4 (9.9-14.9) <0.001

24-48 hours (median, IQR)(n=1207) 9.9 (7.6-12.6) 13.3 (10.5-16.6) <0.001

> 48 hours (median, IQR) (n=1128) 8.7(6.8-11.5) 12.6 (9.9-16.1) <0.001

Table 5a. Distribution of WBC for duration of complaints in urgent vs. non-urgent conditions
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Non-Urgent
n=1609 (54,3%)

Urgent
n=1352 (45,6%)

P

0-24 hours (median, IQR) (n=219) 8 (7.0-17.0) 18 (8.0-53) <0.001

24-48 hours (median, IQR)(n=1292) 8 (7.0-14.0) 24 (8.0-56.5) <0.001

> 48 hours (median, IQR) (n=1195) 15.0 (8.0-50) 74.5 (35.0-132.2) <0.001

Table 5b. Distribution of CRP for duration of complaints in urgent vs. non-urgent conditions

Duration of complaints 
For each category of duration of complaints (< 24 hours, 24-48 hours, and > 48 hours) the 
median values of CRP and WBC count were significantly higher (p<0.001) in patients with an 
urgent condition compared to patients with a non-urgent condition (table 5a and 5b). The medi-
an levels of CRP increase in patients with a longer duration of complaints. The median levels of 
WBC remained the same, regardless of the duration of symptoms. The AUC for CRP was 0.695 
for duration of complaints < 24 hours, 0.698 for duration between 24-48 hours and 0.756 for 
duration > 48 hours. The AUC for CRP was significantly higher for duration >48 hours compared 
to a duration between 24-48 hours (p=o.005. The AUC for WBC was 0.702 for duration of com-
plaints between < 24 hours, 0.716 for duration between 24-48 hours and 0.725 for duration > 
48 hours. When comparing the AUCs between the categories of duration of complaints there 
were no significant differences. The discriminatory value improved somewhat at a longer dura-
tion of complaints. CRP levels of > 10mg/L after > 48 hours of complaints resulted in the highest 
sensitivity (91.0%). However, the associated specificity was only 47.0%, with a false positive 
diagnosis of an urgent condition in 37.8% of cases. Table 6 depicts the discriminatory value of 
CRP levels and WBC count classified according to the duration of complaints.
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No. test 

positive (%)

Sensitivity

(%)
Specificity

Missed 

urgent

False 

positives
PPV NPV

CRP > 10 mg/L
99/219

(45.2%) 

64.2% 

(54 to 74)

69.0%

(60 to 77)
35.8% 38.4%

62.0%

(51 to 71)

72.0% 

(63 to 79)

CRP > 50 mg/L
37/219

(16.8%) 

28.4%

(20 to 39)

91.9%

(85 to 96)
71.6% 27%

73.0%

(56 to 86)

62.6%

(55 to 70)

CRP > 100 mg/L
23/219

(10.5%)

16.8% 

(10 to 26)

94.4%

(88 to 98)
83.2% 30.4%

69.6%

(47 to 86)

59.7%

(52 to 67)

CRP > 150 mg/L
17/219

(7.8%) 

12.6%

(7 to 21)

96.0%

(90 to 99)
87.4% 29.4%

70.6%

(44 to 89)

58.9%

(52 to 66)

WBC > 10 x109/L
121/219

(55.3%) 

73.5% 

(63 to 82)

59.5%

(50 to 68)
26.5% 40.5%

59.5%

(50 to 68)

73.5%

(63 to 82)

WBC > 15 x109/L
35/219

(16%) 

23.5% 

(16 to 33)

90.1%

(83 to 95)
76.5% 34.3%

65.7%

(48 to 80)

59.2%

(52 to 66)

WBC > 20 x109/L
5/219

(2.2%) 

4.1% 

(1 to 10)

99.2%

(95 to 100)
95.9% 20%

80.0%

(30 to 99)

56.1%

(49 to 63)

CRP > 10 mg/L AND 

WBC > 10 x109/L

57/191

(29.8%) 

48.2%

(37 to 59)

84.3%

(76 to 90)
51.8% 29.8%

70.2%

(56 to 81)

67.9%

(59 to 76)

CRP > 50 mg/L AND 

WBC > 15 x109/L

9/191

(4.7%) 

6.8% 

(3 to 17)

97.2%

(92 to 99)
93.2% 33.3%

66.7%

(31 to 91)

56.4%

(50 to 65)

CRP > 100 mg/L AND 

WBC> 20 x109/L

4/191

 (2%) 

3.6% 

(1 to 11)

99.1%

(94 to 100)
96.4% 25%

75.0%

(22 to 99)

57.0%

(50 to 64)

Table 6a. Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with duration of com-

plaints between 0 and 24 hours 

No. test positive = number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent 

confidence intervals unless otherwise specified. Data were missing for some cut- off values. PPV, positive predictive 

value; NPV, negative predictive value. 
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No. test 

positive (%)

Sensitivity

(%)
Specificity

Missed 

urgent

False 

positives
PPV NPV

CRP > 10 mg/L
555/1274

(43.6%) 

64.3%

(60 to 68)

73.0%

(69 to 76)
35.7% 35.7%

65%

(60 to 68)

72%

(69 to 76)

CRP > 50 mg/L
212/1274

(16.6%) 

28.0%

(24 to 32)

90.3%

(90 to 94)
72.0% 26.4%

74%

(67 to 79)

62%

(59 to 65)

CRP > 100 mg/L
85/1274

(4.3%)

11.0%

(8 to 14)

97.0%

(95 to 98)
88.0% 27.1%

73%

(62 to 82)

58%

(56 to 61)

CRP > 150 mg/L
43/1274

(3.4%) 

6.0%

(4 to 8)

98.6%

(97 to 99)
94.0% 23.3%

77%

(61 to 88)

57%

(55 to 60)

WBC > 10 x109/L
751/1193

(63%) 

79.2%

(76 to 82)

51.8%

(48 to 56)
20.8% 40.2%

60%

(56 to 63)

73%

(69 to 77)

WBC > 15 x109/L
271/1193

(22.7%) 

34.0%

(30 to 38)

87.5%

(85 to 90)
66.0% 28.8%

71%

(65 to 76)

59%

(56 to 63)

WBC > 20 x109/L
67/1193

(5.6%) 

8.6%

(7 to 11)

97.1%

(95 to 98) 
91.4% 26.9%

73%

(61 to 83)

54%

(51 to 57)

CRP > 10 mg/L AND 

WBC > 10 x109/L

379/1101

(34.4%)

52.5%

(48 to 57)

82.0%

(79 to 85)
47.5% 26.4%

74%

(68 to 78)

65%

(61 to 69)

CRP > 50 mg/L AND 

WBC > 15 x109/L

69/1101

(6.3%)

11.4%

(9 to 15)

98.6%

(97 to 99)
88.6% 11.6%

88%

(78 to 95)

54%

(51 to 58)

CRP > 100 mg/L AND 

WBC> 20 x109/L

11/1101

(0.9%) 

1.7%

(1 to 3)

99.6%

(99 to 100)
98.3% 18.2%

82%

(47 to 97)

52%

(49 to 55)

Table 6b. Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with a duration of com-

plaints between 24 and 48 hours 

No. test positive = number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent 

confidence intervals unless otherwise specified. Data were missing for some cut- off values. PPV, positive predictive 

value; NPV, negative predictive value.
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No. test 

positive (%)

Sensitivity

(%)
Specificity

Missed 

urgent

False 

positives
PPV NPV

CRP > 10 mg/L
841/1176

(71.7%) 

91.0% 

(88 to 93)

47.0% 

(43 to 51)
9.0% 37.8%

62.2% 

(59 to 65)

84.0%

(80 to 88)

CRP > 50 mg/L
520/1176

(44.2%) 

64.0% 

(59 to 68)

74.4%

(71 to 78)
36.0% 29.6%

70.4% 

(66 to 74)

68.1% 

(64 to 72)

CRP > 100 mg/L
299/1176

(25.4%)

38.9% 

(35 to 43)

87.5%

(85 to 90)
61.1% 25.1%

75% 

(69 to 80)

60.0% 

(57 to 63)

CRP > 150 mg/L
195/1176

(16.6%) 

25.9% 

(22 to 30)

92.3% 

(90 to 94)
74.1% 23.6%

76.4%

(70 to 82)

56.6% 

(53 to 60)

WBC > 10 x109/L
581/1110

(52.3%)

68.5% 

(64 to 72)

64.0% 

(60 to 68)
31.5% 34.1%

66.0%

(62 to 70)

66.7% 

(62 to 71)

WBC > 15 x109/L
178/1110

(16%) 

50.0% 

(46 to 53)

93.6%

(91 to 95)
74.0% 19.7%

92.0%

(89 to 94) 

55.4% 

(52 to 59)

WBC > 20 x109/L
41/1110

(3.7%) 

5.7% 

(4 to 8)

98.4%

(97 to 99)
94.3% 22.0%

78.0% 

(62 to 89)

50.7% 

(48 to 54)

CRP > 10 mg/L AND 

WBC > 10 x109/L

494/1065

(46.4%) 

64.0% 

(60 to 68)

72.7% 

(68 to 76)
35.0% 25.5%

71.5% 

(67 to 75)

65.8%

(61 to 70)

CRP > 50 mg/L AND 

WBC > 15 x109/L

128/1065

(12%) 

19.5% 

(17 to 24)

96.4%

(94 to 98)
80.5% 14.8%

85.2% 

(78 to 91)

53.4% 

(50 to 65)

CRP > 100 mg/L AND 

WBC> 20 x109/L

22/1065

(2.1%) 

3.3% 

(2 to 5)

99.2%

(98 to 100)
96.7% 18.2%

81.8% 

(59 to 94)

49.2%

(46 to 52)

Table 6c. Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with a duration of com-

plaints of more than 48 hours 

No. test positive = number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent 

confidence intervals unless otherwise specified. Data were missing for some cut- off values. PPV, positive predictive 

value; NPV, negative predictive value. 
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DISCUSSION

The discriminatory value of CRP levels and WBC count as single markers in differentiating urgent 
conditions from non- urgent conditions in patients with acute abdominal pain is low, even with 
an increased duration of symptoms (>48 hours). Overall CRP levels and WBC count are insuffi-
cient markers to be used as a triage instrument in the selection for diagnostic imaging. 

A CRP value or WBC count within the reference range does not rule out an urgent condition. 
Even in patients with an urgent final diagnosis CRP and WBC count can be well within refer-
ence values, and vice versa even extreme values of CRP or WBC count do not guarantee the 
presence of an urgent condition. Although the median values of CRP and WBC count in patients 
with urgent conditions are significantly higher compared to values in patients with non-urgent 
conditions, there is no sufficient cut-off value that can adequately distinguish enough patients 
with an urgent condition. Higher cut-off values of CRP or WBC count lead to an unacceptably 
low sensitivity (high proportion of missed urgent cases) and high percentage of false negative 
diagnoses. Intermediate cut-off values such as CRP > 100mg/L or WBC count > 15 x109/L led 
to an unacceptably high percentage of false positive rates ranging between 25.1% and 25.8%, 
respectively. An intermediate CRP level (> 50 mg/L) combined with an intermediate WBC count 
(> 15 x109/L) achieves the highest positive predictive value, justifying diagnostic imaging in this 
subset of patients. This combination however misses the greatest proportion of urgent cases 
(85.3%) and only a small subset of patients (8.7%) meet both these cut-off levels. The value of 
CRP and WBC count as triage test in daily practice is limited. 

Most studies analysing the value of CRP levels and WBC count focus on a selection of patients 
such as patients with suspected acute appendicitis 18,19. These studies conclude that the labo-
ratory values are weak discriminators individually but when combined with clinical parameters 
they achieve high discriminative powers. Studies analysing the value of CRP levels and WBC 
count in patients with an acute abdomen report varying results. Some studies have reported that 
there is very little correlation between CRP values and the outcomes of the patient and that CRP 
alone is not useful in differentiating self-limiting conditions from causes that need surgery 20,21. 
Conversely, another study demonstrated that increasing levels of CRP predict positive findings 
on CT with increasing likelihood suggesting that inflammatory markers can be used in prioritizing 
patients for imaging 11.  

Given the disadvantages of imaging, a triage test discriminating between patients with an urgent 
condition in whom additional imaging is justified and patients without an urgent condition, in 
whom no emergency imaging is needed, would be extremely useful. An accurate triage test could 
prevent unnecessary imaging, decrease costs and prevent protracted throughput of patients at 
the ED in patients without an urgent condition. But it could also provide a timely and accurate 
diagnosis and management strategy in patients with an urgent condition. Such a test needs 
a high positive predictive value and a low percentage of missed urgent cases besides specific 
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features such as a wide availability, fast execution and low costs22. This study demonstrates that 
using CRP and WBC count as triage test alone would lead to an unacceptably high percentage 
of missed urgent cases and a substantial overshoot in use of diagnostic imaging because of the 
high percentage of false positive cases. 

Some studies have suggested that due to the properties of CRP, an acute phase protein which 
can rise rapidly in case of an inflammation or infection, the duration of symptoms would be as-
sociated with the discriminatory capacity of CRP15. Patients early in the onset of a disease could 
present with low values of inflammatory markers despite the underlying cause, while the chance 
of an urgent condition in patients with low values of inflammatory markers after a longer duration 
of symptoms would decrease. Nevertheless, our study demonstrates that the duration has only 
moderate influence on the accuracy of inflammatory markers. Even in patients with symptoms 
for more than 48 hours, CRP levels and WBC count have limited discriminative capacities. 

An important limitation of our study is the fact that we only assessed CRP levels and WBC count 
as single predictors and not in combination with clinical parameters. In daily clinical practice in-
flammatory markers are often combined in a diagnostic sequence. The probability of an urgent 
diagnosis is usually estimated combining the value of history and physical examination with in-
flammatory markers. Simply adding the diagnostic value of CRP and WBC count as assessed in 
this study on top of the diagnostic value of other tests such as history and physical examination 
would lead to an exaggeration of the diagnostic value of CRP levels and WBC count22. Another 
limitation of our study was inherent to the designs of the studies used for this individual patient 
data meta-analysis. Preferably diagnostic tests should be evaluated both in terms of patient 
outcome as well as diagnostic accuracy. In our study however insufficient data was available to 
analyse the effect on patient outcome. The classification of the final diagnosis into urgent and 
non-urgent conditions has a major influence on the diagnostic value of CRP and WBC. Using 
other classification systems such as inflammatory versus non-inflammatory diseases might lead 
to a higher diagnostic accuracy of CRP levels and WBC count but is less clinically applicable. Not 
all inflammatory conditions need urgent treatment, whereas some non-inflammatory conditions 
do need urgent treatment. We included all consecutive patients with acute abdominal pain pre-
senting at the ED. Patients taking immunosuppressive drugs were not excluded, mimicking daily 
practice. This might have influenced the accuracy of CRP. An advantage of present study design 
is the ability to analyse a large number of patients in combined study cohorts. This gives the 
study a greater power and makes it possible to draw more firm conclusions. Incorporating the 
complete range of values for CRP and WBC count in our analysis enabled us to analyse several 
clinically relevant cut-off values.

Future studies should aim at prospective assessment of the use of CRP levels and WBC count as 
a triage instrument for additional imaging, but evaluated in combination with all clinically relevant 
tests such as history and physical examination in a hierarchical manner closely mimicking daily 
practice. Studies have demonstrated that other biomarkers such as procalcitonin have a higher 
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discriminatory value than CRP in diagnosing complicated acute appendicitis.23 These biomarkers 
could be assessed for their value as a triage instrument in patients with acute abdominal pain. An 
important factor that should be taken into account in these future studies is the time between 
onset of complaints and moment of determination of inflammatory parameters when assessing 
the diagnostic value. 
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ABSTRACT

Objectives: Low levels of white blood cell (WBC) count and C-reactive protein (CRP) have been 
suggested to sufficiently rule out acute appendicitis. The diagnostic value is likely to depend on 
duration of complaints. Moreover, published accuracy and accuracy in daily practice seem to col-
lide. The aim of this study was to evaluate the accuracy of these inflammatory markers in relation 
to duration of symptoms in patients suspected of acute appendicitis.

Methods: Patients suspected of having acute appendicitis were selected from five prospective 
cohorts of patients with acute abdominal pain presenting at the emergency department in two 
European countries. Only adult patients with clinical suspicion of acute appendicitis based on 
medical history, physical examination and laboratory examination were included. WBC count and 
CRP level were determined in all patients and a final diagnosis was assigned to every patient by 
an expert panel based on all available clinical data and at least 3 months follow-up. For categories 
based upon symptom duration the ability of single and combined cut-off values to discard or 
confirm appendicitis was determined. Furthermore, subgroup analyses for age (<45 years or ≥45 
years) and gender were performed. 

Results: In total, 1024 patients suspected of acute appendicitis were included, of which 580 
(57%) were assigned a final diagnosis of appendicitis. No value of WBC count, CRP level or their 
combination resulted in a probability of appendicitis of less than 10%, regardless the duration of 
symptoms. A WBC count of > 20 x 109/L in combination with symptoms for more than 48 hours 
was associated with a 100% probability of acute appendicitis. However, only 8 of 1024 patients 
(1%) fulfilled these criteria, and the clinical applicability is therefore limited. No other cut-off level 
of WBC count, CRP level, or their combination, resulted in a probability of acute appendicitis of 
more than 80%, regardless the duration of symptoms. In older and female patients normal levels 
of CRP and WBC count more accurately discarded the diagnosis of appendicitis than normal 
levels did in younger and male patients. 

Conclusion: No WBC count or CRP in an individual patient or in a relevant number of patients, 
regardless the duration of symptoms.
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INTRODUCTION

Although acute appendicitis is one of the most common underlying conditions in patients pre-
senting with acute abdominal pain at the emergency department, its diagnosis remains a clin-
ical challenge.1;2 Currently, almost all adult patients suspected of having appendicitis undergo 
imaging studies to substantiate the diagnosis, often compliant to national guidelines. The in-
creased use of imaging has shown to successfully improve diagnostic accuracy and to decrease 
the negative appendectomy rate.3-5 However, several disadvantages are associated with imaging. 
It is time-consuming, can contribute to emergency-department (ED) crowding and, in case of 
computed tomography (CT), exposes patients to ionizing radiation and therefore is associated 
with the risk of cancer induction and cancer related death.6 Methods to discard or confirm the 
suspected diagnosis of acute appendicitis, without performing imaging, are therefore desirable. 

The inflammatory markers white blood cell count (WBC) and C-reactive protein (CRP) are widely 
used in the diagnostic process of patients with suspected appendicitis. The diagnostic value of 
these markers in acute appendicitis has been extensively studied and both are shown to fall short 
as single diagnostic marker.7 However, when combined they show a high discriminatory power.7 

Furthermore, low levels of inflammatory markers have been suggested to sufficiently rule out 
acute appendicitis.8-10 The diagnostic value seems to depend on duration of complaints. The 
diagnostic value is claimed to be higher in patients presenting with symptoms for more than 12 
hours.10;11 A similar effect of the duration of symptoms on the diagnostic accuracy of several di-
agnostic tests for acute appendicitis has previously been demonstrated.12-15 However, published 
accuracy of WBC count and CRP and their accuracy in daily practice seem to collide.

The aim of the present study was to evaluate if in patients with suspected acute appendicitis, the 
diagnosis can safely be discarded (‘rule out’) or confirmed (‘rule in’) in selected patients, based on 
inflammatory marker levels correlated to the duration of the patients’ symptoms. 

METHODS

Study Design
Patients with suspected acute appendicitis were selected from five prospective cohorts of 
patients with acute abdominal pain presenting at the ED in two European countries (Sweden 
and the Netherlands). The first cohort included prospectively enrolled patients with abdomi-
nal pain up to seven days’ duration presenting at a single center between February 1997 and 
June 2000.16 Data on the second cohort of patients was collected data as part of a multicenter 
diagnostic accuracy study on imaging strategies in patients with acute abdominal pain. Adult 
patients were included between March 2005 and December 2006 at the ED if they presented 
with non-traumatic abdominal pain of more than two hours’ and less than five days’ duration.1;17 
The third cohort was part of a study on the efficacy of standard outpatient re-evaluation and 
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enrolled patients with acute abdominal pain presenting at a single center between June 2005 
and July 2006.18 The fourth cohort included patients suspected of having acute appendicitis 
between March and September 2010. In this multicenter diagnostic accuracy study, imaging 
strategies with conditional contrast-enhanced CT and unenhanced magnetic resonance imaging 
were compared in patients with suspected appendicitis.19;19;20 The final cohort was prospectively 
collected as part of a multicenter study on the inter-examiner difference in diagnosis in acute 
abdominal pain and the role of decision tools (not yet published). Patients presenting with ab-
dominal pain with a duration of more than 2 hours and less than 5 days were included between 
December 2009 and January 2013. Only patients with suspected appendicitis were selected 
from the above described cohorts. 

All studies were approved by the Medical Ethics Committee of the initiating center. All patients 
included in the two multicenter diagnostic accuracy studies gave written informed consent. For 
all other studies, the need for informed consent was waived by the Medical Ethics Committee. 
The first study was financially supported by Dalarna Country Council, the Bengt Ihre foundation 
and the Department of Surgery in Mora.16 The multicenter diagnostic accuracy studies were both 
funded by the Dutch Organization for Health Research and Development as part of the Health 
Care Efficiency Research program (ZonMw grant no. 94504308 and 171001005).1;19 There was 
no involvement of any organization in the design of the present study, nor in the data analysis 
and preparation of this manuscript.

Study Setting and Population 
In all studies, the attending physician at the ED or a surgical resident assigned a clinical diagnosis 
to every patient based on medical history, physical examination and laboratory tests. Medical 
history included the duration of symptoms, which was defined as the period from the moment 
the patient first felt ill until the time of presentation at the ED, as reported by the patient. Blood 
samples for WBC count and CRP level determination were obtained in all patients directly or 
shortly after presentation at the ED. In all studies, a final diagnosis was assigned to every patient 
by an expert panel, based on all available data - histopathology, imaging and surgical findings and 
clinical information - and at least three months of follow-up. 

In the present analysis, only adult patients (≥18 years of age) clinically suspected of having acute 
appendicitis were included. Patients with symptoms for more than five days and patients with 
missing data on WBC count or CRP level were excluded. 

Data Analysis
Normally distributed continuous data were expressed as mean (standard deviation), non-normal-
ly distributed continuous data as median (interquartile range or IQR). The characteristics of pa-
tients with a final diagnosis of acute appendicitis were compared with patients with an alternate 
diagnosis, with use of the unpaired t-test, the Mann-Whitney U test and the chi-square test, as 
appropriate. The diagnostic accuracy of both WBC count and CRP level in discriminating patients 
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with acute appendicitis from patients without appendicitis was characterized by calculating the 
area under the corresponding receiver-operator characteristics curve (AUC). An AUC of 0.80 
or higher was considered to indicate good discrimination. Values of CRP and WBC counts were 
categorized into several clinically applicable cut-off values (10 mg/L, 15 mg/L and 50 mg/L for 
CRP, 10 x 109/L and 15 x 109/L for WBC count). The potential of these cut-off values, and com-
binations, to discard the suspected diagnosis of acute appendicitis was determined by regarding 
patients with inflammatory marker levels lower than the respective cut-off levels as ‘test-posi-
tives’ and patients without appendicitis as ‘disease-positives’. Subsequently, for each of the cut-
off values the test results were compared with the final diagnoses, 2x2 contingency tables were 
constructed and the sensitivity and specificity were calculated. Furthermore, the probability of 
patients having acute appendicitis when presenting with inflammatory marker levels below the 
cut-off value was determined for every cut-off value. For the evaluation of the ability to confirm 
the diagnosis, patients with inflammatory marker levels above the respective cut-off levels were 
considered ‘test-positives’ and patients with appendicitis as ‘disease-positives’. Again, test results 
were compared with the final diagnoses and the sensitivity, specificity, and the probability of 
having acute appendicitis were calculated for every cut-off value. The above described analysis 
of diagnostic performance was performed within all included patients, and repeated within the 
three patient categories based on the duration of symptoms at time of presentation; < 24 hours, 
24 hours – 48 hours, > 48 hours. Furthermore, subgroup analyses were performed for age (< 45 
years of age or ≥ years of age) and gender. All statistical analyses were performed with SPSS® 
software version 20.0 (IBM, Armonk, New York, USA). P values of 0.05 or less were considered 
to indicate statistical significance. 
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RESULTS

The five cohorts combined included a total of 1024 adult patients with clinical suspicion of acute 
appendicitis. The mean age of the included patients was 39 years (SD 16.0) and 55% (n=563) 
was female. Of the 1024 patients, 580 (57%) were assigned a final diagnosis of acute appendici-
tis. The alternate final diagnoses of the remaining 444 patients are listed in Table 1.

Final diagnosis
Number of patients

 (%)

Acute appendicitis 580 (56.6)

Nonspecific abdominal pain 163 (15.9)

Acute diverticulitis 49 (4.8)

Small bowel/colon inflammation 40 (3.9)

Gynecologic disorder: non-urgent (benign adnexa cyst, endometriosis, uterine fibroid) 34 3.3)

Gynecologic disorder: urgent (pelvic inflammatory disease, bleeding/rupture ovarian cyst) 29 (2.8)

Gastroenteritis 22 (2.1)

Urinary tract disorder: non-urgent (simple urinary tract infection) 13 (1.3)

Urinary tract disorder: urgent (urinary tract stone with obstruction, pyelonephritis) 12 (1.2)

Perforated viscus 9 (0.9)

Acute cholecysitits 8 (0.8)

Bowel obstruction 6 (0.6)

Constipation 6 (0.6)

Malignancy 6 (0.6)

Acute epiploic appendagitis 5 (0.5)

Cholecystolithiasis 5 (0.5)

Mesenteric lymphadenitis 3 (0.3)

Acute pancreatitis 2 (0.2)

Other 32 (3.1)

Table 1 Final diagnoses in 1024 patients clinically suspected of having acute appendicitis.

Patient characteristics are depicted in Table 2. Female patients were more frequently diagnosed 
with an alternate diagnosis than acute appendicitis (68.9% versus 44.3%; p<0.001). Patients 
with appendicitis, compared to patients with an alternate diagnosis, more frequently presented 
with duration of symptoms between 24 hours and 48 hours (54.8% versus 41.2%; p<0.001). Pa-
tients with alternate final diagnoses more often presented with symptoms existing for more than 
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48 hours compared to patients with appendicitis (19.3% versus 28.4%; p=0.001). Patients with 
a final diagnosis of appendicitis had a higher median white blood cell count (13.6 x 109/L (IQR 
11.0-16.6) versus 10.9 x 109/L (IQR 8.3-14.0); p<0.001) and a higher median CRP level (median 
37.0 mg/L (IQR 12.0-86.8) versus median 25.8 mg/L (IQR 7.0-79.0); p<0.001) than patients with 
an alternate final diagnosis.

Patients 
with 
acute ap-
pendicitis
(n=580)

Patients with 
alternate 
diagnoses
(n=444)

Total
(n=1024)

p value

Age – Mean (SD) 38.9 (15.0) 38.6 (17.2) 38.8 (16.0) 0.800

Female sex – No (%) 257 (44.3) 306 (68.9) 563 (55.0) <0.001

Duration of complaints

< 24 hours – No (%) 150 (25.9) 135 (30.4) 285 (27.8) 0.108

24 hours - 48 hours – No (%) 318 (54.8) 183 (41.2) 501 (48.9) <0.001

> 48 hours – No (%) 112 (19.3) 126 (28.4) 238 (23.2) 0.001

White Blood Cell Count x 109/L – Median (IQR)
13.6 
(11.0-16.6)

10.9 
(8.3-14.0)

12.5 
(9.8-15.6)

<0.001

C-reactive protein in mg/L – Median (IQR)
37.0 (12.0-
86.75)

25.8 
(7.0-79.0)

34.1 
(9.0-84.0)

<0.001

Table 2 Patient characteristics of 1024 patients clinically suspected of having acute appendicitis, compared between 

patients with a final diagnosis of acute appendicitis (n=580) and patients with an alternate diagnosis (n=444).

SD = standard deviation, IQR = interquartile range

The inflammatory marker levels of patients with and without appendicitis, subdivided into pa-
tient categories of duration of symptoms, are shown in Table 3. Patients with a final diagnosis of 
appendicitis had significantly higher WBC counts in all categories than those with no appendici-
tis. C-reactive protein levels differed significantly in the subgroups with symptoms less than 24 
hours or more than 48 hours; patients with appendicitis had significant higher CRP levels than 
those with an alternate diagnosis. The overall discriminative capacity, expressed as an AUC, was 
0.673 (95%CI 0.640-0.706) for WBC count. C-reactive protein had an AUC of 0.568 (95%CI 
0.0532-6.04).
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Patients with acute 
appendicitis 

Patients with alter-
nate diagnoses

p value

Duration symptoms < 24 h (N=285) N=150 N=135

WBC (x 109/L) – Median (IQR) 14.2 (11.2-17.4) 12.1 (10.0-14.9) 0.000

CRP (in mg/L) – Median (IQR) 14.0 (6.0-35.0) 9.3 (2.0-23.0) 0.008

Duration symptoms 24 h - 48 h (N=501) N=318 N=183

WBC (x 109/L) – Median (IQR) 13.7 (11.1-16.7) 10.6 (8.2-13.6) 0.000

CRP (in mg/L) – Median (IQR) 39.0 (15.0-82.5) 38.0 (8.0-88.9) 0.205

Duration symptoms > 48 h (N=238) N=112 N=126

WBC (x 109/L) – Median (IQR) 12.7 (10.1-15.4) 9.9 (7.6-12.5) 0.000

CRP (in mg/L) – Median (IQR) 97.0 (39.3-189.0) 50.5 (16.8-106.3) 0.000

WBC = white blood cell, CRP = c-reactive protein

Table 3 Values of CRP and WBC compared between patients with and without a final diagnosis of acute appendicitis, 

subdivided for categories based on the duration of symptoms.

The accuracy of several clinically applicable cut-off values of WBC count, CRP level and their 
combinations for discarding the diagnosis of acute appendicitis is depicted in Table 4. Regarding 
all included patients, a normal WBC count (< 10 x 109/L) or CRP level (< 10 mg/L) did not ex-
clude appendicitis: 17% of all patients with appendicitis presented with a normal WBC count and 
20% with a normal CRP level. Furthermore, the probability a patient had appendicitis while pre-
senting with a WBC count of < 10 x 109/L or a CRP level of < 10 mg/L remained as high as 36% 
and 44%, respectively. When cut-off values of WBC count and CRP level were combined, the 
ability to discard appendicitis increased. The probability of appendicitis dropped to 11% when 
both inflammatory markers were within normal range. However, only 89 of all patients (9%) 
suspected of acute appendicitis had inflammatory marker levels within normal range. Duration 
of symptoms did not affect the ability of the inflammatory markers to discard the diagnosis of 
appendicitis. In patients with symptoms for more than 48 hours and inflammatory marker levels 
within the normal range, the probability of appendicitis was still 13%. 
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Number of 

patients

(% of all patients 

in the subgroup)

Number of pa-

tients with AA (% 

of all cases of AA 

in the subgroup)

Sensi-

tivity

Speci-

ficity

Proba-

bility of 

having 

AA

All included patients (N=1024; AA=580)

  WBC < 10 x 109/L 273 (27) 98 (17) 39 83 36

  WBC < 15 x 109/L 728 (71) 366 (63) 82 37 50

  CRP < 10 mg/L 261 (25) 115 (20) 33 80 44

  CRP < 50 mg/L 622 (61) 337 (58) 64 42 54

  WBC < 10 x 109/L and CRP <10 mg/L 89 (9) 10 (2) 18 98 11

  WBC < 10 x 109/L and CRP < 50 mg/L 179 (17) 52 (9) 29 91 29

  WBC < 15 x 109/L and CRP < 10 mg/L 191 (19) 62 (11) 29 89 32

  WBC < 15 x 109/L and CRP < 50 mg/L 446 (44) 207 (36) 54 64 46

Duration symptoms < 24 h (N=285; AA=150)

  WBC < 10 x 109/L 52 (18) 19 (13) 24 87 37

  WBC < 15 x 109/L 190 (67) 87 (58) 76 42 46

  CRP < 10 mg/L 122 (43) 54 (36) 50 64 44

  CRP < 50 mg/L 248 (87) 128 (85) 89 15 52

  WBC < 10 x 109/L and CRP <10 mg/L 31 (11) 3 (2) 21 98 10

  WBC < 10 x 109/L and CRP < 50 mg/L 46 (16) 13 (9) 24 91 28

  WBC < 15 x 109/L and CRP < 10 mg/L 87 (31) 28 (19) 44 81 32

  WBC < 15 x 109/L and CRP < 50 mg/L 169 (59) 75 (50) 70 50 44

Duration symptoms 24 h - 48 h (N=501; AA=318)

  WBC < 10 x 109/L 132 (26) 54 (17) 43 83 41

  WBC < 15 x 109/L 343 (68) 96 (62) 80 38 57

  CRP < 10 mg/L 110 (22) 55 (17) 30 83 50

  CRP < 50 mg/L 281 (56) 177 (56) 57 44 63

  WBC < 10 x 109/L and CRP <10 mg/L 35 (7) 4 (1) 17 99 11

  WBC < 10 x 109/L and CRP < 50 mg/L 82 (16) 27 (8) 30 92 33

  WBC < 15 x 109/L and CRP < 10 mg/L 78 (16) 29 (9) 27 91 37

  WBC < 15 x 109/L and CRP < 50 mg/L 193 (39) 104 (33) 49 67 54

Duration symptoms > 48 h (N=238; AA=112)

  WBC < 10 x 109/L 89 (37) 25 (22) 51 78 28

  WBC < 15 x 109/L 195 (82) 83 (74) 89 26 43

  CRP < 10 mg/L 29 (12) 6 (5) 18 95 21

  CRP < 50 mg/L 93 (39) 32 (29) 48 71 34

  WBC < 10 x 109/L and CRP <10 mg/L 23 (10) 3 (3) 16 97 13

  WBC < 10 x 109/L and CRP < 50 mg/L 51 (21) 12 (11) 31 89 24

  WBC < 15 x 109/L and CRP < 10 mg/L 26 (11) 5 (4) 17 96 19

  WBC < 15 x 109/L and CRP < 50 mg/L 84 (35) 28 (25) 44 75 33

Sensitivity and specificity of the cut-off values for discarding the suspected diagnosis of acute appendicitis were calcu-

lated by considering patients with inflammatory marker levels below the respective cut-off value as ‘test-positives’ and 

patients without appendicitis as ‘disease-positives’. AA = acute appendicitis, WBC = white blood cell, CRP = c-reactive 

protein, h = hours

Table 4 Potential of various cut-off values of WBC count, CRP level and their combinations to discard the diagnosis of 

acute appendicitis; overall and subdivided into categories based on duration of symptoms.

4
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The ability of the inflammatory markers to confirm clinical suspicion of appendicitis is depicted in 
Table 5. For all included patients, no WBC count or CRP level, nor their combination, increased 
the probability of appendicitis above 74%, based only on these inflammatory marker levels. In pa-
tients with symptoms for more than 48 hours a WBC count of more than 20 x 109/L confirmed 
the presence of acute appendicitis with a probability of 100%. However, of the 238 patients 
presenting with symptoms for more than 48 hours, only 8 (3%) patients had a WBC of 20 x 
109/L or higher.
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Number of 

patients

(% of all patients 

in the subgroup)

Number of pa-

tients with AA (% 

of all cases of AA 

in the subgroup)

Sensi-

tivity

Speci-

ficity

Proba-

bility of 

having 

AA

All included patients (N=1024; AA=580)

  WBC > 15 x 109/L 287 (28) 208 (36) 36 82 72

  WBC > 20 x 109/L 62 (6) 46 (8) 8 96 74

  CRP > 50 mg/L 386 (38) 232 (40) 40 65 60

  CRP > 100 mg/L 190 (19) 115 (20) 20 83 61

  WBC > 15 x 109/L and CRP > 50 mg/L 115 (11) 80 (14) 14 92 70

  WBC > 15 x 109/L and CRP > 100 mg/L 68 (7) 44 (8) 8 95 65

  WBC > 20 x 109/L and CRP > 50 mg/L 24 (2) 16 (3) 3 98 67

  WBC > 20 x 109/L and CRP > 100 mg/L 14 (1) 10 (2) 2 99 71

Duration symptoms < 24 h (N=285; AA=150)

  WBC > 15 x 109/L 90 (32) 61 (41) 41 79 68

  WBC > 20 x 109/L 21 (7) 13 (9) 9 94 62

  CRP > 50 mg/L 32 (11) 18 (12) 12 90 56

  CRP > 100 mg/L 15 (5) 9 (6) 6 96 60

  WBC > 15 x 109/L and CRP > 50 mg/L 13 (5) 8 (5) 5 96 62

  WBC > 15 x 109/L and CRP > 100 mg/L 7 (2) 3 (2) 2 97 43

  WBC > 20 x 109/L and CRP > 50 mg/L 1 (0) 0 (0) 0 99 0

  WBC > 20 x 109/L and CRP > 100 mg/L 1 (0) 0 (0) 0 99 0

Duration symptoms 24 h - 48 h (N=501; AA=318)

  WBC > 15 x 109/L 154 (31) 118 (37) 37 80 77

  WBC > 20 x 109/L 33 (7) 25 (8) 8 96 76

  CRP > 50 mg/L 212 (42) 135 (42) 42 58 64

  CRP > 100 mg/L 90 (18) 54 (17) 17 80 60

  WBC > 15 x 109/L and CRP > 50 mg/L 68 (14) 47 (15) 15 89 69

  WBC > 15 x 109/L and CRP > 100 mg/L 36 (7) 23 (7) 7 93 64

  WBC > 20 x 109/L and CRP > 50 mg/L 16 (3) 9 (3) 3 96 56

  WBC > 20 x 109/L and CRP > 100 mg/L 7 (1) 4 (1) 1 98 57

Duration symptoms > 48 h (N=238; AA=112)

  WBC > 15 x 109/L 43 (18) 29 (26) 26 89 67

  WBC > 20 x 109/L 8 (3) 8 (7) 7 100 100

  CRP > 50 mg/L 142 (60) 79 (71) 71 50 56

  CRP > 100 mg/L 85 (36) 52 (46) 46 74 61

  WBC > 15 x 109/L and CRP > 50 mg/L 34 (14) 25 (22) 22 93 74

  WBC > 15 x 109/L and CRP > 100 mg/L 25 (11) 18 (16) 16 94 72

  WBC > 20 x 109/L and CRP > 50 mg/L 7 (3) 7 (6) 6 100 100

  WBC > 20 x 109/L and CRP > 100 mg/L 6 (3) 6 (5) 5 100 100

Sensitivity and specificity of the cut-off values for confirming the suspected diagnosis of acute appendicitis were 

calculated by considering patients with inflammatory marker levels above the respective cut-off value as ‘test-positives’ 

and patients with appendicitis as ‘disease-positives’. AA = acute appendicitis, WBC = white blood cell, CRP = c-reactive 

protein, h = hours

Table 5 Potential of various cut-off values of WBC count, CRP level and combinations to confirm the diagnosis of acute 

appendicitis; overall and subdivided into categories based on duration of symptoms.

4
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When the date were analyzed categorized by gender, the ability of inflammatory markers to 
discard the diagnosis of acute appendicitis was somewhat better in women than in men. In all 
563 female patients, normal inflammatory marker levels (WBC < 10 x 109/L and CRP <10 mg/L) 
resulted in a probability of appendicitis of 7% (4 of 56 patients had appendicitis), and 5% when 
combined with symptoms for more than 24 hours but less than 48 hours (1 of 21 patients had 
appendicitis). In contrast, in male patients no level of inflammatory markers decreased the proba-
bility of appendicitis to less than 11%, regardless the duration of symptoms. For the confirmation 
of appendicitis, comparable results were found for both men and women; a WBC count of more 
than 20 x 109/L in combination with symptoms for more than 48 hours seemed to confirm ap-
pendicitis with 100% accuracy. Again, as demonstrated for the overall analysis, only few patients 
presented with this specific profile (4 of 461 male patients and 3 of 563 female patients). For 
male patients, combined raised inflammatory marker levels (WBC > 15 x 109/L and CRP > 50 
mg/L) with symptoms for less than 24 hours also proved appendicitis; 6 of 6 patients present-
ing with this profile had acute appendicitis. No other level of inflammatory markers resulted in 
a probability of having appendicitis of more than 85% in both men and women, regardless the 
duration. 

When the included patients were divided into two groups based on age (<45 years of age or 
≥45 years of age), normal inflammatory marker levels (WBC < 10 x 109/L and CRP <10 mg/L) in 
patients who were 45 years or older resulted in a probability of appendicitis of 7% (1 of 15 pa-
tients had appendicitis). When symptoms were present for less than 24 hours or between 24 and 
48 hours in patients of 45 years or older, normal inflammatory marker levels even excluded the 
presence of appendicitis with 100% accuracy (7 and 6 patients, respectively). In younger patients 
(44 years of age or younger) no level of inflammatory markers decreases the probability of ap-
pendicitis below 10%, regardless the duration of symptoms. For the confirmation of appendicitis, 
the results for both age groups were comparable to the overall results; no level of inflammatory 
markers could sufficiently confirm the diagnosis of appendicitis in a substantial group of patients, 
regardless duration of symptoms. 

DISCUSSION

Our results show that the ability of WBC count and CRP level to ‘rule out’ appendicitis is limited. 
A patient with inflammatory marker levels within normal range (WBC count <10 x 109/L and 
CRP level < 10 mg/L) still had a probability of acute appendicitis of about 10%, regardless of the 
duration of symptoms. A WBC count of > 20 x 109/L in patients with symptoms for more than 
48 hours seemed to ‘prove’ appendicitis with a specificity of 100%. However, the clinical appli-
cability is limited as only few patients presented with this profile (8 of 1024 patients). No other 
WBC count or CRP level, or combination of both, resulted in a probability of more than 80% that 
appendicitis is present, regardless the duration of symptoms. 
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Determination of WBC count and CRP level is routinely performed in the diagnostic work-up of 
patients with suspected appendicitis.21 Both inflammatory markers are of limited diagnostic value 
when used individually, but the combination is suggested to achieve a high discriminatory power, 
especially when combined with specific clinical findings.7 Several studies have suggested that 
acute appendicitis can be excluded when patients have normal values of WBC count and CRP 
level. 10;22-26 Even in fertile-aged women, in whom the diagnostic accuracy of appendicitis is tra-
ditionally low, normal leukocyte counts and CRP values are reported to exclude appendicitis with 
a predictive value of 100%.27 Our findings do not confirm these previous results. The probability 
of appendicitis when presenting with inflammatory marker levels within the normal range was as 
high as 10%. Even in male patients or younger patients, in whom the diagnosis of appendicitis 
is suggested to be more straightforward, no level of inflammatory markers could sufficiently 
exclude the presence of appendicitis. A possible explanation for this discrepancy in reported 
diagnostic value is the difference in pre-test probability (i.e. the prevalence of appendicitis) with-
in studies.28 For example, in patient populations with a high pre-test probability such as young 
male adults, the post-test probability associated with inflamed inflammatory markers will also be 
high, suggesting the ability to rule-in appendicitis. The prevalence of appendicitis in our study 
was 57%, which falls in range of the reported rate of 26.7-60.6% in literature.7 Any variation in 
diagnostic accuracy of the inflammatory markers between specific subgroups is more likely based 
on differences in pre-test probabilities than on true differences in diagnostic test characteristics.

