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Introduction and outline of the thesis

Trauma is the most common cause of death in people younger than 45 years of age and 

accounts for more years of life loss than cancer, heart disease, and stroke combined.1 In the 

Netherlands, yearly 2,5 millions people sustain any kind of injury leading to 980.000 Emergency 

Department visits, 170.000 hospital admissions, and 5100 deaths.2 One of the main causes of 

death after trauma, with numbers ranging from 40 to 80%, is exsanguination due to injuries 

from abdominal organs. Blunt trauma (i.e. motor vehicle accidents and fall from heights) is still 

the most common mechanism of injury in the Netherlands although penetrating injuries are 

becoming more common due to increasing violence.

The spleen, liver and kidney are the most commonly injured abdominal organs3-5 as a result of 

blunt trauma and a missed splenic injury is the most common cause of preventable death in 

trauma patients.6

The management of patients with blunt abdominal injury has evolved greatly over the last 

few decades. Historically, surgical management was the preferential treatment for most blunt 

abdominal injury, because nonoperative management (NOM) was associated with a high 

mortality rate and significant risk of delayed rupture.7 However, a significant amount of the 

laparotomies were non-therapeutic and therefore possibly unnecessary.8

Furthermore, as the severity of postsplenectomy infection became better understood, a trend 

from splenectomy towards splenic conservation has emerged.

Although initially controversial, NOM of patients with blunt abdominal injury is currently the 

treatment of choice in hemodynamically stable patients.9-13 NOM can be divided in either 

observation (OBS) alone or angiography and embolization (AE) followed by close observation. 

Observational management involves admission to a unit with monitoring of vital signs, strict 

bed rest, frequent monitoring of haemoglobin concentration, and serial physical exams.14

In 1995 Sclafani described the first successful use of angiography and embolization in a patient 

with splenic injury.15 Many studies support the use of embolization as an adjunct to observa-

tion. AE has increased the success rate of nonoperative management both by stopping ongoing 

bleeding as well as by preventing delayed rupture.16-20 Success rates up to 97% are described 

in the literature. Improved imaging techniques and advances in interventional radiology have 

helped to better differentiate patients who can be observed versus those needing AE. However, 

a lot of issues regarding the diagnostics and therapeutic management of patients with blunt 

abdominal injuries after trauma are still debated.

the present study was initiated to answer the following questions:

 What are the results in the Netherlands of NOM in blunt abdominal injury (liver, spleen and kidney)?

What is the impact of AE on the success rate of nonoperative management?

 What is the failure rate of NOM in children with blunt splenic or liver injury when a contrast 

blush is present on Computed Tomography (CT)?

What (CT) characteristics and what patient characteristics are associated with failure of NOM?

What are the complications of AE in patients with blunt abdominal injury?
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outline of the thesis

In this thesis several aspects of nonoperative management of patients with blunt abdominal 

injury are discussed. An overview of the literature regarding the changing patterns in diagnostic 

strategies and the treatment of blunt injury to solid abdominal organs is described in Chapter 2.

Various aspects of diagnosis and treatment of patients with traumatic injury to the liver, spleen 

and kidney are described. Furthermore, future perspectives regarding diagnostics and treat-

ment modalities are discussed.

In Part 1 of this thesis several modalities and current aspects of the diagnostics of patients 

with blunt abdominal injury are reviewed and discussed. In Chapter 3 a review of the litera-

ture assessing the significance of detection of a contrast blush on Computed Tomography in 

children with splenic and liver injury is described. In adults, it has been well established that 

the presence of an arterial blush on CT scan is a risk factor for failure of NOM. Therefore, adult 

treatment algorithms often include the presence of a contrast blush as an indication for AE or 

even surgical intervention.

Prior studies assessing whether or not the presence of a contrast blush is associated with failure 

of NOM presented controversial results. This chapter describes a systematic review in which 

the results of these prior studies were sampled to obtain a higher level of evidence for the 

significance of a contrast blush in children.

Chapter 4 describes three patients with seatbelt signs following a car accident are presented. 

The trauma mechanism, incidence and awareness of a seatbelt sign and the diagnostic workup 

and treatment options in these patients are described.

The most widely used grading system for blunt splenic injury is according to the organ injury 

scale of the American Association for the Surgery of Trauma (AAST). A few years ago a new 

grading system, incorporating vascular injuries, has been developed. This ‘Baltimore’ grading 

system was reported to be superior to the AAST system in predicting the need for angiography 

and embolization or surgery in patients sustaining blunt splenic injury. In Chapter 5 the inter - 

and intraobserver reliability between radiologists in classifying splenic injury according to both 

grading systems are described.

The spleen is the second most frequently injured organ following blunt abdominal trauma. 

Presently, nonoperative management of splenic injury is the most common management 

strategy in hemodynamically stable patients. Chapter 6 gives an overview of the diagnostic 

strategies and the role of AE in patients with blunt splenic injury.

In Part 2 of the thesis the focus lies on the outcome of treatment of patients with blunt abdomi-

nal injury treated in the Dutch level-1 trauma centers.

Current opinions with respect to treatment outcome following NOM in blunt abdominal injury 

are predominantly based on large volume studies from level-1 trauma centers in the United 
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States (US).9-13, 16-20 Trauma patient volumes in European centers are often considerably lower 

than in the US. Therefore, it is questionable whether these results can be translated to centers 

with lower volumes of patients with blunt abdominal injury.

In Chapter 7 a retrospective cohort study has been performed on consecutive patients with 

blunt splenic injury admitted to the Academic Medical Center of Amsterdam to analyse results 

of NOM in a relatively low volume level-1 trauma center. The results are described and com-

pared with the literature. Furthermore, the impact of AE on the success rates of nonoperative 

management is presented.

Chapter 8 presents the results of a muticenter cohort study of patients with blunt splenic injury 

treated nonoperatively in three level-1 trauma centers. The results of nonoperative manage-

ment and the influence of AE are analysed. Secondly, the identification of risk factors for failure 

of NOM is investigated with uni- and multivariate logistic regression analysis.

In Chapter 9 a retrospective cohort study has been performed on consecutive patients with 

blunt hepatic injury admitted to the Academic Medical Center of Amsterdam. Aim of the study 

was to compare the failure rate of primary treatment before and after the introduction of angi-

ography. Furthermore, the effects on clinical outcomes and complication rates are assessed.

In 2005 the European Association of Urology (EAU) has published the guidelines on uro-

logical trauma.21,22 In daily practice, however, guidelines are often not followed. Earlier research 

showed that only half of the urologists in the United Kingdom utilizes the guidelines in the 

management of renal trauma and furthermore, that there was variable adherence to the rec-

ommendations.23 Therefore, we performed a study comparing the diagnostics and treatment 

of patients with blunt renal injury applied in a Level-1 trauma center to the recommendations 

of the EAU guidelines. The results of this study are presented in Chapter 10.

Angiography and embolization have become the treatment of choice for (arterial) internal 

hemorrhage after abdominal trauma or pelvic injury in hemodynamically stable. Some studies 

however, report a high incidence of rebleeding (failure) and other complications. The type and 

incidence of the complications and failure rate in trauma patients undergoing such procedures 

are described and discussed in Chapter 11.

Finally, in Chapter 12 and 13 the findings of the preceeding chapters are summarized and 

discussed.
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abstract

introduction: In recent years there has been increasing interest shown in the nonoperative 

management (NOM) of blunt traumatic injury. The growing use of NOM for blunt abdominal 

organ injury has been made possible because of the progress made in the quality and availabil-

ity Computed Tomography (CT) scan and the development of minimally invasive intervention 

options such as angio-embolization.

aim: The purpose of this review is to describe the changes which have been made over the past 

decades in the management of blunt trauma to the liver, spleen and kidney.

conclusion: The management of blunt abdominal injury has changed considerably. Focused 

assessment with sonography for trauma examination has replaced diagnostic peritoneal 

lavage as diagnostic modality in the primary survey. CT scanning with intravenous contrast 

is now the gold standard diagnostic modality in hemodynamically stable patients with intra-

abdominal fluid detected with FAST. One of the current discussions in the literature is whether 

a whole body CT survey should be implemented in the primary survey. The progress in imaging 

techniques has contributed to NOM being currently the treatment of choice for hemodynami-

cally stable patients. Angioembolization can be used as an adjunct to NOM and has increased 

the success rate to 95%. However, to date many controversies exist about the optimum patient 

selection for NOM, the proper role of angioembolization in NOM, the best technique and mate-

rial to use in angioembolization, and the right follow-up strategy of patients sustaining blunt 

abdominal injury. Conducting a well-designed prospective clinical trial or a Delphi study would 

be preferable.
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introDuction

Trauma is the leading cause of death among people who are younger than 45 years.1 One of 

the main causes of death after trauma, with numbers ranging from 40 to 80%, is exsanguina-

tion caused by injuries to the abdominal organs. The spleen and liver are the most commonly 

injured organs as a result of blunt trauma. The kidney is also commonly injured.2

Over the past 40 years, many changes in the primary survey and treatment of patients with blunt 

abdominal trauma have occurred. Traditionally, emergent laparotomy was the standard of care. 

Currently, nonoperative management (NOM) is the most common management strategy in 

hemodynamically stable patients. The aim of this review is to describe the shift in management 

of blunt abdominal trauma over the past decades and to discuss recommendations for the 

future. We have focused on the following abdominal organs: the liver, spleen and kidney.

Primary care

Before the 1970s, the structure of the diagnosis and treatment of life-threatening injury was 

very dependant upon the physician. The turning point of this management style came with 

the introduction of the Advanced Trauma Life Support (ATLS) principles by Steiner and Collicott 

in 1978.3 With this ATLS protocol, a clear guideline for the optimal primary clinical survey of 

patients with life-threatening injury was developed. The goal of the primary survey is to quickly 

assess and stabilize the trauma patient. Structure, simplicity and a multidisciplinary methodol-

ogy are essential to this approach. An important ATLS principle is: ‘treat first what kills first’.

Diagnostic strategies

Major changes in the diagnostics of hemodynamically stable patients with blunt trauma have 

occurred. Currently, the primary survey consists of a chest X-ray, X-rays of the cervical spine 

and pelvis, blood and urine samples and a Focussed Assessment with Sonography for Trauma 

(FAST).

Diagnostic peritoneal lavage

Formerly, diagnostic peritoneal lavage (DPL) was the procedure of choice for the quick diag-

nosis of a hemoperitoneum in patients with blunt abdominal trauma. DPL, first described 

in 1965, resulted in a decrease in mortality and morbidity following abdominal trauma.4 In 

general, FAST examination has replaced the use of DPL, because DPL is an invasive procedure 

and provides no information about which organ is injured, resulting in a high rate of negative 

or non-therapeutic laparotomies.5
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fast

FAST is useful in trauma evaluation to identify intra-abdominal fluid, a herald of significant organ 

injury, with a sensitivity of 90 – 93%.6,7 FAST can be performed simultaneously with resuscitation 

efforts during the initial trauma management and can be completed rapidly and is, therefore, 

also useful in hemodynamically unstable patients.8 One of the strengths of FAST in this patient 

group is that it helps to direct the surgeon to the abdomen as a major source of blood loss 

when positive, thereby leading to early laparotomy rather than Computed tomography (CT).

Despite its efficacy and non-invasive character, FAST has several important disadvantages. 

First, FAST does not accurately detect the extent (grade) or the exact site of the organ injury. 

Hemoperitoneum detected with FAST in hemodynamically stable patients should be followed 

by a CT scan to evaluate the nature and extent of injury in more detail.9 Second, its sensitivity 

for direct demonstration of blunt abdominal injury is relatively low (between 34% and 55%), 

since the presence of free fluid in sufficient quantity indirectly indicates intraperitoneal injury.10 

Other limitations of FAST include operator-dependence, limited retroperitoneal accuracy and 

poor scanning results in obese patients or patients with overlying wounds.

When the FAST is negative for hemoperitoneum, it is still debatable whether a CT scan is 

required. Estimates for the presence of intra-abdominal injury in the absence of hemoperito-

neum on FAST can be as high as 29%.11 In a recent study, 13% of the patients with clinical 

signs of abdominal injury and a negative FAST for intra-abdominal fluid were shown to have 

significant injury upon CT scanning.12 Therefore, hemodynamically stable patients with a nega-

tive FAST and a high clinical suspicion of splenic injury, for example a seat belt sign or upper 

abdominal pain, should undergo routine CT scanning.13,14

contrast enhanced ultrasound

An increase in the utilisation of another radiological modality, the Contrast Enhanced Ultra-

sound (CEUS) could contribute to the shift towards NOM. CEUS is a real-life, non-invasive, 

bedside, radiation free technique. Some studies suggest that CEUS is a good alternative to 

CT scanning for the evaluation of traumatic lesions in solid abdominal organs, especially in 

patients with contraindications for CT contrast agents and in hemodynamically compromised 

patients.15 The exact place of CEUS in the diagnostics of patients with blunt abdominal injury 

should be further determined in the future.

computed tomography

The introduction of helical tomography in the 1980s has improved the detection and classifica-

tion of blunt abdominal injury.16 Currently, Multidetector Computed Tomography scanning 

with intravenous contrast is the gold standard diagnostic modality in hemodynamically stable 

patients with intra-abdominal fluid detected with FAST. CT scanning with intravenous contrast 

has numerous advantages. First, the detection of injuries related to the liver, spleen and kidney 

can be reliably determined, with a sensitivity of 90 – 100%. Second, active bleeding (a contrast 
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extravasation), pseudoaneurysms and post-traumatic arteriovenous fistulas can be diagnosed 

and the localisation of these vascular injuries can also be established. Third, the CT scan plays a 

decisive part in the order of treatment if more than one injury is present.17

Because of the technical developments which have resulted in a higher degree of resolution 

of the CT scan and in quicker scanning, the effectiveness of conventional radiology (X-rays and 

FAST) in the clinical ATLS approach has been challenged. One of the main reasons for this is 

the lack of any research which prove that the mortality and disability rates of injured patients 

decreases after the implementation of the ATLS concept.18 One of the current discussions in 

literature is whether a whole body CT survey should be implemented in the primary survey. 

Some authors recommend conducting a whole body CT (the so-called imaging survey) as the 

standard diagnostic tool during the early resuscitation phase for patients with polytrauma. 

They report that a CT scan of the chest or abdomen results in a change of treatment in up to 

34% of patients with blunt trauma.19 A 30% reduction in mortality using the whole body CT is 

also reported.20 Other arguments in favour of an imaging survey are the reduction in time from 

 
High clinical suspicion*  

  

FAST 

CT scan 

Observation 

Blunt abdominal injury and hemodynamically stable patient 

Negative Positive  
 

No 

Yes 

Minimal Yes No 

Observation 

Intervention or operation 

Observation or DPL 

Intra-abdominal injury 

• Abnormalities in physical examination of the  
   abdomen, pelvis or lumbar spine 
   Abnormal X-ray of pelvis, lumbar spine or chest  
   Abnormal FAST 
   Base excess < -3 
   Systolic blood pressure < 90 mm Hg 
   Long bone fractures 13    

figure 1. Diagnostic algorithm of patients with blunt abdominal injury 
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admission to intervention and the possibility of managing hemodynamically unstable patients 

in the same way.21

It is debatable whether a whole body CT survey is to be recommended considering its dis-

advantages. The need for iodine containing contrast and the radiation exposure, especially in 

the relatively young trauma population, are not negligible when one considers the lifetime 

risk of cancer.22 Moreover, whole body CT as part of the primary survey can only be adopted 

if a CT scan is available in, or very close to, the emergency department.23 For the moment the 

benefit of whole body CT scanning seems particularly high for patients with severe injury. The 

diagnostic algorithm for abdominal evaluation of hemodynamically stable patients after blunt 

trauma is depicted in figure 1.

treatment

Historically, surgical management was the preferential treatment for most blunt abdominal injury, 

because NOM was associated with a high mortality rate.24 However, a lot of the laparotomies were 

unnecessary and non-therapeutic.25 With the wide availability and improved quality of CT scan-

ning, and the more modern less invasive intervention options, such as angio-embolization, NOM 

has evolved into the treatment of choice for hemodynamically stable patients.26 NOM consists of 

close observation of the patient completed with angio-embolization, if necessary. Observational 

management involves admission to a unit and the monitoring of vital signs, with strict bed rest, 

frequent monitoring of haemoglobin concentration, and serial abdominal examinations.27

NOM, with or without angio-embolization is of benefit to trauma patients because the function 

in the organ concerned is preserved. In addition, the possible morbidity that may accompany 

a laparotomy such as incisional hernia, abscess formation, pneumonia, wound infection, multi 

organ failure, pancreatitis, bleeding, tromboembolic events, and paralytic ileus, is avoided. 

Angio-embolization has proven to be a valuable adjunct to observational management and 

has increased the success rate of NOM to 95%.28 The foundation for angio-embolization was 

laid by Charles Theodore Dotter (1920 – 1985). In 1964 he performed the first transluminal 

angioplasty in a patient with peripheral occlusive disease.29 Later on, the technique of embo-

lization was introduced. The first application of embolization of the internal iliac artery in a 

patient with a pelvic fracture occurred in 1972 and from then on, the role of interventional 

radiology in the diagnosis and treatment of traumatic bleeding has increased significantly. 

Research demonstrates that angio-embolization is a well-tolerated and effective tool in the 

treatment of traumatic liver, splenic and kidney injury.30-33

The patients who can benefit the most from angio-embolization is still a controversial subject. 

CT features such as high grade of injury (AAST Grade 3 – 5), pseudoaneurysm or arteriovenous 

fistula, contrast extravasation contained within the spleen (Figure 2), liver or kidney and the 

presence of a hemoperitoneum just as patient characteristics such as age above 55 years old, 
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figure 2. Computed Tomography with intravenous contrast shows small amounts of haemoperitoneum 
around the spleen and a contrast ‘blush’, which is confined to the splenic parenchyma.

figure 3. Liver injury with intraperitoneal contrast extravasation visible on Computed Tomography scan.
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figure 5. Computed Tomography with intravenous contrast demonstrating large haematoma around the 
right kidney with contrast extravasation. 

figure 4. Computed Tomography with intravenous contrast showing haemoperitoneum, a fractured 
spleen with large haematoma and extravasation of contrast medium into the abdominal cavity. 
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GCS < 8 and male gender are associated with an increased failure rate of NOM. Angio-emboli-

zation could be advocated to improve the success rate of NOM in these patients.34-36 The single 

CT finding that warrants immediate angio-embolization (or a laparotomy) is a contrast blush 

within the peritoneal cavity (Figures 3 – 5).

liver

The liver is frequently injured after blunt abdominal trauma.2 Traditionally, a lesion of the 

liver was treated surgically. The major techniques which have been used over time are, in 

consecutive order, selective hepatic artery ligation and major liver resection using omental 

flaps for tamponade.

Ongoing bleeding, infections, and the high mortality rate after operative treatment, stimulated 

the search for alternative treatments and, in 1990 NOM was introduced as a treatment for liver 

injury.38 The high success rate (approximately 90%) combined with the lower mortality and 

complication rates, in comparison to surgical treatment, make NOM the treatment of choice for 

the majority of liver injuries, including high grade liver injury.39

NOM consists of observation, supplemented by Endoscopic Retrograde CholangioPancreatogra-

phy with the placement of a stent, or drainage by Percutaneous Transhepatic Cholangiography if 

injury to the bile ducts has taken place. For active bleeding, angio-embolization can be performed. 

Angio-embolization may also be applied to control the haemorrhage which may occur after 

damage-control operations using perihepatic packing in hemodynamically unstable patients.

Despite the reduction of mortality that using angio-embolization has achieved, some studies 

describe a rise in severe but treatable complications such as hepatic necrosis, abscesses or bile 

leakage.40-42 Gallbladder ischemia, hepatic parenchymal necrosis, and biloma may also occur, 

and in patients with a high grade liver injury (Grade 4 and 5) the incidence of complications can 

be high.43

sPleen

The spleen is the most frequently injured organ in blunt abdominal trauma, and a missed 

splenic injury is the most common cause of preventable death in trauma patients.44 Formerly, 

in the early twentieth century, a splenectomy was nearly always performed. This invasive man-

agement was based on the following two findings: the first was the belief that the spleen could 

not heal spontaneously, the second was called the ‘latent period of Baudet’ which refers to the 

tendency of the spleen to rupture at a later stage.45

Changes to this type of management occurred in the 1970s when data about postsplenectomy 

complications were published describing the risk of overwhelming postsplenectomy infection 
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(OPSI) and its high mortality rate.46 In less than 10 years, NOM became the treatment of choice 

for splenic injury.

In 1995, Sclafani described the first successful use of angio-embolization in a patient with a 

splenic injury.47 Since the 1990s, angio-embolization has been frequently used to achieve 

better splenic salvages rates. To date, there is no consensus about the optimal localisation of 

embolization, either proximal (Figures 6 and 7) or distal (selective), in the splenic artery.

A recent development is proximal splenic artery embolization (PSAE). The surgical equivalent of 

PSAE for splenic injury was first described in 1979.48 PSAE is predominantly used in cases with 

multiple disseminated haemorrhage sites or when quick intervention is needed because of 

the condition of the patient. Arguments in favour of proximal embolization are: the low failure 

rate, its speed, and the decreased incidence of splenic abscess or infarction.49,50 PSAE does 

not significantly influence the splenic anatomy or the immune function in the long term.51 A 

disadvantage of PSAE, however, could be that selective embolization in case of rebleeding is 

difficult, if not impossible, because the splenic artery cannot be accessed. Furthermore, isch-

emia of the pancreas when embolization is performed proximally to the main pancreatic artery 

and dislodgement of coils resulting in infarction of the spleen are reported.52

figure 6. Selective digital subtraction angiogram of the celiac axis showing the intra-peritoneal contrast 
‘blush’ in the spleen, confirming active bleeding. 
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Selective embolization, used to stop focal bleeding, has also proved to be successful in NOM. 

This technique achieves hemostasis to the injured parts while preserving perfusion to the 

remainder of the spleen.53 Disadvantages include the possibility of subsequent bleeding out 

of vascular injuries that were unnoticed owing to vasospasm 54 and the higher rate of minor 

complications.52 However, the clinical relevance of these infarctions is questionable.

A recent meta-analysis showed that both techniques have an equivalent rate of major infarc-

tions and infections requiring splenectomy. However, the results regarding major rebleeding, 

the most common reason for failure of SAE were inconclusive.52

KiDney

The kidney are affected in nearly 10% of all trauma patients whereas blunt trauma is responsible 

for 90% of the renal injuries.55 The switch from operative to nonoperative management for the 

treatment of renal injuries occurred as a result of critical perceptions. Researchers noticed that 

patients who underwent a laparotomy had a significantly higher risk of nephrectomy than the 

figure 7. Selective splenic angiogram immediately post proximal embolisation demonstrating perfusion 
defects. Contrast extravasation is no longer present.   
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patients who were treated nonoperatively; it therefore seemed that maximal renal preserva-

tion, with a minimum of subsequent complications, could be better achieved with NOM.56

In 2004, the Renal Trauma Committee and, in 2005 the European Association of Urology drew 

up guidelines for the optimum evaluation of patients with urological trauma.57,58 The decisive 

factor in the evaluation is hemodynamic stability. Hemodynamic instability related to renal 

bleeding, complete ureteral tears or pelvic avulsions or leakage of urine into peritoneal cavity 

are imperative indications for laparotomy. If the patient is hemodynamically stable, the distinc-

tion between gross or microscopic hematuria determines whether there is any further need for 

imaging and what the treatment options are. In case of gross hematuria, a CT scan is the gold 

standard for the evaluation of renal injury.58 Microscopic hematuria does not demand imaging.

Exclusion of coexisting injuries is of overriding importance in the initiation of NOM. Currently, 

NOM is used in up to 90% of renal injuries. This is because of the particularly high incidence of 

minor renal injury. Perinephric fluid collections or urinomas can be treated with percutaneous 

drainage. Patients with active haemorrhages detected on the CT scan can be treated with angio-

embolization of the renal arteries.33 Kidney function can be preserved through recanalisation 

and stenting (Figure 9) even when a transection of the renal artery had been made (Figure 8).

figure 8. Computed Tomography with intravenous contrast: transection of the renal artery without 
contrast in the left kidney.  
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Discussion

Even though NOM has proven to be of tremendous benefit, a couple of controversies regarding 

the current management of trauma patients should be discussed.

Advances in CT technology have improved the practitioner’s ability to determine the degree 

of injury and to identify patients who are more likely to fail NOM. However, until now, CT scan-

ning has not been able to differentiate, in a precise manner, between which patients should 

be treated conservatively, which would benefit from angio-embolization and which would 

respond best to a surgical response. The decision for treatment should always be based on the 

clinical situation and the physiological response of the patient to initial resuscitation.

A determinant of the success of NOM is the level of cooperation between different specialists 

in the hospital. Good teamwork between the trauma surgeon, the anaesthesiologist, and the 

figure 9. Angiogram of the same patient in Figure 8 after recanalisation and placement of a stent in the 
renal artery, resulting in good perfusion of the kidney.
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(interventional) radiologist leads to a quicker understanding of the underlying injuries and 

shortens the time between entering the hospital and the initiation of therapeutic interven-

tions. This seems obvious in Level-1 trauma centers but can be a matter of concern, especially 

in level-2 or 3 trauma centers.

recommenDations for the future

The exact position of angio-embolization in the NOM of blunt abdominal injury is still subject 

to discussion. Angio-embolization has been shown to be a valuable adjunct to observational 

management and has increased the success rate of NOM in many series of clinical trials. How-

ever, a lot of controversies regarding angio-embolization in patients with blunt abdominal 

trauma exist. The optimal technique (proximal, distal or a combination of both) nor the material 

to use has been compared in a prospective trial with regard to outcome (success rate) and 

complication rate. A recently published systematic review and meta-analysis of Schnüriger et 

al. is based on retrospective data and the results regarding major bleeding, the most important 

reason for failure of SAE were inconclusive.52

The optimal follow-up strategy of patients sustaining blunt abdominal injuries has not been 

elucidated either. Up to now, the length of hospital stay, the need for, frequency of and best 

modality of follow-up imaging as well as discharge instructions with regard to resuming of 

activities are at the discretion of the physician. Research shows that practice patterns between 

physicians are quite variable.59

Although difficult to conduct because of the nature of the trauma population, prospective 

(clinical) trials are necessary to determine the optimum patient selection for angiography 

and embolization, the optimal technique and material used for angio-embolization, and 

the follow-up strategy in patients with traumatic blunt injury. One way of tackling this issue 

would be to conduct a Delphi study. The Delphi method is a systematic interactive forecasting 

method for obtaining experience-based agreement from a panel of independent experts. The 

process allows anonymous, non-biased consensus building and has been well validated for 

systematically assessing and organising expert opinion.60 Although low in level of evidence, 

we hold this study design appropriate since a lot of controversies regarding the clinical 

decision making could be resolved by an international expert panel, selected on the basis 

of extensive clinical and/or research experience. We recommend a study such as this to be 

performed.

