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ABSTRACT

Background Splenic angioembolization (SAE) has
increased in utilization for blunt splenic injuries. We
hypothesized lower SAE usage would not correlate with
higher rates of additional intervention or mortality when
choosing initial non-operative management (NOM) or
surgery.

Study design Trauma registries from two level |
trauma centers from 2010 to 2020 were used to identify
patients aged >18 years with grade IlI-V blunt splenic
injuries. Results were compared with the National
Trauma Data Bank (NTDB) for 2018 for level | and II
centers. Additional intervention or failure was defined as
any subsequent SAE or surgery. Mortality was defined as
death during admission.

Results There were 266 vs 5943 patients who met
inclusion/exclusion criteria at Stanford/Santa Clara
Valley Medical Center (SCVMC) versus the NTDB. Initial
intervention differed significantly between cohorts with
the use of SAE (6% vs 17%, p=0.000). Failure differed
significantly between cohorts (1.5% vs 6.5%, p=0.005).
On multivariate analysis, failure in NOM was significantly
associated with NTDB cohort status, age 65+ years,
more than one comorbidity, mechanism of injury, grade
V spleen injury, and Injury Severity Score (ISS) 25+. On
multivariate analysis, failure in SAE was significantly
associated with Shock Index >0.9 and 10+ units blood
in 24 hours. On multivariate analysis, a higher risk of
mortality was significantly associated with NTDB cohort
status, age 65+ years, no private insurance, more than
one comorbidity, mechanism of injury, ISS 25+, 10+
units blood in 24 hours, NOM, more than one hospital
complications, anticoagulant use, other Abbreviated
Injury Scale =3 abdominal injuries.

Conclusions Compared with national data, our cohort
had less SAE, lower rates of additional intervention,

and had lower risk-adjusted mortality. Shock Index
>0.9, grade V splenic injuries, and increased transfusion
requirements in the first 24 hours may signal a need for
surgical intervention rather than SAE or NOM and may
reduce mortality in appropriately selected patients.
Level of evidence Level Il/Ill.

INTRODUCTION

Every year in the USA, >40000 patients present
to the hospital with splenic trauma, with approxi-
mately 5000 presenting with anisolated injury.!2 Of
patients presenting with any splenic injury, approx-
imately 30% are managed with emergency sple-
nectomy.!?® Initial management strategies are often

.2 Lakshika Tennakoon, Tiffany Erin Chao,"?

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Splenic angioembolization (SAE) is a useful
clinical treatment in appropriately selected
patients with blunt splenic trauma; however,
the overuse of SAE has been associated with
treatment-related complications, increased
resource utilization, and failure of initial
treatment modality when compared with
surgical intervention.

WHAT THIS STUDY ADDS

= This study found that a lower rate of SAE and
a higher rate of non-operative management
(NOM) does not increase the failure rate of
initial treatment modality or risk-adjusted
mortality.

= In addition, the failure of initial treatment and
mortality were associated with clinical variables
including spleen injury grade V, Shock Index
>0.9, and 10+ units of blood in 24 hours.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= This study suggests that lower rates of SAE,
higher rates of NOM, and early surgical
intervention in appropriately selected patients
may decrease the rate of initial treatment
failure and mortality.

= Clinical variables for early risk stratification
into surgical treatment should be externally
validated and used.

determined by hemodynamic stability and the
presence of active bleeding.’ * Hemodynamically
unstable patients may be managed with surgery
or splenic angioembolization (SAE), however,
patients not undergoing emergency splenectomy
may be considered for non-operative management
(NOM) or SAE.35 Surgical management of spleen
injury may include splenectomy, splenorrhaphy,
or splenic auto transplant, although the latter
two techniques have seen significant reductions
in practice patterns over the last 40 years.® The
use of selective SAE for stable grade III or higher
injuries has become more common practice. Since
its introduction in the 1980s, SAE has grown to
be used in over 10%-30% of stable blunt splenic
injury (BSI). Recently, the World Society on Emer-
gency Surgery (WSES) has recommended SAE for
the following definitions: (1) WSES II-III and
American Association for the Surgery of Trauma

BM)
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(AAST) =III with any contrast extravasation or vascular inju-
ries and (2) WSES III and AAST IV-V regardless of contrast
extravasation.” In 2018, AAST guidelines for grading splenic
injuries were changed to include imaging criteria to include
any injury in the presence of splenic vascular injury or active
bleeding confined within the splenic capsule, which effectively
makes AAST vascular injuries that were not bleeding previ-
ously as grade III into a grade IV.® There is some controversy
as to whether SAE is underused versus overused, in particular
in stable high-grade injuries with some centers advocating for
prophylactic use.’

Systematic reviews have found that the ‘failure’ of NOM,
defined as needing a procedure after an initial management
strategy, ranges from 8% to 18%. Regarding the use of SAE, a
meta-analysis found no significant difference in the failure rate
when comparing SAE with NOM, although individual studies
have found benefits to SAE.? '*-'7 Other studies have suggested
that SAE may be cost-effective when compared with patients
requiring additional intervention after NOM and proceeding to
splenectomy.'®2° Previously, groups have examined the causes of
failure of NOM or SAE, thromboelastography (TEG)-directed
resuscitation to improve outcomes, and prospective and retro-
spective evaluation of SAE and the need for additional inter-
vention.?!'=*® However, the prediction of failure of SAE patients
remains a challenge.

At our training program, we use NOM without SAE and
do not seem to experience the need for reintervention when
compared with published rates. We hypothesized our practice
pattern of patient selection, management, and low rates of SAE
utilization would not result in significant increases in additional
intervention or mortality. To answer this question, we compared
our local experience with data from the National Trauma Data
Bank (NTDB).

