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Background: Endovascular repair has emerged as a viable repair option for axillo-subclavian arterial injuries in
select patients; however, further study of contemporary outcomes is warranted.

Methods: The American Association for the Surgery of Trauma (AAST) PROspective Observational Vascular Injury
Treatment (PROOVIT) registry was used to identify patients with axillo-subclavian arterial injuries from 2013 to
2019. Demographics and outcomes were compared between patients undergoing endovascular repair versus

open repair.

Results: 167 patients were identified, with intervention required in 107 (64.1%). Among these, 24 patients under-
went open damage control surgery (primary amputation = 3, ligation = 17, temporary vascular shunt = 4). The
remaining 83 patients (91.6% male; mean age 26.0 + 16) underwent either endovascular repair (36, 43.4%) or open
repair (47, 56.6%). Patients managed with definitive endovascular or open repair had similar demographics and pre-
sentation, with the only exception being that endovascular repair was more commonly employed for traumatic
pseudoaneurysms (p = 0.004). Endovascular repair was associated with lower 24-hour transfusion requirements (p =
0.012), but otherwise the two groups were similar with regards to in-hospital outcomes.

Conclusion: Endovascular repair is now employed in >40% of axillo-subclavian arterial injuries undergoing repair at
initial operation and is associated with lower 24-hour transfusion requirements, but otherwise outcomes are compa-

rable to open repair.
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BACKGROUND

Injuries to the axillary and subclavian arteries account
for approximately 5-10% of civilian and military vas-
cular injuries?. These injuries are, however, associated
with challenging open exposures and reported morbid-
ity and mortality rates ranging from 5% to 39%3*. In
this study, axillary and subclavian artery segments are
grouped together since these two close segment neigh-
bors are located in the junctional region of the forelimb
that requires similar exposure considerations.
Traditional management of axillo-subclavian arterial
injuries requiring intervention mandated open surgical
exposure and repair. More recently, however, endovas-
cular management has emerged as a viable alternative
for treatment in select patients. When compared to open
repair (OR), endovascular repair (ER) has been shown
to be associated with decreased operative time, lower
estimated blood loss, fewer iatrogenic injuries in the
area of trauma, lower in-hospital mortality, and
decreased rates of sepsis’”. As endovascular technolo-
gies continue to evolve and their utilization continues to
increase, there remains an important need to review
subsequent outcomes. The purpose of this study was to
compare in-hospital outcomes of ER and OR using a
contemporary prospective vascular trauma registry.

METHODS

After Institutional Review Board Approval, the Ameri-
can Association for the Surgery of Trauma (AAST) PRO-
spective Observational Vascular Injury Treatment
(PROOVIT) registry was used to identify patients with
axillo-subclavian arterial injuries from 2013 to 2019.
This voluntary registry allows for collection of data from
collaborating trauma centers and is open to all vascular
Injuries occurring at participating trauma centers. Patient
demographics included age, gender, mechanism of injury,
admission vital signs, Injury Severity Score (ISS), and
Abbreviated Injury Scale score for each body region.
Interventional data included operative procedures.
Recorded outcomes included blood products transfused
during hospital admission, complications of repair
(thrombosis/stenosis, delayed amputation), hospital
length of stay (LOS), and mortality. Patient demograph-
ics and in-hospital outcomes were compared between
patients undergoing ER versus OR. Categorical variables
were compared using Chi-square or Fisher exact tests,
and continuous variables were compared using Student’s
t-test or Mann—Whitney rank-sum test. Significant results
were designated with p-values less than 0.05.

Ethical Approval and Informed Consent

Ethical approval to report these cases was given by the
Institutional Review Board. Informed consent was not
required.

RESULTS

At the time of the data pull for the present article, the
PROOVIT registry contained 4357 patients. Among
these, upper extremity injuries (subclavian, axillary, bra-
chial, radial, and ulnar arteries) accounted for 1038
injuries, for a total of 23.8% (1038/4357). Among the
upper extremity arterial injuries, axillo-subclavian
accounted for 16.1% (167/1038) of upper extremity
injuries (subclavian, axillary, brachial, radial, ulnar).
From 2013 to 2019, there were 167 patients who sus-
tained injuries to the axillary and subclavian arteries.
Nonoperative management was used in 60 patients
(35.9%), and 24 patients were managed with initial
open damage control. These groups of patients were not
included in the comparison between patients who
received either definitive ER or OR (Figures 1 and 2). In
the 24 patients who received initial open damage con-
trol, there were eight who died (33.3%) and three
(12.5%) who underwent amputations. Management in
the remaining 21 patients included four (16.7%) with
vascular shunts, nine (37.5%) with ligation, and eight
(33.3%) with initial ligation followed by delayed repair
at a subsequent operation (Figure 2).

