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Abstract

Introduction Interventional angiography is increasingly utilized in trauma management for various injuries. Despite pub-
lished guidelines by the Eastern Association for the Surgery of Trauma on the use of angiography, limited data exist on fac-
tors associated with outcomes in angiography procedures. This study examines factors associated with survival to hospital
discharge in trauma patients undergoing angiography with or without embolization across US trauma centers.

Materials and methods This retrospective observational study used the National Trauma Data Bank 2017 dataset and
included adult trauma patients who underwent conventional angiography with or without embolization. A bivariate analysis
was done to compare patients’ characteristics by outcome (survived/died), followed by a multivariable logistic regression
analysis to determine factors associated with survival to hospital discharge after adjusting for important confounders.
Results In the included sample of 4242 patients, median age was 41 years and male gender was predominant (72.6%). Overall
mean time to angiography was 263.77 +750.19 min. Factors positively associated with survival included treatment at large
facilities with over 401 beds (OR =2.170; 95% CI, [1.277-3.685]), helicopter ambulance/fixed-wing transport (OR =1.736;
95% CI, [1.325-2.275]), mild Glasgow Coma Scale (OR=7.621; 95% CI, [5.868-9.898]) and moderate Glasgow Coma
Scale (OR=3.127; 95% CI, [2.080-4.701]), SBP>90 (OR =1.516; 95% CI [1.199-1.916]), and spleen as embolization site
(OR=1.647;95% CI [1.119-2.423]).

Conclusion This nationwide study identified variables associated with survival in trauma patients who underwent angiogra-
phy. These variables can serve in creating standardized risk stratification tools that could be incorporated into evidence-based
guidelines for angiography candidates.
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groups from 1 to 40 years [1]. Active bleeding is the direct
cause for the majority of those deaths [2]. Different man-
agement modalities have been adopted for hemorrhage con-
trol based on bleeding site, and these include compression,
slings, external and internal fixations, angioembolization,
and surgery [3]. Surgery is considered as the gold standard
in many cases; however it is not always applicable in the
context of inaccessible vessel injuries or polytrauma as it can
intensify the burden caused by the primary injury [3]. The
use of interventional radiology (IR) for hemorrhage control
started in the early 70 s [3] with angiography and emboliza-
tion becoming common types of procedures used in trauma
management [4]. A standard angiogram involves injecting
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radiopaque dye into the arteries using a catheter and visu-
alizing injured vessels with X-ray imaging. Embolization
consists of intentionally introducing embolic agents through
a single vascular access into distant leaking arteries to stop
the blood flow and control the bleeding. Compared to CT
angiography, interventional angiography use is faster in criti-
cal trauma settings, less irradiating, cheaper, and has direct
therapeutic benefits when coupled with embolization [2, 3].

The frequency of both therapeutic and positive angio-
grams increased over time with IR becoming increasingly
important in the diagnosis and management of trauma
patients [5, 6]. High clinical success rates were previously
reported with angioembolization in solid organ trauma and
pelvic injuries (79.8%, 88.0%, 90.9%, and 91.7% for liver,
spleen, renal, and pelvic injuries, respectively) [3] with IR
use becoming established in both hemodynamically stable
and unstable trauma patients [7-9]. Although multidetector
computed tomography (MDCT) is the gold standard pro-
cedure in detecting vascular injuries, there is still need for
diagnostic angiography when there is high clinical suspi-
cion of bleeding with no extravasation on CT [10]. Angi-
ography and embolization are thus considered essential
elements in both diagnosis and management protocols of
trauma patients. The Eastern Association for the Surgery
of Trauma (EAST) published level 1 recommendations for
the use of angiography and arterial embolization in certain
patients with pelvic fractures [11] and level 2 recommen-
dations for first-line use in liver and splenic injuries when
appropriate [12].

To our knowledge, guidelines on the use of IR in trauma
management have only been based on case series or on
small-scale observational studies, with no unified protocols
[7, 13]. Multicenter studies examining trends in angiography
utilization across US trauma centers are lacking. This study
describes factors associated with outcomes (survival to hos-
pital discharge) in trauma patients undergoing angiography
at US trauma centers with the goal of providing the evidence
for this utilization.