Furthermore, we advocate the improvement of logistic factors. If CT scans were present and 

available in trauma resuscitation rooms, the ‘one hour rule’ would be easier to fulfil. The CT scan 

could also play a part in the diagnostics of hemodynamically unstable patients.61 At present, 

these patients go straight to the operating room but in future however, they might also be 

treated with angio-embolization.
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conclusion

Over the past several years, major changes in the management of blunt abdominal injury have 

occurred. Because of the progress which has been made in the quality and wide availability of 

the CT scan combined with minimally invasive intervention options like angio-embolization, 

NOM has evolved to be the treatment of choice for hemodynamically stable patients. NOM is 

a safe treatment for stable patients with traumatic liver, splenic, or kidney injuries and success 

rates of up to 95% are described in the literature. However, to date a lot of controversies exist 

about the optimum patient selection for NOM, the proper role of angio-embolization in NOM 

and the right follow-up strategy.
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abstract

introduction: Nonoperative management (NOM) is the treatment of choice for hemodynami-

cally stable pediatric patients with spleen or liver trauma. The aim of this study was to assess 

the failure rate of NOM in children with blunt liver and/or splenic injury when a contrast blush 

is present on a CT scan.

methods: A systematic review of the literature published between 1985 and 2009 was per-

formed by searching the EMBASE and MEDLINE database for English and German articles. 

Articles were eligible if they reported the failure rate of NOM with or without angio-emboliza-

tion (AE) in pediatric patients with splenic and/or liver injuries with a contrast blush on CT and 

included two or more trauma patients. Two reviewers independently assessed the eligibility 

and the quality of the articles and performed the data extraction. Interrater differences were 

resolved by discussion.

results: Nine studies were included describing 117 pediatric patients. The median sample size 

was five (range 2-44). Seven studies (including 71 patients) reported a total of 16 patients with 

failure after NOM without AE. Failure rates across these studies ranged from 4.5 to 100%; the 

pooled percentage was 28.2% (95% CI: 8.9-61.3%). The failure percentages after NOM with or 

without AE ranged from 0 to 100%; the pooled percentage was 21% (95% CI: 7.5-46.8%. Two 

studies (including 46 patients) reported a total of 3 patients with failure after NOM with primary 

AE: a percentage of 6.5%.

conclusion: Despite the current low level of evidence on failure rate of NOM when a contrast 

blush is present on CT we emphasize that there is a significant number of patients in whom 

NOM fails. We therefore recommend that the management of splenic and hepatic injury in chil-

dren should not only be based on the physiological response, but should include consideration 

of the presence of a contrast blush.
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introDuction

Blunt abdominal trauma is an important cause of death in children older than one year of age.1 

The spleen and liver are the most commonly injured intraabdominal organs, accounting for up 

to 70% of all visceral injuries.1

The best method to diagnose liver and splenic injuries is an intravenous contrast-enhanced 

Computed Tomography (CT). CT has the ability to provide accurate information about the 

severity of sustained injuries and also gives information about the presence and location of 

active bleeding sites.

Reported success rates for nonoperative management (NOM) of blunt liver and splenic injuries 

are 90% or higher for pediatric patients. Due to this high success rate NOM is considered the 

standard of care in hemodynamically stable children.2-4 In the literature there are no reliable 

indicators other than hemodynamic instability that predict the failure of NOM in pediatric 

trauma patients.5 Several recent studies in adults suggest that the presence of a contrast blush 

on CT is associated with an increased failure rate of NOM of blunt splenic and/or liver injury.6-8 

However, the clinical implication of a contrast blush on CT with liver and/or splenic injury in the 

pediatric population has not yet been assessed.

The primary aim of this systematic review was to assess the failure rate of NOM without AE 

(observational management) in children with blunt liver and/or splenic injury in the presence 

of a contrast blush on CT scan. The second goal was to determine the failure rate after NOM 

with angio-embolization (AE).

methoDs

A systematic search of the literature was conducted to identify studies assessing the signifi-

cance of a contrast blush on CT and the failure of NOM (with or without AE) in children with 

liver and/or splenic injuries.

Data sources and search strategy

We searched the MEDLINE and EMBASE databases for English and German articles published 

between 1985 and 2009. The medical subject heading terms, title words and free text were 

searched for the following terms: (injury OR injuries OR trauma OR rupture OR rupture*) AND 

(child OR childr* OR childh* OR paediatric* OR paediatric OR pediatric OR pediatric* OR infant* 

OR newborn OR adolescent*) AND (liver OR hepatic OR biliary OR spleen OR splenic* OR viscera* 

OR intestinal OR intestine* OR abdominal OR abdomen) AND (angiography OR angiography* 

OR embolization OR embolization* OR embolization* OR embolization OR angioembolization* 

OR angioembolization* OR (((extravasation* OR extravasation)) OR ((blush OR leak*)) AND 

contrast)). Additionally, the reference list of each eligible article was screened for other relevant 
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publications (cross-reference search) to identify studies not found in the computerized search. 

Furthermore, a manual search of the following journals was performed (CHV, TPS) that reported 

most frequently about the topic of interest: Journal of pediatric surgery, Pediatric Surgery 

International, European Journal of Pediatric Surgery, Journal of Trauma, Annals of Emergency 

Medicine, Injury, Journal of Emergency Medicine, Radiology, Emergency Radiology, American 

Journal of Roentgenology. For the manual search we used the same publication year restric-

tion. The last search was performed in May 2009 and was conducted with the help of a clinical 

librarian.

study selection

The selection procedure was performed by two independent reviewers (CHV and TPS). The 

inclusion criteria were: (1) pediatric trauma patients (age < 18 year); (2) English or German lan-

guage; (3) original data (no review or editorials) (4) randomized clinical trials (RCT’s), prospective 

or historical studies including at least two trauma patients; (5) clinical data concerning splenic 

and/or liver injuries with a contrast blush on CT; (6) the primary treatment was nonoperative; (7) 

the aim of the selected studies was to assess the failure rate of NOM with or without AE.

Meeting abstracts, unpublished data, and theses were excluded. Trauma was defined as a 

physical injury or wound caused by an external force which may cause death or permanent 

disability. NOM was defined as treatment without operative interventions and included both 

clinical observation and/or AE. Failure of the initial treatment (NOM with or without AE) was 

defined as (1) the need for abdominal exploration, (2) the need for an (re-)AE after clinical 

observation or earlier AE for an ongoing bleeding or rebleeding, and (3) death due to uncon-

trollable hemorrhage.

Both reviewers independently assessed the titles of the literature search to determine whether 

they were potentially relevant. Subsequently, the abstracts were assessed and the eligible 

articles were retrieved. If abstract relevancy was questionable, the full text article was reviewed. 

The final step of inclusion was always based on the full text article. Interrater differences were 

resolved by discussion. During the selection process no concealment of authors and institu-

tions was used.

Data extraction

Data extraction was performed independently using a standardised checklist for the follow-

ing characteristics: number of patients, mean age at time of trauma, mechanism of trauma, 

Injury Severity Score (ISS), Abbreviated Injury Score abdomen (AIS abd.), type of NOM (with or 

without AE) and organ specific failure of initial treatment. Interrater differences were resolved 

by discussion. All corresponding authors were contacted if the reported data was unclear or 

incomplete for data extraction.
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methodological quality

The methodological quality of the studies was assessed using a scale that was based on a 

checklist of the Dutch Cochrane Centre for evaluating cohort studies (htpp://www.cochrane.

org). The scoring system consisted of the following eight items: (1) description of demographic 

details of the investigated patient groups; (2) description of the selection criteria for treatment; 

(3) prospective study design; (4) consecutive inclusion of patients; (5) description of treatment; 

(6) definition of failure reported; (7) follow-up period > 30 days; (8) no selective loss to follow-up. 

If a study fulfilled the item, one point was awarded. If it was unclear whether the study fulfilled 

the item, no point was awarded. All items were assumed to be of equal importance and were 

not weighted. Studies with a score of 0 – 5 were classified as “poor quality” reports and those 

with a methodological score of 6 – 8 as “moderate to good”.

statistical analysis

For each study, patient characteristics and failure rate were summarized using descriptive sta-

tistics. Pooled failure rates accounting for inter-study variation were analyzed using a nonlinear 

random effects model, implemented (proc nlmixed) in SAS version 9.1 (SAS Institute Inc., Cary, 

NC, USA). Statistical uncertainties were expressed in 95% confidence intervals (CI).

results

search strategy and selection

The computerized literature search resulted in 447 titles from the EMBASE database and 957 

titles from the MEDLINE database (Figure 1). After reviewing the titles and eliminating the 

duplicates from both databases 95 titles were selected for further evaluation. Based on the 

abstract 77 papers were excluded because they did not match the inclusion criteria resulting in 

18 full text articles. The manual search and cross-reference search added two additional papers 

which made a total of 20 articles for full text review. In total, five authors were contacted for 

additional information on the data. After reviewing the full-length text, another 11 studies were 

excluded for various reasons leaving nine eligible studies.9-17

During quality assessment one study was rated poor quality and eight as moderate to good. No 

studies were excluded because of quality assessment.

Data extraction

All nine studies were observational studies, eight of them had retrospective data collection and 

one had a prospective design. All studies provided specific data about the failure rate of NOM 

with or without AE.

The patient and injury characteristics, type of nonoperative treatment and failure rates of the 

nine included studies are shown in table 1. A total of 117 patients was included with a median 
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MEDLINE
identified titles

957

77 abstracts not 
relevant

abstract selected
95

EMBASE
identified titles

477

2 case report
4 no data on blush

full text selected
18

268 double titles
1071 not relevant

5 authors contacted:
1 no data on children
4 no reponse 

full text 
data extraction

9

  2 cross-references
  0 manual search

articles for review
20

 
 

 

 

 

 

 

 

 

 

Table 1. Patients demographics and outcome 

 

 

figure 1. Flowchart of the reviewing process

table 1. Patients demographics and outcome

Mayglothling (14) Fang (18) Eubanks (11) Lutz (13) Cloutier (9) Cox (10) Ohtsuka (16) Nwomeh (15) Taylor (17)

n 44 5 22 6 5 2 2 27 4

age mean n.a. 12.0 5.9 n.a. n.a. 9.5 11.0 11.1 n.a.

ISS mean 23.6 n.a. 25.8 24 n.a. 24 n.a. 20.7 n.a.

organ injured spleen liver liver spleen spleen both liver spleen both

AIS abd. 3.2 4.0 4.1 3.7 3.0 4.5 3.5 3.3 n.a.

NOM 
without AE 

n= n.a. 5 22 6 5 2 n.a. 27 4

failure n= 
%

n.a. 2
40%

1
4.5%

1
16.7%

1
20%

2
100%

n.a. 6
22%

3
75%

AE=NOM 
with AE

n= 44 n.a. n.a. n.a. n.a. n.a. 2 n.a. n.a.

failure  n= 
%

3
6.8%

n.a. n.a. n.a. n.a. n.a. 0
0%

n.a. n.a.

ISS = Injury Severity Score, AIS abd.= Abbreviated Injury Score abdomen, AE= AE angio-embolization
n.a.= no data available
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sample size of 5 (range 2 – 44). For the five studies specifically describing the age of their patient 

population, the median age was 11.0 years (range 5.9 – 12). All patients had sustained blunt 

trauma. Median Abbreviated Injury Score of the abdomen was 3.6 with a range from 3.0 – 4.5.

Seven studies, including 71 patients, reported a total of 16 patients with failure after NOM with-

out AE. The failure rates across the studies ranged from 4.5% to 100% with a pooled percent-

age of 28.2% (95% CI: 8.9-61.3%). Figure 2 shows the forest plot for these studies. The failure 

percentages after NOM with or without AE ranged from 0% to 100% with a pooled percentage 

of 21 (95% CI: 7.5-46.8%) (Figure 3) Two studies (46 patients) reported a total of 3 patients (6.5%) 

with failure after NOM with primary AE.
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Figure 2. Forest plot showing the failure rate after NOM without AE 
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Discussion

The primary aim of this systematic review was to assess the failure rate of NOM in children 

with blunt liver and/or splenic injury with a contrast blush on CT scan. Currently, hemodynamic 

stability is the main parameter decisive for the initiation of NOM in children with splenic and/

or liver injuries.2,18-21 However, although the failure rates of NOM are assumed small, potential 

risk factors for failure in these children are unknown. Improved imaging techniques and the 

advances in interventional radiology have led to a better selection of adult patients who are 

eligible to NOM. Several recent studies in adults have suggested that vascular injuries including 

active bleeding (contrast blush) are associated with an increased failure rate of NOM of splenic 

and liver injury.2,22-25 For pediatric patients there is controversial evidence in the literature 

whether or not the presence of a contrast blush is associated with failure of NOM. Analysis of 

factors for failure of NOM in pediatric patients is relevant because children have a high ability for 

physiologic compensation. As a result, hypotension is usually a late sign signifying catastrophic 

hemorrhage and there is concern that delayed operations in unstable children may result in 

significant morbidity and mortality.26

Our analysis showed on average a failure rate of 28.2% after NOM without AE in pediatric 

patients with a contrast blush on CT scan. This suggests that almost one of the three children 

with liver or splenic injuries and a blush on CT scan required an intervention to treat the ongo-

ing bleeding or rebleeding with all the potential adverse effects. However, it should be stressed 

that this aggregated point estimate is statically imprecise as most of the reviewed studies were 

retrospective nonrandomized studies of moderate quality with a large fluctuation of failure 

rates between the studies (from 4.5 – 100%). Moreover, the estimates were based on a small 

number of patients leading to wide confidence intervals.

Although no randomized controlled trials have been published, several studies of adult patients 

concluded that primary AE increased the success rate of NOM.27-32 However, the precise role 

of AE in children is still unclear. The combined data of all studies reporting on NOM with or 

without AE showed a failure rate to 21%. But here again, the differences in study populations 

and suboptimal study methods and quality hamper the interpretation of the results.

If only the two studies that reported on NOM supplemented with angio-embolization were 

analyzed we found a failure rate of 6.5%. This seems to suggest that the adjunction of AE leads 

to fewer failures. A critical note has to be made on this assumption because Mayglothling et al 14 

described 44 adolescent patients (aged 13 – 17 years) with splenic injuries in whom AE seemed 

to be a valuable and safe treatment. However, it is questionable if these results also apply to 

younger patients in their childhood and to children with liver injuries. In addition to this, AE is 

an invasive and time-consuming procedure in young children and carries the risk for complica-

tions. This increased risk is supposed to be due to the small size of the femoral artery which may 

be difficult to cannulate and the higher vaso-reactivity in children which makes accessing the 
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splenic artery or deploying the coil more difficult. However, these are all theoretical risks and 

the reviewed studies demonstrated no major complications and vascular injuries.14,16

Besides the small sample sizes and heterogeneity of the studies, our review has the limitation 

that it specifically focused on the presence of a contrast blush on the CT scan. The localisation 

(intraparenchymal, intraperitoneal) of the contrast extravasation, imaging evidence of the liver 

or splenic capsule and the presence and quantity of hemoperitoneum were not separately 

assessed. Studies in adult patients suggest that evidence of intraperitoneal bleeding and a 

large hemoperitoneum predict failure of observational management.12,18 Finally, as stressed 

before, the results of our systematic review should be interpreted with caution due to the wide 

variation in populations and study methods. As a result of the found low level of evidence the 

definitive answer about the optimal management strategy should come from a well-designed 

randomized clinical trial in which NOM without an NOM with primary AE should be compared 

for failure rate in hemodynamically stable children with liver or splenic injuries. Furthermore, 

all the above mentioned CT characteristics should be prospectively evaluated to assess if there 

are any CT findings that can predict failure of nonoperative management and when AE could 

be beneficial.

conclusion

Despite the current low level of evidence on failure rate of NOM when a contrast blush is pres-

ent on CT we emphasize that there is a significant number of patients in whom NOM fails. We 

therefore recommend that the management of splenic and hepatic injury in children should 

not only be based on the physiological response, but should include consideration of the pres-

ence of a contrast blush. AE could be a valuable adjunct to nonoperative management and its 

application should be assessed in future studies.
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abstract

We present three patients, a 55 year old man, a 69 year old woman and a 25 year old man, all 

with seatbelt signs following a car accident. The 3 patients exhibited a range of injuries that 

can all occur with blunt trauma, such as rib fractures. In one patient, however, the symptoms of 

internal abdominal injury occurred several days after the accident. The presence of a seatbelt 

sign is associated with an increased risk of internal abdominal injury. We therefore advise that 

a computed tomography CT scan of the abdomen is made in patients who present with a 

seatbelt sign, even if an abdominal ultrasound does not reveal any signs of injury.

Ladies and gentlemen,

A ‘seat belt sign’ consists of ecchymosis and excoriations of the abdominal wall caused by 

compressive stress and the shear forces of the seat belt. This phenomenon was described for 

the first time in 1962.1 Since the introduction of the three-point seat-belt, this type of injury can 

also be found on the thorax and neck. The presence of a ‘seat belt sign’ should alert doctors to 

be aware of the possibility of intra abdominal injury.

In this lecture we will present three patients with blunt abdominal injury who exhibited a ‘seat 

belt sign ’ when physically examined. The management issues related to this physical diagnostic 

finding will be discussed in this article.

Patient A, a 55 year old Polish man, was involved in a one-sided car accident as substitute driver. 

The driver ran head-on into a tree. Immediately after the accident the patient was transported 

to the trauma unit and evaluated according to the ATLS protocol where he was found to be 

A,B,C-stable with a Glasgow Coma Score (D) of 14 (E4M6V4) after an obvious use of alcohol. 

Physical examination (E) revealed a ‘seat belt sign’ on the abdomen (Figure 1). Except for a rib 

fracture of the first left and right ribs, no abnormalities were found on radiological findings 

(X-ray of the pelvis, ultrasound of the abdomen, CT scan of the brain, cervical spine, thorax [with 

intravenous contrast]). The patient was admitted to the hospital for observation and on the 

next day he was discharged after a ‘tertiary survey’ (a second complete physical examination 

conducted with the aim of detecting any injuries which may have been missed earlier). After 

8 days, the patient reported to the hospital with a swollen abdomen, nausea and vomiting. 

On physical examination the patient appeared unwell; he had a distended abdomen without 

peristalsis. Laboratory investigation revealed there were no infections.

A CT scan with an intravenous contrast of the abdomen revealed a caliber jump at the terminal 

ileum, possibly caused by an internal herniation of the intestines caused by a tear in the mesen-

terium (Figure 2). An ischemic terminal ileum was encountered during explorative laparotomy 

and, for that reason, an ileocecal resection was performed. A herniation was not detected. The 

patient left hospital 10 days later in a good physical condition.
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Patient B, a 45 year old man drove into the back of a lorry after having fallen asleep. The patient 

was evaluated A, B, C, D stable during assessment in the shock room in accordance with the 

guidelines. Physical examination showed a ‘seat belt sign’ on the left side of the lower part of 

the abdomen and a tender abdomen. The ultrasonography revealed free fl uid in the cavum 

Douglasi, we therefore, decided to perform a CT scan of the abdomen with intravenous con-

trast. At the mesocolon of the sigmoid, extravasation of contrast fl uid was detected (Figure 

3) and a sigmoid resection with primary anastomosis was executed. The postoperative period 

went well and after 5 days the patient left hospital in a good condition.

figure 1. ‘Seatbelt Sign’ of the abdomen

caliber jump

figure 2. CT scan with intravenous contrast of the abdomen revealed a caliber jump at the terminal 
ileum, possibly caused by an internal herniation of the intestines caused by a tear in the mesenterium.
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figure 3. CT scan of the abdomen with intravenous contrast (venous phase) showed extravasation of 
contrast fluid at the mesocolon of the sigmoid.
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FIGUUR 3  CT-scan met intraveneus contrast van het abdomen van patiënt b. Ter hoogte van het mesocolon van het sigmoïd is extravasatie van contrast (‘blush’) 

zichtbaar.
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FIGUUR 4  Frontale CT-scan met intraveneus contrast van de thorax en het abdomen van patiënt C, die na een auto-ongeval het ‘seatbelt sign’ (afdrukhematoom van 

de autogordel) vertoonde. Tussen de A. colica sinistra en de V. mesenterica inferior bevindt zich een traumatische arterioveneuze fistel.
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figure 4. CT scan showed a contrast extravasation localized near the left mammarian artery and a 
traumatic arteriovenous fistula between the left colic artery and the superior mesenteric vein. 
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Patient C, a 69 year old woman, was involved in a car-accident. She was reviewed in the trauma 

room following the ATLS criteria. On arrival the patient was A, B, C, D stable. During the physical 

examination a seat belt sign was detected and the abdomen was slightly tender. An X-ray of the 

thorax revealed a fracture of the fi rst rib on both sides and a hematothorax on the right side. When a 

thorax drain was inserted, 200 ml of blood was evacuated. The ultrasound showed no abnormalities.

After preparation with Tavegil® and Dexamethason®, which were used because of an iodine 

allergy, a CT of the thorax and abdomen with intravenous contrast was performed. These 

revealed multiple rib fractures on both sides, with a drained hematothorax on the right, a 

fracture of the sternum, and multiple fractures of the pelvis. Liquid was present near the duode-

num and in the retroperitoneum. Intra-abdominal blood and air were both absent. Moreover, 

contrast extravasation was found in a localized area near the left mammarian artery and a trau-

matic arteriovenous fi stula was discovered between the left colic artery artery and the superior 

mesenteric vein (Figure 4). Both were treated with angiography and embolization with coils 

(Figures 5 a,b). The patient did not develop complications and 1 week after the accident she 

was discharged from hospital in a good condition.

pyelum

ureter coilarteriovenous fistula

portal vein inferior mesenteric vein

catheter left colic 
artery

inferior mesenteric artery

catheter

figure 5.  Angiography of the traumatic arteriovenous fi stula between left colic artery and superior 
mesenteric vein. Before (a) and after (b) treatment with coil embolisation. 
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trauma mechanism

Blunt trauma to the abdomen accompanied by mesenterial injury arises from the mechanisms 

of deceleration and compression. A wide spectrum of injuries, varying from contusions to 

lacerations of the abdominal wall and the mesenterium, can occur. Even full blown devasculari-

sation of fragments of the intestines may be manifest.

ePiDemiology

The presence of a ‘seat belt sign’ is associated with a higher risk of intra-abdominal injury. The 

prevalence of intra-abdominal injury in the presence of a ‘seat belt sign’ is 10 – 21% and 2% if a 

seatbelt sign is not present.2, 3

 
High clinical suspicion*  

  

FAST 

CT scan 

Observation 

Blunt abdominal injury and hemodynamically stable patient 

Negative Positive  
 

No 

Yes 

Minimal Yes No 

Observation 

Intervention or operation 

Observation or DPL 

Intra-abdominal injury 

• Abnormalities in physical examination of the  
   abdomen, pelvis or lumbar spine 
   Abnormal X-ray of pelvis, lumbar spine or chest  
   Abnormal FAST 
   Base excess < -3 
   Systolic blood pressure < 90 mm Hg 
   Long bone fractures    

figure 6. Flow chart of the diagnostic and treatment process in patients with blunt abdominal injury.  
Minimal: minimal free fluid intra-abdominal and/ or small tear in the mesenterium.
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Diagnostic

From the case histories described above, it appears that diagnosing intra-abdominal injury 

on the basis of clinical and radiological presentation can be difficult. Physical examination can 

offer some useful indications, but symptoms such as abdominal pain, a distended abdomen, 

decreased peristalsis, hypotension or shock are present in only 13 – 64% of patients in the acute 

phase.4

Making an ultrasound of the abdomen is a non-invasive, quick investigation, but it is only suit-

able for detecting free fluid. The sensitivity and specificity for the detection of a hemoperito-

neum by using an ultrasound are 26 and 96% respectively.5 The sensitivity for the identification 

of an injury to a solid organ is even lower (40 – 50%).6 In the latter case a hemoperitoneum is 

observed in 29 – 44%. In every trauma patient a screening ultrasound of the abdomen is per-

formed. A CT scan is executed if free fluid is present as it is a sign of possible organ injury. The 

sensitivity and specificity of a CT scan is 82 and 99% respectively. A CT scan is recommended 

if there is any clinical evidence of intra-abdominal injury, such as a ‘seat belt sign’. It is even 

speculated that an ultrasound is redundant if a ‘seat belt sign’ is present as the seat belt sign 

is usually indicative of more extensive injuries being present which cannot be detected with 

the ultrasound (because of its low sensitivity). Therefore, the only correct course of action is to 

perform a CT scan.7

treatment

An imperative indication for a laparotomy is the intra-abdominal presence of free air.

Patients with a limited amount of free fluid without (parenchymatous) organ injury, (judged on 

the basis of a CT scan), or patients with minimal mesenterial damage can be treated conserva-

tively. A DPL (diagnostic peritoneal lavage) can be carried out on these patients to differentiate 

between an injury to a hollow organ (intestine, gallbladder), an active bleeding or an injury to 

the pancreas.8 Any deterioration in the condition of the patient is an indication that a new CT 

scan or laparotomy should be performed. Extensive mesenterial injuries accompanied by a lot 

of free fluid demands direct surgical intervention. In the case of the vascular injuries (Patient 

C), an endovascular treatment performed by an intervention radiologist is preferable. Currently 

this latter treatment is not available in every hospital but, because of the progress in interven-

tional radiology, this may change in the coming years. Because of the high sensitivity of a CT 

scan, a cooperative patient who has a ‘seat belt sign’, and no indicative signs of injury on the CT 

scan, can be safely discharged from hospital. Comprehensive information about any possible 

complications is essential.9 If a general practitioner detects a ‘seat belt sign’ during the physical 

examination of a patient who has had a car accident, this patient should be referred to hospital 
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for additional investigations. The Flowchart (Figure 6) illustrates our strategy for the diagnostic 

and therapeutic pathway.

