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The spleen is among the most common solid abdominal 
organs injured in blunt abdominal trauma, accounting 

for approximately one-third of all abdominal organ inju-
ries (1,2). Identification and grading of splenic injuries in 
patients who are symptomatic and asymptomatic guides 
treatment (3). Splenic injury was described by 1st-century 
Roman encyclopedist, Aulus Cornelius Celsus in De Me-
dicina, and for centuries splenic trauma was managed non-
operatively. The first description of splenectomy for injury 

was in the 18th century (4). Undoubtedly, surgeon and No-
bel prize winner Dr Emil Kocher influenced the standard 
of care in the 19th century, stating “No evil effects follow 
its removal, while the danger of hemorrhage is effectually 
stopped.” So, for decades, the primary treatment for splenic 
trauma was splenectomy. Several decades later, a body of 
literature, including a manuscript by King and Shumacker 
at Indiana University, reported five cases of fulminant sepsis 
among 100 children after splenectomy (5). Trauma surgeons 
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Background: Treatment of blunt splenic trauma (BST) continues to evolve with improved imaging for detection of splenic vascular 
injuries.

Purpose: To report on treatments for BST from 11 trauma centers, the frequency and clinical impact of splenic vascular injuries, 
and factors influencing treatment.

Materials and Methods: Patients were retrospectively identified as having BST between January 2011 and December 2018, and clinical, 
imaging, and outcome data were recorded. Patient data were summarized descriptively, both overall and stratified by initial treatment 
received (nonoperative management [NOM], angiography, or surgery). Regression analyses were used to examine the primary outcomes 
of interest, which were initial treatment received and length of stay (LOS).

Results: This study evaluated 1373 patients (mean age, 42 years 6 18; 845 men). Initial treatments included NOM in 849 patients, 
interventional radiology (IR) in 240 patients, and surgery in 284 patients. Rates from CT reporting were 22% (304 of 1373) for 
active splenic hemorrhage (ASH) and 20% (276 of 1373) for contained vascular injury (CVI). IR management of high-grade 
injuries increased 15.6%, from 28.6% (eight of 28) to 44.2% (57 of 129) (2011–2012 vs 2017–2018). Patients who were treated 
invasively had a higher injury severity score (odds ratio [OR], 1.04; 95% CI: 1.02, 1.05; P , .001), lower temperature (OR, 0.97; 
95% CI: 0.97, 1.00; P = .03), and a lower hematocrit (OR, 0.96; 95% CI: 0.93, 0.99; P = .003) and were more likely to show ASH 
(OR, 8.05; 95% CI: 5.35, 12.26; P , .001) or CVI (OR, 2.70; 95% CI: 1.64, 4.44; P , .001) on CT images, have spleen-only 
injures (OR, 2.35; 95% CI: 1.45, 3.8; P , .001), and have been administered blood product for fewer than 24 hours (OR, 2.35; 
95% CI: 1.58, 3.51; P , .001) compared with those chosen for NOM, after adjusting for key demographic and clinical variables. 
After adjustment, factors associated with a shorter LOS were female sex (OR, 0.84; 95% CI: 0.73, 0.96; P = .009), spleen-only 
injury (OR, 0.72; 95% CI: 0.6, 0.86; P , .001), higher admission hematocrit (OR, 0.98; 95% CI: 0.6, 0.86; P , .001), and presence 
of ASH at CT (OR, 0.74; 95% CI: 0.62, 0.88; P , .001).

Conclusion: Contained vascular injury and active splenic hemorrhage (ASH) were frequently reported, and rates of interventional 
radiologic management increased during the study period. ASH was associated with a shorter length of stay, and patients with ASH 
had eight times the odds of undergoing invasive treatment compared with undergoing nonoperative management.
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stitution’s Research Electronic Data Capture (Vanderbilt 
University; Nashville, Tenn) system (21,22).

Patients
Adult patients age 18 years or older with BST and an admis-
sion CT study were eligible for inclusion. Each site was asked 
to contribute 200 patients or 7 years’ worth of data, whichever 
came first, to include patients from 2011 to 2018. Clinical (in-
cluding CT) data were recorded for each patient enrolled. Exclu-
sion criteria included penetrating trauma to the abdomen and/or 
pelvis, CT images obtained more than 12 hours before or after 
initial presentation, splenectomy prior to CT imaging, patients 
with insufficient follow-up or missing key data, CT examination 
performed on a scanner with fewer than 16 detector rows, and 
death before definitive treatment of splenic injury.

Data Collection
A potential 96 data fields were collected, including basic de-
mographic information, vital signs, laboratory values, use of 
blood products, time to imaging, and CT imaging reports. 
Primary outcome data were choice of initial treatment, LOS, 
and mortality.