In the remaining 83 patients, definitive repair was by
ER in 36 (43.4%) and by OR in 47 (56.6%) (Figure 1).
Among the patients who received definitive treatment,
there were 55 (66.3%) with penetrating injuries. The
types of injuries included 33 (39.8%) transections, 21
(25.3%) occlusions, 16 (19.3%) pseudoaneurysms, and
19 (22.9%) partial transections/flow-limiting defects
(Table 1).

In patients treated with ER, the average age was 24.5
+ 11 years, and 94.4% were males. At admission, 14.3%
(n = 35) of the patients were hypotensive (systolic blood
pressure <90 mm Hg) and 68.8% (7 = 22) had an ISS
>15 (Table 1). In patients treated with OR, the average
age was 27.5 + 16 years, and 89.4% were males. At
admission, 11.4% (n = 5) of the patients were hypoten-
sive (systolic blood pressure <90 mm Hg) and 60.0% (n
=24) had an ISS >15 (Table 1).

When outcomes were compared between patients
who underwent ER and OR, there was a significant
difference with regard to total 24-hour transfusion
requirements (1.0 + 6 units for ER vs 2.5 + 9 units for
OR; p = 0.012). There were no deaths in the OR group
and one in the ER group (mortality = 2.8%). There was
a need to intervene in 8.3% of patients (7 = 3) undergo-
ing ER and 8.5% of patients (# = 4) undergoing OR
(p =1.00). There were two (5.6%) delayed amputations
in the ER group and one (2.1%) in the OR group
(p = 0.576) (Table 2).

DISCUSSION

With a total of 167 patients, this study is one of the
largest in the trauma field comparing the use of ER and
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PROOVIT Axillo-subclavian injuries; N =167
Mortality = 13.2% (22/167)
Amputation = 3.6% (6/167)

\ 4

Non-operative intervention = 35.9% (60/167)
Mortality = 21.7% (13/60)
Amputation = 0% (0/60)

Open or endovascular intervention = 64.1% (107/167)
Mortality = 8.4% (9/107)
Amputation = 5.6% (6/107)

Endovascular = 33.6% (36/107)
Mortality = 2.8% (1/36)
Delayed amputation = 5.6% (2/36)
Repair types:

Covered stent graft = 94.4% (34/36)
Bare metal stent = 5.6% (2/36)

Initial open damage control = 33.8% (24/71)
Mortality = 33.3% (8/24)
Amputation = 12.5% (3/24)

A\ 4

Open surgical intervention = 66.4% (71/107)
Mortality = 11.3% (8/71)
Amputation = 5.6% (4/71)

\4

Open repair at initial operation = 66.2% (47/71)
Mortality = 0% (0/47)
Delayed amputation = 2.1% (1/47)
Repair types:
Primary repair = 19.1% (9/47)

Patch repair, synthetic = 2.1% (1/47)
Autologous vein interposition = 51.1% (24/47)
Synthetic interposition = 27.7% (13/47)
(Dacron =1, PTFE =11, NOS = 1)

Figure 1 Breakdown of all patients used from PROOVIT data. N = 167 represents total number of
patients used in this study. Mortality rate and amputation rate are represented in each group of
patients. NOS, not otherwise specified; PTFE, polytetrafluoroethylene.

Initial open damage control = 33.8% (24/71)
Mortality = 33.3% (8/24)
Amputation = 12.5% (3/24)

/

Initial primary amputation =
12.5% (3/24)
Mortality = 0% (0/3)

Ligation alone = 37.5% (9/24)
Mortality = 77.8% (7/9)
Delayed amputation = 0% (0/9)

\

Temporary vascular shunt = 16.7%
(4/24)

Mortality = 25.0% (1/4)
Delayed amputation = 0% (0/4)
Subsequent repair types:
Saphenous vein interposition = 75.0%
(3/4)

Initial ligation > delayed repair at
subsequent operation = 33.3% (8/24)
Mortality = 0% (0/8)

Delayed amputation = 0% (0/8)
Subsequent repair types:
Primary repair = 50% (4/8)
Saphenous vein interposition = 37.5% (3/8)
PTFE interposition = 12.5% (1/8)

Figure 2 Breakdown of patients who underwent initial open damage control. Mortality rate and
amputation rate are represented in each group of patients. PTFE, polytetrafluoroethylene.
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Table 1 Demographic and clinical data of patient groups.