Ladies and gentlemen, after the introduction of the obligation to wear a seat belt, the morbidity 

and mortality rates of car accident related injuries have drastically declined.10 However, a new 

phenomenon has now appeared: ‘the seat belt sign’. If a ‘seat belt sign’ is present, one should be 

aware of the presence of intra-abdominal injury and therefore a CT scan should be performed 

accessible. 
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abstract

introduction: The most widely used grading system for blunt splenic injury is the American 

Association for the Surgery of Trauma (AAST) organ injury scale. A few years ago a new grading 

system was developed. This ‘Baltimore CT grading system’ is superior to the AAST system in 

predicting the need for angiography and embolization or surgery. The present study assessed 

inter - and intraobserver reliability between radiologists in classifying splenic injury according 

to both grading systems.

methods: Computed Tomography (CT) scans of 83 patients with blunt splenic injury admitted 

between 1998 and 2008 to an academic Level 1 trauma center were retrospectively reviewed. 

Inter and intrarater reliability were expressed in Cohen’s or weighted Kappa values.

results: Overall weighted interobserver Kappa coefficients for the AAST and ‘Baltimore CT 

grading system’ were respectively substantial (kappa =0.80) and almost perfect (kappa= 0.85). 

Average weighted intraobserver Kappa’s values were in the ‘almost perfect’ range (AAST: 

kappa=0.91, ‘Baltimore CT grading system’: kappa = 0.81).

conclusion: The present study shows that overall the inter – and intraobserver reliability for 

grading splenic injury according to the AAST grading system and ‘Baltimore CT grading system’ 

are equally high. Because of the integration of vascular injury, the ‘Baltimore CT grading system’ 

supports clinical decision making. We therefore recommend use of this system in the classifica-

tion of splenic injury after blunt trauma.
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introDuction

The spleen is the most commonly injured solid organ in blunt abdominal trauma.1, 2 Contrast-

enhanced multidetector computed tomography  is the gold standard diagnostic examination 

for splenic trauma because of its speed, widespread availability, diagnostic accuracy, and 

relatively non invasive nature. The most widely used grading system for blunt splenic injuries is 

the American Association for the Surgery of Trauma (AAST) organ injury scale.3, 4 This grading 

system, first introduced in 1989, is based on anatomic disruption of the spleen, as found during 

laparotomy (Appendix 1). CT-based injury grading systems, derived from the AAST scale, also 

exist.5

Prior studies showed that grade of injury on the CT scan alone is a poor predictor for success-

ful outcome of nonoperative management (NOM).6-8 Recent evidence suggests that vascular 

injuries including active splenic haemorrhage (the so-called ‘contrast blush’), pseudoaneu-

rysms and post-traumatic arteriovenous fistulas are associated with an increased failure rate 

of NOM.9, 10 Furthermore, it was shown that the higher the grade of splenic injury according to 

the AAST, the greater the risk of vascular injury.11 To date, vascular injuries are not integrated 

in the AAST grading system. Therefore, in 2007 Marmery and colleague radiologists validated 

a new grading system for the classification of splenic injury 12 (Appendix 2). The presence of a 

contrast blush is a key factor in this grading system (further referred to as ‘Baltimore CT grading 

system’). The ‘Baltimore CT grading system’ is superior to the AAST system in predicting the 

need for angiography and embolization or splenic surgery in patients sustaining blunt splenic 

injury and therefore its use may be preferred over the AAST grading system.5

The objective of the present study is to assess inter- and intraobserver reliability between 

radiologists in classifying blunt splenic injury according to the AAST and ‘Baltimore CT grading 

system’.

Patients anD methoDs

All patients with blunt splenic injuries admitted between 1998 and 2008 to the level-1 trauma 

center of the Academic Medical Center, the Netherlands, were identified from the hospital’s 

trauma registry. The presence and quality of CT images, made during initial trauma screening 

in the shock room, were verified by a senior radiologist (LB).

Contrast-enhanced CT scans with 8 mm slices or thinner collimation and with images obtained 

during the portal-venous phase were selected.

computed tomography scanning (protocol)

CT scans were obtained on a 4 slice scanner (Sensation 4, Siemens Medical Solutions, Forcheim, 

Germany) before 2008 and a 64 slice scanner (Siemens Sensation 64) after 2008. Images were 
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acquired 70 seconds after intravenous administration of 100 ml contrast material (mainly 

Ultravist 300). The CT scans were independently scored by two senior radiologists (> 10 years 

of experience, observer 1 and 2) and one radiology resident (4 years of experience, observer 3) 

on a PACS system (Impax 4, 5, AGFA Gevaert, Belgium). The CT scans were scored twice with a 

time interval of ≥ 2 months. The scans were presented to the observers in a random order. Since 

observers could have been involved in initial trauma screening in the shock room of a number 

of the clinical cases included in the study, observers were blinded for patients’ name, identity 

number and his or her clinical course.

investigated Parameters

Splenic Injury was scored according to the ordinal grading systems of the AAST (Appendix 1) 

and the ‘Baltimore CT grading system’ (Appendix 2). AAST grades 1-3 and grades 4 and 5 were 

additionally dichotomized into low versus high grade splenic injury, respectively. This distinc-

tion is commonly applied in literature and has therapeutic implications. Since low reliability for 

scoring the presence (or absence) of a contrast blush can negatively influence the reliability of 

the ‘Baltimore CT grading system’, we additionally assessed the reliability of this parameter. The 

presence of a contrast blush was documented according to the following nominal categories: 

intraparenchymal (in the splenic parenchyma or subcapsular space) or intraperitoneal (into 

the peritoneum). A contrast blush was defined as a well-circumscribed, peri-splenic or intra-

parenchymal contrast collection that was hyperdense with respect to the rest of the splenic 

parenchyma.13 Lastly, we assessed if in our study population a relation was observed between 

the grade of splenic injury (scored according to the AAST grading system) and the presence of 

vascular injury. In addition to the presence and type of contrast blush, this includes the pres-

ence of pseudoaneurysms and post traumatic arteriovenous fistulas.

statistical analysis

Relevant patient characteristics (sex, age and Injury Severity Score) and the relation between 

vascular injury and splenic injury grade were summarized using descriptive statistics. For 

reporting vascular injury in relation to splenic injury grade, the mean value of the three 

observers (round 2) was calculated. Inter- and intraobserver reliability were expressed in Kappa 

coefficients. The Kappa statistic estimates the proportion of agreement among or within 

observers after chance agreement has been removed. Binary and nominal data were expressed 

in Cohen’s Kappa values, whereas ordinal data were expressed in weighted Kappa values. Aver-

age (weighted) Kappa values of pair of observations were considered as an overall index for 

concordance among or within observers.14

Kappa values were arbitrarily classified according to Landis and Koch 15 with values < 0 indi-

cating no agreement, 0 – 0.20 as slight, 0.21 – 0.40 as fair, 0.41 – 0.60 as moderate, 0.61 –0.80 as 

substantial, and 0.81 – 1 as almost perfect agreement. Statistical uncertainty of kappa of pair of 

observations was expressed in a 95% confidence interval.
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results

CT scans of 88 patients were analyzed. Five patients were excluded due to incomplete data. The 

study population consisted of 83 patients. 88% of the patients was male. Median age was 29 

years (range 17 – 86). Median Injury Severity Score was 24 (range 4 – 66).

interobserver reliability

The interobserver reliability values of all parameters are shown in Table 1. The overall Kappa 

coefficients for the AAST and ‘Baltimore CT grading system’ were substantial (kappa =0.80) 

and almost perfect (kappa= 0.85), respectively. The average Cohen’s Kappa for the presence 

or absence of a contrast blush was substantial (kappa =0.76). Average Cohen’s Kappa’s for the 

subtypes of blushes (intraperitoneal and intraparenchymal) were ‘substantial’ (kappa = 0.68; 

data not presented) and ‘fair’ (kappa = 0.41; data not presented) respectively.

In general, the point estimates of the Kappa values of the most experienced observers (observer 

1 and 2) were higher, indicating better interobserver agreement. The point estimates of the 

Kappa values of observer 2 against observer 3 were lower.  Appendix 3 shows where disagree-

ment was predominantly situated. 23 out of 34 CT scans graded as AAST splenic injury grade 3 

by observer 2 were graded differently by observer 3. 9 out of the 14 CT scans graded as AAST 

splenic injury grade 4 by observer 2 were graded as AAST splenic injury grade 5 by observer 

3. CT scans that were graded as splenic injury grade 4A by observer 2 according the ‘Baltimore 

table 1. Interobserver reliability: (weighted) Kappa values with 95% confidence intervals (n = 83 CT scans)

Overall Kappa a (weighted) Kappa of pair of observations
(95% confidence interval) 

AAST * 0.80  1,2: 0.83 (0.77 - 0.90)

2,3: 0.75 (0.65 - 0.84)

1,3: 0.81 (0.70 - 0.91)

AAST low vs high grade splenic injury ** 0.75 1,2: 0.74 (0.60 - 0.89)

2,3: 0.72 (0.57 - 0.87)

1,3: 0.78 (0.64 - 0.91)

‘Baltimore CT grading system’ * 0.85 1,2: 0.91 (0.87 - 0.95)

2,3: 0.79 (0.71 - 0.88)

1,3: 0.84 (0.77 - 0.91)

Contrast blush ** 0.76 1,2: 0.83 (0.70 - 0.96)

2,3: 0.69 (0.52 - 0.86)

1,3: 0.75 (0.59 - 0.90)

1: observer 1; 2: observer 2; 3: observer 3; 
*, ordinal data expressed in weighted Kappa values **, binary and nominal data expressed in Cohen’s 
Kappa values.
a, overall Kappa indicates the average (weighted) Kappa values of pair of observations 
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grading system’, was graded as grade 2 (n=3), grade 3 (n=4) or grade 4B (n=1) by observer 3. 

Interobserver Kappa values after a time interval of ≥ 2 months showed the same patterns (data 

not presented).

intraobserver reliability

Overall Kappa’s were in the ‘almost perfect’ range except for the presence of a contrast blush 

(substantial: kappa=0.77). Apart from the ‘Baltimore CT grading system’, the point estimates of 

the intraobserver agreements (Table 2) were higher compared to the interobserver agreements 

(Table 1). The intraobserver agreement of the third observer (resident) on the ‘Baltimore CT 

grading system’ was relatively low (kappa =0.66; 95% Cl: 0.45-0.88), whereas the first observer 

showed almost perfect intraobserver Kappa values ≥ 0.89 for all parameters.

Vascular injury

No post-traumatic arteriovenous fistulas and 3 pseudoaneurysms were detected on the 

CT scans. In 28 out of the 83 patients (33%) a contrast blush was detected. In 11 patients an 

intraparenchymal blush was present, in 14 an intraperitoneal blush and in three patients a com-

bination of both an intraparenchymal and intraperitoneal blush was observed. The number of 

patients with a contrast blush visible on CT scan in relation to the (total) number of patients 

with the corresponding grade of splenic injury increased from 0 out of the 10 (0%) patients 

with grade 1 splenic injury to 10 out of the 14 (71%) patients with grade 5 splenic injury. Figure 

1 depicts the different types of contrast blushes per grade of splenic injury.

table 2. Intraobserver reliability: (weighted) Kappa values with 95% confidence intervals (n = 83 CT scans)

Overall Kappa a (weighted) Kappa per observer
(95% confidence interval) 

AAST * 0.91  1: 0.96 (0.92 - 1.00)

2: 0.86 (0.80 - 0.92)

3: 0.91 (0.85 - 0.97)

AAST low vs high grade splenic injury ** 0.84 1: 0.95 (0.88 - 1.00)

2: 0.74 (0.59 - 0.90)

3: 0.83 (0.70 - 0.95)

‘Baltimore CT grading system’ * 0.81 1: 0.97 (0.84 - 0.98)

2: 0.80 (0.67 - 0.93)

3: 0.66 (0.45 - 0.88)

Contrast blush ** 0.77 1: 0.89 (0.78 - 0.96)

2: 0.73 (0.57 - 0.88)

3: 0.70 (0.53 - 0.86)

1: observer 1; 2: observer 2; 3: observer 3; 
*, ordinal data expressed in weighted Kappa values  **, binary and nominal data  expressed in Cohen’s 
Kappa values.
a, overall Kappa indicates the average (weighted) Kappa values per observer
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Discussion

The present study shows that overall the interrater reliability between radiologists in classifying 

splenic injury after blunt trauma is substantial for the AAST grading system and almost perfect 

for the ‘Baltimore CT grading system’.

A contrast blush, a sign of vascular injury, is a key factor in the ‘Baltimore CT grading system’. 

In this system the presence of a contrast blush is responsible for an upgrade of the splenic 

injury to grade 4, even in patients with splenic injury categorized as grade 1 or 2 according to 

the AAST system. Although interobserver reliability for the presence or absence of a contrast 

blush was accurate, additional analyses were performed for the different subtypes of contrast 

blushes because what really matters is how frequently or infrequently different observers come 

to clinically important different assessments. Possibly, more accurate scoring of mainly an intra-

parenchymal blush (Baltimore grade 4a) could result in a further improvement of interobserver 

reliability of the ‘Baltimore CT grading system’. Because of the low occurrence of arteriovenous 

fistulas and pseudoaneurysms, also scored as Baltimore grade 4a, these types of vascular injury 

were not entered into analysis.

The interobserver reliability of the AAST low versus high grade of splenic injury was not higher 

than the more detailed standard AAST and ‘Baltimore CT grading system. This is in contrary to 

our expectations because in theory a smaller number of categories facilitates the scoring pro-

cess for the observers.16 In the dichotomised AAST classification (low versus high grade splenic 

injury) observers make a distinction between severe and less severe splenic injury instead of 

choosing a grade that differs only slightly from the grade above or below.

The observers were consistent in their performance, reflected by high overall intraobserver 

Kappa’s for all parameters. However, point estimates of the Kappa values seem to indicate a 

n=10 n=19 n=28 n=12 n=14 

figure 1. Number of patients with a contrast blush visible on CT scan in relation to the AAST grade of 
splenic injury (n=83) 
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difference between the most experienced radiologist and the resident, mainly for the ‘Baltimore 

CT grading system’ and the presence of a contrast blush. Furthermore, the results of earlier 

research were confirmed showing that the higher the grade of splenic injury according to the 

AAST, the greater the risk vascular injury.11, 17 The most important advantage of the ‘Baltimore 

CT grading system’ is that it integrates vascular injury into the score. Awareness of the presence 

of vascular injury is important since a leading cause of death after trauma is exsanguination. 

Moreover, the presence of vascular injury is associated with higher rates of failure of NOM, 

which can be prevented by splenic artery embolization.10,  13 Several studies point out that 

angioembolization is reserved for those patients with active bleeding on admission CT scan 

and higher grade splenic injuries thus confirming that the presence of vascular injury is therapy 

guiding.18, 19

A number of limitations of this study need to be considered. First, CT scanning protocols 

changed during the study period. Although all images were of good quality (qualitatively poor 

images were excluded from the study), images of 2008 were qualitatively better because the CT 

scanner was replaced by a newer model.

Second, the sample size of three observers was small. Third, no time limits were set for evalu-

ation of the images. In an actual trauma situation time restraints could impair adequate scor-

ing, and will favour a more simple approach. Fourth, radiologists no time limits were set for 

evaluation of the images. In an actual trauma situation time restraints could impair adequate 

scoring, and will favour a more simple approach. Third, radiologists were more experienced in 

grading splenic injury according to the AAST system since it was introduced approximately 20 

years ago and is widely used whereas the ‘Baltimore CT grading system’ has only recently been 

introduced and still has to gain acceptance. This could have possibly influenced the results, in 

favour of the AAST grading system. Lastly, we did not establish the association between the 

two grading systems and the modality of treatment that was elected and the outcome. Future 

studies, should point out whether subcategories of blushes can be defined that are helpful to 

formulate a prognosis of nonoperative management. The characteristics of blushes that are 

likely to stabilize and eventually regress or disappear should be distinguished from blushes 

that require arterial embolization or surgery. A study about the prognostic value of a contrast 

blush in the hierarchy of treatment options, particularly in polytrauma patients, would be off 

considerable value.

conclusion

The present study shows that the inter- and intraobserver reliability for grading splenic injury 

according to the AAST grading system and ‘Baltimore CT grading system’ are equally high. 

Because of the integration of vascular injury, the ‘Baltimore CT grading system’ supports clinical 

decision making. We therefore recommend use of the ‘Baltimore CT grading system’ in the clas-

sification of splenic injury after blunt trauma.
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aPPenDix

appendix 1. American Association for the Surgery of Trauma Organ Injury Scale Spleen (1994 revision) [10] 

Grade Injury type Description of injury 

I Hematoma
Laceration 

subcapsular: <10% surface area
capsular tear: <1 cm parenchymal depth 

II Hematoma
Laceration 

subcapsular: 10%-50% surface area; intraparenchymal. <5 cm in diameter  
capsular tear. 1-3cm parenchymal depth that does not involve a trabecular vessel 

III Hematoma

Laceration  

subcapsular: >50% surface area or expanding; ruptured subcapsular or 
parenchymal hematoma; intraparenchymal hematoma >5 cm or expanding  
>3 cm parenchymal depth or involving trabecular vessels  

IV Laceration laceration involving segmental or hilar vessels producing major devascularisation 
(>25% of spleen) 

V Laceration 
Vascular 

completely shattered spleen 
hilar vascular injury with devascularized spleen

appendix 2. ‘Baltimore CT grading system’  [9]

Grade Criteria

1 Subcapsular hematoma < 1cm thick
Laceration < 1 cm parenchymal depth
Parenchymal hematoma < 1 cm diameter

2 Subcapsular hematoma 1-3 cm thick
Laceration 1-3 cm in parenchymal depth
Parenchymal hematoma 1-3 cm in diameter 

3 Splenic capsular disruption
Subcapsular hematoma > 3 cm thick
Laceration > 3 cm in parenchymal depth
Parenchymal hematoma > 3 cm in diameter 

4a Active intraparenchymal and subcapsular splenic bleeding
Splenic vascular injury (pseudoaneurysm or arteriovenous fistula)
Shattered spleen

4b Active intraperitoneal bleeding
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appendix 3. Cross-tabulations for observer 2 against observer 3 for the AAST grading system and 
‘Baltimore grading system’
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abstract

introduction: The spleen is the second most frequently injured organ following blunt abdomi-

nal trauma. Trends in management have changed over the years. Traditionally, laparotomy and 

splenectomy was the standard management. Presently, non operative management (NOM) of 

splenic injury is the most common management strategy in hemodynamically stable patients. 

Splenic injuries can be managed via simple observation (OBS) or with angiography and embo-

lization (AE). AE has shown to be a valuable alternative to observational management and has 

increased the success rate of nonoperative management in many series.

Diagnostics: Improved imaging techniques and advances in interventional radiology have led 

to a better selection of patients who are amenable to nonoperative management. In spite of 

this, there is still a lot of debate going on which patients are prone to NOM.

angiography and embolization: The optimal patient selection is still a matter of debate and 

the role of CT and AE have not yet fully evolved. The role of FAST and CT features such as con-

trast extravasation, pseudoaneurysms, arteriovenous fistulas or hemoperitoneum to determine 

the optimal patient selection for AE are discussed. Also the efficiency, technical considerations 

(proximal or selective embolization), logistics and complication rates of AE for blunt traumatic 

splenic injuries are reviewed.
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introDuction

The spleen is behind the liver the second most frequently injured organ following abdominal 

trauma, occurring in 32% of abdominal injuries.1 Splenic injuries are most often observed in 

blunt abdominal trauma such as in motorcycle accidents, assaults, fall from height and sports. 

During the last two decades, major changes in the management of splenic injuries have 

occurred. Traditionally, operative management (OM) was the standard management for patients 

with splenic injury. Once the spleen has been mobilized, a decision must be made regarding 

splenectomy or splenic salvage procedures (mesh splenorraphy, partial resection, adhesive 

and/or coagulation techniques). Due to the increased risk of infections, in particular fatal over-

whelming postsplenectony sepsis, a trend from splenectomy towards splenic conservation has 

emerged.2-6 Presently, nonoperative management (NOM) of splenic injury is the most common 

management strategy in hemodynamically stable patients.7-13 NOM can be divided in either 

observation (OBS) or angiography and embolization (AE). Observation involves admission to an 

unit with monitoring of vital signs, strict bed rest, frequent monitoring of red blood cell count, 

and serial abdominal exams.12, 14 Improved imaging techniques and advances in interventional 

radiology have helped better differentiate patients who can be observed versus those needing 

AE. Nevertheless, the optimal patient selection is still a matter of debate and the role of CT and 

AE has not yet fully evolved.

The aim of this article is to review the current literature pertaining to the diagnosis and trans-

catheter therapy of traumatic splenic injuries.

Diagnostics

fast

The primary goal in the initial management of abdominal trauma is to detect and treat life-

threatening injuries, in the majority of cases bleeding related, as quickly as possible. The 

method of choice for rapid evaluation of the abdomen for free fluid is the Focused Abdominal 

Sonography for Trauma (FAST). In European trauma centers sonography has replaced diagnos-

tic peritoneal lavage as the primary screening test for intra abdominal haemorrhage. FAST can 

be performed simultaneously with resuscitation efforts during the initial trauma management 

and only takes two minutes to perform. For this reason it is also useful in hemodynamically 

unstable patients.15 FAST is especially useful for detecting the presence or absence of a hemo-

peritoneum, a herald of significant organ injury 16-18 with a sensitivity of 90 – 93 %.19 However, 

FAST has a low sensitivity for detecting and grading splenic injury. Injuries to bowel and mesen-

tery without hemoperitoneum and retroperitoneal hematomas may also be missed by FAST.20 

In addition to this, FAST is unable to detect the presence of active haemorrhage. For patients 
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who are hemodynamically stable, a FAST detecting hemoperitoneum should lead to a CT scan 

for further evaluation of the nature and extent of injury.

When the FAST is negative for hemoperitoneum, debate exists regarding whether a CT scan is 

required. Estimates for the presence of intra-abdominal injuries in the absence of hemoperito-

neum on FAST can be as high as 29 %.16, 21-23

Most trauma centers that use FAST as a primary screening modality rely on the assumption that 

any missed injuries are low-grade lesions without serious clinical consequence.24, 25 However, 

some studies demonstrated that the use of FAST examination as a screening tool for blunt 

abdominal injury in the hemodynamically stable trauma patient results in underdiagnosis of 

intra-abdominal injuries. Routine CT scan frequently reveals additional injuries, which results 

in a change of treatment in 6,4 – 16% of these patients.20,  26-28 That may have an impact on 

treatment and outcome in trauma patients. Therefore, hemodynamically stable patients with 

a negative FAST and a high clinical suspicion for splenic injury, for example a seat belt sign or 

upper abdominal pain, should undergo routine CT scanning.

computed tomography and grading systems

CT before and during the arterial and delayed phase of intravenous contrast enhancement is 

now considered the gold standard for diagnosing splenic injuries after trauma and is preferred 

in hemodynamically stable patients. CT is the most accurate test to assess the grade of injury to 

the spleen, as well as other intraperitoneal and retroperitoneal organs and it can give a relatively 

accurate estimation of the volume of hemoperitoneum. It can also detect the presence and 

figure 1. Hemodynamically stable patient (patient A) with blunt abdominal trauma after fall from horse. 
CT with intravenous contrast shows small amount of hemoperitoneum around the spleen and a contrast 
“blush”, which is confined to the splenic parenchyma. (AAST grade 3, Baltimore grade 4a)
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location of active arterial haemorrhage as well as the presence of a pseudoaneurysms or arte-

riovenous fistulas in the spleen.29, 30 Active contrast extravasation is usually seen on CT scan as 

an irregular or linear area of contrast extravasation in the splenic parenchyma (Patient A; figure 

1), subcapsular space or in the peritoneum (Patient B; figure 2).28 It may be difficult to accurately 

distinguish pseudoaneurysms from extravasation if monophasic scanning is performed during 

CT. If multi-phasic CT is done, washout from the false aneurysm in the delayed phase enables 

reliable differentiation from extravasation.31

CT can also play a role in hemodynamically unstable patients when the logistic situation is 

organised in such a way that CT scanning during initial trauma resuscitation and evaluation is 

directly available in or very close to the emergency room.32, 33 Limitations of the early trauma 

CT include its modest sensitivity for assessing injury to pancreas, bowel and mesentery, as well 

as its relative inability to detect venous haemorrhage.

The most widely used grading system for blunt splenic injuries is the American Association for 

the Surgery of Trauma (AAST) injury scale.34, 35 This grading system (table 1) is based on the 

anatomic extention of disruption of the spleen, as shown on CT scans or during laparotomy. 