METHODS

Study design and patient population

A comparison cohort was generated using the NTDB from
2018, as this was the most recent audited data available. For
both cohorts, we included all patients with a diagnosis of BSI
by International Classification of Diseases (ICD) Clinical Modi-
fication (CM) code V.9 (2010-20135) or V.10 (2016-2020) and
Abbreviated Injury Scale (AIS) code (online supplemental file
1). Exclusion criteria included patients <18 years or >89 years,
spleen injury grade <III, patients who died in the emergency
department, pregnant patients, prisoners, patients with pene-
trating injuries, and patients not treated at level I or II trauma
centers. Patients with missing data related to interventions or
exclusion criteria were also excluded.

Variables analyzed included gender, age, race, ethnicity, insur-
ance, comorbidities, mechanism of injury, severity of splenic
injury, complications, Injury Severity Score (ISS), other abdom-
inal injuries with severity =3, systolic blood pressure (SBP) and
heart rate (HR) on admission, length of stay (LOS), and blood
products used in the first 24 hours. Shock Index was calculated
as HR divided by SBP. Blood products were converted to binary
variables for logistic regression with a cut-off of 10 units of blood
for the highest category (equal to the definition of massive trans-
fusion) and two lower thresholds with other products dichot-
omized in a 1:1:1 ratio. Of note, this threshold was intended
to identify patients with large volume transfusion and does not
represent centers’ transfusion triggers. Procedure codes were
obtained using ICD-9-CM and ICD-10-CM procedure codes
(online supplemental file 1). The procedures identified included

splenectomy, splenorrhaphy, and interventional radiology-
directed angioembolization.

Patients were stratified by initial management strategy within
the first 24 hours which included any splenic operation, SAE, or
NOM. Additional intervention or failure was considered as the
need for any SAE or surgery after 24 hours.

Statistical analysis

All data analysis was completed using Microsoft Excel and
STATA/SE V.17.0 (College Station, Texas, USA). Categor-
ical variables were summarized as frequencies or percentages
while continuous variables were summarized with mean and
SD or median and IQR as needed based on parametric or non-
parametric status. Baseline patient characteristics were compared
using univariate analysis. Univariate analysis was performed with
% test, t-test, or Wilcoxon Rank Sum test with p<0.05 consid-
ered significant.

Multivariable regression analysis was conducted to control
for confounding using after conversion to categorical variables
including NTDB status, gender, age, race, ethnicity, insurance,
number of comorbidities, mechanism of injury, severity of
splenic injury, ISS, Shock Index on admission, other abdominal
injuries, anticoagulant use on history, and blood products used
in the first 24 hours when evaluating failure of initial manage-
ment or selection into initial management groups. Mortality was
analyzed using variables with presenting characteristics, initial
management, transfusions, and hospital complications. There
were missing data for some patients in transfusion characteristics
and vitals, which were analyzed as non-zero missing variables
and not included in univariate or multivariable analysis. The
NTDB had missing values for intensive care unit LOS, which
were considered as zero if there were data in the total LOS
field. All data were collected from standardized databases used
for reporting to the NTDB at each hospital, de-identified, and
consolidated to reduce risk of bias. Loss to follow-up may have
occurred with patients transferring care to another hospital after
discharge resulting in additional procedures or complications.
Subgroup analyses included assessing patients receiving initial
NOM or SAE for predictors of failure.

Sensitivity analyses were performed using multivariate regres-
sion analyses when univariate results had differences. The rate
of initial SAE or surgical intervention was assessed by multivar-
iate regression to determine if confounding factors were related
to our lower utilization rate. Confounding variables between
groups were assessed using multivariate regression to determine
their impact on failure of NOM, SAE, and mortality. Sensitivity
analysis was not possible on the failure of initial SAE between
cohorts due to limitations in incidence rate and sample size and
the cohort variable was not calculable for that analysis.

RESULTS
After inclusion and exclusion criteria were applied, a total of 266
patients at Stanford/SCVMC and 5943 patients in the NTDB
were identified (figure 1; table 1). On univariate analysis, several
variables were significantly different between the Stanford/
SCVMC cohort versus NTDB including demographics, insur-
ance status, comorbidities, mechanism of injury, ISS, and SBP.
Initial management of BSI with NOM, surgery, or SAE was
significantly different than the NTDB patients and those at our
institutions (table 2). Differences in SAE utilization was assessed
through multivariate analysis with similar significant findings
(online supplemental file 1). Furthermore, there appeared to be
a trend in increased utilization of SAE in the NTDB cohort when
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Stanford/SCVMC versus NTDB BSI patient inclusion and exclusion. 663 patients were initially found over 10 years during retrospective

review. Patients were excluded based on age, early mortality, instability, or other factors which preclude them from study. 23519 patients were
initially found in the NTDB for 2018. Patients were similarly excluded. BSI, blunt splenic injury; ED, emergency department; NOM, non-operative
management; NTDB, National Trauma Data Bank; SAE, splenic angioembolization; SCVMC, Santa Clara Valley Medical Center.

stratified by severity of injury or splenic grade (figure 2A,B).
Similar stratification appeared to show a trend in increased need
for re-intervention in the NOM and SAE groups for the NTDB
(figure 2C,D).

Multivariate logistic regression was conducted to ascertain
factors associated with failure of NOM or SAE by controlling
for confounding variables including cohort status (table 3).
Independent variables included NTDB status, age, gender, race,
ethnicity, insurance, comorbidities, mechanism of injury, spleen
AlIS score, ISS score, Shock Index, other abdominal injuries, anti-
coagulant history, and transfusion parameters. Failure of NOM
was significantly associated with NTDB cohort status, age 65+
years, more than one comorbidity, grade V spleen injury, and
ISS 25+. Failure in SAE was significantly associated with Shock
Index >0.9and 10+ units of blood in 24 hours.

