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ABSTRACT
Objective 

To identify a set of clinical features that can rule out appendicitis in patients with suspected 

acute appendicitis and non-diagnostic ultrasound results, allowing safe discharge and next day 

re-evaluation without initial CT or MRI.

Methods 

Data on clinical and ultrasound evaluation, including a number of prespecified variables potentially 

associated with acute appendicitis, were prospectively collected in two diagnostic accuracy studies 

of imaging. These studies included patients with suspected appendicitis, seen in the emergency 

department. For development and validation of the clinical decision rule only patients with 

inconclusive or negative ultrasound results were used; being 199 of 422 patients in the development 

cohort and 120 of 211 patients in the validation cohort. We used logistic regression analysis in patients 

with inconclusive or negative ultrasound results, and created profiles of all possible combinations of 

predictors retained in the multivariable model. We used a final diagnosis that was assigned by an 

expert panel based on perioperative data, histopathology and clinical follow up of at least three 

months. We aimed to safely rule out appendicitis in a large group of patients.

Results 

The clinical decision rule selected patients after negative or inconclusive ultrasound for discharge 

and next day re-evaluation without initial CT or MRI if less than two of the following predictors 

were present: male gender, migration of pain to the right lower quadrant, vomiting, and white 

blood cell count above 12.0 x 109/L.  Applying the decision rule in the development set selected 

63% (126/199) of patients with negative or inconclusive ultrasound results for discharge without 

further imaging. This rule reduced the probability of appendicitis from 26% (52/199) in the total 

group of patients with negative or inconclusive ultrasound results to 12% (15/126) in the group 

that would be discharged based on the rule (p = 0.001). In the validation set (n = 120) the decision 

rule selected 60% (72/120) of patients for discharge and next day re-evaluation and reduced 

the probability of appendicitis from 20% (24/120) in the total group to 6% (4/72) in the patients 

selected on the rule (p = 0.001).  The negative predictive value of the decision rule in the validation 

set was 94% (95% confidence interval 87% to 98%). In comparison, the negative predictive value 

of CT in the same group was 99% (95% CI: 93% to 100%, p = 0.14) and that of MRI 99% (95% CI: 94% 

to 100%, p = 0.12). Alternative decision rules based on combinations of the present decision rule 

with C-reactive protein results did not improve selection.

Conclusion 

A newly developed clinical decision rule significantly reduces the probability of appendicitis in 

a large subgroup of patients with a negative or inconclusive ultrasound result, These patients 

can be safely discharged for outpatient re-evaluation without further initial imaging. This could 

assist in lowering the number of imaging investigations in patients with suspected appendicitis. 
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INTRODUCTION
The introduction of imaging has reduced the negative appendectomy rate in patients suspected 

of having appendicitis1,2, especially in women below the age of 45.3,4 In this group diagnostic 

imaging is desirable because urological or gynecological pathology often mimics appendicitis.5 

However, some surgeons remain hesitant to add diagnostic imaging to clinical evaluation of all 

patients with suspected appendicitis.6 

Combinations of clinical features - including pain migration, abdominal rigidity, and elevated 

inflammatory parameters - have a high predictive value for appendicitis7, but they are present 

in only a small proportion of patients suspected of having appendicitis.8 This makes the clinical 

diagnosis of appendicitis difficult in the majority of cases, and emphasizes the need for imaging 

in patients suspected of having appendicitis. Several studies have shown that the routine use 

of imaging has a positive effect on patient outcomes, with two randomized controlled trials 

reporting substantial lower negative appendectomy rates with routine imaging in all patients 

compared to selective use of imaging, based on clinical judgment.9,10

The optimal imaging strategy for patients suspected of having appendicitis has been 

debated in recent years. Computed tomography (CT) has been shown to be more accurate 

than ultrasound, but its ionizing radiation exposure is associated with the induction of cancer. 

Although CT protocols have been developed with lower doses of radiation11, alternatives for 

further reduction of radiation without compromising diagnostic accuracy are being explored. 

A strategy of initial ultrasound with additional CT in case of negative or inconclusive ultrasound 

results has been demonstrated to result in a higher sensitivity in detecting urgent conditions in 

patients with acute abdominal pain compared to a CT only strategy.12 In such a protocol only 49% 

of patients would undergo both examinations: ultrasound and CT. This conditional CT strategy is 

now standard care in most hospitals in the Netherlands.13 A recent study showed that MRI could 

accurately replace CT in such a conditional imaging protocol, completely avoiding the radiation 

risks of CT.14 The disadvantage of a conditional strategy is that some patients have to undergo two 

examinations, resulting in higher imaging costs and longer waiting times. 