However, this grading system is not reliable in the prediction of the outcome of splenic injuries 

and not decisive whether surgery of conservative treatment should be applied.2, 36-39

Previous studies have shown that the CT injury grade alone is a poor predictor for the suc-

cess of NOM.36,  40,  41 Recent literature has suggested that vascular injuries including active 

splenic bleeding (contrast blush), pseudoaneurysms and post-traumatic arteriovenous fistulas 

are associated with an increased failure rate of nonoperative management.7,  10,  13,  28,  38,  42-44 

figure 2. Hemodynamically stable patient (patient B) with blunt abdominal trauma after motor vehicle 
accident. CT with intravenous contrast shows hemoperitoneum, fractured spleen with large hematoma 
and extravasation of contrast medium into the abdominal cavity. (AAST grade 4, Baltimore grade 4b)
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However, these injuries are not included in the AAST grading system. Because of the risk of 

failure of nonoperative management of patients with these injuries on CT scan, it is important 

to identify these vascular injuries. Marmery and colleagues 45 have developed a new grading 

system (‘Baltimore’ grading system) (table 1), which was based on experience from multiple 

trauma centers, indicating that CT evidence of a contrast blush or vascular injuries predicts 

the need for AE or surgical management.28, 38, 43, 46 This ‘Baltimore’ CT grading system seems to 

be better than the AAST system for predicting which patients are the most likely candidates 

for embolization or splenic surgery.45 However, prospective randomized studies are needed to 

validate these results.

angiograPhy anD embolization

indications

In 1995 Sclafani described the first successful use of AE for hemodynamically stable patients 

with a splenic injury as adjunct to observational management.47 Since the late 1990´s AE 

has been applied more frequently to achieve better splenic salvage rates in the treatment of 

patients with splenic injuries. Simple observation alone has been reported to have a failure rate 

as high as 34%; the failure rate is even higher among patients with high grade splenic injuries 

(AAST grade 3 – 5).10, 37, 48-51

table 1. Splenic Trauma Grading Systems 34, 35, 45

Grading 
System

Criteria

Baltimore

Grade 1 2 3 4a 4b

Subcapsular 
hematoma

< 1 cm 1-3  cm >3 cm

Parenchymal 
hematoma

< 1 cm 1-3 cm > 3 cm

Laceration <1 cm 1-3 cm > 3 cm Shattered spleen

Miscellaneous Splenic 
capsular 
disruption

Active intraparenchymal 
and subcapsular bleeding
Splenic vascular injury 

Active 
intraperitoneal 
bleeding

AAST

Grade I II III IV V

Hematoma < 10 % 10-50 %
< 5 cm

> 50 %
> 5 cm

Laceration < 1cm 1-3 cm > 3 cm > 25 % devascularization Completely 
shattered spleen

Vascular injury Hilar vascular 
injury with 
devascularized 
spleen
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Many studies support the use of embolization as an adjunct to observation. AE has increased 

the success rate of nonoperative management both by stopping ongoing bleeding as well as 

by preventing delayed rupture of the spleen.7, 47, 52-57 Success rates up to 97% are described in 

the literature. However, these results must be interpreted with some caution, because these 

results are based on cohort studies which were compared with results of historical studies. 

Prospective randomized controlled trials have never been published.

Recent studies advocate the use of AE in the presence of the following CT findings: active 

contrast extravasation, pseudoaneurysm or arteriovenous fistula, large hemoperitoneum and 

a higher grade of injury (grade 3 – 5).9, 10, 28, 49, 55, 58-63,

Several authors and also the clinical practical guideline for the NOM of blunt splenic injury 

of the Eastern Association for the Surgery of Trauma suggest that the presence of a contrast 

blush or vascular injury on the CT scan may portend a higher failure rate after observational 

management.9, 10, 38, 43, 46

Schurr et al 46 described 89 patients who were initially managed nonoperatively. Twelve patients 

failed NOM. Upon review of the initial computed tomography scans, a contrast blush was noted 

in 8 of 12 (67%) patients who failed and in 5 of 77 (6%) of those who were successfully man-

aged nonoperatively (p < 0.0001). Another study demonstrated that both a contrast blush and 

traumatic vascular injuries (pseudoaneurysms and arteriovenous fistula) were associated with 

a high failure rate (82%) of nonoperative management.43

Omert et al. have questioned the significance of a contrast blush. They suggested that a con-

trast blush is not an absolute indication for an operative or angiographic intervention. Factors 

such as patient age, grade of injury, and presence of hypotension need to be considered in the 

clinical management of these patients.64

Splenic embolization has also been used successfully in patients with AAST grade 3 – 5 splenic 

injuries.9, 10, 55, 59, 65 Haan et al. published results demonstrating success rates from 87 – 100% 

after embolization.9, 10 Another study demonstrated increases in NOM success rate from 74 to 

89% with embolization in patients with high grade lesions.55

Presence of a large hemoperitoneum predicted failure of NOM in the EAST study 49 and also in 

a study of Velmahos et al.51 However, in other studies a significant hemoperitoneum did not 

affect the success rate.9 The combination of a contrast blush within the peritoneal cavity and a 

significant hemoperitoneum indicates active and massive bleeding and predict a high failure 

rate and thus warrant a low threshold for AE or a splenectomy.55, 62, 66

The overall success rate (defined by preservation of the spleen) of splenic embolization ranges 

from 73 – 97% with most studies reporting success rates greater than 90%.7, 9, 10, 47, 54, 55, 57, 58, 62

, 65, 67, 68 Several authors also successfully re-embolized patients in whom initial embolization 

failed, which further increased the splenic salvage rate.9, 58, 68 Some studies, in contrast, showed 

no benefit of splenic artery embolization. A study of Harbrecht et al.69 concluded that patients 

who underwent splenic arteriography did not have improved nonoperative splenic salvage 

rates compared with a contemporaneous control group of similarly injured patients. In two 
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other studies, the authors show their concern that embolization may be overutilized for blunt 

splenic injury, resulting in still high failure rates (27%) after embolization.62, 70 They recommend 

a low threshold to operate if bleeding persists in an embolized patient who had the combina-

tion of a high grade injury and large hemoperitoneum or contrast blush on CT. Figure 3 depicts 

our strategy for the diagnostic and therapeutic management.

technique

Splenic arterial catheterization is commonly performed using the common femoral artery 

access. Placement of a 5 – 6 French introducer sheath suffices in most cases. A flush aortogram 

may be performed to evaluate anatomy of the visceral vessels, but is not mandatory, particu-

larly when a contrast-enhanced CT-scan is available. Selective angiography of the splenic artery 

should always be performed to evaluate arterial injury. Diagnostic series of the splenic artery 

should be obtained using a 4 or 5 French catheter, but for selective catheterization of splenic 

artery branches co-axial microcatheters and micro-guidewires may be required. Techniques 

High clinical suspicion*

FAST

CT scan

Angiography and/or embolization

Active contrast extravasation
Pseudoaneurysms

Arteriovenous fistula

Laparotomy:
Splenectomy or

Splenic salvage procedures 

Splenic injury

Hemodynamically stable

Observation

No

Other injuries
requiring laparotomy

Blunt Abdominal Trauma

Negative Positive

Yes

Intraoperative findings that
require AE or persistent

HD instability

No Yes Hemodynamically unstable

* abnormalities in physical examination of the abdomen, pelvis or lumbar spine
   base excess < -3
   systolic blood pressure < 90 mm Hg
   long bone fractures 27

figure 3. Flowchart for the diagnostic and therapeutic management of blunt splenic injury. 
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and materials used for embolization depend on anatomical considerations, the hemodynamic 

situation of the patient and the type and distribution of vascular injuries. Coils are usually the 

embolic agents of choice and gelfoam may in some situations also be used. Other types of 

embolic agents are rarely needed. Occasionally, the use of an Amplatzer® vascular plug may 

be useful.71

Occlusion after coil embolization usually occurs as a result of coil-induced thrombosis rather 

than mechanical occlusion of the lumen by the coil and therefore this technique works best 

when the coagulation profile of the patient is normal or only mildly abnormal. In case of serious 

clotting disturbances addition of another embolic agent such as gelfoam is indicated. Gelfoam 

is a sterile gelatin sponge intended for use as a temporary intravascular embolic material. It can 

be used in the shape of a “torpedo” or as pledgets. It can be injected through both standard 4 – 5 

French angiographic catheters and micro-catheter systems. The major advantage of coils over 

gelfoam is the ability to provide permanent embolization which is most desirable in treating 

vascular injuries. Gelfoam is a bio-degradable material, but splenic artery recanalization rates 

after embolization are not known. However, occlusive agents such as gelfoam seem to have a 

higher failure rate (50%) compared with coil embolization (23%).72 The routine use of antibiotic 

prophylaxis for splenic artery embolization is not indicated.

Proximal versus selective embolization

Both proximal splenic artery embolization (PSAE) and selective distal splenic artery emboliza-

tion have been applied and are described in the literature.10, 47 The surgical equivalent of PSAE 

figure 4. Same patient (patient A) as in figure 
1. Selective digital subtraction angiogram of 
the celiac axis showing the intra-parenchymal 
contrast “blush” in the spleen. Note tortuous 
anatomy of the splenic artery.

figure 5. Same patient (patient A) as figures 1 and 4. 
Selective embolization was not possible as a result of 
the tortuous anatomy and proximal coil embolization 
of the splenic artery was performed. Check angiogram 
after embolization shows occlusion of the proximal 
splenic artery. Perfusion of the spleen by collaterals is 
not shown in this image.
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for splenic injury, splenic artery ligation, was first described in 1979.73 PSAE (patient A; figure 4 

and 5) is based on the theory that the intrasplenic blood flow and blood pressure decrease, as a 

result of which the bleeding stops.74 Sufficient perfusion of the spleen for salvage of the organ 

is preserved through the collateral flow of the short gastric arteries. PSAE involves occluding 

the proximal splenic artery using coils or in some specific situations using the Amplatzer® 

vascular plug. It can often be performed using standard 4 – 5 French catheters and is usually less 

time-consuming than distal embolization.75, 76 The technique of selective distal embolization 

(patient B; figure 6 and 7) involves embolizing only the injured blood vessels. This often involves 

smaller branches of the splenic artery and is inside the spleen itself. Typically a micro-catheter 

system is required for this type of embolization, particularly when there is significant tortuosity 

of the splenic artery.

Proximal embolization is mostly used when there is diffuse bleeding of the spleen, when there 

are multiple focal bleeding vessels in the spleen, when there is time-pressure as a result of the 

hemodynamic situation of the patient or when tortuosity of the splenic artery prevents selec-

tive distal embolization. PSAE may also used in some situations where the site of hemorrhage 

is not identified on the angiogram and the clinical situation of the patient suggests ongoing 

bleeding form the spleen. Selective distal embolization is usually reserved for patients who 

have one or only a few focal bleeding vessels in the spleen and in whom the anatomy and 

hemodynamic situation allow employment of this.

The current literature provides little evidence whether PSAE or selective embolization is a bet-

ter treatment. Although no prospective studies comparing the results of proximal or selective 

embolization are described, the use of PSAE seems to have some advantages. PSAE is faster, is 

figure 6. Same patient (patient B) as figure 2. 
Selective digital subtraction angiogram of the 
celiac axis showing multiple areas of contrast 
extravasation  from peripheral branches of the 
splenic artery.

figure 7. Same patient (patient B) as figures 2 and 6. 
Check angiogram after selective coil embolization of 
an interpolar branch of the splenic artery. Contrast 
extravasation is no longer seen and there is good 
perfusion of the remainder of the spleen.
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associated with a lower failure rate of NOM in some studies and a lower incidence of splenic 

abscess or infarction as compared to selective distal embolization.65, 77 However, it has to be 

noted, that splenic infarcts after selective distal embolization rarely lead to clinical sequelae 

and splenic abscess can usually be treated percutaneously. Several studies have shown that 

PSAE and selective embolization have no major long-term impact on the splenic anatomy and 

immune function.42, 78,79

A potential disadvantage of PSAE could be the fact that in case of rebleeding, repeat emboliza-

tion is difficult due to the inaccessibility of the splenic artery. Nevertheless, both techniques 

have been used successfully. The choice for either of the two techniques depends on the 

considerations mentioned above as well as on operator preference.

vaccination

The life time risk of overwhelming postsplenectony sepsis is 1 – 2%, with a mortality rate of 

33%. For that reason, the current recommendation is to treat patients after splenectomy with H. 

Influenzae (Hib), pneumococcal and meningococcal vaccination.80 Several studies have shown 

that proximal ligation of the splenic artery, proximal and selective splenic embolization has no 

major long-term impact on the splenic anatomy and immune function.42, 78,79 Only one recent 

study suggest that the immunologic profile of embolized patients is reduced to controls. These 

studies, however state, that large controlled studies will be needed to make definitive vaccina-

tion recommendations.81 We apply vaccination in patients after extensive distal embolization 

or embolization (proximal or distal) for a shattered spleen.

logistics

For an effective application of AE as a treatment modality, CT scanning should be available 

24 hours a day to triage patients between observation, angio-embolization and surgery. Early 

assessment using CT scanning in the emergency room, may further improve these logistics.82,83 

Also, the hospital interventional radiology suite and personnel should be set up for rapid 

response at any time.

The success rate of NOM depends on the time between the initial intake at the emergency 

room and the AE, as a result of the decreasing clinical condition and coagulation state of the 

patient.84 Because embolization can be time-consuming and there is a risk for hemodynamic 

deterioration, the patient should be monitored carefully. Therefore, AE requires good teamwork 

among the trauma surgeon, the anaesthesiologist and the interventional radiologist.
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comPlications

Major complications following splenic artery embolization have been reported in 6 – 20%.9, 10, 85 

In a small study of Ekeh and colleagues major complications such as bleeding, abscess and 

contrast nepropathy occured in 27%.70 Minor complications, fever, pleural effusions and coil 

migration occured in 53%. Other studies have demonstrated lower complication rates.9, 10, 85 

In the Western Trauma Association multi-institutional trial 9 140 patients underwent proximal 

and distal embolization and combination of both techniques in 83, 48 and 9 patients, respec-

tively. Mean AAST splenic injury grade was 3,5. The following vascular injuries were seen on 

the CT scan: hemoperitoneum (59%), contrast extravasation (44%), pseudoaneurysm (33%) 

and an AV fistula in 4 % of the patients. This trial reported a major complication rate of 20%. 

These complications included persistent bleeding or rebleeding (11%), missed injury (3%), and 

splenic abscess (4%). Two percent of the patients had coil migration at the time of angiography, 

without sequelae in any of these patients. Infarctions following embolization occured in 21% of 

patients in this study. Similar infarction rates have been described in other series.9, 62, 77, 85 In one 

study, the infarction rate was 100% following distal embolization and 63% following proximal 

embolization.67 Most of patients with splenic infarcts are asymptomatic and could be managed 

conservatively.67, 72 Abscess usually presents at contrast-enhanced CT as a hypodens fluid col-

lection with or without air or an air-fluid level. However, the presence of gas in the spleen after 

embolization is not a specific sign for infection. In general, post-embolization splenic abscesses 

can be treated with percutaneous drainage. Puncture-site related complications (hematoma, 

dissection, trombosis) after angiography are relatively rare.47, 67

conclusion

AE is widely accepted in the management of hemodynamically stable patients with splenic 

injury, due to the improved CT techniques, their direct availability in early trauma management 

and the advances in interventional radiology. CT scanning with intravenous contrast help to 

select hemodynamically stable patients for AE, but the optimal patient selection is still con-

troversial. The single CT finding that warrants immediate AE is a contrast extravasation within 

the peritoneal cavity, particularly in patients who are not hemodynamically stable or who have 

other clinical signs of ongoing bleeding. Other CT-features such as false aneurysm, AV-fistula, 

contrast extravasation contained within the spleen and the presence of a hemoperitoneum 

are associated with an increased failure rate of NOM but whether angio-embolization for such 

findings increase the success rate of NOM remains a matter of debate.

Angio-embolization has shown to be a valuable adjunct to observational management and 

has increased the success rate of NOM in many series. PSAE and selective embolization can 

both be performed and there is currently no evidence favoring either technique. However, 
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these results must be interpreted with caution, as they are based on cohort studies which were 

compared with results of historical studies. Prospective randomized controlled trials comparing 

observational management versus embolization have never been published. Although difficult 

to conduct due to the nature of the trauma population, such trials are needed to further deter-

mine the optimal patient selection for AE for traumatic splenic injury.
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abstract

introduction: Nonoperative management (NOM) has become the treatment of choice for 

hemodynamically stable patients with blunt splenic injury. Results of outcome following NOM 

are predominantly based on large volume studies from Level-I trauma centers in the United 

States. The aim of this study was to assess the results of NOM in a relatively low volume Dutch 

Level 1 trauma center.

methods: An analysis of a prospective trauma registry was performed for a 6-year period before 

(period 1) and after the introduction and implementation of SAE (period 2). Primary outcome 

was the failure rate of initial treatment.

results: 151 patients were reviewed. An increased use of SAE and a reduction of splenic opera-

tions in the second period was observed. In comparison with period 1, the failure rate after 

observation in period two decreased from 25% to 10%. The failure rate after SAE in period 2 

was 18%. The splenic salvage rate (SSR) after observation increased from 79% in the first to 

100% in the second period. In the second period, all patients with failure after observation were 

successfully treated with SAE. The SSR after SAE in period 1 and 2 was respectively 100 and 86%.

conclusion: SAE of patients with blunt splenic injuries is associated with a reduction in splenic 

operations. The failure and splenic salvage rates in this current study were comparable with 

the results from large volume studies of Level-I trauma centers. Nonoperative management is 

therefore also feasible in a relatively low volume Level-1 trauma center outside the US.
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introDuction

Trauma is one of the leading causes of death in people below 40 years and therefore an impor-

tant problem in general healthcare.1-3 The spleen is affected in 32% of patients with traumatic 

abdominal injuries.4

Management of splenic injuries has changed considerably during the last 20 years. Traditionally, 

a laparotomy and splenectomy was performed for splenic injuries. Due to its high success rate, 

nonoperative management (NOM) has evolved to be the standard of care in hemodynamically 

stable patients.

NOM can be divided in either observation or splenic artery embolization (SAE). SAE has played 

an increasing role in this nonoperative approach. Many reviews supported the use of SAE as 

an adjunct to observation. SAE can increase the success rate of NOM by stopping ongoing 

bleeding as well as by preventing delayed rupture of the spleen. Recent studies advocate the 

use of angiography and embolization in the presence of the following CT findings: contrast 

extravasation, pseudoaneurysm or arteriovenous fistula, large hemoperitoneum and a high 

grade of injury (grade III-V).5-15 Results of outcome following NOM in blunt splenic trauma are 

predominantly based on large volume studies from Level-I trauma centers in the United States 

(US).5-9,13,16,17 Trauma patients volumes in European centers are often considerably lower than 

in the US. Therefore, it is questionable whether these results can be translated to centers with 

lower volumes of patients with blunt splenic injuries.

The aim of this study was to asses the influence of SAE on the failure of NOM and the splenic 

salvage rate in a relatively low volume Level-1 Dutch trauma center.

methoDs

Data collection

Patients with blunt splenic injuries treated in the Academic Medical Center (AMC) between 

January 1997 and June 2008 were identified from the prospectively collected data in the hos-

pital’s trauma registry. Children with an age under 17 and patients who died within 24 hours 

after trauma were excluded. The AMC is a designated Dutch Level-1 trauma center with 32.000 

emergency department visits and 700 trauma team notifications per year. Annually, approxi-

mately 200 – 225 multitrauma patients are treated.

Patient demographics, which included age, gender, trauma mechanism, Injury Severity Score 

(ISS), Glascow Coma Scale (GCS), and associated injuries were extracted from the computerized 

medical record. Furthermore, initial treatment and their indications, transfusion requirements, 

morbidity, mortality, ICU and overall hospital length of stay were registered.

One senior trauma-radiologist re-evaluated all admission abdominal CT scans, and classified 

the splenic injuries according to the American Association for the Surgery of Trauma (AAST).18 
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Grade 1 and 2 were classified as low grade, grade 3 – 5 as high grade. Data on presence of 

vascular injury (contrast extravasation, pseudoaneurysm and arteriovenous fistula), hemoperi-

toneum and the extension of hemoperitoneum was also registered. Minimal hemoperitoneum 

was defined as intra-abdominal blood located only in the perisplenic recess. Significant hemo-

peritoneum was defined as intra-abdominal blood located in areas other than the perisplenic 

recess.

study periods

Two time periods were defined. At the end of the first period (1997 – 2002) angiography and 

embolization for trauma patients was introcuced but not used routinely. This period was com-

pared with a second period (2003 – 2008) when SAE was used routinely.

imaging and treatment protocols

During both periods, hemodynamically unstable patients not responding to fluid resuscitation 

were treated primarily operative. In period 1, the protocol dictated surgical exploration in 

patients with high grade injuries (grade 3 – 5) independent of the hemodynamic status of the 

patients. Operative treatment began with 4-quadrant packing before structural inspection of 

the abdomen. Once the spleen has been mobilized, a decision was made if a splenectomy or a 

splenic salvage procedure (mesh splenorraphy, partial resection, adhesive and/or coagulation 

techniques) was performed.

In period 1 NOM was performed in patients with low grade (grade 1 – 2) injuries who were hemo-

dynamically stable. In period 2 NOM was performed in all hemodynamically stable patients or 

transient responders. NOM involves admission to a unit with monitoring of vital signs, strict bed 

rest, frequent monitoring of red blood cell count, and serial abdominal exams. In the second 

period SAE was routinely performed 24 hours/ 7 days a week by an experienced interventional 

radiologist if signs of active bleeding (contrast blush or a cutt off), a pseudoaneurysm or an 

arteriovenous fistula were detected on CT scan. Splenic arterial catheterization was performed 

using the common femoral artery access. After puncture of the artery a 5 French sheath was 

introduced.

Diagnostic series of the splenic artery were obtained using a 4 or 5 French catheter or celiac 

catheter. For selective catheterization of splenic artery branches co-axial microcatheters and 

micro-guidewires were required.

Proximal embolization was performed if there was a diffuse bleeding of the spleen, if there 

were multiple focal bleeding vessels in the spleen and when there was time-pressure as a 

result of the hemodynamic situation of the patient or when tortuosity of the splenic artery 

prevented selective distal embolization. Selective distal embolization was reserved for patients 

who had one or only a few focal bleeding vessels in the spleen and in whom the anatomy and 

hemodynamic situation allowed employment of this. Follow-up ultrasounds or CT scans were 

not routinely performed.
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study endpoints

Primary outcome was the failure rate of initial treatment. Failure was defined as clinical 

(hemodynamically unstable or drop in Hemoglobin/hemotocrit) and radiological (a blush or 

significant increase of hemoperitoneum on repeat CT scan) signs of a rebleeding requiring 

operative or radiological (re-) interventions. The failure rate and the splenic salvage rate in 

both periods were compared to identify the impact of SAE. Splenic salvage was considered as 

patient discharge with the spleen in situ.

Secondary outcome measures were length of ICU and total hospital stay, transfusion require-

ments in the first 24 hours and mortality rate. Mortality was either coded as due to splenic 

injury-related complications or due to other causes.

statistical analysis

All statistical analysis were performed using SPSS version 17 (SPSS, Inc., Chicago, IL). Categorical 

variables were calculated as percentages and compared using Chi-square analyses or Fisher’s 

exact tests when appropriate. All continuous variables are presented as median with interquar-

tile ranges (p25-p75) and were compared using the Mann-Whitney U test. A value of P=0.05 

was considered statistically significant.

results

A total of 151 patients with blunt splenic injury were identified. Twenty-nine patients were 

excluded; 6 patients died within 24 hours of admission and 23 patients were children. Of the 

122 included patients, the majority were young men with a mean age of 29 years (range 23 – 46). 

As demonstrated in Table 1 both periods were comparable for age, gender, ISS and AAST injury 

grade.

In Table 1 the initial treatment is shown for both periods. The number of patients treated with 

observation was similar. In period two, a significant increase of SAE’s was observed: 4 percent in 

the first period versus 34 percent in the second period (p < 0.001). This increase correlated with 

the statistically significant reduction of splenic operations (46% vs 19%, p < 0.001).

Most of the patients that underwent SAE (13/24) did so as initial treatment. In 10% of the 

patients injuries to other organs were also embolized during the same angiography session. 

Table 2 shows the failure rate after initial treatment in both periods. The overall failure rate for 

observation and SAE was both 17%. In the second period the failure rate after observation was 

reduced from 25 to 10%. The failure rate after SAE in period 2 was 18%; SAE failed in four of the 

22 patients due to rebleeding of the spleen.

Table 3 shows the injuries divided into low and high AAST grades per period and compared for 

primary treatment and outcomes. Most of the patients who failed initial treatment had a high 

grade of injury. Twenty-five percent of the patients with high grade injury failed initial SAE, while 
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no failure of SAE was observed in patients with low grade injury. The patient characteristics of 

the patients with failure of initial treatment are depicted in Table 4. In almost all these patients, 

the re-evaluated CT scan showed a contrast blush and/or a significant hemoperitoneum. Three 

table 1. Characteristics, treatment, and outcomes of patients with blunt splenic injuries  

Period 1 Period 2 P-value

Characteristics

n 56 66 Ns

Age (range) 28 (23-38) 34(23-51) Ns

Male 66% 77% Ns

ISS 25 (13-36) 24 (16-36) Ns

AAST Injury grade Ns

- low (Gr I-II) 46% 53%

- high (Gr III-V) 54% 47%

Treatment

Observation n (%) 28 (50) 31 (47) Ns

SAE n (%) 2 (4) 22 (34) <0.001 *

Splenic surgery n (%) 26 (46) 13 (19) <0.001 * 

splenectomy 22 7

splenorraphy 3 4

other 1 2

Outcomes

Mortality n (%)

- overall 8 (14%) 5 (8%) Ns

- spleen-related 5 ( 9%) 2 (3%) Ns

length of stay (range) 11 (4-26) 13 (6-25) Ns

ICU stay (range) 2 ( 1-8) 2 (1-3) Ns

PRBC <24 hours (range) 11 (4-26) 0 (0-4) 0,01 * 

SAE: splenic artery embolization
ICU: Intensive Care Unit
PRBC: Packed Red Blood Cells
Ns: non significant
*: statistically significant

table 2. Failure rate of primary treatment

  Overall
% (n)

Period 1
% (n)

Period 2
% (n)

P-value

Observation 17% 
(10/59)

25%
(7/28) 

10%
(3/31)

0,07

Splenic artery embolization 17 % 
(4/24) 

 0%
(0/2) 

18%
(4/22)

-



97

Impact of splenic artery embolization on the success rate of nonoperative management for blunt splenic Injury

of the four patients who failed SAE in the second period had a grade 5 injury combined with a 

blush and a significant hemoperitoneum on the CT scan.

The overall splenic salvage rate (SSR) was 89%. In comparison with period 1, the splenic salvage 

rate after observation in period two increased from 79% to 100%. In the first period 6 of the 

7 patients who failed observation underwent a splenectomy. In one patient splenic preserv-

ing therapy during laparotomy was performed. In the second period, all patients with failure 

table 3. Outcomes per period for low and high grade injuries. 

