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Purpose: Recent advancements in interventional radiology have made angioembolization an in-
valuable modality in trauma care. Angioembolization is typically performed by interventional ra-
diologists. In this study, we aimed to investigate the safety and efficacy of emergency angioemboli-
zation performed by trauma surgeons.
Methods: We identified trauma patients who underwent emergency angiography due to significant
trauma-related hemorrhage between January 2020 and June 2023 at Jeju Regional Trauma Center.
Until May 2022, two dedicated interventional radiologists performed emergency angiography at our
center. However, since June 2022, a trauma surgeon with a background and experience in vascular
surgery has performed emergency angiography for trauma-related bleeding. The indications for
trauma surgeon—performed angiography included significant hemorrhage from liver injury, pelvic
injury, splenic injury, or kidney injury. We assessed the angiography results according to the opera-
tor of the initial angiographic procedure. The term “failure of the first angioembolization” was de-
fined as rebleeding from any cause, encompassing patients who underwent either re-embolization
due to rebleeding or surgery due to rebleeding.
Results: No significant differences were found between the interventional radiologists and the trau-
ma surgeon in terms of re-embolization due to rebleeding, surgery due to rebleeding, or the overall
Received: October 12, 2023 failure rate of the first angioembolization. Mortality and morbidity rates were also similar between
Revised: November 5, 2023 the two groups. In a multivariable logistic regression analysis evaluating failure after the first angio-
Accepted: November 10, 2023 embolization, pelvic embolization emerged as the sole significant risk factor (adjusted odds ratio,

3.29; 95% confidence interval, 1.05-10.33; P=0.041). Trauma surgeon—performed angioembolization
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ing curriculum for trauma surgeons is warranted.
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INTRODUCTION

Background

Traumatic injury remains a leading cause of morbidity and mor-
tality worldwide [1,2]. In cases of life-threatening hemorrhage,
rapid and effective interventions are critical for patient survival.
Historically, bleeding in these situations has been controlled sur-
gically, either through direct suturing or ligation [3,4]. Moreover,
in the era of damage control, techniques such as perihepatic
packing or pelvic packing have played important roles in hemor-
rhage control [4]. Nevertheless, surgical management is invasive
and associated with morbidity [5-7]. With recent advancements
in interventional radiology and its tools, angioembolization has
become a valuable addition to the trauma surgeon’s armamentar-
ium [5,6]. Interventional radiology offers several advantages over
surgery, such as being less invasive and often eliminating the
need for general anesthesia, thereby reducing morbidity [5,6].
Angioembolization entails the targeted occlusion of blood vessels
by introducing embolic agents to either temporarily or perma-
nently halt bleeding. Its use has expanded to the management of
hemorrhage in various traumatic scenarios, from pelvic fractures
to solid organ injuries [8-11].

As the use of angioembolization at trauma centers continues to
expand, it is essential to thoroughly evaluate the procedure’s role,
efficacy, and safety. In trauma care, rapid responses are para-
mount [12]. Nonetheless, the availability of interventional radiol-
ogists—who are expected to be on-call for emergency angio-
graphic procedures at all times—is limited in real-world settings.
The constant demand for immediate interventions for trauma
patients exerts significant pressure on these specialists, and at-
tending trauma surgeons often find themselves dependent on the
decisions and actions of interventional radiologists. To address
this challenge, in 2022, Jeju Regional Trauma Center (Jeju, Ko-
rea) began offering emergency angioembolization procedures
performed by a trauma surgeon. With their intimate involvement
in the initial assessments and stabilization of patients, trauma
surgeons are potentially better positioned to make timely deci-
sions regarding the necessity and timing of angioembolization.

Objectives

In this study, we aimed to investigate the safety and efficacy of
emergency angioembolization performed by a trauma surgeon.
We also sought to compare outcomes between procedures car-
ried out by trauma surgeons and those by interventional radiolo-
gists.
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METHODS

Ethics statement

This study was approved by the Institutional Review Board of
Cheju Halla General Hospital (No. 2023-L17-01). The require-
ment for informed consent was waived owing to the retrospec-
tive nature of the study.