We aimed to identify a set of clinical features that can rule out appendicitis in patients 

suspected of having appendicitis who have inconclusive or negative ultrasound findings. Such 

patients would not need additional CT or MR imaging after ultrasound in a conditional imaging 

strategy. Implementation of a decision rule based on these clinical features could reduce the 

number of imaging examinations without comprising patient safety.

METHODS
Our aim was to develop a simple clinical decision rule based on data collected in unselected 

patients with suspected acute appendicitis (the development dataset) and to validate it in a 

different set of patients with suspected acute appendicitis (the validation dataset).

Study Setting and Population

Data for the development dataset of the clinical decision rule were collected within a multi-center, 

prospective study to investigate the added value of plain supine abdominal radiography, upright 
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chest radiography, ultrasound and CT after clinical assessment in adult patients with acute abdominal 

pain in the emergency department. This OPTIMA study is reported in detail elsewhere.12 Between 

May 2005 and December 2006 942 patients with abdominal complaints for more than 2 hours 

and less than 5 days were identified at the emergency departments (ED) in one of six participating 

hospitals; two university hospitals and four large teaching hospitals in the Netherlands. Of these, 422 

of them had suspected acute appendicitis and contributed data to the development set.

Data for the validation dataset of the clinical decision rule were collected in another multi-

center, prospective diagnostic accuracy study that compared imaging strategies with ultrasound, 

conditional CT and MRI in patients with suspected appendicitis. This OPTIMAP study has also 

been reported in detail elsewhere.14 Here, 230 adult patients were included between March 2010 

and September 2010 in six participating hospitals; one university hospital and five large teaching 

hospitals in the Netherlands. Of these, 211 patients with suspected acute appendicitis presented 

with abdominal complaints for more than 2 hours and less than 5 days; their data constituted 

the validation set. The Medical Ethics Committee of the initiating center had approved the study 

protocol of both studies prior to initiation. All included patients had given written informed consent. 

Data collection

For both the development and the validation set physicians in the emergency department 

prospectively collected data with a web-based digital case record form, in a similar fashion. 

Included patients were clinically evaluated and, thereafter, all findings from medical history, 

physical examination and laboratory tests were recorded. All patients underwent abdominal 

ultrasound performed by a staff radiologist or radiological resident, using the graded 

compression technique 15. Subsequently, radiologists added their ultrasound findings to the 

case record form. They classified their diagnosis as ‘positive for appendicitis’, ‘inconclusive for 

appendicitis’ (appendix not visualised or equivocal results) or ‘negative for appendicitis’. No 

strict criteria for the diagnosis appendicitis were formulated; the choice for diagnosis was left 

at the discretion of the radiologist. 

Reference standard

A final diagnosis was assigned by an expert panel, consisting of two surgeons and one 

radiologist, after at least three months follow-up. Their assignment was based on all clinical, 

laboratory and surgical findings, pathology results, imaging reports and treatment outcome.11,15

Data analysis

Development of the clinical decision rule: Fourteen clinical variables known to be associated 

with acute appendicitis based on previous studies 8,16 were evaluated in the development set 

in patients with an inconclusive or negative ultrasound. For each variable we estimated the 

diagnostic odds ratio for a final diagnosis of acute appendicitis, with corresponding 95% 

confidence interval, using univariable logistic regression analysis. Higher odds ratios indicate 

stronger associations with appendicitis, with an odds ratio of one indicating absence of an 

association. The continuous variables (age, temperature, WBC, C-reactive protein) were 

analyzed as such, without dichotomization.
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Variables that were associated with appendicitis in univariable analysis (P < 0.20) were 

included in a multivariable logistic regression model. We then applied backward stepwise 

elimination, using a 0.05 significance level for exclusion, to arrive at a parsimonious model. 

The performance of the final multivariable model, after elimination, was characterized by 

calculating the area under the corresponding receiver-operator characteristics curve (AUC). 