The potential of inflammatory markers as ‘rule in’ diagnostic test is known to be far from suit-
able.7 Here we show that even high levels of both inflammatory markers in patients suspected 
of having appendicitis do not guarantee the presence of an inflamed appendix. WBC count and 
CRP therefore have limited value as a ‘rule in’ diagnostic test. Regarding the overall analysis on 
all 1024 included patients, the probability of appendicitis associated with the studied cut-off 
values of the inflammatory markers was never higher than 75%. For example, although a WBC 
count of > 20 x 109/L and a CRP level of > 100 mg/L had 99% specificity, only 14 of 1024 
patients presented with such high inflammatory marker levels and 4 nonetheless did not have 
acute appendicitis, resulting in a probability of appendicitis of 71%. When the specific subgroups 
based on the duration of symptoms were analyzed, a WBC count of > 20 x 109/L in combination 
with symptoms for more than 48 hours was shown to ‘prove’ appendicitis with a probability 
of 100%. However, only few patients presented with symptoms for more than 48 hours and a 
WBC of more than 20 x 109/L. In clinical practice, this cut-off value would identify only a small 
number of patients in whom imaging studies can be omitted and the implications of this finding 
are therefore limited.

The duration of symptoms is known to correlate with the diagnostic accuracy of several diagnos-
tic markers in acute appendicitis. Kharbanda et al. showed that WBC count was the most useful 
marker to predict appendicitis in children with pain for fewer than 24 hours while CRP was the 
most useful in those with pain for 24 hours – 48 hours.13 Wu et al. determined different cut-off 
values of CRP, with corresponding sensitivity and specificity, based on how long the patient’s 
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symptoms were present.14 They showed an increase in diagnostic accuracy with symptoms ex-
isting for a longer duration; the AUC of CRP increased from 0.60 (95%CI 0.50-0.70) on day 1 
to 0.88 (95%CI 0.80-0.95) on day 3. The influence of the duration of a patients’ complaints on 
the diagnostic value of clinical scoring systems has also been described.15 Furthermore, a longer 
duration of abdominal pain was shown to improve sensitivity of ultrasound for suspected appen-
dicitis in children, and reduced the number of equivocal CT results.29 An increase of diagnostic 
accuracy for WBC count or CRP level was not demonstrated in the present study. Even for 
patients presenting with inflammatory marker levels within the normal range and symptoms for 
more than 48 hours, the probability of appendicitis was 13%, comparable to 10% for patients 
with symptoms for less than 24 hours. 

Limitations
Several limitations of this study need to be addressed. Firstly, the reference standard (final diag-
nosis as assigned by expert panel) included the results from the laboratory examination. Although 
the expert panel based their diagnoses primarily on preoperative imaging, surgical findings, his-
topathological examination and follow-up, the reference standard would ideally be entirely in-
dependent from the diagnostic test. Another potential limitation is that the clinical suspicion of 
acute appendicitis was (partly) based on laboratory examination findings, including WBC count 
and CRP level. Perhaps some patients were not suspected of having acute appendicitis because 
of the found inflammatory marker levels and were thus not included in the present study. The 
diagnostic performance of the inflammatory markers could be different if those patients were 
included. However, the evaluation of the diagnostic performance of a test is best done in the 
population in which it is intended to be used.7 Omitting imaging studies based on inflammatory 
marker levels is only relevant for patients who otherwise would undergo imaging; patients clini-
cally suspected of having acute appendicitis. A final limitation is the fact we only evaluated WBC 
count and CRP level. Several other new markers such as procalcitonin have been suggested to 
be of diagnostic value in acute appendicitis, although the superiority of these new markers over 
WBC count and CRP is questionable.30;31 

Despite these limitations, this study describes as large cohort of more than thousand patients 
who were clinically suspected of having acute appendicitis. Furthermore, all data was gathered 
prospectively and the reference standard was the final diagnosis as assigned by an expert panel, 
based on available clinical data and at least 3 months follow-up. Our results add to the debate 
on the most appropriate diagnostic strategy in patients with suspected appendicitis and can be 
used to further improve clinical decision models such as the Appendicitis Inflammatory Response 
Score.32

Conclusion
In patients suspected of acute appendicitis normal inflammatory marker levels do not ‘rule out’ 
acute appendicitis, regardless of the duration of symptoms. Their ‘rule in’ value is also limited: 
no WBC count or CRP level can safely and sufficiently confirm the suspected diagnosis of acute 
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appendicitis in a relevant number of patients. Whether or not inflammatory markers still have an 
additional value in the diagnostic work-up of patients suspected of having appendicitis, in an era 
where imaging is performed routinely, could not be answered by this study. To address this issue, 
a prospective study is required, evaluating the proposed clinical management based on all other 
investigations with and without the results from laboratory tests.
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ABSTRACT

Purpose: Infectious complications occur frequently after major abdominal surgery and have a 
major influence on patient outcome and hospital costs. A marker that can rule out post-operative 
infectious complications (PIC) could aid patient selection for safe and early hospital discharge. 
C-reactive protein (CRP) is a widely available, fast and cheap marker that might be of value in 
detecting PIC. Present meta-analysis evaluates the diagnostic value of CRP to rule out PIC fol-
lowing major abdominal surgery, aiding patient selection for early discharge. 

Methods: A systematic literature search of Medline, PubMed and Cochrane was performed iden-
tifying all prospective studies evaluating the diagnostic value of CRP after abdominal surgery. 
Meta-analysis was performed according to the PRISMA statement. 

Results: Twenty-two studies were included for qualitative analysis of which 16 studies were 
eligible for meta-analysis, representing 2215 patients. Most studies analyzed the value of CRP 
in colorectal surgery (eight studies). The pooled negative predictive value (NPV) improved each 
day after surgery up to 90% at POD3 for a pooled CRP cut-off of 159mg/L(range 92-200). 
Maximum predictive values for PIC’s were reached on POD5 for a pooled CRP cut-off of 114mg/
L(range 48-150): a pooled sensitivity of 86%(95% confidence interval(CI):79-91%), specificity 
of 86%(95%CI: 75-92%) and a positive predictive value of 64%(95% CI: 49-77%). The pooled 
sensitivity and specificity were significantly higher on POD5 than on other post-operative days 
(p<0.001). 

Conclusion: Infectious complications after major abdominal surgery are very unlikely in patients 
with a CRP below 159 mg/L on POD3. This can aid patient selection for safe and early hospital 
discharge and prevent overuse of imaging. 
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INTRODUCTION

Post-operative infectious complications (PIC) occur frequently after major abdominal surgery. 
Post-operative infectious complications have a major influence on patient outcomes and hospital 
costs.(1–8) A timely diagnosis of infectious complications is associated with a lower morbidity 
and mortality rate.(7,9) However, early clinical features of post-operative infections are often 
non-specific and difficult to distinguish from the normal post-operative inflammatory response 
related to surgical trauma.(9) The median time to diagnosis of infectious complications has been 
reported up to 12 days after surgery, with commonly several days of delay in retrospect.(8) 

A biological marker that can predict infectious complications before clinical signs and symptoms 
develop could be of clinical value. The value of such a marker is two-sided; it could identify 
patients with a high probability of infectious complications for early additional investigations, 
such as an abdominal CT scan or it could identify patients with a low probability of infectious 
complications. 

CRP is a biological marker that might be of value in detecting infectious complications. CRP is a 
widely available, fast and cheap marker. CRP levels are known to increase in the post-operative 
period, because of surgical tissue damage. CRP levels tend to normalize rapidly in patients with 
an uncomplicated post-operative course due to its short plasma half-life of 19 hours. (10,11) 

CRP has been extensively studied for its value in predicting PIC after major abdominal surgery.
(12–16) Several studies have concluded that CRP is a useful predictor of PIC, but low positive 
predictive values have been reported (7,16–23), making CRP a suboptimal marker for ruling in of 
an infectious complication. A recent meta-analysis of CRP after gastro-esophageal cancer surgery 
confirms that CRP values are insufficient to predict post-operative inflammatory conditions.(24) 

The value of CRP to rule out the presence of infectious complications has not yet been studied. 
In an era of minimal invasive surgery and enhanced recovery programs, patients are often dis-
charged early, possibly before clinical signs of deterioration have become evident. A marker that 
accurately predicts the absence of post-operative complications could aid patient selection for 
safe and early hospital discharge and prevent overuse of imaging. The present systematic review 
and meta-analysis aims to determine the value of CRP to rule out the presence of infectious 
complications allowing for safe and early discharge of patients after major abdominal surgery.  

MATERIAL AND METHODS

Search strategy 
Embase, Pubmed and the Cochrane library were searched up to the 26th of January 2014. The 
search strategy consisted of the MeSH terms and free text words indexed for CRP and major 
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abdominal surgery. The detailed search strategy is available in appendix A. This review was per-
formed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement. 

Study selection
Inclusion and exclusion criteria were set before the search. Articles were considered eligible if the 
diagnostic accuracy of CRP for PIC following abdominal or gastrointestinal surgery was assessed 
in a prospective study design. If the following criteria were all met, articles were included: 1. 
CRP was evaluated in the post-operative setting, 2. CRP was evaluated after major abdominal or 
gastro-intestinal surgical procedures (including pancreatic, colorectal, hepatobiliary, esophageal 
and gastric surgery), 3. Outcome of interest was the association between CRP and PIC, 4. The 
study design was prospective. Designs other than prospective design were excluded to minimize 
the risk of bias. Studies presenting insufficient data for extracting 2x2 contingency tables of CRP 
versus PIC were also excluded. Original articles in English, French, German, Dutch or Spanish 
language were considered for inclusion. 

Two independent reviewers (SLG and JJA) screened the titles and abstracts of all papers iden-
tified by the search for eligibility. The full–text was obtained of potentially eligible papers for 
further evaluation. Reference lists of key articles and reviews were manually searched to identify 
additional articles. In case of disagreement consensus was reached through discussion. The in-
clusion and exclusion of articles was recorded in a PRISMA flow chart (figure 1). Two reviewers 
independently extracted data from the included studies using a standardized form (SLG, JJA). 

Test outcome
CRP levels were compared for patients with and without PIC. PIC was defined as reported in 
the studies. If provided, outcomes were registered for in-hospital stay and 30 day period. CRP 
data were recorded whenever mentioned in text, graphs or figures of the article. Data regard-
ing measures of diagnostic accuracy such as sensitivity, specificity, positive predictive value, 
negative predictive value and area under the receiver-operating curve (AUC) were recorded as 
reported in the included articles. The cut-off value of CRP with presumed highest discriminatory 
value was recorded. 

Reference standard
The outcome of interest was PIC. PIC were counted per event and defined as reported in the 
individual studies. The true disease status or reference standard, i.e. whether patients actually 
developed a PIC, could be determined in multiple ways. Follow up, surgery and radiological im-
aging were all accepted as reference standard for the diagnosis of PIC. Duration of clinical follow 
up was recorded. 

Study design, patient characteristics and quality
The following data were extracted from included studies: study period; department of the first 
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author; inclusion period; study design; country of origin; patient characteristics such as number 
of included patients, the mean or median age (and range), male to female ratio, time of follow up, 
and the number of true positives (TP), false positives (FP), false negatives (FN) and true negatives 
(TN). The methodological quality of the studies was assessed using the Quality Assessment of 
Diagnostic Accuracy Studies 2 (QUADAS-2) tool. (25,26) 2x2 contingency tables were extracted 
or reconstructed for CRP versus PIC for every included study. 
 
Meta-analysis
Meta-analysis was performed with studies that provided sufficient quantitative data to calculate 
a contingency table for a specified cut-off value of CRP at a specified POD. A non-linear mixed 
model was used to obtain summary estimates of sensitivity and specificity with 95% confidence 
intervals (CI) (27). To compare sensitivity and specificity for each POD we used the Wald test for 
unpaired data. Pooled likelihood ratios (LR), positive predictive values (PPV) and negative predic-
tive values (NPV) were calculated for each POD using the pooled sensitivity and specificity. The 
geometric mean with 95% CI was used to calculate the pooled CRP value per POD to compare 
patients with and without PIC.

The pooled cut off value was calculated using the cut off values provided in the individual studies 
per POD weighted by their sample size. The pooled area under the curve was calculated using 
the individual AUC’s weighted by their sample size. The pooled incidence of PIC was calculated 
using the incidence of the individual studies weighted by their sample size. The pooled incidence 
was not necessarily the same for each POD, because for each POD different studies were avail-
able for pooled analyses

The pre-test probability of developing a PIC can be thought of as the probability that a patient 
will develop a PIC based on bedside evaluation. The post-test probability is the probability that 
a patient will develop a PIC based on both bedside evaluation and the CRP value. The post-test 
odds were calculated by multiplying the pre-test odds with the positive and negative likelihood 
ratio. Post-test probabilities for a high and a low CRP were calculated and presented in a graph 
for pre-test probabilities across the range of 0 to 100%. The underlying assumption of this graph 
is that the positive and negative LR’s were constant across all pre-test probabilities. Using the 
pooled incidence, representing an average patient, as the pre-test probability resulted in post-
test probabilities for a positive and negative index test. This incidence can differ across PODs, 
depending on the studies available for pooled analysis for each POD.

All statistical analyses were performed using SPSS (version 20.0, IBM, Armonk, New York, USA) 
and SAS (version 9.3, SAS institute Inc., Cary North Carolina). P values of < 0.05 were considered 
to indicate statistical significance.
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RESULTS

The search identified 3440 articles after excluding duplicate articles. Articles not meeting the 
inclusion criteria based on assessment of the title and abstract (3388) were excluded. Full text of 
the potentially eligible 52 articles was retrieved for detailed examination. Inclusion criteria were 
not met in 30 studies. Most of the excluded studies either had a retrospective design or assessed 
the value of CRP in settings other than major abdominal surgery.(3,10,14,17–19,21,28–38) The 
remaining 22 studies were included for qualitative analysis of which 16 studies could also be 
used for meta-analysis (figure 1). 

Figure 1. PRISMA Flow chart
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Study and patient characteristics 
The included articles were published between 1997 and 2013 (table 1). CRP levels of 2215 
patients were examined for their value in predicting PIC in patients undergoing major abdominal 
surgery. Post-operative follow up duration varied from 7 days up to 60 days post-operative. Fur-
ther study characteristics are summarized in table 1. Most studies analyzed the value of CRP in 
colorectal surgery (eight studies), gastrectomy (three studies) and esophagectomy (three studies). 

Quality of included studies/risk of bias
The quality of the included studies was fairly good (figure 2 and 3). All studies had a represent-
ative spectrum of patients and used an acceptable reference standard. The time between index 
and reference test was acceptable in all studies. The preferred reference standard differed across 
studies. In most studies only patients with elevated values of inflammatory markers or a clinical 
suspicion of complications underwent imaging as diagnostic reference standard (partial verifi-
cation). The preferred reference test differed between patients with a positive index test (e.g., 
patients with elevated inflammatory markers) and negative index test. The preferred reference 
standard in patients with a positive index test was diagnostic imaging (predominantly computed 
tomography or conventional radiography with water-soluble contrast), whereas in patients with 
a negative index test clinical follow up was the reference standard (differential verification). Only 
one study avoided partial and differential verification by performing imaging in all patients.(1) In 
only one study incorporation of the index test in the reference test was avoided. (33) None of the 
studies blinded the outcome assessors for the reference standard. In only one study the index 
test results were blinded.(33) All studies provided information on uninterpretable results except 
for one study.(22) One study failed to provide information on withdrawals.(39) 
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Reference
Inclusion 

period

No. of 

participants
Type of surgery Follow up duration Age Female sex (%) Primary outcomes

Aguilar-Nascimento 2007 

Brasil (43)
2004-2005 32 Major gastro intestinal surgery with at least oneanastomosis NS 49 (range 18–72) 14(46%) Infectious morbidity

Albanopoulos 2012 

Greece (44)
2008-2011 177

Laparoscopic sleeve 

gastrectomy
30 days 38.1 (range 18–61) 102(58%)

Post-operative complications within 

30 days

Dutta 2011 

UK (14) 2005-2009 136 Esophagogastric cancer resections 7 days

(age<65,65–75,>75) 

No complications: 37/25/7

Infectious complications: 26/21/7

Non-infectious complications: 6/6/1

37(27%) Post-operative complications

Garcia Granero 2013

Spain (45)
2008-2010 205 Elective colorectal surgery with primary intestinal anastomosis 60 days after discharge 63.3 SD(15.5) 93(45, 4%) Complications

Guirao2013

Spain (19)
2007-2009 208 Open or laparoscopic colorectal surgery 30 days 68.3 SD (11.4) 82(39.4%) Organ space infection

Lagoutte* 2012

France (46)
2010-2011 100

Elective colonic or rectal

surgery with immediate 

restoration of intestinal continuity

30 days after surgery 64 (range 20-87) 42(42%) Complications

Mackay 2009

UK (2)
2003-2006 150 Elective colorectal resection 30 days 72 (IQR 63-79) 78(52%) Infective complications

Matsuda 2008

Japan (25)
2006-2007 41 Elective colorectal surgery 30 days

Uninfected 69.5±2.0

Infected 69.7±2.7

Uninfected:15 (52%)

Infected:1 (8.3%)
Post-operative infections

Matthiessen* 2006

Sweden (1)
2002-2003 33 Anterior resection for rectal carcinoma NS 68 (range 38-80) 11(33%) Anastomotic leakage

Oberhofer 2012

Croatia (47)
2009 79 Elective colorectal surgery NS

Complications 65,7 

No complications 79,8
29 (37%) Complications

Ortega-Deballon 2010

France (30) 2007-2008 133 Elective colorectal surgery 6 weeks 65 ± 16 48 (36%)

Septic complications 

(incl leaks, wound infections, central 

line infection, urinary tract infection, 

pneumonia)

Platt 2012

UK (13) 1997-2007 454
Curative resection for 

colorectal cancer
7 days

(Age <65, 65–75, >75)

No complications: 120/99/115

Infective complications : 30/41/33

Non infective complications : 1/8/7

275 (61%)
Complications (infective and non- 

infective)

Ramanathan* 2013

UK (48)
NS 357

Curative surgery for 

colorectal cancer
30 days

(<65/65–74/>74 years)

99/113/145 (28/32/40%)
169 (47%) Infective complications

Reith* 1998

Germany (37)
NS 70

Aortal surgery (n=35) 

Colorectal surgery (n=35)
10 days NS NS Complications

Scepanovic 2013

Serbia and Montenegro (49)
2010-2012 156 Elective abdominal surgery with primary anastomosis 30 days 65 (28-86) 67 (42.9%)

Post-operative complications (infec-

tious and non-infectious)

Shimizu 2005

Japan (50) 1997-1999 112 Gastrointestinal surgery 4 weeks

Non-infected: 60 ± 2

Minor infected: 68 ±  2

Severely infected: 68 ± 4

65 (58%) Infectious complications

Siassi* 2005

Germany (51) 
2000-2001 172

Major elective surgery

for malignant disease of the gastrointestinal tract
NS 62.3 (25–83) 116 (67%) Post-operative complications



Reference
Inclusion 

period

No. of 

participants
Type of surgery Follow up duration Age Female sex (%) Primary outcomes

Aguilar-Nascimento 2007 

Brasil (43)
2004-2005 32 Major gastro intestinal surgery with at least oneanastomosis NS 49 (range 18–72) 14(46%) Infectious morbidity

Albanopoulos 2012 

Greece (44)
2008-2011 177

Laparoscopic sleeve 

gastrectomy
30 days 38.1 (range 18–61) 102(58%)

Post-operative complications within 

30 days

Dutta 2011 

UK (14) 2005-2009 136 Esophagogastric cancer resections 7 days

(age<65,65–75,>75) 

No complications: 37/25/7

Infectious complications: 26/21/7

Non-infectious complications: 6/6/1

37(27%) Post-operative complications

Garcia Granero 2013

Spain (45)
2008-2010 205 Elective colorectal surgery with primary intestinal anastomosis 60 days after discharge 63.3 SD(15.5) 93(45, 4%) Complications

Guirao2013

Spain (19)
2007-2009 208 Open or laparoscopic colorectal surgery 30 days 68.3 SD (11.4) 82(39.4%) Organ space infection

Lagoutte* 2012

France (46)
2010-2011 100

Elective colonic or rectal

surgery with immediate 

restoration of intestinal continuity

30 days after surgery 64 (range 20-87) 42(42%) Complications

Mackay 2009

UK (2)
2003-2006 150 Elective colorectal resection 30 days 72 (IQR 63-79) 78(52%) Infective complications

Matsuda 2008

Japan (25)
2006-2007 41 Elective colorectal surgery 30 days

Uninfected 69.5±2.0

Infected 69.7±2.7

Uninfected:15 (52%)

Infected:1 (8.3%)
Post-operative infections

Matthiessen* 2006

Sweden (1)
2002-2003 33 Anterior resection for rectal carcinoma NS 68 (range 38-80) 11(33%) Anastomotic leakage

Oberhofer 2012

Croatia (47)
2009 79 Elective colorectal surgery NS

Complications 65,7 

No complications 79,8
29 (37%) Complications

Ortega-Deballon 2010

France (30) 2007-2008 133 Elective colorectal surgery 6 weeks 65 ± 16 48 (36%)

Septic complications 

(incl leaks, wound infections, central 

line infection, urinary tract infection, 

pneumonia)

Platt 2012

UK (13) 1997-2007 454
Curative resection for 

colorectal cancer
7 days

(Age <65, 65–75, >75)

No complications: 120/99/115

Infective complications : 30/41/33

Non infective complications : 1/8/7

275 (61%)
Complications (infective and non- 

infective)

Ramanathan* 2013

UK (48)
NS 357

Curative surgery for 

colorectal cancer
30 days

(<65/65–74/>74 years)

99/113/145 (28/32/40%)
169 (47%) Infective complications

Reith* 1998

Germany (37)
NS 70

Aortal surgery (n=35) 

Colorectal surgery (n=35)
10 days NS NS Complications

Scepanovic 2013

Serbia and Montenegro (49)
2010-2012 156 Elective abdominal surgery with primary anastomosis 30 days 65 (28-86) 67 (42.9%)

Post-operative complications (infec-

tious and non-infectious)

Shimizu 2005

Japan (50) 1997-1999 112 Gastrointestinal surgery 4 weeks

Non-infected: 60 ± 2

Minor infected: 68 ±  2

Severely infected: 68 ± 4

65 (58%) Infectious complications

Siassi* 2005

Germany (51) 
2000-2001 172

Major elective surgery

for malignant disease of the gastrointestinal tract
NS 62.3 (25–83) 116 (67%) Post-operative complications
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Reference
Inclusion 

period

No. of 

participants
Type of surgery Follow up duration Age

Female sex (%)
Primary outcomes

Takakura 2013

Japan (52)
2010-2011 114 Colonic surgery NS

Non-complicated:65(32-92)

Complicated:61 (42-82) median, range

Non-complicated:33(85%)

Complicated:6 (15%) 
SSI (superficial and deep)

Van Genderen 2011

The Netherlands (4)
2007-2008 63

Elective esophagectomy with gastric tube reconstruction 10 days after 

surgery
61 ± 8.9 18 (29%) Complications

Veeramootoo* 2009

UK (53)
2004-2006 50 Minimally invasive esophagectomy NS 67 (47–81) 5 (10%) Complications

Welsch 2007

Germany (54) 
2002-2005 688

Pancreatic resections with pancreaticojejunostomy for 

neoplasms and chronic pancreatitis
12 days NS NS

Inflammatory postoperative 

complications

Welsch 2007

Germany (5)
2001-2005 96

Rectal resections with sphincter preserving 

primary anastomosis
12 days

Complicated: 65.0 (59.7–75.5)

No complications: 66.8 (61.1–71.8)
28 (29%)

Infectious postoperative 

complications

Table 1 Characteristics of included studies 

*Studies not included in meta-analysis. NS=not specified 
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Reference
Inclusion 

period

No. of 

participants
Type of surgery Follow up duration Age

Female sex (%)
Primary outcomes

Takakura 2013

Japan (52)
2010-2011 114 Colonic surgery NS

Non-complicated:65(32-92)

Complicated:61 (42-82) median, range

Non-complicated:33(85%)

Complicated:6 (15%) 
SSI (superficial and deep)

Van Genderen 2011

The Netherlands (4)
2007-2008 63

Elective esophagectomy with gastric tube reconstruction 10 days after 

surgery
61 ± 8.9 18 (29%) Complications

Veeramootoo* 2009

UK (53)
2004-2006 50 Minimally invasive esophagectomy NS 67 (47–81) 5 (10%) Complications

Welsch 2007

Germany (54) 
2002-2005 688

Pancreatic resections with pancreaticojejunostomy for 

neoplasms and chronic pancreatitis
12 days NS NS

Inflammatory postoperative 

complications

Welsch 2007

Germany (5)
2001-2005 96

Rectal resections with sphincter preserving 

primary anastomosis
12 days

Complicated: 65.0 (59.7–75.5)

No complications: 66.8 (61.1–71.8)
28 (29%)

Infectious postoperative 

complications

Table 1 Characteristics of included studies 

*Studies not included in meta-analysis. NS=not specified 
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Figure 2. Methodological quality summary of the included studies

Aguilar-Nascimento 2007

Albanopoulos 2012

Dutta 2011

Garcia-Granero 2013

Guirao 2013

Lagoutte 2012

Mackay 2009

Matsuda 2009

Matthiessen 2006

Natsume

Oberhofer 2012

Ortega-Deballon 2010

Platt 2012

Ramanathan 2013

Reith 1998

Sarbinowski 2005

Scepanovic 2013

Shimizu 2005

Siassi 2005

Takakura 2013

van Genderen 2011

Veeramootoo 2009

Welsch 2007

Welsch 2008

Re
pr

es
en

ta
tiv

e 
se

ct
ru

m
?

Ac
ce

pt
ab

le
 re

fe
re

nc
e 

st
an

de
rs

?

Ac
ce

pt
ab

le
 d

el
ay

 b
et

w
ee

n 
te

st
s?

Pa
rti

al
 v

er
ifi

ca
tio

n 
av

oi
de

d?

D
iff

er
en

tia
l v

er
ifi

ca
tio

n 
av

oi
de

d?

In
co

rp
or

ati
on

 a
vo

id
ed

?

Re
fe

re
nc

e 
st

an
da

rd
 re

su
lts

 b
lin

de
d?

In
de

x 
te

st
 re

su
lts

 b
lin

de
d?

Re
le

va
nt

 c
lin

ic
al

 in
fo

rm
ati

on
?

U
ni

nt
er

pr
et

ab
le

 re
su

lts
 re

po
rt

ed
?

W
ith

dr
aw

al
s 

ex
pl

ai
ne

d?



111

Overall the risk of bias in the studies is low due to the nature of the index test (CRP). The out-
come of the index test was independent of the reference standard. In all studies CRP measure-
ment was performed in a standardized manner for study purposes and independent of clinical 
suspicion of infection, nor was clinical suspicion of infection documented. 

Figure 3. Methodological quality across studies

Predictive value of CRP for infectious complications
The incidence of PIC ranged from 5 to 60% across studies. The average incidence was 27% 
(95%CI; 26-29%). The cut-off level for CRP, that was used to calculate sensitivity, specificity, 
NPV and PPV, varied across studies from 48mg/L to 200mg/L. In most studies CRP levels were 
significantly higher in patients with infectious complications compared to patients without com-
plications. This difference increased each POD (table 2 and table S2). 

Four studies provided sufficient data for meta-analysis on POD 1, nine studies provided data for 
POD 3 and six studies provided data for POD 2, POD 4, and POD 5. Sensitivity, specificity, PPV 
and NPV from the studies are provided in table S1 (appendix). Values of sensitivity and specific-
ity of the individual studies are plotted for each POD in figure 4 a-e. Sensitivity and specificity 
increased up to POD 3. The pooled AUC ranged from 0.72 on POD 2 to 0.87 on POD 3 and 
0.83 on POD5. Up to POD 2 the pooled cut-off value of CRP increased. From POD 3 onwards 
the pooled cut-off value decreased (table 3). The pooled cut-off value for the CRP was 190mg/L 
(range 140-240) on POD2, 159 mg/L (range 92-200) on POD3, and 114mg/L (range 48-150) 
on POD 5. 

Representative sectrum?

Acceptable reference standers?

Acceptable delay between tests?

Partial verification avoided?

Differential verification avoided?

Incorporation avoided?

Reference standard results blinded?

Index test results blinded?

Relevant clinical information?

Uninterpretable results reported?

Withdrawals expained?

0% 25% 50% 75% 100%

Yes (high quality) Unclear No (low quality)
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Figure 4.a. Bubble plot of sensitivity and specificity of the individual studies on post-operative day 1 including the 

pooled values

Pooled AUC= 0.73 

Circle with dotted line is the pooled AUC circles with black lines represent the individual studies weighted by their 

sample size

Figure 4b. Bubble plot of sensitivity and specificity of the individual studies on post-operative day 2 including the 

pooled values 

Pooled AUC=0.72

Circle with dotted line is the pooled AUC circles with black lines represent the individual studies weighted by their 

sample size
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Figure 4c. Bubble plot of sensitivity and specificity of the individual studies on post-operative day 3 including the 

pooled values

Pooled AUC= 0.87

Circle with dotted line is the pooled AUC circles with black lines represent the individual studies weighted by their 

sample size

Figure 4d. Bubble plot of sensitivity and specificity of the individual studies on post-operative day 4 including the 

pooled values 

Pooled AUC= 0.82

Circle with dotted line is the pooled AUC circles with black lines represent the individual studies weighted by their 

sample size
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Figure 4e. Bubble plot of sensitivity and specificity of the individual studies on post-operative day 5 including the pooled 

values 

Pooled AUC=0.83

Circle with dotted line is the pooled AUC circles with black lines represent the individual studies weighted by their 

sample size

Pooled diagnostic accuracy variables are listed in table 3. The pooled sensitivity and specificity 
increased per POD. The lowest pooled sensitivity and specificity was reached on POD 1 (re-
spectively 60%; 95% CI (47-71%) and 60%; 95%CI (43-75%)). Pooled sensitivity and specificity 
was highest on POD 5, 86% (79-91%) and 86% (75-92%), and was significantly higher on POD 
5 compared to all other post-operative days (p<0.001). Using the pooled cut-off values would 
lead to 23% of missed cases (1-sensitivity) of PIC on POD 3, 20% on POD 4, and 14% on POD5. 
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POD

Number of 

studies 

(n=patients)

Pooled 

inci-

dence 

PIC

Pooled 

AUC

Pooled CRP 

cut-off 

(range)

Pooled 

sensitivity

(95% CI)

Pooled 

specificity

(95% CI)

Pooled PPV

(95% CI)

Pooled 

NPV 

(95% CI)

Pooled LR+

(95% CI)

Pooled LR-

(95% CI)

1 4 (n=546) 18% 0.73
157 

(109-187)

60% 

(47-71%)

60% 

(43-75%)

41%

(27-56%)

82%

(68-90%)

1.48

(0.66-2.30)

0.67

(0.33-1.02)

2 6 (n=881)* 24% 0.72
190 

(140-240)

66% 

(54-76%)

66%

(50-79%)

45%

(31-60%)

84%

(72-91%)

1.95

(0.87-3.03)

0.51

(0.27-0.76)

3 9 (n=1567) 32% 0.87
 159

(92-200)

77%

(68-84%)

77% 

(64-87%)

57%

(43-71%)

90%

(81-95%)

3.41

(1.43-5.39)

0.29

(0.16-0.43)

4 6 (n=894) 33% 0.82
 132

(101-180)

80%

(71-86%)

80% 

(67-88%)

60%

(45-73%)

91%(

83-95%)

3.93

(1.58-6.28)

0.26

(0.13-0.38)

5 6 (n=1104)* 17% 0.83
 114

(48-150)

86%

(79-91%)

86%

(75-92%)

64%

(49-77%)

92%

(85-96%)

6.07

(2.26-9.89)

0.17

(0.09-0.25)

Table 3. Pooled diagnostic accuracy of included studies

* One study analysed patients in 2 groups, laparoscopic vs open. Patients of the 2 groups were included separately in 

the analysis (as reported in the study). POD= post-operative day, AUC=area under the receiver operating curve, PPV= 

positive predictive value, NPV= negative predictive value, LR+= positive likelihood ratio, LR-= negative likelihood ratio  

The pooled NPV increased each day after surgery at a decreasing cut-off of the CRP values (table 
4). The NPV ranged from 82% (95%CI; 68-90%) on POD1 to 92% (95%CI; 85-96%) on POD5. 
The pooled PPV was low ranging from 41% (95%CI; 27-56%) on POD 1to 64% (95%CI; 49-77%) 
on POD 5. 

The negative likelihood ratio (LR-) decreased each POD. The highest LR- was 0.67 (95% CI; 0.33-
1.02) on POD 1 and the lowest LR- was 0.17 (0.09-0.25) on POD 5. The positive likelihood ratio 
(LR+) of CRP increased each POD. The lowest pooled LR+ was 1.48 (95%CI; 0.66-2.30) on POD 
1 and the highest LR+ was 6.07 (95%CI; 2.26-9.89) on POD 5. 

Figure 5 presents the (post-test) probability of a PIC for a patient with a high CRP (green line) 
and a low CRP (red line) on POD 3 (panel A) and POD 5 (panel B). The cut-off value between a 
low and a high CRP was 159 mg/L on POD 3 and 114 mg/L on POD 5. The post-test probability 
of a PIC in an average patient with a high CRP on POD 3 was 61% , versus 12% in an average 
patient with a low CRP. On POD 5 an average patient with a high CRP had a post-test probability 
of 55%, versus 3% in an average patient with a low CRP.
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POD
Number of studies 
(n=patients)

Mean CRP level (95%CI)
Complicated (infectious)

Mean CRP level (95%CI)
Uncomplicated

1 5 (n=593) 122 (52-288) 67 (36-123)

2 5 (n=641) 195 (91-420) 146 (65-329)

3 5 (n=593) 190(125-289) 98 (50-195)

4 2 (n=338) 170 (165-174) 95 (78-116)

5 5 (n=663) 188 (71-497) 62 (28-139)

Table 2. Mean CRP levels per POD in relation to complications

Figure 5.a The (post-test) probability of a PIC is presented for a patient with a high CRP (green line) and a low CRP (red 

line) on POD 3 (panel A) and POD 5 (panel B). The cut-off value between a low and a high CRP was 159 mg/L on POD 

3 and 114 mg/L on POD 5. The arrows show that the post-test probability of a PIC for an average patient (incidence 

of PIC 32%) with a high CRP on POD 3 was 61%, versus 12% in an average patient with a low CRP. The length of the 

arrows represents the absolute change in probability of a PIC in case of a high or low CRP. On POD 5 an average patient 

(incidence of PIC 16%) with a high CRP had a post-test probability of 55%, versus 3% in an average patient with a low 

CRP. The black diagonal line at 45 degrees with the x-axis represents the line of a hypothetical non-informative test in 

which the pre-test and post-test probabilities are equal. The post-test probability of a PIC can be read from the two pan-

els for any pre-test probability (i.e. based on bedside evaluation) and CRP value. Pre-test probability (incidence)= 0.32, 

Post-test + probability= CRP >159mg/L = 0.61 and post-test – probability= CRP <159mg/L = 0.12.
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Figure 5.b Post-test probability as a function of pre-test probability for the positive and negative likelihood ratio on POD 

5. Pre-test probability (incidence)= 0.17, Post-test + probability= CRP >114mg/L = 0.55 and post-test – probability= CRP 

<114mg/L = 0.03.

DISCUSSION

The objective of this meta-analysis was to evaluate the value of CRP to rule out postoperative 
infectious complications after abdominal and gastro-intestinal surgery. In the era of fast track 
surgery where patients are discharged early after surgery and mostly within the first five postop-
erative days, there is a need for a reliable, inexpensive and widely available marker that permits 
safe and early discharge of patients. A marker reliable enough to rule out the presence of infec-
tious complications would have a high NPV and a low negative LR. The NPV of CRP is higher 
than 90% from day 3 onwards. This suggests that patients with a CRP below 159mg/L on POD 
3 have a low probability of developing a PIC and could safely be discharged early. 

A recent meta-analysis that focused on the diagnostic value for the presence of anastomotic 
leakage also found a high NPV justifying early discharge of patients after colorectal surgery. (40) 
However, this meta-analysis is limited by the methodological design of the included studies. The 
majority of included studies have a retrospective design resulting in significant heterogeneity. A 
retrospective study design leads to selective measurement of CRP in patients who are clinically 
suspected of having infectious complications (incorporation bias), which may lead to an overes-
timation of diagnostic accuracy. 

In many European centers, CRP is used in daily practice in combination with clinical judgment 
based on history and physical examination. Combining CRP with clinical judgment might increase 
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the (negative) predictive value of CRP even more. Bedside evaluation during the post-operative 
course broadly classifies patients into three categories. Firstly, there is a group of patients with-
out a clinical suspicion of infectious complications and thus a very low pre-test probability. In 
these patients even an elevated CRP value on POD 5 may not increase the post-test probability 
enough to warrant a change in management (e.g., imaging or antibiotics). CRP is of limited value 
for these patients. The second group includes patients in whom the suspicion of infectious com-
plications based on clinical evaluation is very high. In these patients the (post-test) probability will 
remain sufficiently high, even for a low CRP value, to justify a change in management. CRP again 
has limited value in decision making for these patients.  Finally, predominantly in patients with 
an intermediate pre-test probability of infectious complications CRP values are most likely to 
determine the need for a change in management. For high CRP values the (post-test) probability 
of an infectious complication might be sufficiently high to justify a change in management, while 
a low CRP value might justify no change in management. Figure 5 can be used as a decision aid, 
in which the physician still needs to determine the (post-test) probability of a PIC above which 
he or she feels that a change in management is warranted. 

Studies have also demonstrated that CRP values initially increase post-operatively and then tend 
to normalize in patients without infectious complications around POD 3. (40) Other studies have 
confirmed this suggestion.(1,16,23,28,41,42) The results of the present meta-analysis confirm 
these results demonstrating that average values of CRP differ between patients with and without 
infectious complications. These findings suggest that prolonged elevated CRP values are predic-
tive of infectious complications. CRP might be clinically useful to aid selection of patients for 
additional imaging. In this review the highest PPV of CRP was 64% on POD 5. This PPV would 
lead to a false positive diagnosis in 36% of patients, resulting in unnecessary additional imaging 
in these patients. 

Diagnostic test research can be subject to several limitations. Firstly, knowledge of the CRP value 
might influence the interpretation of the reference test. For example, the same intra-abdominal 
fluid collection on a CT scan may be classified as abscess if the CRP is high, but as ascites if the 
CRP is low. Only in one study blinding for the outcomes of CRP value was used when deter-
mining the presence or absence of PIC.(33) Another difficulty in diagnostic test research is the 
heterogeneity across studies for the selected optimal CRP cut-off value. The optimal cut-off 
value is selected by the authors of the individual studies at the level at which they feel patients 
with and without infectious complications are best distinguished. At a higher cut-off value for 
the CRP the sensitivity is higher, but the specificity lower. To prevent bias ideally the analysis 
should have been performed using the same cut-off value of the CRP in each study. Unfortu-
nately, insufficient data was reported to use a single optimal cut-off value of the CRP. Pooling 
study results even with small differences in the cut-off value has inevitably biased the results. 
Diagnostic test results can also be influenced by variation in timing of the reference test: for 
example, whether a CT scan to detect an intra-abdominal abscess was performed early or late 
during follow-up. Another limitation is the difference in the definition of infectious complications 
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between studies. This might influence the incidence of infectious complications. We aimed to 
minimize the risk of bias by including studies that used radiological and/or clinical evidence to 
define infectious complications. Finally, the pooled analysis included patients who underwent 
different types of surgery. A bias may have been introduced because the prognostic value of CRP 
may depend on the type of surgery. It has been demonstrated that the post-operative increase 
in CRP is dependent on the extent of operative trauma. Different types of surgery could lead 
to different absolute values of CRP. Nevertheless this discrepancy between types of abdominal 
surgery can only exist in the first 2 days due to the short half-life of CRP (19 hours). The trend 
where CRP values tend to normalize in patients without infectious complications around POD 
3 has been demonstrated for various types of surgery. (1,16,23,28,41,42) The major advantage 
of combining different types of abdominal surgery is that a much larger sample size was reached 
resulting in more precise estimates. 

This meta-analysis evaluated the value of CRP as a predictor to rule out infectious complications. 
However, when CRP is combined with bedside clinical evaluation, as used in daily practice, the 
negative predictive value of CRP might further increase as illustrated in Figure 5. In the literature 
no studies were found that assessed the added value of CRP on top of bedside judgment. Future 
studies should aim to determine this added value of CRP. These studies should also evaluate the 
diagnostic value of the change in CRP in the postoperative period instead of focusing on the 
absolute value. The change in CRP (e.g., between POD 2 and 5) may be a stronger predictor than 
the absolute CRP value on POD 5. Also, the actual benefit of early detection and management 
is assumed but needs to be determined more definitively. In conclusion CRP values seem clini-
cally useful to aid patient selection for safe and early hospital discharge and prevent overuse of 
imaging. 
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ABSTRACT

Objectives: To compare the diagnostic accuracy of conditional computed tomography (CT), i.e. 
CT when initial ultrasound is negative or inconclusive, and immediate CT (CT in all) for patients 
with suspected appendicitis.

Methods: Data were collected within a prospective diagnostic accuracy study on imaging in 
adults with acute abdominal pain. All patients underwent ultrasound and CT, read by different 
observers who were blinded from the other modality. Only patients with clinical suspicion of 
appendicitis were included. An expert panel assigned a final diagnosis to each patient after six-
months of follow-up (clinical reference standard).

Results: A total of 422 patients were included with final diagnosis appendicitis in 251 (60%). For 
199 patients (47%) ultrasound was inconclusive or negative. Conditional CT imaging correctly 
identified 241 of 251 (96%) appendicitis cases (95%CI: 92% to 98%), versus 238 (95%) with 
immediate CT (95%CI: 91% to 97%). The specificity of conditional CT imaging was lower: 77% 
(95%CI: 70% to 83%) versus 87% for immediate CT (95%CI: 81% to 91%).

Conclusion: A conditional CT strategy correctly identifies as many patients with appendicitis as 
an immediate CT strategy, and can halve the number of CTs needed. However, conditional CT 
imaging results in more false positives.
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INTRODUCTION

Acute appendicitis is a very frequent underlying condition in adult patients presenting with 
acute abdominal pain at the emergency department. Diagnosing acute appendicitis remains a 
challenge. Imaging studies such as ultrasound and computed tomography (CT) have become 
standard in the evaluation of patients with suspected appendicitis and have shown to improve 
diagnostic accuracy and lower the negative appendectomy rate, compared to clinical evaluation 
only.[1,2] 

In terms of diagnostic performance, CT is found to be superior compared to ultrasound in de-
tecting appendicitis.[3,4] However, CT exposes patients to considerable ionizing radiation and is 
associated with a lifetime radiation-induced cancer risk.[5] Enhancement of abdominal CT with 
intravenous contrast is customary, which potentially causes contrast-induced nephropathy or 
allergic reactions to iodinated contrast. 

Ultrasound lacks radiation, does not require contrast-agent administration and is completely 
non-invasive. In an attempt to reduce the number of performed CT examinations while main-
taining diagnostic accuracy, a conditional CT strategy has been developed for patients with acute 
abdominal pain.[6] In a conditional strategy ultrasound is performed in all patients suspected of 
an urgent condition while CT is only used in those with negative or inconclusive ultrasound. This 
strategy was found to be the preferred strategy in unselected patients with acute abdominal 
pain at the emergency department, with the highest sensitivity and lowest overall exposure to 
radiation.[6] 

It is unclear whether these general results also hold for the large subgroup of patients with 
suspected appendicitis. Satisfying results have been reported on the implementation of a condi-
tional CT strategy for acute appendicitis and its application is recommended by Dutch guidelines.
[7-9] In other countries the immediate use of CT is more customary for this group of patients.
[1,10,11] To our knowledge, no direct comparison of a conditional CT strategy versus an imme-
diate CT strategy for suspected acute appendicitis has been made thus far.

The aim of the present study was to compare the diagnostic accuracy of a conditional CT strate-
gy (CT only after inconclusive or negative ultrasound) versus an immediate CT strategy (CT in all 
without prior ultrasound) in adult patients with clinical suspicion of acute appendicitis. The sec-
ond aim was to evaluate the diagnostic accuracy for other urgent surgical conditions in patients 
clinically suspected of acute appendicitis, since in clinical practice also the correct identification 
of alternate underlying conditions is important.