Study design and setting

We reviewed data from the Korean Trauma Database covering
the period from January 2020 through June 2023 at our trauma
center. We identified patients with trauma who had undergone
emergency angiography due to significant posttraumatic hemor-
rhage. We excluded patients who underwent their first angiogra-
phy more than 72 hours after admission, those who underwent
non-trauma-related procedures, such as percutaneous transhep-
atic gallbladder drainage, coronary angiography, or stent place-
ment for aortic aneurysm, and those who underwent interven-
tions on the brain or inferior vena cava filter placement for
thromboembolism prevention.

We collected and analyzed data on patient demographics and
clinical information, including injury mechanism, age, sex, labo-
ratory findings, vital signs, Glasgow Coma Scale (GCS) score, In-
jury Severity Score (ISS), Abbreviated Injury Scale (AIS) score,
transfusion details, angiography findings, use of embolic agents
(e.g., Gelfoam or coils), mortality, and morbidity (e.g., postangio-
graphic rebleeding or infection).

At our trauma center, two dedicated interventional radiologists
performed emergency angiography until May 2022. One of these
radiologists has approximately 25 years of experience, and the
other has 7 years of experience in interventional radiology. From
June 2022 onwards, a trauma surgeon with a background in vas-
cular surgery began conducting emergency angiography for trau-
ma-related hemorrhages, specifically those due to liver injury,
pelvic injury, splenic injury, or kidney injury. Injuries of the lum-
bar artery, intercostal artery, branch of femoral artery, scrotal ar-
tery, inferior vena cava, or subclavian artery injuries were catego-
rized as “other injuries” One of our trauma surgeons previously
specialized in vascular surgery. Before the establishment of the
trauma center, he practiced as a vascular surgeon. Now, he is fully
committed to his role as a trauma surgeon with us. We evaluated
angiography results based on the operator (either interventional
radiologist or trauma surgeon) of the initial angiographic proce-
dure. Re-embolization due to rebleeding was defined as emboli-
zation performed during a second angiography because of signif-
icant extravasation observed on angiography. Surgery due to re-
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bleeding was defined by procedures such as laparotomy or
preperitoneal pelvic packing undertaken due to bleeding indica-
tors, such as hypotension or decreased serum hemoglobin, even
after the first angioembolization. Each patient who experienced
rebleeding underwent a transfusion of a minimum of 2 U of red
blood cells. The term “failure of the first angioembolization,”
which referred to overall rebleeding, encompassed both re-em-
bolization and surgery due to rebleeding. The primary outcome
of our study was the failure rate of the first angioembolization,
and the secondary outcome was in-hospital mortality.

Statistical analysis

Continuous data are presented as medians with interquartile
ranges (IQRs) and were analyzed using the Mann-Whitney
U-test. Categorical data are presented as proportions and were
analyzed using the chi-square test or Fisher exact test, as appro-
priate. A P-value of <0.05 was considered to indicate statistical
significance. All statistical analyses were performed using R ver.
4.3.1 (R Foundation for Statistical Computing). We constructed a
multivariable logistic regression (MLR) model to analyze failure
of the first angioembolization. Variables with a P-value of <0.2
from the univariable analysis were incorporated into the MLR
model. The operator’s effect on angiography was also considered
in the MLR model. We used the backward elimination method
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for fitting the MLR model.

RESULTS

The comparison of angiographic procedures performed by dedi-
cated interventional radiologists versus those performed by a
trauma surgeon is summarized in Table 1. Factors such as age, vi-
tal signs, GCS score, ISS, and AIS score for each body region
were not significantly different between the groups. The trauma
surgeon was more inclined to perform pelvic embolization and
use Gelfoam as an embolic agent. There were no significant dif-
ferences between the radiologic interventionists and the trauma
surgeon in terms of re-embolization due to rebleeding, surgery
due to rebleeding, or the overall failure rate of the first angioem-
bolization. Likewise, mortality and morbidity rates were compa-
rable between the two groups.

