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ABSTRACT  

Purpose: We aimed to examine the association between contrast extravasation (CE) on initial 

computed tomography (CT) scan and pseudoaneurysm (PSA) development in pediatric blunt 

splenic and/or liver injury. 

Methods: We conducted a multi-institutional retrospective study in cases of blunt splenic 

and/or hepatic injury who underwent an initial attempt of non-operative management. A 

logistic regression model was used to compare PSA formation and CE on initial CT scan, and 

the area under the receiver operating characteristic curve (AUC) with and without CE was 

used to assess the predictive performance of CE for PSA formation. 

Results: Of 236 cases enrolled from 10 institutions, PSA formation was observed in 17 (7.2%). 

Multivariate analysis showed a significant association between CE on initial CT scan and 

increased incidence of PSA formation (odds ratio, 4.96; 95% confidence interval, 1.37–18.0). 

There was no statistically significant association between the grade of injury and PSA 

formation. The AUC improved from 0.75 (0.64–0.87) to 0.80 (0.70–0.91) with CE. 

Conclusion: Active CE on initial CT scan was an independent predictor of PSA formation. 

Selective use of follow-up CT in children who showed CE on initial CT may provide early 

identification of PSA formation, regardless of injury grade. 

LEVEL OF EVIDENCE: Prognostic and Epidemiological, Level III 

KEYWORDS: pediatric trauma; spleen and liver injury; contrast extravasation; CT blush; 

pseudoaneurysm 
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The presence of active contrast extravasation (CE)1 (the “blush sign”) on a computed 

tomography (CT)2 scan is a known risk factor for non-operative management (NOM)3 

failure in adults with blunt splenic and/or hepatic injury [1–4]. However, the significance of 

these findings in the pediatric population is not clearly established [5–7]. The development of 

a splenic and/or hepatic artery pseudoaneurysm (PSA)4 after NOM of blunt splenic and/or 

hepatic injury has been reported in approximately 2–5% of pediatric patients [7–9]. PSA can 

undergo life-threatening delayed rupture [8, 10]. The true incidence and natural history of 

PSA have yet to be clearly described because of insufficient evidence to support routine 

followup imaging in children [5, 7]. 

A systematic review of observational studies evaluating the NOM failure rate in 

pediatric patients with splenic and/or hepatic injury recommended consideration of both the 

physiological response and presence of CE on the CT scan [11]. Conversely, some 

retrospective studies have suggested that CE on the CT scan can be safely managed 

non-operatively and that physiological changes should dictate treatment [12, 13]. Such 

conflicting opinions can confuse and mislead clinicians, who are required to make critical 

decisions as to whether to aggressively proceed with an intervention or simply make 

observations. It remains unknown whether active CE on initial CT scan is linked to PSA 

formation and delayed rupture because of the existence of only a few retrospective descriptive 

 
1 CE = contrast extravasation 
2 CT = computed tomography 
3 NOM = non-operative management 
4 PSA = pseudoaneurysm 
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studies derived from a single institution on this topic [10, 14]. 

To our knowledge, there is currently no large comparative analytical study to have 

examined the association between active CE on initial CT scan and PSA formation in 

pediatric blunt splenic and/or hepatic injury. We conducted a multi-institutional study to 

gather large amounts of data with the following objectives: 1) to describe the natural history 

of vascular injury and unique practice patterns in pediatric patients with blunt splenic and/or 

hepatic injury in Japan, and 2) to determine whether active CE on initial CT scan is associated 

with the incidence of post-traumatic PSA formation. 

 

1. Material and Methods 

1.1 Study design and data source 

We conducted a retrospective cohort study using data collected from 10 emergency 

departments between 1990 and 2016 in Japan. Data collection for this study was approved by 

the institutional review board (IRB)5 of each participating hospital. As this study was 

non-interventional and of minimal risk to subjects, the need for informed consent from each 

patient was waived in all hospitals. To ensure that all institutions used the same definitions, 

standardized datasheet templates were developed and utilized by staff at all sites. 