Statistical Analysis
Patient demographics, clinical characteristics, and clinical out-
comes were summarized descriptively, both overall and stratified 
by type of initial treatment received (NOM, interventional ra-
diology [IR], or surgical treatment). Categorical variables were 
summarized with counts and percentages. Continuous variables 
were summarized with means and standard deviations or medi-
ans and first or third quartiles for those with strong departures 
from normality. The sample size did not allow for stratified anal-
yses by year or hospital location; therefore, exploratory graphic 
analyses were performed to examine the relationships of the year 
and location with the type of initial treatment received.

The primary outcome variables of interest are type of ini-
tial treatment received, LOS, and mortality. Separate multi-
variable regression models were used to examine the effects of 
the injury severity score, active splenic hemorrhage (ASH) at 
CT, contained vascular injury (CVI) at CT, and spleen-only 
versus synchronous major organ injury on the primary out-
comes of interest, including adjustment for 12 patient demo-
graphic and clinical characteristics. The 12 demographic and 
clinical variables included in each model are sex, age, systolic 
blood pressure, heart rate, respiratory rate, oxygen saturation, 
temperature, hematocrit, hemoglobin, platelets, international 
normalized ratio, and blood products received within the first 
24 hours. Because the sample size is sufficiently large, all ad-
justment variables, regardless of statistical significance, were 
retained in each regression model to ensure that all of the mod-
els adjusted for important patient characteristics and could be 
interpreted consistently.

Multinomial logistic regression was used to examine the ad-
justed associations between these predictors of interest and ini-
tial treatment, a three-level categorical variable (NOM vs IR vs 
surgical treatment), with NOM as the reference category. Sepa-
rate adjusted odds ratios (ORs) reflecting the relative odds of IR 

Abbreviations
ASH = active splenic hemorrhage, BST = blunt splenic trauma, CVI = 
contained vascular injury, IR = interventional radiology, LOS = length 
of stay, NOM = nonoperative management, OR = odds ratio

Summary
An increase in interventional radiologic (IR) management of blunt 
splenic trauma was observed during the study period. IR management of 
high-grade injuries increased from 29% to 44% during the 7-year study 
period. Vascular injuries were identified at CT (.20%) more than previ-
ously reported and were strongly associated with invasive treatment.

Key Results
 n Contained vascular splenic injuries were present on 20% of blunt-

trauma CT images, and active splenic hemorrhage (ASH) was pres-
ent on 22% of blunt-trauma CT images and was strongly associated 
with undergoing invasive treatment (odds ratios [ORs], 2.7 and 8.1, 
respectively).

 n Patients with ASH at CT typically had a shorter hospital stay (OR, 
0.74; P , .001), possibly because of the early definitive treatment of 
splenic injury.

then started to consider nonoperative management (NOM) as a 
treatment option once again (5). The increased accessibility and 
speed of CT aided in identifying intra-abdominal injuries, includ-
ing grading splenic injuries. This assisted in identifying patients in 
need of emergent surgery and those appropriate for NOM (6–8). 
In addition, endovascular procedures provided by intervention-
al radiologists offer an option beyond just surgical treatment or 
NOM (9,10).

Treatment of splenic injuries continues to evolve and in-
cludes observation, splenic artery embolization, splenorrhaphy, 
and splenectomy (3,9,11–14). More recently, improved imaging 
protocols, specifically the addition of arterial phase imaging, al-
low for the accurate detection of active bleeding or nonbleeding 
splenic vascular injuries, which also influences treatment path-
ways for these patients (15–20). The aims of our study are to 
report trends for treating blunt splenic trauma (BST) from 11 
U.S. level 1 trauma centers, evaluate the frequency of report-
ing of splenic vascular injuries and the impact on treatment and 
length of stay (LOS), and describe factors influencing the deci-
sion to invasively treat.

Materials and Methods

Multi-Institutional Consortium
Financial support from the American Society of Emer-
gency Radiology was provided for direct costs of this study. 
Data were controlled by the authors. Active members of 
the American Society of Emergency Radiology voluntarily 
participated as part of the societal biennial research grant 
award. Eleven level 1 trauma centers in the United States 
contributed retrospectively and collected clinical and imag-
ing data. Each institution independently obtained approval 
from their local institutional review board, with informed 
consent waived. Data-use agreements were executed be-
tween each institution and the host institution (University 
of Kentucky; Lexington, Ky) before data sharing. Deidenti-
fied standardized clinical data were shared by the host in-
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criteria (age , 18 years [n = 1], penetrating 
trauma [n = 21], CT performed 12 hours 
before or after presentation or admission 
to a study-participating hospital [n = 97], 
splenectomy prior to undergoing CT [n = 
71], CT performed with scanner with ,16 
detector rows [n = 4], death prior to defini-
tive treatment of splenic injury [n = 21], no 
CT scan obtained (n = 25), dates outside 
of study dates [n = 11], and patients who 
left against medical advice [n = 5]) and re-
moving patients with incomplete data (sex 
[n = 1] and initial treatment [n = 3]), 1373 
patients (mean age, 42 years 6 18 [stan-
dard deviation]; 845 men) were evaluated 
(Fig 1). Of those, 849 patients were treated 
nonoperatively, 240 underwent IR, and 284 
underwent a surgical procedure. Patient 
characteristics, clinical characteristics, and 