Multivariate logistic regression was conducted to ascertain
factors associated with mortality (table 4). Independent vari-
ables included NTDB status, age, gender, race, ethnicity, insur-
ance, comorbidities, mechanism of injury, spleen AIS score, 1SS
score, Shock Index, and transfusion parameters. Mortality was

significantly associated with NTDB cohort status, age 65 years
or older, race—not available, non-private insurance, more than
one comorbidity, mechanism of injury, ISS 25+, grade V injury,
Shock Index >0.9, 10 or more units blood transfused in 24
hours, NOM, hospital complications, anticoagulant history, and
the presence of any other severe abdominal injury as defined
by abdominal AIS of 3 or more (table 4). Although abdominal
injuries AIS =3 were associated with mortality, this particular
variable was not associated with NOM failure, SAE failure, and
surgery utilization. However, patients with SAE were less likely
to have AIS of 3 or more injuries (0.69, p=0.000). This suggests
that other significant abdominal injuries were not overall associ-
ated with splenic treatment plans. However, it is likely that there
were cases where other significant injuries in the abdomen did
drive a decision to perform a splenectomy or not.

DISCUSSION
Compared with national data, our cohort has less SAE and lower
rates of additional intervention, and had lower risk-adjusted
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Table 1 Characteristics of the study populations
Sample  Stanford/ Univariate
Characteristic size (n/n) SCVMC NTDB (p value)
Age, years, median (IQR) 266/5943 41 (28-56) 39 (27-56) 0.869
Sex, n (%) 266/5943 0.023*
Female 68 (26) 1913 (32) _
Male 198 (74) 4030 (68) _
Race, n (%) 266/5943 0.000*
White 189 (71) 4678 (79) _
Asian 22 (8) 97 (2) _
Othert 55 (21) 1168 (19) _
Ethnicity, n (%)t 266/5943 0.000*
Hispanic 64 (24) 681 (11) _
Non-Hispanic 199 (75) 5017 (84) _
Spleen AlS, n (%) 266/5943 0.371
] 148 (56) 3558 (60) _
v 74 (28) 1527 (26) _
vV 44 (16) 858 (14) _
Mechanism, n (%) 266/5943 0.000*
MVC 84 (32) 2893 (49) _
MCC 65 (24.4) 816 (14) _
Fall 49 (18) 1173 (20) _
Pedestrian 24 (9.0) 391 (7) _
Bicycle 22 (8.3) 12 (2) _
Other blunt 22 (8.3) 558 (9) _
1SS, n (%)t 266/5943 0.002*
9-15 38 (14) 1299 (22) _
16-24 77 (29) 1853 (31) _
>25 151 (57) 2791 (47)  _
SBP mm Hg, mean (SD) 244/5829 126 (28) 121 (27) 0.006*
HR, bpm, mean (SD) 264/5850 95 (24) 97 (24) 0.186
Blood, first 4 hours, median 266/5710 0 (0-2) 0(0-2) 0.694
(IQR)
Blood, first 24 hours, median ~ 260/5710 0 (0-2) 0(0-2) 0.637
(IQR)
Outcomes
Mortality, n (%) 266/5943 16 (6.0) 492 (83) 0.188
LOS, days, median (IQR) 266/5872 6.5 (4-14) 7(4-12.5) 0.118
ICU LOS, days, median (IQR) 266/5922 3 (1-5) 3 (1-6) 0.716

*Statistically significant.

tSome numbers too small to report <10.

AIS, Abbreviated Injury Scale; HR, heartrate; ICU, intensive care unit; ISS, Injury
Severity Score; LOS, length of study; MCC, motorcycle collision; MVC, motor vehicle
collision; NTDB, National Trauma Data Bank; SBP, systolic blood pressure; SCVMC,
Santa Clara Valley Medical Center.

mortality. This is consistent with our hypothesis that performing
SAE less frequently does not result in increased failure or
mortality. This is in contrast to suggestions that SAE reduces the
need for later interventions.?- 323638 The differences in initial
SAE strategy may reflect a difference in patient populations as
reflected in table 1. Although grading changes by the AAST may
have changed the distribution of III-V injuries, we did not find
a difference in our cohort when compared with the NTDB.
Our grading criteria has stayed consistent with the guidelines as
required. However, multivariate analysis verified increased utili-
zation of SAE in the NTDB cohort (2.79 OR, 95% CI 1.68 to
4.66, p=0.000, online supplemental file 1) despite higher rates
of ISS 25+ on univariate analysis in our cohort (table 1). Unmea-
sured variables may also contribute to this finding.

Table 2 Management in first 24 hours and need for additional
intervention

Sample Stanford/ Univariate

Characteristic size (n/n)  SCVMC NTDB (p value)
Intervention in first 24 266/5943 0.000*
hours, n (%)

NOM 175 (66) 3371 (57) _

Surgery 74 (28) 1550 (26) _

SAE 17 (6) 1022 (17) _
Need for intervention after 266/5943 0.008*
24 hours based on initial
treatment, n (%)

NOM 3(1.1) 286 (4.8) _

Surgery 1(0.4) 16 (0.3) _

SAE 0(0) 82 (1.4)

*Statistically significant.
NOM, non-operative management; NTDB, National Trauma Data Bank; SAE, splenic
angioembolization; SCVMC, Santa Clara Valley Medical Center.