 

1.2 Patient selection and definitions 

 
5 IRB = institutional review board 
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This study included subjects aged ≤ 16 years with an acute blunt splenic and/or 

hepatic injury. Injury grade was determined according to the American Association for 

Surgery of Trauma (AAST)6 solid organ scale [15]. Eligible patients included those admitted 

to an emergency care setting for at least 24 hours with ≥ AAST grade I splenic and/or hepatic 

injury detected by any imaging method. We excluded the following subjects: those who (1) 

underwent an emergency laparotomy for splenic and/or hepatic injury within 6 hours of 

admission; (2) were dead on arrival; (3) died within 5 days of admission; or (4) were 

transferred to other institutions within 5 days of admission because we could not accurately 

determine whether patients developed PSA or not. 

The standardized datasheet contained the subject’s demographic data (age, gender, 

initial emergency department vital signs, Glasgow Coma Scale [GCS]7); situation of injury; 

injury severity (the highest Abbreviated Injury Scale [AIS]8 score in each anatomic lesion, 

Injury Severity Score [ISS]9, AAST grade of splenic and hepatic injury); the presence or 

absence of active CE on initial CT scan; amount of hemoperitoneum; blood transfusion 

requirement; main treatment (conservative, catheter intervention, other); the presence and 

timing of follow-up imaging; post-traumatic PSA formation; hospital length of stay; and 

in-hospital mortality. We categorized the amount of hemoperitoneum into three scales 

according to a previous study [16], which estimated the hemoperitoneum volume by totaling 

 
6 AAST = American Association for Surgery of Trauma 
7 GCS = Glasgow Coma Scale 
8 AIS = Abbreviated Injury Scale 
9 ISS = Injury Severity Score 

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp



J Pediatr Surg. 2019 Jul 15 
 

the number of intra-abdominal regions (right upper quadrant, left upper quadrant, right 

paracolic gutter, left paracolic gutter, and pelvis) in which free fluid was identified upon 

initial imaging. The definitions were: small, one region; moderate, two regions; large, three 

regions or more. Our primary outcome was post-traumatic PSA formation, diagnosed by 

follow-up CT scan, abdominal ultrasonography (AUS)10, or angiography. A post-traumatic 

PSA usually appears as an arterial phase-enhancing outpouching from 

intrasplenic/intrahepatic branches of the splenic/hepatic artery and is surrounded by a 

hematoma [17]. Delayed PSA rupture was defined as significant intra-abdominal re-bleeding 

from a PSA rupture more than 48 hours after injury. In the event of sudden-onset abdominal 

pain, the presence/absence of delayed PSA rupture was determined by CT and/or angiography. 

The independent variable was active CE detected by initial CT scan. We obtained a consensus 

regarding the definition of CE and PSA among the principal investigators of each institution, 

and trained researchers performed final interpretations to determine whether active CE and 

PSA formation were detected on CT scans. Any disagreements were resolved through 

involvement of interventional radiologists. Failure of NOM was defined as patients 

undergoing any surgical procedure in their abdominal cavity; the need for angiography and 

embolization were not considered as failure of NOM [18]. 

 

1.3 Statistical analysis 

 
10 AUS = abdominal ultrasonography 
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Descriptive analysis was performed to summarize the characteristics of the entire 

cohort. Data were summarized as mean ± standard deviation (SD11), median ± interquartile 

range (IQR12), or number and percentage (%), as appropriate. We used the chi-squared test to 

compare the proportion of categorical variables and Student’s t-test or Mann-Whitney U-test 

to compare the average of continuous variables. 

We conducted a univariate analysis to compare the PSA incidence between the 

presence and absence of CE on the CT scan. Next, we performed multivariate logistic 

regression to identify factors associated with PSA formation. Covariates in this regression 

model, in addition to the presence of CE on the CT scan, included the grade of splenic and 

hepatic injury, ISS, and hemoperitoneum volume. Results were presented as odds ratios 

(ORs13) with 95% confidence intervals (CIs14). Finally, we determined the area under the 

receiver operating characteristic curve (AUC15) to assess the predictive performance of CE. 