clinical outcomes are summarized overall and stratified by ini-
tial treatment (NOM, IR, or surgical treatment) in Table 1.  
Without covariate adjustment, on average, patients treated 
with NOM had a shorter LOS than those who underwent 
intervention. Regarding original CT reports, the American 
Association for the Surgery of Trauma grade was reported 
for 80% (1110 of 1373), ASH was reported in 22% (304 of 
1373), and CVI was reported in 20% (276 of 1373) of the 
patients (Table 1). The average age of patients was not sig-
nificantly different among those receiving NOM versus those 
receiving invasive treatment (mean age: NOM, 41 years 6 
19; invasive treatment, 43 years 6 18; P = .39).

Management of BST over Years
Figure 2 displays management by year, subdividing injuries 
by American Association for the Surgery of Trauma grade 
into low-grade (grades 1–3) and high-grade injuries (grades 
4–5). Treatment of patients with low-grade injuries (grades 
1–3) changed little during the study period (2011–2012: 
NOM, 76% [48 of 63]; IR, 8% [five of 63]; surgical treat-
ment, 16% [10 of 63]; 2017–2018: NOM, 73.3% [311 of 
424]; IR, 15.6% [66 of 424]; surgical treatment, 11.1% 
[47 of 424]). However, in patients with high-grade injuries 
(grades 4–5), treatment with IR appeared to increase over 
time (2011–2012: NOM, 18% [five of 28]; IR, 29% [eight 
of 28]; surgical treatment, 54% [15 of 28]; 2017–2018: 
NOM, 17.1% [22 of 129]; IR, 44.2% [57 of 129]; surgical 
treatment, 38.8% [50 of 129]).

Management Preference by Institution
Across all institutions, 61.8% (849 of 1373) of patients 
were provided NOM, 17.5% (240 of 1373) of patients un-
derwent IR, and 20.7% (284 of 1373) of patients were pro-
vided surgical treatment. There was some heterogeneity in 
management preference by institution. Figure 3 shows the 
distribution of management types by institution for institu-
tions that contributed more than 95 patients. Among these 
eight institutions, within-institution rates of IR manage-

versus NOM as well as surgical management versus NOM for 
each predictor are reported.

Because of a strong positive skew, LOS was transformed by 
using the natural logarithm before modeling. Linear regression 
models were used to model the log-transformed LOS values 
against injury severity score, ASH at CT, CVI at CT, spleen-only 
injury, and the 12 patient demographic and clinical variables. 
Estimated model coefficients were exponentiated so that inter-
pretations could be made on the original LOS scale (days). In the 
case of log-transformed outcomes, the exponentiated coefficient 
estimates from linear regression models can be interpreted as 
multiplicative changes in the (geometric mean of the) outcome. 
For example, an exponentiated coefficient estimate for a contin-
uous predictor variable of 1.35 can be interpreted in the follow-
ing way: a 1-unit increase in the predictor variable is associated 
with a 35% increase in the geometric mean of the outcome, on 
average, while controlling for all other variables in the model.

Logistic regression was attempted to examine the associations 
between each of these predictors and mortality. However, the 
number of deaths observed in our sample was not large enough 
to fit this multivariable model, and inferential results for the 
mortality outcome are thus not reported.

The sensitivity and specificity analyses of CT findings of ASH 
and CVI were performed by using angiographic reports as the 
diagnostic standard.

All hypothesis tests were performed by using a two-sided sig-
nificance level of .05. Missing observations were reported and 
were excluded by available case analysis. All analyses were per-
formed in R statistical software (version 3.6.1; R Foundation for 
Statistical Computing). Multinomial regression models were fit-
ted by using the multinom function from the nnet R package, 
version 7.3-12 (Venables et al).