COMPARISON OF CONDITIONAL VERSUS IMMEDIATE CONTRAST-ENHANCED COMPUTED TOMOGRAPHY IN 
PATIENTS WITH CLINICAL SUSPICION OF ACUTE APPENDICITIS
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METHODS

Data for the present study were collected as part of a prospective, multi-center, diagnostic ac-
curacy study investigating the additional value of imaging on top of clinical evaluation in adult 
patients presenting with acute abdominal pain at the emergency department between March 
2005 and November 2006. Details on the patient identification and imaging protocols have 
been published elsewhere.[6,12] The Medical Ethics Committee approved the original study and 
all included patients gave written informed consent. All included patients underwent ultrasound 
as well as CT within a few hours after presentation. Two different observers who were blinded 
from all other imaging findings independently evaluated the results of ultrasound and CT.

Ultrasound
All standardized ultrasound examinations were performed using a curved 3.5-5.0 MHz array and 
a linear 10 MHz array, and findings were recorded in a digital case record form. The following ap-
pendiceal characteristics were evaluated: complete visualization of the appendix (visualized from 
to base to the tip of the appendix), local transducer tenderness, compressibility of the appendix, 
a thickened appendix (diameter greater than 6 mm), the presence of an appendicolith, an intact 
layered wall structure, periappendiceal fat infiltration and free fluid adjacent to the appendix. 
Finally, an ultrasound diagnosis was selected from a predefined list of diagnoses.[12] The diag-
nosis of acute appendicitis was left to the discretion of the radiologist and was not protocolled. 
Reference standard Ultrasound examinations were performed either by a radiological resident 
or by a staff radiologist. During office hours, ultrasound by residents was performed under the 
supervision of a staff radiologist.

Computed Tomography
The CT parameters for the different CT systems in the original multicenter study were effective 
mAs level 165, 120 kV, (4×) 2.5-mm collimation, (4×) 3-mm slice width and 0.5-s rotation time, 
and 125 ml intravenous iodinated contrast at 3 ml/s after a 60-s delay. No oral or rectal contrast 
agents were used. Patients with known renal failure underwent non-enhanced CT. The CT im-
ages were evaluated in the same standardized manner as the ultrasound examination, except for 
transducer tenderness and compressibility of the appendix. A CT diagnosis was selected from the 
same predefined list of diagnoses, as used for the ultrasound diagnosis. The diagnosis of acute 
appendicitis was not protocolled and was left to the discretion of the reader who evaluated the 
images. Computed tomography was evaluated by a staff radiologist or by a resident under the 
supervision of a staff radiologist.

Final diagnoses
A final diagnosis was assigned to every patient by an expert panel, based on histopathological, 
imaging, and surgical findings, clinical information and at least 6 months of follow-up. The panel 
consisted of two experienced gastrointestinal surgeons and an experienced abdominal radiolo-
gist. Every member of the expert panel individually evaluated all available evidence. In case of 
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disagreement, consensus was achieved by group discussion. A final diagnosis of acute appendi-
citis was predominantly based on surgical findings, obtained histopathology and follow-up data. 

Classification of diagnoses
Diagnoses assigned by the expert panel, apart from acute appendicitis, were classified as urgent 
surgical conditions or as conditions not requiring urgent surgical intervention (urgent non-surgi-
cal conditions and non-urgent conditions). Urgent surgical conditions were defined as abdominal 
conditions requiring surgical intervention within 24 hours. 

Statistical analysis
Only patients with a clinical suspicion of acute appendicitis, based on medical history, physical 
examination, and laboratory tests, were included in the analyses presented here. Estimates of 
sensitivity and specificity of imaging strategies for identification of acute appendicitis were cal-
culated by comparing results of the imaging strategies against the final diagnoses, assigned by 
the expert panel, which served as the clinical reference standard. The results of the conditional 
CT strategy, as recommended by Dutch guidelines ((http://www.nvgic.nl/richtlijnen/richtlijn%20
appendicitis.pdf), were based on ultrasound diagnoses in patients with an ultrasound exami-
nation positive for acute appendicitis and the CT diagnoses in the remaining patients: those 
with negative or inconclusive ultrasound findings. Subsequently, only CT diagnoses positive for 
acute appendicitis were labeled ‘positive’ while all other diagnoses were regarded ‘inconclusive 
or negative’. For the results of the immediate CT strategy, the CT findings were used for all pa-
tients. Again, only CT diagnoses positive for acute appendicitis were labeled ‘positive’ while all 
other diagnoses were regarded ‘inconclusive or negative’. We also calculated the percentage of 
missed cases of acute appendicitis, the number of false positives, and estimates of the positive 
predictive value and negative predictive value. In addition we calculated how many CTs could be 
avoided with a conditional CT strategy, by calculating the proportion of patients with positive 
ultrasound findings.

The difference in performance between the imaging strategies based on likelihood ratios were 
tested for statistical significance by considering ultrasound as ‘triage test’ as described by Ma-
caskill et al.[13,14] Using this method, a direct comparison of positive and negative likelihood 
ratios is made. If one or both of the likelihood ratios do not improve significantly, there is no clear 
choice between the two strategies. All statistical analyses were performed with SPSS® software 
version 20.0 (IBM, Armonk, New York). P values of less than 0.05 were considered to indicate 
statistical significance. 

RESULTS

During a 19-month period, 1,101 consecutive patients presented with acute abdomi-
nal pain, of whom 80 had to be excluded because of incomplete case record forms.[6] 
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Of the remaining 1,021 patients, 422 (41%) had a clinical suspicion of acute appendi-
citis, based on medical history, physical examination, and laboratory tests. These were 
included in the present analysis. Their mean age was 40 years (range 19 – 89); 226 
(54%) were female. A list of the final diagnoses of these 422 patients, as assigned by 
the expert panel, is shown in Table 1. Acute appendicitis was the final diagnosis in 251 
(59%). Seventeen patients (4.0%) had an alternate final diagnosis classified as an urgent 
surgical condition. The remaining 154 (36%) patients were assigned final diagnoses 
classified as urgent non-surgical conditions or non-urgent conditions.

Final diagnoses N %

Acute appendicitis 251 59%

Other urgent surgical conditions 17 4%

Acute diverticulitis a 6 1%

Perforated viscus 3 1%

Adhesive small bowel obstruction 2 0.5%

Malignant bowel obstruction 2 0.5%

Ovarian torsion 2 0.5%

Acute cholecystitis 1 0.2%

Acute peritonitis 1 0.2%

Urgent non-surgical conditions 19 5%

Gynaecological diseases b 12 3%

Retroperitoneal or abdominal wall bleeding 3 1%

Urological diseases c 3 1%

Pneumonia 1 0.2%

Non-urgent conditions 135 32%

Nonspecific abdominal pain 67 16%

Acute diverticulitis d 20 5%

Inflammatory bowel disease 18 4%

Gastrointestinal diseases e 15 4%

Urological diseases f 8 2%

Malignancy 2 0.5%

Gynaecological diseases g 1 0.2%

Other 4 1%

Table 1 Final diagnoses in 422 patients clinically suspected of having acute appendicitis
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a Acute diverticulitis with free air and/or free abdominal fluid on computed tomography
b Pelvic inflammatory disease, bleeding/ruptured ovarian cyst, tubo-ovarian abscess
c Ureteral stones with obstruction, pyelonephritis
d Acute diverticulitis without free air or free abdominal fluid on computed tomography
e Gastroenteritis, acute appendagitis epiploica, cholecystolithiasis, obstipation
f Renal and ureteral stones without obstruction, urinary tract infection
g Ovulation pain/bleeding

Diagnostic accuracy for acute appendicitis
Flow charts of the findings of the conditional CT strategy and the immediate CT strategy are 
depicted in Figure 1A and 1B. In 199 patients (47%) ultrasound imaging was inconclusive or neg-
ative for appendicitis. The estimated diagnostic accuracy of both strategies is shown in Table 2. 
The conditional CT strategy was able to correctly identify a similar number of patients with acute 
appendicitis, compared to the immediate CT strategy: 241 (96%; 95%CI: 93% to 98%) versus 
238 (95%; 95%CI: 91% to 97%) of 251. However, the conditional CT strategy resulted in more 
false positives compared to the immediate CT strategy (39 versus 22), with a lower specificity 
of 77% (132 of 171; 95%CI: 70% to 83%) versus 87% (149 of 171; 95%CI: 81% to 91%) and a 
lower positive predictive value of 86% (95%CI: 81% to 90%) versus 92% (95%CI: 87% to 95%). 
Comparison of the diagnostic performance of the direct CT and the conditional CT strategy 
based on likelihood ratios did not demonstrate superiority of one strategy.

Imaging
strategy

Sensitivity Missed cases Specificity
Positive 
predictive 
value

False positive 
rate

Negative 
predictive 
value

Conditional 
CT

96% (93-98) 
241 of 251

4%
10 of 251

77% (70-83)
132 of 171

86% (81-90)
241 of 280

14%
39 of 280

93% (87-96)
132 of 142

Immediate 
CT

95% (91-97)
238 of 251

5%
13 of 251

87% (81-92)
149 of 171

92% (87-95)
238 of 260

8%
22 of 260

92% (86-95)
149 of 162

Table 2 Diagnostic accuracy of ultrasound with conditional CT versus immediate CT for the diagnosis of appendicitis 

in patients with clinical suspicion of acute appendicitis (N=422) alues are percentages, numbers within parentheses 

indicate 95% confidence intervals. CT = computed tomography V

Diagnostic accuracy for urgent surgical conditions
Imaging diagnoses compared against final diagnoses are listed in Table 3. Of the 39 patients 
with a false positive diagnosis of appendicitis following a conditional CT strategy, 6 had anoth-
er underlying urgent surgical condition, compared to 2 of 22 after immediate CT imaging. The 
diagnostic accuracy of both imaging strategies in detecting urgent surgical conditions, including 
acute appendicitis, in patients with clinical suspicion of appendicitis is shown in Table 4. For 
urgent conditions, the conditional CT strategy performed comparably against the immediate CT 
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strategy, with a sensitivity of 96% versus 94% and a negative predictive value of 92% versus 
90%. Here also, the specificity of the conditional strategy was significantly lower - 77% versus 
85% - as was the positive predictive value, with 88% versus 92%. Evaluation of the diagnostic 
performances based on likelihood ratios revealed did not favor any strategy.

Final diagnosis

Appendicitis
(n = 251)

Other urgent 
surgical conditions 

(n=17)

Urgent non-surgical 
conditions or non-urgent 

conditions
(n=154)

Conditional CT

Appendicitis 241 6 33

Other urgent surgical conditions a 0 10 2

Urgent non-surgical conditions or 
non-urgent conditions

10 1 119

Immediate CT

Appendicitis 238 2 20

Other urgent surgical conditions a 0 13 3

Urgent non-surgical conditions or 
non-urgent conditions

13 2 131

Table 3 Results of imaging strategies compared with final diagnoses as assigned by expert panel for appendicitis, other 

urgent surgical conditions and the remainder of diagnoses 
a Other surgical urgent conditions were defined as conditions demanding surgical intervention within 24 hours. CT = 

computed tomography
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Imaging
strategy

Sensitivity Missed cases Specificity
Positive 
predictive 
value

False positive 
rate

Negative 
predictive 
value

Conditional 
CT

96% (93-98) 
257 of 268

4%
11 of 268

77% (70-83)
119 of 154

88% (84-91)
257 of 292

12%
35 of 292

92% (85-95)
119 of 130

Immediate CT
94% (91-97)
253 of 268

6%
15 of 268

85% (78-90)
131 of 154

92% (88-95)
253 of 276

8%
23 of 276

90% (83-94)
131 of 146

Table 4 Diagnostic accuracy of ultrasound with conditional CT versus immediate CT for the diagnosis of all urgent surgi-

cal conditions (including acute appendicitis) in patients with clinical suspicion of acute appendicitis (N=422)

Values are percentages; numbers within parentheses indicate 95% confidence intervals. Urgent surgical conditions were 

defined as conditions demanding surgical intervention within 24 hours. CT = computed tomography

DISCUSSION

In this study, an imaging strategy with conditional use of CT (CT only after inconclusive or neg-
ative ultrasound) was directly compared to an immediate CT strategy (CT in all) in adult patients 
with suspected acute appendicitis. The conditional CT strategy was able to correctly identify a 
similar number of appendicitis cases and more than halved the number of CT scans required. 
However, the conditional strategy resulted in more false positive cases of appendicitis. About 
one in five of these wrongly diagnosed patients had other underlying urgent surgical conditions, 
and the clinical consequences of these false positive diagnoses may therefore be limited. How-
ever, for the detection of urgent surgical conditions, including appendicitis, the conditional CT 
strategy still resulted in more false positives than the immediate CT strategy.

Our results confirm the ability of the conditional CT strategy to correctly identify patients with 
appendicitis. The higher rate of false positives in the conditional CT strategy compared to the 
immediate CT strategy is explained by the stepwise nature of the conditional CT strategy, since 
it accumulates positives of both modalities: both true and false positives. Hence, a conditional 
strategy will never have a lower sensitivity or a higher specificity than the unconditional, imme-
diate strategy, by definition.
Patients considered to have appendicitis on CT after inconclusive or negative ultrasound were 
frequently false positives: 16 of the 57 patients (28%) who were positive on CT after a negative 
or inconclusive ultrasound did not have appendicitis as their final diagnosis. Apparently, both 
imaging modalities have limited diagnostic performance in these selected patients. The false 
positive rate of conclusive ultrasound was 10% (23 of 223), whereas CT in all patients resulted 
in 8% false positives (22 of 260). This good diagnostic performance of (conclusive) ultrasound, 
comparable to CT, suggests that more straightforward cases of appendicitis can adequately be 
detected by ultrasound.
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Relatively high rates of false positives have previously been reported in a meta-analysis of head-
to-head comparative studies evaluating ultrasound and CT for suspected appendicitis.[4] The 
relatively high false positive rate of the conditional CT strategy is not reflected in reported rates 
of negative appendectomies after implementation of this strategy.[7,9,15,16] A possible expla-
nation for this discrepancy is the fact that the classification of imaging results into positive or 
negative is an oversimplification of clinical practice. The level of certainty of the diagnosis is ig-
nored while this may play an important role in clinical decision-making. The reported percentage 
of false positives may not directly lead to comparable percentages of negative appendectomies 
when the confidence level of the diagnosis is involved. 

Similar differences in diagnostic performance were demonstrated for alternate surgical emer-
gencies just as it was for acute appendicitis. In clinical practice, not only the detection of acute 
appendicitis is important, but also the correct identification of alternative underlying conditions 
in patients with clinical suspicion of acute appendicitis. Approximately half of the patients with 
an alternate final diagnosis are hospitalized and one in four undergo surgery or other invasive 
interventions.[17] 

To evaluate the diagnostic performance of the conditional CT strategy and the immediate CT 
strategy for alternate conditions, all diagnoses were categorized based on the need for surgical 
intervention; conditions demanding urgent surgical intervention (including acute appendicitis) 
and non-urgent conditions or urgent non-surgical conditions. Although the authors realize that 
this classification is arbitrary and represents an oversimplification of clinical practice, it does 
take into account the differences in management of various underlying conditions. The clini-
cal consequence of falsely diagnosing a patient with appendicitis, and potentially commencing 
surgical treatment, while the patient has a simple urinary tract infection is different from falsely 
diagnosing a patient who has a perforated hollow viscus. When the imaging strategy is evaluated 
as a diagnostic test, both patients are considered false positives. However, the latter patient 
would also need surgical treatment and the clinical consequences of the wrong diagnosis could 
therefore be limited. 

The present study adds evidence to the debate whether a conditional CT strategy or an imme-
diate CT strategy is preferred for adult patients with suspected acute appendicitis. Historically, 
a certain number of false positives and negative appendectomies is considered acceptable, to 
prevent missed cases of appendicitis with subsequent wrongful refrainment from treatment. 
Since the management of acute appendicitis is ever evolving, the desired characteristics of the 
preferred diagnostic test might change. For instance, with the potential conservative treatment 
of (uncomplicated) appendicitis, the consequences of false positive diagnoses would be over-
treatment with antibiotics, instead of performing negative appendectomies.[18] 

Besides diagnostic performance, several other aspects should be taken into consideration when 
choosing the appropriate diagnostic strategy. Exposure to CT radiation with the risk of radia-
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tion-induced cancer is an increasing concern.[5] New techniques have made low dose CT pos-
sible and promising results are shown for diagnosing acute appendicitis.[19,20] Either as single 
test or as part of a conditional strategy, low dose CT can potentially limit exposition to radiation 
without compromising diagnostic accuracy.[21,22] The newest CT techniques even further de-
crease radiation dose. Alternative imaging modalities such as magnetic resonance imaging have 
also been studied and could potentially be implemented in diagnostic strategies for acute appen-
dicitis.[23] An additional argument in the debate is the potential of the conditional strategy to of-
fer medical costs savings.[24] A strategy based on ultrasound with selective use of CT, compared 
to only ultrasound or only CT, was shown to be a cost-effective imaging strategy in pediatric 
patients.[25] Furthermore, an increase in use of CT for acute appendicitis was demonstrated to 
increase cost of care, decrease contribution to margin, prolong patient’s stay in the emergency 
department, and to delay time to operation.[26]

Several potential limitations of this study need to be addressed. First, as stated previously, the 
classification of imaging results into positive or negative is an oversimplification of clinical prac-
tice. Furthermore, for all patients in whom the ultrasound diagnosis was not positive for appen-
dicitis, the CT diagnosis was used for evaluating the diagnostic accuracy of the conditional CT 
strategy. In clinical practice, performing a CT is not always necessary if a certain diagnosis other 
than appendicitis is made on ultrasound. The performance of the conditional strategy in reduc-
ing the number of CTs needed could therefore be better than our reported results. In a study by 
Leeuwenburgh et al. the ultrasound examinations in 229 patients with suspected appendicitis 
were described.[23] In eleven patients, an urgent condition other than appendicitis was diag-
nosed on ultrasound. Therefore, omitting CT when certain diagnoses other than appendicitis are 
made on ultrasound would only further reduce the number of CT scans by approximately 5%. 

The ultrasound and CT examinations that are included in our study were performed in 2005 
and 2006. Technological advances in CT and ultrasound imaging have been made during the 
last decade and have resulted in improved image quality. Potentially, diagnostic accuracy of both 
modalities for acute appendicitis has also improved. However, this improvement would likely 
be marginal and the relative difference in diagnostic accuracy between both modalities is pre-
sumably unaltered. Another potential limitation is the fact that when applying the conditional 
CT strategy in clinical practice, a CT after an inconclusive or negative ultrasound examination 
is interpreted with knowledge of ultrasound findings. In our study, CTs after ultrasound were 
interpreted blinded from the ultrasound findings. We acknowledge that this study did not assess 
the effect of both strategies on clinical management and subsequent consequences. To address 
this issue, a study is needed comparing the clinical outcomes of patients suspected of having 
appendicitis randomized to diagnostic work-up according to either a conditional CT strategy or 
an immediate CT strategy. A final limitation of our study is the fact we did not evaluate all other 
aspects that should be taken into account when choosing the appropriate imaging strategy for 
suspected appendicitis. Our study merely illustrates the consequences of both studied strategies 
on pure diagnostic accuracy. As previously stated, several other aspects such as radiation expo-
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sure play an important role as well.

Our study represents the first head-to-head comparison of two frequently applied imaging strat-
egies in adult patients with clinical suspicion of acute appendicitis. This direct comparison avoids 
the introduced bias when two imaging modalities are compared among different populations. 
The appendicitis prevalence was 57%, which falls within the range of previously reported prev-
alence rates in other studies including patients who are clinically suspected of having acute ap-
pendicitis.[4,27] The prevalence of the disease under study is known to influence the diagnostic 
performance of a diagnostic test.[4]

When choosing the appropriate imaging strategy for suspected appendicitis, the advantage of 
the conditional CT strategy (half the number of CTs needed) should be weighed against the po-
tential clinical consequence of the increase in false positive diagnoses.
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ABSTRACT

Introduction: The aim of this systematic review was to provide an overview of the diagnostic 
accuracy for each commonly used step in the work-up of patients suspected of acute intestinal 
ischemia presenting at the Emergency Department.

Methods: A systematic review was performed in MEDLINE and EMBASE up to July 2014. In-
clusion criteria were explicit criteria for a positive test result, surgery and/or follow-up as the 
reference standard, and sufficient data to construct a 2 × 2 table. Studies evaluating in-hospital 
postoperative patients or patient with strangulated bowel were excluded. Bivariate random-ef-
fects modeling was used to obtain summary estimates of sensitivity and specificity.

Results: Two included studies evaluated D-lactate with a sensitivity of 90% (95%CI: 60% to 
98%) and 89% (95%CI: 57% to 98%) at a specificity of 23% (95%CI: 14% to 35%) and 86% 
(95%CI: 67% to 95%), respectively. One included study evaluated i-FABP with a sensitivity of 
83% (95%CI: 64% to 93%) at a specificity of 89% (95%CI: 83% to 93%). Four studies included 
evaluated D-dimer with a sensitivity ranging from 60% to 100% at a specificity ranging from 13% 
to 87%. Given the heterogeneity of the studies evaluating laboratory tests and use of different 
cut-off values data was not pooled. Five included studies evaluated CT accuracy; summarized 
sensitivity was 91% (95%CI: 80% to 98%) at a specificity of 94% (95%CI: 87% to 99%). No stud-
ies evaluated the diagnostic accuracy of a clinical diagnosis, L-lactate, MRI or angiography in the 
work-up of patients suspected of acute intestinal ischemia.

Conclusion: Data on added value of each step of the common diagnostic work-up of suspected 
intestinal ischemia are lacking. CT with mesenteric CTA has a good accuracy for diagnosis of 
acute intestinal ischemia in unselected patients presenting at the ED. Laboratory tests are not 
accurate enough and lack adequate specificity. 
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INTRODUCTION

Acute intestinal ischemia is a relative rare condition in patients presenting at the emergency 
department (ED). The origin of intestinal ischemia can be related to a primary vascular disorder 
or can be secondary to a nonvascular condition such as a strangulated small bowel herniation. In 
this review only acute intestinal ischemia with a primary vascular origin will be considered. Intes-
tinal ischemia is also seen after cardiac and aortic surgery. These patients are already admitted to 
the intensive care unit (ICU) or hospital ward and are an elementary different patient population 
than patients presenting to the ED with acute abdominal pain. Therefore, this review does not 
include data on intestinal ischemia secondary to major surgery. A prevalence of 1 in 1000 pa-
tients admitted with acute abdominal pain or an annual incidence of 1 per 100.000 persons is 
frequently reported 1-3. However, estimations of prevalence and incidence in original studies are 
limited and mostly based on a single study published in 1977 1. Incidence is reported to increase 
over the last decades without giving an indication on the magnitude of increase based on origi-
nal studies 4-10. A systematic review has identified only four studies reporting general population 
based incidence, that range from 4.5 to 44 cases per 100.000 person-years 11. 

Irrespective of the exact incidence of acute intestinal ischemia a 30% to 95% mortality is report-
ed 2. An early therapeutic approach may increase survival making prompt diagnosis of intestinal 
ischemia pivotal 8,9,12. The diagnostic pathway in acute intestinal ischemia is comparable to the 
pathway commonly used for patients presenting with acute abdominal pain. The first diagnostic 
entity is the clinical evaluation with history taking and physical examination. Laboratory tests 
comprise the second step in the diagnostic pathway. Serum lactate is frequently referred to be a 
marker for intestinal ischemia 8,13-16. The term lactate is widely used but it is important to realize 
that the routinely performed test still is the measurement of L-lactate. D-lactate is the stereoiso-
mer of human L-lactate and produced by bacterial fermentation and needs separate testing not 
routinely done17. D-lactate and other laboratory tests such as intestinal fatty acid binding protein 
(i-FABP) and D-dimer showed promising discriminatory capacity 13,14,16,19-21. The third step in the 
diagnostic pathway is often imaging. Most frequently used imaging techniques used to diagnose 
acute intestinal ischemia are Computed Tomography (CT), Magnetic Resonance Imaging (MRI) 
and angiography

Diagnostic accuracy reviews of clinical characteristics, laboratory markers and CT have been 
published previously 7,22-24. However, these reviews did not differentiate between patients pre-
senting at the ED with acute abdominal pain and those after major surgery, nor did the reviews 
evaluate the steps in an intestinal ischemia diagnostic work-up. A healthcare professional evalu-
ating patients presenting with acute abdominal pain with suspected intestinal ischemia will com-
monly follow a diagnostic pathway similar to the one described here. Previous meta-analyses did 
not specifically pay attention to other steps in the pathway, and therefore gave no information 
of the added diagnostic value of each step. When evaluating a patient in the ED one must have 
an overview of the diagnostic accuracy of each readily available step in the diagnostic pathway. 

DIAGNOSTIC ACCURACY OF EACH STEP IN THE WORK-UP OF PATIENTS SUSPECTED ACUTE INTESTINAL  
ISCHEMIA
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Therefore, the aim of this systematic review was to provide a comprehensive overview of the 
accuracy for each of the commonly used steps in the diagnostic work-up of patients presenting 
with acute abdominal pain in the ED suspected of having intestinal ischemia. 

METHODS

Search strategy
A search strategy was conducted aiming to assess the diagnostic accuracy of each step in a 
commonly used stepwise approach in patients presenting with acute abdominal pain suspected 
of acute intestinal ischemia (Figure 1). We searched the MEDLINE, EMBASE without publication 
date restrictions up to July 2014, with indexed search terms combining intestinal ischemia with 
one of the following; clinical diagnosis, lactate (L-lactate or D-lactate), i-FABP, D-dimer, CT, MRI 
or angiography. Limits were applied to select human studies reported in English. 

Study selection
After excluding all duplicates the retrieved hits were evaluated for eligibility by two reviewers 
(J.J.S.K. and S.L.G., with 5 and 2 years of experience of systematic reviews, respectively) who 
screened titles and abstracts. Both reviewers had experience in data extraction for retrospective 
and prospective studies. An article was considered potentially eligible if the diagnostic accuracy 
of clinical diagnosis, lactate (L-lactate or D-lactate), i-FABP, D-dimer, CT, MRI or angiography was 
reported in patients with acute abdominal pain and suspicion of intestinal ischemia. Full-text ver-
sions of potentially eligible articles were obtained for further evaluation. Studies were included 
if, in addition, all of the following inclusion criteria were met: (a) explicit criteria were reported 
to define a positive result of the diagnostic modality; (b) surgery and/or clinical follow-up was 
used as reference standard; (c) enough data were reported to construct a contingency table 
and extract the number of true-positive, true-negative, false-positive, and false negative results. 
Studies were excluded when: a) strangulated bowel was the cause of bowel ischemia; b) patients 
included were already admitted to the hospital after cardiac or aortic surgery. In case of disa-
greement between the two reviewers consensus for inclusion of studies was reached through 
discussion within the group. 

Critical appraisal
Baseline study characteristics were recorded including date of publication, country of origin, 
sample size, basic patient characteristics and prevalence of acute intestinal ischemia. The ref-
erence standard to establish the final diagnosis was recorded. Basic technical and procedural 
characteristics of laboratory testing and imaging modalities were extracted. Study quality was 
assessed using the QUADAS tool for diagnostic studies 25. 

Data analysis
Contingency (2x2) tables were extracted or reconstructed to allow calculation of sensitivity and 
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specificity. Between studies that reported diagnostic accuracy of the same step or modality in 
the diagnostic pathway heterogeneity was explored. Heterogeneity was quantified with the I2 

test statistic including 95% confidence intervals. The I2 statistic expresses the percentage of the 
total variation across studies that is due to heterogeneity rather than chance; a higher percent-
age indicates more heterogeneity.

Summary estimates of diagnostic accuracy were reported whenever two or more studies of 
the same step in the diagnostic work-up were included. Diagnostic accuracy was expressed as 
sensitivity and specificity and the corresponding 95% confidence intervals summarized with a 
bivariate random effects model. Summarized estimates of likelihood ratios were not calculated 
since it is shown to have important limitations when used in meta-analysis 26. 

RESULTS

Study selection
The search resulted in 3290 hits of which 980 duplicates; 2310 titles and abstracts were eval-
uated for relevance resulting in 150 eligible studies. For these studies the full text article was 
obtained. Based on the full text 11 studies 13,14,18,20,21,27-32 met the inclusion  criteria (Figure 2). 
The search revealed no studies that allowed calculation of diagnostic accuracy of the clinical 
diagnosis, L-lactate, MRI or angiography in patients with suspicion of acute intestinal ischemia in 
the Emergency Department.

Figure 2. Flowchart of study selection

Eligible studies
N= 150

Included
N= 11

Duplicates
N= 980

Not eligible based on title and abstract 
N= 2160

Excluded based on full text
N= 139

Combined
N= 2310

EMBASE
N= 1405

MEDLINE
N= 1885
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Study appraisal
Two studies evaluating diagnostic accuracy of D-lactate in a total of 102 patients (71 patients 
and 31 patients) were included 13,14. One study evaluated diagnostic accuracy of i-FABP in 208 
patients 18. Five studies evaluated a total of 300 patients for the accuracy of D-dimer 13,20,21,27,29 
of which one of the studies also studied D-lactate 13 and another also evaluated CT27. All and all 
CT was evaluated for its diagnostic accuracy in 5 studies including a total of 566 patients (range 
47-291 patients) 27,28,30-32 (table 1). Two of the eleven studies did not include patients prospec-
tively. Aschoff et al performed a retrospective chart review 28 and Murray et al did not specifically 
report the study design 14. Prevalence of acute intestinal ischemia varied within a wide range, be-
tween 8% and 60%, indicating selected test populations. Not all studies reported the exact gen-
der distribution but among those who did the proportion of females ranged from 37% to 66%. 

Author Year Country
Study 
design

Modality
Sample 

size
Prevalence

Gender 
(M/F)

Acosta20 2001 Sweden Prospective serum D-dimer 14
43% 
(6/14)

6/8

Acosta21 2004 Sweden Prospective serum D-dimer 101
9% 
(9/101)

NAa

Akyildiz27 2009 Turkey Prospective
serum D-dimer and CT (4 row 
MD, biphasic mesenteric CTA)

47
60% 
(28/47)

NAa

Aschoff28 2009 Sweden Retrospective
CT (16 or 40 row MD, 
biphasic mesenteric CTA)

75
35% 
(28/79)

47/32b 

Block13 2008 Sweden Prospective
serum D-lactate and 
D-dimer

71
14% 
(10/71)

NA

Chui29 2008 Taiwan Prospective D-dimer 67
34% 
(23/67)

48/19

Kirkpatrick30 2003 Canada Prospective
CT (4 row MD, biphasic 
mesenteric CTA)

62
42% 
(26/62)

21/41

Matsumoto18 2014 Japan Prospective serum i-FABP 208
12% 
(24/208)

132/76

Murray14 1994 USA NAa serum D-Lactate 31
29% 
(9/31)

NA

Ofer31 2009 Israel Prospective
CT (16 row MD, biphasic mesen-
teric CTA)

91c 20% 
(18/92)

42/51

Wiesner32 2004 Switzerland Prospective
CT (4 row MD, biphasic mesen-
teric CTA in 4 patients suspected 
of intestinal ischemia)

291
8% (
24/291)

11/13d

Table 1. Study characteristics
a Not reported
b Four patients were excluded, gender distribution was reported for the originally 79 included 
patients
c 93 studies included in 91 patients, 1 study excluded because of technical problems, therefore 
analysis based on 92 studies
d Only reported in patients with final diagnosis of acute intestinal ischemia 
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Eight of the included studies selected patients based on clinical suspicion of acute intestinal 
ischemia18,20,21,27-31 (table 2).The remaining three studies included patients who presented with 
acute abdominal pain. Wiesner et al included all patients undergoing a CT scan 32. Murray et al 
included patients whenever a laparotomy was performed in the acute setting14. Block et al in-
cluded only patients with an intensity score of 5 or more on a visual analogue pain scale (VAS)13. 
Three studies did not report who the examiner was18,20,29. In the other studies a surgical resident 
or surgeon had evaluated the patients. Operative findings being used as reference standard for 
the final diagnosis varied between 33% and 100% of patients. Again three studies did not specify 
the frequency of operative confirmation of diagnosis for their entire study population, but only in 
those patients with acute intestinal ischemia as a final diagnosis20,29,32. 

Different cut-off values were used in the two studies that evaluated D-lactate. Murray et al used 
a cut-off value of >22.2 mmol/L (200mg/dl)14 and Block et al used cut-off of ≥0.20 mmol/L 
(1.8mg/dl)13 to construct a 2x2 table. Differences in cut-off values were also seen in the studies 
evaluating D-dimer. Acosta et al used a cut-off value of >0.3mg/L in his two studies20,21, Chui 
et al >1.0mg/L29, Akyildiz et al >3.17mg/L27 and Block et al calculated diagnostic accuracy for 
three different cut-off values >0.3mg/L, >0.6mg/L and ≥0.9mg/L13. All CT studies used a mul-
ti-detector CT-scanner with between four and 40 detector rows. A standard mesenteric arterial 
phase was performed in four out of five studies27,28,30,31, whereas in the study by Wiesner et al 
only patients with clinical suspicion of acute intestinal ischemia underwent a mesenteric CTA32. 7

DIAGNOSTIC ACCURACY OF EACH STEP IN THE WORK-UP OF PATIENTS SUSPECTED ACUTE INTESTINAL  
ISCHEMIA



PART 2

150

Author Patient selection Reference standard

Acosta20 Clinical suspicion of acute intestinal ischemia Surgery/pathology (n=6)a

Acosta21

Acute abdominal pain with acute intestinal is-
chemia in differential diagnosis, sampling within 
24 hours of onset of pain, over age of 50 and 
VAS score ≥5

Surgery/pathology (n=48), clinical follow up 
(n=53)

Akyildiz27
Clinical suspicion acute intestinal ischemia 
evaluated by a surgeon. 

Surgery/pathology (n=40), clinical follow up 
(n=7)

Aschoff28

Clinical suspicion of acute intestinal ischemia 
presenting with acute abdominal pain evaluated 
by either an internist or a surgeon

Surgery/pathology (n=45), clinical follow up 
(n=34) 

Block13
Acute abdominal pain, sampling within 24 hours 
of onset of pain and VAS score ≥5

Surgery/pathology (n=28), clinical follow up 
(n=43) 

Chui29
Clinical suspicion of acute intestinal ischemia 
presenting with acute abdominal pain

Surgery/pathology (n=17), clinical follow up 
(n=5)a

Kirkpatrick30

Clinical suspicion of acute intestinal ischemia 
presenting with acute abdominal pain evaluated 
by a surgeon

Surgical/pathology (n=28), clinical follow up 
(n=34) 

Matsumoto18
Clinical suspicion acute intestinal ischemia after 
abdominal CT scan

Surgery/pathology (n=116), clinical follow-up 
(n=92)

Murray14
Acute abdominal surgery including suspected 
acute intestinal ischemia

Surgery/pathology (n=31)

Ofer31

Clinical suspicion acute intestinal ischemia 
ischemia presenting with acute abdominal pain 
(76 emergency department, 26 hospital ward)
evaluated by surgical resident or surgeon

Surgery/pathology (n=30), clinical follow up 
(n=61)

Wiesner32 Acute/subacute abdominal pain
Surgery/pathology (n=16), clinical follow up 
(n=8)a

Table 2. Patient selection and used reference standard 
a Only reported for the patients with a final diagnosis of acute intestinal ischemia
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Quality of included studies was moderate to good. Figure 3 displays scores for each individual 
item of the QUADAS tool of the included studies. The studies showed a similar pattern in items 
that did not score well. No study reported the duration of the follow up period or the median 
time to surgical verification of the diagnosis, leaving item 4 to be scored as unclear in all cases. 
Most of the studies did not report if the index test result influenced the type of reference stand-
ard (item 6). No study explicitly reported that the reference standard was interpreted without 
knowledge of the index test (item 11). Finally, no study reported whether there were any unin-
terpretable or intermediate test results (item 13). 

Figure 3. The grouped bar chart displays the cumulative score of the 11 included studies for each of the 14 QUADAS 

questions. The proportion of the bar that is white (       ) represents that the answer to the question was ‘Yes’ (good 

quality), the grey bar (      ) is ‘Unclear’ and the black bar (       ) is ‘No’ (low quality)

QUADAS Questions:
1. Was the spectrum of patients representative of the patients who will receive the test in prac-
tice?
2. Were selection criteria clearly described?
3. Is the reference standard likely to correctly classify the target condition?
4. Is the time period between surgery (histopathology) and index test short enough to be reason-
ably sure that the target condition did not change between the two tests?
5. Did the whole sample or a random selection of the sample, receive verification using a refer-
ence standard of diagnosis?
6. Did patients receive the same reference standard regardless of the index test result?
7. Was the reference standard independent of the index test (i.e. the index test did not form part 
of the reference standard)?
8. Was the execution of the index test described in sufficient detail to permit replication of the 
test?
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9. Was the execution of the reference standard described in sufficient detail to permit its repli-
cation?
10. Were the index test results interpreted without knowledge of the results of the reference 
standard?
11. Were the reference standard results interpreted without knowledge of the results of the 
index test?
12. Were the same clinical data available when test results were interpreted as would be availa-
ble when the test is used in practice?
13. Were uninterpretable/ intermediate test results reported?
14. Were withdrawals from the study explained?

Diagnostic accuracy
For D-lactate a sensitivity of 90% (95%CI: 60% to 98%) was found at a cut-off of ≥0.20 mmol/L 
to diagnose acute intestinal ischemia14. This is comparable to a sensitivity of 89% (95%CI: 57% 
to 98%) found by another study using a cut-off value of >22.2 mmol/L13. Specificity differed be-
tween the two studies, 23% (95%CI: 14% to 35%) and 86% (95%CI: 67% to 95%) respectively. 
Between study heterogeneity could not be calculated for sensitivity given the small samples. The 
I2 of specificity was 95%, indicating substantial heterogeneity. Because of the limited amount of 
studies, the different cut-off levels and significant heterogeneity, summary estimates of sensitiv-
ity and specificity were not calculated for D-lactate. 

i-FABP had a sensitivity of 83% (95%CI: 64% to 93%) at a specificity of 89% (95%CI: 83% to 
93%) with a cut-off value of 9.1 ng/ml. The original authors yielded an optimal cut-off value from 
an receiver operating characteristics (ROC) curve18. 
Sensitivity of D-dimer ranged from 60% to 100% and specificity from 18%-79% in individual 
studies using different cut-off values (table 3) 13,20,21,27,29. We did not calculate summary estimates 
for D-dimer since published outcomes revealed different cut-off values; a lack of a definite cut-
off value would severely limit clinical applicability. When applying one of the three cut-off levels 
(>0.3 mg/L) used in the study by Block et al13 sensitivity of all studies was not heterogeneous 
(0%, 95%CI: 0%-0%). However, when the I2 value for sensitivity was calculated for the other 
cut-off values from the paper of Block et al13 (>0.6mg/L or ≥0.9mg/L) we found significant het-
erogeneity (65%, 95%CI: 0%-93%) and 88% (95%CI: 76%-94%), respectively). Specificity had 
significant heterogeneity between studies regardless of the cut-off used in the study by Block et 
al (95% (95%CI: 90%-98%) at >0.3mg/L, 98% (95%CI: 96%-99%) at >0.6mg/L, and 98% (95%CI: 
96%-99%) at ≥0.9mg/L). Similar to D-lactate no summary estimates were obtained because of 
the use of different cut-off levels and significant between study heterogeneity. 
Mesenteric ischemia was found in 124 of 571 (21.7%) patients in the studies that evaluated 
CT accuracy27,28,30-32. Estimates of sensitivity of CT in the individual studies ranged from 79% to 
100%. Specificity of CT ranged from 89% to 99% (table 3). Summarized sensitivity of CT was 
91% (95%CI: 80% to 98%) at a specificity of 94% (95%CI: 87% to 99%). The I2 values for sensi-
tivity and specificity were 24% (95%CI: 0% to 88%) and 76% (95%CI: 0% to 96%) respectively, 
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demonstrating substantial heterogeneity for the specificity but not the sensitivity between in-
cluded studies.

Author
Cut-off value

(mg/L)

Sensitivity

(95% CI)a
Specificity

(95% CI)a
PPVb 

(95% CI)a
NPVc

(95% CI)a

Acosta20 >0.3 100% (61%-100%) 38% (14%-69%) 55% (28%-79%) 100% (44%-100%)

Acosta21 >0.3 100% (70%-100%) 36% (27%-46%) 13% (7%-23%) 100% (90%-100%)

Akyildiz27 >3.17 96% (82%-99%) 79% (57%-91%) 87% (71%-95%) 94% (72%-99%)

Block13 >0.3 100% (72%-100%) 44% (33%-57%) 23% (13%-37%) 100% (88%-100%)

Block13 >0.6 80% (49%-94%) 75% (63%-84%) 35% (19%-55%) 96% (86%-99%)

Block13 ≥0.9 60% (31%-83%) 82% (71%-90%) 35% (17%-59%) 93% (82%-97%)

Chui29 >1.0 96% (79%-99%) 18% (10%-32%) 38% (27%-51%) 89% (57%-98%)

TABLE 3. Diagnostic accuracy of individual studies evaluating D-dimer 
a 95% confidence interval (CI) 

b Positive predictive value (PPV)
c Negative predictive value (NPV)

Author
Sensitivity

(95% CI)a
Specificity

(95% CI)a
PPVb 

(95% CI)a
NPVc

(95% CI)a

Akyildiz27 93% (77%-98%) 89% (69%-97%) 93% (77%-98%) 89% (69%-97%)

Aschoff28 96% (82%-99%) 98% (89%-100%) 96% (82%-99%) 98% (89%-100%)

Kirkpatrick30 100% (87%-100%) 89% (75%-96%) 87% (70%-95%) 100% (89%-100%)

Ofer31 89% (67%-97%) 97% (91%-99%) 89% (67%-97%) 97% (91%-99%)

Wiesner32 79% (60%-91%) 99% (97%-100%) 90% (71%-97%) 98% (96%-99%)

Table 4. Diagnostic accuracy of individual studies evaluating CT
a 95% confidence interval (CI)

b Positive predictive value (PPV)
c Negative predictive value (NPV)
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DISCUSSION

CT is the best diagnostic modality commonly used in the work-up of patients presenting at the 
ED with suspicion of acute intestinal ischemia that has been evaluated in literature and shows a 
good diagnostic accuracy. Five studies were included reporting the accuracy of D-dimer show-
ing good sensitivity but at a wide range of specificity. Because the studies used different cut-off 
levels and had significant between study heterogeneity sensitivity and specificity could not be 
summarized. Similarly, the two studies evaluating D-lactate showing good sensitivity but a great 
variety in specificity. One study evaluated i-FABP having reasonable sensitivity at a reasonable 
to good specificity. For the other steps in the work-up limited data were available. Description 
of diagnostic accuracy of the clinical diagnosis, MRI and angiography could not be given. For an-
giography, for example, only outcomes of series of patients selected for angiography have been 
published, but not accuracy data from a population of patients suspected of intestinal ischemia. 
Therefore, test parameters such as sensitivity and specificity cannot be calculated for other diag-
nostic modalities than assessed in this systematic review. 