We used the same covariates in the multivariate logistic regression as in the AUC analysis. 

There was no missing data in the multivariate logistic regression. Statistical analyses were 

two-sided, with a p value of 0.05 indicating statistical significance. All analyses were 

performed using commercial software Stata/SE 11 (StataCorp, College Station, TX, USA). 

 

 
11 SD = standard deviation 
12 IQR = interquartile range 
13 OR = odds ratio 
14 CI = confidence interval 
15 AUC = area under the receiver operating characteristic curve 
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2. Results 

2.1 Study populations and baseline characteristics 

Of 264 pediatric cases of blunt splenic and/or hepatic injury admitted to the 10 

participating institutions between 1990 and 2016, 236 cases met our inclusion criteria. 

Exclusions included emergency laparotomy for splenic and/or hepatic injury within 6 hours of 

admission (n = 18), death on arrival (n = 2), death within 5 days of admission (n = 4), and 

transfer to other institutions within 5 days of admission (n = 4) (Figure 1). 

The baseline demographics and clinical characteristics of all participants in this study 

are summarized in Table 1. Of the 236 patients, 150 (64%) had a liver injury, 90 (38%) had a 

splenic injury, and four (2%) had both liver and splenic injuries. The most common injury 

mechanism was trauma by a motor vehicle (25%), followed by falls (19%). The median 

abdominal AIS score was 3 (IQR, 2–3), whereas that for other body regions was 0. Of the 236 

patients, 157 (67%) sustained an isolated solid abdominal injury without other severe 

associated injuries (other body regions with an AIS greater than 3). Twenty-one subjects (9%) 

had active CE detected on initial CT scan. 

 

2.2 Practice pattern and natural history of injury 

Our practice pattern, the natural history of vascular injury, and other outcomes are 

summarized in Table 2. A follow-up (second) CT scan was performed in 188 patients (80%) 

during the same hospital stay. Sixty patients (25%) underwent an additional two or three 
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series of follow-up CT scans. Follow-up (repeated) AUS was also performed in 192 patients 

(82%). A total of 16 cases (7% of all cases; 10 with liver injury and 6 with splenic injury) had 

PSAs, of which 4 (2 with liver injury and 2 with splenic injury) were diagnosed when delayed 

PSA rupture occurred. Of the 4 cases with PSA rupture, 3 developed sudden-onset abdominal 

pain, and the diagnosis was established by CT scan on days 3, 8, and 21 post-hospitalization; 

these patients underwent emergent transcatheter arterial embolization (TAE16). In the other 

case (splenic injury), the subject developed sudden-onset abdominal pain, and PSA rupture 

was diagnosed by CT scan, 3 days after hospitalization; this subject received conservative 

treatment. No subject developed hemobilia as a result of PSA rupture. 

The median time to PSA diagnosis was 6 days. Conservative treatment was successful 

in 196 cases (83%); abdominal angiography with/without TAE was performed in 33 cases 

(14%). Blood transfusions were required in 14 patients (6%). The median length of hospital 

stay was 12 days. 

A variety of practice patterns were used to treat pediatric blunt splenic and/or hepatic 

injury (Figure 2). Of the 21 patients who showed active CE on initial CT scan, 14 underwent 

emergency abdominal angiography with/without TAE on the day of admission. Of the 16 

patients who showed PSA formation, 7 underwent TAE on the day of detection. In contrast, 9 

patients were monitored closely, with PSA subsequently resolving on the repeat CT scan. Of 

the 4 patients with delayed PSA rupture, 3 underwent emergency TAE, while the other 

 
16 TAE = transcatheter arterial embolization 
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patient’s PSA underwent spontaneous thrombosis without any intervention. No patient 

required emergency laparotomy due to PSA, and there were no NOM failure cases. No 

complications of angiography were reported. We did not observe any significant changes in 

the practice patterns over the study period.  