Period Grade (n) Treatment (n) Rebleeding n (%)

1 Low (26) Observation (19) 4 (21)

Laparotomy (7) 0

High (30) Observation (9) 3 (33)

SAE (2) 0

Laparotomy (19) 0

2 Low (35) Observation (22) 1 (5)

SAE (6) 0

Laparotomy (7) 0

High (31) Observation (9) 2 (22)

SAE (16) 4 (25)

Laparotomy (6) 0

Grade: according to the American Association for the Surgery of Trauma (AAST).

table 4. Characteristics of patients with failure of initial treatment 

nr Period ISS Treatment Grade CT Blush Hemoperitoneum

1 1 16 observation 1 yes no minimal

2 1 8 observation 1 no - -

3 1 22 observation 1 yes no minimal

4 1 24 observation 1 no - -

5 1 36 observation 3 no - -

6 1 13 observation 3 no - -

7 1 36 observation 4 yes no significant

8 2 16 proximal SAE 3 yes yes significant 

9 2 16 observation 3 yes no significant

10 2 41 observation 3 yes yes significant

11 2 29 observation 2 yes yes minimal

12 2 25 proximal SAE 5 yes yes significant 

13 2 41 distal SAE 5 yes yes significant

14 2 41 distal SAE 5 yes yes significant

ISS: Injury Severity Score
SAE: splenic artery embolization
Grade: according to the American Association for the Surgery of Trauma (AAST).
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(n=3) after observation were successfully treated with SAE. The splenic salvage rate after SAE in 

period 1 and 2 was respectively 100 and 86%. One of the four patients with failure after initial 

distal selective SAE successfully underwent proximal reembolization in the second period. The 

other 3 patients underwent a splenectomy.

The median time from initial treatment to failure was 2 days (range 1 – 23). In two patients the 

rebleeding occurred after being discharged from hospital. One patient with a grade 5 splenic 

injury, initially treated with embolization had severe neurological impairment due to a rebleed-

ing and died three months later.

The mortality rate, ICU and total length of stay were not different in both periods. The trans-

fusion requirement was significantly (p < 0.01) lower in the second period (Table 1) in both 

nonoperative management as well as operative treatment.

Discussion

The primary outcome of this study was to asses the influence of SAE on the failure and splenic 

salvage rate. Consistent with the literature, we showed a change from operative to nonop-

erative management for patients with blunt splenic injury. The first successful use of SAE for a 

splenic injury was described by Sclafani et al.19 In our Level-1 trauma center SAE was introduced 

in 1998 and since 2002 used routinely for hemodynamically stable patients considered to be at 

high risk of failure. In the first period we evaluated, a splenic operation was performed in almost 

half of the patients. In the second period, the rate of splenic operations was reduced while the 

use of SAE increased over time.

In this study the failure rate after observation was reduced in the second period. More frequent 

use of CT scan and the improvement of the quality of the CT scan could be an explanation for 

the clear trend of decreasing failure rate after observation in the second period. This improved 

CT techniques may enable a better patient selection for either observation or SAE.

We reported a failure rate of 18% after SAE in the second period. It is not fair to compare the 

failure rates of SAE between the two periods because only two patients in the first period were 

treated with SAE. This reported failure rate is comparable with the results of a large multicenter 

trial in which splenic embolization was used in 140 patients. This study reported an overall 

splenic salvage rate of 87% and 83% of grade 4 and 5 injuries were succesfully managed with 

embolization.7

All patient who failed initial SAE had a high grade of injury. Strikingly, in our study three of the 

4 patients who failed SAE in the second period had a grade 5 injury combined with a vascular 

blush and a significant hemoperitoneum on the CT scan, suggesting that the optimal patient 

selection for SAE is still a topic for further research. Some authors recommend a low threshold 

to operate if there is evidence of a grade 3 – 5 injury combined with a significant hemoperi-

toneum.13,20 Futhermore, with respect to this fact one of the patient who failed SAE became 
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hemodynamically unstable due to rebleeding and consequently developed severe neurologi-

cal damage and died three months later.

Failure was observed after proximal as well as distal selective embolization (Table 4). The cur-

rent literature provides little evidence whether proximal SAE or distal selective embolization is 

a better treatment. Although no prospective studies comparing the results of proximal or selec-

tive embolization are described, the use of proximal SAE seems to be faster, associated with 

a lower failure rate13 of NOM and a decreased incidence of splenic abscess or infarction.21,22 

A disadvantage of proximal SAE could be the fact that in case of rebleeding, more selective 

embolization is difficult due to the inaccessibility of the splenic artery.

The overall Splenic Savage Rate was 89%. In period two the SSR after observation was increased, 

due to the succesfull secondary treatment with SAE of patients who failed initial treatment. In 

the SAE group one patient with a rebleeding could succesfully be treated with subsequent 

proximal embolization. Despite rebleeding, SAE is a valuable minimally invasive technique to 

control bleeding. Historically, every patient with a rebleeding was treated surgically. Currently, 

a second attempt of SAE can be considered, which further can increase the nonoperative 

splenic salvage rate.5, 7, 16

Results of outcome following NOM in blunt splenic trauma are predominantly based on large 

volume studies from Level-1 trauma centers in the United States. Despite the lower patient vol-

ume in this study, the failure rate and SSR are comparable with the results of these large studies. 

In these studies the SSR of nonoperative management with the use of splenic embolization 

ranges from 86% to 100%, with most studies reporting success rates greater than 90%.5-9,13,16,17

The second aim of this study was to assess the effects on clinical outcome. More frequent use of 

SAE and consequently lesser laparotomies have the theoretical potential of decreasing length 

of hospital stay and blood transfusion requirements. However, in this study the ICU and total 

length of stay were comparable in both periods. The transfusion requirement was significantly 

lower in the second period. The more frequently use of SAE could not alone explain the lower 

transfusion rate, while patients with operative treatment also received less tranfusions in period 

two. Part of the explanation could possibly be found in advancements in the areas of critical 

care and transfusion and resuscitation policies.

As with any retrospective study, our analysis has several limitations. Selection bias might have 

played a role. Despite protocols for diagnostics and treatment, in practice the choice of therapy 

was based on the clinical judgement of the attending trauma surgeon and (interventional) 

radiologist. The specific indication for the chosen therapy could not always be assessed from 

the trauma registry or electronic medical record. Furthermore, advancements in ICU treatment, 

transfusion protocols, improved quality of the CT scan and SAE between the two time periods 

investigated could cause a bias in the results. This study did not evaluate isolated splenic 

trauma as in most of the published series. As a consequence the mortality, morbidity and trans-

fusion requirement could also reflect variability in recruitment that is observed most modern 

countries (decrease number of severe road accidents over the last 15 years). Another limitation 
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is the relatively small number of patients with blunt splenic injury in our hospital. This volume 

however, is comparable to other Level-1 trauma centers in Europe.

In conclusion, the increased use of SAE as an adjunct to NOM was associated with a statistically 

significant reduction of splenic operations. The failure and splenic salvage rates in the current 

study were comparable with the results from large volume studies of Level-I trauma centers in 

the United States. Comparable with the literature, a high failure rate was observed in patients 

with high grade injuries combined with a contrast blush and a significant hemoperitoneum. 

Therefore, NOM with the adjunction of SAE in patients with low grade injuries is also feasible in 

a relatively low volume Level-1 trauma center outside the United States. However, the optimal 

treatment, especially in patients with high grade injuries is still a topic for further research.
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abstract

introduction: Currently, nonoperative management (NOM) is the standard treatment for 

hemodynamically patients with blunt splenic injury. Recent studies advocate the use of angi-

ography and embolization in the presence of contrast extravasation, large hemoperitoneum 

and a higher grade of injury. However, the optimal patient selection for NOM is still a matter of 

debate. The aim of the present study was to assess the results of NOM in three Dutch Level-1 

trauma centers and to investigate which patient and CT characteristics were associated with 

failure of NOM.

methods: All consecutive adult patients admitted with blunt splenic injuries to three level-1 

Trauma centers in the Netherlands between January 2001 and December 2009 were retro-

spectively analysed. The primary outcome measure in this study was the failure and splenic 

salvage rate of NOM. Secondary, potential risk factors for failure were analysed with uni- and 

multivariate analysis.

results: 169 eligible patients were assessed. Seventy-three percent of the patients were 

treated with observational management and 27% underwent angiography and embolization. 

The overall failure rate was 17%. Seven patients who failed observational or angiography and 

embolization could be successfully treated with (re-)embolization, leading to a splenic salvage 

rate of 89%. Age > 50 years and AAST grade of injury ≥ 3 were associated with failure in the 

multivariable logistic model. The presence of (an intraperitoneal contrast) extravasation was 

not significantly associated with failure of NOM.

conclusion: The failure rate in this current study was low and comparable with the literature. 

This study showed that patients with rebleeding could be successfully treated with SAE lead-

ing to considerable SSR. The presence of a contrast extravasation is not associated with an 

increased failure rate.
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introDuction

The management of patients with splenic injuries has changed considerably during the last 

20 years. As a consequence to its high success rate, nonoperative management (NOM) has 

become the preferred treatment for hemodynamically stable patients.1-4

NOM can be divided in either observation (OBS) or splenic artery embolization (SAE). Many 

reviews support the use of splenic artery embolization as a valuable adjunct to observation.8-10 

Results of NOM in blunt splenic trauma are predominantly based on studies from large volume 

Level-I trauma centers in the United States (US). 5-7 Trauma patients volumes in European 

centers are often considerably lower than in the US. Therefore, it is questionable whether these 

results can be translated to centers with lower volumes of patients with blunt splenic injuries.

In addition, the optimal patient selection for NOM is still a matter of debate and the role of CT 

and angio-embolization has not yet fully evolved. Several risk factors for failure of NOM have 

been reported in the literature: age older than 55 years, a high injury grade, hemodynamic 

instability, size of hemoperitoneum and the presence of contrast extravasation on CT scan. 11-17

The aim of the present study was to assess the results of NOM in three Dutch Level-1 trauma 

centers. The second aim was to investigate which patient and CT characteristics were associ-

ated with failure of NOM in an European trauma setting.

Patients anD methoDs

study design and population

In this retrospective study, all consecutive adult patients (age > 16 years) admitted with blunt 

splenic injuries to three level 1 Trauma centers in the Netherlands between January 2001 and 

December 2009 were reviewed. The patients were identified from the hospital’s prospective 

trauma registry, the in-hospital information system and financial administrative registration. 

Patients who died in the trauma room and patients who were initially treated at other hospitals 

were excluded from this analysis. Patients primarily evaluated elsewhere (without intervention) 

and referred for treatment were included. The three trauma centers are designated Dutch 

Level-1 trauma centers, with approximately a total of 100.000 emergency department visits 

and 2000 trauma team notifications per year. Annually, 700 multitrauma (defined as ISS ≥ 16) 

patients are treated in these three centers.

Data collection

Age, gender, trauma mechanism, Injury Severity Score (ISS), Glasgow Coma Scale (GCS), and 

associated injuries were extracted from the hospital’s trauma registry. A chart review was 

performed for data collection of initial diagnostics and treatment, transfusion requirements, 
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morbidity, mortality, ICU stay and overall hospital length of stay. Data collection was performed 

according to a preplanned standardized format in all 3 trauma centers.

imaging and treatment protocol

All patients were managed according to the Advanced Trauma Life Support (ATLS®) principles. 

Focused Abdominal Sonography for Trauma (FAST) was part of the primary survey. Suspicion 

of intra-abdominal injuries in hemodynamically stable or transient responding patients was an 

indication for intravenous contrast-enhanced CT scanning (CECT). The admission abdominal CT 

scans were re-evaluated for this current study, and the splenic injuries were classified accord-

ing to the Splenic Organ Injury Scale of the American Association for the Surgery of Trauma 

(AAST). Grade 1 – 2 injuries were classified as low grade, grade 3 – 5 as high grade injuries. Data 

suggestive of the presence of vascular injury (e.g. contrast extravasation, pseudoaneurysm and 

arteriovenous fistula), hemoperitoneum and the extent of hemoperitoneum were also scored 

retrospectively. Minimal hemoperitoneum was defined as intra-abdominal blood located only 

in the perisplenic recess. Significant hemoperitoneum was defined as intra-abdominal blood 

located in the perisplenic recess, one of both pericolic gutters and additional free fluid in the 

lesser pelvis.

Hemodynamically unstable patients not responding to fluid resuscitation (non-responders) 

were treated primarily with an emergency laparotomy. NOM was performed in all hemody-

mamically stable patients or transient responders. Observational management involved admis-

sion to a unit with constant monitoring of vital signs, bed rest, serial abdominal exams, and 

monitoring of red blood cell count.

Since 2003 SAE was routinely available 24 hours/7 days a week by an experienced interven-

tional radiologist for patients with signs of active bleeding on CECT. Splenic arterial catheteriza-

tion was performed using common femoral artery access. Proximal arterial embolization was 

performed if there was diffuse bleeding of the spleen and when there was no time to perform 

selective catheterization as a result of the hemodynamic instability. Selective distal emboliza-

tion was reserved for patients who had one or only a few focal bleeding vessels in the spleen 

and in whom the anatomy and hemodynamic situation allowed employment of this. Follow-up 

ultrasound or CT scanning was not routinely performed.

outcome measures

The primary outcome measure in this study was the failure and splenic salvage rate (SSR) of 

NOM. Failure was defined as clinical (hemodynamically unstable or drop in Hemoglobin/hemo-

tocrit) and radiological (a contrast extravasation or significant increase of hemoperitoneum 

on repeat CT-scan) signs of rebleeding requiring operative or radiological (re-) interventions. 

Splenic salvage was defined as a patient discharged with the spleen in situ.

Secondary, the identification of risk factors for failure of planned NOM were investigated. 

Potential risk factors were selected from current literature.11-17 These variables consisted of: 
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patient characteristics (age, sex), mechanism of injury (traffic accident), associated injury, GCS 

≤ 11, ISS ≥ 16, AAST classification (grade 1 – 3 or grade 4 or 5), extent of hemoperitoneum, pres-

ence and type (intraperitoneal versus intraparenchymateous) of contrast extravasation.

statistical analysis

Continuous variables are presented as medians with interquartile ranges (IQR: p25th-p75th) 

and were compared using the Mann-Whitney U test. Categorical variables were calculated as 

frequencies with percentages and compared using Chi-square analyses and Fisher’s exact test 

when applicable. A test was considered significant if the p-value was smaller than 0.05 (two-

sided). For all variables, the comparison between patients with successful planned NOM and 

patients with failed NOM was presented. Univariate logistic regression analyses were used to 

study the ability of variables to discriminate patients in whom planned NOM was successful 

with patients in whom NOM failed. The dependent variable was represented by the outcome 

of NOM (successful versus failed NOM); odds ratios (ORs) with the 95% confidence intervals 

(95% CI) were presented. The variables with a p < 0.1 of the univariate logistic analyses were 

imported in a multivariate logistic regression analysis with a backward selection procedure in 

order to evaluate their independent association with the outcome of planned NOM. Possible 

correlations between significant variables of univariate logistic regression analyses were also 

examined to check for multicolinearity before inclusion, with a p-value of 0.20. The adjusted 

odds ratios with 95% CI’s of the final model are presented. Statistical analyses were done using 

SPSS for Windows, version 15.0 (SPSS Inc., Chicago, USA).

Patients

During the 9 year period, 169 patients were treated with NOM. (Figure 1) The majority (78%) 

were young men with a median age of 33 years. Patient characteristics are shown in Table 1. 

The following mechanisms of injury were recorded: traffic accident (72%), fall from height 

(15%), sports (1%) and various others (12%). The median length of hospital and ICU was 13 (IQR 

8 – 25) and 2 (IQR 1 – 5) days, respectively. The overall mortality and splenic-related mortality was 

respectively 5% and 1%.

FAST was performed in 154 patients (91%); free intraperitoneal fluid was observed in 111 

patients (72%). Additionally, a CT scan was performed in 144 patients (85%). The CT features 

which were retrospectively re-evaluated and the management strategy, are summarized in 

Table 2. This table showed that retrospectively eleven of the 40 patients with a blush were not 

treated with SAE.

One hundred twenty-four patients (73%) were treated with observational management. 45 

patients (27%) underwent angiography; 13 patients were treated with proximal SAE and 22 

with selective distal SAE. Combination of both techniques was used in 1 patient. In 9 patients 
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table 1. Characteristics, treatments and outcomes of patients with blunt splenic injuries 

n 169

Age (years)* 33  (22-47)

Male 131 (78%)

Glascow Coma Scale* 14 (14-15)

Injury Severity Score* 20 (13-29)

AAST grade of injury, n (%) 

- low (grade 1-2) 94 (56%)

- high (grade 3-5) 75 (44%)

Initial treatment, n (%)

- observation 124 (73%)

- angiography/ embolization 45 (27%)

*Median (25th, 75th percentiles)
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no contrast extravasation was seen at angiography, therefore no embolization was performed. 

All these 9 patients were successfully managed non-operatively. In seventeen patients emboli-

zation of injuries to other organs were performed during the same angiography session.

results

The overall failure and splenic salvage rate was 17% and 89%, respectively (Table 3) Six patients 

who failed observational management could be succesfully treated with SAE. Eighteen patients 

underwent secondary operative management: splenectomy (n=14) and spleen preserving pro-

cedure (n=4). One of the five patients with failure after initial distal SAE successfully underwent 

proximal re-embolization. The other 4 patients underwent a splenectomy.

The information for patients with successful and failed NOM is shown in Table 4. Patients who 

failed NOM were significantly older and had a higher AAST grade of injury. The presence of an 

table 2. Features of the CT scan and management strategy (n=144)

CT features Management strategy

OBS SAE total

grade of injury
Grade 1-2
Grade 3-5
Unknown

61
35

12
32

73
67
4

hemoperitoneum
no
minimal
significant
unknown

21
61
16

3
19
23

24
80
39
1

blush
No
Intapasplenic 
Intraperitoneal 
Pseudoaneurysm
unknown

87
10
1
2

15
12
17
4

102
22
18
6
2

Associated injuries 114 

OBS: observation or SAE: splenic artery embolization  

table 3. Failure and splenic salvage rate

  n Failure rate% (n) SSR

OBS 124 24 (19%) 89%

SAE 45  5 (11%) 91%

Overall NOM 169 29 (17%) 89%

OBS: observation, SAE: splenic artery embolization, NOM: nonoperative mangement  
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intraperitoneal contrast extravasation and the need for blood transfusion in the first 24 hours 

was associated with failure of NOM.

Predictors for failure of nonoperative management

All significant predictors of failure identified by univariable analysis are depicted in Table 5. Age 

> 50 years, GCS < 11, AAST grade of injury ≥ 3 and an intraperitoneal contrast extravasation were 

significantly associated with failure. Correlation between the significant predictors was low 

(p-value > 0.20), implying that all factors are independent predictors of outcome. Significant 

factors associated with failure were included in a multivariable logistic regression model which 

are shown in (Table 5). Age > 50 years and AAST grade of injury ≥ 3 were associated with failure 

in the multivariable logistic model.

table 4. Comparison of patients with successful versus failed NOM

Successful NOM
N=140

Failed NOM
N=29

P-value

Age (years)* 29 (21-47) 42 (27-58) 0.02

Male sex 78% 75% 0.71

Glascow Coma Scale* 15 (14-15) 15 (9-15) 0.32

Injury Severity Score* 20 (13-29) 19 (13-33) 0.77

Mechanism 0.23

Traffic accident 74% 81% 

Fall from height 17% 10% 

Sports 2% 3% 

Other 7% 6% 

AAST grade (median)* 2 (2-3) 3 (2-3) 0.05

Associated injuries 71% 56% 0.10

Hemoperitoneum on CT 0.59

- no 18% 22%  

- minimal 49% 41%  

- severe 22% 28%  

Contrast blush on CT 0.08 

Yes 79% 65%  

Intrasplenic 13% 13%  

Intraperitoneal  8% 22%  

Intraperitoneal blush and severe 
hemoperitoneum

7% 16% 0.09

Red blood cell transfusion
(units) < 24 hour*

2 (0-24) 5 (0-27) 0.03

 13 (8-23) 13 (8-32) 0.49

Hospital ICU* 2 (1-4) 3(1-9) 0.06

*Median (25th, 75th percentile)
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Discussion

An overall failure rate of 17% was observed in the present study. An overall SSR of 89% was 

found in this study. Historically, every patient with a rebleeding has been treated surgically. 

Many studies have proven that SAE has increased the success rate of NOM both by stopping 

ongoing bleeding as well as by preventing delayed rupture of the spleen. 7-10 Some studies 

showed that rebleeding after observational management and even after embolization could 

be treated with SAE, which further can increase the nonoperative SSR. 10,19 In our study six 

patients who failed observational management and one patient with failure after initial distal 

SAE were successfully treated with SAE, resulting in a higher splenic salvage rate.

Results of the present study are comparable with the result described in the literature which are 

predominantly based on large volume studies from Level-I trauma centers in the United States 

(US).5-7, 19, 20 Therefore, NOM with the adjunction of SAE in patients is also feasible in a relatively 

low volume Level-1 trauma center outside the US.

Second aim was to assess risk factors for failure of NOM of splenic injury. Results of the literature 

suggest that the presence of contrast extravasation, large hemoperitoneum and especially a 

combination of both CT features are associated with a higher failure rate after NOM.5, 12-17 The 

present study showed that the presence of high grade of injury, a large hemoperitoneum and 

a vascular blush (especially an intraperitoneal contrast extravasation) increased the failure rate 

of patients who were treated with NOM. However, in the multivariate analysis age > 50 years 

and AAST grade of injury ≥ 3 were identified as independent risk factors for failure. A large 

hemoperitoneum and contrast extravasation were not identified as independent risk factors 

for failure of NOM.

table 5. Univariable and multivariable logistic regression analysis of factors for failure of non operative 
management (n= 169)

Univariable OR Multivariable OR 

Gender: male 0.8 (0.3-2.1)

Age >50 years 2.7 (1.2-6.2) 2.7 (1.1-7.5)

GCS <11 2.9 (1.1-7.7)

ISS ≥16 1.1 (0.5-2.5)

Traffic accident 1.8 (0.7-4.7)

Associated injury 0.6 (0.3-1.2)

AAST grade of injury ≥3 2.1 (1.1-4.6) 3.8 (1.4-10.0)

Blush intraperitoneal 3.2 (1.1-9.0)

Hemoperitoneum

minimal 0.7 (0.3-1.9)

significant 1.1 (0.4-3.3) 

OR = odds ratio
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Currently, our protocol dictates that each patient with a vascular blush at CT scan would be 

treated with angiography (and embolization). Based on our results the question arises if this 

strategy is currently advisable, especially in hemodynamically stable patients despite having 

intrasplenic contrast extravasation at CT scan. Omert et al. have questioned the importance 

of a contrast extravasation and suggested that this is not an absolute indication for any inter-

vention.16 Factors such as patient’ s age, grade of injury, and hemodynamic status should be 

considered in the management of these patients.16 In the current study advanced age > 50 

years was an independent factor associated with a higher failure rate which is supported by 

several other studies.

This study has several limitations, which are mainly related to the retrospective analysis of 

data. Despite protocols for diagnostics and treatment, in practice the considerations for a 

specific treatment was also based on the clinical judgment of the attending trauma surgeon. 

The continuous evolution and improvement of imaging techniques during the period studied 

could also cause a bias in the results. The better imaging quality could influence and increase 

the injury gradations because of more specific injury details. However, by re-evaluation of all 

available CT scans we tried to prevent this bias.

In conclusion, the failure rate of patients with blunt splenic injuries is low and comparable with 

the literature. This study showed that patients with rebleeding could be successfully treated 

with SAE leading to considerable SSR. The presence of a contrast extravasation is not indepen-

dently associated with an increased failure rate. Factors such as patient age, grade of injury 

need to be considered in the treatment management of these patients.
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abstract

introduction: Nonoperative management has become the treatment of choice for the major-

ity of liver injuries. The aim of this study was to assess the changes in primary treatment and 

outcomes in a single Dutch Level-1 trauma center with wide experience in angio-embolization.

methods: The prospective trauma registry was retrospectively analyzed for a 6-year period 

before (period 1) and after the introduction of angio-embolization (period 2). Primary outcome 

was the failure rate of primary treatment defined as liver injury-related death or re-bleeding 

requiring radiological or operative (re)interventions. Secondary outcomes were liver injury-

related intraabdominal complications.

results: Despite an increase in high grade liver injuries, primary nonoperative management 

had more than doubled from 20/61 (33%) to 84/116 (72%) (p<0.001). In comparison with 

period 1, failure rate of primary treatment in period 2, was 11/61 (18%) compared to 13/116 

(11%) (p=0.21), complication rate was 14/61 (23%) compared to 18/116 (16%) (p=0.22) and 

liver-related mortality was 6/61 (9.8%) compared to 4/116 (3.4%) (p=0.095). The increase 

in nonoperative management was even higher in high grade injuries. In high grade injuries 

outcomes were improved with more nonoperative management, respectively a decreased in 

failure rate of 9/20 (45%) to 11/55 (20%) (p=0.041), liver-related mortality of 6/20 (30%) to 4/55 

(7%) (p=0.019) and complication rate of 12/20 (60%) to 15/55 (27%) (p=0.014). Liver infarction 

or necrosis and abscess formation seemed to occur more frequently with angio-embolization.

conclusion: Overall, liver-related mortality, treatment failure and complication rates remained 

equal despite the increase in nonoperative management. However, in high grade injuries the 

outcomes improved after the introduction of angio-embolization.
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introDuction

The liver is the most frequently injured organ after abdominal trauma. During the last two 

decades management of traumatic liver injuries has changed considerably. Traditionally, sur-

gery was the treatment of choice for most liver injuries. However, with the increasing fast avail-

ability of Computed Tomography scanning (CT) and modern minimally invasive, percutaneous 

interventional techniques such as angio-embolization, nonoperative management has evolved 

as the treatment of choice for both minor and major liver injuries.1-3 With nonoperative man-

agement strategies, approximately 70% of all liver injuries can be treated without increased risk 

of mortality.4 Many studies have described decreasing mortality rates using this strategy.2-4,9-11 

However, at the same time, several studies report an increase in major complications such as 

hepatic necrosis, abscesses or bile leakage.5-7

In 1999, angio-embolization was introduced in the Academic Medical Center (AMC), which is 

a designated Dutch Level-1 trauma center. Since 2002, angiography with or without emboliza-

tion has become an accepted method for the evaluation and treatment of liver injuries. The 

aim of this study was to compare the failure rate of primary treatment before and after the 

introduction of angiography in patients with liver injury in the AMC. Furthermore, the effects 

on clinical outcomes and complication rates were assessed.

methoDs

Data collection

All patients with liver injuries admitted between January 1995 and December 2008 to the 

Academic Medical Center (AMC) were identified for review from the hospital’s prospective 

trauma registry, the in-hospital information system or financial administrative registration. 