A comparison between patients who exhibited no rebleeding
(termed “success”) and those who did experience rebleeding
(termed “failure”) after the initial embolization is presented in Ta-
ble 2. No significant difference was found related to the operator
or angiographic procedure (P =0.672). Pelvic embolization, tar-
geting the internal iliac artery or its branches, occurred more fre-
quently in the failure group (35.3% vs. 64.3%), but this difference
was not statistically significant (P=0.065). The median AIS score

Table 1. Comparison between angiography procedures performed by dedicated interventional radiologists and a single trauma surgeon

Variable Total (n=164) Interventional radiologist (n=108)  Trauma surgeon (n=56)  P-value
Sex 0.038
Male 93 (56.7) 68 (63.0) 25 (44.6)
Female 71 (43.3) 40 (37.0) 31 (55.4)
Age (yr) 55.5 (33.0-70.5) 54.0 (33.5-69.0) 60.0 (29.5-78.0) 0.372
Vital sign in ED
Initial SBP (mmHg) 127.5 (95.5-147.0) 127.0 (98.0-148.0) 127.5 (80.5-143.5) 0.407
Lowest SBP (mmHg) 108.0 (76.0-133.0) 108.0 (78.0-134.5) 108.0 (71.5-132.5) 0.610
Lowest DBP (mmHg) 64.0 (47.0-78.0) 64.0 (48.0-76.5) 64.0 (43.0-79.5) 0.953
Respiratory rate (breaths/min) 21 (20-24) 22 (20-24.5) 20 (20-22.5) 0.244
Glasgow Coma Scale 15 (12.5-15) 15 (12-15) 15 (14-15) 0.297
Injury mechanism 0.519
Penetrating 3(1.8) 3(2.8) 0
Blunt 161 (98.2) 105 (97.2) 56 (100)
Time from admission to first angiography (min) 103.5 (72.0-199.5) 98.5 (66.0-196.0) 112.0 (80.5-208.0) 0.196
Site of embolization
Splenic artery or its branch 31 (18.9) 24 (22.2) 7 (12.5) 0.194
Hepatic artery or its branch 19 (11.6) 13 (12.0) 6(10.7) >0.999
Renal artery or its branch 9(5.5) 6(5.6) 3(5.4) >0.999
Internal iliac artery or its branch 62 (37.8) 32(29.6) 30 (53.6) 0.005
Lumbar artery 2(1.2) 2(1.9) 0 0.784
Femoral artery branch 2(1.2) 1(0.9) 1(1.8) >0.999
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Table 1. (Continued)