 

3.3 Association between the presence of active CE on initial CT scan and post-traumatic PSA 

formation 

The incidence of PSA was 29% (6/21) in the group with active CE on initial CT scan, 

and 5% (10/215) in the group with no CE on initial CT scan. Univariate analysis showed that 

the incidence of PSA formation was significantly higher in the group with active CE on initial 

CT scan (p < 0.001). 

Subsequently, multivariate analysis using a logistic regression model was performed 

to determine the association between active CE on initial CT scan and PSA formation (Table 

3). This model also showed that active CE on initial CT scan was significantly associated with 

a higher incidence of PSA formation (OR, 4.96; 95% CI, 1.37–18.0). The AAST grade of 

injury, hemoperitoneum volume, and patient age were not significantly associated with PSA 

incidence. 

In a core model that included the AAST grade of splenic and/or hepatic injury, ISS, 

and hemoperitoneum volume (Figure 3), the AUC was 0.75 (95% CI, 0.64–0.87). When this 

core model was extended to include CE on initial CT scan as a covariate, the AUC was 0.80 
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(95% CI, 0.70–0.91). After the addition of the patient age to this prediction model 

(supplementary file), the AUC was 0.82 (95% CI, 0.72-0.92). 

We performed subgroup analyses according to the injured organ (liver or spleen). The 

association between active CE on initial CT scan and PSA formation was similar across the 

subgroups (liver injury: OR, 6.80; 95% CI, 1.39–33.4 and splenic injury: OR, 6.06; 95% CI, 

0.71–51.6). We also performed sensitivity analysis after excluding older cases (those injured 

before 2000). The association between active CE on initial CT scan and PSA formation was 

consistent among older and newer cases (OR, 4.12; 95% CI, 1.12–15.2). We performed 

another sensitivity analysis, in which the year of injury was added as a covariate to the 

logistic regression model. This sensitivity analysis also showed a consistent association (OR, 

3.93; 95% CI, 1.05–14.7). 

 

3. Discussion 

This study elucidated the natural history and practice patterns for pediatric patients 

with blunt splenic and/or hepatic injury in Japan. A follow-up CT scan was frequently 

performed, and angiographic intervention was considered the treatment modality of choice in 

a large proportion of cases with active CE on the day of admission. This study also examined 

the association between active CE on initial CT scan and the incidence of PSA formation in 

multiple medical centers. The results showed that evidence of active CE on initial CT scan 

was an independent predictor of PSA formation. In contrast, we did not find a statistically 
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significant association between the AAST grade of injury and PSA formation. 

We evaluated 236 pediatric cases undergoing an initial attempt of NOM. Abdominal 

angiographic interventions were performed in 33 cases (14%), and the rate of NOM failure 

was 0%. Based on these results, screening and treatment for PSA may prevent lethal delayed 

bleeding events and decrease the rate of NOM failure. We confirmed that a selective 

follow-up CT scan can be useful if the patient shows active CE on initial CT scan, regardless 

of the injury grade. 

Previous studies have suggested that routine follow-up imaging is not necessary for blunt 

splenic and/or hepatic injury in children because of the high success rate of NOM [5, 6, 16]. 

As a result, even though the main anticipated finding of follow-up imaging is PSA formation, 

the true incidence and natural history of these lesions have not been clearly described. Some 

retrospective observational studies have stated that routine follow-up screening using 

ultrasonography is warranted for pediatric patients [8, 19]; however, these studies did not 

compare ultrasonography with routine follow-up CT imaging. We showed clinically relevant 

results according to the unique practice patterns in Japan, where follow-up CT scans are 

frequently performed, which may closely reflect the true incidence and natural history of 

these lesions. 