Previous studies have evaluated diagnostic accuracy of components of the diagnostic work-up 
for intestinal ischemia. Three systematic reviews evaluated diagnostic accuracy of laboratory 
tests (L-lactate, D-lactate, i-FABP and D-dimer) in intestinal ischemia22-24. In evaluating L-lactate 
one of the systematic reviews included four studies22, while the other two reviews included two 
studies. If the included studies from these three published reviews are combined leaving out 
duplications, a total of five studies have evaluated diagnostic accuracy of L-lactate but none 
were included in present systematic review. Three of these five studies were not included in 
present review because the authors did not report a cut-off value at which they calculated the 
diagnostic accuracy33-35. Another study only included patients with strangulated bowel36. The 
fifth study constituted mainly of in-hospital patients after major surgery and the selection criteria 
of the remaining patients was not specified37. Four studies evaluating D-lactate were included 
overall in the three published systematic reviews. We included only two of the four studies, sim-
ilar to Acosta et al and Cudnik et al13,14. Evenett et al included the two other studies also, which 
were excluded here because of solely including patients after aortic reconstruction15,16. Also for 
i-FABP a total of four studies were included in the three previous reviews. None of these studies 
were included in this review because one of the studies only evaluated ICU patients38 , another 
evaluated a mixed patient population of in-hospital patients and patients presenting with acute 
abdominal pain whom could not be differentiated19. The other two studies were not included 
because the patients had strangulated small bowel with ischemia36 and bowel obstruction with 
accompanying ischemia39. We included a different study, published after the previous reviews 
had been published. Seven studies were included in the three previous reviews evaluating D-di-
mer. Five of those are also included in this review. One of the remaining two studies was not 
included because only patients with strangulated bowel had been included40. The other study 
did not report enough data to construct a 2x2 contingency table41. Evenett et al and Cudnik et 
al performed summary estimates of diagnostic accuracy of the laboratory tests22,24. In our opin-
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ion pooling the results from studies with heterogeneous populations will not reflect the actual 
diagnostic accuracy that these serum markers have in the ED. Furthermore, the studies included 
in their reviews used different cut-off values making extrapolation to the summary results meth-
odologically incorrect.

Summarized diagnostic accuracy of CT is comparable to two other studies evaluating CT but 
using different study selection criteria. Menke et al found a sensitivity of 93% at a specificity 
of 96% including six studies7. The study that was not included in this review did not differenti-
ate between patients with acute abdominal pain presenting to the ED and those in-hospital or 
post-operatively42. This was also the reason not to include three studies that were included by 
Cudnik et al43-45. They included eight studies evaluating CT with a summarized sensitivity of 94% 
at a specificity of 95%. 

Since the aim of this review was to aid the clinician confronted with a patient suspected of acute 
intestinal ischemia in the ED we applied some important selection criteria. Strict appliance of the 
inclusion and exclusion criteria is at the same time the major limitation of this review. Numerous 
studies evaluating diagnostic entities in acute intestinal ischemia mix outpatients with an acute 
presentation at the ED with groups of patients in a postoperative setting after cardiovascular 
operations. The presentation and pre-test probability differ substantially, which influences the 
diagnostic accuracy of the different steps in the diagnostic pathway. For example many postop-
erative situations with decreased tissue oxygenation also lead to increased lactate levels. Studies 
who might have evaluated patients presenting with acute abdominal complaints but who did not 
specify their patient selection process were excluded; potentially missing valuable scares data 
in meta-analysis of a rare condition. Also studies evaluating diagnostic test accuracy in patients 
presenting with obstructed or strangulated bowel leading to ischemia of the intestine were not 
included. Furthermore, studies were excluded that do not allow reconstruction or extraction of 
a complete 2x2 contingency table. Since acute intestinal ischemia is a rare condition, numerous 
studies are designed retrospectively. A large proportion of studies that were excluded only evalu-
ated patients with surgery or pathology proven acute intestinal ischemia. In these patients the di-
agnostic accuracy is evaluated by presenting sensitivity, whereas specificity is unknown, inherent 
to the patient selection. By excluding these studies we lose information about the characteristics 
of the diagnostic modality. However, in the ED the clinician is interested in how often, within the 
population of suspected (but not confirmed) patients, a patient with a positive test result indeed 
has acute intestinal ischemia (positive predictive value). In the case of acute intestinal ischemia 
it may be even more important for the clinician to know how many patients with a negative test 
result do have ischemia (missed cases or 1-negative predictive value). To calculate these test 
characteristics both sensitivity and specificity need to be reported.

Unfortunately the lack of cut-off analysis made it impossible to construct 2x2 tables in several 
studies evaluating L-lactate. Therefore diagnostic accuracy could not be calculated in any study 
for L-lactate. In the past studies evaluating L-lactate in patients with acute abdominal pain sus-

7

DIAGNOSTIC ACCURACY OF EACH STEP IN THE WORK-UP OF PATIENTS SUSPECTED ACUTE INTESTINAL  
ISCHEMIA



PART 2

156

pected of acute intestinal ischemia show limited discriminatory capacity of serum levels to dis-
tinguish between intestinal ischemia and other diseases18,19, 46. 

Strength of this systematic review in comparison with other previously published reviews is that 
we differentiated between patient populations at risk for acute intestinal ischemia. For the clini-
cian in the ED confronted with patients with acute abdominal this differentiation from post-op-
erative patients is pivotal to interpret the reported diagnostic accuracy of each available step in 
the diagnostic work-up. D-lactate and D-dimer have promising sensitivity but poor to moderate 
sensitivity. Nevertheless, adoption of these results in difficult in practice because totally different 
cut-off values of D-lactate and D-dimer were used to calculate sensitivity and specificity. Diag-
nostic accuracy of i-FABP also remains promising however is only based on the one study that 
evaluated patients with acute abdominal pain presenting to the ED with suspected intestinal 
ischemia. Furthermore, as with D-lactate routine testing of i-FABP is not readily available in most 
emergency departments. 

Unfortunately the available evidence did not provide firm evidence for each routinely used step 
of the diagnostic work-up. For now, there is limited evidence that other diagnostic modalities 
than CT have additional value to improve diagnostic accuracy in the work-up of patients present-
ing at the ED suspected of acute intestinal ischemia. D-lactate, i-FABP and D-Dimer could turn 
out to be of adjunct, once properly studies, but in current practice it seems recommendable to 
perform a mesenteric CTA in the ED when acute intestinal ischemia is suspected.
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Figure 1. Commonly used steps in the diagnostic work-up of patients presented 

at the emergency department suspected of acute intestinal ischemia.
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Impact of intravenous and enteral contrast me-
dium on the diagnostic accuracy of Computed 
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ABSTRACT

Purpose: The aim of this study was to evaluate whether contrast administration (enteral, intra-
venous) increases accuracy of Computed Tomography (CT) as compared to non-enhanced CT 
(NECT) in patients presenting at the Emergency Department (ED) with acute abdominal pain.

Methods: A systematic literature search was performed of Medline, Embase, The Cochrane Li-
brary and CINAHL Database without any restrictions up to August 2014. Inclusion criteria were 
pre defined. An article was considered potentially relevant if the diagnostic accuracy of CT and 
any type of contrast media was evaluated in unselected patients presenting at the ED with acute 
abdominal pain. Studies specifically evaluating the diagnostic accuracy of CT and multiple types 
of contrast media head to head in the same patient for the most common surgical causes of the 
acute abdomen (acute appendicitis, diverticulitis, bowel obstruction or cholecystitis) were also 
included. Summary estimates of sensitivity and specificity with 95% confidence intervals were 
calculated by using a non-linear non-mixed model.

Results: Eighteen studies (5890 patients) were eligible for inclusion. Eleven studies (4580 pa-
tients) investigated CT in acute abdominal pain and seven studies performed a head to head 
comparison in selected patients. In unselected patients intravenous (IV) contrast led to the high-
est pooled diagnostic accuracy (93.5%) compared to NECT (90.5%) and the combination of oral 
and IV contrast (87.5%). Head to head comparison in patients suspected of acute diverticulitis 
or abdominal pain resulted in a comparable accuracy of NECT versus IV contrast enhanced CT. 

Conclusion: Based on current literature CT with intravenous contrast only results in the highest 
diagnostic accuracy in unselected patients with acute abdominal pain. Adding oral contrast does 
not increase accuracy.



165

INTRODUCTION

Abdominal pain is a frequent symptom of patients presenting at the emergency department (ED). 
1 The first step in the evaluation of patients with acute abdominal pain is clinical examination. 
However the diagnostic accuracy of history and physical examination is low. Several studies 
have demonstrated that in an unselected patient cohort the clinical diagnosis was correct in only 
43-59%.2 Treatment and management based solely on the clinical diagnosis can result in unnec-
essary interventions or delay. 

Additional imaging modalities such as computed tomography (CT) and ultrasonography (US) are 
increasingly used to improve the diagnostic accuracy.3 Several studies have demonstrated that 
CT results in the highest diagnostic accuracy. 1–5 Based on CT the underlying cause is correctly 
diagnosed in 62-96% of patients.2 In current clinical practice wide variation exists in the CT pro-
tocol used. Controversy exists regarding the need for enteral and intravenous contrast adminis-
tration. Different CT protocols are used, combining different types of contrast administration (IV, 
oral or rectal) or without contrast administration.6–11 This variation is most likely based on local 
preferences in relation to the suspected underlying cause. Each type of contrast media has its 
advantages and disadvantages. 

The main principle of contrast enhancement is to differentiate pathology from normal surround-
ing structures. Intravenous contrast (IV) improves tissue contrast, distinguishes organs from each 
other, provides information regarding the vascular status and highlights inflammation in the wall 
of the bowel. Downside of IV contrast is its potential to cause allergic reactions and the risk of 
contrast induced nephropathy. Oral contrast opacifies the bowel that can help differentiate the 
bowel from surrounding structures, and provides information regarding the bowel transit and in-
tra-luminal abnormalities. Downsides of oral contrast are patient discomfort and prolonged time 
to scanning due to ingestion time needed. 8,12–17 Rectal contrast can be given in case of suspect-
ed bowel perforation (e.g., complicated diverticulitis) or anastomotic leakage but is associated 
with patient discomfort due to the administration. 

Whether contrast administration increases the diagnostic accuracy of CT remains under de-
bate.18,19 Underlying medical conditions such as acute kidney failure, contrast allergies or patient 
care issues might hinder the administration of contrast in an Emergency Department setting. 
Increased time to scanning due to use of contrast increases time before a final diagnosis and sub-
sequent management is established. The benefits of administration of contrast agents prior to 
CT should outweigh the downsides before structural administration of contrast can be advised 
in patients with acute abdominal pain. 

The aim of this study was to evaluate whether contrast administration, and which route of ad-
ministration, provides a diagnostic advantage. A systematic review and meta-analysis of all stud-
ies evaluating the diagnostic accuracy of all types of contrast administration and CT in patients 
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with acute abdominal pain was performed. Studies investigating the most common causes of 
acute abdominal pain, acute appendicitis, diverticulitis, bowel obstruction or cholecystitis, head 
to head in the same patients were also included. 

MATERIAL AND METHODS

This systematic review and meta-analysis was performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA statement) guidelines. 

Search strategy 
Medline, Embase, The Cochrane Library and CINAHL Database were systematically searched 
without any restrictions up to August 2014. The search strategy included Mesh terms and free 
text words indexed for acute abdomen, abdominal pain, appendicitis, diverticulitis, bowel ob-
struction, cholecystitis combined with computed tomography and contrast media. The detailed 
search terms are described in appendix 1. 

Study selection
Two independent reviewers evaluated the titles and abstracts of all hits for eligibility (S.L.G. and J.
J.A.). An article was considered potentially relevant if the diagnostic accuracy of CT and any type 
of contrast media was evaluated in patients presenting at the Emergency Department (ED) for 
acute abdominal pain. Studies specifically evaluating the diagnostic accuracy of CT and multiple 
types of contrast media head to head in the same patient for the most common surgical causes 
for the acute abdomen (acute appendicitis, diverticulitis, bowel obstruction or cholecystitis) were 
also included. Acute abdominal pain was defined as abdominal pain existing between 1 hour and 
5 days. Exclusion criteria were insufficient data reported to extract the number of true positives, 
true negatives, false positives and false negatives. Studies evaluating acute abdominal pain of 
traumatic origin or acute abdominal pain in patients with known pregnancy were also excluded. 
Full text was obtained of all potentially relevant studies for further evaluation. Reference lists of 
key articles and reviews were manually searched to identify additional articles and pursued if 
relevant. In case of disagreement consensus was reached through consultation of a third inde-
pendent reviewer (MB). 

Data extraction 
Two reviewers extracted data from the included studies. In case of discrepancy consensus was 
reached by discussion. Quality of the included studies was assessed using The Quality Assess-
ment of Diagnostic Accuracy Studies 2 (QUADAS-2) score.

Study design, patient characteristics and quality
The following study design characteristics were extracted: study period; department of the first 
author; country of origin; criteria for patient selection. Patient characteristics such as the number 
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of patients included, the mean or median age and the age range and the male to female ratio 
were recorded. Technical characteristics of computed tomography and type of contrast adminis-
tered were also extracted if available.

Reference standard
Information regarding the reference standard was extracted from studies. Details on number of 
patients undergoing surgery and or diagnostic laparoscopy as well as features recorded at sur-
gery or pathology were extracted. The duration of follow up was also recorded. 

Primary outcome 
The diagnostic accuracy of CT and any protocol of administration of contrast agents was the 
outcome of interest. Contingency tables were extracted or reconstructed for each CT protocol 
reported in every study. When studies reported diagnostic accuracy compared between multiple 
observers only the data of the observer with the highest accuracy was included. Other diagnostic 
accuracy parameters such as sensitivity, specificity, negative predictive value and positive predic-
tive value were calculated from the 2x2 contingency tables or extracted from the original studies 
if possible. Information regarding the negative side effects of CT such as time to scanning, radia-
tion exposure and incidence of contrast nephropathy were also recorded when available. 

Meta-analysis
Meta-analysis was performed with the studies that provided sufficient qualitative information to 
calculate a contingency table for any protocol of CT scanning. Summary estimates of sensitivity 
and specificity with 95% confidence intervals were calculated by using a non-linear non-mixed 
model. To compare the sensitivity and specificity of each protocol of CT scanning we used the 
Wald test for unpaired data. The individual Area’s under the curve weighted by their sample size 
were used to calculate the pooled area under the curve. The pooled diagnostic accuracy was 
calculated using the individual estimates weighted by their sample size. Heterogeneity was as-
sessed with the I2 statistic. In case of an I2of more than 85% the heterogeneity was considered 
significant and pooled estimates were not calculated. 

All statistical analyses were performed using SPSS (version 20.0, IBM, Armonk, New York, USA) 
and SAS (version 9.3, SAS institute Inc, Cary North Carolina). P values of < 0.05 were considered 
to indicate statistical significance. 

RESULTS

Search strategy and study selection
The search yielded a total of 4442 hits. After exclusion of duplicates 3889 titles and abstracts 
were screened for potential inclusion. The full text of 278 studies was retrieved for detailed ex-
amination. Inclusion criteria were not met in 260 studies, leaving 18 studies eligible for inclusion. 
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Insufficient data to create a contingency table was the most common reason for exclusion. No 
additional studies were included after manual reference list searches. The complete study selec-
tion is depicted in figure 1.

Figure 1. PRISMA Flow chart

Study design characteristics 
All studies were published between 1997 and 2014. Studies were initiated by the department 
of Radiology (n=15), the department of Surgery (n=2) or the department of Emergency Medicine 
(n=1). Eleven studies investigated the diagnostic accuracy of CT in unselected patients with 
acute abdominal pain, and 7 studies made a head to head comparison of contrast entities in se-
lected patients with a clinical suspicion of either acute appendicitis (n=5), abdominal pain (n=1) or 
diverticulitis (n=1). Table 1 summarizes further details on study design characteristics. The quality 
of included studies was assessed using the Quadas-2 tool (figure 2.). All studies described a rep-
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resentative spectrum of patients. The index test was performed without the reference test. The 
time between index and reference test varied between included studies. The reference standard 
was similar between patients with a positive and negative index test, however between studies 
discrepancy existed in reference standard used. Most studies incorporated the index test (CT) in 
their reference standard increasing the risk of bias. In none of the studies the outcome assessors 
were blinded for the index test (figure 3.). Follow up or pathology reports were most commonly 
used as the reference standard.

 

Figure 2. Quality of the included studies assessed using the QUADAS-2 tool.

A total of 5890 patients were analyzed in all studies combined. The accuracy of CT in patients 
with acute abdominal pain was evaluated in 4580 patients. Most studies investigated the accu-
racy of IV contrast. Only one study investigated the combination of oral and IV contrast and 4 
studies investigated non-enhanced CT. 

In the studies comparing selected patient groups a total of 1310 patients were investigated. 
Most studies, 5 in total, included patients suspected of acute appendicitis. Patients suspected of 
acute diverticulitis were investigated in only one study and abdominal pain in general was also 
investigated in one comparative study. None of the studies compared different contrast entities 
in patients suspected of acute cholecystitis or bowel obstruction. The age of included patients 
ranged between 2 and 98. A slight majority of included patients was female, 57%. Patient char-
acteristics are summarized in table 2. 

 

Patient Selection

Index Test
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Study
Department 

of first 
author

Observer 
experience 
reported

Reference standard Type of CT Contrast used

Chin 29

2012 UK
Radiology No

Expert panel or dis-

charge diagnosis

Computed tomography with oral and 

IV contrast

IV,Omnipaque;

Oral, 

gastrografin

Haller 20

2010 Sweden
Radiology No

Final diagnosis in 

medical report within 

30 days of radiological 

examination

Non enhanced standard dose 

computed tomography and low dose 

computed tomography

NS

Ham 24

2012 Canada

Medical 

imaging
No Not specified

IV contrast enhanced portal venous 

phase abdominal computed tomog-

raphy

NS

Lameris 44

2009

the Netherlands

Surgery Yes
Expert panel based on 

follow up of 6 months

Computed tomography with IV 

contrast
NS

Mackersie 45

2005 USA Radiology No Follow up of 6 months
Unenhanced helical computed 

tomography
NS

Millet 25

2013 France

Medical 

imaging
Yes

Surgery, pathology 

discharge diagnosis or 

clinical follow up

Computed tomography with IV 

contrast or non-enhanced computed 

tomography

IV, Xenetix

Rosen 46

2000 USA
Radiology No

Pathology, surgery or 

clinical follow up

Computed tomography with IV and 

selective oral contrast
NS

Sala 21

2007 UK
Radiology No Follow up of 6 months

Computed tomography with IV con-

trast in portal venous phase
IV, lopamidol

Stromberg 23

2007 Sweden
Surgery No Follow up of 1 month

Computed tomography with IV 

contrast
IV, ioversol

Tsushima 22

2002 Japan 
Radiology No

Surgery, pathology or 

discharge diagnosis

Computed tomography with IV 

contrast
IV, ioversol

Udayasankar 28

2008 USA
Radiology No Follow up for 6 months

Non contrast ultra-low dose abdomino 

pelvic computed tomography
NS

 Table 1.1a Characteristics of studies describing the diagnostic accuracy of computed tomography in unselected patients 

with acute abdominal pain NS= not specified
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Study
Department 

of first 
author

Observer 
experience 
reported

Reference standard Comparison

Suspected acute appenditicis

Chiu 31

2013 Taiwan

Emergency 

medicine 
No Follow up 6 months

Non enhanced computed tomography vs enhanced com-

puted tomography (IV only)

Jacobs 33

2001 USA Radiology Yes Surgery or follow up

Focused non-enhanced computed tomography (with oral 

contrast) vs non focused enhanced computed 

tomography (IV contrast)

Platon 10

2009 Switzerland Radiology Yes 
Final discharge diagnosis 

or surgical reports

Low dose computed tomography with oral contrast vs 

standard dose IV contrast computed tomography

Tamburrini 11

2007 Italy Radiology No Clinical follow up
Non-enhanced computed tomography vs enhanced com-

puted tomography (oral, rectal or IV)

Wise 32

2001 USA Radiology No
Surgery, pathology or 3 

months clinical follow up

Unenhanced focused appendiceal computed tomography 

vs abdomino pelvic computed tomography with IV contrast 

vs focused appendiceal computed tomography with colonic 

contrast

Suspected acute diverticulitis

Tack 30

2005 Belgium Radiology Yes
Expert panel based on 

follow up

Unenhanced low dose computed tomography vs IV en-

hanced standard dose computed tomography

Acute abdominal pain

Yeung 7

1997 Taiwan Radiology No
Surgery or clinical 

follow up

Non-enhanced computed tomography vs enhanced com-

puted tomography (IV contrast)

Table 1.1b Characteristics of comparative studies on different contrast regimens for computed tomography in patients 

with acute abdominal pain or suspected acute appendicitis, acute pancreatitis, acute diverticulitis, bowel perforation or 

cholecystitis.
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Diagnostic accuracy of CT in patients with acute abdominal pain
The individual results of the studies are summarized in table 3a. Overall the diagnostic accuracy 
of CT ranged between 38% and 96.8%. The pooled diagnostic accuracy was 90.5%. In 4.4-41% 
of patients the diagnosis was incorrect or non-specific on CT. Four studies reported the diag-
nostic value of CT, ranging between 14.4 and 72%.1,20–22 Six studies evaluated the diagnostic 
accuracy of CT with IV contrast.1,21–25 Three studies provided insufficient data for pooled analysis. 
The remaining studies demonstrated that Computed Tomography with IV contrast had a pooled 
diagnostic accuracy of 93.5%. Three studies evaluated the diagnostic accuracy of NECT.26–28 The 
pooled diagnostic accuracy of NECT was 90.5%. Only one study evaluated the diagnostic accu-
racy of oral and IV contrast and reported a diagnostic accuracy of 87.5%.29 

Figure 3. Risk of bias of the individual studies assessed by the QUADAS-2 tool
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Study
No of 

patients
% of women 

(n)
Mean age (y) Patient selection Exclusion criteria

Chin 29 114 69% (79) 55
Acute severe abdomi-

nal pain

Abdominal pain of traumatic origin and 

patients referred for non-contrast CT of 

kidney, bladder or ureter

Haller 20 222 51% (113) 66 Acute abdominal pain

Abdominal pain of traumatic origin, no op-

erations or imaging the last 2 weeks before 

presentation and age <18years old

Ham 24 127 59% (75)
58 (=TN)

55 (=FP)
Upper abdominal pain

No IV contrast, no portal venous phase, 

patients with diffuse flank and lower ab-

dominal pain, history of trauma, abdominal 

surgery in past 3 months, active malignancy, 

pregnancy, age<18 and known inflammatory 

bowel disease

Lameris 44 1021 NS
47 

(range 19-94)
Acute abdominal pain

Haemorrhagic shock from gastrointestinal 

bleeding, ruptured aortic aneurysm or preg-

nancy and patients being considered to be 

discharged from the ED without imaging

Mackersie 45 91 52% (47)
48.5 

(+/-18.7)

Non-traumatic acute 

abdominal pain

Patients who were clinically intoxicated, 

pregnant or vaginal bleeding/discharge 

as primary symptom, dysuria, haematuria 

without flank pain and men with non-hem-

orrhagic penile discharge.

Millet 25 339 56% (191)
83.7 

(SD 5.9)

Elderly patients with 

acute abdominal pain
Age <75years and missing data

Rosen 46 57 58% (33)
48 

(range 15-90)
Acute abdominal pain NS

Sala 21 99 58% (57)
59(

42-73)*

Nonspecific acute 

abdominal pain

Age <18years, pregnancy, rectal bleeding, 

suspected renal colic, suspected gynaeco-

logic disorders and traumatic origin

Stromberg 23 2222 NS NS Acute abdominal pain

No need for hospitalisation, suspicion of 

medical/gynaecologic cause, known malig-

nancies, inflammatory bowel disease, trauma 

or recent laparotomy (<6months)

Tsushima 22 125 41% (51)
40.2

(+/-19.3)
Acute abdominal pain

Pain >24 hours, abdominal surgery in the 

preceding 3 months

Udayasankar 28 163 67% (110)
51 

(19-82)
Acute abdominal pain NS

Table 2.a Patient characteristics of included studies 

* median reported instead of mean
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Study
No of 

patients
% of women 

(n)
Mean age (y) Patient selection Exclusion criteria

Chiu 31 100 45% (45)
49.3 (range 
18-90)

Suspicion of acute 
appendicitis

No appendicitis diagnosed intra 
operatively, no iv contrast or oral 
contrast media administered

Jacobs 33 228 64% (145)
32 (range 
13-87)

Suspicion of acute 
appendicitis 

Crohn, inability to receive contrast 
or previous appendectomy

Platon 10 86 52% (45)
45.6 (range 
18-96)

Suspicion of acute 
appendicitis 

Pregnancy

Tack 30 110 64% (70)
57 (range 
30-82)

Suspicion of diver-
ticulitis

NS

Tamburrini 11 536 65% (316)
38 (range 
18-86) 

Suspicion of acute 
appendicitis

NS

Wise 32 100 74% (74)
38 (range 
18-86)

Suspicion of acute 
appendicitis 

NS

Yeung 7 150 43% (65) 
52.4 (range 
2-98)

Acute abdomen NS

Table 2.b Patient characteristics of included studies 

NS= not specified. 

Head to head comparison
Seven studies performed a head to head comparison of different types of contrast media in the 
same patients. One study compared NECT with IV contrast in patients suspected of acute diver-
ticulitis.30 NECT resulted in a sensitivity of 100% and a specificity of 99%. ECT with IV contrast 
resulted in a sensitivity and specificity of 100%. Other parameters of diagnostic accuracy were 
not reported. The diagnostic accuracy of NECT compared with IV contrast was also investigated 
in patients with abdominal pain in one study. 7 The diagnostic accuracy was higher for NECT, 
89%, than for IV contrast enhanced CT, 87%. Five studies compared different types of contrast 
media in patients suspected of acute appendicitis. 10,11,31–33 Three studies compared NECT with 
ECT. 11,31,32 Detailed summary estimates are presented in table 3b.
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Study Comparison Sens Spec Accuracy PPV NPV N

Chiu 31

NECT 90.5% 100% 96% 100% 93.5%
100

ECT 100% 94.8% 97% 93.3% 100%

Jacobs 33

ORAL 76.2% 94.4% NS NS NS NS

IV 91.3% 95.1% NS NS NS NS

Platon 10

ORAL 95% 96% NS NS NS 86

IV 100% 96% NS NS NS 86

Tack 30

NECT 100% 99% NS NS NS NS

IV 100% 100% NS NS NS NS

Tamburr-
ini 11

NECT 90% 96% 95% 85% 97.4% 404

ECT 95.7% 92.2% 93% 73% 99% 126

Wise 32

NECT 71% 91% 87% 71% 91% 100

IV 83% 85% 85% 58% 95% 100

RECTAL 74% 87% 84% 70% 90% 100

Yeung 7

NECT NS NS 89% NS NS 150

IV NS NS 87% NS NS 150

Table 3.b Diagnostic accuracy of studies comparing different types of contrast media head to head in 

selected patients NS= not specified. IV= intravenous contrast, 

O= oral contrast, E= enteral contrast, R= rectal contrast, 

NECT= non enhanced CT, ECT= enhanced contrast CT. 
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Study Contrast Diagnosis correct (%)
Diagnosis incorrect or 

aspecific (%)
CT of diagnostic value (%)

Chin 29 IV 105/120 (87.5%) 15/120 (12.5%) NS

Haller 20 NECT
23/60 (38%) a

45/76 (59%) b

31/76 (41%) b

37/60 (62%) a

31/76 (41%) b

33/60 (49%) a

58/76 (72%) b

Ham 24 IV True negative 81/127 (63.7%)
False negative 

46/127 (36.2%)
NS

Lameris 44 IV 867/1021 (84.9%) 154/1021 (15.1%) 147/1021

Mackersie 45 NECT 87/91 (95.6%) 4/91 (4.4%) NS

Millet 25 IV/NECT* 291/333 (87.4%) 42/333 (12.6%) NS

Rosen 46 IV+ORAL 41/44 (93.2%) 3/41 (7.3%) NS

Sala 21 IV NS NS 20/99 (20%)

Stromberg 23 IV 2151/2222 (96.8%) 71/2222 (3.2%) NS

Tsushima 22 IV 116/125 (92.8%) 9/125 (7.2%) 27/125 (21.6%)

Udayasankar 28 NECT 127/163 (77.9%) 36/163 (22%) NS

Table 3a. Diagnostic accuracy of CT in unselected patients with acute abdominal pain 

* either IV or ORAL contrast was used in this study, a= standard dose CT, b= low dose CT

Negative side effects
Four studies reported the effective radiation dose used to obtain the CT scans. 10,20,27,28 One 
study evaluating low dose CT reported a mean radiation dose of 148.3mGy, 2.2 mSv.28 The 
whole body radiation dose was estimated 12 mSv for men and 17mSv for women in unenhanced 
helical CT. 27 The average doses were estimated 7.3 mSv for standard dose CT and 4.2 mSv for 
low dose CT. 20 Another study reported effective doses of 1.2 ± 0.1 mSv for low dose CT in men 
and 1.7 ± 0.2 mSv for women. When using standard dose CT women received an average dose 
of 10.2± 1.2 mSv and men 7.2±0.6 mSv. 10 One study reported the difference in total duration 
of hospital stay when comparing their standard diagnostic work-up with CT in all patients. 21 On 
average the hospital stay was almost 1 day shorter for patients in the CT group with a median 
stay of 4.2 days (IQR 1.1-7.6) compared to 5.3 days (IQR 2-9.5 days). One study reported the 
patient discomfort on a scale ranging between 0 and 10. 32 Mean patient discomfort whilst using 
unhanced CT was significantly lower, 4.2, compared to 6.7 when using focused CT with colonic 
contrast material (p<0.001). None of the studies reported information regarding the incidence 
of contrast nephropathy or the difference in time to CT scanning regarding different routes of 
contrast administration.
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DISCUSSION

Computed tomography with intravenous contrast resulted in the highest pooled diagnostic ac-
curacy in unselected patients with acute abdominal pain. In selected patients suspected of acute 
diverticulitis the accuracy of enhanced CT was comparable with unenhanced CT, respectively a 
sensitivity of 100% versus 100% and a specificity of 100% versus 99%. In patients with acute 
abdominal pain the head to head comparison of NECT with IV contrast resulted in a slightly 
higher accuracy for NECT (89%) than for IV contrast (87%). 

The aim of this review was to evaluate the optimal CT strategy for patients presenting at the 
Emergency Department with acute abdominal pain. In current literature controversy exists re-
garding the ideal type and route of contrast enhancement. Despite the wide range of diagnostic 
accuracy of Computed Tomography reported in previous research, varying between 38-96%, 
it has been widely accepted that Computed Tomography increases the diagnostic accuracy in 
patients with acute abdominal pain. 1,18–25,27–29,34 The diagnostic value of CT has also been prov-
en for selected patient groups in case of suspicion of acute appendicitis, acute diverticulitis or 
bowel obstruction.18,35–42 Nevertheless the role of contrast media and their perceived diagnostic 
advantage in patients with acute abdominal pain remains under debate. The American college of 
Radiologists and the American college of Emergency Physicians are equivocal whether contrast 
media are of additional value. 18,19 Their guidelines state that the administration of contrast differs 
based on institutional preferences. Evidence is needed to support firm conclusions. The included 
studies of this review provide contrasting outcomes regarding the use of contrast media with CT 
in patients with acute abdominal pain. A prospective study performed a head to head compari-
son of IV contrast enhanced CT versus non enhanced CT and concluded that non enhanced CT 
resulted in higher accuracy rates then enhanced CT. 7 The other studies included in this review 
demonstrated a higher diagnostic accuracy (pooled 93.5%) of IV contrast when compared to 
NECT (90.5%) and oral and IV contrast combined (87.5%). 

For selected patients the additional value of contrast media also remains under debate. Several 
previous studies have examined the potential advantage of different routes of contrast admin-
istration in selected patients. These studies have reached conflicting conclusions whereas some 
studies demonstrated that NECT resulted in similar accuracy as contrast enhanced CT whilst 
other studies clearly demonstrated an advantage of contrast administration. 6,8,12,16,43 However a 
possible advantage of contrast media might be its beneficial effect on the detection of alterna-
tive diagnoses.  

Several limitations are present in current evaluation of different CT strategies. In most of the 
included studies the index test, CT, was also part of the reference test, the final diagnosis. This 
increases the risk of bias. Ideally the final diagnosis should be based on an objective parameter 
such as pathology, however this would be unethical in daily practice since not all causes of 
acute abdominal pain necessitate surgical intervention. Even in studies investigating patients 
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suspected of acute appendicitis, an entity that usually does necessitate surgery, it is impossible 
to provide pathology in all suspected patients. Within studies the reference test also differs. 
Some patients will have undergone surgery while in other patients follow up is the best available 
evidence of the final diagnosis Follow-up including all available evidence remains the gold stand-
ard in diagnostic test research. We aimed to minimize the risk of bias by only including studies 
with an acceptable reference standard. Another possible risk of bias is the difference in observer 
experience between studies and within studies. In some studies the radiologists that judged the 
CT scans were residents or radiologists with little experience during working hours. Other studies 
appointed an experienced radiologist who re-evaluated the CT scans outside of working hours. 
These differences might lead to differences in diagnostic accuracy. Despite these differences our 
results reflect daily practice, as radiologists judging CT scans in the clinic will also differ in their 
level of experience. Another limitation is inherent to the study design of studies investigating 
CT. Many studies comparing different CT strategies were excluded because they investigated 
different contrast media in separate patient populations or in comparison to a retrospective, 
historical cohort. A head to head comparison in the same patient provides the most accurate and 
objective information regarding the additional diagnostic value. Unfortunately only one study 
examined the diagnostic value of different contrast media in patients with acute abdominal pain 
and acute diverticulitis in a head to head manner, and only five studies investigated patients 
suspected of acute appendicitis. This might be due to the fact that the comparison of different 
contrast entities for research purposes remains challenging. First of all due to ethical reasons, 
the additional exposure to ionizing radiation increases stochastic effects. Secondly once contrast 
is administered it will take time before the contrast will be cleared and another CT strategy can 
be examined. In a crowded ED this will automatically lead to extended throughput of patients 
and possible delay of necessary treatment. The easiest and most ethical comparison in strategies 
is NECT versus any other type of contrast. Thus this is by far the most investigated compari-
son, possibly leading to a possible selection bias. Only one study evaluated rectal contrast. This 
study compared the value of non-enhanced CT versus rectal contrast and IV contrast in patients 
suspected of acute appendicitis.32 The accuracy of rectal contrast was comparable with the diag-
nostic accuracy of NECT. The diagnostic accuracy of IV contrast was higher. The possible value 
of rectal contrast lies in its ability to depict intra-luminal pathology. Nevertheless in this study 
this was not shown to be of added value. Another disadvantage of rectal contrast might be the 
logistical challenge for administration in an ED setting. Oral contrast administration was evalu-
ated in only 2 studies including patients suspected of acute appendicitis. 10,33 Oral contrast had 
no additional value when compared to IV contrast in these patients. Due to the downsides of 
oral contrast, such as patient discomfort and prolonged time due to ingestion of contrast, there 
seems little additional value of oral contrast. 

Current available evidence demonstrates that intravenous contrast provides the highest diag-
nostic accuracy in patients with acute abdominal pain. Despite the limited amount of availa-
ble studies investigating different types of contrast in selected patients intravenous contrast 
administration is also the preferred strategy for patients suspected of acute appendicitis. No 
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studies have demonstrated additional advantages of oral contrast. When balanced with the dis-
advantages such as patient discomfort currently the administration of oral contrast cannot be 
supported. Also no conclusions can be drawn regarding the additional value of rectal contrast 
since only one study investigated the potential value of rectal contrast in patients suspected of 
acute appendicitis. 
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ABSTRACT

Several studies have demonstrated that, even though medical history, physical examination and 
laboratory tests are essential parts of the workup of patients presenting with acute abdominal 
pain, a clinical diagnosis is not reliable enough. 

Traditionally, imaging work-up starts with abdominal radiography. However, numerous studies 
have demonstrated low sensitivity and accuracy of plain abdominal radiography in evaluation 
of acute abdominal pain as well as various specific diseases such as perforated viscus, bowel 
obstruction, ingested foreign body and ureteral stones. 

CT, and in particular conditional CT after negative ultrasonography, provides better work-up 
than achieved with plain abdominal radiography alone. Its benefits lie in management decisions, 
planning of surgical strategy and even possibly avoidance of negative laparotomies. 

Based on abundant available evidence, major advances in diagnostic imaging and changes in 
management of certain diseases into account, we can conclude that nowadays there is no place 
for plain abdominal radiography in the work-up of patients with acute abdominal pain.
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PLAIN ABDOMINAL RADIOGRAPHY IN EVALUATION OF 
ACUTE ABDOMINAL PAIN: THE PAST

‘Plain films are likely to remain the best method of imaging gas shadows for many years to come and 
computed tomography (CT) scanning, isotope studies and nuclear magnetic resonance are unlikely to 
play any major role in the initial investigation of the acute abdomen.’ Field et al, 19841

Shortly after the discovery of X-ray in 1895, the first X-rays were studied for medical purposes by 
Wilhelm Rontgen. During the following decades X-rays were mainly used for detecting fractures 
and foreign bodies and gradually on also used for the evaluation of various other diseases such 
as acute abdominal pain. 

Acute abdominal pain is one of the most common complaints of patients at the emergency 
department. Approximately 4-10% of the Emergency Department (ED) visits is due to acute 
abdominal pain. The diagnosis of the underlying cause of abdominal pain is complicated by the 
wide variety in presentation of symptoms and the broad spectrum of diseases that can present 
with acute abdominal pain, varying from life-threatening diseases requiring emergency surgery 
to mild self limiting causes.2 An early and accurate diagnosis is essential in decision making. Non 
optimal work-up results in unnecessary interventions or delayed treatment. 2-4

A study performed at the University of Virginia, USA, compared data of patients with acute ab-
dominal pain over a 35 year time period, in 1972, 1992 and 2007.5 The proportion of patients 
presenting with acute abdominal pain as chief complaint has remained more or less stable over 
the years, 4% in 1972, 5% in 1992 and 6.6% in 2007. 

Plain abdominal radiography was the only diagnostic imaging modality available in 1972 and 
ordered in 43% of all patients. In 1992 plain abdominal radiography was ordered in 30% of all pa-
tients. Ultrasound and CT had come into use but were barely ordered, in only 6.8% of all patients. 
In 2007, when use of ultrasound and CT was widespread, the use of plain abdominal radiography 
decreased somewhat but was still performed in a considerable percentage of patients (21%). CT 
and ultrasound were used liberally and in 42% of all patients one of these tests was performed. 
These data show increased use of CT and ultrasound and decreased use of plain abdominal ra-
diographs (approximately one third decrease) between 1992 and 2007. 

In the same time period the average time patients spent at the emergency department had risen 
from 2.9 hours average in 1992 up to 4.26 hours in 2007. Patients in whom a CT was performed 
spent an average of 6.64 hours at the emergency department compared with 3.44 hours without 
CT evaluation. 

With the increased use of CT and ultrasound diagnostic accuracy increased over the years; in 
1992 41.3% of all patients were diagnosed with non specific abdominal pain compared with 

PLAIN ABDOMINAL RADIOGRAPHY IN ACUTE ABDOMINAL PAIN
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21.1% in 2007. The number of patients admitted to the ward decreased from 27.4% in 1972 
to 18.4% in 1992. Factors contributing to the increase in diagnostic accuracy include the es-
tablishment of emergency medicine faculties and increased possibilities in laboratory tests. The 
widespread availability of various diagnostic modalities such as Computed tomography (CT), Ul-
trasound (US), Magnetic resonance imaging (MRI) and nuclear imaging probably have elicited the 
most significant change. 5-7 

Even though diagnostic accuracy increased over the years accurately diagnosing the underlying 
cause in acute abdominal pain remains a challenge. Ideally the diagnostic imaging modality for 
evaluation of acute abdominal pain should provide a balance between highest diagnostic value 
and most accurate management changes without exposing patients to unnecessary radiation, 
discomfort and protracted throughput at the emergency department while resulting in lowest 
costs for the healthcare system.

THE PRESENT; PLACE OF PLAIN ABDOMINAL RADIOGRAPHY IN 
CURRENT DIAGNOSTIC WORK-UP 

Several studies have demonstrated that, even though history taking, physical examination and 
laboratory investigations are essential parts of the workup, the clinical diagnosis is not reliable 
enough 2,8 Further diagnostic work-up such as imaging is therefore mandatory.

Traditionally, imaging work-up starts with abdominal radiography. 9 Standard abdominal radiogra-
phy consists of three views, a supine abdominal view combined with erect chest film and upright 
abdominal view. 10,11 UK and US guidelines advise abdominal x-rays in case hospital admission 
and or surgery are considered in patients presenting with acute abdominal pain. 12,13 

In a study comparing diagnosis after clinical evaluation and plain radiography with final diagnosis 
the clinical diagnosis corresponded with the final diagnosis in only 502 of the total 1021 patients 
(49%).3 Diagnosis after plain abdominal radiography corresponded with the final diagnosis in 
514 of the 1021 patients (50%). The improvement of accuracy of plain abdominal radiography 
combined with clinical examination was not significant (p= 0.14). In 117 of 1021 (11%) patients 
the treating physician changed the initial clinical diagnosis after plain abdominal radiography and 
in only 39 cases (22%) these changes were accurate. Also the level of confidence of the assigned 
diagnosis was recorded before and after plain abdominal radiography in 983 patients. In 875 pa-
tients in whom the diagnosis had not changed, the level of confidence also remained unchanged. 

Several studies demonstrate high percentage of plain abdominal radiographs without abnormal 
or specific findings. 2 studies demonstrated that 77% and 78% of all requested plain abdominal 
radiographs showed no abnormal findings. 14,15 Another study demonstrated that in only 83 of 
871 (10%) patients a specific diagnostic abnormality was noted on plain abdominal radiography.16 
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Another study analysing the added value of plain abdominal radiography on top of clinical ex-
amination showed that the management changed in only 15 patients (8.9%).17 In 90 of 153 
remaining patients (53.6%) the initial diagnosis changed due to other investigative studies and in 
63 patients the diagnosis remained unchanged after plain abdominal radiography. 

Whether plain abdominal radiography contributes to therapeutic decision or disposition remains 
questionable. Especially when negative, the additional value of plain abdominal radiographs is 
doubted. Therefore several studies suggest ordering plain abdominal radiographs only for spe-
cific indications in order to reduce the number of unnecessary requests. 11-13,18,19 Specific indica-
tions for ordering plain radiography include suspicion of perforated viscus, urinary tract stones, 
bowel obstruction and ingested foreign body.

9
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VALUE OF PLAIN ABDOMINAL RADIOGRAPHY FOR 
FREE AIR OR PERFORATED VISCUS

Case 1: Free air 

A 47 year old male presented at the ED with cramping pain in epigastric region radiating to the 
back existing for one day. Physical examination showed minor pain on palpation of the abdomen. 
Laboratory values were within normal limits. 

Abdominal radiography was ordered because of suspicion of gastro intestinal perforation.
Upright abdominal X-rays showed no abnormal findings especially no signs of free air (fig1). 

Patient was sent home, with the diagnosis muscular pain but returned to the ED the next day. 
CT abdomen showed a large amount of free intraperitoneal air and fluid leading to a high suspicion 
of gastro intestinal perforation (fig 2). 

Patient underwent an emergency laparotomy which confirmed the diagnosis of gastric perforation. 

In this case the patient was sent home because the abdominal x-ray failed to demonstrate signs of 
perforation. The subsequent abdominal CT scan demonstrated a large amount of free intra abdom-
inal air leading to his emergency laparotomy but with a significant delay.
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The demonstration of a small amount of free intra-abdominal gas remains one of the most significant 
signs in medicine. The combination of abdominal pain and a pneumoperitoneum, even in the absence 
of other clinical signs, will usually lead to a laparotomy in search of a perforated viscus. Field et al 1984 
1,20
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Proponents of conventional radiography state that plain abdominal radiography should be the 
first diagnostic modality used in suspicion of perforated viscus. It is possible, by careful radio-
graphic technique, to demonstrate as little as 1 ml of free gas on an erect chest or left lateral 
decubitus abdominal film 20 The high percentage of missed cases is due to technical imperfec-
tions instead of limitations of the test (poor quality of plain abdominal radiography, excluding the 
uppermost portion of the peritoneal cavity of the image). 21 Several studies show that in only 
55-85% of patients with perforated viscus pneumoperitoneum can be demonstrated. 22

In the study by van Randen et al changes in diagnosis of patients suspected of perforated viscus 
before and after plain abdominal radiography were compared.3 The positive predictive value was 
not significantly different before and after plain abdominal radiography. Level of confidence of di-
agnosis changed in 6 of 13 (46%) patients with the clinical diagnosis of perforated viscus. These 
data were deceived from a cohort of 1021 patients presented at the ED with acute abdominal 
pain. 2 This study showed that plain abdominal radiographs had no added value in the diagnostic 
workup. 