Variable Total (n=164) Interventional radiologist (n=108) ~ Trauma surgeon (n=56) P-value
Embolic agent
Gelfoam 113 (68.9) 67 (62.0) 46 (82.1) 0.014
Coiling 42 (25.6) 27 (25.0) 15 (26.8) 0.952
Embolization 125 (76.2) 77 (71.3) 48 (85.7) 0.062
Stent insertion 1(0.6) 0 1(1.8) 0.737
Re-embolization due to rebleeding 11 (6.7) 6 (5.6) 5(8.9) 0.624
Surgery due to rebleeding 3(1.8) 2(1.9) 1(1.8) >0.999
Failure of first angioembolization 14 (8.5) 8 (7.4) 6 (10.7) 0.672
Third angioembolization 1(0.6) 1(0.9) 0 >0.999
Main injured organ
Liver 36 (22.0) 28 (25.9) 8 (14.3) 0.131
Kidney 20 (12.2) 13 (12.0) 7 (12.5) >0.999
Splenic 35 (21.3) 27 (25.0) 8 (14.3) 0.165
Mesentery 4(2.4) 3(2.8) 1(1.8) >0.999
Pelvis 68 (41.5) 38 (35.2) 30 (53.6) 0.036
Other 17 (10.4) 10 (9.3) 7 (12.5) 0.707
Injury Severity Score 19 (13-29) 19 (13-29) 18 (13.5-28) 0.658
Abbreviated Injury Scale
Head 0(0-2) 0(0-2) 0(0-2) 0.457
Neck 0 (0-0) 0 (0-0) 0 (0-0) 0.426
Face 0 (0-0) 0 (0-0) 0 (0-0) 0.682
Thorax 2.5 (0-3) 3(0-3) 1.5 (0-3) 0.276
Abdomen 3(2-3) 3(2-3) 2 (2-3) 0.086
Upper extremity 0(0-2) 0(0-2) 0(0-2) 0.341
Lower extremity 2 (0-3) 1.5 (0-3) 2 (0-3) 0.100
External 0 (0-0) 0 (0-0) 0 (0-0) 0.311
Transfusion (U)
RBC within 4 hr 2 (0-4) 2 (0-4) 2 (0-4) 0.400
FFP within 4 hr 0(0-2) 0(0-2) 0(0-3) 0.994
Platelet within 4 hr 0 (0-0) 0(0-0) 0 (0-0) 0.228
RBC within 24 hr 2 (0-6) 2 (0-6) 2 (1-5.5) 0.374
FFP within 24 hr 2 (0-4) 2(0-4.5) 2 (0-4) 0.498
Platelet within 24 hr 0 (0-0) 0 (0-0) 0 (0-0) 0.108
Mortality 9 (5.5) 6 (5.6) 3(5.4) >0.999
Death due to bleeding 2(1.2) 1(0.9) 1(1.8) >0.999
Death due to MODS 4(2.4) 2(1.9) 2(3.6) 0.886
Death due to ARDS 1(0.6) 1(0.9) 0 >0.999
Death due to brain injury 2(1.2) 2(1.9) 0 0.784
Morbidity
Acute kidney injury 8(4.9) 6 (5.6) 2(3.6) 0.859
ARDS 1(0.6) 0 1(1.8) 0.737
Bed sore 9 (5.5) 8(7.4) 1(1.8) 0.255
Deep vein thrombosis 4(2.4) 4(3.7) 0 0.355
Pneumonia 9 (5.5) 7 (6.5) 2(3.6) 0.679
Pulmonary thromboembolism 6(3.7) 4(3.7) 2(3.6) >0.999
Surgical site infection (superficial) 3(1.8) 3(2.8) 0 0.519
Urinary tract infection 4(2.4) 3(2.8) 1(1.8) >0.999
Sepsis 2(1.2) 1(0.9) 1(1.8) >0.999

Values are presented as number (%) or median (interquartile range).
ED, emergency department; SBP, systolic blood pressure; DBP, diastolic blood pressure; RBC, red blood cell; FFP, fresh frozen plasma; MODS,
multiorgan dysfunction syndrome; ARDS, acute respiratory distress syndrome.
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Table 2. Comparison between patients with outcomes of success (no rebleeding) and failure (rebleeding) after initial embolization (n=164)