The incidence and timing of PSA formation have not been thoroughly investigated in 

previous studies, and the timing of the follow-up CT is also controversial. A 

multi-institutional study of adult patients with blunt splenic injury from Japan showed that up 
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to 15.4% of patients developed PSAs, which were diagnosed with enhanced CT at a mean 

(SD) of 4.6 (2.1) days after admission [20]. This previous study suggested that follow-up 

enhanced CT performed approximately 1 week after injury may be useful to detect delayed 

SPA formation. Another retrospective observation study of adult patients with blunt injury to 

the torso visceral organs from Japan showed that the undesirable delayed events were 

recognized on follow-up CT scans in 11.4% of NOM patients at 6-7 days after hospitalization 

[21]. This previous study suggested that the second follow-up CT scan that was performed 1–

2 days after admission did not help predict undesirable results of delayed events. The results 

of our study revealed that repeat CT is usually obtained at around 5 days after hospitalization 

because of concerns regarding PSA formation and its rupture risk shown in previous studies 

from Japan, even in the absence of alarming signs of PSA formation.  

Accurate selection of candidates for NOM after blunt splenic and/or hepatic injury in 

the pediatric population remains problematic. The key questions are “what is the risk of NOM 

failure?” and “is further angiographic or operative intervention warranted?” Several studies in 

adults have suggested that vascular injuries, including active CE and PSA, pose a risk for 

NOM failure [1–4, 22]. However, there are controversial opinions in the pediatric literature 

regarding whether the presence of active CE on initial CT scan is associated with NOM 

failure. Despite the low level of evidence, most retrospective studies suggest that the presence 

of active CE on initial CT scan alone is not associated with negative outcomes and that it can 

be safely managed without surgical or angiographic intervention [12–14, 23, 24]. Although 
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few have examined this in a pediatric population, some retrospective studies have reported 

that active CE on initial CT scan correlates with delayed bleeding and may predict the need 

for subsequent intervention [10, 25]. A systematic review and meta-analysis that pooled data 

from observational descriptive studies emphasized the high failure rate of NOM in children 

with CE on initial CT scan [11]. Our results using data from multiple institutions support the 

latter opinion. To our knowledge, this study is the first large comparative analytic study to 

examine the association between active CE on initial CT scan and PSA formation in children. 

Higher grade injuries are generally considered more likely to result in PSA formation. 

However, our results showed a lack of an association between the AAST grade of injury and 

the incidence of PSA formation, which is in line with evidence from recent studies [17, 26]. 

The potential mechanisms to explain this lack of association are yet to be elucidated. Studies 

have reported that PSA develops even in relatively low-grade injuries (grade II) in pediatric 

and adult patients [17, 20, 26]. We hypothesize that high-grade injuries cause damage to 

major hilar vessels, resulting in devascularization of the organ, whereas low-grade injuries 

cause damage to peripheral vessels with minimal involvement by ischemic changes, leading 

to PSA formation. 

In general, catheter angiography was performed in pediatric patients who had 

uncontrolled, ongoing abdominal hemorrhage who were hemodynamically stable or a rapid 

responder to resuscitation, especially those who showed CE and who did not meet the criteria 

for emergent laparotomy [27]. In daily practice, angioembolization is reserved for patients 
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with a higher injury grade and the presence of CE; however, there is a lack of well-defined 

criteria for embolization in adult and pediatric patients [28]. The role of angiographic 

intervention in the management of pediatric trauma is controversial, and its use varies widely 

among institutions [27]. Angiographic findings that prompted TAE included CE, major vessel 

truncation, petechial hemorrhage, arterial spasm located in the distribution of hemorrhage, 

PSA, vessel transection, and arteriovenous fistula [29]. In Japan, TAE is not only used for 

persistent bleeding immediately after trauma, but also for preventing subacute phase 

re-bleeding from PSA rupture. 