We would consider an AUC of 0.80 or higher to indicate good discrimination.17

With the variables associated with acute appendicitis in the final multivariable model, we 

developed profiles of all possible combinations. These profiles were defined by using one, two, 

three or all four of the variables in the final multivariable model. In this process several cutoff 

values for the retained continuous variables were explored. 

For each possible combination of the variables in the model, we counted the number of 

patients with that profile and the number of patients with a final diagnosis of appendicitis 

in it. With these numbers we calculated estimates of sensitivity, specificity, and negative 

predictive value for the corresponding profiles. The ideal profile would identify a subgroup 

of patients with almost all cases of acute appendicitis. If we were able to identify a subgroup 

based on such a profile, the remaining patients – those who do not meet the corresponding 

profile - could be discharged without additional imaging, since that subgroup would not 

contain any appendicitis cases. We aimed at a rule that would identify a large group of patients 

with a low risk of appendicitis (less than 10%); i.e. a rule with a negative predictive value of at 

least 90%. By comparing the negative predictive value of the respective combinations, and 

the proportion of evaluated patients with that combination, we selected the most promising 

combination to build a decision rule. For comparison, estimates of the negative predictive 

value of the decision rule were contrasted to the estimated negative predictive value of CT 

and MRI in the same set of patients. 

Because C-reactive protein is widely used in daily clinical practice, and because some 

studies have shown a substantial increase in the positive likelihood ratio for acute appendicitis 

in presence of  both elevated white blood cell count and elevated C-reactive protein level.18 An 

alternative decision rule was explored based on combinations of the developed decision rule 

with several cut-off values for C-reactive protein. 

We analysed the decision rule in patients with inconclusive ultrasound results and negative 

ultrasound results separately, since some hospitals perform additional imaging only in patients 

with inconclusive ultrasounds.19,20

Validation of the clinical decision rule: After finishing development of the clinical decision rule 

in the development dataset, it was evaluated in the validation dataset. Here also we used only 

data of patients with an inconclusive or negative ultrasound. The data of the development set 

were first compared to those in the validation set, to explore if distributions of age, gender and 

clinical variables were similar. P-values were calculated using the chi-square statistic for binary 

values and the Mann-Whitney U test statistic for continuous variables. P-valuesbelow 0.05 were 

considered to indicate statistical significance. 

For each patient the outcome of the clinical decision rule was compared with the final 

diagnosis, as assigned by the expert panel. In this way estimates of the negative predictive value 
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could be calculated with corresponding 95% confidence intervals. For comparison, estimates 

of the negative predictive value of the decision rule were contrasted to the estimated negative 

predictive value of CT and MRI in the same set of patients. P-values were calculated using the chi-

square statistic. All analyses were performed using SPSS version 20.0 (IBM, NY, USA).

RESULTS
Development of the decision rule

In the OPTIMA study, ultrasound detected appendicitis in 223 out of 422 patients in the 

development set, leaving 199 patients with inconclusive or negative ultrasound findings for 

the development set.  The results of the univariable analyses of fourteen factors potentially 

associated with appendicitis in this group are summarized in Table 1.

Six of these clinical predictors met criteria for entry into the multivariable model. After 

backwards elimination, four predictors were retained: gender, migration of pain to RLQ, 

vomiting, white blood cell count (WBC) (Table 2).

The discriminatory performance of this multivariable model is described graphically in a 

receiver-operator characteristics space (Figure 1). The area under the ROC curve is 0.80 (95% 

confidence interval 0.72 to 0.87), indicating good discrimination.