Materials and methods

This retrospective study used the National Trauma Data
Bank (NTDB; American College of Surgeons; Chicago,
Illinois USA) 2017 dataset (n=997,970). NTDB is the
largest trauma database in the USA. It collects data from
over 900 trauma centers and is screened annually to ensure
consistency in data reports [14]. Angiography was reported
for 5265 patients. Pediatric patients whose recorded age
was < 15 years (n=113) were excluded as this is the cut-
off defined by multiple trauma studies and by NTDB cri-
teria [15]. Patients were also excluded if their age was
unknown (n=80), if Emergency Department (ED) discharge
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disposition was “not know/not recorded/not applicable”
(n=36), “other (jail, institutional care facility, mental health,
etc.)” (n=15), “transferred to another hospital” (n=25), if
their hospital discharge disposition was unknown (n=2),
and if they had inter-hospital facility transfer (n=935). The
flowchart (Fig. 1) represents the selection criteria for the
study population.

Important variables such as demographic characteristics
(age, sex, and race), injury characteristics (injury location,
injury mechanism, injury intentionality, trauma type, nature
of injury), clinical characteristics ((Glasgow Coma Scale
(GCS), injury severity score (ISS), systolic blood pressure
(SBP)...)), angiography characteristics, data on complica-
tions, and outcomes were described. An exemption letter
was obtained from the Institutional Review Board for the
use of this de-identified data set.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS), ver-
sion 24.0 (IBM, Armonk, New York, USA), was used to
perform the statistical analyses. Frequencies and percentages
were presented to describe patients’ age and sex. Age was
expressed as median and interquartile range (IQR). Pearson’s
chi-square or Fisher’s exact tests were used to compare the
two groups of patients (died/survived) according to their
demographic and clinical characteristics. Due to the viola-
tion of the normality distribution, the Kolmogorov—Smirnov
Z test was used instead of the Student’s t-test to compare
time to angiography for the two groups (died/survived). A
multivariable analysis using a stepwise logistic regression
was carried out to determine factors associated with main
outcome (survived to hospital discharge: yes/no). This pro-
cedure was done by fitting survived to hospital discharge
with all statistically and clinically significant factors. All
tests were interpreted at a pre-determined significance
level (<0.05). The non-significant p-value [0.963] of the
Hosmer-Lemeshow test showed that the final model was
a good fit to the data. Moreover, it had a good discrimi-
nation between deceased and survived patients as the area
under the curve indicated [0.883; 95% confidence interval
(CI) =0.869-0.896; p-value < 0.001].

Results

The study included 4242 trauma patients. Median age was
41 years [interquartile range: 27-58] and male gender was
predominant (72.6%).

Table 1 displays a bivariate analysis comparing general
characteristics of trauma patients by outcome (died/sur-
vived). Significant differences between the 2 groups were
noted for age, race, ethnicity, primary method of payment,
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NTDB 2017 dataset
(n=997970)
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and transport mode. There were no statistically significant
differences in gender distribution and in facility character-
istics (teaching status, bed size, trauma designation level)
(p>0.05). Patients who survived had more comorbidities
[57.8% vs 49.8%; p<0.001], lower ISS [ISS<15:21.7% vs
6.4%; p <0.001], higher GCS [mild GCS: 71.8% vs 31.6%],
and higher SBP [SBP >90: 75.8% vs 63.2%; p<0.001]
(Table 2). All patients in both groups received blood trans-
fusion within the first 4 h after ED/hospital arrival. As for
injury characteristics, patients who survived had more pen-
etrating injuries [24.3% vs 12.2%], trauma due to assault
[19.3% vs 8.9%], and were more commonly victims of
firearm injuries [18.0% vs 11.2%] and cut/pierce injuries
[6.5% vs 1.5%] when compared to those who died. They
also sustained more blood vessel injuries [10.2% vs 8.3%]
and fractures [35.1% vs 31.4%], less internal organ inju-
ries [36.4% vs 46.2%], and had more injuries located to the
torso [48.1% vs 38.0%] and to extremities [22.2% vs 11.4%].
Finally, patients who survived more commonly showed signs
of life upon arrival [99.7% vs 96.7%; p <0.001] (Table 2).
As for angiography characteristics, the mean time to
angiography for the total sample was 263.77 +750.19 min
with no statistically significant difference between the two
groups. Angiography without embolization was more com-
mon in patients who survived [46.0% vs 39.1%; p<0.001].