Another question is whether all PSAs should be treated equally. There is ongoing 

controversy regarding the optimal management of PSA in children. As in previous studies, 

this study found that some PSAs thrombosed or resolved spontaneously without TAE, 

whereas others underwent delayed rupture, leading to life-threatening hemorrhage requiring 

an emergency intervention or laparotomy under unstable conditions [8, 9, 14, 19, 23, 30]. The 

fear of delayed rupture is often reported as a reason for the aggressive prophylactic 

intervention in otherwise stable children [8, 9, 31, 32]. There is no data available as to what 

kind of PSA would be susceptible to rupture. We have previously reported that there is no 

correlation between the size of aneurysm and the rate of its rupture in true aneurysm of 

pancreaticoduodenal arteries [33]. This finding implies that clinicians should pay attention to 

PSAs of any size because they have the risk of rupture. In addition, even though the rate of 

PSA rupture is as low as around 1-2%, conservative treatment is a gutsy action. The 
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guidelines of the World Society of Emergency Surgery recommended that angioembolization 

may be considered for the treatment of splenic PSA prior to patient discharge [27]. While 

such treatment was continued over the study period, we recognize that a simple practice 

guideline that recommends only one approach would not be effective in the clinical setting. 

At present, given that the indication varies according to patients’ vital signs, the experience 

and background of the treating physician, and institutional resources and policy, practice may 

have varied across institutions. However, recent reviews have shown that arterial 

embolization in pediatric abdominal trauma is a relatively safe procedure with a low risk of 

complications [6, 13, 17, 29, 32, 34], as shown in the present study. Therefore, we propose 

that prophylactic selective angioembolization is a safe and potentially effective therapy, and, 

in view of technical advances in interventional radiology, should be a treatment choice for 

pediatric patients. 

This study confirmed that the use of repeat CT imaging is excessive, and most 

institutions in Japan have not adhered to the Arizona-Texas-Oklahoma-Memphis-Arkansas 

pediatric trauma consortium of the American College of Surgeons (ATOMAC)17 protocol for 

NOM of blunt liver and spleen injury in children [6]. This practice pattern has been consistent 

over time. One reason why Japanese trauma surgeons oppose current efforts to minimize 

ionizing radiation in children may be immoderate concerns regarding PSA formation and its 

 
17 ATOMAC = Arizona-Texas-Oklahoma-Memphis-Arkansas), a pediatric trauma consortium 
of the American College of Surgeons  
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rupture risk. In addition, the number of CT scanners per million of the population in Japan is 

3–7 times that of the Organisation for Economic Co-operation and Development member 

countries [35]. Easy access to CT scanning at low cost for patients may be linked to excessive 

radiation exposure.  

AUS is also ideally suited for assessing vascular abnormalities in solid abdominal 

organs. However, there are some issues related to assessing PSA formation with AUS. For 

example, the accuracy of assessing PSA formation with AUS may vary across examiners (e.g. 

examiner dependent factors). In addition, AUS has the limited capacity to detect small-sized 

PSA [19]. A multi-institutional study of adult patients with blunt splenic injury from Japan 

reported that PSAs were 3.5-25mm in size [20]. PSA < 5mm in size can be missed by 

non-experienced operators and conventional ultrasound [19], and AUS alone would have 

difficulty to identify PSA in anatomically hindered regions. The daily conduct of AUS during 

hospitalization may place a burden on clinicians, and findings that are hard to interpret may 

prompt additional CT imaging. Therefore, we suggest that CT scan should play a greater role 

in confirming the diagnosis of PSA formation and determining the treatment strategy. Prior to 

this study, no report had identified the risk factors for PSA formation, which may have led to 

unnecessary repeat imaging in children. Some patients may have been hospitalized for the 

purpose of repeat imaging to screen for PSA, which could have partly prolonged the length of 

hospital stay. 

Our study is noteworthy for several reasons. First, the unique practice patterns in 
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Japan made it possible to describe the natural history of blunt splenic and/or hepatic injury. 