Variable Success (n=150) Failure (n=14) P-value
Trauma surgeon—performed angioembolization 50 (33.3) 6(42.9) 0.672
Sex 0.804
Male 86 (57.3) 7 (50.0)
Female 64 (42.7) 7 (50.0)
Age (yr) 54 (33-70) 62 (36-77) 0.243
Vital sign in ED
Initial SBP (mmHg) 127.5 (97-147) 128 (68-151) 0.807
Lowest SBP (mmHg) 108 (77-133) 102.5 (68-128) 0.529
Lowest DBP (mmHg) 64 (48-78) 57 (36-83) 0.546
Respiratory rate (breaths/min) 21 (20-24) 20.5 (20-24) 0.809
Glasgow Coma Scale 15 (13-15) 15 (12-15) 0.728
Injury mechanism >0.999
Penetrating 3(2.0) 0
Blunt 147 (98.0) 14 (100)
Time from admission to first angiography (min) 106.5 (73-200) 83 (59-165) 0.242
Site of embolization
Splenic artery or its branch 30 (20.0) 1(7.1) 0.413
Hepatic artery or its branch 19 (12.7) 0 0.327
Renal artery or its branch 8(5.3) 1(7.1) >0.999
Internal iliac artery or its branch 53 (35.3) 9 (64.3) 0.065
Lumbar artery 2 (1.3) 0(0) >0.999
Femoral artery branch 1(0.7) 1(7.1) 0.402
Embolic agent
Gelfoam 102 (68.0) 11 (78.6) 0.606
Coiling 37 (24.7) 5(35.7) 0.558
Embolization 113 (75.3) 12 (85.7) 0.586
Stent insertion 1(0.7) 0 >0.999
Re-embolization due to rebleeding 0 11 (78.6) <0.001
Surgery due to rebleeding 0 3(21.4) <0.001
Third angioembolization 1(0.7) 0 >0.999
Main injured organ
Liver 34(22.7) 2(14.3) 0.699
Kidney 18 (12.0) 2(14.3) >0.999
Splenic 32 (21.3) 3(21.4) >0.999
Mesentery 4(2.7) 0 >0.999
Pelvis 59 (39.3) 9 (64.3) 0.126
Other 16 (10.7) 1(7.1) >0.999
Injury Severity 19 (13-29) 19.5 (17-29) 0.479
Abbreviated Injury Scale
Head 0(0-2) 0 (0-1) 0.646
Neck 0(0-0) 0(0-0) 0.257
Face 0 (0-0) 0 (0-0) 0.175
Thorax 2(0-3) 3(0-3) 0.811
Abdomen 3(2-3) 2(2-3) 0.435
Upper extremity 0(0-2) 0(0-2) 0.645
Lower extremity 2(0-3) 3.5(0-4) 0.051
External 0(0-0) 0(0-0) 0.676
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Table 2. (Continued)
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Variable Success (n=150) Failure (n=14) P-value
Transfusion (U)
RBC within 4 hr 2(0-4) 1.5 (0-4) 0.896
FFP within 4 hr 0(0-2) 2(0-4) 0.473
Platelet within 4 hr 0 (0-0) 0(0-0) 0.348
RBC within 24 hr 2(0-6) 2.5 (2-6) 0.541
FFP within 24 hr 2(0-4) 3(2-6) 0.168
Platelet within 24 hr 0 (0-0) 0(0-0) 0.897
Mortality 8(5.3) 1(7.1) >0.999
Death due to bleeding 2(1.3) 0 >0.999
Death due to MODS 3(2.0) 1(7.1) 0.774
Death due to ARDS 1(0.7) 0 >0.999
Death due to brain injury 2(1.3) 0 >0.999
Morbidity
Acute kidney injury 7 (4.7) 1(7.1) >0.999
ARDS 1(0.7) 0 >0.999
Bed sore 7 (4.7) 2(14.3) 0.369
Deep vein thrombosis 3(2.0) 1(7.1) 0.774
Pneumonia 7 (4.7) 2 (14.3) 0.369
Pulmonary thromboembolism 6 (4.0) 0 0.986
Surgical site infection (superficial) 3(2.0) 0 >0.999
Urinary tract infection 4(2.7) 0 >0.999
Sepsis 1(0.7) 1(7.1) 0.402

Values are presented as number (%) or median (interquartile range).

ED, emergency department; SBP, systolic blood pressure; DBP, diastolic blood pressure; RBC, red blood cell; FFP, fresh frozen plasma; MODS,
multiorgan dysfunction syndrome; ARDS, acute respiratory distress syndrome.

for the lower extremities was higher in the failure group, though
without reaching statistical significance (2 [IQR, 0-3] vs. 3.5
[IQR, 0-4]; P=0.051).

Table 3 presents the MLR model assessing the risk of failure
following the initial embolization. Pelvic embolization emerged
as the only significant risk factor in the MLR analysis (adjusted
odds ratio, 3.29; 95% confidence interval, 1.05-10.33; P=0.041).
The clinical specialty of the angioembolization operator (i.e., in-
terventional radiologist or trauma surgeon) was not a significant
risk factor in the MLR model.