v

o Transferred to another hospital
(n=25)
- Hospital discharge disposition not known/not
recorded (n=2)

Inter-hospital facility transfer (n=935) /

Surviving patients had significantly more embolization
procedures to the spleen [13.1% vs 6.7%; p <0.001], and
significantly fewer embolization procedures to the pelvis
[22.4% vs 34.8%; p <0.001], retroperitoneum [1.0% vs
3.1%; p <0.001], and others [4.5% vs 6.5%; p=0.014]. No
statistical differences were seen between the two groups
regarding embolization to the aorta, peripheral vessels,
liver, and kidneys (p > 0.05) (Table 3).

Hospital complications were significantly differ-
ent among the two groups. Patients who survived
were less likely to have cardiac arrest with CPR [2.5%
vs 23.8%; p <0.001], myocardial infarction [0.3% vs
1.2%; p=0.004], acute kidney injuries [4.7% vs 14.5%;
p <0.001], acute respiratory distress syndrome (ARDS)
[3.2% vs 6.5%; p <0.001], severe sepsis [2.4% vs 5.2%;
p <0.001], and stroke [1.7% vs 3.9%; p <0.001]. They
were however more likely to have unplanned admission
to the ICU [4.5% vs 1.8%; p <0.001], superficial/deep/
organ site infections (p <0.05), catheter-associated urinary
tract infection (CAUTI) [2.1% vs 0.4%; p=0.001], and
deep vein thrombosis (DVT) [6.2% vs 2.7%; p <0.001]
in comparison to patients who died. No statistically sig-
nificant difference was noted between the two groups for
unplanned intubation and unplanned return to the opera-
tion room (p > 0.05) [data not shown].
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Table 1 General characteristics

Died p-value
No (N=3392) Yes (N=850)
Age (years) 2955 (87.1%) 601 (70.7%) <0.001
6-64 437 (12.9%) 249 (29.3%)
>65
Sex 2456 (72.4%) 625 (73.5%) 0.511
Male 936 (27.6%) 225 (26.5%)
Female
Race 795 (23.9%) 147 (17.9%) <0.001
Black 2039 (61.3%) 562 (68.5%)
White 492 (14.8%) 111 (13.5%)
Other race®
Ethnicity 531 (16.3%) 96 (11.9%) 0.002
Hispanic or Latino 2718 (83.7%) 709 (88.1%)
Not Hispanic or Latino
Primary method of payment 1180 (35.5%) 309 (37.5%) <0.001
Medicaid/Medicare 455 (13.7%) 170 (20.6%)
Self-pay 1435 (43.2%) 282 (34.2%)
Private/commercial insurance 250 (7.5%) 64 (7.8%)
Not billed (for any reason) and other government and other
Transport mode 2491 (73.8%) 647 (76.4%) <0.001
Ground ambulance 717 (21.2%) 183 (21.6%)
Helicopter ambulance and fixed-wing ambulance 121 (3.6%) 3(0.4%)
Private/public vehicle/walk-in 46 (1.4%) 14 (1.7%)
Police and other
Facility level: hospital teaching status 1047 (30.9%) 257 (30.3%) 0.866
Community 316 (9.3%) 76 (9.0%)
Non-teaching 2028 (59.8%) 516 (60.8%)
University
Facility level: bed size 154 (4.5%) 45 (5.3%) 0.055
<200 750 (22.1%) 212 (24.9%)
201-400 1007 (29.7%) 216 (25.4%)
401-600 1481 (43.7%) 377 (44.4%)
> 600
Trauma designation level 2361 (70.4%) 612 (72.8%) 0.341*
I 981 (29.2%) 227 (27.0%)
1T 14 (0.4%) 2 (0.2%)
I