For verification the prospective interventional radiology registry was checked for potentially 

missed patients. Patients who were initially treated at other hospitals were excluded from this 

analysis. Patients primarily evaluated elsewhere (without intervention) and referred to the AMC 

for initial treatment were however, included.

A chart review was performed for data collection of demographic data including age, gender, 

trauma mechanism, and Injury Severity Score (ISS). Data collection was performed accord-

ing to a preplanned, standardized format. Primary treatment was assessed as nonoperative 

(observation and/or angio-embolization) or surgical exploration. Potential liver injury related 

complications with subsequent interventions were also recorded. One radiologist (KPvL) with 

trauma and vascular interventional experience re-evaluated all available admission CT scans 

and classified the liver injury grades according to the AAST classification.8 Grade 1 and 2 were 

classified as low grade, grade 3 – 5 as moderate to high grade. Data on presence of contrast 

blushes, hemoperitoneum and the extension of hemoperitoneum was also registered. If no 
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CT scan was available injuries were graded according to intra-operative findings or ultrasono-

graphic outcome.

study periods

Two periods were compared, before and after the introduction of angio-embolization in the 

treatment of liver injuries in the AMC, i.e. 1995 – 2001 (period 1) and 2002 – 2008 (period 2), 

respectively. A total of 186 patients were eligible for inclusion during the study period. Nine 

patients were excluded because initial evaluation and stabilizing interventions were performed 

in other hospitals.

treatment and imaging protocols

In period 1, the protocol dictated surgical exploration in patients with a suspicion of moderate 

to severe liver injury independent of the hemodynamic status. In period 2, according to the 

changed protocol, hemodynamically unstable patients not responding to fluid resuscitation 

(non-responders) were treated primarily operatively. Operative treatment began with 4 quad-

rant packing before structural exploration of the abdomen. If necessary the Pringle maneuver 

was performed to stop extensive hemorrhage and gain overview. Grade 1 to 3 injuries were 

treated with local tamponade, electro-coagulation, local haemostatic materials (i.e. TachoSil®) 

or several sutures (monofilament). Operative treatment of grade 4 and 5 injuries was dependent 

of stability of the abovementioned local hemorrhage control measures but most frequently 

these injuries were packed with several gauzes for 24 – 48 hours. Resections were preferably 

not performed in the acute phase. In hemodynamically stable patients or transient respond-

ers management was primarily nonoperative. Nonoperative management was observation in 

the intensive care unit (ICU) with regular (6-hour) blood tests on the first day. Length of ICU 

observation was depending on the clinical and laboratory findings and varied from 24 till 72 

hours. Depending on CT findings (liver injury combined with contrast blush) an angiography 

was subsequently performed.

In the period 1995 – 2001 a dual slice helical CT-scanner was used for scanning trauma patients. 

Five mm slices (increment of 5mm) were acquired in arterial (using bolus tracking) and portal 

phase (70 seconds time delay) to detect liver laceration and contrast extravasation. Between 

2002 – 2008 16-slice and 64-slice CT scanners were available. The scanning protocol was adapted 

with acquisition of 3 mm slices (increment of 2 mm) in the arterial and portal phase.

The angiography procedure was performed under local anesthesia. Subsequently, the com-

mon femoral artery was punctured, followed by introduction of a 5 Fr. Sheath. For selective 

catheterization of the celiac trunk a 5 Fr. cobra catheter or celiac catheter (Cordis, Johnson 

&Johnson, Miami, Florida) was used. Identification of the lacerated branches of the hepatic 

artery was performed with Digital Subtraction Angiography. Superselective catheterisation 

and embolization was done using a 3 Fr. microcatheter (Renegade, Boston Scientific) and 0.018 

inch microcoils (Boston Scientific, USA). Occasionally a combination of coils and 300 – 500 µ 
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Polyvinyl Alcohol particles (Cook, Bloomington USA) was used. Contrast blush was defined as 

contrast extravasation or pseudoaneurysms.

study endpoints

Primary outcome was the failure rate of primary treatment. Failure was defined as death due to 

uncontrollable liver hemorrhage or rebleeding after primary intervention requiring radiological 

or operative (re-)interventions. Preplanned second-look operations to inspect or remove the 

packing were not considered a failure. Secondary operations, which were performed within 24 

hours because of increased hemodynamic instability were considered a failure. Complications 

were defined as liver injury-related or intra-abdominal complications, such as abscess forma-

tion, bile leakage, jaundice, liver infarction and liver necrosis, cholecystitis and fistula formation. 

Wound infections or general complications such as pneumonia were not assessed. Secondary 

clinical outcome parameters were length of ICU and total hospital stay, transfusion require-

ments in the first 48 hours and overall mortality rate. Mortality was defined as either due to 

liver-related complications or due to other causes, be it traumatic or non-traumatic.

statistics

All continuous variables are presented as medians with interquartile ranges (p25-p75) and were 

compared using the Mann-Whitney U test for two variables or when more than two variables 

using the Kruskal-Wallis test. Categorical variables were calculated as percentages and com-

pared using Chi-square analyses and Fisher’s exact test when applicable. Statistical significance 

was declared at the 0.05 level. All data were collected and analyzed using SPSS® for Windows, 

version 15.0.1 (SPSS, Inc., Chicago, IL).

results

Of the included 177 patients, 122 (69%) were male with a median age of 29 years (19 – 38). 43 

(24%) sustained penetrating trauma. Median ISS was 22 (10 – 34) and median liver AAST grade 

was 2 (2 – 3). The demographic data, severity of trauma and initial investigations and treatment 

for period 1 and 2 are shown in Table 1.

In Table 2 the clinical outcomes are presented for both periods. In period 2, the failure and 

complication rates and liver-related mortality did not significantly differ from period 1. The only 

patient in period 2 that died of liver failure was not eligible for liver transplantation because of 

abdominal sepsis.

Table 3 shows the liver injury-related, intraabdominal complications occurring during the 

two periods. Abscess formation seemed to occur more frequently after angio-embolization. 

In period 1 more bile leakage was found after operative interventions. Four operative inter-

ventions in 4 patients and 9 radiographical interventions in 5 patients were necessary to 
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resolve the complications in period 1. In period 2, it took 8 operations in 6 patients and 22 

percutaneous interventions in 14 patients to treat the complications. Two patients required a 

complication-related operation after nonoperative management in period 2. Just one patient 

required a cholecystectomy due to liver and gallbladder necrosis after embolization. The two 

other patients after nonoperative management in period 2 had temporary liver infarction and 

table 1. Demographic data, severity of trauma and initial investigations and treatment

Period 1 Period 2 P-value

n 61 116

Age (years) 29 (19-36) 29 (20-41) 0.617

Male 44 (72%) 78 (67%) 0.609

Blunt trauma 43 (71%) 91 (78%) 0.241

ISS 20 (9-34) 22 (11-34) 0.866

Multitrauma 38 (62%) 79 (68%) 0.438

Initial CT scan 21 (36%) 89 (77%) <0.001

Injury grade

- low (grade 1-2) 41 (67%) 61 (53%) 0.061 

- high (grade 3-5) 20 (33%) 55 (47%) 

Initial treatment

- observation 20 (33%) 61 (52%) <0.001 

- operative 41 (67%) 32 (28%) 

- angio-embolization 0 (0%) 23 (20%) 

ISS: Injury Severity Score

table 2. Clinical outcomes 

Period 1
(n=61)

Period 2
(n=116)

P-value

Length of hospital stay (days) 11 (7-20) 10 (4-26) 0.83

ICU stay 1 (0-6) 2 (0-5) 0.47

PRBC units 4 (0-14) 2 (0-8) 0.183

FFP units 2 (0-12) 0 (0-4) 0.029

Failure rate 11 (18%) 13 (11%) 0.207

Overall mortality 16 (26%) 17 (15%) 0.060

liver-related: 6 (9.8%) 4 (3.4%) 0.095 

- uncontrollable  hemoorhage  6 (9.8%)  3 (2.5%) 

- liver failure 0 (0.0%) 1 (0.9%) 

Complication 14 (23%) 18 (16%) 0.222

- ≥ 2 complications 4 (6.6%) 9 (7.8%) 

ICU: Intensive Care Unit
PRBC: Packet Red Blood Cells 
FFP: Fresh Frozen Plasma
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resolved completely without further intervention. Six planned re-operations were performed 

for depacking in period 1 versus eight in period 2.

Table 4 shows the injuries divided into low and high AAST grades per period and compared for 

primary treatment and outcomes. In period 2, more high grade injuries were treated nonopera-

tively with equal outcomes with respect to liver-related mortality rate, failure and complication 

rates. An increase in nonoperative treatment was also seen for the low-grade injuries. Although 

the complication rates were comparable, the failure rate seemed to decrease but also without 

reaching statistical significance.

Table 5 shows the specific CT findings of all patients evaluated with CT in both periods, classi-

fied according to primary treatment and outcomes. Although patients primarily treated with 

angio-embolization had sustained more severe liver injuries with more contrast blushes and 

table 3. Liver injury-related or intra-abdominal complications

Period 1 Period 2

Observation
(n=20)

Operation
(n=41)

Observation
(n=61)

Operation
(n=32)

Angio-embolization 
(n=23)

Bile leakage 6 1 2

Jaundice/ liver failure 1 1 1

Necrosis/ infarction 1 1 3

Abscess 1 1 1 1 5

Cholecystitis 1

ACS 1

Fistula 1

(re-)Bleeding 2 3 3 8 2

Total 4 12 6 12 13

ACS: abdominal compartment syndrome
fistula: biliary pleural fistula 

table 4. Outcomes per period for low and high grade injuries.

Low grade injuries High grade injuries

Period 1
(n=41)

Period 2
(n=61)

P-value Period 1
(n=20)

Period 2
(n=55)

P-value

AAST grade 1 (1-2) 2 (2-2) 0.003 3 (3-4) 3 (3-4) 0.363

Observation 16 /41 40 /61 0.008 4 /20 21 /55 0.173

Operation 25 /41 14 /61 <0.001 16 /20 18 /55 <0.001

Angio-embolization 0 /41 7 /61 0.040 0 /20 16 /55 0.040

Liver related mortality 0 /41 0 /61 n.a. 6 /20 4 /55 0.019

Complication 2 /41 3 /61 1.000 12 /20 15 /55 0.014

Failure rate 2 /41 2 /61 1.000 9 /20 11 /55 0.041

AAST: American Association for the Surgery of Trauma
n.a. = not available
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hemoperitoneum detected on CT, equal failure rates were detected. However, the patient 

treated nonoperatively did receive less transfusion within the 1st 24 hours compared to the 

primarily operated group. There were 13 patients observed although a contrast blush was vis-

ible on the CT scan. Two of these patients (15%) had a rebleeding which could eventually be 

treated successfully with angio-embolization.

In Table 6 the outcomes of primary treatment are presented per injury grade for both periods. 

In one of the nine patients with a grade 3 injury, who underwent angio-embolization primary 

treatment failed whereas this was one of the six patients who underwent AE with a grade 4 

injury in period 2. The one patient with a grade 5 injury who was treated nonoperatively under-

went angio-embolization. The patients’ course was complicated by temporary hepatic ischemia 

and abscess formation but finally recovered completely with nonoperative management.

table 5. CT findings, primary treatment and outcomeswt for the population evaluated with CT

Population evaluated with CT

Observation
(n=59)

Angio-embolization
(n=22)

Operation
(n=30)

P-value

ISS 17 (9-27) 27 (22-34) 34 (13-37) 0.001

AAST grade 2 (2-3) 3 (2-4) 2 (2-3) 0.005

Blush 13 /59 15 /22 7 /30 <0.001

Hemoperitoneum 29 /59 17 /22 20 /30 0.058

Hemoperitoneum
≥3 quadrants

12 /59 11 /22 18 /30 0.001

PRBC 0 (0-2) 5 (3-7) 10 (4-29) <0.001

FFP 0 (0-2) 3 (0-4) 8 (1-29) <0.001

Failure rate 4 /59 2 /22 6 /30 0.158

AAST: American Association for the Surgery of Trauma
PRBC: Packet Red Blood Cells 
FFP: Fresh Frozen Plasma

table 6. Failure rate classified according to injury grade.

Grade Period 1 Period 2

Nonoperative
(n=20) 

Failure
(n=2)

Operative
(n=41)

Failure
(n=9)

Nonoperative
(n=84)

Failure
(n=5)

Operative
(n=32)

Failure
(n=8)

1 9 0 12 1 11 0 3 1

2 7 1 13 0 36 0 11 1

3 2 0 11 6 28 4 13 3

4 2 1 3 0 8 1 4 3

5 0 0 2 2 1 0 1 0
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Discussion

In concordance with recent literature, the present study shows an important shift in the treat-

ment of choice during the two studied periods. In the first period (1995 – 2001), primary surgical 

exploration was performed in more than two thirds of the patients. After the introduction of 

angio-embolization and endovascular intervention in the second period (2002 – 2008) primary 

operative management was reduced to one third of the patients whereas nonoperative man-

agement was successful in the majority of patients. Despite this increase in the nonoperative 

management rate and notwithstanding an increase in the severity of injuries the clinical out-

comes did not differ significantly between the two periods. In addition, the outcomes showed 

improved outcomes with respect to failure rate of nonoperative management and liver-injury 

related mortality and complication rate in high grade injuries after the introduction of angio-

embolization. This shift to nonoperative management, especially in higher grade injuries with 

better outcomes, reflects the outcomes described in literature in which in recent years, the 

majority of all liver injuries are managed successfully with nonoperative management.2-4,9-11 

One explanation for the increased success in nonoperative management is the continuous 

evolution and improvement of imaging and endovascular techniques. With modern imaging 

techniques such as a thin-slice multidetector CT, a detailed overview of the extent of liver injury 

and the presence of active hemorrhage is provided. Based on this information a more specific 

treatment can be devised. Secondly, with the introduction of angio-embolization, patients 

with specific CT findings can potentially be treated minimally invasive. With the availability of 

angio-embolization, trauma surgeons are more likely to initiate nonoperative treatment even 

in higher grade injuries because in case of failure they still have access to intervention by angio-

embolization, and in case of failure, can still decide on surgical intervention.

Recent literature reveals that with the increased use of angio-embolization and decreased 

mortality, an increase of severe complications such as liver necrosis, bile leakage and intra-

abdominal abscesses is found.6,10,12 The present study showed that abscess formation and 

liver infarction or necrosis was more common in the period after the introduction of angio-

embolization. However, there was no increase in radiographically confirmed bile leakage. 

In general in period 2, there were few complications after nonoperative management. After 

angiography, 2 surgical interventions were required in 2 patients and 16 radiological (re-)

interventions in 8 patients. The observed re-operation rate of 2% was acceptable, as compared 

to the complication-related, re-operation rates of 21 – 34% described in the literature.5,13

This study has several limitations, which are mainly related to the retrospective analysis of data. 

Firstly, two periods were compared in which not only angio-embolization was introduced but 

in which also other improvements in trauma care occurred. After period 1 the AMC became a 

dedicated Level-1 trauma center to which injured patients were referred requiring specialized 

trauma care. Simultaneously, advancements in ICU treatment, transfusion and fluid resuscitation 

protocols and radiological and surgical techniques during period 2 could also have contributed 
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to a better outcome. The continuous evolution and improvement of imaging techniques could 

also cause a bias in the results. The better imaging quality could influence and increase the 

injury gradations because of more specific injury details. However, by re-evaluation of all avail-

able CT scans we tried to prevent this bias. Second, injury characteristics such as blushes and/

or large heamoperitoneum, which are suggestive of more severe injuries and can be diagnosed 

with all types of CT scanners, were diagnosed more frequently in the second period.

Secondly, due to the study design the considerations that had led to nonoperative manage-

ment could not be assessed. Based on these results, the grade of liver injury or other specific 

CT findings did not seem to predict the primary choice of treatment. Within the population 

that was initially observed, 22% of patients had a contrast blush on CT and 21% had signs of 

severe hemoperitoneum. In contrast, patients who were treated with angio-embolization had 

more CT findings of severe injuries than the patients who were primarily operated. In addition, 

23% of the low grade injuries still received operative treatment in period 2. Although several 

studies described flowcharts based on CT findings to facilitate decision making, the present 

data on CT findings and primary treatment showed that other, clinical signs or injuries must 

have played an important role in treatment planning. A final limitation of the present study is 

that the inclusion numbers were relatively small. Although there was an overall increase in non-

operative management we also found a slight but statistically non-significant improvement in 

clinical outcomes in the period after the introduction of angio-embolization. The relatively low 

number of inclusions provides an explanation for not reaching statistical significance.

conclusion

Nonoperative management of liver injuries is currently undertaken more frequently, with low 

failure rates despite an increase in severity. After the introduction of angio-embolization in the 

nonoperative management protocols in the AMC, liver-related mortality, treatment failure and 

complication rates remained equal despite the increase in nonoperative management. In high 

grade injuries outcomes with respect to liver injury related mortality, complication rate and 

failure of primary treatment, improved after the introduction of angio-embolization. Abscess 

formation and liver infarction were more common after angio-embolization than after lapa-

rotomy.
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abstract

introduction: Debate continues about the optimal management strategy for patients with 

renal injury. Aim of this study was to compare the diagnostics and treatment applied in a 

Level-1 trauma center and to compare it to the recommendations of the European Association 

of Urology guidelines concerning blunt renal injury.

methods: The management of all patients with blunt renal injury, admitted to the Level-1 

trauma center of the Academic Medical Center, between January 2005 and December 2009 

was reviewed retrospectively.

results: Median age and ISS of the 186 included patients were 40 and 17 years respectively. 

All but one hemodynamically stable patients with microscopic hematuria received nonopera-

tive management. Sixty percent of the hemodynamically stable patients with gross hematuria 

underwent CT scanning. Patients with Grade 1-4 renal injury were treated conservatively. 

Additionally, two patients with Grade 3-4 renal injury received angiography and embolization 

(AE). One patient with grade 5 injury underwent renal exploration and two AE. Seven of the 

8 hemodynamically unstable patients underwent emergency laparotomy and in 2 patients, 

hemodynamically unstable because of renal injury, AE was performed as an adjunct to surgical 

intervention.

conclusions: In the present study, violation of the guidelines increased with injury severity. 

AE can provide both a useful adjunct to nonoperative management and alternative to surgical 

intervention in specialised centers with appropriate equipment and expertise, even in patients 

with high grade renal injury. We advocate an update of the guidelines with a more prominent 

role of AE.
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introDuction

Renal injury occurs in approximately 1 – 5% of all trauma patients.1,2 Blunt trauma, mainly caused 

by traffic accidents, falls and sports, accounts for 90 – 95% of the renal injuries.3 The majority of 

blunt renal injuries are low-grade injuries, not requiring any intervention.3,4

Evidence based (trauma) guidelines help physicians to select the best treatment for patients. 

Furthermore, the use of guidelines is considered to be an important method to standardize 

and optimize medical care.5 In 2004, Santucci et al. published a consensus document on 

renal injury.6 One year later, Lynch et al. published the European Association of Urology (EAU) 

guidelines on urological trauma (update 2009).7.8 These guidelines are a summary of available 

literature on the diagnostic strategies and treatment of genitourinary trauma. In daily practice, 

however, guidelines are often not followed. Earlier research showed that only half of the urolo-

gists in the United Kingdom utilize the guidelines in the management of renal trauma and that 

there was variable adherence to the recommendations.5

The aim of the present study was to compare the diagnostics and treatment of patients with 

blunt renal injury applied in a Level-1 trauma center to the recommendations of the EAU guide-

lines. Furthermore, the outcome (success or failure) of the treatment was reported.

methoDs

Data collection

All consecutive patients with blunt renal injury who were admitted to the Level-1 trauma center 

of the Academic Medical Center (AMC), the Netherlands, between January 2005 and December 

2009 were retrospectively reviewed. Patients under the age of 16 years, patients with penetrat-

ing injuries and patients who were initially treated at other hospitals were excluded from this 

analysis. Patients primarily evaluated elsewhere (without intervention) and referred to the AMC 

for treatment were however, included. Details of all these patients were prospectively recorded 

in the trauma registry by the trauma surgeons. The hospital information system was checked 

for potentially missed patients.

Data collection of demographic information including age, gender, trauma mechanism and 

Injury Severity Score (ISS) were extracted from the trauma registry. Associated injuries were 

extracted from the electronic medical record. The hemodynamic status, presence and grade 

of renal injury, diagnostic strategies, initial treatment, morbidity, mortality, intensive care unit 

(ICU) and overall length of stay in the hospital were collected.

Renal lacerations were graded according to the Organ Injury Scale as described by the Ameri-

can Association for the Surgery of Trauma (AAST).9 Failure of nonoperative management (NOM) 

was defined as clinical signs of a rebleeding requiring operative or radiological (re-) interven-
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tion. Renal salvage assessed if renal flow was present during contrast-enhanced Computed 

Tomography (CT) scanning.

Diagnostic and treatment amc

There was no dedicated protocol for renal injury in the AMC during the study period. All 

patients were managed according to the Advanced Trauma Life Support (ATLS®) principles. 

Hemodynamically unstable patients not responding to fluid resuscitation (non-responders) 

were treated primarily with an emergency laparotomy. In hemodynamically stable patients, 

the CT scan played a crucial role in initial triage; suspicion of intra-abdominal injuries in these 

patients was an indication for contrast enhanced CT scanning in the trauma resuscitation 

room.10 NOM was performed in all haemodymamically stable patients or patients responding 

to initial fluid administration (transient responders). NOM involves admission to a unit with 

monitoring of vital signs, strict bed rest, frequent monitoring of red blood cell count, and serial 

abdominal exams. Selective arterial embolization was routinely performed by an experienced 

interventional radiologist if signs of active bleeding (contrast extravasation), a pseudoaneu-

rysm or an arteriovenous fistula were detected on CT scan. This illustrates that, in our hospital, 

the results of CT scanning were of overriding importance in the management decisions and the 

decision to proceed to angiography. The trauma-surgeon and radiologist determined further 

diagnostic and treatment strategies for each individual patient, if necessary in consultation 

with an urologist.

A urine sample of all patients was collected during the secondary survey (entire examination 

(including imaging) of the patient from top to toe) on the shock room or early after admission. 

In the week following admission, renal injury was scored for the trauma registry and calcula-

tion of the ISS. Patients with microscopic hematuria admitted after a blunt trauma mechanism 

were classified as sustaining Grade 1 renal injury although some studies state that there is no 

absolute relationship between the presence, absence or degree of hematuria and the severity 

of renal injury.11,12

Diagnostic and treatment protocol eau guidelines7

Renal trauma may be expected based on the reported mechanism of injury and physical exami-

nation. The first step in the evaluation of trauma patients is to determine hemodynamic stabil-

ity. Hemodynamically unstable patients should immediately undergo emergency laparotomy 

according to the EAU guidelines (Figure 1). A one-shot IntraVenous Pyelogram (IVP) during 

operation can be useful in these patients to determine if renal exploration is necessary. Hemo-

dynamically stable patients are divided into two groups: patients with microscopic hematuria 

and patients with gross hematuria. The presence of gross hematuria is an absolute indication 

for renal imaging. Renal imaging should also be performed in patients with microscopic hema-

turia with major associated injuries or rapid deceleration injury. Contrast enhanced CT is the 
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radiological gold standard method for evaluating renal injuries in stable patients. The grade 

and extent of renal injury can be determined, as well as the presence of vascular injuries.

The EAU Guidelines distinguish operative and nonoperative management of blunt renal injury. 

Absolute indications for emergency laparotomy include hemodynamic instability or the pres-

ence of associated injuries requiring laparotomy. Absolute indications for renal exploration 

are: a pulsatile or expanding retroperitoneal haematoma identified at exploratory laparotomy 

and/ or a grade 5 renal injury identified with the CT scan in a patient with gross hematuria. 

Persistent bleeding and suspected renal pelvis or an ureteral injury is a relative indications for 

renal exploration.

NOM consists of close observation, bed rest, frequent monitoring of haemoglobin concentra-

tion and the administration of antibiotics. NOM is adopted in renal injury grade 1, 2 and often 

grade 3. Essential in this management strategy is quick evaluation and intervention in case of 

deteriorating condition of the patient. There still is controversy about the optimal treatment 

for grade 4 renal injury. This group of patients often requires laparotomy because of associated 

injuries, but the EAU Guidelines recommend to start with NOM. It is of great importance to 

exclude coexisting injuries before initiating NOM.13 Diagnostic angiography and simultaneous 

selective renal embolization is briefly mentioned in the guidelines as an alternative for lapa-

rotomy in selected patients.

3.4. Indications for renal exploration
Absolute indications for surgery include life-

threatening haemodynamic instability due to renal
haemorrhage [17] and an expanding/pulsatile perirenal
haematoma identified at exploratory laparotomy
(which is usually a sign of Grade 5 vascular injury).
Relative indications include persistent bleeding, sus-
pected renal pelvis or ureteral injury. The management
of RIs with urinary extravasation and devitalized frag-
ments has been controversial, as some studies show
increased rate of complications when they are managed
nonoperatively [18].

A transperitoneal operative approach [17] with tem-
porary vascular occlusion before opening of Gerota’s
fascia is recommended [19]. Renorrhaphy is the most
common reconstructive technique, while partial
nephrectomy may be required for polar injuries. Water-
tight closure of the collecting systemeither directly or by
the oversewing of parenchyma is imperative. An omen-
tal pedicle flap may be used for coverage [20]. Drainage
of the ipsilateral retroperitoneum is recommended.