Total Open Repair Endovascular Repair
(N=83) (N=47) (N=36) prvalue
Age, years (median £ IQR) 260t 16 275%16 245+ 11 0.979
Male, % (n/N) 91.6% (76/83) 89.4% (42/47) 94.4% (34/36) 0.341
Penetrating, % (n/N) 66.3% (55/83) 66.0% (31/47) 66.7% (24/36) 0976
Transection, % (n/N) 39.8% (33/83) 44.7% (21/47) 33.3% (12/36) 0.295
Occlusion, % (n/N) 25.3% (21/83) 21.3% (10/47) 30.6% (11/36) 0.335
Partial transection/flow-limiting defect, % (n/N) 22.9% (19/83) 27.7% (13/47) 16.7% (6/36) 0.237
Pseudoaneurysm, % (n/N) 19.3% (16/83) 8.5% (4/47) 33.3% (12/36) 0.004
SBP on admission (median £ IQR) 123 £51 128 £49 119£53 0.596
Hypotension on admission, % (n/N) 12.7% (10/79) 11.4% (5/44) 14.3% (5/35) 0.743
ISS (median % IQR) 18+ 14 17+17 2015 0.163
ISS> 15, % (n/N) 63.9% (46/72) 60.0% (24/40) 68 8% (22/32) 0442
Head AIS 2> 3, % (n/N) 20.6% (13/63) 22.9% (8/35) 7.9% (5/28) 0.626
Chest AIS > 3, % (n/N) 71.4% (50/70) 63.2% (24/38) 81 3% (26/32) 0.095
Abdomen AIS > 3, % (n/N) 9.4% (6/64) 5.6% (2/36) 14.3% (4/28) 0.391
Extremity AIS 2> 3, % (n/N) 41.2% (28/68) 50.0% (19/38) 30.0% (9/30) 0.096

Data is represented as either median % |QR or percentage (n/N). p-value < 0.05 is considered significant. AlS, Abbreviated Injury Score; QR interquartile range;
n, number of patients with each clinical characteristic; N, number of patients in total, in the OR group or in the ER group.

Table 2 In-hospital outcomes of patients in ER and OR groups.

Total

Open Repair Endovascular Repair

(N=83) (N=47) (N=36) p-value
Total PRBCs first 24 hours, units (median % IQR) 2017 2549 10+£6 0.012
Need to re-intervene on initial repair, % (n/N) 84% (7/83 8.5% (4/47) 8.3% (3/36) 1.000
Thrombosis of repair, % (n/N) 4.8% (4/83 4.3% (2/47) 5.6% (2/36) 1.000
Flow-limiting stenosis, % (n/N) 1.2% (1/83 0% (0/47) 2.8% (1/36) 0434
Infection resulting in need to re-operate, % (n/N) 0% (0/83 0% (0/47) 0% (0/36) N/A
Delayed amputation, % (n/N) 3.6% (3/83 2.1% (1/47) 5.6% (2/36) 0.576
Stroke related to vascular injury or repair, % (n/N) 2.4% (2/83 2.1% (1/47) 2.8% (1/36) 1.000
Hospital LOS (median £ 1QR) 8013 75+13 9.0+15 0.864
ICU LOS (median £ 1QR) 30x5 30%5 204 0.629
Mortality, % (n/N) 1.2% (1/83) 0% (0/47) 2.8% (1/36) 0434

Data is represented as either median £ IQR or percentage (n/N). p-value < 0.05 is considered significant. IQR, interquartile range; n, number of patients with
each clinical characteristic; N, number of patients in total, in the OR group or in the ER group. PRBC, packed red blood cells; LOS, length of stay; ICU, Intensive

Care Unit.

OR for axillo-subclavian arterial injuries. The PROO-
VIT registry includes multicenter data specific to vascu-
lar injury which captures variables and outcomes not
available in previous retrospective studies utilizing
dual center or NTDB data. By using data from the
PROOVIT registry over a seven-year period, this study
assessed the outcomes of axillo-subclavian injuries
after ER or OR.