The failure of NOM and/or SAE may contribute to improving
practice management in our clinical practices and nationally.
Other than NTDB status, failure of NOM was associated with
age 65+ years, more than one comorbidity, mechanism of injury,
grade V spleen injury, and ISS 25 + while plasma transfusion was
not significant (p=0.063) (table 3). Thus, patients with grade
V spleen injury, increased comorbidities, age 65+ years, and
complex injuries may be candidates for SAE and/or surgery.
Many of these variables are non-modifiable factors related to
older patients with comorbidities and complex injuries and thus
may constitute a population of patients that may have poorer
response to bleeding injuries or coagulopathy and require earlier
risk stratification. In addition, older patients have an altered
hemodynamic response that may underestimate the extent of
their injuries and may reflect other institutional or cultural factors
such as permissive hypotension, threshold for intervention
(surgery or SAE), and other unmeasured confounders. Defining
failure can be challenging, because in this case the definition of
“failure’ is based the decision to make another intervention. The
threshold to perform a procedure may vary center-by-center or
surgeon-by-surgeon. Furthermore, there are likely interactions
and associations within a center around decisions to perform SAE
versus splenectomy. For example, a center that more frequently
uses SAE may also have a lower threshold to operate. There-
fore, interpreting any splenic injury data that uses failure should
be interpreted with this nuance in mind. Compared with the
Splenic Arterial Embolization to Avoid Splenectomy (SPLASH)
trial where 35% of III-IV injuries require SAE after observation,
we have rates of 8.9% in our cohort vs 23% in the NTDB.?’
Given the structure of the trial when compared with our analytic
methods which include some potentially unstable patients that
may have received surgery and/or SAE and unclear end points
determined for failure, our results are not directly comparable.
However, we did find that in a real-world cohort a higher rate
of NOM did not consequently result in a need for additional
SAE, although our cohort patients do appear to be older than the
SPLASH trial, for example, 41 (28-56) vs 30 (22-42).3” Thus,
our results support the conclusion that delayed SAE does not
necessarily result in increased failure rates of SAE.

Failure of SAE was associated with Shock Index >0.9and 10+
units of blood in 24 hours (table 3). Thus, these two clinical
variables may pose a viable stratification for early surgical inter-
vention, especially for patients that may not meet the massive
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Figure 2 Management of BSI and treatment failure. (A, B) Management of BSI in the Stanford/Santa Clara Valley Medical Center and NTDB cohorts
are stratified by severity of injury and type of initial intervention. (C, D) The number of patients undergoing initial management by strategy were
compared with patients failing by severity of injury revealing a trend of increasing failure in the NTDB cohort. BSI, blunt splenic injury; NOM, non-
operative management; NTDB, National Trauma Data Bank; SAE, splenic angioembolization.

transfusion protocol early and continue to bleed at a slower rate
in the first 24 hours. Although Shock Index has previously been
validated as predictive for SAE failure, these two clinical vari-
ables have not been validated in combination.?! Further evalua-
tion with a coagulopathy-based measurement such as TEG may
allow for additional information on bleeding and failure risk.
Compared with national data, our cohort had lower risk-
adjusted mortality (table 4). Although there was a higher rate
of SAE in the NTDB, there was no difference in the utilization
of surgery in multivariable analysis between cohorts (online
supplemental file 2). Thus, our cohort had a higher rate of
NOM and still had risk-adjusted lower mortality. Mortality
was significantly associated with NTDB cohort (vs Stanford/
SCVMC), age 65 years or older, non-private insurance, more
than one comorbidity, mechanism of injury, ISS 25+, grade V
injury, Shock Index >0.9, 10 or more units blood transfused in
24 hours, NOM, hospital complications, anticoagulant history,
and the presence of any other severe abdominal injury as defined
by abdominal AIS of 3 or more (table 4). Although abdominal
injuries AIS =3 were associated with mortality, this variable was
not associated with NOM failure, SAE failure, surgery utiliza-
tion, or NOM utilization. However, patients with SAE were
less likely to have AIS of 3 or more injuries (0.69, p=0.000)
(online supplemental file 1). Although the effect of this vari-
able on surgical intervention was not significant (online supple-
mental file 2), it is our opinion that other significant injuries

in the abdomen may play a role in the choice of splenectomy.
The association between mortality and the decision to forgo
operative management for splenic injury is likely complicated
by unmeasured confounders. For example, it may have been that
those with severe traumatic brain injury (TBI) or those with Do
not resuscitate/do not intubate (DNR/DNI) status were in the
process of discussing goals of care. This would be difficult to
discern from the data. Other confounding variables may have
included other relevant factors such as perceived futility from
other injuries. SAE and surgery appear to decrease the rate of
mortality on multivariate analysis (table 4). However, we do not
believe that intervention alone is the cause for this effect. For
example, in our sensitivity analyses we found that our cohort
has higher rates of NOM, lower rates of SAE, and no difference
in surgery when accounting for confounding clinical variables
(online supplemental file 1). However, our cohort still does
appear to have lower mortality when compared with the NTDB,
again accounting for confounding clinical variables (table 4).
Thus, it appears there may be unmeasured confounders in NOM
that may result in improved outcomes in addition to using inter-
vention on appropriate risk stratified patients. Due to the limita-
tions of the study, we are unable to recommend or state that
more conservative approach may be warranted in certain cases
and should be considered alongside clinical and patient factors.
One of the three risk factors for mortality are shared with the
risk of SAE failure, thus, these patients may be early candidates
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Table 3 Logistic regression on factors associated with additional intervention (surgery or SAE) after NOM or SAE

Initial strategy (n=3308/831)