“The Fisher’s exact test was used to calculate the p-value

4Other race is the combination of the following categories: Asian and Pacific Islander and American Indian

and other

Table 4 shows the variables that were associated with sur-
vival in patients who underwent an angiography procedure
(multivariable regression analysis). Many variables were
positively associated with survival and included helicopter
ambulance and fixed-wing ambulance in comparison with
ground ambulance (OR=1.736; 95% CI [1.325-2.275];
p <0.001), treatment at larger facilities with over 401
beds (OR=2.170; 95% CI [1.277-3.685]; p=0.004),
mild GCS (OR=7.621; 95% CI [5.868-9.898]; p <0.001)
and moderate GCS (OR=3.127; 95% CI [2.080-4.701];
p<0.001) (Ref: severe GCS), SBP>90 (OR=1.516; 95%
CI[1.199-1.916]; p=0.001), drug screen test (OR=1.479;
95% CI [1.116-1.961]; p=0.006), spleen embolization
(OR=1.647; 95% CI [1.119-2.423]; p=0.011), and the

@ Springer

following hospital complications: deep surgical site infection
(OR=6.813;95% CI, [1.471-31.564]; p=0.014), deep vein
thrombosis (OR=4.155; 95% CI [2.264-7.624]; p < 0.001),
catheter-associated urinary tract infection (OR =6.083; 95%
CI [1.664-22.237]; p=0.006), organ/space surgical site
infection (OR =5.688; 95% CI [1.319-24.533]; p=0.020),
pressure ulcer (OR =4.666; 95% CI [2.260-9.634];
p<0.001), unplanned ICU admission (OR =6.126; 95% CI
[2.822-13.297]; p<0.001), and ventilator-associated pneu-
monia (OR=2.334; 95% CI [1.322-4.123]; p=0.003). On
the other hand, some variables were negatively associated
with survival and included: older age (> 65) (OR=0.208;
95% CI [0.157-0.276]; p < 0.001), self-pay in comparison
to Medicaid/Medicare (OR=0.442; 95% CI [0.319-0.612];
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Table 2 Clinical characteristics

Died p-value
No (N=3392) Yes (N=2850)
Comorbidity 1433 (42.2%) 427 (50.2%) <0.001
No 1959 (57.8%) 423 (49.8%)
Yes
ISS 734 (21.7%) 54 (6.4%) <0.001
<15 2655 (78.3%) 796 (93.6%)
>16
GCS 709 (21.2%) 504 (60.1%) <0.001
Severe <8 234 (7.0%) 70 (8.3%)
Moderate 9—-12 2406 (71.8%) 265 (31.6%)
Mild 13-15
SBP 805 (24.2%) 304 (36.8%) <0.001
<90 2515 (75.8%) 522 (63.2%)
>90
Transfusion blood (4 h) 3392 (100%) 850 (100%) -
Yes
Trauma type 2554 (75.5%) 743 (87.5%) <0.001*
Blunt 821 (24.3%) 104 (12.2%)
Penetrating 8 (0.2%) 2 (0.2%)
Burn and other/unspecified
Injury intentionality 2545 (75.1%) 725 (85.3%) <0.001
Unintentional 131 (3.9%) 37 (4.4%)
Self-inflicted 653 (19.3%) 76 (8.9%)
Assault 58 (1.7%) 12 (1.4%)
Undetermined and other
Mechanism of injury 217 (6.5%) 12 (1.5%) <0.001
Cut/pierce 297 (8.9%) 90 (10.9%)
Fall 602 (18.0%) 92 (11.2%)
Firearm 1968 (58.8%) 552 (66.9%)
MVT 265 (7.9%) 79 (9.6%)
Other®
Alcohol screen 827 (24.6%) 214 (25.3%) 0.675
No 2531 (75.4%) 631 (74.7%)
Yes
Drug screen 2443 (74.9%) 676 (83.9%) <0.001
No 819 (25.1%) 130 (16.1%)
Yes
Nature of injury 346 (10.2%) 70 (8.3%) <0.001
Blood vessel 1189 (35.1%) 265 (31.4%)
Fracture 1232 (36.4%) 390 (46.2%)
Internal organ injury 290 (8.6%) 41 (4.9%)
Open wound 169 (5.0%) 46 (5.4%)
Superficial and contusion 162 (4.8%) 33 (3.9%)
Other
Body region 752 (22.2%) 96 (11.4%) <0.001
Extremities 718 (21.2%) 344 (40.7%)
Head and neck 260 (7.7%) 75 (8.9%)
Spine and back 1628 (48.1%) 321 (38.0%)
Torso 30 (0.9%) 9 (1.1%)
Unclassifiable by body region
and unspecified
Signs of life 9(0.3%) 28 (3.3%) <0.001
Arrived with no signs of life 3383 (99.7%) 822 (96.7%)