Table 1. Univariable analysis of individual predictors of appendicitis

Predictor N OR P value sens spec NPV

Male 199 2.71 (1.41-5.23) < 0.01 0.51 0.72 0.81

Age 199 1.00 (0.98-1.02) 0.95 0.49* 0.48* 0.73*

History      

Duration < 2 days 199 1.97 (0.91-4.26) 0.86 0.80 0.32 0.83

Pain RLQ 199 0.79 (0.32-1.94) 0.61 0.84 0.13 0.70

Migration of pain to RLQ 199 2.98 (1.51-5.91) < 0.01 0.43 0.80 0.80

Pain on movement 199 1.18 (0.61-2.29) 0.62 0.65 0.39 0.76

Nausea 199 2.82 (1.43-5.59) < 0.01 0.71 0.54 0.84

Vomiting 199 3.92 (1.94-7.94) < 0.01 0.43 0.84 0.81

Physical Examination      

Tenderness RLQ 199 0.76 (0.29-1.97) 0.58 0.86 0.11 0.70

Rebound tenderness 199 1.03 (0.53-1.98) 0.94 0.63 0.38 0.75

Rigidity 199 1.42 (0.64-3.15) 0.39 0.22 0.84 0.76

Temperature 187 1.31 (0.87-1.97) 0.20 0.47* 0.49* 0.73*

Laboratory tests      

White blood cell count 199 1.16 (1.08-1.25) < 0.01 0.33* 0.43* 0.65*

C-reactive protein 198 1.00 (1.00-1.00) 0.75 0.47* 0.49* 0.73*

N = patients with data available on corresponding variable; OR = odds ratio; sens = sensitivity; spec = specificity; 

NPV = negative predictive value; RLQ = right lower quadrant of the abdomen;* = calculated based on a median split 
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With combinations of the four predictors retained in the multivariable model (gender, 

migration of pain to RLQ, vomiting, WBC) we developed profiles for patients in the development 

set in whom the US was negative or inconclusive (199 patients). In Table 3 the number of patients 

that have appendicitis as final diagnosis is shown per profile.  Most patients with appendicitis 

as final diagnosis (N = 51) had two or more of the four patient characteristics associated with 

appendicitis; 36 with ≥ 2 predictors and 15 patients with < 2 predictors. 

Based on the prevalence of appendicitis cases in each of the subgroups corresponding to 

these profiles, the following decision rule was defined to rule out appendicitis in patients with 

Table 2. Final multivariable model

Predictor

Multivariable analysis

Odds ratio P

Male 3.09 (1.41-6.76) 0.005

Migration of pain to right lower quadrant 3.43 (1.51-7.79) 0.003

Vomiting 5.40 (2.35-12.44) <0.001

White blood cell count 1.14 (1.05-1.25) 0.003

Figure 1. ROC curve of multivariable model. Receiver operator characteristics (ROC) curve of the multivariable 

model included four predictors; gender, migration of pain to RLQ, vomiting and white blood cell count. The 

model was run in the development set of data. The area under the curve (AUC) of this model was 0.80.
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inconclusive or negative ultrasound results (Figure 2): refer for additional imaging if a patient 

with suspected appendicitis and an inconclusive or negative ultrasound has two or more of the 

following patient characteristics: (a) male gender, (b) migration of pain to RLQ, (c) vomiting, 

(d) white blood cell count > 12.0 ;  otherwise, discharge and re-evaluate the next day.  � � � � � � � � � � � � � 	 � 
 � � � � � � 
 
 � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � �� � � � � � � � �� � � � � � � � � � � � � � � � � 	 � � � � � � � ! " # $ % & ' # () � � � � � � � � � � � � � �# * $ + & $ % # , # - % . $ / 0 � � � � � � � � � � � � � � � � 12 3 4 ' 5 6 7! " # $ % & ' # (
Figure 2. The clinical decision rule

The patient flow in the development set after application of the decision rule is depicted 

in Figure 3a. Appendicitis was the final diagnosis in 26% (51/199) of patients with inconclusive 

or negative ultrasound results in the development set. The decision rule selected 126 of 199 

(63%) patients for discharge and next day re-evaluation, and 73 of 199 (37%) for additional 

imaging. The prevalence of appendicitis was reduced to 12% (15/126) in the ‘discharge group’ 

versus 49% (36/73) in the ‘additional imaging group’. This means that applying the decision rule 

reduced the probability of appendicitis from 26% (52/199) in the total group to 12% (15/126) in 

the subgroup that would be discharged (p < 0.01). 

The negative predictive value for appendicitis of the decision rule in the development set, 

consisting of patients with inconclusive or negative ultrasound results, was 88% (95% CI: 81 to 

93%). In comparison, the estimated negative predictive value of CT was 93% (95% CI: 88 to 96) 

in this group of patients, this was not significantly higher (p = 0.17).

Decision rule in combination with C-reactive protein

We explored alternative decision rules based on combinations of the presently developed 

decision rule with C-reactive protein results. Refer for additional imaging if a patient with 

suspected appendicitis and an inconclusive or negative ultrasound has two or more of the 

following patient characteristics: (a) male gender, (b) migration of pain to RLQ, (c) vomiting, 

(d) white blood cell count > 12.0, (e) CRP > 10;  otherwise, discharge and re-evaluate the next day.  