Results

Patient Characteristics
Data from 1633 patients were entered into the Research 
Electronic Data Capture database. After applying exclusion 

Figure 1: Flowchart of the number of patients eligible for analysis.
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Table 1: Patient Characteristics Overall and Stratified by Initial Treatment

Parameter Total

Initial Treatment

NOM IR Treatment Surgical Treatment
Patients 1373 849 (61.8) 240 (17.5) 284 (20.7)
Mean age (y) 42 6 18 41 6 19 44 6 17 43 6 18
Female sex 528 (38.5) 340 (40.0) 90 (37.5) 98 (34.5)
Transferred patients 434 (31.6) 264 (31.1) 76 (31.7) 94 (33.1)
Injury severity score* 21.0 (13.0, 33.0) 17.0 (12.0, 27.0) 24.5 (15.5, 34.0) 33.0 (19.0, 41.0)
AIS score, spleen
 2 386 (28.1) 329 (38.8) 26 (10.8) 31 (10.9)
 3 236 (17.2) 130 (15.3) 74 (30.8) 32 (11.3)
 4 395 (28.8) 182 (21.4) 93 (38.8) 120 (42.3)
 5 60 (4.4) 6 (0.7) 11 (4.6) 43 (15.1)
 Missing variable or data 180 (13.1) 96 (11.3) 32 (13.3) 52 (18.3)
AIS score, head or neck
 0 568 (41.4) 349 (41.1) 100 (41.7) 119 (41.9)
 1 58 (4.2) 44 (5.2) 4 (1.7) 10 (3.5)
 2 169 (12.3) 111 (13.1) 29 (12.1) 29 (10.2)
 3 121 (8.8) 70 (8.2) 21 (8.8) 30 (10.6)
 4 61 (4.4) 30 (3.5) 10 (4.2) 21 (7.4)
 5 68 (5.0) 40 (4.7) 9 (3.8) 19 (6.7)
 Missing variable or data 328 (23.9) 205 (24.1) 67 (27.9) 56 (19.7)
Synchronous abdominal organ injury 1111 (80.9) 692 (81.5) 187 (77.9) 232 (81.7)
 Missing variable or data 3 (0.2) 2 (0.2) 1 (0.4) 0 (0.0)
LOS (d)* 5.9 (3.0, 12.4) 4.8 (2.6, 10.9) 5.7 (3.3, 12.1) 8.9 (4.6, 18.9)
 Missing variable or data 145 (10.6) 98 (11.5) 22 (9.2) 25 (8.8)
Death 78 (5.7) 39 (4.6) 13 (5.4) 26 (9.2)
Mechanism of injury
 Motor vehicle collision 754 (54.9) 485 (57.1) 122 (50.8) 147 (51.8)
 Motorcycle 127 (9.2) 78 (9.2) 21 (8.8) 28 (9.9)
 Fall 239 (17.4) 136 (16.0) 52 (21.7) 51 (18.0)
 Crush 2 (0.1) 1 (0.1) 0 (0.0) 1 (0.4)
 Pedestrian struck 110 (8.0) 73 (8.6) 14 (5.8) 23 (8.1)
Other 141 (10.3) 76 (9.0) 31 (12.9) 34 (12.0)
CT reporting
 AAST grade, original report
  1 217 (15.8) 192 (22.6) 9 (3.8) 16 (5.6)
  2 312 (22.7) 269 (31.7) 19 (7.9) 24 (8.5)
  3 326 (23.7) 183 (21.6) 86 (35.8) 57 (20.1)
  4 181 (13.2) 46 (5.4) 76 (31.7) 59 (20.8)
  5 64 (4.7) 0 (0.0) 15 (6.3) 49 (17.3)
  No AAST assigned 273 (19.9) 159 (18.7) 35 (14.6) 79 (27.8)
 Presence of ASH at CT 304 (22.1) 62 (7.3) 114 (47.5) 128 (45.1)
 Presence of CVI at CT 276 (20.1) 84 (9.9) 99 (41.2) 93 (32.7)

Note.—Data in parentheses are percentages unless otherwise indicates; mean data are 6 standard deviation. AAST = American Associa-
tion for the Surgery of Trauma, AIS = Abbreviated Injury Scale, ASH = active splenic hemorrhage, CVI = contained vascular injury, IR = 
interventional radiologic, LOS =length of stay, NOM = nonoperative management.
*Data are median; data in parentheses are data in parentheses are 1st and 3rd quartiles.

ment ranged from 5.1% (10 of 198) to 33% (32 of 98). A 
few institutions favored IR (institutions A and B) or surgical 
treatment (institutions D and E; Fig 3). Others showed a 
more balanced approach (institutions C, F, H, and G; Fig 
3). However, among those with a balanced approach, two 
had lower rates of noninvasive management (institutions C 
and F; Fig 3).