In renovascular injuries, nephrectomy is the treat-
ment of choice unless there is a solitary kidney or
the patient has sustained bilateral injuries [21].

Arteriography with selective renal embolization for
haemorrhage control is a reasonable alternative to
laparotomy in selected patients [22].

3.5. Non-operative management
In stable patients, supportive care with bed-rest,

hydration and antibiotics is the preferred initial
approach and is associated with a lower rate of
nephrectomy, without any increase in the immediate
or long-termmorbidity and a low (5%) failure rate [23].

All Grades 1 and 2 RIs can be managed non-opera-
tively. Recent studies support expectant treatment of
Grade 3 injuries [24]. The majority of patients with
Grades 4 and 5 RIs present with major associated
injuries, with a resultant higher rate of renal explora-
tion [25].

Stable patients with penetrating wounds should
undergo complete staging to define the full extent of
the injury (Fig. 3). Renal gunshot injuries must be
explored if they involve the hilum, are accompanied by
signs of continued bleeding, or if ureteral/renal pelvis
injury is suspected [26]. Low-velocity gunshot and stab
wounds of minor degree may be managed conserva-
tively [27]. If the site of penetration by stab wound is

T.H. Lynch et al. / European Urology 47 (2005) 1–15 3

Fig. 1. Evaluation of blunt renal trauma in adults. *Suspected renal trauma results from reported mechanism of injury and physical examination. ** Renal

imaging: CT scans are the gold standard for evaluating blunt and penetrating renal injuries in stable patients. In settings where the method is not available, the

urologist should rely on other imaging modalities (IVP, angiography, radiographic scintigraphy, MRI). *** Renal exploration: Although renal salvage is a

primary goal for the urologist, decisions concerning the viability of the organ and the type of reconstruction are made during the operation.

IVP: Intravenous Pyelogram

figure 1. Flowchart of management of patients with suspected blunt renal trauma according to EAU 
guidelines
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results

Demographic data

A total of 253 patients were eligible during the study period. Sixty-seven patients were excluded 

because of their age (n=38) or penetrating trauma mechanism (n=29). Of the included 186 

patients the majority were male (70%) with a median age of 40 years (range 16 – 93 years). 

Median ISS was 17 (range 1 – 75) and median renal injury grade was 2 (1 – 4). Eight patients 

died, all of injuries other than the kidney injury. The demographic data and characteristics are 

depicted in Table 1.

table 1. Demographics and characteristics of patients with blunt renal injury

n (%)

n 186

Age * 40 (16-93)

Male 132 (70)

ISS* 17 (1-75)

High Energy Trauma 157 (84)

Haemodynamics  

Stable 178 (96) 

Unstable  8 (4) 

Length of stay * 11 (0-310)

ICU stay * 2 (0-38)

Mortality rate  9 (5)

*: median (range) 
ISS: Injury Severity Score 
ICU: Intensive Care Unit

table 2. Diagnostic strategies and treatment of haemodynamically stable patients with microscopic 
haematuria (n=148)

n (%)

CT scan 33 (22)

Grade 1-2 142 (96)

  Observation 142  

Grade 3-4 6 (4) 

  Observation 5

  AE 1

Outcome of treatment

  Failure of NOM 0

AE: angiography and embolization 
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hemodynamically stable patients with microscopic hematuria

The results will be discussed in view of the flowchart depicted in the EAU guidelines (Figure 1).7 

Of the hemodynamically stable patients 148 (83%) had microscopic hematuria. The majority 

of the patients with microscopic hematuria had grade 1 – 2 renal injury (Table 2). Thirty-three 

(22%) of the 148 patients with microscopic hematuria underwent a CT scan of the abdomen 

from which 32 because of rapid deceleration injury or major associated injuries. Almost all 

patients were treated with observation (Table 2). One patient with a grade 4 injury and a bleed-

ing (blush of contrast extravasation) from the renal artery successfully underwent AE. No failure 

of the initial treatment was observed.

hemodynamically stable patients with gross hematuria

Sixty percent of the hemodynamically stable patients with gross hematuria underwent a CT 

scan of the abdomen. The treatment of these patients is shown in Table 3. One patient (3%) 

with a grade 1 renal injury underwent laparotomy because of associated injuries. Two patients 

(22%) with grade 3 – 4 renal injury and a blush of contrast extravasation on contrast enhanced 

CT scanning successfully underwent AE in addition to NOM. In one of the latter patients NOM 

failed and surgical intervention was necessary. One of the 3 patients with renal injury grade 5 

initially underwent renal exploration with a nephrectomy.

table 3. Diagnostic strategies and treatment of haemodynamically stable patients with gross haematuria  
(n= 30)

n (%)

CT scan 18 (60)

Grade 1-2 18 (60)

  Observation 17  

  Associated injuries requiring laparotomy 1  

Grade 3-4 9 (30) 

  Observation 7  

  AE 2  

Grade 5  3 (10) 

  Observation 0  

  AE 2  

  Renal exploration (nephrectomy) 1  

Outcome of treatment

  Failure of NOM 1

AE: angiography and embolization 
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hemodynamically unstable patients

7 of the 8 (87.5%) hemodynamically unstable patients underwent an emergency laparotomy. 

In half of the hemodynamically unstable patients, the renal injury was the (possible) cause of 

instability. Two of the former patients, positive for bleeding sites, were embolized: one as single 

treatment and one to correct the hemodynamic status before going to the operating room for 

associated injury (pelvic). In the other two patients the kidney could be salvaged with packing 

and stitching. No nephrectomy was performed. No IVP was performed during laparotomy. The 

imaging techniques and treatment strategies are depicted in Table 4.

Discussion

In the present study the management of patients with blunt renal injury admitted to a Level-1 

trauma center was compared to the recommendations of the EAU guidelines, published in 

2005. In addition, the outcome (success or failure) of the treatment was reported. Considerable 

differences and some similar strategies between the management in the AMC and the recom-

mendations of the EAU guidelines were observed.

The diagnostics and treatment of patients with microscopic hematuria was consistent with the 

EAU guidelines. In 1 out of 148 (0.7%) patients a deviation of the guidelines was observed. 

Despite hemodynamic stability, this patient, with a grade 4 renal injury, was embolized. The 

reason was the presence of a contrast extravasation.

In patients with gross hematuria the following aspects were not in accordance with the guide-

lines. A high number of patients (40%) did not receive imaging for the evaluation of renal injury 

table 4. Diagnostic strategies and treatment of haemodynamically unstable patients (n=8)

n (%)

Imaging

IVP 0 

CT scan 6 (75) 

Treatment HD unstable patients

Emergency Laparotomy 7 (87.5)  

Treatment of patients with renal injury as cause of instability 

Renal injury as cause of haemodynamic instability 4 

- Emergency Laparotomy 3 (75) 

- AE in addition 2 (50) 

Only AE 1 (25)  

Conservative treatment  0 

Outcome of treatment

Failure 0  

IVP: Intravenous Pyelogram
AE: angiography and embolization 
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despite the presence of a CT scanner on the shock room. An explanation could be that the CT 

scanner was installed in 2007 on the shock room and that not all patients admitted before that 

time, were scanned. Another explanation could be that in our trauma center CT scanning is 

partially being replaced by AE, which can serve both as diagnostic modality and intervention. 

Twenty-two percent of the patients with grade 3 – 4 renal injury, qualifying for NOM according 

to the guidelines, received AE as an adjunct to NOM. Again, because of the presence of a con-

trast extravasation. Of the 3 patients with renal injury grade 5 two patients (66%) successfully 

underwent AE instead of renal exploration, the recommended treatment in the EAU guidelines. 

Renal salvage was achieved.

Fifty percent of the hemodynamically unstable patients, with renal injury being the reason 

of instability, positive for bleeding sites on contrast enhanced CT scanning, and responding 

to fluid therapy, were treated successfully with AE. In the guidelines, surgical intervention is 

advised for this patient group. Instead of an IVP during laparotomy, the majority (75%) of the 

hemodynamically unstable patients underwent CT scanning pre-operatively in the trauma 

resuscitation room. The presence of a moveable CT scanner in the trauma resuscitation room 

of our trauma center allows rapid imaging during initial trauma screening in patients who 

respond to fluid therapy.10 Contrast enhanced CT scanning provides, just like IVP, information 

for decision-making in the critical time of urgent laparotomy. In the AMC IVP imaging has 

been entirely replaced by CT scanning. CT scanning is faster, associated intraperitoneal and 

retroperitoneal injuries can be assessed and the presence and location of active arterial arterial 

haemorrhage, a pseudoaneurysm or an arteriovenous fistula in the kidney can be detected.15 

However, intra-operative IVP remains critical to decision making, especially when CT scanning 

was not possible pre-operatively and in penetrating trauma. Therefore, this diagnostic modality 

should not be lost.

The findings of the current study are consistent with those of Sharma et al. who found that only 

a part of the physicians in the UK utilize the guidelines in the management of renal trauma, and 

that adherence to the guidelines is variable.5 Compared with the guidelines, AE is an important 

step in our treatment plan of patients with blunt renal injury. AE is a minimally invasive, renal 

sparing intervention with high success rates, even in patients with high grade renal injury.14 

Since 2002 angiography, with or without embolization, is an accepted method in our trauma 

center for the evaluation and treatment of patients with renal, splenic or hepatic vascular 

injuries. In this study AE failed in only one patient. For these reasons, in our opinion AE is a 

good alternative for renal exploration in specialised centers with appropriate equipment and 

expertise. Since AE is only briefly mentioned in the EAU guidelines but not integrated in the 

flowchart, we advocate an update of the guidelines with a more prominent role of AE.

This study has several limitations. First of all, the retrospective design. Moreover, because a 

protocol for the management of renal injury was lacking, the choice of therapy was based on 

the clinical judgment of the attending trauma-surgeon and (interventional) radiologist. The 

decisions on which the therapy choices were made could not always be retrieved from the 
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trauma registry or electronical medical record. Another limitation of this study is the relative 

small number of patients with high grade renal injury just as patients undergoing AE. In addi-

tion, the volume of renal loss from embolization was not assessed. Although it is believed that 

embolization has a higher renal parenchymal salvage rate compared to operative management, 

this conclusion cannot be drawn from the present study. Lastly, urological trauma rarely occurs 

in isolation.16 The results may be confounded by the presence of other injuries and therefore 

possibly more difficult to interpret.

conclusion

In the present study, violation of the guidelines increased with injury severity. Angiography and 

embolization can provide both a useful adjunct to nonoperative management and alternative 

to surgical intervention in specialised centers with appropriate equipment and expertise, even 

in patients with high grade renal injury. We advocate an update of the guidelines with a more 

prominent role of angiography and embolization.
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abstract

introduction: Angiography and embolization has become the treatment of choice after 

abdominal trauma or pelvic injury in hemodynamically stable patients with suspicion of inter-

nal hemorrhage (contrast extravasation, pseudo-aneurysm or a vessel ‘cut-off’ diagnosed on CT 

scan). Some studies, however report a high incidence of rebleeding (failure) or complications. 

The aim of this study was to evaluate the failure rate and the complications in trauma patients 

undergoing such procedures.

methods: All consecutive patients (n=97) admitted to our level-I trauma center between Janu-

ary 2002 and December 2008 in whom angiography with or without embolization was per-

formed were analysed. Complications were classified as organ-specific, puncture-site related 

and systemic. Additional interventions, required to treat complications were documented.

results: The overall failure rate was 12%. Overall, 48 complications were documented in 28 

patients. Organ-specific complications were observed in 18 patients (19%), especially abscess 

formation and infarction of the liver. Puncture-site related complications occurred in 3 patients. 

The incidence of Contrast Induced Nephropathy (CIN) was 24%. Three patients developed 

renal failure. Nine of the 15 patients with rebleeding could be managed with reembolization or 

operative packing resulting in an organ salvage rate of 93%. Most (83%) of the organ-specific 

complications and all of the puncture-site related complications could be managed conserva-

tively or with percutaneous treatment.

conclusions: In the present study the failure rate and incidence of organ-specific and 

procedure-related complications were low and often could be managed with nonoperative 

minimally invasive interventions. Trauma patients undergoing angiography have a high chance 

(24%) to develop CIN and should therefore receive optimal prophylactic measures to avoid this 

complication.
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introDuction

Angiography and embolization (AE) has become an accepted therapeutic modality for trauma 

patients with suspicion of internal hemorrhage. After identification of injuries or bleeding sites 

on Computed Tomography (CT), an interventional radiologist performs AE and vascular injuries 

to pelvic vessels as well as solid abdominal organs can be treated in a minimally invasive and 

nonoperative way.

Since 2002 angiography has become a routine procedure in our trauma center for the evalu-

ation and treatment of selected trauma patients. The interventional radiology department 

provides 24/7 service for treating patients with suspicion for injuries amenable to angiographic 

embolization and the angiography suite is equipped to deal with patients undergoing continu-

ous resuscitation.

In our academic Level-1 trauma center, general indications to perform angiography of abdomi-

nal vessels include the presence of a contrast extravasation (“contrast extravasation”), a pseudo-

aneurysm or a vessel ‘cut-off’ diagnosed on contrast enhanced CT. A large hemoperitoneum in 

combination with clinical signs of ongoing bleeding is also an indication for angiography. In 

hemodynamically stable and even unstable patients with high suspicion of the main focus of 

bleeding in the pelvis, angiography is also considered.

Encouraged by good results of the literature and by its minimally invasive nature indications for 

performing angiography in trauma patients are expanding and in experienced centers there is 

a low threshold for performing angiography. However, at the same time, several studies report 

the high occurrence of rebleeding (failure) or of major complications such as or organ-specific, 

systemic and puncture-site related complications in comparison with patients who underwent 

an operative treatment.1-5 Patients in whom no bleeding is found during the angiogram (nega-

tive angiogram) do not benefit from AE, while being exposed to the potential dangers and 

adverse effects of the procedure.

The aim of this study was to evaluate the failure rate and the frequency and type of AE-related 

complications in trauma patients undergoing such procedures. Furthermore, the characteris-

tics in patients with a negative angiography are described.

methoDs

All consecutive trauma patients admitted to our level-I trauma center between January 2002 

and December 2008 in whom angiography with or without embolization was performed after 

abdominal trauma or pelvic injuries were identified for review. For data collection we used the 

trauma registry, the in-hospital financial administrative registration and the prospective inter-

ventional radiology registry Complications were identified from the prospectively collected 

complication database of the department of Surgery. Additionally, a chart review of electronic 
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and paper hospital registration systems and discharge letters was performed. Patients who 

were transferred to other hospitals directly after angiography were excluded from the study.

Demographic data included age, gender, trauma mechanism, the Injury Severity Score (ISS) 

and the presence of a multitrauma (ISS > 16). All organ systems for which angiographic evalua-

tion was performed were registered.

Primary outcome was the failure rate (rebleeding) and the frequency and type of complications 

after angiography with or without subsequent embolization. Failure was defined as clinical and 

radiological (a contrast extravasation or significant increase of hemoperitoneum on repeat CT-

scan) signs of rebleeding requiring operative or radiological (re-) interventions. The definition 

of a complication as used in our hospital was any unintended and unwanted event or state 

occurring or following medical care, that is so harmful to the patients’ health that it requires 

(adjustment of ) treatment or leads to permanent damage.6

Complications were classified as organ-specific, puncture-site related and systemic complica-

tions and occurring within 30 days after the last angiography.

Organ-specific complications included ischemia or necrosis of target or non-target organs 

or tissues and abscess formation. Systemic complications were defined as contrast induced 

nephropathy (CIN) and renal failure. CIN was defined as an increase in serum Creatinine (Cr) lev-

els of > 25% compared to baseline creatinine at 48 – 72 h after exposure to an iodinated contrast 

agent compared to baseline serum creatinine levels. Renal failure was defined as loss of renal 

function requiring (temporary) dialysis.7 Puncture-site related complications were hematoma 

of the groin and a false aneurysm.

Additional interventions, required to treat the complications were also documented and 

included both nonoperative interventions (AE, Percutaneous transhepatic Cholangiography 

and Drainage (PTCD), Endoscopic Retrograde CholangioPancreatography (ERCP), percutane-

ous drainage of abscess or infected fluid collections and dialysis) or operative treatment.

Furthermore, the follow-up and frequency and type of complications after negative angiogra-

phy were described. A negative angiography was defined as an angiography without a subse-

quent embolization in the same procedure. All continuous variables are presented as medians 

(with interquartile ranges) and were compared using the Mann-Whitney U test. Categorical 

variables were calculated as percentages and compared using Chi-square analyses. Statistical 

significance was declared at the 0.05 level. All statistical analyses were performed using SPSS 

for Windows, version 15.0.1 (SPSS, Inc., Chicago, IL).

results

During the study period 97 hemodynamically stable patients underwent angiography proce-

dures for the evaluation of 129 potentially injured organs or pelvic fractures. Table 1 describes 
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the patient characteristics for the total population and for the patients in whom angiography 

was negative.

The overall 30-day mortality rate was 8%. None of the patients with a negative angiography 

died. In addition, no complication-related mortality occurred.

Rebleeding was observed in 15 patients (liver n=5, pelvis n=4, spleen n=3, kidney n=3) for an 

overall failure rate of 12% (15 of the 120 potentially injured organs) (table 2). The failure rate 

after AE of the liver, kidney, spleen and pelvis was 16, 14, 10 and 9% respectively. (Re)bleeding 

occurred in three patients after negative angiography for suspected injury of the kidney, pelvis 

and liver (failure rate 12%).

Overall, 48 complications were documented in 28 patients after angiography (table 2). The 

majority of these patients had one complication. In 11 patients more than one complication 

was observed.

table 1. Patient characteristics for the total population and the patients in whom a negative angiography 
was performed

Total population Patients with negative 
angiography

n 97 19

Age * 35 (22-45) 31 (20-59)

Male 71 (73%) 12 (63%)

ISS * 29 (20-36) 27 (23-34)

Potentially injured organs 
Pelvic
Liver
Spleen 
Kidney

129
47 (36%)
31 (24%)
30 (23%)
21 (16%)

25
9 (36%)

10 (40%)
3 (12%)
3 (12%)

Multitrauma (ISS >16) 84 (87%) 16 (84%)

Trauma mechanism
Blunt
Sharp

89 (92%)
8 (8%)

18 (95%)
1 (5%)

Admission CT scan 90  (93%) 18 (95%)

Angiography
Initial 
Secondary 

100 (78%)
29 (22%)

13 (68%)
6 (32%)

Length of hospital stay *
ICU stay *
PRBC < 48 hr *
FFP < 48 hr *

25 (12-45)
4 (2-12)
4 (1-10)
2 (0-8)

25 (15-45)
7 (2-14)
4 (2-6)
4 (2-6)

* Median (p25-75)
ISS: Injury Severity Score
ICU: intensive Care Unit
PRBC: Packed Red blood Cell transfusion
FFP: Fresh Frozen Plasma
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Organ-specific complications were observed in 18 patients, especially abscess formation and 

infarction of the liver. Puncture-site related complications occurred in 3 patients (two groin 

hematomas and one false aneurysm of the common femoral artery.

In patients with a negative angiography (n=19), 4 complications occurred in 3 patients. The 

most frequent complication was Contrast Induced Nephropathy (n=4). No organ-specific, 

puncture-site related or other systemic complications were encountered. The number and type 

of complications in trauma patients with (negative) angiographies are described in Table 2.

contrast induced nephropathy (cin)

In 4 patients the serum creatinin level after angiography or embolization was not measured. 

CIN occurred in a total of 22 patients (24%). Four of these patients (21%) developed CIN after a 

negative angiography: two of these patients had no contrast extravasation on CT scan; the indi-

cation for angiography was the presence of large hemoperitoneum. Three patients developed 

table 2. Failure rate and frequency and type of complications in trauma patients with (negative) 
angiographies

Total population Patients with negative 
angiography

n
Potentially injured organs

97
129

19
25

Failure rate (rebleeding) in follow-up 15 (12%) 3 (12%)

Patients with complications 28 (29%) 3 (16%)

1 complication
2 complications
3 complications
4 complications
5 complications
Overall

17
6
2
2
1

48

2
1

4 

organ-specific 
abscess 
false aneurysm splenic artery
liver infarction/ necrosis
gluteal muscle necrosis
urinoma
bile leakage / biloma
other
Overall 

8 
1
4
1
1
3
5

23(24%)

Puncture-site related
false aneurysm femoral artery
groin hematoma 
Overalll

1
2

3 (3%)

systemic
contrast induced nephropathy
renal failure
Overall

19
3

22 (23%)

4

4 (21%)
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renal failure. In 2 patients temporary dialysis was necessary and one of these patients was 

hemodialysis dependent at the time of hospital discharge. All these 3 patients underwent 

an angiography and embolization for suspected hemorrhage from pelvic injury. None of the 

patients with a negative angiography underwent temporary dialysis or developed renal failure.

There were no statistically significant relations (table 3) between the CIN and non-CIN patients in 

terms of sex (p=0.58), the presence of multitrauma (p 0.49), age (p 0.45) or performing a CT scan (p 

0.44). The pre-existing Creatinine was significantly higher in patients with CIN. The incidence of CIN 

was also increased in patients with AE of multiple organs in comparison with patients with AE of one 

organ (p 0.08). Although all patients were hemodynamically stable patients with CIN received more 

PRBC (p 0.02) and FFP (p 0.01) transfusions. The incidence of Diabetes Mellitus, time from injury to AE 

and amount of contrast medium administered could not be extracted from the retrospective data.

treatment of rebleeding and complications

All 9 patients with failure of AE or negative angiography after liver and pelvic injury could be 

managed with reembolization or surgery without resection leading to salvage of the target 

organ All patients with renal and splenic injuries who failed AE or negative angiography (n=1) 

underwent splenectomy or nephrectomy. The overall organ salvage rate was 93%.

Most (83%) of the organ-specific complications could be managed with minimal invasive 

interventions such as embolization, PTC, ERCP or percutaneous drainage. All abscesses were 

treated by percutaneous drainage. Four patients (17%) underwent operative treatment to solve 

the complication (Table 3). The two patients with a local hematoma in the groin were treated 

conservatively. The patient who developed a false aneurysm was treated with percutaneous 

thrombin injection. Table 4 shows the results of the treatment of rebleeding and complications 

after (negative) angiography.

table 3. Characteristics of patients with CIN and non-CIN

CIN
n= 22

Non-CIN
n= 71

P-value

Male female ratio 16:6 52:19 0.58

Multitrauma (ISS>16) 20 62 0.49

Age * 35 (25-55) 35 (20-49) 0.45

Age > 55 year 16 59 0.36

Performing CT scan 20 67 0.44

AE multiple organs 9 16 0.08

Number of PRBC * 7 (2-26) 4 (0-6) 0.02

Number of FFP * 7 (0-21) 2 (0-5) 0.01

Pre-existing Creatinine * 87 (85-98) 77 (60-95) 0.04

* Median (p25-75)
PRBC: Packed Red blood Cell transfusion
FFP: Fresh Frozen Plasma
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Discussion

The primary aim of this study was to describe the failure rate and frequency, type and conse-

quences of complications in trauma patients after AE for internal haemorrhage. In the present 

study 97 patients underwent an angiography for the evaluation of 129 potentially injured 

organs.

The most frequent complication in this study was CIN with an incidence of 23%. The literature 

reveals that the incidence of CIN in patients with normal renal function has been calculated 

to be less than 2%.8 However, it can be considerably higher (50 – 90%) in those with risk fac-

tors (elderly > 55 year, severe renal insufficiency at baseline and Diabetes Mellitus).9,10 Recent 

literature describes an incidence of 5,1% of CIN in trauma patients who received a contrast 

enhanced CT scan.5

There was no significant difference in gender, the presence of multitrauma and age > 55 year 

between CIN and non-CIN patients. Diabetes Mellitus and the time from injury to AE could 

possibly contribute to the incidence of CIN among patients. However, these parameters could 

not be extracted due to the retrospective design of the study.

table 4. Treatment of rebleeding and complications in patients treated with angiography

N Treatment

rebleeding 15 AE n= 5
splenectomy n= 3
nefrectomy n= 3
packing n= 4

organ-specific complications 
abscess organ/ (retro)-peritoneal
false aneurysm splenic artery
liver infarction/ necrosis

gluteal muscle necrosis
urinoma
bile leakage / biloma
other

8 
1
4

1
1
3
5

percutaneous drainage 
angiography and embolization
hemihepatectomy n=1
cholecystectomy n= 1
conservative n=2
necrotectomy
percutaneous drainage
PTC n= 1, ERCP n=1, percutaneous drainage  n=1
conservative n=4
operative n=1 

Puncture-site related 
false aneurysm femoral artery
groin hematoma 

  
1
2

percutaneous trombin injection 
conservative

systemic
contrast induced nefropathy
renal failure

19
3

CVVH n=2
dialysis n=1

PTC: Percutaneous Transluminal Cholangiography 
ERCP: Endoscopic retrograde cholangiopancreatography
CVVH: continuous veno- venous hemofiltration
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An explanation for the difference in incidence between this study and our results could be 

the total administered dose of contrast agent, i.v for CT and i.a for subsequent AE. A recent 

meta-analysis showed a close relationship between the dose of iodine per ml of GFR, and the 

occurrence of CIN.11 Almost all our patients underwent both a contrast enhanced CT scan and 

AE. Furthermore, the incidence of CIN was more likely increased in patients in whom AE of more 

than one organ was performed, which is probably also related to the increase in contrast agent 

in these procedures. However, the exact amount of contrast medium administered to patients 

during AE was not registered.

In trauma patients the presence of hypotension due to shock and multi-organ damage as well 

as volume depletion in trauma patients are also risk factors for CIN. Therefore it is not certain 

that the renal impairment could be attributed to CIN, but in this complex group of patients, 

there may be many factors contributing to renal impairment.