DISCUSSION

Emergency angioembolization can be safely and effectively per-
formed by trauma surgeons. In this study, the rates of rebleeding
and mortality after trauma surgeon—performed angioemboliza-
tion were comparable to those seen with angioembolization car-
ried out by interventional radiologists. The procedure was effec-
tive in treating significant hemorrhages in the liver, spleen, kid-
ney, and pelvis. The low rebleeding rate (10.7%) and mortality
rate (5.4%) post-angioembolization by the trauma surgeon in our

https://doi.org/10.20408/ti.2023.0076

study seem acceptable. These findings suggest that trauma sur-
geons, when equipped with the appropriate training and experi-
ence, can deliver emergency angioembolization results similar to
those of specialized interventional radiologists. Equipping trau-
ma surgeons with endovascular skills could improve the prompt-
ness and effectiveness of trauma care, especially at centers where
interventional radiologists are not consistently available. Contin-
uous training and collaboration between trauma surgeons and
interventional radiologists can optimize patient care and out-
comes. We see potential for a paradigm shift toward rapid, spe-
cialized hemostasis for unstable traumatic injuries.
Angioembolization for noncompressible torso hemorrhage has
become essential in modern trauma care [8-11]. Angioemboliza-
tion is also crucial for pelvic fractures with severe hemorrhage. A
recent retrospective study [13] using the American College of
Surgeons (ACS) Trauma Quality Improvement Program (TQIP)
database showed that pelvic angiography reduced mortality inde-
pendently. In contrast, the study found no mortality reduction
associated with pelvic packing or zone 3 resuscitative endovascu-
lar balloon occlusion of the aorta. Rapid nonselective pelvic an-
gioembolization appears beneficial for unstable patients [14]. For
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Table 3. Multivariable logistic regression for risk of failure after the first embolization

Univariable analysis

Multivariable analysis

Variable COR (95% CI) P-value AOR (95% CI) P-value
Operator of angioembolization - -
Interventional radiologist Reference -
Trauma surgeon 1.50 (0.49-4.56) 0.475
Pelvic injury - -
No Reference -
Yes 2.78 (0.89-8.69) 0.080
Pelvic embolization
No Reference - - -
Yes 3.29 (1.05-10.33) 0.041 3.29 (1.05-10.33) 0.041
Abbreviated Injury Scale score - -
Face 0.32 (0.06-1.89) 0.210
Lower extremity 1.39 (0.99-1.97) 0.058

COR, crude odds ratio; CI, confidence interval; AOR, adjusted odds ratio.

critical abdominal solid organ injuries like those affecting the liv-
er, spleen, or kidneys, angioembolization is recommended as a
less invasive and effective hemostatic alternative for patients sta-
ble enough to undergo surgery [9-11]. Various guidelines rec-
ommend nonoperative management, including angioemboliza-
tion, for hemodynamically stable patients [9-11]. Thus, angio-
embolization has become indispensable at modern trauma cen-
ters. However, ensuring a sufficient number of interventional ra-
diologists is challenging in Korea. Providing 24/7 coverage year-
round intensifies the workload and increases fatigue among the
personnel of trauma centers. Given trauma surgeons’ constant
presence, they may be viable alternatives, as they have extensive
familiarity and involvement in all treatment phases.

The concept of surgeons performing endovascular procedures
is not new. In recent decades, vascular surgeons have integrated
endovascular techniques into their practices for various vascular
diseases [15-17]. Nevertheless, globally, reports about trauma
surgeons conducting endovascular procedures are scarce
[6,18,19]. Herrold et al. [19], in their report of a retrospective
study from R Adams Cowley Shock Trauma Center in the Unit-
ed States, proposed a 6-month acute care surgeon fellowship that
would include training in arterial access, diagnostic angiography;,
embolization, stent placement, and inferior vena cava filter pro-
cedures. The authors emphasized the need to establish an endo-
vascular trauma curriculum. Tsurukiri et al. [20], from Tokyo
Medical University Hachioji Medical Center in Japan, described
acute vascular interventional radiology techniques, both trau-
ma-related and non-trauma-related, performed by acute care
specialists trained for over 1 year as part of the endovascular
team in their radiology department. They noted the acute care
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specialist’s ability to respond immediately to emergencies, con-
trasting with the often-limited availability of in-house radiolo-
gists outside regular hours. These specialists were not trauma
surgeons but acute care physicians, as trauma surgeons were not
consistently present. The specialists were considered alternatives.
Upon reviewing previous literature, we found no further reports
from other institutions in other countries.