Angiographic Findings
Four hundred twenty-four patients underwent angiographic 
evaluation, with 46% (193 of 424) of those reporting a vascu-
lar injury at the time of the procedure. By using angiographic 
reports as the standard for assessing CVI and ASH, CT was 
better in predicting CVI, with a sensitivity of 60% (81 of 136; 
95% CI: 51, 68) and a specificity of 79% (57 of 72; 95% CI: 
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higher odds of undergoing surgical treatment compared with 
receiving NOM for splenic injury (Table 3). Some patient de-
mographic and clinical characteristics also showed associations 
with the type of initial treatment received (Table 3). Adminis-
tration of blood products within the first 24 hours of admis-
sion was associated with increased odds of undergoing surgical 

68, 88), than for predict-
ing ASH, with a sensitiv-
ity of 52% (71 of 136; 
95% CI: 43, 61) and a 
specificity of 65% (47 of 
72; 95% CI: 53, 76).

NOM versus IR versus 
Surgical Treatment
Complete data were ob-
served in 919 patients. 
Undergoing invasive 
treatment (either IR or 
surgical treatment) ver-
sus NOM was associated 
with a higher injury se-
verity score (OR, 1.04; 
95% CI: 1.02, 1.05; P 
, .001), presence of 
ASH at CT (OR, 8.05; 
95% CI: 5.35, 12.26; 
P , .001), presence of 
CVI at CT (OR, 2.70; 
95% CI: 1.64, 4.44; P 
, .001), injury to only 
the spleen (OR, 2.35; 
95% CI: 1.45, 3.8; P 
, .001), and rate of re-
ceiving blood product 
for fewer than 24 hours 
(OR, 2.35; 95% CI: 
1.58, 3.51; P , .001), 
after adjustment for key 
demographic and clini-
cal variables (Table 2).

Adjusting for all other 
variables in the model, a 
higher injury severity 
score (OR, 1.03; 95% 
CI: 1.01, 1.05; P = .06), 
presence of ASH at CT 
(OR, 9.6; 95% CI: 6.0, 
15.36; P , .001), pres-
ence of CVI at CT (OR, 
3.1; 95% CI: 1.72, 5.51; 
P , .001), and injury 
to only the spleen (OR, 
2.7; 95% CI: 1.54, 
4.64; P , .001) were 
each associated with 
higher odds of undergo-
ing treatment with IR compared with undergoing NOM for 
splenic injury (Table 3). After adjusting for the other covari-
ates, having a higher injury severity score (OR, 1.04; 95% CI: 
1.02, 1.06; P , .001), presence of ASH at CT (OR, 6.7; 95% 
CI: 4.05, 11.06; P , .001), and presence of CVI at CT (OR, 
2.4; 95% CI: 1.28, 4.51; P = .006) were each associated with 

Figure 2: Temporal trends in management of low-grade (grades 1–3) and high-grade (grades 4–5) splenic injuries. Top graph 
shows treatment of patients with low-grade injuries changed minimally during the study period (2011–2012 vs 2017–2018, respec-
tively: nonoperative management [NOM], 76% [48 of 63] vs 73.3% (311 of 424); interventional radiology [IR], 8% [five of 63] vs 
15.6% [66 of 424]; and surgical treatment, 16% [10 of 63] vs 11.1% [47 of 424]). Bottom graph shows that in patients with high-
grade injuries IR appears to increase over time (2011–2012 vs 2017–2018, respectively: NOM, 18% [five of 28] vs 17.1% [22 of 
129]; IR management, 29% [eight of 28] vs 44.2% [57 of 129]; surgical treatment, 54% [15 of 28] vs 38.8% [50 of 129]).

Figure 3: Institutional practice patterns based on those institutions submitting greater than 95 patients. A–H, Individual blinded 
institutions are shown. IR = interventional radiologic, NOM = nonoperative management.
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Table 2: Invasive Treatment versus NOM Binary Logistic Regression

Variable Odds Ratio P Value
Injury severity score 1.04 (1.02, 1.05) ,.001
Presence of ASH at CT 8.05 (5.35, 12.26) ,.001
Presence of CVI at CT 2.70 (1.64, 4.44) ,.001
Spleen-only injury 2.35 (1.45, 3.81) ,.001
Female sex 0.80 (0.56, 1.15) .23
Age 1.01 (0.99, 1.02) .38
Systolic blood pressure 0.99 (0.99, 1.00) .09
Heart rate 1.00 (0.99, 1.01) .85
Respiratory rate 1.01 (0.98, 1.04) .53
Oxygen saturation 1.02 (0.98, 1.06) .47
Temperature 0.97 (0.94, 1.00) .03
Hematocrit 0.96 (0.93, 0.99) .003
Hemoglobin 0.97 (0.92, 1.02) .32
Platelets 1.00 (1.00, 1.00) .99
International normalized ratio 1.00 (0.98, 1.02) .79
Blood products administered within 24 h 2.35 (1.58, 3.51) ,.001