Serveral studies have demonstrated that plain abdominal radiography has a lower accuracy than 
other diagnostic modalities. In a study comparing ultrasonography versus plain abdominal ra-
diography in detection of pneumoperitoneum 188 patients suspected of visceral perforation 
were included 23 . All patients underwent chest and/or abdominal x-rays and ultrasonography in 
order to detect free intra peritoneal air; 165 patients had suspicion of pneumoperitoneum after 
ultrasonography and in 157 patients visceral perforation was confirmed intra operatively. After 
plain radiography 126 patients were suspected of pneumoperitoneum which was confirmed 
intra operatively in 120 patients. 

Both diagnostic modalities demonstrated high positive predictive value (95% in ultrasound and 
94% in radiography) and similar specifity (53%). Nevertheless ultrasound had a higher sensitivity 
(92% vs 78%), accuracy (88% vs 76%) and negative predictive value (39% vs 20%). 

CT has proven to be the most accurate investigation for evaluation of pneumoperitoneum.24 A 
small study compared CT with plain radiographic evaluation in 13 patients who underwent diag-
nostic peritoneal lavage (DPL) due to abdominal trauma. 24 Only 5 of 13 patients (38%) demon-
strated free air on radiography compared with 13 out of 13 patients on CT. In another study CT 
and, if available, plain radiographs of 76 patients with proven perforation of the alimentary tract 
were retrospectively reviewed. 25 In 65 of 76 patients CT were true positive, and in 11 patients 
false negative. The cause of perforation was correctly predicted in 51 (78%) of all patients and 
location was correctly predicted in 55 patients (84.6%) on CT. In 63 patients plain radiographs 
were performed, of which 32 (52%) were true positive and 31 (48%) were false negative for the 
presence of a perforation. 
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Available evidence demonstrates that, even though the positive predictive value of plain abdom-
inal radiography is similar to other diagnostic modalities, the sensitivity and negative predictive 
value are by far too low. Additional value of CT scans is the possibility to provide more infor-
mation about location of perforation and underlying cause or provide alternative diagnosis. In 
current practice the high number of missed cases after plain abdominal radiography is unaccept-
able and therefore the additional value of negative plain abdominal radiography is very limited. 
Moreover, a plain abdominal radiograph that is positive for free air carries limited information 
about location and underlying cause hence an additional CT scan will often be made so the op-
erative strategy can be adapted to the specific case. Surgery without being confidently informed 
about the site of perforation is a conceptual mistake and should nowadays be considered as 
substandard clinical practice (not all free air is caused by a perforated ulcer). There is no room 
for abdominal x-rays in the evaluation of patients suspected of visceral perforation or, for that 
matter, in any patient with acute abdominal pain. 
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VALUE OF PLAIN ABDOMINAL RADIOGRAPHY IN 
DETECTION OF URINARY TRACT STONES

Case 2: urinary tract stones 

A 36 year old female presented at the ED with left sided abdominal pain for 6 hours. Laboratory val-
ues showed elevated inflammatory parameters (Leucocyte count 15.3 and C-reactive protein (CRP) 
44). Clinically patient was suspected of bowel obstruction or kidney stones, and an abdominal x-ray 
was ordered (fig 3). Abdominal x-ray demonstrated no abnormalities besides multiple clips related 
to previous bowel surgery. CT abdomen demonstrated hydronephrosis and signs of pyelonephritis 
of left kidney due to an obstructing urethral stone (fig 4). 
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Ideally, the standard imaging modality for detecting urinary tract stones should provide informa-
tion about size, site and composition of ureteral stone and the presence of ureteral obstruction.

Most ureteral stones can be identified as calcification causing a filling defect or ureteral obstruc-
tion on plain abdominal radiographs. 1 A plain film of the abdomen including kidney, ureter and 
bladder has shown sensitivity ranging from 44% up to 77% and specifity in detection of stones 
from 80% to 87%.26-28 

When diagnosis of patients suspected of ureteral stones was compared before and after plain 
abdominal radiography with the final diagnosis the change in diagnosis was correct in 6 of 11 
patients (55%).3 Level of confidence in diagnosis remained the same as well as positive predicting 
value which was 57% after clinical evaluation and 58% after radiographs. 

Another study concluded that plain abdominal radiography had a sensitivity of 45% and specifity 
of 77% for the detection of ureteral calculi.29 The advantage of CT over plain abdominal radiog-
raphy is that alternative diagnosis can be provided if suspicion of urolithiasis is not confirmed. 
Also additional information can be obtained, such as size and location which are crucial factors 
that guide therapy. CT has replaced the use of plain abdominal radiography and intravenous 
urography (IVU) in the detection of ureteral stones. 
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VALUE OF PLAIN ABDOMINAL RADIOGRAPHY IN 
DETECTION OF BOWEL OBSTRUCTION

Case 3: Bowel obstruction 

A 59 year old female presented at the ED with complaints of nausea, vomiting and abdominal pain 
for 1 day. Physical examination demonstrated abdominal tenderness in all quadrants. Laboratory 
values were within normal limits with exception of slighty raised inflammatory parameters (CRP 17, 
Leucocyte count 8)
The attending physician suspected bowel obstruction and ordered an abdominal x-ray. (fig 5) Ab-
dominal x-ray showed no abnormalities besides minimal dilation of small bowel. CT demonstrated 
dilated small bowel loops, collapsed large bowel loops and a change in diameter due to a herniation 
of small bowel into the right musculus rectus abdominus (fig 6). Images were suggestive of an in-
carcerated herniation. After reduction of herniation at the ED her complaints disappeared and she 
made an uneventfull recovery. 
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Bowel obstruction is a common cause of acute abdominal pain. About 7% of all patients with 
acute abdominal pain were diagnosed with bowel obstruction. Imaging in patients suspected of 
bowel obstruction should provide information about the site, cause and level of obstruction. 30

Plain abdominal radiography is advocated as standard diagnostic modality in the detection of 
bowel obstruction. 12,13 Plain abdominal radiographic findings have been proven to be diagnostic 
in 50-60% of patients, indifferent in 20-30% and misleading in 10-20% of patients.31  

The sensitivity of plain abdominal radiography after clinical evaluation was significantly higher 
than clinical evaluation only, respectively 74% versus 57%. 3 Changes in diagnosis after plain 
abdominal radiography were correct in only 16 of 24 patients (66%) and level of confidence 
remained unchanged in 32 of 71 patients (52%). When using a score card of clinical features, 
sensitivity of clinical evaluation was similar in comparison with clinical evaluation combined with 
plain abdominal radiography. 3

Frager et al compared diagnosis after clinical evaluation combined with plain abdominal radiogra-
phy or CT.32 In patients with complete obstruction CT demonstrated a sensitivity of 100% com-
pared with 46% after plain abdominal radiography. For partial obstruction CT had a sensitivity 
of 100% and plain abdominal radiography 30%. Of the 61 patients who underwent surgery 52 
patients had the correct pre-operative diagnosis (85%) based on CT findings. The exact location 
of obstruction was correctly diagnosed in 50 of 53 patients (94%) on CT. 

The diagnostic accuracy of CT is superior to plain abdominal radiography. Additional to its higher 
sensitivity, the main advantage of CT is the ability to provide information about the underlying 
cause of obstruction or to provide information about alternative diagnosis if no signs of bowel 
obstruction are present. CT leads to more accurate management and aid in pre-operative plan-
ning.
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INGESTED FOREIGN BODY: 

Case 4: foreign body

A 35 year old male presented at the ED with acute abdominal pain, tachycardia and a diffusely 
tense abdomen. Patient at that time admitted to the ingestion of 8 packets of drugs 3 days earlier. 
An abdominal x-ray was made to confirm ingestion of packets and clarify the location and exact 
number of packets needed to be removed at laparotomy. At least 4 packets were identified on 
abdominal x-ray and patient underwent a laparotomy due to signs of intoxication (fig 7); 8 packets 
of drugs are identified and surgically removed from small bowel. Patient remains painfull and tach-
ycardic post-operative and therefore a CT is performed 24 hours after laparotomy showing another 
5 packets of drugs in stomach and ileum (fig 8).

Diagnostic imaging is not necessary in all cases of ingested foreign bodies. The decision to per-
form additional diagnostic investigations should be made if clinically relevant in particular when 
surgery is considered. Most foreign bodies pass through the gastrointestinal tract harmlessly. If 
patients are symptomatic or if the ingested foreign body can potentially be dangerous for the 
patient additional investigations should be made. 

Plain radiography has been suggested as standard method of localisation. Plain abdominal radi-
ography demonstrates a sensitivity of 90%, specifity of 100% and accuracy of 100% for ingested 
foreign bodies but it should be kept in mind that the foreign body has to be radio-opaque to be 
seen on plain abdominal radiography . 16 There is no evidence available whether CT has a higher 
sensitivity and specifity in case of ingested foreign bodies than plain abdominal radiography but 
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the advantage of CT is the ability to provide information about location of the foreign body which 
is a prerequisite when surgical treatment is planned. 

Body packers form a specific catergory. Body packers orally ingest or rectally or vaginally insert 
packed drugs in order to smuggle. Plain abdominal radiography is used to establish the diagnosis 
and is considered the gold standard. 33 If plain abdominal radiography is negative or inconclusive 
but high suspicion of body packing remains a CT should be made. Sensitivity of plain abdominal 
radiography is between 85-100% but CT has a higher sensitivity and additionally provides a 
more accurate information about number and location of packages. The plain abdominal radio-
graph demonstrates a high number of false negative x-rays which could be due to overprojection 
of faeces and method of packaging. 34 

There is no solid evidence that CT has a higher sensitivity or diagnostic accuracy than plain ab-
dominal radiograph. The value of CT lies in pre-operative planning. The low negative predicting 
value of plain abdominal radiography leads to the conclusion that if clinically relevant a CT should 
be used as diagnostic modality of choice. 

THE FUTURE; IS THERE A PLACE FOR PLAIN ABDOMINAL 
RADIOGRAPHY IN DIAGNOSTIC WORK UP? 

In spite of the recent proliferation of other imaging techniques, plain films still retain their position as 
one of the most useful initial investigations Field et al, 19841 

Imaging techniques such as CT, Ultrasound and MRI have shown to substantially increase di-
agnostic accuracy 5 and have thereby decreased the added diagnostic value of plain abdominal 
radiography in clinical setting significantly. Despite recent abundant evidence of its limited value 
many physicians still rely on plain abdominal radiography as simple, cheap and widely available 
first diagnostic modality with lower radiation exposure than CT. Proponents of plain abdominal 
radiography advocate the use to prevent high radiation exposure in patients due to unneces-
sary CT imaging. The average plain abdominal radiograph exposes the patient to 0.7 mSv and 
abdominal CT exposes the patient to 10.0 mSv. 13,35New techniques such as automated dose 
modulation and iterative reconstruction algorithm reduce CT radiation dose.

A recent study to identify the most effective diagnostic strategy for patients with acute abdom-
inal pain has demonstrated that the highest sensitivity in detecting urgent diagnosis is achieved 
when ultrasonography is performed in all patients and a CT only in case of inconclusive or neg-
ative ultrasonography (conditional CT strategy). 30 In this strategy CT use is only needed in 49% 
of patients. 

Even though CT exposes patients to a higher radiation dose it still remains the preferred standard 
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diagnostic modality if ultrasound fails to correctly diagnose the cause of acute abdominal pain. 
Plain radiography demonstrates low sensitivity and accuracy and therefore is generally unhelpful 
and because of its low sensitivity and negative predictive value misleading in the work up of 
acute abdominal pain. Although the dose is lower than CT, the mediocre test characteristics of 
plain radiography which may delay appropriate treatment, are detrimental

Numerous studies have demonstrated low sensitivity and accuracy of plain abdominal radiogra-
phy in evaluation of acute abdominal pain as well as various specific diseases such as perforated 
viscus, bowel obstruction, ingested foreign body and ureteral stones. 

CT provides better work-up than achieved with plain abdominal radiography alone and its ben-
efits lie in management decisions, help adapt surgical strategy and even possibly avoid negative 
laparotomies. 

Based on abundant available evidence, major advances in diagnostic imaging and changes in 
management of certain diseases into account, we can conclude that nowadays there is no place 
for plain abdominal radiography in the work-up of patients with acute abdominal pain.
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ABSTRACT

Scientific research has demonstrated that the diagnostic accuracy of plain abdominal x-rays is 
lower than of other imaging modalities such as CT or ultrasonography in patients with acute ab-
dominal pain. Nevertheless, plain x-rays are continuously being used in daily practice. There are 
several similar examples where the implementation of new evidence into clinical practice seems 
difficult. Apparently other factors such as experiences of the doctor and psychological processes 
make it hard to translate clear scientific evidence into daily practice.
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‘Plain films are likely to remain the best method of imaging for many years to come and computed 
tomography scanning, isotope studies and nuclear magnetic resonance are unlikely to play any major 
role in the initial investigation of the acute abdomen.’ (1) 

This quote comes from the early eighties. For years it was thought that the plain abdominal 
x-ray was the best imaging modality to diagnose patients with acute abdominal pain. (1) How-
ever, technological advances have contributed to an explosive development and use of imaging 
modalities such as ultrasound and CT. (2,3) Subsequently, this has not only increased the use of 
imaging techniques, but also the research on the value of these techniques. (2,4) 

Scientific research has shown that the diagnostic accuracy of the plain abdominal x-ray is much 
lower than of other imaging modalities such as ultrasound and CT in adult patients with acute 
abdominal pain. (5) Plain abdominal x-rays did not change the diagnostic accuracy after clinical 
evaluation. CT caused the largest increase in accuracy after clinical evaluation, but the strategy 
in which an ultrasound was made primarily, subsequently supplemented by a CT in case the 
ultrasound was negative or inconclusive, resulted in the highest sensitivity and lowest exposure 
to ionizing radiation. (2)

With all this convincing evidence that the plain abdominal x-ray yields no added value to the 
work-up of patients with acute abdominal pain, the question remains why plain abdominal x-rays 
are still frequently requested. Different arguments are brought forward in support of maintaining 
the plain abdominal x-ray for this indication. A proposal to no longer use the plain abdominal 
x-ray was reproached for being ‘an acute clinical incompetency’.
A doctor responded: “An X-ray may help the patient, family and ER physician feel better ...”

Change is difficult
Medical specialists face an annually increasing quantity of new scientific information. In the past 
10 years alone, the number of published RCT’s doubled in the area of surgery. This large amount 
of information induces a large gap between science and practice.

The Health Council concluded years ago that the translation of new scientific evidence into clini-
cal practice is difficult. In their progress report “learning from implementation” the Health Council 
advises that the flow of data can best be summarized and structured using guidelines. (6) On 
the other hand, guidelines are not beatific. Research has shown that even with guidelines, there 
is a great diversity in the compliance of recommendations, ranging from 0% to nearly 100%. (7) 
Successful implementation of scientific evidence is also determined by factors such as tradition, 
sentiments and experiences of the doctor. (6) This phenomenon has previously been defined 
as the Semmelweis-reflex; the reflex-like tendency to reject new evidence or new knowledge 
because it contradicts established norms, beliefs or paradigms (http://semmelweis.org/?s=sem-
melweis+reflex). The term Semmelweis-reflex originated from the story of Ignaz Semmelweis 
who showed that mortality from puerperal fever was significantly reduced by washing hands with 
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bleach. His research was rejected, he was fired and only many years later, when the germ theory 
was developed by Louis Pasteur and Joseph Lister, washing hands was fully accepted.

It’s human nature to not evaluate relevant evidence objectively. People intrinsically tend to disre-
gard information that does not fit our preconceptions and give too much weight to confirmatory 
cues (consonant evidence) and too little to dissenting cues (dissonant evidence). This tendency 
is called a confirmation bias. (8)

Our subjective logical reasoning affects our decisions too. (9) An example of the effect of rea-
soning is found in the planned relaparotomy in patients with severe secondary peritonitis. The 
underlying “logical” reasoning is that a persistent sepsis is detected earlier this way and can 
therefore be treated better. This strategy has been used for decades because it seems logical, 
but the reasoning is based on assumptions. Meanwhile, scientific research has shown that active 
surveillance, i.e. a relaparotomy on demand instead of a planned relaparotomy, yields better re-
sults and can forestall unnecessary surgeries. (10)

Pointless plain abdominal x-ray
The persistent use of the plain abdominal x-ray is likewise explained by logical reasoning and 
a number of biased assumptions. It is a fast and available test, with little adverse effects on 
patients. The cost and radiation dose are lower than a CT scan. In contrast to ultrasonography, 
there is no need for a radiologist to be present in the hospital to carry out the procedure. Histor-
ically, many doctors (wrongly) place a high diagnostic value on the plain abdominal x-ray. Ruling 
out major life threatening abdominal pathology provides the doctor with a safe feeling, while 
there is already modern evidence invalidating this belief. Furthermore, many doctors have years 
of experience interpreting plain abdominal x-rays themselves, allowing it to feel familiar.

If we look at the scientific facts about the plain abdominal x-ray and compare them with other di-
agnostic modalities, it shows that the accuracy is not high enough for use in the daily practice. (2) 
Our clinical diagnosis altered only a few times based on the plain abdominal x-ray. In the OPTIMA 
study, the original diagnosis was not altered in 89% of patients following the plain abdominal 
x-ray. In 117 of 1021 patients (11%) the diagnosis did alter after evaluating the plain abdominal 
x-ray. However, this change was correct in only 4% of patients and incorrect in 7% of patients. 
(5) In addition, the number of false-negative diagnoses after plain abdominal x-ray is excessive. 
(2) The plain abdominal x-ray simply does not add value to the diagnostic process, neither on top 
of the clinical diagnosis nor for classic indications such as perforation and ileus. (2,5)

The plain abdominal x-ray may have less logistical barriers than CT or ultrasound, but why should 
we expose patients to a test with no added value, especially if it can lead us astray. When we 
allow ourselves to recognize our own Semmelweis-reflex, the path towards new insights will 
become a much easier one.
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ABSTRACT

Introduction Diagnostic practice for acute abdominal pain at the Emergency Department varies 
widely and is mostly based on doctor’s preferences. We aimed to develop an evidence based 
guideline for the diagnostic pathway of patients with abdominal pain of non-traumatic origin. 

Methods All available international literature on patients with acute abdominal pain was iden-
tified and graded according to their methodological quality by members of the multidisciplinary 
steering group. A guideline was synthetized providing evidence based recommendations togeth-
er with considerations based on expertise of group members, patient preferences, costs, availa-
bility of facilities and organizational aspects. 

Conclusions and recommendations Definition: Uniform terminology is needed in patients with 
acute abdominal pain to avoid difficulty in interpretation and ease comparison of findings be-
tween studies. We propose the use of the following definition for acute abdominal pain: pain of 
non-traumatic origin with a maximum duration of 5 days. 
Clinical diagnosis: Clinical evaluation is advised to differentiate between urgent and non-ur-
gent causes. The diagnostic accuracy of clinical assessment is insufficient to identify the correct 
diagnosis but can discriminate between urgent and non-urgent causes. Patients suspected of 
non-urgent diagnoses can safely be re-evaluated the next day. Based on current literature no 
conclusions can be drawn on the differences in accuracy between residents and specialists. 
No conclusions can be drawn on the influence of a gynaecological consultation. In patients 
suspected of an urgent condition additional imaging is justified. CRP and WBC count alone are 
insufficient to discriminate urgent from non-urgent diagnoses. 
Diagnostic imaging: There is no place for conventional radiography in the work-up of patients 
with acute abdominal pain due to the lack of added value on top of clinical assessment. Comput-
ed tomography leads to the highest sensitivity and specificity in patients with acute abdominal 
pain. Positive predictive value of ultrasound is comparable with CT and therefore preferred as 
first imaging modality due to the downsides of computed tomography; negative ultrasound is 
followed by CT. Based on current literature no conclusions can be drawn on the added value 
of a diagnostic laparoscopy in the work-up of patients with acute abdominal pain. Antibiotic 
treatment should be started within the first hour after recognition of sepsis. Administration of 
opioids (analgesics) decreases the intensity of the pain and does not affectthe accuracy of phys-
ical examination.
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INTRODUCTION

Acute abdominal pain is a common complaint of patients presenting at the Emergency Depart-
ment(1). Approximately 10% of presentations at the Emergency Department is because of acute 
abdominal pain(2). Acute abdominal pain can be caused by a variety of diseases ranging from 
mild and self-limiting to life threatening diseases(2). 

An early and accurate diagnosis results in more accurate management and subsequently leads 
to better outcomes. Causes for acute abdominal pain can be classified as urgent or non-urgent. 
Urgent causes require immediate treatment (within 24 hours) to prevent complications, whereas 
for non-urgent causes immediate treatment is not necessary(2). Most common urgent causes are 
acute appendicitis, acute diverticulitis and bowel obstruction. Most common non-urgent causes 
are non-specific abdominal pain (NSAP) and gastro-intestinal diseases.

Complaints of acute abdominal pain can be very non-specific at start and evolve to more disease 
specific symptoms over time. This increases the difficulty of an accurate identification of the 
cause of acute abdominal pain. The first step in the diagnostic pathway is clinical evaluation. In 
daily practice a preliminary diagnosis will be made based on medical history, physical examination 
and in some cases laboratory parameters. After clinical assessment the decision can be made to 
perform additional diagnostic investigations to increase certainty of the diagnosis. 

The use of additional imaging modalities such as plain radiography, ultrasound and computed 
tomography (CT) has increased over the years. Only a few decades ago, when imaging was not 
widely available and its diagnostic accuracy was low, patients would immediately proceed to the 
operating theatre. However, many causes can be treated conservatively and do not benefit from 
diagnostic laparoscopy and laparotomy(3).

The increase in use of diagnostic modalities also has downsides. Imaging can lead to higher costs, 
a protracted patient throughput at the emergency department, and an increased risk of negative 
side effects such as contrast induced nephropathy and ionizing radiation exposure. To date the 
effect of the increased use of imaging on cost-effectiveness of treatment of patients with acute 
abdominal pain remains unknown. 

Despite the increased use of imaging modalities, acute abdominal pain remains a major diag-
nostic challenge. The underlying cause for the acute abdominal pain can be in the area of many 
different specialties such as gynaecology, surgery, internal medicine and urology. This leads to a 
large variation in choice of diagnostic modalities and treatment. Diagnostic practice varies within 
hospitals and within specialties, mostly lead by doctor’s preferences. 

This guideline was developed to standardize the diagnostic pathway of patients with acute ab-
dominal pain and provide doctors with evidence based support in their decision making process. 
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A multidisciplinary steering group developed the national guideline based on all available interna-
tional literature regarding the diagnostic pathway in patients with acute abdominal pain making 
the guideline internationally applicable. 

METHODS

The development of this guideline was initiated by the Association of Surgeons of the Neth-
erlands in collaboration with the Dutch societies of Radiology, Gynaecology and Obstetrics, 
Emergency Physicians, Internal medicine and the Dutch College of General Practitioners. Meth-
odological support was provided by the Knowledge Institute of Medical Specialists. The guide-
line was drafted in accordance with the requirements of the AGREE II instrument (Appraisal of 
Guidelines for Research & Evaluation II) (www.agreecollaboration.org), an internationally accept-
ed instrument for the evaluation of the quality of guidelines. 

A steering group was formed with representatives of each participating society. The steering 
group consisted of 2 surgeons, 2 radiologists, an internist, a gynaecologist, an emergency phy-
sician and a general practitioner. No specific patient group consisting of patients with acute ab-
dominal pain exists. The patients’ views and preferences were therefore described based on ex-
isting literature. The steering group identified the most important bottlenecks and divided these 
into areas of relevance: incidence of acute abdominal pain, clinical diagnosis, imaging modalities, 
invasive diagnostic tests and treatment during the diagnostic pathway. Twelve clinical questions 
were derived from these areas of relevance: terminology and definitions, diagnostic accuracy of 
medical history, physical examination and laboratory parameters, difference in diagnostic accu-
racy between residents and staff, additional value of consultation of gynaecologist on diagnostic 
accuracy, diagnostic accuracy of outpatient re-evaluation the following day, diagnostic accuracy 
of laboratory parameters in differentiating urgent from non-urgent conditions, diagnostic accura-
cy of conventional radiology, diagnostic accuracy of ultrasound, diagnostic accuracy of computed 
tomography (including assessment of influence of various methods of administration of contrast 
agents), diagnostic accuracy of MRI, diagnostic accuracy of diagnostic laparoscopy, indications 
for antibiotic treatment during the diagnostic pathway and influence of analgesics on the relia-
bility of physical examination. 

Search
The authors performed a systematic search of the literature in collaboration with the literature 
specialist of the Knowledge Institute of Medical Specialists. The Embase, Medline and Cochrane 
databases were searched using keywords, MESH terms and free text words for acute abdominal 
pain. The complete search strategy is added in Appendix 1. Systematic reviews and meta-anal-
yses were hand searched for additional relevant articles. An additional search was performed to 
identify existing guidelines in Sum Search, National Guideline Clearinghouse and in online search 
engines. Reference lists of guidelines were also hand searched for relevant articles.  
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Titles and abstracts of all articles were screened for eligibility using a pre-defined set of inclusion 
criteria. Studies describing a subpopulation of patients with acute abdominal pain or a specific 
cause for acute abdominal pain were excluded. Only studies with adult patients (>18 years) were 
eligible for inclusion. Studies describing patients with abdominal pain due to traumatic origin, 
known intra-uterine pregnancy, haemorrhagic or, post-operative shock, chronic abdominal pain 
and gastro-intestinal bleeding were excluded. Included articles were then redistributed and as-
signed to the relevant clinical questions. 

Critical Appraisal
Members of the steering group graded the quality of the included articles using the nation-
al classification system for evidence- based guideline development (www.cbo.nl). Articles were 
classified according to the type of study and their methodological quality using the EBRO meth-
odology.(4) 

The relevant literature data for each clinical question was summarized in evidence tables and a 
conclusion was drawn. The guideline provides recommendations based on the literature conclu-
sions together with considerations based on expertise of the steering group members, patient 
preferences, costs, availability of facilities and organizational aspects. The patients’ preferences, 
costs, availability of facilities and organizational aspects are described throughout the manuscript 
and not discussed separately. 

The draft guideline was submitted to the involved societies for their comments. These comments 
were discussed within the steering group. Amendments were made based on the comments. Af-
ter these amendments the guideline was sent to all the involved societies for their approval and 
authorization leading to the final version of the guideline for the diagnostic pathway in patients 
with acute abdominal pain. 

RESULTS

Terminology and definitions
In current literature several terms and definitions are used to describe patients with acute ab-
dominal pain. The most common terms used are ‘acute abdomen’ and ‘acute abdominal pain’. In 
this guideline the term ‘acute abdominal pain’ is a synonym of ‘acute abdomen’ and defined as 
abdominal pain of non-traumatic origin with a maximum duration of 5 days. 

Acute abdominal pain can be caused by a variety of underlying causes. Causes differ in severity 
and not all causes for acute abdominal pain need immediate treatment to prevent severe compli-
cations. For this guideline the classification of urgency as proposed by Lameris et al was used (5). 
Conditions not requiring treatment within 24 hours to prevent complications were classified as 
non-urgent conditions. Conditions requiring treatment within 24 hours are referred to as urgent 
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conditions. 

Conclusions and recommendations
Uniform terminology is needed in patients with acute abdominal pain to avoid difficulty in inter-
pretation and ease comparison of findings between studies. We propose the use of the following 
definition for acute abdominal pain: pain of non-traumatic origin with a maximum duration of 5 
days. Acute abdominal pain can be divided into urgent and non-urgent causes according to the 
classification of Lameris et al(2,5). 

Clinical diagnosis
The first step in the diagnostic pathway is clinical evaluation. Based on medical history, physical 
examination and laboratory parameters a physician will decide whether additional investigations 
are necessary. Diagnostic accuracy of clinical evaluation has to be high enough to justify this 
decision. Most studies have analysed the combination of medical history, physical examination 
and laboratory parameters, and not the separate elements. The diagnosis after clinical evaluation 
is compared to the reference diagnosis to establish the diagnostic accuracy. Only studies using 
imaging, pathology and/or surgery reports as a reference standard for the final diagnosis were 
included.

Diagnostic accuracy of medical history, physical examination and laboratory parameters
The diagnosis based on medical history and physical examination is correct in 43-59% of pa-
tients with abdominal pain ((Evidence level (EL) B)(6,7)). The diagnosis based on medical history, 
physical examination and laboratory parameters is correct in 46-48% of patients with abdominal 
pain ((EL A2)(2,8)). The diagnostic accuracy increased when the outcome of clinical evaluation 
was the differentiation between urgent and non-urgent conditions, and not so much a specific 
diagnosis. Sensitivity of medical history, physical examination and laboratory values is higher for 
differentiating urgent from non-urgent conditions than for a specific diagnosis (EL A2)(2) (appen-
dix 2, table 2.1). No scoring systems that increase diagnostic accuracy were found for patients 
with acute abdominal pain. 

Difference in diagnostic accuracy between residents and staff
The inter-observer agreement between residents and staff is moderate for several aspects of 
medical history and physical examination (κ = 0.29-0.74)(9,10). The agreement between resi-
dents and emergency physicians for additional diagnostic imaging is sufficient (κ = 0.6) (9). 

Research of differences in diagnostic accuracy between residents and staff is hampered by a 
methodological difficulty. In daily practice the resident first examines the patient and staff mem-
bers will examine the patient afterwards, usually after imaging has been done. The presentation 
can change over time and differ between the examination moments. This could influence the 
reliability of the comparison. Ideally two observers would examine the patient under exactly the 
same circumstances. (appendix 2, table 2.2). 
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Additional value of consultation of gynaecologist on diagnostic accuracy
No studies have analysed the influence of consultation of a gynaecologist on the diagnostic 
accuracy in female patients with acute abdominal pain. Based on expert opinion of members of 
the steering committee and members of the Dutch Society of Gynaecology and Obstetrics an 
advice was formed. Consultation of a gynaecologist is advised if there is no reasonable non-gy-
naecological explanation for the abdominal pain in female patients. Pelvic inflammatory disease 
(PID), extra uterine pregnancy or ovarian torsion, are considered urgent gynaecological causes. 
If an urgent gynaecological diagnosis is suspected consultation should be performed during the 
first presentation at the Emergency Department. If a non-urgent gynaecological diagnosis is 
suspected, consultation can take place at the outpatient clinic. 

Diagnostic accuracy of outpatient re-evaluation the following day
Outpatient re-evaluation of patients suspected of a non-urgent condition after clinical evaluation 
led to a change in diagnosis in 35%, a change in management in 19% and a change from conserv-
ative to surgical treatment in 4.5% of patients ((EL B) (11)). Outpatient re-evaluation of patients 
suspected of a non-urgent condition after clinical evaluation and ultrasound led to a change in 
diagnosis is 18%, change in management in 13% and a change from conservative to surgical 
treatment in 3% of patients ((EL B) (11)) (appendix 2, table 2.3). 

Diagnostic accuracy of laboratory parameters in differentiating urgent from non-urgent conditions
In a large number of underlying conditions for acute abdominal pain (inflammatory and non- in-
flammatory conditions) the values of C-reactive protein and white blood cell count (WBC) can 
be elevated ((EL C) (12)). C-reactive protein has a moderate sensitivity (79%) and low specificity 
(64%) for an urgent diagnosis in patients with abdominal pain at the ED ((EL C)(13)). Lipase 
and amylase are elevated in 13% of patients with other than pancreatic conditions. In 1-2% of 
patients levels of lipase and amylase are elevated more than three times their reference values 
((EL C) (14)). Sensitivity of C-reactive protein and WBC count is too low (31-41% for CRP>50 
mg/l and 66-78% for WBC> 10x10^9/L) to discriminate urgent from non-urgent conditions. 
The specificity is 90% for CRP> 50mg/l and 66% for WBC> 10x10^9/L ((EL A)(2,11) (EL B) (8)). 
A CRP> 100mg/l has a sensitivity between 16-23% and a specificity of 75-96% for urgent di-
agnoses ((EL A)(2,11) (EL B) (8)). A WBC > 15x10^9/L has a sensitivity between 25-36% with a 
specificity between 76-92% for an urgent diagnosis ((EL A)(2,11) (EL B) (8)). A CRP> 50mg/l com-
bined with WBC > 10x10^9/L has a sensitivity between 25-76% and a specificity of 67-89% 
((EL A)(2,11) (EL B) (8)). A CRP > 100mg/l combined with a WBC> 15x10^9/L has a sensitivity of 
7-14% and a specificity 86-98% ((EL A)(2,11) (EL B) (8))(appendix 2, table 2.4).

Conclusions and recommendations
The diagnostic accuracy of medical history and physical examination is insufficient to reach a 
correct diagnosis (level 2 ((6,7)). The diagnostic accuracy of medical history, physical examina-
tion and laboratory parameters is also insufficient to accurately identify the correct diagnosis 
(level 1 (2,8)). However, the diagnostic accuracy of medical history, physical examination and/or 
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laboratory parameters is sufficient to discriminate between urgent and non-urgent causes and 
justify the choice for additional imaging in suspected urgent conditions (level 2 ((2)). Patients 
suspected of a non-urgent condition need no admission and can return to the outpatient clinics 
for re-evaluation the next day(11). Based on current literature no conclusions can be drawn on 
the differences in accuracy between residents and specialists. No conclusions can be drawn on 
the influence of a gynaecological consultation. The expert committee advises a gynaecological 
consultation during the ED presentation when an urgent gynaecological diagnosis is suspected. 
When a non-urgent gynaecological diagnosis is suspected the gynaecologist can be consulted 
at the outpatient clinic. 

If patients present with mild symptoms, and after clinical evaluation the suspicion of an urgent 
condition is low, outpatient re-evaluation is a safe alternative instead of additional imaging(11). 
In patients with a high suspicion of an urgent condition after clinical evaluation additional imag-
ing is needed (level 2 ((11)). CRP and WBC count alone are insufficient to differentiate urgent 
from non-urgent conditions. When clinically no urgent condition is suspected but the CRP is 
above 100mg/l or the WBC count is above 15x10^9/L, the suspicion of an urgent condition 
rises and additional imaging is warranted (level 1 (2,8,11). Initially on presentation at the Emer-
gency Department only CRP and WBC count should be determined. Other laboratory tests can 
be determined based the suspicion of a specific diagnosis after medical history and physical 
examination . 

Imaging modalities
An early and accurate diagnosis facilitates earlier targeted treatment and is of utmost impor-
tance. Several studies have demonstrated that the accuracy of clinical evaluation is insufficient 
for the correct specific diagnosis (2,8,11). Additional imaging modalities can increase diagnostic 
certainty. Several imaging modalities such as conventional (plain) radiography, ultrasound, CT and 
Magnetic Resonance Imaging (MRI) have been increasingly used over the years. 
  
Diagnostic accuracy of conventional radiography (plain chest and abdominal radiography)
Conventional radiography has a diagnostic accuracy of 47-56% ((EL A2) (2,15)). Conventional 
radiography correctly diagnosed the presence of a cause in 47% of patients ((EL A2)(16)). Con-
ventional radiography does not have an added value on top of clinical assessment in correctly 
discriminating between urgent and non-urgent causes ((EL A2)(2)). Conventional radiography 
leads to a high percentage of false positive and false negative diagnoses (17,18). Even for spe-
cific causes such as suspected perforated viscus, urolithiasis or foreign bodies there is no added 
value (18). Only for bowel obstruction conventional radiography has a higher sensitivity than 
clinical evaluation (74% vs 57%). However, it is impossible to diagnose the underlying cause for 
the bowel obstruction with conventional radiography only (appendix 2, table 2.5). 

Diagnostic accuracy of ultrasound
The diagnosis based on clinical assessment and ultrasound corresponds with the final diagnosis 
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in 53-83% of patients ((EL A2)(2,19–21). In 70% of patients an urgent diagnosis was correctly 
identified based on clinical assessment and ultrasound ((EL A2)(2)). When compared to comput-
ed tomography the sensitivity and specificity of ultrasound are lower. However, ultrasound has 
a few advantages over computed tomography. Ultrasound is widely available, also during on call 
hours, and carries no risk of ionizing radiation exposure or contrast induced nephropathy. The 
downside of ultrasound is the possibility of inter-examiner variability (appendix 2, table 2.6). 

Diagnostic accuracy of computed tomography (including assessment of influence of various methods 
of administration of contrast agents)
The diagnosis based on clinical assessment and conventional radiography combined with com-
puted tomography corresponded with the final diagnosis in 61.6-96% of patients ((EL A2)
(2,15,22–25). Clinical assessment and computed tomography combined correctly identified an 
urgent cause in 89% of patients ((EL A2)(2)). No included study had evaluated the method of 
administration of contrast media (oral, rectal, enteral, intravenous or none). The use of computed 
tomography leads to the highest sensitivity and specificity of all imaging modalities. When dis-
criminating urgent from non-urgent conditions the sensitivity for computed tomography is 89% 
and the specificity is 77%. However, computed tomography has major downsides such as the risk 
of contrast induced nephropathy and exposure to ionizing radiation. 

The steering group advises the use of intravenous contrast in preference to other methods of 
contrast administration. Oral contrast administration delays computed tomography for hours 
and other methods of contrast administration provide little additional information. The use of 
intravenous contrast media could lead to contrast induced nephropathy (CIN). However, this 
evidence is based on studies with intra-arterial contrast administration. More recent studies have 
demonstrated that the risk of CIN is minimal when the eGFR (glomerular filtration rate) is above 
45ml/min/1,73m^2(26–29). Preventive measures such as pre-hydration can decrease the risk 
of CIN. In daily practice this might be impossible for every patient. In urgent situations, correctly 
diagnosing the underlying pathology (and subsequently earlier start of treatment) is more impor-
tant than the possible risk of CIN. Therefore, computed tomography can be performed without 
preventive measures and without prior ultrasound in critically ill patients (appendix 2, table 2.7). 

Diagnostic accuracy of a conditional computed tomography strategy
Ultrasonography as a single test has a lower diagnostic accuracy compared with CT(2). Howev-
er, ultrasonography has less downsides such as the risk of contrast induced nephropathy and 
exposure to radiation. Another option is to perform a CT scan after negative or inconclusive 
ultrasonography (conditional computed tomography strategy). The use of this strategy reduces 
the use of CT and increases diagnostic accuracy. The conditional computed tomography strategy 
has a sensitivity of 94% and a specificity of 68%. 

Diagnostic accuracy of MRI
No studies have been performed analysing the diagnostic value of MRI in patients with acute 
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abdominal pain. In the future there might be a place for MRI in the assessment of patients with 
acute abdominal pain. Recent studies have demonstrated that MRI is sufficiently accurate to di-
agnosis appendicitis and diverticulitis (30,31). The advantage of MRI over computed tomography 
is that no administration of contrast media is necessary and that there is no ionizing radiation 
exposure. The downside is that MRI scanners are not widely available yet and that the assess-
ment of MRI images needs specific training (32). For pregnant women with a suspicion of an 
urgent cause an MRI should be contemplated, because the serious consequences of a missed 
diagnosis (30,31). 

Conclusions and recommendations
There is no place for conventional radiography in the work-up of patients with acute abdominal 
pain due to the lack of added value on top of clinical assessment (level 1 ((2,15)). Computed 
tomography leads to the highest sensitivity and specificity in patients with acute abdominal pain 
(level 1(2,15,22–24)). Due to the downsides of computed tomography an ultrasound is preferred 
as first imaging modality. Only in critically ill patients a computed tomography should be per-
formed without a prior ultrasound. When the ultrasound is negative or inconclusive a computed 
tomography scan can be performed (conditional CT strategy) (level 1 (2)). 

Based on the lack of current literature there is no place yet for the MRI in the diagnostic pathway. 
Only in pregnant women with suspicion of an urgent cause an MRI should be contemplated. 
The committee advises to complete diagnostic work-up with imaging on primary assessment for 
those suspected of an urgent diagnosis, and not to admit these patients for clinical re-evaluation 
without imaging.
 
Diagnostic laparoscopy
No research has been performed analysing the added value of a diagnostic laparoscopy after 
inconclusive or negative diagnostic imaging in patients with acute abdominal pain. In selected 
patient populations where no prior diagnostic imaging has been performed a diagnostic lapa-
roscopy can accurately diagnose the cause of the abdominal pain in 80-94% of patients ((EL B) 
(33–37)). Postoperative complications have been reported in 3.5-25% of patients after diag-
nostic laparoscopy ((EL B) (33,34,36,37)) (appendix 2, table 2.8). Reported complications ranged 
from severe complications such as septic shock and enterocutaneous fistula to wound infections. 

Conclusions and recommendations
Based on current literature no conclusions can be drawn on the added value of a laparoscopy in 
the diagnostic pathway of patients with acute abdominal pain. Studies on the value of a diagnos-
tic laparoscopy have studied patient populations that are not representative for current clinical 
practice. These studies have not performed pre-operative imaging in patients. Another flaws of 
these studies are that the diagnostic laparoscopy itself is used as reference diagnosis. This makes 
a comparison in diagnostic accuracy with other modalities impossible since the test under eval-
uation is the same as the reference standard.
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In the past few years imaging modalities have significantly improved in diagnostic accuracy. 
Treatment of causes of acute abdominal pain has also evolved and not all causes need surgical 
treatment anymore. Compared with imaging modalities diagnostic laparoscopy has a higher risk 
of complications. Therefore laparoscopy should not be used in the diagnostic pathway of pa-
tients when no sufficient prior imaging has been performed. Only in patients with a high suspi-
cion of an urgent cause and inconclusive imaging a diagnostic laparoscopy can be contemplated. 

Influences of treatment during diagnostic pathway
Indications for antibiotic treatment during the diagnostic pathway 
Some patients presenting at the Emergency Department with acute abdominal pain suffer from 
sepsis. Sepsis has a high mortality (30-50%). An important part of treatment of sepsis is identifi-
cation of the underlying cause. The Surviving Sepsis Campaign advises treatment of sepsis within 
the first hour of recognition of symptoms (38). Every hour delay in administration of antibiotics 
leads to an increase in mortality of 7.6% (39). This involves the start of treatment during the di-
agnostic pathway and this may be long before a definite diagnosis is established. Blood cultures 
should be taken before start of antibiotic treatment. Choice of antibiotics is dependent on local 
resistance patterns and national guidelines (appendix 2, table 2.9).

The influence of analgesics on the reliability of physical examination
Administration of analgesics at the Emergency Department is usually delayed to prevent mask-
ing of the symptoms. Administration of opioids does not decrease the diagnostic accuracy of 
physical examination ((EL A2) (40–46), nor does it influence choices made in treatment ((EL A2) 
(40,42)). 

The influence of other analgesics such as NSAIDs has not been evaluated yet. Sixty per cent of 
patients were satisfied with their analgesics. Satisfaction of patients was mostly dependent on 
decrease in VAS score of more than 20mm from their initial VAS score at arrival (47) (appendix 
2, table 2.10). 