The historic approach to axillo-subclavian injuries
has been OR, and successful treatment relies on recogni-
tion of the severity of the injury and rapid control of
hemorrhage or restoration of flow®’. To date, ER has
been reserved for patients who are more hemodynami-
cally stable, but it is becoming more widely used in
other patients as more advantages are discovered. These
have been documented in multiple reviews of injuries to

the carotid artery, abdominal aorta, iliac artery, femoral
artery, and the axillo-subclavian arteries!'®!4.
Furthermore, there have been studies showing
improved outcomes with ER for axillo-subclavian arte-
rial injuries. In 2011, Shalhub et al.'s performed a retro-
spective review of 34 patients with blunt thoracic outlet
arterial injuries in which 12 were managed with endo-
vascular repair. They demonstrated that patients treated
with ER had shorter operative times, less blood loss,
and less morbidity. Similarly, a retrospective study by
Branco et al.'® in 2016 reviewed 153 patients with axil-
lo-subclavian injuries over an 11-year period. There
were 72 patients matched based on demographics and
clinical data, with 18 patients managed with ER and 54
with OR. Patients who underwent ER had significantly
lower in-hospital mortality and lower rates of surgical
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site infections and sepsis. Another study by Matsagkas
et al.”” investigated the use of ER in seven patients with
blunt trauma to the axillary and subclavian arteries.
They found that endovascular technique for blunt inju-
ries was reliable with no procedure-related complica-
tions during the median hospital stay of 22 days and
there was a 0% mortality rate. Finally, a retrospective
review by Waller et al.'® found that, while axillary and
subclavian artery injuries still require open exposures
and repairs, endovascular repairs are more effective for
pseudoaneurysms.

The current review documents a continuing increase
in the use of ER for axillo-subclavian injuries. In the
group of 83 patients who received definitive treatment,
36 (43.4%) were managed with ER. This is similar to
other studies over the past decade in which 60% and
42.9% of patients with axillo-subclavian injuries were
managed with ER'>",

Overall mortality in this review was 13.2%. Patients
who were hemodynamically unstable underwent initial
open damage control and had a mortality rate of 33.3%.
In the remaining patients who received definitive treat-
ment with either ER or OR, the mortality rate was only
1.2% as previously noted. In addition, there was a low
number of amputations in both treatment groups. The
only significant outcome of this review was that there
were less blood transfusions in the ER group; however, it
is clear that ER is comparable to OR for axillo-subclavian
artery injuries when considering mortality, thrombosis
of repair, flow-limiting stenosis, infection rates, amputa-
tion rate, stroke, and LOS.

As with every study, there were a number of limita-
tions. First, this was a retrospective review of data from
the PROOVIT registry. Databases such as the PROO-
VIT registry have some limits in information provided
for individual patients and in the variability in contri-
bution from the patients enrolled in this unfunded and
voluntary effort. Furthermore, patients had definitive
treatment with either ER or OR based on their hemo-
dynamic stability and feasibility of intervention in this
nonrandomized review. In addition, these patients were
not matched based on demographic or clinical vari-
ables such as age, type of injury, severity of injury, and
blood pressure on admission for statistical analysis.
Also, data on whether patients needed a thoracotomy,
sternotomy, or laparotomy and on procedural times,
longer term outcomes outside of the hospitalization, out
of hospital outcomes, estimated blood loss from all inju-
ries, precise amount blood loss from the axillo-subclavian
injury, and Acute Respiratory Distress Syndrome (ARDS)
were not available. This restricts the ability of the results
in this review to be compared to those in previous stud-
iesb516, Finally, indications for initial damage control
and exact outcome metrics were not available, which
prevented this subset of patients from being compared
to the endovascular treatment group.

CONCLUSION

The current review documents a continuing increase in
the use of ER for axillo-subclavian arterial injuries. In the
group of 83 patients who received definitive treatment,
36(43.4%) were managed with ER. Overall mortality in
this review was 13.2%. Patients who were hemodynami-
cally unstable underwent initial open damage control and
had a mortality rate of 33.3%. In the remaining patients
who received definitive treatment with either ER or OR,
the mortality rate was only 1.2% as previously noted. The
only significant outcome of this review was that there
were less blood transfusions in the ER group; however, it
is clear that ER is comparable to OR for axillo-subclavian
arterial injuries when considering mortality, thrombosis of
repair, flow-limiting stenosis, infection rates, amputation
rate, stroke, and LOS. Additional studies will be required
to assess specific management techniques depending on
location of vascular injury and accessibility of injury.
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