The acute indications of CT scanning and performing an AE in trauma patients make imple-

mentation of preventive protocols before imaging difficult. Despite numerous clinical trials 

and meta-analyses, the utility of the often-used antioxidant N-acetylcysteine and/or sodium 

bicarbonate infusion in CIN prophylaxis remains unclear, not least because the statistical design 

of many of the relevant studies has been criticized.12-15

Current best practice calls for intravenous periprocedural volume expansion with normal saline 

at 1 ml/kg body weight for at least 6 hours before and after the procedure, but this is often 

not practical in trauma patients.16 Although bolus volume expansion during the procedure has 

been reported to be inferior to intravenous volume expansion, this method should be strongly 

considered for all trauma patients who underwent CT scanning and AE, especially in patients 

with other risk factors for CIN.

Furthermore, whole body CT and AE protocols that incorporate the lowest contrast medium 

volume and iodine dose to achieve a diagnostic and therapeutic result in combination with the 

use of iso-osmolar contrast agents should be used to prevent CIN.

The present study showed rebleeding in 15 patients (failure rate 12%). This failure rate is ccom-

parable with the literature.17-22 Delayed rupture of organs/vessels could explain rebleeding and 

is of major concern because this type of complication remains difficult to predict. Historically, 

most patients with rebleeding were treated surgically. Currently, a second attempt of AE can 

be considered, which further can increase the nonoperative target organ salvage rate. In the 

present study 5 patients were treated with a second AE.

Most of the organ specific complications could be managed with minimal invasive interven-

tions such as embolization, PTC, ERCP or percutaneous drainage to solve the complications. 

This study showed a low incidence (3%) of puncture-site related complications. In addition, 

these complications could be managed nonoperatively.

Recent literature suggests that with the increased use of AE, an increase of major complications 

such as rebleeding, organ-specific, systemic and puncture-site related complications occurs.1-5 

However, these results must be interpreted with some caution, because they are based on 
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cohort studies, which were compared with results of historical studies. Prospective randomized 

controlled trials comparing operative treatment and AE have never been published. Further-

more, the question is whether the complications, especially biliary complications have arisen 

from the accident itself or were secondary to the treatment with AE.23 Four of the 19 patients 

(21%) with a negative angiography developed a total of 4 complications. The incidence of CIN 

in this particular patient group was 21%. Contrast-enhanced CT scanning can help to select 

both hemodynamically stable patients or fluid responders for angiography and embolization 

but the optimal patient selection still remain to be established. In this retrospective study the 

specific indication for angiography could not always be extracted. Further prospective studies 

should therefore focus on proper patient selection and the prevention of procedure related 

complications.24

In our hospital the indication for AE has altered after the results of this study. Hemodynamically 

patients without contrast extravasation on CT scan are initially treated with observation. In case 

of failure AE can still be pereformed.

This study has several limitations, which are mainly related to the retrospective analysis of 

data. Although the complications were prospectively registered, there may be missing data. 

Furhermore, a Type 2 error could be present, due to the low patient numbers for complications.

As stated before, the specific considerations that have led to angiography could not always 

be assessed. The definition of CIN used in this study is the same that is used in the general 

literature to define CIN after percutaneous vascular interventions. However, in the literature 

there are multiple definitions for CIN making it difficult to compare these results to other stud-

ies. Another limitation is the relatively small number of patients with (negative) angiography 

in our series making it difficult to draw strong conclusions. The rate of negative angiographies 

however is comparable to other Level 1 trauma centers.1

conclusion

In this present study the failure rate and incidence of organ-specific and procedure-related 

complications after AE were low and comparable with the literature. In the vast majority, 

complications often (83%) could be managed with nonoperative minimal invasive interven-

tions. However, a high incidence (23%) of CIN in trauma patients both after AE as well as after 

(negative) angiography was observed. Trauma patients undergoing angiographic treatment 

have shown to have a high chance for developing CIN and should therefore receive optimal 

prophylactic measures to avoid this complication. Further strategies to prevent CIN should 

focus on further optimization of patient selection avoiding negative angiograms and the use of 

whole-body CT protocols with the use of low iodine dose and volume of intravenous contrast 

medium.
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introDuction

This thesis has focused on the diagnostics and treatment of patients with blunt abdominal 

injuries. Over the past 40 years, several changes have occurred in the management of patients 

with blunt abdominal trauma. Traditionally, open surgery was considered the standard of care. 

Currently, due to its low failure rate, nonoperative management (NOM) has evolved into the 

treatment of choice in hemodynamic stable patients. Failure is defined as clinical and radio-

logical signs of a rebleeding requiring operative or radiological (re-) interventions. Chapter 1 

describes the outlines of this present thesis.

Chapter 2 consists of a literature review, describing the advances in computed tomography 

(CT) scan and interventional radiology, which have contributed to an improved patient selec-

tion for the optimal treatment. Especially, the prominent place of multi-detector computed 

tomography scanning and the use of angiography and embolization (AE) are highlighted.

Part 1: Diagnostic strategies in blunt abdominal injury

The first part of this thesis describes the various aspects and findings of different diagnostic 

strategies and its implications for patients.

Other than hemodynamic instability, no reliable indicators, that predict the failure of NOM in 

pediatric trauma patients, are found in the current literature. Several recent studies in adults 

suggest that the presence of a contrast blush on CT scan is associated with an increased failure 

rate of NOM of blunt splenic and/or liver injury. However, the clinical implication of a contrast 

blush on CT scan with liver and/or splenic injury in the pediatric population has not yet been 

assessed. Chapter 3 presents a systematic review, which assessed all available literature on fail-

ure of NOM in children with splenic and liver injury in whom contrast extravasation is observed 

on CT scanning. Nine studies, published between 1985 and 2009, were included, describing 

117 paediatric patients. Seven studies (including 71 patients) reported a total of 16 patients 

with failure after NOM without AE. The pooled failure rate was 28.2%. Two studies (including 46 

patients) reported a total of 3 patients with failure after NOM with primary AE: a crude failure 

rate of 6.5%. Despite the current low level of evidence on failure rates of NOM when a contrast 

blush is present on CT scan, we emphasize that there is a significant number of patients in 

whom NOM fails. Therefore, the management of splenic and hepatic injury in children should 

not only be based on the hemodynamic situation, but should include consideration of the pres-

ence of contrast extravasation on CT scanning.

In Chapter 4 the history of three patients with a seatbelt sign following a car accident is 

described. All 3 patients exhibited various injuries that may occur in the case of blunt trauma, 

including rib fractures. In one patient, symptoms of internal abdominal injury only occurred 

several days after the accident. Typically, the presence of a seatbelt sign is associated with an 

increased risk of internal abdominal injury. Therefore, we advise that a CT scan of the abdomen 
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needs to be considered in every patient, who presents with a seatbelt sign, even if abdominal 

ultrasound does not reveal signs of injury.

In Chapter 5 we investigate the inter- and intraobserver reliability between radiologists in clas-

sifying splenic injury on CT scanning. This study was performed according to the most widely 

used AAST grading system and the ‘Baltimore CT grading system’, of which the latter integrates 

vascular injuries into the score. Prior studies have shown that this system was superior to the 

AAST system in predicting the need for AE or surgery. CT scans of 83 patients with blunt splenic 

injury, admitted between 1998 and 2008, were retrospectively reviewed. The inter- and intrao-

bserver reliability of both grading systems were equally high. Due to the integration of vascular 

injury into the system, the ‘Baltimore CT grading system’ supports clinical decision-making and 

therefore the use of this system in the classification of splenic injury is recommended.

Chapter 6 is a review of the literature assessing the role of ultrasonography and CT features, 

such as contrast extravasation, pseudoaneurysms, arteriovenous fistulas or hemoperitoneum, 

in the selection of patients for AE. The efficiency, technical considerations (proximal versus 

selective embolization), logistics and complication rates of AE in patients with blunt splenic 

injury are also discussed.

Part 2: treatment strategies in blunt abdominal trauma

In the second part of this thesis, the results of NOM in patients with blunt splenic, liver and/or 

renal injuries, treated in Dutch level-1 trauma centers, are analysed and discussed.

In Chapter 7 the single center results of NOM in patients with blunt splenic injury, treated at 

the Academic Medical Center Amsterdam (1997 – 2008), are demonstrated. An analysis of a 

prospective trauma registry was performed for a 6-year period, both before (period 1) and after 

(period 2), the introduction of splenic artery embolization. An increased use of splenic artery 

embolization and a reduction of splenic operations in the second period were observed. The 

failure and splenic salvage rate were 17% and 89%, respectively, which is similar to the results 

of large volume studies from other Level I trauma centers. A high failure rate was observed 

in patients with a high grade injury combined with a contrast extravasation and a significant 

hemoperitoneum. In the second period, all patients with failure after observation could be 

successfully treated with splenic artery embolization.

To analyze risk factors for failure after NOM of patients with blunt splenic injury, we performed 

a multicenter cohort study, which is described in Chapter 8. In this retrospective analysis of 169 

patients the overall failure rate was 17%. Seven patients who failed observation or AE could 

successfully be treated with (re-)embolization, leading to a splenic salvage rate of 91%.

Increased age (> 50 years) and AAST grade of injury ≥ 3 were associated with failure in the 

multivariable logistic model. Although contrast extravasation is mentioned as a risk factor 

for failure and as an indication for AE, in this current study the presence of (intraperitoneal) 

contrast extravasation was not significantly associated with failure of NOM.
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In Chapter 9 the results of NOM of liver injuries, before (period 1) and after (period 2) the 

introduction and implementation of AE, are described. Despite an increase in high grade liver 

injuries, NOM increased significantly in period 2 (72% versus 33% in period 1). Overall, liver-

related mortality, treatment failure and complication rates remained equal in both periods. In 

patients with high grade injuries, the outcome improved significantly after the introduction 

of AE. However, liver infarction and abscess formation were more common after AE than after 

laparotomy.

Chapter 10 presents the results of a study comparing the diagnostics and treatment of blunt 

renal injury applied in a Level-1 trauma center with the recommendations of the European 

Association of Urology guidelines. Non-compliance with the guidelines increased with the 

severity of renal injury. The general conclusion was that high grade renal injuries were often 

successfully treated with AE instead of surgery (resulting in preservation of the kidney), which 

is recommended in the guidelines. In the next update of the guidelines AE deserves a more 

prominent role.

Complication registration is an important part of monitoring the quality of health care. There-

fore, Chapter 11 describes the outcome of an analysis of complications occurring in hemody-

namically stable patients, who underwent AE for internal hemorrhage after abdominal trauma 

or pelvic injury. The failure rate (12%) and incidence of organ-specific (19%) and procedure-

related complications (3%) were low and could be managed conservatively or with minimally 

invasive interventions. In the present study trauma patients undergoing angiography had a 

high chance (24%) to develop Contrast Induced Nephropathy and future patients should 

therefore receive optimal prophylactic measures to avoid this complication.

general Discussion

In the present thesis different aspects of the diagnostics and treatment of patients with blunt 

splenic, liver and renal injury are reported. In the first part various aspects and changing pat-

terns of the diagnostic workup are analyzed and described.

Currently, the role of the CT scanner is very important, because of its high sensitivity (90 – 100%) 

to detect injuries to the spleen, liver, kidney and associated (intra-abdominal) injuries. Further-

more, the presence and exact localisation of contrast extravasation can be detected.

Advances in CT technology have improved the physician’s ability to determine more details of 

the parenchymateous injury and minor vascular lesions. Since vascular injuries are associated 

with failure of NOM, improvements in CT technology seem advantageous for the patient selec-

tion for the best treatment and thus to prevent failure of NOM. We found a tendency towards 

increased failure in children with splenic injury with a contrast extravasation on CT scan. How-

ever, the question arises if all hemodynamically stable patients with intraparenchymal contrast 

extravasation on CT scan should be treated with AE. In the multivariate regression analysis, 
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contrast extravasation was not identified as an independent risk factor for failure of NOM in 

patients with splenic injury.

Until now, CT scanning has not been able to differentiate exactly between patients who can be 

treated conservatively, patients who would benefit from AE and patients that would respond 

best to an operation. This decision should always be based on the clinical situation, the physi-

ological response of the patient to initial resuscitation, the CT findings, the availability of an 

angio-room and expertise of performing AE.

In the second part of this thesis different studies have shown that patients treated with NOM 

in Level 1 trauma centers in the Netherlands was successful with success rates around 90%. 

These results are in accordance with the literature. The results showed that AE was a valuable 

adjunct to observational management and has increased the success rate of NOM. Most of 

the patients who failed treatment with observation and AE had high grade injuries combined 

with a contrast extravasation and a significant hemoperitoneum on the CT scan. Furthermore, 

these studies showed that the mortality and morbidity have improved after the introduction 

of AE, resulting in saved patients’ lives, with blunt abdominal injury and immune function after 

splenic trauma.

Although the use of AE is generally reported to increase success rates of NOM, the optimal 

use of AE, especially in patients with high grade injury and a contrast extravasation, is still a 

subject of discussion. Future studies will need to focus on the prevention of failure of NOM 

and optimizing the patient selection for observational management, AE or operation. A well-

designed randomised clinical trial is preferable, but is difficult to conduct because of the nature 

of the trauma population. Therefore, we are currently conducting a Delphi study to obtain 

experience-based agreement from a panel of independent international experts.
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inleiDing

Dit proefschrift beschrijft enkele aspecten van de diagnostiek en behandeling van patiënten 

met een stomp trauma van de buik. In de afgelopen 40 jaar is er veel veranderd in de diag-

nostiek en behandeling van deze patiënten. In het verleden werd vrijwel iedere patiënt met 

een traumatisch letsel van de milt, lever of nier direct geopereerd. Door de lage kans op falen 

is tegenwoordig niet-operatieve behandeling de eerste keuze bij hemodynamisch stabiele 

patiënten. Indien er klinisch en radiologisch tekenen van een recidiefbloeding zijn, waarbij 

operatieve of radiologische (re-) interventies noodzakelijk zijn is er sprake van falen van de 

niet-operatieve behandeling. Hoofdstuk 1 geeft het doel van dit proefschrift en een overzicht 

van de hoofdstukken weer.

Door de verbeterde kwaliteit en beschikbaarheid van de Computer Tomografie (CT) scan en 

de ontwikkelingen van de interventieradiologie kan tegenwoordig een betere keuze gemaakt 

worden voor de juiste behandeling.

In hoofdstuk 2 wordt een overzicht gegeven van de literatuur over de ontwikkelingen van de 

diagnostiek en behandelopties voor patiënten met een stomp buikletsel. De nadruk ligt op 

de prominente rol van de CT scan en de toepassing van angiografie en embolisatie (AE) in de 

behandeling van deze patiënten.

Deel 1: diagnostiek bij stomp buikletsel

Het eerste deel van dit proefschrift belicht verschillende aspecten van de diagnostische moge-

lijkheden en beschrijft bevindingen van de diagnostiek en de gevolgen voor de patiënt.

Hoofdstuk 3 beschrijft de resultaten van een systematische review van de literatuur over de 

waarde van contrast extravasatie op een CT scan bij kinderen met een lever en/of miltletsel na 

stomp trauma van de buik. Negen studies (n=117) gepubliceerd tussen 1985 en 2009, werden 

geincludeerd en geanalyseerd. Zeven studies (n=71) rapporteerden falen van niet-operatieve 

behandeling zonder AE bij 16 kinderen. De gepoolde kans op falen was 28,2%. Twee studies 

(n=46) beschreven falen van niet-operatieve behandeling met AE bij 3 kinderen: de kans op 

falen was 6,5%. Hoewel de studie te weinig statische power had om een definitieve uitspraak 

te kunnen doen, lijkt er een grotere kans op falen van niet-operatieve behandeling bij kinderen 

met contrast extravasatie op de CT scan. De aan- of afwezigheid van contrast extravasatie moet 

worden meegenomen in de beslissing voor de juiste behandeling.

In hoofdstuk 4 worden 3 patiënten met een stomp buiktrauma en een zogenaamd “seatbelt 

sign” (zichtbare striemen van de autogordel) bij lichamelijk onderzoek beschreven. Alle drie 

patiënten vertoonden diverse letsels die zich kunnen voordoen in het geval van een stomp 

trauma van de buik. Bij één patiënt ontstonden de symptomen van intra-abdominaal letsel 

enkele dagen na het ongeval. Indien er een “seatbelt sign” aanwezig is, is er een verhoogde kans 

op intra-abdominaal letsel. Derhalve adviseren wij, op basis van de literatuur en onze eigen 
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bevindingen, om bij patiënten met een ‘seatbelt sign’ een CT scan met intraveneus contrast van 

de buik te verrichten, zelfs als de echografie geen afwijkingen laat zien.

In hoofdstuk 5 onderzochten wij de inter- en intrawaarnemer betrouwbaarheid onder radio-

logen bij de classificatie van miltletsel volgens twee CT-graderingsystemen: het AAST en 

‘Baltimore’ graderingsysteem. In tegenstelling tot het AAST systeem wordt de aanwezigheid 

van vasculair letsel meegewogen in de score van het ‘Baltimore’ graderingsysteem. Eerdere 

studies toonden aan dat het ‘Baltimore’ systeem beter voorspelt of AE dan wel een operatie 

noodzakelijk is. CT scans van 83 patiënten die tussen 1998 en 2008 werden behandeld met 

stomp miltletsel werden retrospectief beoordeeld. De inter- en intrawaarnemer betrouwbaar-

heid van beide graderingsystemen was hoog. Door de integratie van vasculair letsel in de score 

ondersteunt het ‘Baltimore’ systeem in grotere mate de klinische besluitvorming en zou daarom 

in de praktijk vaker gebruikt moeten worden bij de classificatie van het miltletsel.

Hoofdstuk 6 beschrijft een overzicht van de literatuur over de rol van echografie en CT scan in 

het diagnostische traject bij patiënten met stomp miltletsel. De waarde van de aanwezigheid 

van CT kenmerken, zoals contrast extravasatie, een pseudoaneurysma, een arterioveneuze 

fistel of een hemoperitoneum voor de keuze om AE te verrichten, werd besproken. De techniek, 

keuze voor de exacte plaats van de embolisatie (proximale versus selectieve embolisatie), de 

logistiek rondom deze ingreep en complicaties van AE werden besproken.

Deel 2: behandeling van patiënten met stomp buikletsel

In het tweede deel van dit proefschrift worden de resultaten besproken van het niet operatief 

behandelen van patiënten vanwege stomp milt-, lever- en nierletsel in level-1 traumacentra in 

Nederland.

De resultaten van de niet-operatieve behandeling van patiënten met een stomp miltletsel, die 

gedurende de periode 1997 – 2008 werden opgenomen in het Academisch Medisch Centrum 

worden beschreven in hoofdstuk 7. De gegevens uit de prospectieve trauma registratie werden 

gebruikt voor analyse. De studiegroep werd opgedeeld in twee periodes: voor (periode 1) en 

na (periode 2) de introductie van routinematig gebruik van AE. In de tweede periode werd 

een toename van AE en een afname van het aantal operaties gevonden. Het percentage falen 

en behoud van de milt na niet-operatieve behandeling, respectievelijk 17 en 89%, was ver-

gelijkbaar met resultaten van andere studies uit level-1 trauma centra met grotere patiënten 

aantallen. Het percentage falen was hoog bij patiënten met een hooggradig letsel (graad 3 – 5 

letsels volgens de AAST classificatie) gecombineerd met contrast extravasatie en een hemo-

peritoneum. In de tweede periode konden alle patiënten met falen na observatie met succes 

behandeld worden met AE.

Hoofdstuk 8 beschrijft de resultaten van een multicenter cohort studie. Het doel van deze stu-

die was het analyseren van risicofactoren voor het falen van niet-operatieve behandeling van 

stomp miltletsel. Honderd negenenzestig patiënten werden retrospectief geanalyseerd. Het 

percentage falen was 17%. Zeven patiënten, bij wie observatie of AE faalden, konden succesvol 
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worden behandeld met (re-) embolisatie, hetgeen resulteerde in een percentage behoud van 

milt van 91%. In de multivariate analyse waren leeftijd> 50 jaar en AAST gradering van ≥ 3 onaf-

hankelijke risicofactoren voor falen van niet operatieve behandeling. Hoewel de aanwezigheid 

van contrastextravasatie in de literatuur wordt genoemd als een risicofactor voor falen was een 

(intraperitoneale) contrast extravasatie niet significant aantoonbaar geassocieerd met falen 

van niet operatieve behandeling.

In hoofdstuk 9 worden de resultaten van niet-operatieve behandeling van patiënten met trau-

matisch leverletsel voor (periode 1) en na (periode 2) het de introductie van AE beschreven. In 

de tweede periode werden meer patiënten niet operatief behandeld (72 t.o.v. 33% in periode 

1), ondanks de toename van het aantal hooggradige leverletsels in deze periode. Het percen-

tage falen van behandeling, levergerelateerde sterfte en het aantal complicaties waren gelijk 

in beide perioden. De resultaten van behandeling van hooggradige letsels waren aanzienlijk 

verbeterd door het gebruik van AE in periode 2. Leverinfarcten en abcesvorming kwamen 

echter wel vaker voor bij AE dan na een laparotomie.

In hoofdstuk 10 worden de resultaten van een onderzoek gepresenteerd, waarin geanalyseerd 

wordt of de diagnostiek en behandeling van patiënten met stomp nierletsel in een Nederlands 

level-1 trauma centrum plaatsvindt volgens de Europese richtlijnen voor urologisch trauma. Bij 

hooggradige letsels werd vaak afgeweken van de richtlijnen. De belangrijkste bevinding was 

dat patiënten met hooggradig nierletsel in het Nederlandse level-1 trauma centrum vaak suc-

cesvol, dat wil zeggen resulterend in het behoud van de nier, embolisatie ondergaan in plaats 

van een operatieve behandeling, zoals die wordt aanbevolen in de Europese richtlijn. In de 

volgende revisie van de richtlijn zal er daarom meer aandacht moeten zijn voor de rol van AE.

Complicatieregistratie is een belangrijk onderdeel binnen de kwaliteitsbewaking van de gele-

verde zorg. In hoofdstuk 11 beschrijven wij de uitkomsten van een studie naar het voorkomen 

van complicaties na AE van hemodynamisch stabiele patiënten na stomp buik of bekkenletsel. 

Het percentage falen (12%), de incidentie van orgaanspecifieke (19%) en proceduregerela-

teerde complicaties (3%) waren laag. Al deze complicaties konden conservatief dan wel met 

minimaal invasieve ingrepen behandeld worden. Verder bleek dat trauma patiënten die AE 

ondergaan een relatief grote kans (24%) hebben om contrast nefropathie te ontwikkelen. Bij 

deze patiënten moeten adequate preventieve maatregelen worden genomen om deze com-

plicatie te voorkomen.

algemene Discussie

In dit proefschrift worden verschillende aspecten van de diagnostiek en behandeling van pati-

enten met traumatisch letsel van milt, lever en nieren beschreven. In het eerste deel worden 

diverse aspecten en de verandering van de diagnostische mogelijkheden besproken.
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De CT scan heeft een hoge sensitiviteit (90 – 100%) om letsels van de milt, lever, nieren en 

andere geassocieerde (intra-abdominale) letsels te detecteren evenals de aanwezigheid en de 

exacte lokalisatie van contrastextravasatie. Door de verbetering van de CT scan is het mogelijk 

om parenchymateus letsel en vasculaire letsels, welke geassocieerd zijn met verhoogde kans 

op falen, beter en met meer detail vast te stellen. Dit lijkt een voordeel voor de patiënt, omdat 

hierdoor een betere keuze voor behandeling gemaakt kan worden. Met andere woorden: om 

falen van niet operatief management te voorkomen. Bij kinderen met miltletsel en contrastex-

travasatie op CT-scan werd een tendens gezien naar meer falen van niet operatieve behande-

ling.

De vraag is of elke hemodynamisch stabiele patiënt met een intraparenchymateuse contrast-

extravasatie op de CT-scan moet worden behandeld met AE. Contrastextravasatie werd in de 

multivariate regressie analyse niet geïdentificeerd als onafhankelijke risicofactor voor het falen 

van niet-operatieve behandeling bij patiënten met miltletsel. De CT-scan is tot op heden niet 

in staat om onderscheid te maken welke patiënt bij voorkeur conservatief, met AE dan wel 

operatief behandeld moet worden. Deze beslissing moet altijd gebaseerd zijn op de combina-

tie van de volgende factoren: de klinische situatie en fysiologische respons van de patiënt na 

resuscitatie, de bevindingen van CT scan en de aanwezigheid van faciliteiten en expertise in 

het ziekenhuis.

In het tweede deel van dit proefschrift bleek dat het slagingspercentage van niet-operatieve 

behandeling in level-1 trauma centra in Nederland hoog is met percentages rond de 90%. 

Deze resultaten zijn in overeenstemming met de literatuur. De resultaten tonen aan dat AE 

een waardevolle aanvulling is op de conservatieve behandeling met observatie en dat door 

deze toevoeging de kans op succesvolle niet-operatieve behandeling de laatste jaren sterk 

is toegenomen. Het merendeel van de patiënten bij wie niet-operatieve behandeling en/

of AE faalde hadden hooggradige letsels in combinatie met een contrastextravasaat en een 

hemoperitoneum. Uit deze studies bleek eveneens dat na de invoering van AE de mortaliteit 

en morbiditeit verminderd was. Niet-operatieve behandeling heeft zodoende geleid tot het 

sparen van mensenlevens en behoud van de (immuunfunctie van de) milt.

Hoewel het gebruik van AE heeft geleid tot een beter slagingspercentage van niet-operatieve 

behandeling, is er nog steeds discussie over de exacte plaats van AE, met name bij patiënten 

met een hooggradig letsel.

Toekomstige studies zullen zich vooral moeten richten op het voorkomen van falen van 

niet-operatieve behandeling en optimalisatie van de criteria voor selectie welke patiënten in 

aanmerking komen voor observatieve behandeling, angiografie en embolisatie dan wel ope-

ratieve behandeling. Een goed opgezet gerandomiseerd klinisch onderzoek heeft de voorkeur, 

maar is lastig uitvoerbaar vanwege de aard van de traumapopulatie. Op dit moment wordt er 

door onze research groep een Delphi-studie uitgevoerd onder een panel van onafhankelijke 

internationale experts met als doel overeenstemming te verkrijgen over deze vragen.
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