Note.—Data in parentheses are 95% CIs. All clinical and laboratory values 
were obtained at admission. For continuous predictor variables, odds ratios 
represent the expected multiplicative increase in the odds of receiving invasive 
treatment (vs NOM) for a 1-unit increase in the continuous predictor variable, 
after adjusting for all other listed covariates. The 95% CI for international nor-
malized ratio was calculated by using Wald estimation. There were 919 patients 
included in the analysis. The model also includes adjustment for presence of CVI 
at CT being recorded as "not described" versus "no." ASH = active splenic hem-
orrhage, CVI = contained vascular injury, NOM = nonoperative management.

management than of undergoing NOM (OR, 4.6; 
95% CI: 2.80, 7.39; P , .001), after adjusting for 
all other variables in the model (Table 3).

The injury severity score, presence of ASH at 
CT, presence of CVI at CT, and spleen-only inju-
ries were associated with higher adjusted odds of 
invasive procedures overall. The presence of ASH at 
CT was associated with higher odds of undergoing 
IR (relative to NOM; OR, 9.6) compared with the 
odds of undergoing surgical management (relative 
to NOM; OR, 6.7). Not surprisingly, administra-
tion of blood products within the first 24 hours of 
admission was associated with higher adjusted odds 
of surgical management (relative to NOM) com-
pared with IR management (relative to NOM).

Associations with LOS
Table 4 shows the associations between the same 
predictor variables on LOS. Higher injury sever-
ity score (OR, 1.02; 95% CI: 1.02, 1.03; P , 
.001), age (OR, 1.01; 95% CI: 0.62, 0.88; P , 
.001), heart rate (OR, 1.01; 95% CI: 1.01, 1.01; 
P , .001), respiratory rate (OR, 1.01; 95% CI: 1, 
1.02; P = .048), and administration of blood prod-
ucts within the first 24 hours (OR, 1.26; 95% CI: 
1.07, 1.48; P = .006), after adjusting for the other 
variables, were associated with a longer expected 

hospital stay. Factors as-
sociated with a shorter 
LOS after adjustment 
were female sex (OR, 
1.01; 95% CI: 0.73, 
0.96; P = .009), spleen-
only injury (OR, 0.72; 
95% CI: 0.60, 0.86; P , 
.001), higher admission 
hematocrit (OR, 0.98; 
95% CI: 0.97, 0.99; P , 
.001), and active hemor-
rhage on admission CT 
scan (OR, 0.74; 95% CI: 
0.62, 0.88; P , .001).

Discussion
Our study engaged mem-
bers from the American 
Society of Emergency 
Radiology to conduct a 
multi-institutional retro-
spective study to evaluate 
factors influencing treat-
ment of patients who 
sustained blunt splenic 
trauma (BST) and un-
derwent CT imaging be-
fore definitive treatment. 
Many complex factors 

Table 3: Multinomial Logistic Regression for Initial Treatment

Variable

IR vs NOM Surgical Treatment vs NOM

Odds Ratio P Value Odds Ratio P Value
Injury severity score 1.03 (1.01, 1.05) .006 1.04 (1.02, 1.06) ,.001
Presence of ASH at CT 9.6 (6.00, 15.36) ,.001 6.7 (4.05, 11.06) ,.001
Presence of CVI at CT 3.1 (1.72, 5.51) ,.001 2.4 (1.28, 4.51) .006
Spleen-only injury 2.7 (1.54, 4.64) ,.001 1.86 (0.97, 3.58) .06
Female sex 0.91 (0.60, 1.40) .67 0.71 (0.45, 1.12) .15
Age 1.01 (1.00, 1.02) .13 1.00 (0.99, 1.01) .90
Systolic blood pressure 0.99 (0.98, 1.00) .04 1.00 (0.99, 1.01) .48
Heart rate 1.00 (0.99, 1.01) .48 1.00 (0.99, 1.01) .43
Respiratory rate 1.00 (0.97, 1.04) .91 1.01 (0.98, 1.05) .35
Oxygen saturation 1.07 (1.04, 1.10) ,.001 0.99 (0.97, 1.01) .46
Temperature 0.98 (0.95, 1.01) .15 0.97 (0.94,1.00) .03
Hematocrit 0.95 (0.92, 0.99) .004 0.99 (0.94, 1.05) .79
Hemoglobin 1.00 (0.95, 1.05) .91 0.84 (0.71, 0.99) .03
Platelets 1.00 (1.00, 1.00) .71 1.00 (1.00, 1.00) .47
International normalized ratio 1.00 (0.98, 1.02) .84 0.70 (0.49, 1.02) .06
Blood products administered within 24 h 1.17 (0.71, 1.91) .55 4.6 (2.80, 7.39) ,.001