This rule selected 35% (70/199) of patients for discharge without imaging in the development 
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set, missing 6% (4/70) of appendicitis cases. If patients were selected for additional imaging 

only in presence of three or more of the five predictors 69% (138/199) of patients could be 

discharged without imaging, missing 12% (17/138) of appendicitis. 

Subanalysis based on inconclusive or negative ultrasound results

Of the 199 patients of the development dataset 94 had an inconclusive ultrasound result (35%, 

33/94 appendicitis) and 105 patients had a negative ultrasound result (17%, 18/105 appendicitis). 

Applying the decision rule to the 94 patients with inconclusive ultrasound results only would 

select  59% (55/94)  of patients for discharge with 16% (9/55 ) appendicitis,  and 41% (39/94)  for 

additional imaging with 62%  (24/39) appendicitis. In the 105 patients with negative ultrasound 

results, the rule  would select 68% (71/105) patients for discharge with 8% (6/71) appendicitis  

and 32% (34/105)  for additional imaging with 35% (12/34) appendicitis. 

In summary, the rule reduced the probability of appendicitis from 35% to 16% in patients with 

an inconclusive  ultrasound (p = 0.01) and from 17% to 8% in patients with a negative ultrasound 

Table 3. Profiles of patient characteristics associated with acute appendicitis. In 199 patients in the development 

set suspected of appendicitis and a negative or inconclusive ultrasound

Profiles Definitive diagnosis

Male gender Migration to RLQ Vomiting WBC > 12.0 No app N App N

0 or 1 characteristics

- - - - 46 4

+ - - - 18 4

- + - - 13 4

- - + - 10 1

- - - + 24 2

Total 111 15

2, 3 or 4 characteristics

+ + - - 5 4

+ - + - 2 1

+ - - + 10 4

- + + - 3 0

- + - + 5 2

- - + + 5 8

+ + + - 0 1

+ + - + 3 5

+ - + + 3 5

- + + + 1 4

+ + + + 0 2

Total 37 36

+ = patient characteristic present; - = patient characteristic absent. N= number of patients; RLQ = right lower 

quadrant of the abdomen; WBC = White blood cell count
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(p  = 0.10). The negative predictive value of the rule was 84% in patients with an inconclusive 

ultrasound and 92% patients with a negative ultrasound (p = 0.17).

Validation of the decision rule

In the OPTIMAP study 91 of 211 patients had positive ultrasound results. The remaining 120 patients 

with inconclusive or negative ultrasound results contributed data to the validation set. The 

development and validation sets were largely comparable with regard to the distribution of gender, 

clinical variables, and prevalence of appendicitis (60% and 52%, p = 0.06, Table 4). Patients in the 

development set were older (median age 37 versus 35 years, p = 0.04), and the results of ultrasound 

were more often positive for acute appendicitis in the development set (43% versus 53%, P = 0.02).  

The patient flow in the validation set after application of the decision rule is depicted in Figure 

3b. In the validation set 20% (24/120) of patients with inconclusive or negative ultrasound results 

had appendicitis as their final diagnosis. Applying the clinical decision rule would discharge 72 

patients and would send 48 patients for additional imaging. The rule  reduced the probability 

of appendicitis from 20% (24/120) in the total group to 6% (4/72) in the subgroup that would be 

discharged (p < 0.01). In the additional imaging group, the probability of appendicitis was 42% 

(20/48). The negative predictive value of the decision rule in the validation set was 94% (95% 

confidence interval 87% to 98%). In comparison, the negative predictive value of CT was 99% 

(95% CI: 93% to 100%, p = 0.14) and that of MRI 99% (95% CI: 94% to 100%, p = 0.12).