Second, the large cohort made it possible to statistically compare the incidence of PSA 

formation in the presence and absence of active CE on initial CT scan. Third, there were 

limited confounding factors to adjust for in the statistical analysis because most cases 

included single-system-injured children. We used two statistical methodologies to evaluate 

the robustness of our analytical methods, including AUC analysis. Consistent results obtained 

using both methods support the robustness of our findings. 

Conversely, several limitations of the present study warrant mention. First, there may 

be potential residual confounders due to unavailable information in the dataset used because 

of the nature of the retrospective study design. Second, the techniques used for contrast 

injection differed, and there was subjective reader variability in abdominal CT interpretation 

in the diagnosis of CE and PSA formation [13, 36]. Third, there were considerable 

technological advances in CT scanning, medical devices, the rate of delivery and composition 

of intravenous contrast media, timing of scans, and angiographic interventional techniques 

during a long study period. Therefore, we performed two sensitivity analyses by excluding 

older cases (those injured before 2000) and adding a covariate (the year of injury) to the 

regression model to adjust for the influence of technological advances on medical devices. 

These sensitivity analyses showed that the association was consistent across the study period. 

Fourth, many practice variations across institutions, overuse of CT scanning and unnecessary 

radiation exposure for children make it difficult to interpret this research. Finally, many 
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eligible pediatric patients were treated in adult trauma centers with no established pediatric 

trauma protocols. However, a national trauma data bank analysis showed that there was no 

variation in practice between adult trauma centers and pediatric trauma centers regarding liver 

operation or TAE incidence [37], suggesting that this fact may have had little effect on the 

study results. We hope that our study will stimulate future large multi-institutional 

prospective cohort studies to improve the evidence level of research. 

Our findings have several important clinical implications for both adult and pediatric 

trauma surgeons. Follow-up CT scans and angiographic intervention were frequently 

performed and the NOM failure rate was 0%, suggesting that screening and treatment for PSA 

can be effective treatment strategy in pediatric patients with blunt splenic and/or hepatic 

injury. Our results also revealed that active CE on initial CT scan was an independent 

predictor for PSA formation, while there was no association between the grade of injury and 

risk of PSA formation. On the basis of our study results, we recommend the selective use of 

follow-up CT imaging in pediatric patients who show CE on initial CT scan to facilitate early 

identification and angiographic treatment of PSA, regardless of injury grade. Furthermore, 

low-dose CT protocols are preferred, taking into account the radiation risk for children [27]. 

We do not recommend routine reimaging in all children with blunt liver and/or spleen injury 

unless there is a sudden increase in abdominal pain.  

 

4. Conclusions 
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In conclusion, active CE on initial CT scan was an independent predictor for PSA 

formation. Selective use of follow-up CT imaging as an adjunct to NOM in pediatric patients 

who showed CE on initial CT scan may allow early identification and angiographic treatment 

of PSA, regardless of injury grade but should not be routinely recommended in all pediatric 

patients to avoid excessive radiation exposure. 
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Figure legends 

Figure 1.  Selection process for the study population 
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Figure 2.  Practice variations and history of PSA in pediatric liver and/or spleen injury 

 

CE, contrast extravasation; CT, computed tomography; PSA, pseudoaneurysm; TAE, 

transcatheter arterial embolization 
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Figure 3. Estimated area under the receiver operating characteristic curve (AUC) for 

predicting traumatic pseudoaneurysm formation.   

 

CE, contrast extravasation; CT, computed tomography 

 

Supplementary file.  Estimated area under the receiver operating characteristic curve 

(AUC) for predicting traumatic pseudoaneurysm formation. 
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CE, contrast extravasation; CT, computed tomography 
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Table 1. Baseline demographics and clinical characteristics of the study population 

  Number (%) 
  (Total number = 236) 

Patient characteristics   

Age years (mean±SD) 9.3±4.5 
Gender Male 159 (67%) 

Situation of injury   

Fall  46 (19%) 
Sport  7 (3%) 

Bicycle  34 (14%) 
MVC  31 (13%) 

MV vs Ped  58 (25%) 
Other  60 (25%) 

   

