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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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Figure 1. Study design. NOM; nonoperative management 

 

 

 

Table 1. Characteristics, treatments and outcomes of patients with blunt splenic injuries  

n= 169 

Age (years)* 33  (22-47) 

figure 1. Study design. NOM; nonoperative management

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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