Arrived with signs of life

“The Fisher’s exact test was used to calculate the p-value

40ther mechanisms of injury include fire/flame and machinery and
pedal cyclist, other and pedestrian, other and transport, other and nat-
ural/environmental, bites and stings and natural/environmental, other
and overexertion and struck by, against and other specified and clas-
sifiable and other specified, not elsewhere classifiable and unspecified

p<0.001), ISS>16 (OR=0.488; 95% CI [0.332-0.718];
p <0.001), the following mechanisms of injury: fall
(OR =0.241; 95% CI [0.108-0.538]; p=0.001), firearm
(OR=0.377;95% CI [0.170-0.836]; p=0.016), and MVT
(OR=0.279; 95% CI [0.131-0.591]; p=0.001) (Ref: “cut/
pierce”). Moreover, head and neck, spine, and back injuries
(Ref: extremity injuries) were negatively associated with
survival as well as embolization sites like the pelvis, the
kidneys, and the retroperitoneum. Finally, hospital compli-
cations that were negatively associated with survival of the
patients who had undergone angiography were acute kidney
injury, severe sepsis, myocardial infarction, cardiac arrest
with CPR, and stroke/CVA.

Discussion

This study examined the use of angiography and emboliza-
tion in trauma centers across the USA and identified fac-
tors associated with survival to hospital discharge in adult
trauma patients who underwent angiography with or without
embolization. Previous literature either examined the use of
angiography in local trauma centers or in the context specific
organ injuries without focusing on factors associated with
clinical outcomes. To our knowledge, this is the first study
to examine IR at a national level. Its findings are important
in creating risk-stratification tools for trauma patients who
would likely benefit from angiography and embolization
procedures through evidence-based guidelines.

Important characteristics of trauma patients who under-
went angiography with or without embolization were identi-
fied. Older (age > 65) and more severely injured (ISS > 16,
severe GCS and SBP < 90) were less likely to survive to hos-
pital discharge. This was expected as it is the case in other
previous trauma studies. Additionally, patient who died had
more injuries to the head and neck region and to spine and
back regions. These anatomical regions are more densely
crowded with critical and vital organs which would increase
the risk of morbidity and mortality. Penetrating mechanism
of injury was more common in patients who survived which
contrasts with one study conducted at a tertiary care trauma
center in Pakistan in which 100% of the group of patients
who died had penetrating injuries [16]. This latter study was
however single-centered and relied on one hospital registry
with different angiography protocols [16]. Its trauma sys-
tem in terms of available trauma designated centers and IR
expertise is also different. Other existing studies also primar-
ily described general characteristics of angiography patients
in different trauma contexts without comparing them by out-
come [4, 6, 16, 17].

Time from presentation to angiography was not associ-
ated with survival in our study. Based on the golden hour
concept, the shorter the length of time between onset of
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Table 3 Angiography/