In our study, 90 of 164 patients (54.8%) underwent angioem-
bolization during off-hours (from 6 Pm to 8 aM the following
day). Starting in June 2022, our center had only one available in-
terventional radiologist. Consequently, securing this radiologist’s
services during off-hours proved challenging. To address this is-
sue, a trauma surgeon with vascular subspecialty training began
performing emergency angioembolization procedures. Matsu-
moto et al. [21] introduced concepts such as damage control in-
terventional radiology (DCIR) and prompt and rapid endovas-
cular strategies in traumatic situations (PRESTO). A trauma sur-
geon would be able to perform this role well. Generally, interven-
tional radiologists might not have extensive experience or train-
ing in the initial resuscitation or assessment of severe traumatic
injuries. A holistic understanding of the entire treatment process,
including subsequent surgical procedures, such as laparotomy or
pelvic packing, is vital for determining the optimal embolization
site (whether proximal or selective) and method (using Gelfoam
or coiling).

To the best of our knowledge, our study is the first presenting
outcomes for a trauma surgeon performing emergency angioem-
bolization for trauma patients in Korea. Even at our nation’s level
I trauma centers, all angioembolization-related procedures have
traditionally been the domain of interventional radiologists. In
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Fig. 1. Dry lab simulator for practicing endovascular skills using a
guidewire, catheter, and coil.

contrast, at our facility, this role has been assumed by a single
trauma surgeon. This was made possible by his prior experience
with interventional radiology for vascular ailments. To enable
other trauma surgeons to perform angioembolization, we devel-
oped a dry lab simulator that mimics the aorta and its branches,
including the celiac trunk, splenic artery, renal artery, and inter-
nal iliac artery (Fig. 1). All attending trauma surgeons at our cen-
ter were trained in both the theoretical and practical aspects of
interventional radiology. This involved practicing vascular selec-
tion using a guidewire paired with an endovascular catheter and
mastering coil insertion techniques. Our goal is to equip every at-
tending trauma surgeon at our center with these endovascular
competencies. We hope that our initiative will lay the foundation
for the establishment of an endovascular certification specifically
for trauma surgeons. In the United States, there have been several
trials regarding endovascular training for trauma surgeons, but it
has not yet become widespread or standardized [6,18].

Limitations

Our study had several limitations. First, its retrospective design
might have introduced considerable bias. To more conclusively
ascertain the safety and efficacy of angioembolization performed
by trauma surgeons, further prospective research is recommend-
ed. Second, angioembolization was conducted by a single trauma
surgeon who had experience with endovascular procedures for
vascular diseases. Other trauma surgeons have not yet received
adequate training for such endovascular procedures. Nonethe-
less, we intend to train all trauma surgeons to develop this endo-
vascular skill set. Third, while not statistically significant, the re-
bleeding rate was higher in embolization of the internal iliac ar-
tery or its branches than at other sites. However, additionally, the
failure rate of angioembolization did not differ notably between
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interventional radiologists (5 of 27, 15.6%) and the trauma sur-
geon (4 of 26, 13.3%; P >0.99). Further research is needed re-
garding this issue. Finally, we did not include other endovascular
procedures, such as peripherally inserted central catheters, cen-
tral venous catheterization, percutaneous catheter drainage of
hemothorax, or inferior vena cava filter insertions. At our hospi-
tal, trauma surgeons also perform these procedures in a special-
ized angiographic suite. In future research, we plan to investigate
these procedures.

Conclusions

A trauma surgeon with the necessary endovascular skills and ex-
perience can safely perform angioembolization. Their expertise
and understanding of damage control resuscitation may improve
the outcomes of angioembolization procedures. Even when an
in-house interventional radiologist is absent during off-hours, a
trauma surgeon with these endovascular skills could be available.
Nevertheless, a refined training curriculum is essential for trau-
ma surgeons to ensure quality control.
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