Conclusions and recommendations
Antibiotic treatment should be started within the first hour after recognition of sepsis. Delay in 
treatment of septic shock leads to a decrease of survival of 7.6% every hour within the first 6 
hours (level 2 ((39)). Choice of antibiotics is dependent on local pathogens and national guide-
lines. Administration of opioids (analgesics) decreases the intensity of the pain and does not 
affect the accuracy of physical examination (level 1 (40–44). 
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CONCLUSION

This review of the guideline of the diagnostic pathway in patients with acute abdomen summa-
rizes all the available literature on diagnostic modalities. The guideline was developed to provide 
an evidence-based overview of the diagnostic options in patients with acute abdominal pain. 
Many different disciplines assess patients with acute abdominal pain at the Emergency Depart-
ment. Therefore standardisation of the diagnostic pathway is necessary (Figure 1). Not all topics 
had sufficient evidence to draw firm conclusions. Despite the lack of literature in some areas this 
review is the best evidence based approach currently available. The guideline was developed 
focused on the Dutch health care system. Nevertheless, this guideline was based on best avail-
able international evidence and is therefore applicable to all developed countries. This guideline 
provides a review of all available evidence and can be used as a reference guideline for clinicians 
who treat patients with acute abdominal pain. In parallel with the guideline several quality indica-
tors have been developed (appendix 3). Monitoring these quality indicators will check adherence 
to the guideline. 
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APPENDIX 1. SEARCH STRATEGY

Database Search Hits 

Pubmed/embase: 

Limits: none
Methodologic 
filter: none

1. “Abdomen, acute” [Mesh]
2. “Acute abdominal pain” [all fields] 
3. “Acute abdomen” [all fields]
4. “Acute” [all fields]
5. “Abdominal pain” [Mesh]
6. 4 AND 5
7. 1 OR 2 OR 3 OR 6

9388

Cochrane 

Limits: none
Methodologic 
filter: none 

1. “Abdomen, acute” [Mesh]
2. “Acute abdominal pain”
3. “Acute abdomen”
4. Acute
5. “Abdominal pain” [Mesh]
6. 4 AND 5
7. 1 OR 2 OR 3 OR 6

380

Medline

Limits: none
Methodologic 
filter: none 

1. *acute abdomen/
2. “acute abdominal pain”.mp. [mp=title, abstract, subject headings, 
heading word, drug trade name, original title, device manufacturer, 
drug manufacturer, device trade name, keyword]
3. “acute abdomen”.mp. [mp=title, abstract, subject headings, head-
ing word, drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword]
4. acute.mp. [mp=title, abstract, subject headings, heading word, 
drug trade name, original title, device manufacturer, drug manufac-
turer, device trade name, keyword]
5. *abdominal pain/
6. 4 AND 5
7. 1 OR 2 OR 3 OR 6

12266
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APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES

Study 
reference

Study characteristics Patient characteristics
Index test
(test of interest) 

Reference test Follow-up
Outcome measures and 
effect size

Comments

Hancock (7)
1987

Type of study: cross-sectional 

Setting: surgical unit

Country: UK

Source of funding: not reported

Inclusion criteria:
Patients presenting in ED with acute 
abdominal pain (<7 days duration)

N=310 (baseline period)

Medical history, physical 
examination

Diagnosis by follow-up 
based upon subsequent 
investigations, management 
decisions and discharge 
diagnosis

Not 
specified

Diagnostic accuracy initial 
diagnosis 42.9% (133/310)

Level of evidence B

Kraemer (6)
1993

Type of study: cross-sectional

Setting: surgical department

Country: Germany

Source of funding: not reported

Inclusion criteria:
Patients presenting in ED with acute 
abdominal pain (<7 days duration)

Exclusion criteria: 
Traumatic origin of abdominal pain

N=1254

Medical history, physical 
examination

Intra-operative findings, 
subsequent investigations 
and follow up

Not 
specified

Diagnostic accuracy initial 
diagnosis 59% (742/1254)

Level of evidence B

Laurell (8)
2005

Type of study: cross-sectional

Setting: emergency department

Country: Sweden

Source of funding: not reported

Inclusion criteria:
Patients presenting in ED with acute 
abdominal pain (<7 days duration)

Exclusion criteria: Age <1 year 

N= 1738 Mean age 45 years
M:F =0.82

Medical history, physical 
examination and 
laboratory 
investigations

Diagnosis after follow up 1 year
Diagnostic accuracy 
initial diagnosis 47.8% 
(803/1738)

Level of evidence A2

Lameris (2)
2009

Type of study: Fully paired multi-
centre diagnostic accuracy study 
with prospective data collection

Setting: emergency department of 
two university hospitals and four 
large teaching hospitals

Country: Netherlands

Source of funding: Dutch 
Organization for Health Research 
and Development (ZonMw)

Inclusion criteria: 
Age >= 18 years, non-traumatic 
abdominal
pain of >2 hours and <5 days 
duration

Exclusion criteria: discharge from 
emergency department with no 
imaging warranted,
pregnancy, haemorrhagic shock.

N= 1021 Mean age: 47 
(range 19-94)
Sex: 45% M / 55% F

Other important characteristics: 75% 
referred by 

Medical history, physical 
examination, and initial 
laboratory investigations.

Diagnosis by expert panel 
The panel members had 
not been involved in the in-
vestigation or management 
of the evaluated cases.

6 months
Diagnostic accuracy initial 
diagnosis 46% (477/1021)

Level of evidence A2

Table 2.1 Diagnostic accuracy of clinical evaluation
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Study 
reference

Study characteristics Patient characteristics
Index test
(test of interest) 

Reference test Follow-up
Outcome measures and 
effect size

Comments

Hancock (7)
1987

Type of study: cross-sectional 

Setting: surgical unit

Country: UK

Source of funding: not reported

Inclusion criteria:
Patients presenting in ED with acute 
abdominal pain (<7 days duration)

N=310 (baseline period)

Medical history, physical 
examination

Diagnosis by follow-up 
based upon subsequent 
investigations, management 
decisions and discharge 
diagnosis

Not 
specified

Diagnostic accuracy initial 
diagnosis 42.9% (133/310)

Level of evidence B

Kraemer (6)
1993

Type of study: cross-sectional

Setting: surgical department

Country: Germany

Source of funding: not reported

Inclusion criteria:
Patients presenting in ED with acute 
abdominal pain (<7 days duration)

Exclusion criteria: 
Traumatic origin of abdominal pain

N=1254

Medical history, physical 
examination

Intra-operative findings, 
subsequent investigations 
and follow up

Not 
specified

Diagnostic accuracy initial 
diagnosis 59% (742/1254)

Level of evidence B

Laurell (8)
2005

Type of study: cross-sectional

Setting: emergency department

Country: Sweden

Source of funding: not reported

Inclusion criteria:
Patients presenting in ED with acute 
abdominal pain (<7 days duration)

Exclusion criteria: Age <1 year 

N= 1738 Mean age 45 years
M:F =0.82

Medical history, physical 
examination and 
laboratory 
investigations

Diagnosis after follow up 1 year
Diagnostic accuracy 
initial diagnosis 47.8% 
(803/1738)

Level of evidence A2

Lameris (2)
2009

Type of study: Fully paired multi-
centre diagnostic accuracy study 
with prospective data collection

Setting: emergency department of 
two university hospitals and four 
large teaching hospitals

Country: Netherlands

Source of funding: Dutch 
Organization for Health Research 
and Development (ZonMw)

Inclusion criteria: 
Age >= 18 years, non-traumatic 
abdominal
pain of >2 hours and <5 days 
duration

Exclusion criteria: discharge from 
emergency department with no 
imaging warranted,
pregnancy, haemorrhagic shock.

N= 1021 Mean age: 47 
(range 19-94)
Sex: 45% M / 55% F

Other important characteristics: 75% 
referred by 

Medical history, physical 
examination, and initial 
laboratory investigations.

Diagnosis by expert panel 
The panel members had 
not been involved in the in-
vestigation or management 
of the evaluated cases.

6 months
Diagnostic accuracy initial 
diagnosis 46% (477/1021)

Level of evidence A2

Table 2.1 Diagnostic accuracy of clinical evaluation
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Study 
reference

Study characteristics Patient characteristics
Index test
(test of interest) 

Reference test Outcome measures and effect size Comments

Bjerregaard (10)

Type of study: prospective 
cohort study 

Setting: surgical ward

Country: Denmark

Source of funding: 
not reported

Inclusion criteria:
Patients admitted to surgical 
ward with acute abdominal 
pain < 1 week 
 
N=40 

Assessment by 
4 surgeons

diagnosis based on follow up 
(4 months), histology, pathology 
and disease progression

Interrater variability in assessment: 
Start of pain κ 0.48
Severity κ 0.26
Duration κ 0.74
Nausea κ 0.56
Vomiting κ 0.79
Auscultation κ 0.29
Palpation direct tenderness κ 0.31
Correct diagnosis κ 0.56

Level of evidence B

Pines (9)

Type of study: prospective 
observational study 

Setting: emergency 
department

Country: USA

Source of funding: 
not reported

Inclusion criteria:
Patients presenting in ED with 
acute abdominal pain

Exclusion criteria: minors, 
pregnancy and prisoners

N=122

Assessment by 
resident

Assesment by attending 
physician

Interrater variability in assessment by resident 
and attendant physician: 
Masses palpated κ 0.82
Guarding κ 0.49
Tenderness κ 0.42
Distension κ 0.42
Surgical abdomen κ 0.27

Interrater variability for perceived need for ED 
management
Labs κ 0.46
Imaging studies κ 0.6
Surgical consultation κ 0.55

Level of evidence B

Table 2.2 Difference in diagnostic accuracy between residents and staff
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Study 
reference

Study characteristics Patient characteristics
Index test
(test of interest) 

Reference test Outcome measures and effect size Comments

Bjerregaard (10)

Type of study: prospective 
cohort study 

Setting: surgical ward

Country: Denmark

Source of funding: 
not reported

Inclusion criteria:
Patients admitted to surgical 
ward with acute abdominal 
pain < 1 week 
 
N=40 

Assessment by 
4 surgeons

diagnosis based on follow up 
(4 months), histology, pathology 
and disease progression

Interrater variability in assessment: 
Start of pain κ 0.48
Severity κ 0.26
Duration κ 0.74
Nausea κ 0.56
Vomiting κ 0.79
Auscultation κ 0.29
Palpation direct tenderness κ 0.31
Correct diagnosis κ 0.56

Level of evidence B

Pines (9)

Type of study: prospective 
observational study 

Setting: emergency 
department

Country: USA

Source of funding: 
not reported

Inclusion criteria:
Patients presenting in ED with 
acute abdominal pain

Exclusion criteria: minors, 
pregnancy and prisoners

N=122

Assessment by 
resident

Assesment by attending 
physician

Interrater variability in assessment by resident 
and attendant physician: 
Masses palpated κ 0.82
Guarding κ 0.49
Tenderness κ 0.42
Distension κ 0.42
Surgical abdomen κ 0.27

Interrater variability for perceived need for ED 
management
Labs κ 0.46
Imaging studies κ 0.6
Surgical consultation κ 0.55

Level of evidence B

Table 2.2 Difference in diagnostic accuracy between residents and staff
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Study 
reference

Study characteristics Patient characteristics
Index test
(test of interest) 

Reference test Follow-up
Outcome measures and 
effect size

Comments

Toorenvliet (11)
2010

Type of study: cross-sectional 

Setting: emergency department

Country: Netherlands

Source of funding: not reported

Inclusion criteria: Consecutive pa-
tients presenting in ED with acute 
abdominal pain evaluated by a 
resident of the surgical department 
between June 2005 and July 2006.

Exclusion criteria:
Patients evaluated at another hos-
pital for the same complaint, pain of 
traumatic origin, radiological
examination (US or CT) prior to 
surgical consultation.

972 patients evaluated. 
49 (5.0%) did not show up for 
re-evaluation, 
121 (12.4%) study forms incom-
plete. 

Of 802 eligible patients, 302 pa-
tients (37.7%) were admitted, 
123 (15.3%) surgery on the day of 
first evaluation. 
The other 500 patients (62.3%) 
were not admitted and were 
re-evaluated
according to the study protocol.

Age:205 patients (41%) <17 years

Sex:42%M, 58.0%F

Medical history, 
physical examina-
tion and laboratory 
investigations

Follow up 
Expert panel 

Duration of follow-up: not 
specified

23 (2.4%) lost to follow-up

Final diagnosis different 
from clinical diagnosis 
29.6% (148/500) 

Change in diagnosis (sub-
group with imaging on day 
0) 30/164 (18%)
Change of management 
21/164 (13%)
Major change of man-
agement (conservative→ 
surgical) 15/164 (3%)

Change in diagnosis (sub-
group with no imaging on 
day 0) 118/336 (35%)
Change of management 
64/336 (19%)
Major change of man-
agement (conservative→ 
surgical) 64/336 (4.5%) 

Level of evidence B

Table 2.3 Diagnostic accuracy of outpatient re-evaluation the following day
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Study 
reference

Study characteristics Patient characteristics
Index test
(test of interest) 

Reference test Follow-up
Outcome measures and 
effect size

Comments

Toorenvliet (11)
2010

Type of study: cross-sectional 

Setting: emergency department

Country: Netherlands

Source of funding: not reported

Inclusion criteria: Consecutive pa-
tients presenting in ED with acute 
abdominal pain evaluated by a 
resident of the surgical department 
between June 2005 and July 2006.

Exclusion criteria:
Patients evaluated at another hos-
pital for the same complaint, pain of 
traumatic origin, radiological
examination (US or CT) prior to 
surgical consultation.

972 patients evaluated. 
49 (5.0%) did not show up for 
re-evaluation, 
121 (12.4%) study forms incom-
plete. 

Of 802 eligible patients, 302 pa-
tients (37.7%) were admitted, 
123 (15.3%) surgery on the day of 
first evaluation. 
The other 500 patients (62.3%) 
were not admitted and were 
re-evaluated
according to the study protocol.

Age:205 patients (41%) <17 years

Sex:42%M, 58.0%F

Medical history, 
physical examina-
tion and laboratory 
investigations

Follow up 
Expert panel 

Duration of follow-up: not 
specified

23 (2.4%) lost to follow-up

Final diagnosis different 
from clinical diagnosis 
29.6% (148/500) 

Change in diagnosis (sub-
group with imaging on day 
0) 30/164 (18%)
Change of management 
21/164 (13%)
Major change of man-
agement (conservative→ 
surgical) 15/164 (3%)

Change in diagnosis (sub-
group with no imaging on 
day 0) 118/336 (35%)
Change of management 
64/336 (19%)
Major change of man-
agement (conservative→ 
surgical) 64/336 (4.5%) 

Level of evidence B

Table 2.3 Diagnostic accuracy of outpatient re-evaluation the following day
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Goransson (12)
1991

Cross-sectional study

N=208

Sex: 101M, 117F

Age: not specified for 
total population

All patients observed 
or treated for at least 
12-24 hours for 
acute abdominal pain 
/ symptoms during 
one month 

CRP, ESR and WBC 
analyzed in blood 
sample taken at 
admission.
CRP < 10 mg/l con-
sidered as normal,
ESR < 20 mm/h 
considered as normal,
WBC < 10x109/l 
considered as normal

Final clinical diag-
nosis evaluated 
after 18 months, 
based on surgery, 
radiology, lab, 
medication and 
clinical obser-
vation

18 months Diagnosis                   ↑CRP =CRP ↑BSE ↑WBC  N
                     (%) (%)  (%)  (%) 
NSAP                    16 (34) 31 (66) 14 (30) 12 (26) 47
Appendicitis 7 (70) 3 (30) 3 (30)  9 (90) 10
Cholecystitis 5 (100) 0 (0) 3 (60) 4 (80) 5
Cholecystolith 3 (43) 4 (57) 1 (14) 2 (28) 7
Colon bleeding  2 (100) 0 (0) 1 (50) 0 (0) 2
Colon other 0 (0) 2 (100) 1 (50) 0 (0) 2
Diverticulitis 9 (64) 5 (36) 11 (79) 10 (71) 14
Gastro-ent/inf 5 (31) 11 (69) 3 (19) 7 (44) 16
Infection, n.s. 4 (67) 2 (33) 4 (67) 4 (67) 6
Hernia inguinalis 2 (33) 4 (67) 1 (17) 1 (17) 6

Intest obstr part 1 (20) 4 (80) 1 (20) 1 (20) 5
Intest obstr tot 1 (17) 5 (83) 2 (33) 4 (67) 6
Maligniteit                    9 (64) 5 (36) 9 (64) 4 (29) 14
Overig                    2 (29) 5 (71) 2 (29) 2 (29) 7
Obstipatie                    1 (14) 6 (86) 3 (43) 0 (0) 7
Pancreatitis acute 2 (67) 1 (33) 2 (67) 1 (33) 3

Ulcera/bleeding 2 (13) 13 (87) 8 (53) 4 (27) 15
Ulcera/gastritis 6 (32) 13 (68) 6 (32) 11 (58) 19
Ulcera/perf 1 (50) 1 (50) 1 (50) 2 (100) 2
Ureteral stone 0 (0) 5 (100) 1 (20) 2 (40) 5
Urin tract inf 9 (90) 1 (10) 7 (70) 5 (50) 10

Level of evidence 
B

Chi (13)
1996

Cross-sectional study

N= 143

Sex: 67 M, 76 F

Age: 48 ± 20 years

Patients presenting 
in emergency de-
partment with acute 
abdominal pain

CRP analyzed in 
blood sample taken 
at admission.
CRP < 5 mg/l consid-
ered as normal

Group I: early 
discharge (<48 
hrs)
Group II: hospital 
stay > 48 hours, 
or intensive med-
ical or surgical
intervention

2 months CRP> 5mg/L   
Sensitivity                    79%
Specificity                    64%
PPV                    79%
NPV                    64%
Accuracy                    73%
P                    <0.0001

The diagnostic 
evaluation and 
management of 
all patients were 
conducted by phy-
sicians who were 
unaware of the 
values of CRP, and 
the CRP assays 
were performed 
by personnel who 
were unaware of 
the clinical data 
and outcomes of 
these patients.

Level of evidence 
B
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Goransson (12)
1991

Cross-sectional study

N=208

Sex: 101M, 117F

Age: not specified for 
total population

All patients observed 
or treated for at least 
12-24 hours for 
acute abdominal pain 
/ symptoms during 
one month 

CRP, ESR and WBC 
analyzed in blood 
sample taken at 
admission.
CRP < 10 mg/l con-
sidered as normal,
ESR < 20 mm/h 
considered as normal,
WBC < 10x109/l 
considered as normal

Final clinical diag-
nosis evaluated 
after 18 months, 
based on surgery, 
radiology, lab, 
medication and 
clinical obser-
vation

18 months Diagnosis                   ↑CRP =CRP ↑BSE ↑WBC  N
                     (%) (%)  (%)  (%) 
NSAP                    16 (34) 31 (66) 14 (30) 12 (26) 47
Appendicitis 7 (70) 3 (30) 3 (30)  9 (90) 10
Cholecystitis 5 (100) 0 (0) 3 (60) 4 (80) 5
Cholecystolith 3 (43) 4 (57) 1 (14) 2 (28) 7
Colon bleeding  2 (100) 0 (0) 1 (50) 0 (0) 2
Colon other 0 (0) 2 (100) 1 (50) 0 (0) 2
Diverticulitis 9 (64) 5 (36) 11 (79) 10 (71) 14
Gastro-ent/inf 5 (31) 11 (69) 3 (19) 7 (44) 16
Infection, n.s. 4 (67) 2 (33) 4 (67) 4 (67) 6
Hernia inguinalis 2 (33) 4 (67) 1 (17) 1 (17) 6

Intest obstr part 1 (20) 4 (80) 1 (20) 1 (20) 5
Intest obstr tot 1 (17) 5 (83) 2 (33) 4 (67) 6
Maligniteit                    9 (64) 5 (36) 9 (64) 4 (29) 14
Overig                    2 (29) 5 (71) 2 (29) 2 (29) 7
Obstipatie                    1 (14) 6 (86) 3 (43) 0 (0) 7
Pancreatitis acute 2 (67) 1 (33) 2 (67) 1 (33) 3

Ulcera/bleeding 2 (13) 13 (87) 8 (53) 4 (27) 15
Ulcera/gastritis 6 (32) 13 (68) 6 (32) 11 (58) 19
Ulcera/perf 1 (50) 1 (50) 1 (50) 2 (100) 2
Ureteral stone 0 (0) 5 (100) 1 (20) 2 (40) 5
Urin tract inf 9 (90) 1 (10) 7 (70) 5 (50) 10

Level of evidence 
B

Chi (13)
1996

Cross-sectional study

N= 143

Sex: 67 M, 76 F

Age: 48 ± 20 years

Patients presenting 
in emergency de-
partment with acute 
abdominal pain

CRP analyzed in 
blood sample taken 
at admission.
CRP < 5 mg/l consid-
ered as normal

Group I: early 
discharge (<48 
hrs)
Group II: hospital 
stay > 48 hours, 
or intensive med-
ical or surgical
intervention

2 months CRP> 5mg/L   
Sensitivity                    79%
Specificity                    64%
PPV                    79%
NPV                    64%
Accuracy                    73%
P                    <0.0001

The diagnostic 
evaluation and 
management of 
all patients were 
conducted by phy-
sicians who were 
unaware of the 
values of CRP, and 
the CRP assays 
were performed 
by personnel who 
were unaware of 
the clinical data 
and outcomes of 
these patients.

Level of evidence 
B
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Chase (14) 
1996

Cross-sectional study

N = 306

Sex: 123M, 183F. 

Age mean 52 years 
(range 18- 96 years) 

All patients admitted 
for evaluation of 
acute abdominal 
pain from June 1993 
through June 1994. 

Inclusion criteria: 
age >= 18 years, ad-
mission through ED, 
serum amylase and 
lipase levels obtained 
on admission, 
definitive diagnosis 
established during 
hospitalization.

Serum amylase and 
lipase obtained at 
admission
serum amylase <110 
units (U)/L consid-
ered as normal
serum lipase <208 
U/L considered as 
normal

Diagnoses were 
determined 
by medical 
history along 
with evidence 
obtained by 
roentgenograms, 
ultrasound, CT, 
endoscopy, and/
or surgical explo-
ration 

208 patients had 
extrapancreatic 
source of abdom-
inal pain,
48 patients 
had confirmed 
pancreatitis 
(ultrasound, CT, 
or ERCP, and/
or findings at 
laparotomy 
consistent with 
pancreatic 
inflammation). 
50 patients were 
diagnosed with 
acute pancrea-
titis on clinical 
grounds.

Not specified Extrapancreatic (n=208):
27/208 patients (13%) had elevations in admission serum amylase. 2/208 
patients had amylase levels > 3 x ULN. 
26/ 208 patients (12.5%) had elevated admission serum lipase. 4/208 
patients had lipase levels > 3 x ULN.

Confirmed pancreatitis (n=48)
Elevation of either admission serum amylase or lipase was positively asso-
ciated with the diagnosis of acute pancreatitis (P < 0.001).
Admission serum lipase was > 3 x ULN in 37/48 patients (77%).
Admission serum amylase was > 3 x ULN in 26/48 patients (54%).

Diagnosis                     amylase ↑                    lipase ↑
Cholecystitis/cholelithiasis (47) 5  6
Cholangitis/gallbladder perforation
 choledocholithiasis (4)  0  0
Oesophagitis (7)  2  3
Gastritis/gastric complaints (19) 2  7
Duodenal ulcer (17)                    2  4
Duodenitis (2)  0  0
Duodenal perforation (6) 1  1
Small intestine (53)                    7  4
Colon ischemia/colitis/
diverticulitis (incl perforation) (23) 1  0
Appendicitis (9)  3  0
Pyelonephritis (2)  2  0
Bacterial peritonitis (1)                    1  1

Level of evidence 
B
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Chase (14) 
1996

Cross-sectional study

N = 306

Sex: 123M, 183F. 

Age mean 52 years 
(range 18- 96 years) 

All patients admitted 
for evaluation of 
acute abdominal 
pain from June 1993 
through June 1994. 

Inclusion criteria: 
age >= 18 years, ad-
mission through ED, 
serum amylase and 
lipase levels obtained 
on admission, 
definitive diagnosis 
established during 
hospitalization.

Serum amylase and 
lipase obtained at 
admission
serum amylase <110 
units (U)/L consid-
ered as normal
serum lipase <208 
U/L considered as 
normal

Diagnoses were 
determined 
by medical 
history along 
with evidence 
obtained by 
roentgenograms, 
ultrasound, CT, 
endoscopy, and/
or surgical explo-
ration 

208 patients had 
extrapancreatic 
source of abdom-
inal pain,
48 patients 
had confirmed 
pancreatitis 
(ultrasound, CT, 
or ERCP, and/
or findings at 
laparotomy 
consistent with 
pancreatic 
inflammation). 
50 patients were 
diagnosed with 
acute pancrea-
titis on clinical 
grounds.

Not specified Extrapancreatic (n=208):
27/208 patients (13%) had elevations in admission serum amylase. 2/208 
patients had amylase levels > 3 x ULN. 
26/ 208 patients (12.5%) had elevated admission serum lipase. 4/208 
patients had lipase levels > 3 x ULN.

Confirmed pancreatitis (n=48)
Elevation of either admission serum amylase or lipase was positively asso-
ciated with the diagnosis of acute pancreatitis (P < 0.001).
Admission serum lipase was > 3 x ULN in 37/48 patients (77%).
Admission serum amylase was > 3 x ULN in 26/48 patients (54%).

Diagnosis                     amylase ↑                    lipase ↑
Cholecystitis/cholelithiasis (47) 5  6
Cholangitis/gallbladder perforation
 choledocholithiasis (4)  0  0
Oesophagitis (7)  2  3
Gastritis/gastric complaints (19) 2  7
Duodenal ulcer (17)                    2  4
Duodenitis (2)  0  0
Duodenal perforation (6) 1  1
Small intestine (53)                    7  4
Colon ischemia/colitis/
diverticulitis (incl perforation) (23) 1  0
Appendicitis (9)  3  0
Pyelonephritis (2)  2  0
Bacterial peritonitis (1)                    1  1

Level of evidence 
B
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lameris (2)
2009

Type of study: Fully 
paired multicentre 
diagnostic accuracy 
study with prospec-
tive data collection

Setting: emergency 
department of two 
university
hospitals and four 
large teaching 
hospitals

Country: Netherlands

Source of funding: 
Dutch Organization 
for Health Research 
and Development
(ZonMw)

Inclusion criteria: 
Age >= 18 years
non-traumatic 
abdominal
pain of >2 hours and 
<5 days duration

Exclusion criteria: 
discharge from emer-
gency department 
with no
imaging warranted,
pregnancy, 
haemorrhagic shock.

N= 1021

Mean age:
47 (range 19-94)

Sex: 45% M / 55% F

Other important 
characteristics:
75% referred by 
general practitioner; 
17% self referrals, 
7% referred by other 
medical specialties, 
1% presented by 
emergency services.

Medical history, 
physical examination, 
and initial laboratory 
investigations.

Diagnosis by 
expert panel 
The panel
members had not 
been involved in 
the investigation
or management 
of the evaluated 
cases.

6 months Outcome measures and effect size (include 95%CI and p-value if availa-
ble). 

Diagnosis after medical history, physical examination, and initial laboratory 
investigations corresponded in 45.8% with final diagnosis. 

Calculated from original database:
Lab cut-off                    Sens (%) Spec (%) FN (%) FP(%)
CRP 10                    72 27 28 36
CRP 50                    40 55 60 38
CRP 100                    22 75 78 39
CRP 150                    14 86 86 36 
WBC 5                    98 3 2 35
WBC 10                    66 36 34 34
WBC 15                    25 76 75 34
CRP 50 & L 10 31 67 69 23
CRP 100 & L15 8 91 92 38

 FP = false positive/all positive 

Level of evidence 
A2

Laurell (8)
2005

Type of study:

Setting: emergency 
department

Country: Sweden

Source of funding: 
not reported

Inclusion criteria:
Patients presenting 
in ED with acute 
abdominal pain (<7 
days duration)

Exclusion criteria:
Age <1 year

N= 1738
Mean age 45 years
M:F =0.82

Medical history, 
physical examina-
tion and laboratory 
investigations

Diagnosis after 
follow up 1 year

1 year Calculated from original database:
Lab cut-off  Sens (%) Spec (%) FN (%) FP (%)
CRP 10                    63 65 37 59
CRP 50                    31 87 69 51
CRP 100                     16 94 84 50
CRP 150                    10 97 90 45
WBC 5                    98 5 2 68
WBC 10                    78 54 22 57
WBC 15                    36 88 64 42
CRP 50 & L 10 25 89 75 49
CRP 100 & L 15 7 98 93 40

FP = false positive/all positive

Was final diag-
nosis made with 
knowledge of 
initial diagnosis?

Level of evidence 
B
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lameris (2)
2009

Type of study: Fully 
paired multicentre 
diagnostic accuracy 
study with prospec-
tive data collection

Setting: emergency 
department of two 
university
hospitals and four 
large teaching 
hospitals

Country: Netherlands

Source of funding: 
Dutch Organization 
for Health Research 
and Development
(ZonMw)

Inclusion criteria: 
Age >= 18 years
non-traumatic 
abdominal
pain of >2 hours and 
<5 days duration

Exclusion criteria: 
discharge from emer-
gency department 
with no
imaging warranted,
pregnancy, 
haemorrhagic shock.

N= 1021

Mean age:
47 (range 19-94)

Sex: 45% M / 55% F

Other important 
characteristics:
75% referred by 
general practitioner; 
17% self referrals, 
7% referred by other 
medical specialties, 
1% presented by 
emergency services.

Medical history, 
physical examination, 
and initial laboratory 
investigations.

Diagnosis by 
expert panel 
The panel
members had not 
been involved in 
the investigation
or management 
of the evaluated 
cases.

6 months Outcome measures and effect size (include 95%CI and p-value if availa-
ble). 

Diagnosis after medical history, physical examination, and initial laboratory 
investigations corresponded in 45.8% with final diagnosis. 

Calculated from original database:
Lab cut-off                    Sens (%) Spec (%) FN (%) FP(%)
CRP 10                    72 27 28 36
CRP 50                    40 55 60 38
CRP 100                    22 75 78 39
CRP 150                    14 86 86 36 
WBC 5                    98 3 2 35
WBC 10                    66 36 34 34
WBC 15                    25 76 75 34
CRP 50 & L 10 31 67 69 23
CRP 100 & L15 8 91 92 38

 FP = false positive/all positive 

Level of evidence 
A2

Laurell (8)
2005

Type of study:

Setting: emergency 
department

Country: Sweden

Source of funding: 
not reported

Inclusion criteria:
Patients presenting 
in ED with acute 
abdominal pain (<7 
days duration)

Exclusion criteria:
Age <1 year

N= 1738
Mean age 45 years
M:F =0.82

Medical history, 
physical examina-
tion and laboratory 
investigations

Diagnosis after 
follow up 1 year

1 year Calculated from original database:
Lab cut-off  Sens (%) Spec (%) FN (%) FP (%)
CRP 10                    63 65 37 59
CRP 50                    31 87 69 51
CRP 100                     16 94 84 50
CRP 150                    10 97 90 45
WBC 5                    98 5 2 68
WBC 10                    78 54 22 57
WBC 15                    36 88 64 42
CRP 50 & L 10 25 89 75 49
CRP 100 & L 15 7 98 93 40

FP = false positive/all positive

Was final diag-
nosis made with 
knowledge of 
initial diagnosis?

Level of evidence 
B

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Toorenvliet (11) 
2010

Type of study:

Setting: emergency 
department

Country:
Netherlands

Source of funding: 
not reported

Inclusion criteria: 
Consecutive patients 
presenting in ED with 
acute abdominal pain 
evaluated by a resi-
dent of the surgical 
department between 
June 2005 and July 
2006.

Exclusion criteria:
Pts evaluated at an-
other hospital for the 
same complaint, pain 
of traumatic origin, 
radiological
examination (US or 
computed tomogra-
phy) prior to surgical 
consultation.

972 pts evaluated. 
49 (5.0%) did not 
show up for re-eval-
uation, 
121 (12.4%) study 
forms incomplete. 

Of 802 eligible pts, 
302 patients (37.7%) 
were admitted, 123 
(15.3%) surgery 
on the day of first 
evaluation. 
The other 500 
patients (62.3%) 
were not admitted 
and were re-evaluat-
ed according to the 
study protocol.

Age:205 pts (41%) 
<17 years
Sex:42%M, 58.0%F

Medical history, 
physical examina-
tion and laboratory 
investigations

Follow up 
Expert panel 

Duration of fol-
low-up:?

23 (2.4%) lost to 
follow-up

Calculated from original database:
Lab cut-off  Sens (%) Spec (%) FN (%) FP (%)
CRP 10                    73 73 27 39
CRP 50                    41 90 59 30
CRP 100                    23 96 77 25
CRP 150                    17 97 83 21
WBC 5                    98 5 2 39
WBC 10                     70 66 30 47
WBC 15                    25 92 75 22
CRP 50 & L 10 76 70 24 72
CRP 100 & L 15 72 66 28 93

FP = false positive/all positive

Was final diag-
nosis made with 
knowledge of 
initial diagnosis?

Level of evidence 
A2

Table 2.4 Diagnostic accuracy of laboratory parameters in differentiating urgent from non-urgent conditions
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Toorenvliet (11) 
2010

Type of study:

Setting: emergency 
department

Country:
Netherlands

Source of funding: 
not reported

Inclusion criteria: 
Consecutive patients 
presenting in ED with 
acute abdominal pain 
evaluated by a resi-
dent of the surgical 
department between 
June 2005 and July 
2006.

Exclusion criteria:
Pts evaluated at an-
other hospital for the 
same complaint, pain 
of traumatic origin, 
radiological
examination (US or 
computed tomogra-
phy) prior to surgical 
consultation.

972 pts evaluated. 
49 (5.0%) did not 
show up for re-eval-
uation, 
121 (12.4%) study 
forms incomplete. 

Of 802 eligible pts, 
302 patients (37.7%) 
were admitted, 123 
(15.3%) surgery 
on the day of first 
evaluation. 
The other 500 
patients (62.3%) 
were not admitted 
and were re-evaluat-
ed according to the 
study protocol.

Age:205 pts (41%) 
<17 years
Sex:42%M, 58.0%F

Medical history, 
physical examina-
tion and laboratory 
investigations

Follow up 
Expert panel 

Duration of fol-
low-up:?

23 (2.4%) lost to 
follow-up

Calculated from original database:
Lab cut-off  Sens (%) Spec (%) FN (%) FP (%)
CRP 10                    73 73 27 39
CRP 50                    41 90 59 30
CRP 100                    23 96 77 25
CRP 150                    17 97 83 21
WBC 5                    98 5 2 39
WBC 10                     70 66 30 47
WBC 15                    25 92 75 22
CRP 50 & L 10 76 70 24 72
CRP 100 & L 15 72 66 28 93

FP = false positive/all positive

Was final diag-
nosis made with 
knowledge of 
initial diagnosis?

Level of evidence 
A2

Table 2.4 Diagnostic accuracy of laboratory parameters in differentiating urgent from non-urgent conditions
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lameris (2) 2009 Type of study: Fully 
paired multicentre 
diagnostic accuracy 
study with prospec-
tive data collection

Setting: emergency 
department of two 
university
hospitals and four 
large teaching 
hospitals

Country: Netherlands

Source of funding: 
Dutch Organization 
for Health Research 
and Development
(ZonMw)

Inclusion criteria: 
Age >= 18 years
non-traumatic 
abdominal
pain of >2 hours and 
<5 days duration

Exclusion criteria: 
discharge from emer-
gency department 
with no
imaging warranted,
pregnancy, 
haemorrhagic shock.

N= 1021

Mean age:
47 (range 19-94)

Sex: 45% M / 55% F

Other important 
characteristics:
75% referred by 
general practitioner; 
17% self referrals, 
7% referred by other 
medical specialties, 
1% presented by 
emergency services.

plain radiographs 
(upright chest and 
supine abdominal)

Diagnosis by ex-
pert panel (urgent 
or non-urgent).
The panel
members had not 
been involved in 
the investigation
or management 
of the evaluated 
cases.

6 months                Clinical diagnosis Clinical diagnosis
               w/o radiographs after radiographs
Sensitivity               88% (86 to 91) 88% (86 to 91)
Specificity               41% (36 to 46) 43% (38 to 48)
False negative         12   12
False positive          27   26

Correct diagnoses / total diagnoses: 514/1021

Level of evidence 
A2
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lameris (2) 2009 Type of study: Fully 
paired multicentre 
diagnostic accuracy 
study with prospec-
tive data collection

Setting: emergency 
department of two 
university
hospitals and four 
large teaching 
hospitals

Country: Netherlands

Source of funding: 
Dutch Organization 
for Health Research 
and Development
(ZonMw)

Inclusion criteria: 
Age >= 18 years
non-traumatic 
abdominal
pain of >2 hours and 
<5 days duration

Exclusion criteria: 
discharge from emer-
gency department 
with no
imaging warranted,
pregnancy, 
haemorrhagic shock.

N= 1021

Mean age:
47 (range 19-94)

Sex: 45% M / 55% F

Other important 
characteristics:
75% referred by 
general practitioner; 
17% self referrals, 
7% referred by other 
medical specialties, 
1% presented by 
emergency services.

plain radiographs 
(upright chest and 
supine abdominal)

Diagnosis by ex-
pert panel (urgent 
or non-urgent).
The panel
members had not 
been involved in 
the investigation
or management 
of the evaluated 
cases.

6 months                Clinical diagnosis Clinical diagnosis
               w/o radiographs after radiographs
Sensitivity               88% (86 to 91) 88% (86 to 91)
Specificity               41% (36 to 46) 43% (38 to 48)
False negative         12   12
False positive          27   26

Correct diagnoses / total diagnoses: 514/1021

Level of evidence 
A2

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

MacKersie (15)
2005 

Diagnostic accuracy 
study, cross-sectional 

Setting: emergency 
department

Country: USA

N=91

Exclusion criteria:
trauma,
intoxication,
mental incompe-
tence, pregnancy,
overt gynaecological 
or urological com-
plaints

Sex: 34M/47F
Age: mean 48.5 
(range 18-84)

upright chest radi-
ograph, upright and 
supine abdominal
radiographs

x-thorax 110 kV, 
20mAS
Abdomen 75-85 kV
50 mAS

surgical, patho-
logic, and clinical 
follow-up

6 months True positive 15
True negative 36
False positive 5
False negative 35
Sensitivity 0.300
Specificity  0.878
Correct/total 51/91

X-rays and 
computed 
tomography were 
each separately 
and prospectively 
interpreted by a 
different experi-
enced radiologist 
who was blinded 
to patient history 
and the images 
and  interpreta-
tion of the other 
examination for 
each patient

Level of evidence 
A2

Prasannan (16) 
2005

Diagnostic accuracy 
study, cross-sectional

Setting: tertiary 
referral centre

Country: Malaysia

All adult patients 
admitted to the 
surgical wards with 
acute abdominal 
pain (<24 hours) who 
subsequently under-
went plain abdominal 
radiography. 

583 patients present-
ed with acute ab-
dominal pain during 
the study period, of 
which 168 (28.8%) 
were subjected
to 246 PAR (153 
supine and 93 erect 
films). 

Erect or supine ab-
dominal radiograph

Final diagnosis: 
diagnosis prior 
to discharge or 
transfer to anoth-
er ward or death

n.a. True positive 58
True negative 21
False positive 1
False negative 88
Correct/total 79/168

The radiologist 
was asked to 
interpret the radi-
ographic features 
shown on the 
PAR together with 
a clinical diagnosis.

Level of evidence 
A2

Table 2.5 Diagnostic accuracy of conventional imaging
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

MacKersie (15)
2005 

Diagnostic accuracy 
study, cross-sectional 

Setting: emergency 
department

Country: USA

N=91

Exclusion criteria:
trauma,
intoxication,
mental incompe-
tence, pregnancy,
overt gynaecological 
or urological com-
plaints

Sex: 34M/47F
Age: mean 48.5 
(range 18-84)

upright chest radi-
ograph, upright and 
supine abdominal
radiographs

x-thorax 110 kV, 
20mAS
Abdomen 75-85 kV
50 mAS

surgical, patho-
logic, and clinical 
follow-up

6 months True positive 15
True negative 36
False positive 5
False negative 35
Sensitivity 0.300
Specificity  0.878
Correct/total 51/91

X-rays and 
computed 
tomography were 
each separately 
and prospectively 
interpreted by a 
different experi-
enced radiologist 
who was blinded 
to patient history 
and the images 
and  interpreta-
tion of the other 
examination for 
each patient

Level of evidence 
A2

Prasannan (16) 
2005

Diagnostic accuracy 
study, cross-sectional

Setting: tertiary 
referral centre

Country: Malaysia

All adult patients 
admitted to the 
surgical wards with 
acute abdominal 
pain (<24 hours) who 
subsequently under-
went plain abdominal 
radiography. 

583 patients present-
ed with acute ab-
dominal pain during 
the study period, of 
which 168 (28.8%) 
were subjected
to 246 PAR (153 
supine and 93 erect 
films). 

Erect or supine ab-
dominal radiograph

Final diagnosis: 
diagnosis prior 
to discharge or 
transfer to anoth-
er ward or death

n.a. True positive 58
True negative 21
False positive 1
False negative 88
Correct/total 79/168

The radiologist 
was asked to 
interpret the radi-
ographic features 
shown on the 
PAR together with 
a clinical diagnosis.

Level of evidence 
A2

Table 2.5 Diagnostic accuracy of conventional imaging
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lameris (2)
2009

Type of study: Fully 
paired multicentre 
diagnostic accuracy 
study with prospec-
tive data collection

Setting: emergency 
department of two 
university
hospitals and four 
large teaching 
hospitals

Country: Netherlands

Source of funding: 
Dutch Organization 
for Health Research 
and Development
(ZonMw)

Inclusion criteria: 
Age >= 18 years
non-traumatic 
abdominal
pain of >2 hours and 
<5 days duration

Exclusion criteria: 
discharge from emer-
gency department 
with no
imaging warranted,
pregnancy, 
haemorrhagic shock.

N= 1021

Mean age:
47 (range 19-94)

Sex: 45% M / 55% F

Other important 
characteristics:
75% referred by 
general practitioner; 
17% self referrals, 
7% referred by other 
medical specialties, 
1% presented by 
emergency services.

Medical history, 
physical examination, 
laboratory findings, 
ultrasound (graded 
compression tech-
nique)

Diagnosis by 
expert panel 
The panel
members had not 
been involved in 
the investigation
or management 
of the evaluated 
cases.

6 months Outcome measures and effect size (include 95%CI and p-value if availa-
ble):

Diagnosis after medical history, physical examination, and initial laboratory 
investigations corresponded in 45.8% with final diagnosis. 

Diagnosis after medical history, physical examination, initial laboratory 
investigations and ultrasound corresponded in 53% with final diagnosis. 

Discrimination of urgent vs non-urgent diagnosis (history, physical exami-
nation, laboratory findings and ultrasound):
Sensitivity 0.70
Specificity 0.85
False negative: 0.30
False positive: 0.11
PPV ultrasound: 0.89
NPV ultrasound: 0.61
  

Level of evidence 
A2



253

Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lameris (2)
2009

Type of study: Fully 
paired multicentre 
diagnostic accuracy 
study with prospec-
tive data collection

Setting: emergency 
department of two 
university
hospitals and four 
large teaching 
hospitals

Country: Netherlands

Source of funding: 
Dutch Organization 
for Health Research 
and Development
(ZonMw)

Inclusion criteria: 
Age >= 18 years
non-traumatic 
abdominal
pain of >2 hours and 
<5 days duration

Exclusion criteria: 
discharge from emer-
gency department 
with no
imaging warranted,
pregnancy, 
haemorrhagic shock.

N= 1021

Mean age:
47 (range 19-94)

Sex: 45% M / 55% F

Other important 
characteristics:
75% referred by 
general practitioner; 
17% self referrals, 
7% referred by other 
medical specialties, 
1% presented by 
emergency services.

Medical history, 
physical examination, 
laboratory findings, 
ultrasound (graded 
compression tech-
nique)

Diagnosis by 
expert panel 
The panel
members had not 
been involved in 
the investigation
or management 
of the evaluated 
cases.

6 months Outcome measures and effect size (include 95%CI and p-value if availa-
ble):

Diagnosis after medical history, physical examination, and initial laboratory 
investigations corresponded in 45.8% with final diagnosis. 