. . Died p-value
embolization procedure details
No (N=3392) Yes (N=850)
Angiography procedure 1560 (46.0%) 332 (39.1%) <0.001
Angiography only 1832 (54.0%) 518 (60.9%)
Angiography with embolization
Embolization site: liver 3086 (91.0%) 776 (91.3%) 0.773
No 306 (9.0%) 74 (8.7%)
Yes
Embolization site: spleen 2949 (86.9%) 793 (93.3%) <0.001
No 443 (13.1%) 57 (6.7%)
Yes
Embolization site: kidneys 3312 (97.6%) 821 (96.6%) 0.083
No 80 (2.4%) 29 (3.4%)
Yes
Embolization site: pelvic (iliac, gluteal, obturator) 2631 (77.6%) 554 (65.2%) <0.001
No 761 (22.4%) 296 (34.8%)
Yes
Embolization site: retroperitoneum (lumbar, sacral) 3357 (99.0%) 824 (96.9%) <0.001
No 35 (1.0%) 26 (3.1%)
Yes
Embolization site: peripheral vascular (neck, extremities) 3265 (96.3%) 821 (96.6%) 0.645
No 127 (3.7%) 29 (3.4%)
Yes
Embolization site: aorta (thoracic or abdominal) 3316 (97.8%) 826 (97.2%) 0.316
No 76 (2.2%) 24 (2.8%)
Yes
Embolization site: other 3241 (95.5%) 795 (93.5%) 0.014
No 151 (4.5%) 55 (6.5%)
Yes

injury and medical intervention, the higher the chance of
recovery and survival. A study, exploring the relationship
between door to embolization and survival in 1017 patients
with pelvic fracture admitted to a South Korean Trauma
Center between November 1, 2015, and December 31, 2019,
showed that a shorter door to embolization time was associ-
ated with better clinical outcomes such as mortality rate,
blood transfusion requirements, and ICU length of stay in
patients with complex pelvic fracture who underwent angi-
ography [18]. The observed difference can be related to the
different inclusion criteria in both studies. Kim et al. focused
on pelvic injuries needing angiography/embolization and
was single-centered in contrast to our study which included
all injuries requiring this procedure across trauma centers
in the USA. Another retrospective study by Howell et al.
using the NTDB database concluded that delay to IR itself
is a strong independent predictor of mortality (odds ratio
2.7; 95%CI [1.6-4.9]; p<0.001) and that for every hour of
delay, mortality risk increases by 47% [19]. However, this
study included only hemodynamically unstable patients from
levels I and II trauma centers, who were more likely to ben-
efit from time-sensitive interventions.

Angiography with embolization to specific sites was
also examined in our study in terms of impact on outcome.
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Spleen angiography/embolization was found to be positively
correlated with survival, while embolization to the kidneys,
the pelvis, or the retroperitoneum were negatively associated
with survival. Other sites such as liver, peripheral vascular
(neck, extremities), aorta (thoracic or abdominal), and others
were not significantly associated with survival. Some of our
findings are not in line with previous data that particularly
addressed organ-specific injuries[13]. A multicenter analy-
sis that examined the use of spleen arterial embolization
according to the EAST guidelines did not report survival
benefits despite embolization being an independent predic-
tor of spleen salvage [20]. The observed difference in results
can be explained by the different settings in which these
studies were conducted, different outcomes (treatment fail-
ure vs mortality) and different inclusion criteria for trauma
patients. None of the previous studies examined angiography
and embolization use in all trauma injuries and at a large
scale using a large national database. It is therefore pos-
sible that studies examining organ specific injuries would
identify different associations between embolization site and
outcomes.