Initial NOM strategy that required later intervention

Initial SAE strategy that required later intervention

Characteristic OR 95% CI P value OR 95% CI P value
NTDB cohort (vs Stanford/SCVMC) 458 1.42 to 14.6 0.010* 1 Omitted _
Age 18-25 years 0.49 0.29 t0 0.83 0.008* _ _ _
Age 26-35 years 0.69 0.43t0 1.09 0.118 _ _ _
Age 3649 years 0.77 0.49t0 1.22 0.267 _ _ _
Age 50-64 years 0.95 0.62 to 1.45 0.805 _ _ _
Age 65+ years 1 Reference _ _ _ _
Race—N/A 1.09 0.41t02.94 0.857 _ _ _
Race—other 0.74 0.41t0 1.35 0.324 _ _ _
Race—Asian 1.65 0.68 to 4.04 0.272 _ _ _
Race—black 1.1 0.71t01.73 0.646 _ _ _
Race—white 1 Reference _ _ _ _
Comorbidity (one) 2.15 1.52 to 3.04 0.000* _ _ _
Comorbidity (two+) 2.27 1.57 t0 3.28 0.000* _ _ _
Comorbidity (none) 1 Reference _ _ _ _
Mechanism—motor vehicle 0.56 0.36 to 0.85 0.007* _ _ _
Mechanism—motorcycle 0.57 0.34t0 0.97 0.040* _ _ _
Mechanism—fall 0.67 0.42 t0 1.04 0.077 _ _ _
Mechanism—pedestrian 0.73 0.39t0 1.38 0.329 _ _ _
Mechanism—bicycle 0.23 0.05 t0 0.98 0.047* _ _ _
Mechanism—blunt other 1 Reference _ _ _ _
Spleen AIS 1l 0.41 0.25 to0 0.65 0.000* 0.42 0.16 to 1.07 0.068
Spleen AlS IV 0.63 0.39101.03 0.066 0.70 0.33t0 1.49 0.355
Spleen AIS V 1 Reference _ 1 Reference _
1SS—9-15 0.64 0.41 10 0.98 0.040* _ _ _
1SS—16-24 0.93 0.66 to 1.29 0.661 _ _ _

ISS =25 1 Reference _ _ _ _
Shock Index (<0.5) 0.88 0.49t0 1.58 0.693 1 Omitted _
Shock Index (0.5-0.9) 0.97 0.711t0 1.33 0.860 0.44 0.26 t0 0.74 0.002*
Shock Index (>0.9) 1 Reference _ 1 Reference _
Blood 24 hours (0-2 units) 121 0.33 to 449 0.177 0.01 0.00 to 0.31 0.007*
Blood 24 hours (3-9 units) 13.9 0.39 to 502 0.149 0.06 0.03 to 1.04 0.053
Blood 24 hours (10+ units) 1 Reference _ 1 Reference _
Plasma 24 hours (0-2 units) 0.03 0.00to 1.21 0.063 _ _ _
Plasma 24 hours (3-9 units) 0.04 0.00 to 1.64 0.089 _ _ _
Plasma 24 hours (10+ units) 1 Reference _ _ _ _
Anticoagulant history 1.06 0.54 t0 2.08 0.855 0.57 0.16 t0 2.04 0.391
Any abdominal injury AIS >3 1.22 0.83t01.79 0.315 1.7 0.83 t0 3.52 0.144

*Statistically significant, only selected variables shown.

AlS, Abbreviated Injury Scale; ISS, Injury Severity Score; N/A, not available; NOM, non-operative management; NTDB, National Trauma Data Bank; SAE, splenic angioembolization;

SCVMC, Santa Clara Valley Medical Center.

for surgical intervention rather than SAE. Further validation of
a coagulopathy or bleeding risk-related early surgical interven-
tion model may provide further evidence on preventing early
mortality after non-penetrating injury in trauma with BSI.
Limitations of this study include inability to measure coag-
ulopathy directly, between-cohort differences, differing time
period of patient management, for example, 2010-2020 (Stan-
ford/SCVMC) vs 2018 (NTDB), and inability to account for
management after index discharge. Stevens et al did find that
TEG-directed management of blunt organ injury in pediatric
patients may improve outcomes.** However, this finding has
not been replicated in adult patients and we lacked the data
to validate this finding. The differences between cohorts were
accounted for by using multivariate analyses conducted in this
study to validate our findings on initial management, failure,
and mortality. However, unmeasured confounders such as

differences in medical management could not be accounted for
based on the design of this study. In addition, our study was not
designed with the intent of understanding the causes of mortality
in BSI and this finding requires further study in an appropriately
designed cohort. For example, unmeasured confounders include
TBI, DNR/DNI status, futility, and other factors that may have
resulted in low rates of surgery in the non-operative cohort.
Finally, the time period of data collection was different and may
reflect a difference in practice. Although this may influence the
overall rates of utilization of practices such as SAE, it would not
explain differences in mortality or failure of initial management
strategy. Furthermore, the predictors of failure of SAE primarily
used data from the NTDB cohort due to the requirements of
multivariable logistic regression and sample size. Although addi-
tional interventions or treatments may have occurred after initial
discharge, the data analyzed from both cohorts are similarly

6 Ahmad MU, et al. Trauma Surg Acute Care Open 2024;9:001240. doi:10.1136/tsaco-2023-001240



Table 4  Logistic regression on factors associated with mortality

Characteristic (n=5704) OR 95% ClI P value
NTDB cohort (vs Stanford/SCVMC) 2.62 1.22t05.64 0.013*
Age 18-25 years 0.22 0.14 10 0.33 0.000*
Age 26-35 years 0.16 0.10t0 0.24 0.000*
Age 3649 years 0.20 0.13t0 0.31 0.000*
Age 50-64 years 0.33 0.23t00.48 0.000*
Age 65+ years 1 Reference _
Race—N/A 2.59 1.35t04.99 0.004*
Race—other 0.88 0.52 to 1.47 0.616
Race—Asian 1.31 0.58 to 2.95 0.510
Race—black 1.40 0.97 t0 2.03 0.071
Race—white 1 Reference _
Public insurance 1.39 1.04t0 1.87 0.024*
No insurance 2.30 1.62 to 3.27 0.000*
Other insurance 3.12 1.69t05.75 0.000*
Private insurance 1 Reference _
Comorbidity (one) 0.42 0.29 t0 0.58 0.000*
Comorbidity (two+) 0.66 0.48 t0 0.90 0.010*
Comorbidity (none) 1 Reference _
Mechanism—motor vehicle 227 1.11 to 4.62 0.024*
Mechanism—motorcycle 1.90 0.89t0 4.04 0.095*
Mechanism—fall 1.38 0.64 to 2.95 0.413
Mechanism—pedestrian 4.02 1.86 t0 8.68 0.000*
Mechanism—bicycle 0.48 0.06 to 4.09 0.501
Mechanism—Dblunt other 1 Reference _
1SS—9-15 0.13 0.07t0 0.24 0.000*
I1SS—16-24 0.29 0.19t0 0.42 0.000*
ISS =25 1 Reference _
Spleen AIS Il 1.02 0.73t0 1.43 0.892
Spleen AlS IV 0.63 0.45 t0 0.91 0.013*
Spleen AISV 1 Reference _
Shock Index (<0.5) 1.60 0.96 to 2.67 0.068
Shock Index (0.5-0.9) 0.91 0.69t01.19 0.497
Shock Index (>0.9) 1 Reference _
Blood 24 hours (0-2 units) 0.59 0.19t0 1.83 0.367
Blood 24 hours (3-9 units) 0.45 0.22 t0 0.90 0.024*
Blood 24 hours (10+ units) 1 Reference _
Splenic angioembolization 0.43 0.27 t0 0.68 0.000*
Spleen surgery 0.66 0.48 t0 0.92 0.012*
Hospital complication (one) 2.09 1.57 t02.78 0.000*
Hospital complication (two+) 1.94 1.37102.73 0.000*
Hospital complication (none) 1 Reference _
Anticoagulant history 2.1 1.25 to 3.57 0.005*
Any abdominal injury AlS >3 1.06 0.79to 1.42 0.012*