Physiologic status on arrival   

SBP mmHg (mean ± SD) 109 ± 19 
HR beats/min (mean ± SD) 106 ± 25 

GCS score (total)  (mean ± SD) 14 ± 1.7 
   

Severity of injury (median [IQR])  

AIS Skin 0 [0–1] 
 Head and neck 0 [0–1] 
 Face 0 [0–1] 
 Chest 0 [0–3] 
 Abdomen 3 [2–3] 
 Extremity 0 [0–1] 
   

ISS (median [IQR]) 13 [9–19] 
Type of injury   

Liver injury only  150 (64%) 
Splenic injury only  90 (38%) 

Both liver and splenic injury  4 (2%) 
   

Grade of injury (AAST grade)   

Liver injury  I–II 67 (45%) 
 III 33 (22%) 
 IV–V 50 (33%) 
   

Splenic injury  I–II 18 (20%) 
 III 63 (70%) 
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 IV–V 9 (10%) 
   

Hemoperitoneum volume   

 Zero 60 (25%) 
 Small 61 (26%) 
 Moderate 52 (22%) 
 Large 63 (27%) 
   

CE on initial CT scan   

 Yes 21 (9%) 
 No or unknown 215 (91%) 

 

MVC, motor vehicle crash; MV vs Ped, motor vehicle versus pedestrian; SBP, systolic blood pressure; HR, heart rate; GCS, 

Glasgow coma scale; AIS, abbreviated injury scale; ISS, injury severity score; CT, computed tomography; CE, contrast 

extravasation; AAST, American Association for Surgery of Trauma; IQR, interquartile range. 

Values are presented as N (%), mean ±SD, or median [IQR, 25th and 75th percentile], as appropriate. 
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Table 2. Practice pattern, natural history of vascular injury, and outcomes  

  Number (%) 
  (Total number = 236) 

Follow-up (repeated) AUS Yes 192 (82%) 
 No 44 (19%) 
   

Follow-up (repeated) CT scan Yes 188 (80%) 
 No 48 (20%) 
   

Hospital day of second CT scan (median day [IQR]) 8 [5–10] 
   
   

Blood transfusion requirement Yes 14 (6%) 
 No 222 (94%) 
   

Main treatment   
 Conservative 196 (83%) 
 TAE/Angiography 33 (14%) 
 Other 7 (3%) 
   

PSA   

PSA formation Yes 16 (7%) 
 No or unknown 220 (94%) 
   

   Delayed rupture of PSA Yes 4 (2%) 
 No 232 (98%) 
   

Detection of PSA (median day [IQR]) 6 [1–8] 
   

In-hospital mortality  1 (0.4%) 
   

Length of hospital stay (median day [IQR]) 12 [7–16] 
 

AUS, abdominal ultrasound; CT, computed tomography, TAE, transcatheter arterial embolization; PSA, pseudoaneurysm; 

IQR, interquartile range. 

Values are presented as N (%), mean ±SD, or median [IQR, 25th and 75th percentile], as appropriate. 
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Table 3. Multivariate analysis of traumatic pseudoaneurysm formation in all patients 

 

Variable   Odds ratio 95% CI P 

     
Age  1.09 (0.95-1.24) 0.208 
     

Grade of injury (AAST grade)    
 I–II Reference   
 III 0.85 (0.10–7.10) 0.883 
 IV–V 1.65 (0.18–15.4) 0.658 
     

ISS 1.05 (1.00–1.10) 0.039 
     

Hemoperitoneum volume    
 Zero Reference   
 Small 3.66 (0.24–56.6) 0.353 
 Moderate 4.96 (0.28–88.5) 0.278 
 Large 3.12 (0.17–55.9) 0.440 
     

CE on initial CT scan 4.96 (1.37–18.0) 0.015 
       

 

CI, confidence interval; ISS, injury severity score; CT, computed tomography; CE, contrast extravasation; AAST, American 

Association for Surgery of Trauma 
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