Note.—Data in parentheses are 95% CIs. All clinical and laboratory values were obtained at admission. 
For continuous predictor variables, odds ratios represent the expected multiplicative increase in the odds of 
receiving IR or surgical management (vs NOM) for a 1-unit increase in the continuous predictor variable, 
after adjusting for all other listed covariates. There were 919 patients included in the analysis. The model 
also includes adjustment for presence of CVI at CT being recorded as "not described" versus "no." ASH 
= active splenic hemorrhage, CVI = contained vascular injury, IR = interventional radiologic, NOM = 
nonoperative management.
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compared with NOM when ASH was reported at CT (OR, 
8.05; 95% CI: 5.35, 12.26; P , .001) after adjustment for rel-
evant clinical and demographic characteristics. In addition, the 
presence of ASH at CT had a stronger association with IR treat-
ment (adjusted OR, 9.6; 95% CI: 6.0, 15.36; P , .001) than 
with surgical treatment (adjusted OR, 6.7; 95% CI: 4.05, 11.06; 
P , .001). If standard advanced-trauma life-support protocols 
were followed, then we hypothesize that this was a result of selec-
tion bias because all of these patients would have been hemody-
namically stable enough to undergo CT and stable enough to 
await IR treatment. Interestingly, although ASH at CT is gener-
ally thought to represent a higher-grade injury (18,30,31), its 
presence was associated with a shorter LOS in our study (OR, 
0.74; 95% CI: 0.62, 0.88; P , .001), after adjustment for  
relevant clinical and demographic characteristics. This may cor-
respond to immediate definitive treatment of injuries, often re-
ducing the length of observation. Additionally, patients with iso-
lated spleen injuries underwent IR treatment of the BST more 
often (OR, 2.76; 95% CI: 1.54, 4.64; P , .001) than they un-
derwent NOM or surgical treatment. Not surprisingly, patients 
who were administered blood products within the first 24 hours 
were at higher risk to undergo surgical treatment for BST (ad-
justed OR, 4.6; 95% CI: 2.80, 7.39; P , .001).

Our study showed high rates of reported CVI and ASH: 20% 
(276 of 1373) and 22% (304 of 1373), respectively. A study 
that included arterial phase imaging showed a lower rate near 
15% (24). Among our patients, 424 underwent angiography 
and compared with CT findings of ASH and CVI, the predic-
tive ability of CT was poor for ASH (sensitivity, 52%; specific-
ity, 65%) and fair for CVI (sensitivity, 60%; specificity, 79%). 
The poor correlation between CT ASH findings and bleeding 

are associated with the 
treatment of patients with 
BST. Our study aimed 
to report on practice pat-
terns regarding BST from 
11 trauma centers in the 
United States during the 
study period and the fre-
quency and clinical im-
pact of CT identification 
of splenic vascular injuries, 
among other factors influ-
encing treatment. Two 
important broad observa-
tions were noted. First, a 
15.6% increase in treat-
ment with interventional 
radiology (IR) occurred 
over the study period, pri-
marily at the expense of 
surgical treatment (which 
decreased by 14.8%), for 
higher-grade injuries. Sec-
ond, a preference in insti-
tutional management of 
BST was noted (IR man-
agement ranged from 5.1% [10 of 198] to 33% [32 of 98] across 
institutions). Few institutions had higher relative rates of surgical 
treatment than with IR, whereas others had higher relative rates 
of IR treatment than surgical. In addition, some institutions had 
lower rates of patients who were administered only nonoperative 
management (NOM). CT findings of active splenic hemorrhage 
(ASH) (adjusted odds ratio [OR], 8.05; 95% CI: 5.35, 12.26; P 
, .001) and contained vascular injury (adjusted OR, 2.70; 95% 
CI: 1.64, 4.44; P , .001) were also associated with undergoing 
invasive treatment (either IR or surgical treatment) versus NOM 
(Fig 4). CT findings of ASH were also associated with a shorter 
length of stay in our study (adjusted OR, 0.74; 95% CI: 0.62, 
0.88; P , .001).

Increasing rates of IR treatment may have been because 
of many institutions placing more emphasis on identifying 
CVI and ASH at CT, resulting in changes in institutional 
CT protocols, which specifically include arterial phase im-
aging through the abdomen. Changes in the protocol may 
have led to a higher rate of detection of splenic vascular in-
juries (23–25). Another contributing factor may be institu-
tional protocol to send all hemodynamically stable patients 
with high-grade splenic injuries to undergo diagnostic angi-
ography to reduce the rate of failure of NOM; however, a 
consensus among institutions is difficult to achieve (26–28). 
Institutional availability of IR, management algorithms, and 
surgeon preference all likely contribute to this observed differ-
ence. In addition, a general shift toward NOM in the trauma 
surgery community likely affected the observed changes (29).