*Statistically significant, only selected variables shown.

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score; N/A, not available; NTDB,
National Trauma Data Bank; SAE, splenic angioembolization; SCVMC, Santa Clara
Valley Medical Center.

reported and neither included data for follow-up in our anal-
ysis. However, this clinical question was assessed with the clin-
ical trial conducted by Arvieux et al with 1-month follow-up of
treatment and injury.’’

CONCLUSIONS

This study found that a lower rate of SAE and higher rate of
NOM in our cohort does not increase the failure rate of initial
treatment modality or risk-adjusted mortality. In addition, the
failure of initial treatment and mortality were associated with

clinical variables including spleen injury grade V, Shock Index
>0.9, and 10+ units of blood in 24 hours. This may be used to
stratify patients to select for early surgical treatment.

Acknowledgements We would like to thank many who helped support the data
acquisition and preparation process over this project at Stanford University and
Santa Clara Valley Medical Center.

Contributors MUA cleaned and analyzed the data, and drafted and revised the
paper. KS is theguarantor for the project. DS, KS, TEC, and MUA participated in the
design, analysis, and coordination of the study. DL drafted, and revised the paper.
DS, KS, and TEC drafted and revised the paper. LT provided statistical and analytical
support with coordination with datasets. All authors read and approved the final
manuscript.

Funding This research project was funded in part by the Department of General
Surgery at Stanford in support of the Oral Presentation at Western Surgical
Association.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval Institutional Review Board (IRB) approval was granted at two
level | trauma centers for retrospective evaluation of BSI from 2010 to 2020 by
Stanford University and Santa Clara Valley Medical Center (SCVMCQ).

Provenance and peer review Not commissioned; internally peer reviewed.

Data availability statement Data are available on reasonable request. Data
may be obtained from a third party and are not publicly available. Data are available
on reasonable request for our cohort. The National Trauma Data Bank data may be
obtained from a third party and are not publicly available.

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

M Usman Ahmad http://orcid.org/0000-0001-9797-7106
David Lee http://orcid.org/0009-0004-6372-8266

David Spain http://orcid.org/0000-0002-0477-7613

REFERENCES

1 Zarzaur BL, Croce MA, Fabian TC. Variation in the use of urgent splenectomy after
blunt splenic injury in adults. J Trauma 2011;71:1333-9.

2 Rosenberg GM, Weiser TG, Maggio PM, Browder TD, Tennakoon L, Spain DA,
Staudenmayer KL. The association between angioembolization and splenic salvage for
isolated splenic injuries. J Surg Res 2018;229:150-5.

3 Stassen NA, Bhullar I, Cheng JD, Crandall ML, Friese RS, Guillamondegui OD, Jawa RS,
Maung AA, Rohs TJ, Sangosanya A, et al. Selective nonoperative management of blunt
splenic injury. J Trauma Acute Care Surg 2012;73:5294-300.

4 Shatz DV, de Moya M, Brasel KJ, Brown CVR, Hartwell JL, Inaba K, Ley EJ, Moore EE,
Peck KA, Rizzo AG, et al. Blunt splenic injury, emergency department to discharge: a
Western trauma Association critical decisions algorithm. J Trauma Acute Care Surg
2023;94:448-54.

5 Zoppo C, Valero DA, Murugan VA, Pavidapha A, Flahive J, Newbury A, Fallon E,
Harman A. Splenic artery embolization for unstable patients with splenic injury: a
retrospective cohort study. J Vasc Interv Radiol 2023;34:86-93.

6 KoA, Radding S, Feliciano DV, DuBose JJ, Kozar RA, Morrison J, Kundi R, Maddox J,
Scalea TM. Near disappearance of splenorrhaphy as an operative strategy for splenic
preservation after trauma. Am Surg 2022;88:429-33.

7 Podda M, De Simone B, Ceresoli M, Virdis F. Favi F, Wiik Larsen J, Coccolini F. Sartelli
M, Pararas N, Beka SG, et al. Follow-up strategies for patients with splenic trauma
managed non-operatively: the 2022 world society of emergency surgery consensus
document. World J Emerg Surg 2022;17:52.