The decision rule in combination with C-reactive protein (imaging in presence of two or 

more predictors) selected 27% (32/120) patients for discharge and next day re-evaluation and 

8 9 : ; : < = 9 > ? = 9 @ = A : B ; C D E D F G H I D J K L D K MN O O P Q R S T U R V W S R X V Y V P T Z R T [ Q P P T U [ S Z S R S V\ 9 A ] = ^ B @ ; _ M` a a S U Z b U Z c Y V S d T b e U T f Q R S d Tg h i j k k l m n o p o q o rs t u v j k k l m n o p o q o r w x y z { | } ~ � � � �t t � k h r o q o � l g h i j p � q lQ P P T U [ S Z S R S V� a � � Q P P T U [ S Z S R S V �� y � � � � | y � � � � } � ~ � { � y �� � } � � | { � � | � � { � � � � | y � | z �; > � A _ = � M � t u k j q o l m q rs � t v j k k l m n o p o q o r w � � � � z � ~ � | y � � ~ { � � � �� � k j q o l m q rs � � v j k k l m n o p o q o r w
Figure 3a. Patient flow in development set 
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Figure 3b. Patient flow in validation set

reduced the probability of appendicitis from 20% (24/120) to 3% (1/32, p = 0.02). If patients 

were selected for additional imaging in presence of three or more of the five predictors the rule 

selected 71% (85/120) of patients for discharge and reduced the probability of appendicitis from 

20% (24/120) in the total group to 12% (10/85, p = 0.12) in the selected subgroup.

DISCUSSION
We developed a simple decision rule that, in patients with suspected appendicitis and a 

non-diagnostic ultrasound, can select a large subgroup of patients for discharge with a low 

probability of appendicitis and initially no need for further imaging. This rule used only four 

clinical variables; presence of male gender, migration of abdominal pain to the right lower 

quadrant, vomiting and white blood cell count of >12.0. The addition of C-reactive protein 

did not improve results of the decision rule. The decision rule substantially reduced the 

probability of appendicitis in patients with an inconclusive ultrasound and in patients with a 

negative ultrasound, although the negative predictive value of the rule was higher in patients 

with a negative ultrasound. In both the development dataset and the validation dataset the 

application of the decision rule identified a large subgroup with a substantially and significantly 

lower probability of appendicitis. The negative predictive value of the decision rule was lower 

than that of CT or MRI, although not significantly so. The reduced probability of appendicitis 

in the subgroup that was selected for discharge without additional imaging is probably not 
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sufficiently low for safe discharge, therefore reassessment of these patients in the outpatient 

setting the following day permits for additional evaluation. 

In the past, several scoring systems have been developed to identify patients suspected of 

having acute appendicitis based on clinical features. The most commonly known scoring systems 

for acute appendicitis are the Alvarado score and the more recent appendicitis inflammatory 

response score.16 The latter was based on features incorporated in the Alvarado score, but 

it also includes C-reactive protein as a new variable. Authors claim their scoring system can 

correctly classify the majority of patients into those who can be sent home for outpatient follow 

up, and those to be operated on immediately, leaving a smaller number of patients with an 

indeterminate result who need diagnostic imaging. Although these scores have not yet gained 

wide acceptance in clinical practice, an external validation of the appendicitis inflammatory 

response score showed promising results.21 A recent meta-analysis also showed that when both 

an elevated white blood cell count and elevated C-reactive protein level are present, there is 

a substantial increase in the positive likelihood ratio for acute appendicitis.18   For this reason 

Table 4. Clinical characteristics in the development and the validation dataset 

 Development 422 Validation 211 P value

Age, median (IQR) 37 (27-50) 35 (24-48) 0.04

Males , n (%) 196 (46) 83 (39) 0.09

History, n (%)

Duration < 2 days 313 (74) 162 (77) 0.48

Pain RLQ 364 (86) 180 (85) 0.75

Migration of pain to RLQ 132 (31) 77 (37) 0.19

Pain on movement 265 (63) 90 (43) < 0.01

Nausea 236 (56) 136 (65) 0.04

Vomiting 114 (27) 67 (32) 0.21

Physical Examination, n (%)

Tenderness RLQ 375 (89) 191 (91) 0.52

Rebound tenderness 265 (63) 126 (60) 0.45

Rigidity 104 (25) 47 (22) 0.51

Temperature, mean 37.3 37.3 0.35

Laboratory tests

CRP, median (IQR) 40 (12-95) 43 (14-92) 0.68

WBC. median (IQR) 13 (10-16) 12 (10-15) 0.99

Ultrasound

Positive 223 (53) 90 (43) 0.02

Inconclusive 94 (22) 99 (47) < 0.01

Negative 105 (25) 21 (10) < 0.01

Appendicitis, n (%) 251 (60) 109 (52) 0.06
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we explored C-reactive protein in combination with the developed decision model in patients 

clinically suspected of appendicitis that have negative or inconclusive ultrasound results. In 

our analysis, C-reactive protein was not associated with acute appendicitis in univariable and 

multivariable logistic regression. Furthermore, the addition of C-reactive protein to our rule 

with four predictors did not increase its performance. These results suggest that C-reactive 

protein is not a strong additional predictor in patients suspected of appendicitis that have 

negative or inconclusive ultrasound results, compared to gender, migration of pain to right 

lower quadrant, vomiting or white blood cell count. 