Other factors that were positively associated with sur-
vival included facility level (>401 beds). Better outcome
with specific procedures is usually associated with increased
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Table 4 .Logistic r.egression Variable [Reference] Adjusted 95% C1 p-value
for survival of patients who odds ratio
underwent an angiography
procedure Facility level: bed size [<200] 1.220 0.718-2.073 0.462
201-400 2.170 1.277-3.685 0.004
401-600 1.765 1.059-2.941 0.029
> 600
Primary method of payment [Medicaid/Medicare] 0.442 0.319-0.612 <0.001
Self-pay 1.239 0.955-1.609 0.107
Private/commercial insurance 0.951 0.620-1.458 0.817
Not billed (for any reason) and other government and other
Transport mode [Ground ambulance] 1.736 1.325-2.275 <0.001
Helicopter ambulance and fixed-wing ambulance 5.165 0.987-27.028 0.052
Private/public vehicle/walk-in 0.447 0.177-1.124 0.087
Police and other
Age (years) [16-64] 0.208 0.157-0.276 <0.001
>65
ISS [<15] 0.488 0.332-0.718 <0.001
>16
GCS [Severe <8] 3.127 2.080-4.701 <0.001
Moderate 9-12 7.621 5.868-9.898 <0.001
Mild 13-15
SBP [<90] 1.516 1.199-1.916 0.001
>90
Mechanism of injury [Cut/pierce] 0.241 0.108-0.538 0.001
Fall 0.377 0.170-0.836 0.016
Firearm 0.279 0.131-0.591 0.001
MVT 0.234 0.103-0.535 0.001
Other*
Drug screen [No] 1.479 1.116-1.961 0.006
Yes
Body region [Extremities] 0.468 0.328-0.668 <0.001
Head and neck 0.523 0.329-0.832 0.006
Spine and back 0.789 0.558-1.116 0.180
Torso 0.484 0.140-1.679 0.253
Unclassifiable by body region and unspecified
Hospital complications
Deep surgical site infection [No] 6.813 1.471-31.564 0.014
Yes
Deep vein thrombosis (DVT) [No] 4.155 2.264-7.624 <0.001
Yes
Cardiac arrest with CPR [No] 0.064 0.043-0.094 <0.001
Yes
Catheter-associated urinary tract infection (CAUTI) [No] 6.083 1.664-22.237 0.006
Yes
Acute kidney injury [No] 0.330 0.223-0.487 <0.001
Yes
Myocardial infarction [No] 0.163 0.051-0.518 0.002
Yes
Organ/Space surgical site infection [No] 5.688 1.319-24.533 0.020
Yes
Severe sepsis [No] 0.387 0.214-0.701 0.002
Yes
Stroke/CVA [No] 0.325 0.182-0.580 <0.001
Yes
Pressure ulcer [No] 4.666 2.260-9.634 <0.001
Yes
Unplanned admission to the ICU [No] 6.126 2.822-13.297 <0.001
Yes
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Table 4 (continued)

Variable [Reference] Adjusted 95% C1 p-value
odds ratio
Ventilator-associated pneumonia (VAP) [No] 2.334 1.322-4.123 0.003

Yes
Embolization sites

Embolization site: spleen [No] 1.647 1.119-2.423 0.011
Yes
Embolization site: kidneys [No] 0.468 0.253-0.863 0.015
Yes
Embolization site: pelvic (iliac, gluteal, obturator) [No] 0.745 0.582-0.953 0.019
Yes
Embolization site: retroperitoneum (lumbar, sacral) [No] 0.393 0.167-0.928 0.033
Yes

Variables entered into the model: age (years)-sex-race-ethnicity-primary method of payment-transport
mode-facility level: hospital teaching status-facility level: hospital type-facility level: bed size-trauma des-
ignation level-comorbidity-ISS-GCS-SBP-trauma type-injury intentionality-mechanism of injury-alcohol
screen-drug screen-nature of injury-body region-signs of life-angiography procedure-time to angiography
(days) -hospital complications (central line-associated bloodstream infection (CLABSI); deep surgical site
infection; deep vein thrombosis (DVT); alcohol withdrawal syndrome; cardiac arrest with CPR; catheter-
associated urinary tract unfection (CAUTI); pulmonary embolism; extremity compartment syndrome;
unplanned intubation; acute kidney injury; myocardial infarction; organ/space surgical site infection; acute
respiratory distress syndrome (ARDS); unplanned return to the OR; severe sepsis; stroke/CVA; pressure
ulcer; unplanned admission to the ICU; ventilator-associated pneumonia (VAP); other)-embolization sites
(liver; spleen; kidneys; pelvic (iliac, gluteal, obturator); retroperitoneum (lumbar, sacral); peripheral vascu-
lar (neck, extremities); aorta (thoracic or abdominal); other)

40Other mechanisms of injury include fire/flame and machinery and pedal cyclist, other and pedestrian,

other and transport, other and natural/environmental, bites and stings and natural/environmental, other and
overexertion and struck by, against and other specified and classifiable and other specified, not elsewhere

classifiable and unspecified

patient volume and expertise [21, 22]. However, important
characteristics such as trauma designation level, hospital
teaching status, and hospital type were not found in to be
associated with the survival of trauma patients undergo-
ing angiography with or without embolization in our study.
Future studies specifically examining survival benefits
of this study population when treated at specific hospital
types/trauma center levels are needed. Additionally, some
variables such as drug use as well as less severe hospital
complications such as deep surgical site infection, deep
vein thrombosis, catheter-associated urinary tract infection,
organ/space surgical site infection, and pressure ulcer among
others were positively associated with survival. This could
be related to the fact that complications are more likely to be
reported in surviving patients who therefore have extended
lengths of stay in the hospital.