Ahmad MU, et al. Trauma Surg Acute Care Open 2024;9:¢001240. doi:10.1136/tsaco-2023-001240 7


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9797-7106
http://orcid.org/0009-0004-6372-8266
http://orcid.org/0000-0002-0477-7613
http://dx.doi.org/10.1097/TA.0b013e318224d0e4
http://dx.doi.org/10.1016/j.jss.2018.03.013
http://dx.doi.org/10.1097/TA.0b013e3182702afc
http://dx.doi.org/10.1097/TA.0000000000003829
http://dx.doi.org/10.1016/j.jvir.2022.10.014
http://dx.doi.org/10.1177/00031348211050591
http://dx.doi.org/10.1186/s13017-022-00457-5

Open access

3

8 Kozar RA, Crandall M, Shanmuganathan K, Zarzaur BL, Coburn M, Cribari C, Kaups K, 25 Lee R, Jeon CH, Kim CW, Kwon H, Kim JH, Kim H, Park SJ, Kim GH, Park CY. Clinical
Schuster K, Tominaga GT, AAST Patient Assessment Committee. Organ injury scaling results of distal Embolization in grade V splenic injury: four-year experience from a
2018 update: spleen, liver, and kidney. / Trauma Acute Care Surg 2018;85:1119-22. single regional trauma center. J Vasc Interv Radiol 2020;31:1570-7.

9 Sclafani SJA. The role of angiographic hemostasis in salvage of the injured spleen. 26 Hsu C-P, Cheng C-T, Wang C-C, Huang J-F, Chan S-Y, Chen S-A, Liao C-A, Wu
Radiology 1981;141:645-50. Y-T, Ou Yang C-H, Kuo I-M, et al. Spleen size greater than 9.76 cm may impact

10 Schneider AB, Gallaher J, Raff L, Purcell LN, Reid T, Charles A. Splenic preservation the treatment strategy for blunt splenic injury in adults - a retrospective analysis
after isolated splenic blunt trauma: the angioembolization paradox. Surgery of experience at a tertiary trauma center in Taiwan. Asian Journal of Surgery
2021;170:628-33. 2023;46:354-9.

11 Marsh D, Day M, Gupta A, Huang EC, Hou W, Vosswinkel JA, Jawa RS. Trends in 27 Lin B-C, Wu C-H, Wong Y-C, Chen H-W, Fu C-J, Huang C-C, Wu C-T, Hsieh C-H.
blunt splenic injury management: the rise of splenic artery embolization. J Surg Res Splenic artery embolization changes the management of blunt splenic injury: an
2021;265:86-94. observational analysis of 680 patients graded by the revised 2018 aast-ois. Surg

12 Arvieux C, Thony F. Management of splenic trauma in hemodynamically stable Endosc 2023;37:371-81.
patients: lessons to be drawn from the French SPLASH trial (splenic arterial 28 Yoo R, Evanson D, Gaziano M, Muller A, Martin A, Chauhan N, Butts CA, Cortes V,
embolization to avoid splenectomy (SPLASH). J Visc Surg 2022;159:43-6. Reilly EF, Bamberger PK, et al. Negative splenic angiography in blunt trauma: does

13 Teuben M, Spijkerman R, Pfeifer R, Blokhuis T, Huige J, Pape H-C, Leenen L. Selective embolization affect splenic salvage Am Surg 2023;89:3209-11.
non-operative management for penetrating splenic trauma: a systematic review. £ur J 29 Sammartano F, Ferrara . Benuzzi L, Baldi C, Conalbi V. Bini R, Cimbanassi S,
Trauma Emerg Surg 2019;45:979-85. Chiara O, Stella M. Comparison between level 1 and level 2 trauma centers for

14 Crichton JCI, Naidoo K, Yet B, Brundage S|, Perkins Z. The role of splenic the management of splenic blunt trauma. Cirugia Espariola (English Edition)
angioembolization as an adjunct to nonoperative management of blunt splenic 2023;101:472-81.
injuries: a systematic review and meta-analysis. J Trauma Acute Care Surg 30 Hung DS, Lin J, Chu CW, Kam PM. Non-operative management of isolated splenic
2017,83:934-43. trauma: an 11-year single-centre retrospective cohort study. Surgical Practice

15 Capecci LM, Jeremitsky E, Smith RS, Philp F. Trauma centers with higher rates of 2022;26:10-4. Available: https://onlinelibrary.wiley.com/toc/17441633/26/1.
angiography have a lesser incidence of splenectomy in the management of blunt 31 Shahi N, Shahi AK, Phillips R, Shirek G, Bensard D, Moulton SL. Decision-making
splenic injury. Surgery 2015;158:1020-4. in pediatric blunt solid organ injury: a deep learning approach to predict massive

16 Entriken C, Weed Z, Parikh PP, Ekeh AP. Complications following splenic embolization transfusion, need for operative management, and mortality risk. J Pediatr Surg
for trauma: have things changed over time. J Surg Res 2022;277:44-9. 2021;56:379-84.

17 Han J, Dudi-Venkata NN, Jolly S, Ting YY, Lu H, Thomas M, Dobbins C. Splenic 32 Cinquantini F, Simonini E, Di Saverio S, Cecchelli C, Kwan SH, Ponti F, Coniglio
artery embolization improves outcomes and decreases the length of stay in C, Tugnoli G, Torricelli P. Non-surgical management of blunt splenic trauma:
hemodynamically stable blunt splenic injuries - a level 1 Australian trauma centre a comparative analysis of non-operative management and splenic artery
experience. Injury 2022;53:1620-6. embolization—experience from a European trauma center. Cardiovasc Intervent

18 Kanters TA, Raaijmakers C, Lohle PNM, de Vries J, Hakkaart-van Roijen L, SPLENIQ Radiol 2018;41:1324-32.
study group. Cost effectiveness of splenic artery embolization versus splenectomy 33 Ruhnke H, Jehs B, Schwarz F, Haerting M, Rippel K, Wudy R, Kroencke TJ, Scheurig-
after trauma in the Netherlands. J Vasc Interv Radliol 2022;33:392-8. Muenkler C. Non-operative management of blunt splenic trauma: the role of splenic

19 Yip H, Skelley A, Morphett L, Mathew J, Clements W. The cost to perform splenic artery artery embolization depending on the severity of parenchymal injury. Eur J Radiol
embolisation following blunt trauma: analysis from a level 1 Australian trauma centre. 2021;137:109578.