Reported CT findings of ASH and CVI were also associated 
with the treatment of patients with BST. Patients had approxi-
mately eight times the odds of undergoing invasive treatment 

Table 4: Multivariable Linear Regression for Length of Stay

Variable Exponentiated Coefficient P Value
Injury severity score 1.02 (1.02, 1.03) ,.001
Presence of ASH at CT 0.74 (0.62, 0.88) ,.001
Presence of CVI at CT 1.20 (0.99, 1.45) .06
Spleen-only injury 0.72 (0.60, 0.86) ,.001
Female sex 0.84 (0.73, 0.96) .009
Age 1.01 (1.01, 1.01) ,.001
Systolic blood pressure 1.00 (0.99, 1.00) .05
Heart rate 1.01 (1.01, 1.01) ,.001
Respiratory rate 1.01 (1, 1.021) .048
Oxygen saturation 1.01 (0.99, 1.02) .44
Temperature 0.99 (0.99, 1.00) .14
Hematocrit 0.98 (0.97, 1.00) ,.001
Hemoglobin 1.00 (0.99, 1.01) .80
Platelets 1.00 (1.00, 1.00) .08
International normalized ratio 1.00 (1.00, 1.00) .90
Blood products administered within 24 h 1.26 (1.07, 1.48) .006

Note.—All clinical and laboratory values were obtained at admission. For continuous predictor variables, 
exponentiated coefficients represent the expected multiplicative increase in length of stay (in days) for a 
1-unit increase in the continuous predictor variable, after adjusting for all other listed covariates. There were 
797 patients included in the analysis. The model also includes adjustment for presence of CVI at CT being 
recorded as "not described" versus "no." ASH = active splenic hemorrhage, CVI = contained vascular injury.
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similar centers and should not be generalized to all splenic 
injuries. Additionally, there was an unequal temporal and 
absolute contribution of patients from each institution, 
which may have introduced bias secondary to individual 
institutional temporal protocol changes and availability of 
resources. Not all clinical data were successfully retrieved, 
such as physical examination findings. Of the patients, 
67% (919 of 1373) were included in multivariable analy-
sis, which may have introduced selection bias. CT imaging 
protocols also varied across the entire cohort, which may 
have impacted the depiction of splenic vascular injury (24). 

at angiography were likely because of many factors, but we hy-
pothesize that bleeding stopped or slowed by the time of angiog-
raphy. Also, patients with clinically important ASH at the time 
of admission CT who continue to show clinical signs of ongoing 
bleeding and need for resuscitation are often surgically treated. 
The higher specificity for CVI at CT suggests that these injuries 
may persist longer after the injury than does ASH.

Limitations of our study included selection bias because 
all participating centers are American College of Surgeons– 
verified level 1 trauma facilities, with transferred patients 
included. As such, findings likely reflect patients seen at 

Figure 4: Contrast-enhanced CT images show examples of contained vascular injuries (CVIs) and active splenic hemorrhage (ASH). Axial 
contrast-enhanced CT scans in the (a) portal venous phase and (b) delayed phase in a 56-year-old man after a motor vehicle collision show a CVI 
in the portal venous phase (arrow), which does not persist on more delayed imaging. Axial contrast-enhanced CT in the (c) arterial phase and (d) 
portal venous phase in a 51-year-old female pedestrian struck by a car showing a CVI (arrow). (e) Axial contrast-enhanced CT in the portal venous 
phase 12 hours later shows interval delayed splenic rupture with an intraparenchymal hematoma (*) and surrounding hemoperitoneum (arrowhead). 
Axial contrast-enhanced CT scans in the (f) arterial phase and (g) portal venous phase in a 26-year-old man after a motor vehicle collision show 
a large area of ASH (arrow) medial to the spleen (S). Axial contrast-enhanced CT scans in the (h) arterial phase and (i) portal venous phase in a 
43-year-old man after motor vehicle collision show multifocal regions of ASH (arrows) on the lateral aspect of the spleen.
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Furthermore, reports were used, rather than blinded rein-
terpretation. There were not enough deaths to fit a mul-
tivariable model, and inferential results for the mortality 
outcome were therefore not reported.

In conclusion, our multi-institutional study demonstrated 
an increasing use of interventional radiologic treatment of 
blunt splenic trauma, most notably reducing surgical treat-
ment during the study period. Preferences in surgical treat-
ment exist between institutions, and these preferences are likely 
multifactorial and not completely elucidated by our study. 
Identification of contained vascular injury and active splenic 
hemorrhage (ASH) at CT was higher than previously reported 
and was strongly associated with receiving invasive treatment. 
Patients with ASH at CT typically had a shorter hospital stay, 
possibly because of early definitive treatment of splenic injury.
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