Current indications for spleen angiography with embo-
lization (EAST’s level 2 recommendation) include patients
with American Association for the Surgery of Trauma
(AAST) injury grade greater than III, presence of a contrast
blush, moderate hemoperitoneum, or clinical evidence of
ongoing splenic bleeding [23-28]. A level 3 recommen-
dation suggests that “contrast blush on CT scan alone is
not an absolute indication for an operation or angiographic
intervention.” Factors such as patient age, grade of injury,
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and presence of hypotension need to be considered in the
clinical management of these patients [29]. For liver inju-
ries, current recommendations for angiography/embolization
include patients with AAST CT injury grade III or higher,
evidence of hepatic venous injury, or arterial injury such as
a contrast blush. In the aforementioned population, embo-
lization has been shown to be beneficial to stop bleeding or
prevent delayed bleeding and complications [30]. For pelvic
injuries, level I evidence supports the use of angiography
when intravenous contrast extravasation (ICE) is seen on
CT even for hemodynamically unstable patients [31]. While
a detailed analysis of current indication for angiography/
embolization in our study using the AAST severity grade
was not possible since the injury grading is not part of the
variables reported by the National Trauma Data Bank, the
study findings reflect current angiography practices com-
pared by outcome in trauma sites across the USA where
this procedure is used according to protocols following the
latest evidence/recommendations. Additionally, all patients
in our study received blood transfusion with 4 h from arrival
to ED. This patient population though heterogeneous usually
requires timely evaluation for active bleeding most often by
IR and possible embolization for hemorrhage control. To
date, the available literature on specific evidence-based rec-
ommendations for embolization remains inconclusive. The
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decision of the healthcare provider to perform embolization
is often complex, situational, and usually relies on demo-
graphic and clinical characteristics in addition to the imag-
ing findings [13]. Changing specific protocols requires more
organ specific details related to description of organ specific
injuries (presence, size and location of hematoma, laceration
or tear, evidence of active bleeding on imaging, etc.) and as
such reporting organ-specific AAST severity grade in future
NTDB datasets would be very useful to standardize injury
classification and improve protocols. The findings of this
study also underline the need to examine further IR utiliza-
tion in specific patient populations and injury types/sites to
help identify more appropriate angiography candidates in
the future and to establish more standardized angiography
and embolization guidelines. Such recommendations would
also help improve resource utilization further in organized
trauma systems from field triage to IR utilization.

Limitations

This study has some limitations mainly due to its retro-
spective nature. Data from the NTDB registry are regularly
cleaned and screened for outliers to ensure maximum con-
sistency in documentation [14], yet differences in report-
ing might still remain among the different trauma centers.
The lack of consistency in reporting some important ele-
ments such as the type and timing of transport and prehos-
pital interventions is another limitation [32]. Additionally,
important secondary outcomes beyond survival in trauma
patients such as the level of disability and the functional sta-
tus after recovery are also missing. Nonetheless, the NTDB
continues to be the largest and most representative trauma
registry currently available in the USA. Its findings provide
a national overview of the current angiography and embo-
lization trends in US trauma centers with the identification
of factors associated with survival to hospital discharge of
affected patients.

Conclusions

This study examined angiography and embolization in a
heterogeneous sample of adult trauma patients in different
trauma centers across the USA and with different mecha-
nisms of injury. Important factors were identified to be
associated with survival to hospital discharge. Incorporating
these factors in risk stratification tools can allow for better
resource utilization, better selection of IR candidates, and
for improved outcomes.
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