Injury 2021;52:243-1. 34 Stevens J, Pickett K, Moore H, Reppucci ML, Phillips R, Moulton S, Bensard D.

20 Senekjian L, Cuschieri J, Robinson BRH. Splenic artery angioembolization for high- Thrombelastography and transfusion patterns in severely injured pediatric trauma
grade splenic injury: are we wasting money. Am J Surg 2021;221:204-10. patients with blunt solid organ injuries. J Trauma Acute Care Surg 2022;92:152-8.

21 Senekjian L, Robinson BRH, Meagher AD, Gross JA, Maier RV, Bulger EM, Arbabi S, 35 Armstrong RA, Macallister A, Walton B, Thompson J. Successful non-operative
Cuschieri J. Nonoperative management in blunt splenic trauma: can shock index management of haemodynamically unstable traumatic splenic injuries: 4-year case
predict failure. J Surg Res 2022;276:340-6. series in a UK major trauma centre. Eur J Trauma Emerg Surg 2019;45:933-8.

22 Zarzaur BL, Kozar R, Myers JG, Claridge JA, Scalea TM, Neideen TA, Maung AA, 36 Miller PR, Chang MC, Hoth JJ, Mowery NT, Hildreth AN, Martin RS, Holmes JH,
Alarcon L, Corcos A, Kerwin A, et al. The splenic injury outcomes trial: an American Meredith JW, Requarth JA. Prospective trial of angiography and embolization for
Association for the surgery of trauma multi-institutional study. J Trauma Acute Care all grade I1l to V blunt splenic injuries: nonoperative management success rate is
Surg 2015;79:335-42. significantly improved. / Am Coll Surg 2014,218:644-8.

23 Bankhead-Kendall B, Teixeira P, Musonza T, Donahue T, Regner J, Harrell K, Brown 37 Arvieux C, Frandon J, Tidadini F Monnin-Bares \, Foote A, Dubuisson V, Lermite E,
CVR, Texas Trauma Study Group. Risk factors for failure of splenic angioembolization: David J-S, Douane F, Tresallet C, et a/. Effect of prophylactic embolization on patients
a multicenter study of level | trauma centers. J Surg Res 2021;257:227-31. with blunt trauma at high risk of splenectomy: a randomized clinical trial. JAMA Surg

24 Smith SR, Morris L, Spreadborough S, Al-Obaydi W, D"Auria M, White H, Brooks AJ. 2020;155:1102-11.
Management of blunt splenic injury in a UK major trauma centre and predicting the 38 Clements W, Joseph T, Koukounaras J, Goh GS, Moriarty HK, Mathew J, Phan
failure of non-operative management: a retrospective, cross-sectional study. Eur J TD. Splenic salvage and complications after splenic artery embolization for blunt
Trauma Emerg Surg 2018;44:397-406. abdomINal trauma: the SPLEEN-IN study. CVIR Endovasc 2020;3:92.

8 Ahmad MU, et al. Trauma Surg Acute Care Open 2024;9:001240. doi:10.1136/tsaco-2023-001240


http://dx.doi.org/10.1097/TA.0000000000002058
http://dx.doi.org/10.1148/radiology.141.3.7029619
http://dx.doi.org/10.1016/j.surg.2021.01.007
http://dx.doi.org/10.1016/j.jss.2021.02.038
http://dx.doi.org/10.1016/j.jviscsurg.2021.09.003
http://dx.doi.org/10.1007/s00068-019-01117-1
http://dx.doi.org/10.1007/s00068-019-01117-1
http://dx.doi.org/10.1097/TA.0000000000001649
http://dx.doi.org/10.1016/j.surg.2015.05.025
http://dx.doi.org/10.1016/j.jss.2022.03.021
http://dx.doi.org/10.1016/j.injury.2021.12.043
http://dx.doi.org/10.1016/j.jvir.2021.12.011
http://dx.doi.org/10.1016/j.injury.2020.09.039
http://dx.doi.org/10.1016/j.amjsurg.2020.06.011
http://dx.doi.org/10.1016/j.jss.2022.02.035
http://dx.doi.org/10.1097/TA.0000000000000782
http://dx.doi.org/10.1097/TA.0000000000000782
http://dx.doi.org/10.1016/j.jss.2020.07.058
http://dx.doi.org/10.1007/s00068-017-0807-5
http://dx.doi.org/10.1007/s00068-017-0807-5
http://dx.doi.org/10.1016/j.jvir.2020.01.029
http://dx.doi.org/10.1016/j.asjsur.2022.04.072
http://dx.doi.org/10.1007/s00464-022-09531-0
http://dx.doi.org/10.1007/s00464-022-09531-0
http://dx.doi.org/10.1177/00031348231157863
http://dx.doi.org/10.1016/j.cireng.2022.07.012
http://dx.doi.org/10.1111/1744-1633.12552
https://onlinelibrary.wiley.com/toc/17441633/26/1
http://dx.doi.org/10.1016/j.jpedsurg.2020.10.021
http://dx.doi.org/10.1007/s00270-018-1953-9
http://dx.doi.org/10.1007/s00270-018-1953-9
http://dx.doi.org/10.1016/j.ejrad.2021.109578
http://dx.doi.org/10.1097/TA.0000000000003392
http://dx.doi.org/10.1007/s00068-018-0975-y
http://dx.doi.org/10.1016/j.jamcollsurg.2014.01.040
http://dx.doi.org/10.1001/jamasurg.2020.3672
http://dx.doi.org/10.1186/s42155-020-00185-4

	Angioembolization for splenic injuries: does it help? Retrospective evaluation of grade III–V splenic injuries at two level I trauma centers
	Abstract
	Introduction﻿﻿
	Methods
	Study design and patient population
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