Diagnosis after medical history, physical examination, initial laboratory 
investigations and ultrasound corresponded in 53% with final diagnosis. 

Discrimination of urgent vs non-urgent diagnosis (history, physical exami-
nation, laboratory findings and ultrasound):
Sensitivity 0.70
Specificity 0.85
False negative: 0.30
False positive: 0.11
PPV ultrasound: 0.89
NPV ultrasound: 0.61
  

Level of evidence 
A2

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lindelius (19) 
2008

Randomized 
cross-sectional 
diagnostic study

Emergency depart-
ment

Sweden

Source of funding:

N=762

Inclusion criteria:
Age >=  18 years, 
admitted to ED with 
abdominal pain.

Exclusion criteria:  
pregnancy, previously 
diagnosed abdominal 
condition, 
acute conditions 
needing
immediate care, ina-
bility to communicate 
with
the investigator, drug 
or alcohol addiction,
dementia.

Age mean 47

Preliminary diagnosis 
made by surgeon 
with or without 
(randomized) ultra-
sound (ultrasound 
performed by sur-
geons after 4 weeks 
US-training)

Final diagnosis 
made
by a senior sur-
geon 6–8 weeks 
later.

6-8 weeks The primary outcome of the study was defined as the proportion of 
correct diagnoses given in the emergency department.

With ultrasound: correct diagnosis 247/382 (64.7%)
Without ultrasound: correct diagnosis 216/380 (56.8%)
P=0.029

When determining 
the final diagnosis, 
the senior surgeon 
was not aware of 
the preliminary di-
agnosis set by the 
surgeon in the
emergency de-
partment.

Level of evidence 
A2

Allemann (20) 
1999

Cross-sectional 
diagnostic study

Setting: University 
hospital

Country: Switzerland

Source of funding: 

Patients presenting 
with acute abdominal 
pain

N=496 

Sex: 234M/262F
Age mean 45 years
V 46 (16-90)
M 51 (17-87)

Medical history, 
physical examination, 
laboratory findings, 
ultrasound

Surgery, pathol-
ogy, follow-up (4 
weeks)

4 weeks Without US: clinical diagnosis correct in 348/496 (70%)
With US: clinical diagnosis correct in 414/496 (83%)

Final diagnosis 
determined with 
or without knowl-
edge of initial 
diagnosis?

Level of evidence 
A2

Nural (21) 
2008

Cross-sectional 
diagnostic study

Setting: University 
hospital

Country: Turkey

Source of funding: 
not reported

Patients with acute 
abdominal pain (<7 
days)

N=300

Sex: 150M/150F

Age: mean 52±20 
years (range 18–96) 

Medical history, 
physical examination,
laboratory tests, 
direct abdominal 
radiography, if availa-
ble, ultrasound
Preliminary diagnosis 
with and without US 
recorded

Surgery, patholo-
gy, additional im-
aging, follow-up

With US: clinical diagnosis correct in 238/300 (79.3%)

US normal (n=102): 67/102 in concordance with the discharge diagnosis
US different from initial clinical impression (n=69): 60/69 in concordance 
with the discharge diagnosis
US confirmed initial clinical impression (n=121): concordance in 105/121 
(86.7%). 

When the concordance with the discharge diagnosis was considered, the 
US diagnoses were quite different from that of the initial clinical impres-
sions, and this difference was statistically significant (P<0.001).

Level of evidence 
A2

Table 2.6 Diagnostic accuracy of ultrasound
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lindelius (19) 
2008

Randomized 
cross-sectional 
diagnostic study

Emergency depart-
ment

Sweden

Source of funding:

N=762

Inclusion criteria:
Age >=  18 years, 
admitted to ED with 
abdominal pain.

Exclusion criteria:  
pregnancy, previously 
diagnosed abdominal 
condition, 
acute conditions 
needing
immediate care, ina-
bility to communicate 
with
the investigator, drug 
or alcohol addiction,
dementia.

Age mean 47

Preliminary diagnosis 
made by surgeon 
with or without 
(randomized) ultra-
sound (ultrasound 
performed by sur-
geons after 4 weeks 
US-training)

Final diagnosis 
made
by a senior sur-
geon 6–8 weeks 
later.

6-8 weeks The primary outcome of the study was defined as the proportion of 
correct diagnoses given in the emergency department.

With ultrasound: correct diagnosis 247/382 (64.7%)
Without ultrasound: correct diagnosis 216/380 (56.8%)
P=0.029

When determining 
the final diagnosis, 
the senior surgeon 
was not aware of 
the preliminary di-
agnosis set by the 
surgeon in the
emergency de-
partment.

Level of evidence 
A2

Allemann (20) 
1999

Cross-sectional 
diagnostic study

Setting: University 
hospital

Country: Switzerland

Source of funding: 

Patients presenting 
with acute abdominal 
pain

N=496 

Sex: 234M/262F
Age mean 45 years
V 46 (16-90)
M 51 (17-87)

Medical history, 
physical examination, 
laboratory findings, 
ultrasound

Surgery, pathol-
ogy, follow-up (4 
weeks)

4 weeks Without US: clinical diagnosis correct in 348/496 (70%)
With US: clinical diagnosis correct in 414/496 (83%)

Final diagnosis 
determined with 
or without knowl-
edge of initial 
diagnosis?

Level of evidence 
A2

Nural (21) 
2008

Cross-sectional 
diagnostic study

Setting: University 
hospital

Country: Turkey

Source of funding: 
not reported

Patients with acute 
abdominal pain (<7 
days)

N=300

Sex: 150M/150F

Age: mean 52±20 
years (range 18–96) 

Medical history, 
physical examination,
laboratory tests, 
direct abdominal 
radiography, if availa-
ble, ultrasound
Preliminary diagnosis 
with and without US 
recorded

Surgery, patholo-
gy, additional im-
aging, follow-up

With US: clinical diagnosis correct in 238/300 (79.3%)

US normal (n=102): 67/102 in concordance with the discharge diagnosis
US different from initial clinical impression (n=69): 60/69 in concordance 
with the discharge diagnosis
US confirmed initial clinical impression (n=121): concordance in 105/121 
(86.7%). 

When the concordance with the discharge diagnosis was considered, the 
US diagnoses were quite different from that of the initial clinical impres-
sions, and this difference was statistically significant (P<0.001).

Level of evidence 
A2

Table 2.6 Diagnostic accuracy of ultrasound
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lameris (2) 
2009

Type of study: Fully 
paired multicentre 
diagnostic accuracy 
study with prospec-
tive data collection

Setting: emergency 
department of two 
university hospitals 
and four large teach-
ing hospitals

Country: Netherlands

Source of funding: 
Dutch Organization 
for Health Research 
and Development
(ZonMw)

Inclusion criteria: 
Age >= 18 years
non-traumatic 
abdominal
pain of >2 hours’ and 
<5 days’ duration

Exclusion criteria: 
discharge from emer-
gency department 
with no imaging 
warranted,
pregnancy, haemor-
rhagic shock.

N= 1021

Mean age: 47 (range 
19-94)

Sex: 45% M / 55% F

Other important 
characteristics:
75% referred by 
general practitioner; 
17% self referrals, 
7% referred by other 
medical specialties, 
1% presented by 
emergency services.

Medical history, 
physical examination, 
initial laboratory in-
vestigations and CT.

Diagnosis by 
expert panel

6 months Outcome measures and effect size (include 
95%CI and p-value 
if available):

Medical history, physical examination, initial 
laboratory investigations and computed 
tomography:
Diagnosis corresponded in 61.6% with final 
diagnosis 
Discriminating urgent vs non-urgent diagnoses: 
Sensitivity 89%, 
Specificity 77%
False negative 11% 
False positive 12% 

Level of evidence A2

MacKersie (15) 
2005 

Diagnostic accuracy 
study, cross-sectional 

Setting: emergency 
department

Country: USA

Exclusion criteria:
trauma, intoxication, 
mental incompe-
tence, pregnancy, 
overt gynaecological 
or urological com-
plaints

N=91

Sex: 34M/47F

Age: mean 48.5 
(range 18-84)

computed tomogra-
phy non contrast
120kVp; 300mAS
120 kVp; 240 mAS

Slice 
5mm, pitch 0.875
5mm, pitch 1.6

surgical, patho-
logical, and clini-
cal follow-up

6 months True positive n=48
True negative n=39
False positive n=2
False negative n=2
Sensitivity 96%
Specificity 95%
correct/ accuracy  87/91 = 95.6%

X-rays and computed tomography were each 
separately and prospectively interpreted by 
a different experienced radiologist who was 
blinded to patient history and the images and 
interpretation of the other examination for 
each patient

Level of evidence A2
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Lameris (2) 
2009

Type of study: Fully 
paired multicentre 
diagnostic accuracy 
study with prospec-
tive data collection

Setting: emergency 
department of two 
university hospitals 
and four large teach-
ing hospitals

Country: Netherlands

Source of funding: 
Dutch Organization 
for Health Research 
and Development
(ZonMw)

Inclusion criteria: 
Age >= 18 years
non-traumatic 
abdominal
pain of >2 hours’ and 
<5 days’ duration

Exclusion criteria: 
discharge from emer-
gency department 
with no imaging 
warranted,
pregnancy, haemor-
rhagic shock.

N= 1021

Mean age: 47 (range 
19-94)

Sex: 45% M / 55% F

Other important 
characteristics:
75% referred by 
general practitioner; 
17% self referrals, 
7% referred by other 
medical specialties, 
1% presented by 
emergency services.

Medical history, 
physical examination, 
initial laboratory in-
vestigations and CT.

Diagnosis by 
expert panel

6 months Outcome measures and effect size (include 
95%CI and p-value 
if available):

Medical history, physical examination, initial 
laboratory investigations and computed 
tomography:
Diagnosis corresponded in 61.6% with final 
diagnosis 
Discriminating urgent vs non-urgent diagnoses: 
Sensitivity 89%, 
Specificity 77%
False negative 11% 
False positive 12% 

Level of evidence A2

MacKersie (15) 
2005 

Diagnostic accuracy 
study, cross-sectional 

Setting: emergency 
department

Country: USA

Exclusion criteria:
trauma, intoxication, 
mental incompe-
tence, pregnancy, 
overt gynaecological 
or urological com-
plaints

N=91

Sex: 34M/47F

Age: mean 48.5 
(range 18-84)

computed tomogra-
phy non contrast
120kVp; 300mAS
120 kVp; 240 mAS

Slice 
5mm, pitch 0.875
5mm, pitch 1.6

surgical, patho-
logical, and clini-
cal follow-up

6 months True positive n=48
True negative n=39
False positive n=2
False negative n=2
Sensitivity 96%
Specificity 95%
correct/ accuracy  87/91 = 95.6%

X-rays and computed tomography were each 
separately and prospectively interpreted by 
a different experienced radiologist who was 
blinded to patient history and the images and 
interpretation of the other examination for 
each patient

Level of evidence A2

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Udayasankar (24) 
2009

Type of study: 
cross-sectional

Setting: general 
hospital

Country: USA
Source of funding: 
No financial grants 
were received for 
this study.

Inclusion criteria:
All patients with 
severe acute abdom-
inal pain who would 
otherwise be referred 
for a three-view 
acute abdominal 
radiograph series

Exclusion criteria: 
none reported

N=163

Mean age 51 years; 
range 19–82 years

Sex: 110M / 53F

nonenhanced
ultra-low-dose (ULD) 
abdominal–pelvic 
multidetector
row computerized 
tomography (MDCT)

2.10mSv
120 kVp
Slice 5 mm

Follow up, clini-
cal, imaging, sur-
gery, pathology
 

6 months 
(imaging (n=28), 
surgery (n=21), 
endoscopy (n=12),
laboratory tests 
(n=18), and clinical 
evaluation, follow-up 
visits, and patient 
interviews (n=84))

True positive n=62
True negative n=65
False positive n=3
False negative n=33
Sensitivity 65%
Specificity 96%
correct/ accuracy 127/163 = 78%

All patients with severe acute abdominal pain 
who would otherwise be referred for a three-
view acute abdominal
radiograph series could alternatively be 
evaluated using a non-contrast ULD abdomi-
nal–pelvic computed tomography. In all cases, 
the choice of imaging was determined by the 
Emergency Department attending physician.

Level of evidence: A2

Salem (25)
2005

Type of study: 
cross-sectional

Setting: general 
teaching hospital

Country: Wales, UK

Source of funding: 
not reported.

Inclusion criteria: 
Patients >25 years
admitted as an emer-
gency with acute 
abdominal pain

Exclusion criteria: 
trauma, obvious 
need for laparotomy, 
proven biliary pain, 
jaundice, peptic 
ulcer disease, acute 
pancreatitis and 
those with frequent 
admissions with con-
ditions which settle 
spontaneously.

N=211

Sex: 82M /129F
Age mean 62.4 
(range 27–92 years).

computed tomogra-
phy was performed 
in 81 (38%), of whom 
24 had the scan 
performed within 24 
h of admission. In 16
patients it was 
performed after one 
week.

10 mm slice thick-
ness. computed 
tomography was 
performed using both 
oral and intrave-
nous contrast. Oral 
Gastrografin was 
given routinely the 
night before and on 
the morning of the 
procedure.

Clinical investiga-
tions (including 
computed 
tomography), 
subsequent 
surgery or histo-
pathology

True positive n=48
True negative n=20
False positive n=5
False negative n=8
Sensitivity 86%
Specificity 80%
correct/ accuracy 68/81= 83.9

Initial diagnosis was made depending on the 
findings from history, clinical
examination, laboratory tests and initial plain 
radiography

Level of evidence: A2
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Udayasankar (24) 
2009

Type of study: 
cross-sectional

Setting: general 
hospital

Country: USA
Source of funding: 
No financial grants 
were received for 
this study.

Inclusion criteria:
All patients with 
severe acute abdom-
inal pain who would 
otherwise be referred 
for a three-view 
acute abdominal 
radiograph series

Exclusion criteria: 
none reported

N=163

Mean age 51 years; 
range 19–82 years

Sex: 110M / 53F

nonenhanced
ultra-low-dose (ULD) 
abdominal–pelvic 
multidetector
row computerized 
tomography (MDCT)

2.10mSv
120 kVp
Slice 5 mm

Follow up, clini-
cal, imaging, sur-
gery, pathology
 

6 months 
(imaging (n=28), 
surgery (n=21), 
endoscopy (n=12),
laboratory tests 
(n=18), and clinical 
evaluation, follow-up 
visits, and patient 
interviews (n=84))

True positive n=62
True negative n=65
False positive n=3
False negative n=33
Sensitivity 65%
Specificity 96%
correct/ accuracy 127/163 = 78%

All patients with severe acute abdominal pain 
who would otherwise be referred for a three-
view acute abdominal
radiograph series could alternatively be 
evaluated using a non-contrast ULD abdomi-
nal–pelvic computed tomography. In all cases, 
the choice of imaging was determined by the 
Emergency Department attending physician.

Level of evidence: A2

Salem (25)
2005

Type of study: 
cross-sectional

Setting: general 
teaching hospital

Country: Wales, UK

Source of funding: 
not reported.

Inclusion criteria: 
Patients >25 years
admitted as an emer-
gency with acute 
abdominal pain

Exclusion criteria: 
trauma, obvious 
need for laparotomy, 
proven biliary pain, 
jaundice, peptic 
ulcer disease, acute 
pancreatitis and 
those with frequent 
admissions with con-
ditions which settle 
spontaneously.

N=211

Sex: 82M /129F
Age mean 62.4 
(range 27–92 years).

computed tomogra-
phy was performed 
in 81 (38%), of whom 
24 had the scan 
performed within 24 
h of admission. In 16
patients it was 
performed after one 
week.

10 mm slice thick-
ness. computed 
tomography was 
performed using both 
oral and intrave-
nous contrast. Oral 
Gastrografin was 
given routinely the 
night before and on 
the morning of the 
procedure.

Clinical investiga-
tions (including 
computed 
tomography), 
subsequent 
surgery or histo-
pathology

True positive n=48
True negative n=20
False positive n=5
False negative n=8
Sensitivity 86%
Specificity 80%
correct/ accuracy 68/81= 83.9

Initial diagnosis was made depending on the 
findings from history, clinical
examination, laboratory tests and initial plain 
radiography

Level of evidence: A2

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Tsushima (22) 
2002

Type of study: 
cross-sectional

Setting: general 
hospital

Country: Japan

Source of funding: 
not reported.

Inclusion criteria: 
acute abdominal pain

Exclusion criteria: 
age <18 years, pain 
>24 hours, recent 
abdominal surgery (< 
3 months), transfer 
with imaging

N=125

Sex: 74M /51F
Age mean 40.2 
(range 18–92 years)

Spiral computed 
tomography with 
IV 100ml ioversol 
2-3ml/sec

7mm, pitch 15;1

Follow-up, 
surgery, pathol-
ogy, discharge 
diagnosis

True positive n=113
True negative n=3
False positive n=4
False negative n=5
Sensitivity 97
Specificity 43
correct/ accuracy 116/125 =92.8%

Level of evidence: A2

Foinant (23)
2007

Type of study: 
cross-sectional

Setting: university 
hospital

Country: France

Source of funding: 
not reported.

Inclusion criteria: 
Acute abdsomen 
<24 hrs or with wor-
risome progression, 
computed tomogra-
phy on admission

Exclusion criteria: 
trauma, age <17

N=90

Sex: 49M /41F
Age mean 57.7 
(range 18–97 years).

Spiral computed 
tomography with iv 
iodine contrast. 4 pa-
tients did not receive 
contrast.

Surgery (n=32), 
clinical progres-
sion, follow-up 
(3months), dis-
charge diagnosis

3 months correct/ accuracy 83/90= 92.2% Level of evidence: A2

Table 2.7 Diagnostic accuracy of Computer Tomography
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Tsushima (22) 
2002

Type of study: 
cross-sectional

Setting: general 
hospital

Country: Japan

Source of funding: 
not reported.

Inclusion criteria: 
acute abdominal pain

Exclusion criteria: 
age <18 years, pain 
>24 hours, recent 
abdominal surgery (< 
3 months), transfer 
with imaging

N=125

Sex: 74M /51F
Age mean 40.2 
(range 18–92 years)

Spiral computed 
tomography with 
IV 100ml ioversol 
2-3ml/sec

7mm, pitch 15;1

Follow-up, 
surgery, pathol-
ogy, discharge 
diagnosis

True positive n=113
True negative n=3
False positive n=4
False negative n=5
Sensitivity 97
Specificity 43
correct/ accuracy 116/125 =92.8%

Level of evidence: A2

Foinant (23)
2007

Type of study: 
cross-sectional

Setting: university 
hospital

Country: France

Source of funding: 
not reported.

Inclusion criteria: 
Acute abdsomen 
<24 hrs or with wor-
risome progression, 
computed tomogra-
phy on admission

Exclusion criteria: 
trauma, age <17

N=90

Sex: 49M /41F
Age mean 57.7 
(range 18–97 years).

Spiral computed 
tomography with iv 
iodine contrast. 4 pa-
tients did not receive 
contrast.

Surgery (n=32), 
clinical progres-
sion, follow-up 
(3months), dis-
charge diagnosis

3 months correct/ accuracy 83/90= 92.2% Level of evidence: A2

Table 2.7 Diagnostic accuracy of Computer Tomography

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Decadt (34)
 1999

Randomized study

Setting: General 
hospital

Country: UK

Source of funding: 
not reported

Inclusion criteria:
Acute abdominal 
pain (< 7 days), with 
uncertain diagnosis 
after examination and 
baseline investiga-
tions.

Exclusion:
Patients requiring 
acute surgery.

N=120

Early laparoscopy 
within 18 hrs of 
admission

N=59 (43M, 16F)

Age mean 28 (16-84)

Active obser-
vation and 
non-invasive 
investigation:
- medical history
- physical exami-
nation
- lab investiga-
tions
- chest or 
abdominal radio-
graph

N= 61 (48M, 
13 F)
Age mean 29 
(16-62)

Endpoints:
Diagnosis, operative 
procedures, duration 
of stay, readmission 
rate, morbidity, 
death, patient 
satisfaction, total 
nr of investigations 
performed.

Quality of life 
(gastrointestinal and 
general well-being) 
on admission and 
after 6 weeks

Diagnosis established:
Laparoscopy group: 48/59
Control group: 22/61
(p<0.0001)

Complications: 
Laparoscopy group: 14/59
Control group: 19/61
Not significant

Radiological Imaging:
Laparoscopy group: 11/59 patients, 20 
procedures
Control group: 35/61 patients, 59 procedures

Randomisation by sealed envelopes.

When no abnormality was found at laparos-
copy, appendectomy was performed.

17 patients in the control group required 
surgery.

Level of evidence C

Al Mulhim (35) 
2008

Cross-sectional study

Setting: university 
hospital

Country: Saudi 
Arabia

Funding: not 
reported

Inclusion criteria:
Acute abdominal pain 
(< 7 days).

Exclusion:
pregnancy, hemod-
ynamic unstable pa-
tients, and radiologic
proven diagnosis.

N=176

group A: acute right 
lower abdominal pain 
(n=113; 32M, 81F; 
mean age 21)
group B: generalized 
acute abdominal pain 
(n=63, 41M 22F, 
mean age 42).

All patients under-
went laparoscopy

Preoperative investi-
gation:
- medical history
- physical exami-
nation
- lab investigations

If indicated:
- chest or abdominal 
radiograph
- ultrasound
- computed tomog-
raphy

n.a. Endpoints: 
Diagnostic laparos-
copy (%)
Therapeutic laparos-
copy (%)
Hospital stay (days)

Establishment of laparoscopic diagnosis 
Group A: 89% (101/113)
Group B: 87% (55/63)

Therapeutic laparoscopy:
Group A: 81% (92/113)
Group B: 79% (50/63)

When no abnormality was found at laparos-
copy, appendectomy was performed.

A biopsy in case of Crohn’s disease or an ap-
pendectomy in case of normal findings were 
considered therapeutic.

Level of evidence C
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Decadt (34)
 1999

Randomized study

Setting: General 
hospital

Country: UK

Source of funding: 
not reported

Inclusion criteria:
Acute abdominal 
pain (< 7 days), with 
uncertain diagnosis 
after examination and 
baseline investiga-
tions.

Exclusion:
Patients requiring 
acute surgery.

N=120

Early laparoscopy 
within 18 hrs of 
admission

N=59 (43M, 16F)

Age mean 28 (16-84)

Active obser-
vation and 
non-invasive 
investigation:
- medical history
- physical exami-
nation
- lab investiga-
tions
- chest or 
abdominal radio-
graph

N= 61 (48M, 
13 F)
Age mean 29 
(16-62)

Endpoints:
Diagnosis, operative 
procedures, duration 
of stay, readmission 
rate, morbidity, 
death, patient 
satisfaction, total 
nr of investigations 
performed.

Quality of life 
(gastrointestinal and 
general well-being) 
on admission and 
after 6 weeks

Diagnosis established:
Laparoscopy group: 48/59
Control group: 22/61
(p<0.0001)

Complications: 
Laparoscopy group: 14/59
Control group: 19/61
Not significant

Radiological Imaging:
Laparoscopy group: 11/59 patients, 20 
procedures
Control group: 35/61 patients, 59 procedures

Randomisation by sealed envelopes.

When no abnormality was found at laparos-
copy, appendectomy was performed.

17 patients in the control group required 
surgery.

Level of evidence C

Al Mulhim (35) 
2008

Cross-sectional study

Setting: university 
hospital

Country: Saudi 
Arabia

Funding: not 
reported

Inclusion criteria:
Acute abdominal pain 
(< 7 days).

Exclusion:
pregnancy, hemod-
ynamic unstable pa-
tients, and radiologic
proven diagnosis.

N=176

group A: acute right 
lower abdominal pain 
(n=113; 32M, 81F; 
mean age 21)
group B: generalized 
acute abdominal pain 
(n=63, 41M 22F, 
mean age 42).

All patients under-
went laparoscopy

Preoperative investi-
gation:
- medical history
- physical exami-
nation
- lab investigations

If indicated:
- chest or abdominal 
radiograph
- ultrasound
- computed tomog-
raphy

n.a. Endpoints: 
Diagnostic laparos-
copy (%)
Therapeutic laparos-
copy (%)
Hospital stay (days)

Establishment of laparoscopic diagnosis 
Group A: 89% (101/113)
Group B: 87% (55/63)

Therapeutic laparoscopy:
Group A: 81% (92/113)
Group B: 79% (50/63)

When no abnormality was found at laparos-
copy, appendectomy was performed.

A biopsy in case of Crohn’s disease or an ap-
pendectomy in case of normal findings were 
considered therapeutic.

Level of evidence C

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Navez (36)
1995

Cross-sectional study

Setting: general 
hospital 

Country: Belgium

Source of funding: 
not reported

Inclusion: patients 
with symptoms of 
acute abdomen

Exclusion (n=334): 
unavailability
of a skilled lapa-
roscopic surgeon, 
hemodynamic insta-
bility, and
acute abdominal con-
ditions too difficult 
or too dangerous 
to be managed by 
laparoscopy

n=255 (92M, 163F)
Mean age 57 y (range 
13-96)

All patients under-
went laparoscopy

Preoperative inves-
tigation
- medical 
history
- physical exami-
nation

If indicated:
- lab investigations
- chest or abdominal 
radiograph
- ultrasound
- computed tomog-
raphy

Preliminary diagnosis 
was reported preop-
eratively.

n.a. Endpoints: 
Diagnostic laparos-
copy (%)
Agreement preopera-
tive with laparoscopic 
diagnosis (%)
Morbidity and 
mortality.

Establishment of laparoscopic diagnosis 
236/255 (93%)

Preliminary diagnosis corresponded with lapa-
roscopic diagnosis: 186/236 (79%)

Modification of therapeutic strategy after 
laparoscopy: 25/236 (11%).

Mortality: 8/255

Complications: 28/247

All patients with acute abdominal pain were 
included, not only those in which no diagnosis 
was established after imaging.

If after laparoscopy there was still doubt 
about the diagnosis, the patient underwent 
laparotomy.

Level of evidence C

Sozuer (33)
2000

Cross-sectional study

Setting: university 
hospital

Country: Turkey

Source of funding: 
not reported

Patients in whom the 
cause
of acute abdominal 
pain could not be 
diagnosed with 
physical examination, 
laboratory tests, ul-
trasound, computed 
tomography, and 
endoscopy

Exclusion:
suspected appen-
dicitis, signs of 
peritoneal irritability, 
severe coagulopathy, 
excessive abdominal 
distention, or hemod-
ynamic instability.

N=56 (15M, 41F)
Age median 27 
(range 17-68) 

All patients under-
went laparoscopy

Preoperative inves-
tigation
- physical examina-
tion,
- laboratory tests,
- noninvasive imaging
methods (ultrasound,
computed tomogra-
phy, and endoscopy).

Postoperative 
cytologic,
microbiologic, 
and histologic 
examination

True positive (TP): 
abnormal laparoscop-
ic findings confirmed 
after operation by 
cytologic,
microbiologic, and 
histologic examina-
tion. 
Falsely negative 
(FN): laparoscopy did 
not show abnormal 
pathology 
Falsely positive (FP): 
laparoscopy falsely 
detected a patholog-
ical finding that was 
not confirmed by
cytologic, microbio-
logic, and histologic 
examination.

TP: 53/56
FN: 1
FP: 2
Sensitivity 98%
Specificity 96%

Complications: 2/56

Therapeutic laparoscopy: 36/56

If after laparoscopy there was still no diagno-
sis, the patient underwent laparotomy.

Level of evidence B
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Navez (36)
1995

Cross-sectional study

Setting: general 
hospital 

Country: Belgium

Source of funding: 
not reported

Inclusion: patients 
with symptoms of 
acute abdomen

Exclusion (n=334): 
unavailability
of a skilled lapa-
roscopic surgeon, 
hemodynamic insta-
bility, and
acute abdominal con-
ditions too difficult 
or too dangerous 
to be managed by 
laparoscopy

n=255 (92M, 163F)
Mean age 57 y (range 
13-96)

All patients under-
went laparoscopy

Preoperative inves-
tigation
- medical 
history
- physical exami-
nation

If indicated:
- lab investigations
- chest or abdominal 
radiograph
- ultrasound
- computed tomog-
raphy

Preliminary diagnosis 
was reported preop-
eratively.

n.a. Endpoints: 
Diagnostic laparos-
copy (%)
Agreement preopera-
tive with laparoscopic 
diagnosis (%)
Morbidity and 
mortality.

Establishment of laparoscopic diagnosis 
236/255 (93%)

Preliminary diagnosis corresponded with lapa-
roscopic diagnosis: 186/236 (79%)

Modification of therapeutic strategy after 
laparoscopy: 25/236 (11%).

Mortality: 8/255

Complications: 28/247

All patients with acute abdominal pain were 
included, not only those in which no diagnosis 
was established after imaging.

If after laparoscopy there was still doubt 
about the diagnosis, the patient underwent 
laparotomy.

Level of evidence C

Sozuer (33)
2000

Cross-sectional study

Setting: university 
hospital

Country: Turkey

Source of funding: 
not reported

Patients in whom the 
cause
of acute abdominal 
pain could not be 
diagnosed with 
physical examination, 
laboratory tests, ul-
trasound, computed 
tomography, and 
endoscopy

Exclusion:
suspected appen-
dicitis, signs of 
peritoneal irritability, 
severe coagulopathy, 
excessive abdominal 
distention, or hemod-
ynamic instability.

N=56 (15M, 41F)
Age median 27 
(range 17-68) 

All patients under-
went laparoscopy

Preoperative inves-
tigation
- physical examina-
tion,
- laboratory tests,
- noninvasive imaging
methods (ultrasound,
computed tomogra-
phy, and endoscopy).

Postoperative 
cytologic,
microbiologic, 
and histologic 
examination

True positive (TP): 
abnormal laparoscop-
ic findings confirmed 
after operation by 
cytologic,
microbiologic, and 
histologic examina-
tion. 
Falsely negative 
(FN): laparoscopy did 
not show abnormal 
pathology 
Falsely positive (FP): 
laparoscopy falsely 
detected a patholog-
ical finding that was 
not confirmed by
cytologic, microbio-
logic, and histologic 
examination.

TP: 53/56
FN: 1
FP: 2
Sensitivity 98%
Specificity 96%

Complications: 2/56

Therapeutic laparoscopy: 36/56

If after laparoscopy there was still no diagno-
sis, the patient underwent laparotomy.

Level of evidence B
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Karamanakos (37) 
2010

Retrospective study

Setting:university 
hospital

Country: Greece

Source of funding: 
not reported

1414 patients admit-
ted with abdominal 
pain.
540 underwent 
laparoscopy.

Inclusion: 
age > 14, 
acute abdominal 
pain <48 h, signs of 
ongoing inflammato-
ry disease 

Exclusion:
history of malignancy, 
evidence of ongoing 
bleeding, massive 
bowel distension, 
abdominal trauma, 
and a history of 2 
or more abdominal 
procedures including 
a midline incision.

Patients were clas-
sified:
abdominal pain mim-
icking appendicitis: 
n=229 (42.4%), 
acute cholecystitis: 
n=248 (45.9%), 
gastroduodenal per-
forated ulcer: n=14 
(2.6%), 
small bowel obstruc-
tion: n=24 (4.4%),
nonspecific abdomi-
nal pain: n=25 (4.6%). 

All patients under-
went laparoscopy

Preoperative investi-
gation:
- clinical examination, 
- laboratory tests, 
- chest and abdomi-
nal x-rays. 
If indicated (majority)
- abdominal ultra-
sound 

In cases of equivocal 
diagnosis:
- abdominal comput-
ed tomography with 
oral and intravenous 
contrast.

n.a. Primary end point: 
diagnostic yield 

Secondary end 
points:
duration of opera-
tion, conversion to 
open, 
hospital stay,
mortality and mor-
bidity.

Whole group: 
Diagnosis was established in 530 patients 
(98.2%) 

Definitive laparoscopic treatment: 514 patients 
(95.2%).

Conversion rate 2.2%. Total mortality 1.1% 
Total morbidity was 7.9%.

NSAP group:
Diagnosis was established in 21/25 patients 
(84%) 

Complications: 2/25 (8%)

In 4 out of 25 NSAP patients no diagnosis 
was established during laparoscopy

Level of evidence C

Table 2.8 Diagnostic accuracy of laparoscopy
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Study 
reference

Study 
characteristics

Patient 
characteristics

Index test
(test of interest) 

Reference test Follow-up Outcome measures and effect size Comments

Karamanakos (37) 
2010

Retrospective study

Setting:university 
hospital

Country: Greece

Source of funding: 
not reported

1414 patients admit-
ted with abdominal 
pain.
540 underwent 
laparoscopy.

Inclusion: 
age > 14, 
acute abdominal 
pain <48 h, signs of 
ongoing inflammato-
ry disease 

Exclusion:
history of malignancy, 
evidence of ongoing 
bleeding, massive 
bowel distension, 
abdominal trauma, 
and a history of 2 
or more abdominal 
procedures including 
a midline incision.

Patients were clas-
sified:
abdominal pain mim-
icking appendicitis: 
n=229 (42.4%), 
acute cholecystitis: 
n=248 (45.9%), 
gastroduodenal per-
forated ulcer: n=14 
(2.6%), 
small bowel obstruc-
tion: n=24 (4.4%),
nonspecific abdomi-
nal pain: n=25 (4.6%). 

All patients under-
went laparoscopy

Preoperative investi-
gation:
- clinical examination, 
- laboratory tests, 
- chest and abdomi-
nal x-rays. 
If indicated (majority)
- abdominal ultra-
sound 

In cases of equivocal 
diagnosis:
- abdominal comput-
ed tomography with 
oral and intravenous 
contrast.

n.a. Primary end point: 
diagnostic yield 

Secondary end 
points:
duration of opera-
tion, conversion to 
open, 
hospital stay,
mortality and mor-
bidity.

Whole group: 
Diagnosis was established in 530 patients 
(98.2%) 

Definitive laparoscopic treatment: 514 patients 
(95.2%).

Conversion rate 2.2%. Total mortality 1.1% 
Total morbidity was 7.9%.

NSAP group:
Diagnosis was established in 21/25 patients 
(84%) 

Complications: 2/25 (8%)

In 4 out of 25 NSAP patients no diagnosis 
was established during laparoscopy

Level of evidence C

Table 2.8 Diagnostic accuracy of laparoscopy
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Study 
reference

Study 
characteristics

Patient 
characteristics

Intervention (I)
Comparison / 
control (C)

Follow-up Outcome measures and effect size Comments

Kumar (39) 
2006

Multicenter retro-
spective cohort study

Setting: 14 intensive 
care units and 10 
hospitals (four 
academic,
six community)

Country: Canada and 
the United States.

Source of funding: 
Supported, in part, by 
unrestricted grants 
from
Eli-Lilly, Pfizer, Merck, 
and Astra-Zeneca. 
Additional
support by the 
Health Sciences Cen-
tre Department of 
Research and Health 
Sciences Centre 
Foundation.

Adult septic shock 
cases 

Inclusion criteria:
All included cases
were required to 
have no other obvi-
ous cause
of shock.

Exclusion criteria:

N= In total, 2,731 
cases were deter-
mined to
fit the diagnostic 
criteria for septic 
shock.

Age: mean 
62.7 ±16.4
M 54.3%, F 45.7%. 
Other important 
characteristics:
Average APACHE II 
score 26.0 ± 8.6.

The time to initi-
ation of effective 
antimicrobial therapy 
relative to the first 
occurrence of recur-
rent or
persistent hypoten-
sion was the primary 
independent
variable.

Of the total of 2,731 
patients with septic 
shock, 19 did not 
receive effective anti-
microbials before
death and 558 were 
on antimicrobial ther-
apy that was either 
proven or adjudicat-
ed effective for the 
infection thought to 
underlie septic shock 
before the onset of 
hypotension. 

2,154 septic shock
patients (78.9% total) 
received effective 
antimicrobial therapy
only after the onset 
of recurrent or per-
sistent hypotension.

n.a. The primary outcome
variable was survival 
to hospital discharge 
inclusive
of discharges to 
chronic health care 
facilities (nursing 
homes, etc.). 

Outcome measures and effect size (include 
95%CI and p-value if available):

Overall mortality rate
was 56.2%.

Relationship between delay in effective 
antimicrobial
initiation and in-hospital mortality: OR 1.119 
per hour delay, 95% CI 1.103–1.136, 
p <.0001).
 
Administration of an antimicrobial effective 
for isolated or suspected pathogens within the 
first 30 minutes of documented hypotension 
was associated with a survival rate of 82.7%, 
within the first hour: 79.9%. 

Each hour of delay in antimicrobial administra-
tion over the ensuing 6 hrs
was associated with an average decrease in 
survival of 7.6%. 

Level of evidence B

Table 2.9 Indications for antibiotic treatment during the diagnostic pathway 
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Study 
reference

Study 
characteristics

Patient 
characteristics

Intervention (I)
Comparison / 
control (C)

Follow-up Outcome measures and effect size Comments

Kumar (39) 
2006

Multicenter retro-
spective cohort study

Setting: 14 intensive 
care units and 10 
hospitals (four 
academic,
six community)

Country: Canada and 
the United States.

Source of funding: 
Supported, in part, by 
unrestricted grants 
from
Eli-Lilly, Pfizer, Merck, 
and Astra-Zeneca. 
Additional
support by the 
Health Sciences Cen-
tre Department of 
Research and Health 
Sciences Centre 
Foundation.

Adult septic shock 
cases 

Inclusion criteria:
All included cases
were required to 
have no other obvi-
ous cause
of shock.

Exclusion criteria:

N= In total, 2,731 
cases were deter-
mined to
fit the diagnostic 
criteria for septic 
shock.

Age: mean 
62.7 ±16.4
M 54.3%, F 45.7%. 
Other important 
characteristics:
Average APACHE II 
score 26.0 ± 8.6.

The time to initi-
ation of effective 
antimicrobial therapy 
relative to the first 
occurrence of recur-
rent or
persistent hypoten-
sion was the primary 
independent
variable.

Of the total of 2,731 
patients with septic 
shock, 19 did not 
receive effective anti-
microbials before
death and 558 were 
on antimicrobial ther-
apy that was either 
proven or adjudicat-
ed effective for the 
infection thought to 
underlie septic shock 
before the onset of 
hypotension. 

2,154 septic shock
patients (78.9% total) 
received effective 
antimicrobial therapy
only after the onset 
of recurrent or per-
sistent hypotension.

n.a. The primary outcome
variable was survival 
to hospital discharge 
inclusive
of discharges to 
chronic health care 
facilities (nursing 
homes, etc.). 

Outcome measures and effect size (include 
95%CI and p-value if available):

Overall mortality rate
was 56.2%.

Relationship between delay in effective 
antimicrobial
initiation and in-hospital mortality: OR 1.119 
per hour delay, 95% CI 1.103–1.136, 
p <.0001).
 
Administration of an antimicrobial effective 
for isolated or suspected pathogens within the 
first 30 minutes of documented hypotension 
was associated with a survival rate of 82.7%, 
within the first hour: 79.9%. 

Each hour of delay in antimicrobial administra-
tion over the ensuing 6 hrs
was associated with an average decrease in 
survival of 7.6%. 