Some hospitals only perform additional imaging in patients with inconclusive ultrasound 

results, and not in patients with negative results.19,20,22 This strategy could also lead to a reduction 

of additional imaging compared to a protocol with standard CT after negative and inconclusive 

ultrasound, which is recommended based on the results of the OPTIMA study.12 In our dataset such 

a strategy would select 53% (105/199) of patients with a negative ultrasound for discharge, resulting 

in 17% (18/105) missed cases of appendicitis. In comparison, the decision rule selected 63% (126/199) 

of patients for discharge with a 12% ( 15/126) probability of appendicitis. Although the positive 

predictive value of ultrasound seems as high as that of CT, a negative ultrasound has been shown 

to have a significant higher proportion of false negative diagnoses, compared to CT.23 It is known 

that the accuracy of ultrasound is more dependent on the skills and experience of the examiner 

and varying negative predictive values have been reported (46% to 97%).24 In many cases the 

appendix cannot be visualised during ultrasound examination and the absence of any indirect signs 

of appendicitis cannot be relied on; A recent study showed that absence of transducer tenderness 

in the right lower quadrant and hypertrophy of the peritoneal fat has a negative predictive value of 

only 66%.25 Therefore ultrasound only seems not suitable  to exclude appendicitis in patients who 

have a strong clinical suspicion of appendicitis based on clinical signs and symptoms. 

LIMITATIONS
We need to address some potential limitations of our study. The development dataset and the 

validation dataset were not selected randomly from a single cohort, but extracted from two 

different imaging studies, performed in two different time frames.12,14 As a likely consequence, 

there were some differences between the development and validation set; ultrasound results 

were more often positive in the development set, and the prevalence of appendicitis was higher 

than in the validation set, although the latter difference was not statistically significant. These 

differences can be held responsible for some of the differences in performance of the decision 

rule between the development set and the validation set. 

Our decision rule classifies patients with inconclusive or negative ultrasound results in two 

subgroups (discharge and next day reevaluation and additional imaging). Such an approach may 

be too coarse for the subtleties of clinical care in daily practice. It must be emphasized that the 

intent of the decision rule presented here is not to establish a primary diagnosis of appendicitis, 

but to assist decision making about further imaging when there is uncertainty after the ultrasound. 

The rule was developed in patients with suspected acute appendicitis, and evaluated based 

on its performance in changing the probability of appendicitis. We did not take into account 
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the probability of alternative urgent diagnoses in the development of this prediction rule.  We 

acknowledge that some patients with suspected appendicitis have other urgent diagnoses 

that need immediate treatment, such as diverticulitis, cholecystitis or urgent gynecological 

disorders. Withholding these patients from additional imaging could delay diagnosis and 

treatment resulting in increased morbidity. 

In our study group a relatively large percentage of patients had an inconclusive ultrasound: 

22% in the first study, used for extracting the development set, 47% in the second, used for the 

validation. This could be caused by the fact that the radiologists knew they were participating 

in a diagnostic accuracy study and did not want to miss diagnoses by classifying an uncertain 

negative case as negative in the case record form. However, in the designs of both studies an 

inconclusive and a negative ultrasound would always be followed by CT. The choice between a 

negative or inconclusive result did not have clinical implications for the participating patients - 

in case of a negative ultrasound the patient would still undergo additional CT. 

CONCLUSION
The decision rule presented here could assist in lowering the number of imaging investigations in 

patients with suspected appendicitis without comprising safety. Before final recommendations 

can be made, its feasibility and utility should be further explored. This could be done in a so-called 

management study, in which the rule is implemented in a protocol, and its performance closely 

monitored over time by carefully collecting patient outcomes. An alternative study design, 

requiring a higher number of patients to be included, would be to randomly allocate patients 

with suspected appendicitis and a negative or inconclusive ultrasound to the decision rule or 

to standard additional imaging.
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