Level of evidence B

Table 2.9 Indications for antibiotic treatment during the diagnostic pathway 
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Study 
reference

Study 
characteristics

Patient 
characteristics

Intervention (I)
Comparison 
/ control 
(C)

Method of diagnosis Outcome measures and effect size

Amoli (48)
2008

RCT

Country: Iran

Endpoints: VAS 

Inclusion: 
>14 years

Clinical signs of 
appendicitis

N= 71

0.1mg/kg morfine
(n= 35)
Max 10mg

Nacl 0.9%
(n=36)

Method diagnosis pre intervention (1)Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Surgery/ Pathology

Observers:
1 2 Surgeons 
2 Surgeon
3 Surgeon

Change in intensity of pain: mean VAS (SD)
I: 5.9 (1)
C: 4.7 (1)

Level of evidence A2

Gallagher
(41) 2006

RCT

Country: USA

Endpoints: VAS 
Diagnostic accuracy

Inclusion: 
21 years
Atraumatic abdomi-
nal pain <48 hours
Pain medication 
nessecary

N= 153

0.1mg/kg morfine
(n= 78)
Max 10mg

Nacl 0.9% 
(n=75)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Follow up 18 months
/ respons to medication or surgery / 

Observers:
1 research associate
2 ED physician
3 research associate

Change in intensity of pain: mean VAS (SD)
I: 6.6 (0.5)
C: 9.6 (1)

Diagnostic accuracy: 
(incorrect diagnosis)
I: 11/78
C: 11/75

Level of evidence A2

Thomas (44)
2003

RCT

Country: USA

Endpoints: VAS 
Diagnostic accuracy

Inclusion: 
>18 years
Abdominal pain 
<72hours

N= 74

Morfine 15mg
(n=38)

NaCl 0.9%
(n=16)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Follow up 7 days
Discharge diagnosis ED or after admission

Observers:
1 Treating Physician 
2 Treating Physician
3 –

Change in intensity of pain: mean VAS (SD)
I: 4.4 (1.01)
C: 6.4 (1.56)

Diagnostic accuracy: 
(incorrect diagnosis)
I: 14/38
C: 12/36

Level of evidence A2



Study 
reference

Study 
characteristics

Patient 
characteristics

Intervention (I)
Comparison 
/ control 
(C)

Method of diagnosis Outcome measures and effect size

Amoli (48)
2008

RCT

Country: Iran

Endpoints: VAS 

Inclusion: 
>14 years

Clinical signs of 
appendicitis

N= 71

0.1mg/kg morfine
(n= 35)
Max 10mg

Nacl 0.9%
(n=36)

Method diagnosis pre intervention (1)Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Surgery/ Pathology

Observers:
1 2 Surgeons 
2 Surgeon
3 Surgeon

Change in intensity of pain: mean VAS (SD)
I: 5.9 (1)
C: 4.7 (1)

Level of evidence A2

Gallagher
(41) 2006

RCT

Country: USA

Endpoints: VAS 
Diagnostic accuracy

Inclusion: 
21 years
Atraumatic abdomi-
nal pain <48 hours
Pain medication 
nessecary

N= 153

0.1mg/kg morfine
(n= 78)
Max 10mg

Nacl 0.9% 
(n=75)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Follow up 18 months
/ respons to medication or surgery / 

Observers:
1 research associate
2 ED physician
3 research associate

Change in intensity of pain: mean VAS (SD)
I: 6.6 (0.5)
C: 9.6 (1)

Diagnostic accuracy: 
(incorrect diagnosis)
I: 11/78
C: 11/75

Level of evidence A2

Thomas (44)
2003

RCT

Country: USA

Endpoints: VAS 
Diagnostic accuracy

Inclusion: 
>18 years
Abdominal pain 
<72hours

N= 74

Morfine 15mg
(n=38)

NaCl 0.9%
(n=16)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Follow up 7 days
Discharge diagnosis ED or after admission

Observers:
1 Treating Physician 
2 Treating Physician
3 –

Change in intensity of pain: mean VAS (SD)
I: 4.4 (1.01)
C: 6.4 (1.56)

Diagnostic accuracy: 
(incorrect diagnosis)
I: 14/38
C: 12/36

Level of evidence A2

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Intervention (I)
Comparison 
/ control 
(C)

Method of diagnosis Outcome measures and effect size

Mahadevan (45) 
2000

RCT

Country: Singapore

Endpoints: VAS 

Inclusion: 
>16 years
Pain RLQ <1 week 
suspected for appen-
dicitis

N= 66

1mg/kg Tramadol 
(n=33)

NaCl 0.9%
(n=33)

Method diagnosis pre intervention (1)
LO

Method diagnosis post intervention (2)
LO

Definitive diagnosis (3)
Not specified

Observers:
1 ED physician
2 ED physician
3 -

Change in intensity of pain: mean VAS (SD)
I: 4.26 (1.5)
C: 4.35 (1.5)

Level of evidence A2

Vermeulen (46) 
1999

RCT

Country: Swiss

Endpoints: VAS 
Accuracy manage-
ment

Inclusion: 
>16 years
Pain RLQ

N= 340

Morfine 10mg 
(n= 175)

NaCl 0.9%
(n= 165)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Ultrasound

Definitive diagnosis (3)
Histopathology 
Follow-up 30 days 

Observers:
1 ED physician
2 Radiologist
3 Researcher

Change in intensity of pain: mean VAS (SD)
I: 3.13 (2.14)
C: 4.09 (2.09) 

Diagnostic accuracy: 
(Incorrect diagnosis)
I: 19/175
C: 151/165

Accuracy management::
(incorrect change)
I: 19/175
C: 15/165

Level of evidence A2

LoVecchio (42) 
1997

RCT

Country: USA

Endpoints: VAS 
Diagnostic accuracy
Accuracy manage-
ment

Inclusion: 

>18 years

Acute abdominal pain

N= 48

Morfine 5mg (n=13)

Morfine 10mg (n=19)

NaCl 0.9%
(n=16)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Not specified

Observers:
1 ED physician
2 ED physician
3 -

Change in intensity of pain: mean VAS (SD)
I: 2.57 (1.5)
C: 3.93 (1.5)

Diagnostic accuracy: 
(Incorrect diagnosis)
I: 3/32
C: 1/16

Accuracy management:
(Incorrect change)
I: 0/32
C: 0/16

Level of evidence A2
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Study 
reference

Study 
characteristics

Patient 
characteristics

Intervention (I)
Comparison 
/ control 
(C)

Method of diagnosis Outcome measures and effect size

Mahadevan (45) 
2000

RCT

Country: Singapore

Endpoints: VAS 

Inclusion: 
>16 years
Pain RLQ <1 week 
suspected for appen-
dicitis

N= 66

1mg/kg Tramadol 
(n=33)

NaCl 0.9%
(n=33)

Method diagnosis pre intervention (1)
LO

Method diagnosis post intervention (2)
LO

Definitive diagnosis (3)
Not specified

Observers:
1 ED physician
2 ED physician
3 -

Change in intensity of pain: mean VAS (SD)
I: 4.26 (1.5)
C: 4.35 (1.5)

Level of evidence A2

Vermeulen (46) 
1999

RCT

Country: Swiss

Endpoints: VAS 
Accuracy manage-
ment

Inclusion: 
>16 years
Pain RLQ

N= 340

Morfine 10mg 
(n= 175)

NaCl 0.9%
(n= 165)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Ultrasound

Definitive diagnosis (3)
Histopathology 
Follow-up 30 days 

Observers:
1 ED physician
2 Radiologist
3 Researcher

Change in intensity of pain: mean VAS (SD)
I: 3.13 (2.14)
C: 4.09 (2.09) 

Diagnostic accuracy: 
(Incorrect diagnosis)
I: 19/175
C: 151/165

Accuracy management::
(incorrect change)
I: 19/175
C: 15/165

Level of evidence A2

LoVecchio (42) 
1997

RCT

Country: USA

Endpoints: VAS 
Diagnostic accuracy
Accuracy manage-
ment

Inclusion: 

>18 years

Acute abdominal pain

N= 48

Morfine 5mg (n=13)

Morfine 10mg (n=19)

NaCl 0.9%
(n=16)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Not specified

Observers:
1 ED physician
2 ED physician
3 -

Change in intensity of pain: mean VAS (SD)
I: 2.57 (1.5)
C: 3.93 (1.5)

Diagnostic accuracy: 
(Incorrect diagnosis)
I: 3/32
C: 1/16

Accuracy management:
(Incorrect change)
I: 0/32
C: 0/16

Level of evidence A2

APPENDIX 2. EVIDENCE TABLES OF INCLUDED STUDIES
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Study 
reference

Study 
characteristics

Patient 
characteristics

Intervention (I)
Comparison 
/ control 
(C)

Method of diagnosis Outcome measures and effect size

Pace (43)
1996

RCT

Country: USA

Endpoints: VAS 
Diagnostic accuracy

Inclusion:
 
Abdominal pain<48h

N= 71

Morfine 10mg (n=35) NaCl 0.9%
(n=36)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Histopathology
Follow-up until final diagnosis or symptom free

Observers:
1 ED physician
2 ED physician
3 Researcher

Change in intensity of pain: mean VAS (SD)
I: 4 (2.8)
C: 7.2 (2.2)

Diagnostic accuracy: 
(incorrect diagnosis)
I: 7/35
C: 14/36

Level of evidence A2

Attard (40) 
1992

RCT

Country: UK

Endpoints: VAS 
Diagnostic accuracy
Accuracy manage-
ment

Inclusion: 
>16 years

Acute abdominal pain 

N= 100

Papaveretum 20mg
(n=50)
Max 20 mg

NaCl 0.9% 
20mg
(n=50)

Method diagnosis pre intervention (1)
Not specified

Method diagnosis post intervention (2)
Not specified

Definitive diagnosis (3)
Not specified

Observers:
1 ED physician
2 Surgeon
3 -

Change in intensity of pain: mean VAS (SD)
I 2/50
C4/50

Diagnostic accuracy: 
(incorrect diagnosis)
I: 2/50
C: 9/50 

Accuracy management::
(incorrect change)
I: 2/50
C: 6/50

Level of evidence A2

Table 2.10 The influence of analgesics on the reliability of physical examination
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Study 
reference

Study 
characteristics

Patient 
characteristics

Intervention (I)
Comparison 
/ control 
(C)

Method of diagnosis Outcome measures and effect size

Pace (43)
1996

RCT

Country: USA

Endpoints: VAS 
Diagnostic accuracy

Inclusion:
 
Abdominal pain<48h

N= 71

Morfine 10mg (n=35) NaCl 0.9%
(n=36)

Method diagnosis pre intervention (1)
Medical history
Physical examination

Method diagnosis post intervention (2)
Medical history
Physical examination

Definitive diagnosis (3)
Histopathology
Follow-up until final diagnosis or symptom free

Observers:
1 ED physician
2 ED physician
3 Researcher

Change in intensity of pain: mean VAS (SD)
I: 4 (2.8)
C: 7.2 (2.2)

Diagnostic accuracy: 
(incorrect diagnosis)
I: 7/35
C: 14/36

Level of evidence A2

Attard (40) 
1992

RCT

Country: UK

Endpoints: VAS 
Diagnostic accuracy
Accuracy manage-
ment

Inclusion: 
>16 years

Acute abdominal pain 

N= 100

Papaveretum 20mg
(n=50)
Max 20 mg

NaCl 0.9% 
20mg
(n=50)

Method diagnosis pre intervention (1)
Not specified

Method diagnosis post intervention (2)
Not specified

Definitive diagnosis (3)
Not specified

Observers:
1 ED physician
2 Surgeon
3 -

Change in intensity of pain: mean VAS (SD)
I 2/50
C4/50

Diagnostic accuracy: 
(incorrect diagnosis)
I: 2/50
C: 9/50 

Accuracy management::
(incorrect change)
I: 2/50
C: 6/50

Level of evidence A2

Table 2.10 The influence of analgesics on the reliability of physical examination
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APPENDIX 3. QUALITY INDICATORS

Process:
- Number of patients with acute abdominal pain that underwent plain abdominal radiography or 
erect chest films (as sole imaging modality) during their presentation at the Emergency Depart-
ment. 
Numerator: Number of patients with acute abdominal pain that underwent plain abdominal ra-
diography or erect chest films (as sole imaging modality) during their presentation at the Emer-
gency Department. 
Denominator: number of patients presenting at Emergency Department with acute abdominal 
pain. 
Target: <5%

- Number of patients with acute abdominal pain that underwent imaging (ultrasound or CT) prior 
to surgery (including laparoscopy). 
Numerator: All patients with acute abdominal pain that presented at the Emergency Department 
and underwent surgery within 48 hours in whom addional imaging was performed prior to sur-
gery. 
Denominator: All patients with acute abdominal pain that presented at the Emergency Depart-
ment and underwent surgery within 48 hours. 
Target: >95%

Structure:
- Presence of a protocol for measurement and registration of pain and administration of painkill-
ers in patients with acute abdominal pain. 

Outcome:
- % of patients that underwent surgery within 48 hours at the ED with acute abdominal pain 
in whom history, physical examination, laboratory evaluation and imaging correspond with the 
diagnosis after surgery. (sample)
Numerator: All patients that underwent surgery within 48 hours at the ED with acute abdominal 
pain in whom history, physical examination, laboratory evaluation and imaging correspond with 
the diagnosis after surgery.
Target: All patients with acute abdominal pain that presented at the Emergency Department and 
underwent surgery within 48 hours.
Streefnorm: >90%
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THESIS SUMMARY

This thesis aims to improve the diagnostic pathway of adult patients with abdominal pain. The 
accuracy of the clinical diagnosis in adult patients with acute abdominal pain presenting at the 
emergency department is low. The first part of this thesis focuses on means to increase the 
accuracy of the clinical diagnosis. To evaluate the differences in added value of the clinical eval-
uation between surgeons and residents we invited patients to participate in the AAP study. The 
influence of decision tools for acute appendicitis and acute diverticulitis was also assessed in 
these patients. All consecutive patients presenting at the ED with abdominal pain for more than 
2 hours and less than 6 days of three large hospitals in the Amsterdam region between 2009 
and 2013 were included. All consenting eligible patients were independently evaluated by a 
surgical resident and by a surgeon. Both the resident and surgeon reported their findings on 
medical history, physical examination, and laboratory tests and provided a differential diagnosis. 
Both the resident and the surgeon provided a level of certainty ranging between 0-10 for their 
differential diagnosis. Additional investigations were performed when deemed necessary by the 
treating physician. All patients were reviewed in after a three-month follow-up period. A panel 
of experienced gastro-intestinal surgeons determined the reference diagnosis based on clinical 
evaluation and all available findings during the three months follow-up. 

In chapter 1 both residents and surgeons assessed a total of 126 patients. The diagnostic accu-
racy of the clinical evaluation of residents and surgeons was comparable, but surgeons reported 
a higher certainty of their diagnosis than residents. For specific diseases such appendicitis, diver-
ticulitis and cholecystitis the diagnostic accuracy was also comparable. Residents and surgeons 
proposed a similar diagnostic work-up after their clinical assessment. Assessment of patients 
with acute abdominal pain at the ED by a surgeon instead of a resident does not increase the 
diagnostic accuracy and will most likely not affect utilization of diagnostic modalities. 

Whenever the differential diagnosis of surgical residents included acute appendicitis or acute di-
verticulitis a decision tool was completed immediately after clinical evaluation. Surgical residents 
were provided with the outcome upon completion and were asked to indicate the influence of 
the tool on their diagnosis. Chapter 2 compares the diagnostic accuracy of the clinical diagnosis 
with the diagnostic accuracy after completion of the decision tools for acute appendicitis and 
diverticulitis. After clinical evaluation, acute appendicitis was suspected in a total of 143 patients 
and acute diverticulitis in 20 patients. In case of a suspected acute appendicitis the accuracy of 
the clinical diagnosis was comparable to the accuracy after the decision tool, respectively 56.6% 
versus 54.5%. The clinical diagnosis of acute diverticulitis was correct in 55.5% of patients. In 
both appendicitis and diverticulitis the level of certainty remained unchanged in the majority of 
patients after completion of the decision tool. Therefore we concluded that the use of decision 
tools for appendicitis and diverticulitis has limited influence on diagnostic accuracy and daily 
practice at present. 
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SUMMARY & FUTURE PERSPECTIVES

The inflammatory markers C-reactive protein (CRP) and White Blood Cell count (WBC) might 
be useful as a triage test, selecting patients for immediate additional imaging. In Chapter 3 we 
evaluated the value of the inflammatory markers CRP and WBC count in 2961 patients with 
acute abdominal pain. A CRP level > 50mg/L combined with a WBC count > 15 x109/L resulted 
in the highest positive predictive value (85.5%) and lowest number of false positives (14.5%). 
Nevertheless still 85.3% of urgent cases were missed by this combination. Overall CRP and WBC 
count have insufficient discriminatory value to be used as triage test in the selection of patients 
for additional imaging. However, high levels of CRP as well as WBC count do justify imaging, but 
such levels are seen in only a small subset of patients. 

Chapter 4 evaluated whether the duration of patients’ symptoms correlated with the level of 
inflammatory markers in patients suspected of acute appendicitis. This might be used to discard 
or confirm the diagnosis, preventing overuse of imaging. A total of 1024 patients clinically sus-
pected of acute appendicitis were included, of which 580 patients were eventually diagnosed 
with acute appendicitis. In patients with symptoms that lasted for more than 48 hours a WBC 
count of more than 20 x109/L was associated with a 100% probability of acute appendicitis. The 
clinical value however is limited; only 8 of 1024 patients met these criteria. We concluded that 
in patients with a suspected acute appendicitis no value of CRP or WBC count could accurately 
confirm or discard the suspected diagnosis, regardless of the duration of symptoms. 

A systematic review and meta-analysis of prospective studies was performed in chapter 5 to 
determine the value of CRP to rule out the presence of post-operative infectious complications 
(PIC) after major abdominal surgery. A marker that accurately predicts the absence of post-opera-
tive infectious complications might benefit patient selection for safe and early hospital discharge. 
A total of 16 studies were included for meta-analysis, representing 2215 patients. The pooled 
negative predictive value increased each post-operative day (POD) up to 90% on POD 3 for a 
pooled CRP cut-off of 159 mg/L (range 92-200). Infectious complications after major abdomi-
nal surgery are very unlikely in patients with a CRP below 159 mg/L on POD3. CRP values are 
clinically useful to benefit patient selection for safe and early hospital discharge, preventing the 
overuse of imaging. 

The aim of chapter 6 was to compare the diagnostic accuracy of two imaging strategies in pa-
tients with a clinical suspicion of acute appendicitis. The diagnostic accuracy of a CT in all pa-
tients without prior imaging was compared with a strategy where a CT was only performed after 
an inconclusive or negative ultrasound (conditional strategy). The conditional strategy correctly 
identified 241 of 251 patients with appendicitis whereas the direct CT strategy correctly identi-
fied 238 of 251 patients. In patients with a clinical suspicion of acute appendicitis the conditional 
strategy performs equally well as a direct CT strategy. 

Chapter 7 provides a comprehensive overview of single modalities in the diagnostic pathway 
of patients with suspected intestinal ischemia presenting at the ED. Most studies evaluated the 
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accuracy of CTA, two studies evaluated D-lactate, four studies evaluated d-dimer and one study 
evaluated i-FABP. No studies were found that evaluated L-lactate, MRI or angiography in patients 
at the ED. We concluded that there is limited evidence for other modalities than CTA in patients 
suspected of intestinal ischemia at present. 

Chapter 8 describes a systematic review and meta-analysis evaluating whether contrast admin-
istration increases the diagnostic accuracy of CT without contrast in patients with acute abdom-
inal pain at the ED. A total of 18 studies were included of which 11 studies investigated CT in 
patients with acute abdominal pain and seven studies performed a head to head comparison 
in patients suspected of the most common underlying diagnoses of acute abdominal pain. We 
concluded that in unselected patients CT with IV contrast resulted in the highest diagnostic 
accuracy. 

In chapter 9 we reviewed the current literature on the diagnostic value of plain abdominal radi-
ography in patients with acute abdominal pain. Numerous studies demonstrated low sensitivity 
and low specificity of plain abdominal radiography in the evaluation of acute abdominal pain and 
various specific diseases. Based on available evidence we recommend that there is no place for 
plain abdominal radiography in the work-up of patients with acute abdominal pain. 

Nevertheless, plain abdominal radiography is continuously being used in the diagnostic work-up 
of patients with acute abdominal pain. In Chapter 10 we analyse why the implementation of clear 
scientific evidence into daily practice is difficult. Factors such as experiences of the doctor and 
psychological processes obstruct the implementation of evidence into daily practice. 

Acute abdominal pain remains a diagnostic challenge despite advances in technology and an 
increased use of imaging modalities. Large variation in the work-up of patients with acute ab-
dominal pain exists within hospitals and within specializations. Chapter 11 summarizes the key 
elements of a national guideline, which was developed to standardize the diagnostic pathway in 
patients with acute abdominal pain. Based on all available international evidence a multidiscipli-
nary committee provided evidence-based recommendations to support physicians in their daily 
practice. Key recommendations included; the use of a uniform definition for acute abdominal 
pain such as pain of non-traumatic origin with a maximum duration of 5 days, a clinical evaluation 
to differentiate urgent from non-urgent conditions, re-evaluation the next day in patients with 
suspected non-urgent conditions, optional additional imaging in patients with suspected urgent 
conditions, and, in case of additional imaging: primarily ultrasonography, subsequently supple-
mented by a CT in case the ultrasound is negative or inconclusive. 
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FUTURE PERSPECTIVES

The guideline described in this thesis was implemented into daily practice in 2013. It is important 
to assess the use and the true value of the guideline on daily practice a few years after imple-
mentation. Studies should aim at identifying the success of implementation, the effect on costs 
and the influence on management and its subsequent consequences. 
Despite giving recommendations for several key topics the guideline also identified several gaps 
in literature. No studies were found that describe the added value of consultation of a gynaecol-
ogist in fertile female patients with acute abdominal pain. Approximately 55% of patients pre-
senting at the ED is female. (5) Consultation of a gynaecologist might increase the diagnostic ac-
curacy of a clinical diagnosis in a subset of these patients and decrease the over-use of imaging. 

Another gap in literature is the lack of data on the cost effectiveness of diagnostic strategies in 
patients with acute abdominal pain. Over the past decades technological advances and increased 
use of imaging have majorly contributed to an increased diagnostic accuracy. However, the tech-
nological advances and increased use of imaging have not only increased diagnostic accuracy but 
have also increased the burden on the health care system. Prior to a widespread implementation 
of new imaging strategies there is a need for studies that assess the cost effectiveness of differ-
ent imaging strategies in addition to evidence that supports the increase in diagnostic accuracy 
of that strategy. 

Acute abdominal pain is one of the most common complaints at the emergency department and 
is the reason of presentation for approximately 5-10% of patients. Immediate imaging is only 
justified in a subset of patients, i.e. those with a (suspected) urgent condition. However, the ma-
jority of patients presenting at the ED, approximately 52%, have non-urgent conditions (Chapter 
1). Liberal use of imaging in these patients would place an unnecessary burden on the healthcare 
system and the patients. Currently, the clinical diagnosis would be able to correctly identify 44% 
of patients with an urgent condition (Chapter 1). This means that increasing the diagnostic accu-
racy of clinical evaluation will prevent overuse of imaging. 

As described in chapter 2 the decision tool for diverticulitis currently has limited influence on 
daily practice. Nevertheless it possesses several characteristics that demonstrate its potential 
value for daily practice. Both in internal and external validation, studies have demonstrated that 
it provides sufficient diagnostic accuracy. In addition, it is easy to use and provides users with a 
suggested course of action. Future studies should aim to identify hindering factors that prevent 
the widespread implementation of the decision tool at the Emergency Department. The influ-
ence on daily practice should be re-evaluated in a large population afterwards. The potential of 
the decision tool for appendicitis is too low, which is in line with the finding that appendicitis is 
presented in as many different ways as there are different patient profiles. 

SUMMARY & FUTURE PERSPECTIVES
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Selecting subsets of patients in which conditions are suspected that might present with a more 
specific medical history or that are accompanied by specific physical examination findings, might 
be another way to decrease the use of imaging. Future studies should aim to identify those 
key elements of history or physical examination findings in diagnoses such as acute appendici-
tis, diverticulitis, cholecystitis or bowel obstruction. Non-specific abdominal pain (NSAP) is the 
most common underlying cause for acute abdominal pain. Identifying elements that have a high 
negative predictive value for urgent causes, or a high positive predictive value for NSAP might 
decrease the use of imaging. Future studies should investigate which aspects of the clinical diag-
nosis, or combinations of these aspects, can differentiate patients with a high suspicion of NSAP. 

Renewed insights have led to a change in management of several urgent conditions. For example 
studies have demonstrated that conservative treatment with antibiotics for simple non-perforat-
ed acute appendicitis might be a safe option. In the near future this might lead to different treat-
ment strategies for perforated and non-perforated appendicitis, e.g. surgical versus antibiotic 
treatment. Currently the diagnostic accuracy of imaging modalities is insufficient to discriminate 
perforated from non-perforated cases. Future studies should aim to identify key elements of 
clinical evaluation or specific clues on diagnostic imaging that are highly predictive for perforated 
appendicitis. 

In clinical practice CRP and WBC count follow after medical history and physical examination, 
possibly changing the differential diagnosis. A limitation of the studies described in chapter 3 and 
4 is that it only addresses the value of CRP and WBC count as sole predictors. The additional 
value of inflammatory markers on top of clinical evaluation has not been properly evaluated yet. 
A prospective study is needed to compare the clinical diagnoses with and without inflammatory 
markers to evaluate the influence of CRP and WBC as a triage instrument. 

Chapter 5 demonstrated sufficient negative predictive value of inflammatory markers to rule 
out post-operative infections in a subset of patients. Preferably CRP could also be used as a 
positive predictive marker, to rule in post-operative infections. Nevertheless the value of inflam-
matory markers to detect post-operative infectious complications remains questionable. Directly 
post-operatively CRP values increase due to surgical trauma. In patients with an uncomplicated 
course, values decrease from POD 2 onwards. Currently, the positive predictive value of CRP is 
insufficient. However, the absolute difference between direct post-operative values and for ex-
ample the value on day 5 might be a stronger indicator of infectious complications than absolute 
values. 

The effect on management and consequences also needs to be addressed for the two strategies 
mentioned in chapter 6. Our study demonstrated that a direct CT strategy had a similar diag-
nostic accuracy when compared to a conditional strategy, where computed tomography only 
followed after a negative or inconclusive ultrasonography. Diagnostic accuracy is one thing, but 
the influence on management choices, patient burden and the burden on the health care system 
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might be equally important. A prospective study that randomizes patients with a suspected acute 
appendicitis to either a conditional or immediate CT strategy is needed to address this issue. 

As the review in chapter 8 concludes, only few studies so far have focused on comparing the 
different types of contrast enhancement of CT in patients with acute abdominal pain. Studies 
that do evaluate contrast enhancement usually only investigate one type of enhancement. This 
introduces bias and the differences in accuracy between the single strategies might be explained 
by selection of patients and prevalence of diseases. Each type of enhancement, whether it is 
oral, intravenous, rectal or containing no contrast, has its own limitations and strengths. Previous 
studies have demonstrated that for specific conditions specific enhancement leads to increased 
diagnostic accuracy. Ideally the choice for enhancement or type of enhancement should be 
based on the suspected condition. However since the diagnostic accuracy of clinical evaluation 
is low in patients with acute abdominal pain, it is impossible to distinguish underlying conditions 
accurately. New studies are needed to decide which type of enhancement provides the most 
information in the largest subset of patients presenting with acute abdominal pain at the ED. 
These studies should preferably compare the accuracy of the different types of enhancement 
head to head in the same patient.

SUMMARY & FUTURE PERSPECTIVES
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SAMENVATTING

Dit proefschrift heeft als doel om het diagnostische traject bij volwassen patiënten met acute 
buikpijn te verbeteren. De accuratesse van de klinische diagnose bij volwassen patiënten die zich 
op de spoedeisende hulp presenteren is laag. Het eerste deel van dit proefschrift richt zich op 
mogelijkheden om de accuratesse van de klinische diagnose te verhogen. Om het verschil tus-
sen de toegevoegde waarde van klinische evaluatie door een chirurg te vergelijken met die van 
arts-assistent hebben we patiënten gevraagd om deel te nemen aan de AAP studie. De invloed 
van beslismodellen voor acute appendicitis en acute diverticulitis werd ook bij deze patiënten 
onderzocht. Alle patiënten die zich op de spoedeisende hulp presenteerden met buikpijn langer 
dan 2 uur en korter dan 6 dagen bestaand werden onafhankelijk van elkaar onderzocht door 
een arts-assistent chirurgie en een chirurg. Zowel de arts-assistent als de chirurg beschreven 
hun bevindingen tijdens de anamnese, het lichamelijk onderzoek, laboratorium onderzoek en 
leverden een differentiaal diagnose. Daarnaast kwantificeerden beiden de zekerheid over hun 
diagnose op basis van een VAS schaal met een range tussen 0 en 10. Naderhand werd aanvul-
lende diagnostiek ingezet wanneer dit noodzakelijk werd geacht door de behandelend arts. Alle 
patiënten werden minimaal 3 maanden vervolgd. Een panel van experts, gevormd door ervaren 
gastro-intestinale chirurgen, stelde de referentie diagnose, gebaseerd op klinische evaluatie en 
alle beschikbare aanvullende diagnostiek, gedurende de 3 maanden follow-up. 

In hoofdstuk 1 werden 126 patiënten met acute buikpijn onderzocht door zowel een arts-assis-
tent als een chirurg. De diagnostische accuratesse van de klinische evaluatie van arts-assistent 
en chirurgen was vergelijkbaar, chirurgen rapporteerden echter een hogere zekerheid van hun 
diagnose. Ook voor specifieke diagnosen zoals acute appendicitis, diverticulitis en cholecystitis 
was de diagnostische accuratesse vergelijkbaar. Arts-assistent en chirurgen stelden een vergelijk-
baar diagnostisch traject voor na hun klinische evaluatie. Klinische evaluatie van patiënten met 
acute buikpijn op de spoedeisende hulp door chirurgen in plaats van arts-assistent leidt niet tot 
een verhoogde diagnostische accuratesse en zal zeer waarschijnlijk ook het gebruik van aanvul-
lende diagnostiek niet verminderen. 

Als acute appendicitis of diverticulitis bovenaan stond in de differentiaal diagnose van de arts-as-
sistent werd er gevraagd om direct na de klinische evaluatie een beslismodel in te vullen. Na het 
invullen van het beslismodel kregen de arts-assistenten de uitslag van het beslismodel te zien en 
werd hen gevraagd wat de invloed was van het beslismodel op hun diagnose. Hoofdstuk 2 ver-
gelijkt de diagnostische accuratesse van de klinische evaluatie met de klinische evaluatie gecom-
bineerd met het beslismodel voor appendicitis of diverticulitis. Na klinische evaluatie bestond 
er bij 143 patiënten een verdenking op appendicitis en bij 20 patiënten op diverticulitis. De 
accuratesse van de klinische diagnose was vergelijkbaar met de accuratesse na het beslismodel 
bij patiënten met een verdenking op acute appendicitis, respectievelijk 56,6% en 54,5%. De klini-
sche diagnose van acute diverticulitis was correct bij 55,5% van de patiënten. Voor zowel appen-
dicitis als diverticulitis bleef het niveau van zekerheid van de arts-assistenten bij het merendeel 



289

van de patiënten na gebruik van het beslismodel gelijk. Op basis van deze gegevens hebben wij 
geconcludeerd dat het gebruik van beslismodellen voor acute appendicitis en diverticulitis weinig 
invloed heeft op de accuratesse en de dagelijkse praktijk. 

De ontstekingsparameters C-reactief proteïne (CRP) en leukocyten zouden behulpzaam kunnen 
zijn bij triage door patiënten te selecteren die in aanmerking komen voor aanvullende beeldvor-
mende diagnostiek. In hoofdstuk 3 evalueren we de waarde van de ontstekingsparameters CRP 
en leukocyten bij 2961 patiënten met acute buikpijn. Een CRP level > 50mg/L gecombineerd 
met een leukocytengetal > 15 x109/L resulteerde in de hoogste positief voorspellende waar-
de (85,5%) en het laagste aantal vals positieve diagnosen (14,5%). Desondanks werd bij deze 
combinatie nog 85,3% van alle urgente diagnosen gemist. Concluderend hebben CRP en het 
leukocytengetal onvoldoende discriminerende waarde om te kunnen worden gebruikt bij triage 
voor de selectie van patiënten voor aanvullende beeldvormende diagnostiek. Desondanks recht-
vaardigen hoge levels van CRP en een hoog leukocyten getal beeldvormende diagnostiek. Deze 
hoge levels worden echter alleen gemeten bij een klein deel van de patiënten. 

In hoofdstuk 4 wordt geëvalueerd of bij patiënten met de klinische verdenking op acute appendi-
citis de duur van de klachten overeenkomt met het niveau van de ontstekingsparameters. Dit kan 
van toepassing zijn bij het aantonen of uitsluiten van de diagnose en daarmee overdiagnostiek 
voorkomen. In totaal werden 1024 patiënten geïncludeerd, waarvan uiteindelijk 580 patiënten 
daadwerkelijk acute appendicitis bleken te hebben. Bij patiënten met langer dan 48 uur durende 
klachten was een leukocytengetal >20 x109/L geassocieerd met een 100% kans op acute appen-
dicitis. De klinische waarde hiervan is echter beperkt, aangezien maar 8 van de 1024 patiënten 
daadwerkelijk aan dit criterium voldeden. Wij concludeerden dat bij patiënten met een verden-
king op acute appendicitis noch de waarde van CRP noch de hoogte van het leukocytengetal 
met zekerheid de diagnose acute appendicitis kon aantonen of uitsluiten, onafhankelijk van de 
duur van de klachten. 

In hoofdstuk 5 wordt een systematische review en meta-analyse van prospectieve studies uit-
gevoerd om de waarde van CRP voor het uitsluiten van postoperatieve infectieuze complicaties 
(PIC) na abdominale chirurgie aan te tonen. Een parameter die de afwezigheid van PIC correct 
kan voorspellen is zinvol bij de selectie van patiënten die veilig uit het ziekenhuis kunnen wor-
den ontslagen. Zestien studies werden geïncludeerd in een meta-analyse, met in totaal 2215 
patiënten. De gepoolde negatief voorspellende waarde nam toe bij elke postoperatieve dag, tot 
90% op dag 3, bij een CRP afkapwaarde van 159mg/L (range 92-200). Infectieuze complicaties 
na abdominale chirurgie zijn zeer onwaarschijnlijk bij patiënten met een CRP onder de 159mg/L 
op postoperatieve dag 3. CRP waarden zijn klinisch toepasbaar bij de selectie van patiënten die 
veilig en vroegtijdig uit het ziekenhuis kunnen worden ontslagen en voorkomen daarmee over-
diagnostiek. 

Het doel van hoofdstuk 6 was het vergelijken van de diagnostische accuratesse van twee beeld-
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vormende strategieën bij patiënten met een klinische verdenking op acute appendicitis. De di-
agnostische accuratesse van een CT-scan bij alle patiënten werd vergeleken met een strategie 
waarbij een CT-scan alleen werd verricht indien de echografie negatief of niet-conclusief was 
(conditionele strategie). De conditionele strategie identificeerde 241 van de 251 patiënten met 
appendicitis en de directe CT strategie 238 van de 251 patiënten. De conditionele strategie 
heeft een vergelijkbare accuratesse met de directe CT strategie bij patiënten met een klinische 
verdenking op acute appendicitis. 

Hoofdstuk 7 geeft een compleet overzicht van alle beschikbare diagnostische modaliteiten bij 
patiënten met een verdenking op darmischemie op de spoedeisende hulp. Het merendeel van 
de studies evalueerde de diagnostische accuratesse van de CT-Angiografie (CT-A), twee studies 
evalueerden D-lactaat, vier studies evalueerden d-dimeer en één studie evalueerde i-FAPB. Er 
werden geen studies gevonden die de klinische diagnose, L-lactaat, MRI of angiografie evalueer-
den bij patiënten op de spoedeisende hulp. Wij concludeerden dat er slechts beperkt weten-
schappelijk bewijs beschikbaar is voor andere modaliteiten dan de CT-A bij patiënten met een 
verdenking op darmischemie.

Hoofdstuk 8 beschrijft een systematische literatuur studie en meta-analyse waarin de toege-
voegde waarde van contrast aan de CT-scan wordt geëvalueerd bij patiënten met acute buikpijn 
op de spoedeisende hulp. In totaal werden er 18 studies geïncludeerd, waarvan 11 studies de 
waarde van CT bij patiënten met acute buikpijn onderzochten en 7 studies 2 contrast stra-
tegieën vergeleken. Op basis van de huidige beschikbare literatuur concludeerden wij dat bij 
ongeselecteerde patiënten de CT-scan met IV contrast resulteerde in de hoogste diagnostische 
accuratesse. 

In hoofdstuk 9 onderzochten we de huidige beschikbare literatuur over de diagnostische waarde 
van de buikoverzichtsfoto bij patiënten met acute buikpijn. Verscheidene studies toonden een 
lage sensitiviteit en lage specificiteit van de buikoverzichtsfoto. Gebaseerd op de beschikbare 
literatuur concludeerden wij dat er geen plaats is voor de buikoverzichtsfoto in de work-up van 
patiënten met acute buikpijn. Desondanks wordt de buikoverzichtsfoto nog veelvuldig gebruikt 
bij de analyse van patiënten. In hoofdstuk 10 evalueren we waarom de implementatie van we-
tenschappelijk bewijs naar de dagelijkse praktijk moeizaam verloopt. Wij concluderen dat andere 
factoren zoals de ervaringen van de arts en psychologische processen de implementatie van 
bewijs naar de dagelijkse praktijk bemoeilijken. 

Acute buikpijn blijft een diagnostische uitdaging, ondanks vooruitgang in de technologie en een 
toegenomen gebruik van beeldvormende diagnostiek. Tussen ziekenhuizen en binnen verschil-
lende specialismen bestaat een grote variatie in de work-up van patiënten met acute buikpijn. 
Hoofdstuk 11 beschrijft de belangrijkste punten uit de nationale richtlijn diagnostiek bij patiën-
ten met acute buikpijn. Gebaseerd op alle beschikbare internationale literatuur ontwikkelde een 
multidisciplinaire werkgroep aanbevelingen om artsen te ondersteunen in de dagelijkse praktijk. 
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Belangrijke aanbevelingen zijn onder andere; het gebruik van een uniforme definitie voor acute 
buikpijn, zoals pijn van niet-traumatische origine met een maximale duur van 5 dagen, een klini-
sche evaluatie ter differentiatie tussen urgente en niet-urgente aandoeningen, na 1 dag herbe-
oordeling van patiënten met een verdenking op niet-urgente aandoeningen zonder eerst aan-
vullende beeldvormende diagnostiek te verrichten, direct aanvullende diagnostiek bij patiënten 
met een verdenking op urgente aandoeningen; de voorkeursstrategie is eerst echografie, gevolgd 
door een CT-scan indien de echografie niet-conclusief of negatief is. 

TOEKOMSTPERSPECTIEVEN

De richtlijn die beschreven is in dit proefschrift werd in de dagelijkse praktijk geïmplementeerd 
in 2013. Het is van belang om een aantal jaar na de implementatie van deze richtlijn het gebruik 
en de toegevoegde waarde van deze richtlijn te evalueren. Het succes van de implementatie, het 
effect op de kosten in de gezondheidszorg, de invloed op bestuurlijke beslissingen en de daarop-
volgende consequenties dienen te worden geëvalueerd. 

Bij het ontwikkelen van deze richtlijn werden ook een aantal lacunes in de huidige literatuur ont-
dekt. Zo bestaan er geen studies die de toegevoegde waarde van het consulteren van een gynae-
coloog bij vrouwen in de vruchtbare levensfase onderzochten. Ongeveer 55% van de patiënten 
die zich presenteert op de spoedeisende hulp is vrouw. (5) Consultatie van een gynaecoloog zou 
de diagnostische accuratesse van de klinische diagnose kunnen verhogen bij een deel van deze 
patiënten en daarmee overdiagnostiek voorkomen. 

Een andere deficiëntie in de literatuur is het gebrek aan studies die de kosteneffectiviteit van 
diagnostische studies evalueren bij patiënten met acute buikpijn. In de afgelopen jaren zijn de 
technologische mogelijkheden toegenomen en is het gebruik van beeldvormende diagnostiek zo-
als CT en echografie fors gestegen. Deze toename heeft niet alleen de diagnostische accuratesse 
verhoogd, maar zorgt ook voor een verhoogde druk op de gezondheidszorg door de toename 
in kosten. Voordat de implementatie van nieuwe beeldvormende strategieën kan plaatsvinden 
is het van belang te onderzoeken wat de invloed is van deze strategie op de kosten effectiviteit. 

Acute buikpijn is een van de meest voorkomende symptomen waar patiënten zich mee pre-
senteren op de eerste hulp. Directe beeldvormende diagnostiek is maar bij een deel van de 
patiënten gerechtvaardigd, namelijk de patiënten met een verdenking op een urgente diagnose. 
Echter uit onderzoek blijkt dat ongeveer 52% van de patiënten die zich op de spoedeisende hulp 
presenteert uiteindelijk een niet-urgente aandoening heeft (hoofdstuk 1). Liberaal gebruik van 
aanvullende diagnostiek zou bij deze patiënten leiden tot een onnodige druk op de doorstroom 
op de spoedeisende hulp en verhoogde kosten. Studies hebben aangetoond dat op basis van de 
klinische diagnose maar 44% van de patiënten met een urgente aandoening correct geïdentifi-
ceerd kan worden. Het verbeteren van de diagnostische accuratesse van de klinische diagnose 
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zou dus van toegevoegde waarde kunnen zijn om overdiagnostiek te voorkomen. 

Zoals beschreven in hoofdstuk 2 heeft het beslismodel voor acute diverticulitis op dit moment 
een beperkte invloed op de dagelijkse praktijk. Desondanks heeft het beslismodel een aantal 
eigenschappen die van toegevoegde waarde kunnen zijn. Zowel interne als externe validatie 
studies hebben aangetoond dat de diagnostische accuratesse voldoende is om in de dagelijkse 
praktijk te worden gebruikt. Daarnaast is het model gemakkelijk te gebruiken en geeft het de 
gebruikers een aanbeveling voor vervolgacties. Toekomstige studies zouden de belemmerende 
factoren voor wijdverbreid gebruik in de dagelijkse praktijk moeten identificeren. De invloed van 
het beslismodel op de dagelijkse praktijk dient naderhand te worden gerevalueerd in een grote 
patiëntenpopulatie. De diagnostische accuratesse van het beslismodel voor acute appendicitis is 
onvoldoende hoog om te worden toegepast in de dagelijkse praktijk. 

Het selecteren van patiënten met een verdenking op aandoeningen die vaak gepaard gaan met 
een specifieke anamnese of met specifieke bevindingen bij lichamelijk onderzoek, zou een an-
dere mogelijkheid zijn om het overmatig gebruik van beeldvorming te verminderen. Toekomstige 
studies zouden zich moeten richten op elementen uit de anamnese of het lichamelijk onder-
zoek die specifiek gerelateerd zijn aan aandoeningen waarvan vaak wordt gesuggereerd dat het 
klinische diagnosen zijn, zoals acute appendicitis, diverticulitis, cholecystitis of darmobstructie. 
Non-specifieke buikpijn (NSAP) is de meest voorkomende onderliggende diagnose voor acute 
buikpijn. Het identificeren van elementen die een hoge negatief voorspellende waarde hebben 
voor urgente aandoeningen of een hoge positief voorspellende waarde voor NSAP zouden het 
onnodige gebruik van beeldvorming mogelijk kunnen verminderen. 

Hernieuwde inzichten hebben geleid tot een verandering van de behandeling van verscheide-
ne urgente aandoeningen. Zo hebben studies aangetoond dat de conservatieve behandeling 
van acute appendicitis zonder perforatie met antibiotica een veilige optie kan zijn. In de nabije 
toekomst zou dit in de dagelijkse praktijk kunnen leiden tot een verschil in behandeling voor 
geperforeerde en niet-geperforeerde appendicitis. De diagnostische accuratesse van beeldvor-
mende technieken is echter onvoldoende om een betrouwbaar onderscheid te maken tussen 
geperforeerde en niet-geperforeerde appendicitis. Toekomstige studies zouden zich moeten 
richten op het identificeren van elementen uit de klinische evaluatie en aanvullende beeldvor-
mende diagnostiek die een hoge voorspellende waarde hebben voor geperforeerde appendicitis. 

In de dagelijkse praktijk hebben CRP en het leukocytengetal, welke vaak direct na anamnese en 
lichamelijk onderzoek worden bepaald, invloed op de differentiaal diagnose. Hoofdstuk 3 en 4 
van dit proefschrift hebben aangetoond dat de waarde van CRP en het leukocytengetal beperkt 
is. Echter, in deze studies worden de waarde van CRP en het leukocytengetal als individuele 
voorspellers onderzocht, terwijl deze in de dagelijkse praktijk vaak in combinatie met de klini-
sche diagnose worden gebruikt. De toegevoegde waarden van CRP en het leukocytengetal in 
combinatie met klinische evaluatie is nog onvoldoende onderzocht. Een prospectieve studie is 
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noodzakelijk om de diagnostische accuratesse van de klinische diagnose te vergelijken met en 
zonder infectieparameters. 

Hoofdstuk 5 beschrijft dat infectieparameters voldoende negatief voorspellende waarde hebben 
om postoperatieve complicaties bij een deel van de patiënten uit te sluiten. Idealiter zou CRP ook 
gebruikt kunnen worden als positief voorspellende marker om postoperatieve infecties aan te 
tonen. De waarde van infectieparameters om postoperatieve infectieuze complicaties aan te to-
nen blijft echter twijfelachtig. Direct postoperatief stijgen infectiewaarden door het chirurgische 
trauma. Bij patiënten met een ongecompliceerd beloop zullen deze infectieparameters vanaf 
dag 2 postoperatief gaan dalen. Op dit moment zijn de infectieparameters nog onvoldoende 
betrouwbaar om infectieuze complicaties aan te tonen. Mogelijk kan het absolute verschil tussen 
de waarden direct postoperatief en bijvoorbeeld op de vijfde postoperatieve dag een sterkere 
indicator zijn dan absolute waarden.

Het effect op het beleid en de consequenties van de directe CT versus de conditionele strategie 
bij patiënten met acute buikpijn, zoals beschreven in hoofdstuk 6, moet nog worden onderzocht. 
In dit hoofdstuk werd aangetoond dat de directe CT strategie een vergelijkbare diagnostische 
accuratesse had als de conditionele strategie. Voordat er een uitspraak kan worden gedaan over 
de voorkeursstrategie in de dagelijkse praktijk, is het van belang om ook de invloed op de behan-
deling, de belasting voor de patiënt en de belasting van de gezondheidszorg nauwkeurig te eva-
lueren. Een prospectieve studie die patiënten met een verdenking op acute appendicitis rando-
miseert tussen de conditionele versus de directe strategie is noodzakelijk om dit uit te zoeken. 

Zoals wordt geconcludeerd in het review beschreven in hoofdstuk 8, zijn er maar een beperkt 
aantal studies die verschillende typen van contrasttoediening bij CT bij patiënten met acute 
buikpijn onderzoeken. De meeste studies onderzoeken daarnaast maar één route van contrast-
toediening. Dit introduceert bias en het gevonden verschil in diagnostische accuratesse kan mo-
gelijk worden verklaard door verschillen in patiëntselectie of de prevalentie van aandoeningen. 
Elke route van contrasttoediening, zowel oraal, intraveneus als rectaal, evenals geen contrast-
toediening heeft zijn voor- en nadelen. Eerdere studies hebben aangetoond dat de keuze voor 
een route van toediening van contrast idealiter wordt bepaald door de verwachte onderliggende 
aandoening. Echter aangezien de accuratesse van de klinische diagnose laag is bij patiënten 
met acute buikpijn is het voorafgaand aan beeldvorming moeilijk om adequaat te differentië-
ren tussen aandoeningen. Nieuwe studies zijn noodzakelijk om te evalueren of en welke route 
van contrasttoediening de grootste toegevoegde waarde heeft bij patiënten die zich met acute 
buikpijn presenteren op de spoedeisende hulp. Deze studies zouden idealiter de diagnostische 
accuratesse van verschillende contrasttoedieningen moeten vergelijken bij dezelfde patiënt. 
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The diagnostic problem of to-day
Has greatly changed the change has come to stay

We all have to confess, though with a sigh
On complicated tests we much rely

And use too little head and ear and eye.

The acute abdomen in rhyme
 by ZETA 1949




