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Abstract

Purpose: Prophylactic fasciotomy is commonly performed in penetrating extremity vascular trauma.
Despite the known morbidity of this procedure, surgical dogma suggests liberal prophylactic fasciotomy.
We performed a single-center evaluation of injury patterns associated with development of
compartment syndrome requiring delayed fasciotomy.

Methods: We examined 138 consecutive patients with penetrating lower extremity arterial trauma (2016-
2024). Patients who underwent up front revascularization without prophylactic fasciotomy were
included. The primary outcome was development of compartment syndrome requiring delayed
fasciotomy.

Results: 87 patients were included. Of those meeting criteria, 23/87 (26.4%) had popliteal artery injury
and 64/87 (73.6%) had common femoral artery or superficial femoral artery injury. Patients with popliteal
injury had a significantly higher rate of delayed fasciotomy (43.4% v 6.3%, P<0.001), but lower injury
severity (4 v 9, P<0.001). The groups were otherwise similar. All vein injuries were ligated. Among
patients with popliteal injuries there were no differences between those who required delayed
fasciotomy and those who did not, including no difference in rate of venous injury (46% v 50%, P=0.85).
Among patients with femoral injury, those who required delayed fasciotomy had longer LOS (P=0.038),
but were otherwise similar, including rate of venous injury (37% v 50%, P=0.59).

Conclusions: Delayed fasciotomy was required in less than one-fifth of all patients with sharp distinction
between femoral (6.3%) and popliteal (43.4%) injuries. Combined arteriovenous injury did not predispose
patients to delayed fasciotomy. These findings support injury-specific risk stratification when
determining need for prophylactic fasciotomy and high index of suspicion among popliteal arterial
injuries regardless of vein status.

Introduction

Extremity vascular trauma remains a major contributor to morbidity and limb loss. Contemporary
cohorts demonstrate that penetrating mechanisms predominate. (1, 2) Despite advances in trauma
systems and operative techniques, complications following revascularization remain common,
particularly acute compartment syndrome, which is a critical determinant of limb preservation and long-
term functional outcomes. (3, 4)

The pathophysiology of compartment syndrome in vascular trauma is well established, reflecting the
combined effects of destructive injury, hemorrhage, tissue edema, and ischemia—reperfusion injury
following restoration of arterial inflow. (3) Timing of fasciotomy is critical. Historically, six hours is
accepted as a clinical turning point in compartment syndrome after which irreversible neuromuscular
damage ensues causing permanent loss of function. Accordingly, decompression after 6 hours confers
a high rate of late amputation. (3, 5, 6, 7)
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Diagnosis of compartment syndrome is primarily clinical, based on patient history and symptoms
coupled with physical examination. Objective measurements are often used to inform fasciotomy in
instances of equivocal examination or limited history. (8) However, given the severe consequences of
missed or delayed diagnosis of compartment syndrome, a liberal approach to prophylactic fasciotomy
has been historically advocated. (9)

Prior studies have suggested that combined arterial and venous injury may be a key risk factor,
proposing that impaired venous outflow contributed to elevated compartment pressures and increased
risk of compartment syndrome. (5, 10) Additionally, these investigations suggested that prolonged
ischemia, popliteal artery injury, and severe soft tissue damage as major determinants of limb loss. (5,
11) Several recent analyses challenge the routine use of prophylactic fasciotomy in extremity vascular
trauma, suggesting that this practice may not confer an advantage over delayed intervention when close
clinical monitoring is available. (9, 12)

Emerging literature has questioned the independent role of traditional risk factors. Contemporary cohort
analyses demonstrate that combined arterial and venous injury, while associated with increased
utilization of fasciotomy, is not consistently associated with an increased risk of delayed compartment
syndrome or amputation. (13, 14) Similarly, venous injury and ligation may not be associated with worse
limb outcomes as initially proposed. (15-17) However, clinical practice guidelines continue to
recommend liberal use of fasciotomy in the setting of venous injury and data regarding venous
management and subsequent outcomes are mixed even among modern studies. (10, 18) Injury location
remains a consistent predictor of adverse limb outcomes. Popliteal artery injury is consistently
associated with increased risk of limb-threatening ischemia, fasciotomy, and amputation. (10, 17, 19)

This study evaluated patients with penetrating lower extremity arterial trauma managed without
prophylactic fasciotomy at a high-volume trauma center. We identified factors associated with delayed
progression to compartment syndrome requiring fasciotomy to better define patients that may benefit
from selective versus routine prophylactic decompression. We hypothesized that anatomic injury
location, particularly popliteal artery involvement, would be more strongly associated with the
development of compartment syndrome than concomitant injuries or surgical management strategy.

Methods

We performed a retrospective cohort study using a prospectively collected trauma registry review at
Hospital Sétero Del Rio, a 710 bed, high-volume, tertiary referral center in Santiago, Chile. The institution
maintains a trauma registry capturing detailed demographic, injury, and operative data for all trauma
admissions. Annually, the trauma service evaluates over 5,000 patients with approximately 3,500
admissions. Among those admitted, 32% are admitted after penetrating trauma. Vascular repairs after
trauma are managed almost exclusively by trauma surgeons with rare exceptions for endovascular
procedures and complex staged reconstructions. The study period spanned January 2016 through
December 2024. Ethical review and approval was obtained from Hospital Sétero Del Rio and Brigham
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and Women'’s Hospital institutional review board. Given the retrospective design and utilization of trauma
registry data, waiver of informed consent was obtained. No funding was obtained for this study.

All adult patients (= 18 years) identified from the institutional trauma registry with penetrating lower
extremity arterial injury were screened for inclusion. Patients were included if they underwent definitive
open or endovascular revascularization without prophylactic fasciotomy at the index operation.

Exclusion criteria were prophylactic fasciotomy performed during the index operation, vascular injuries
distal to the popliteal artery, primary amputation, and incomplete registry data. Given small sample size
(4/138, 3%) and probability of resultant confounding, patients who were treated with temporary
intravascular shunts prior to definitive reconstruction were also excluded.

Data were obtained from the institutional trauma registry and supplemented by targeted chart review to
confirm injury characteristics and outcomes. Variables collected included patient demographics (age,
sex), mechanism of injury (gunshot wound vs stab wound), Injury Severity Score (ISS), associated
injuries (bone, nerve, and vein), operative time, amputation status, length of stay (LOS).

Vascular injuries were categorized by anatomic location into femoral (including common femoral artery
[CFA] and superficial femoral artery [SFA]) injury and popliteal injury categories. Operative variables
included type of vascular repair (primary repair, interposition graft, bypass, prosthetic graft, or
endovascular intervention), operative duration, and management of associated venous injury (ligation vs
repair).

The primary outcome was development of compartment syndrome requiring delayed fasciotomy
following index revascularization. Diagnosis of compartment syndrome was based on clinical findings
including pain out of proportion, tense compartments, and/or neurologic compromise, with or without
adjunctive pressure measurements. Delayed fasciotomy was defined as any fasciotomy performed after
completion of the initial vascular procedure.

Secondary outcomes included hospital length of stay (LOS), amputation, and perioperative
characteristics associated with delayed fasciotomy.

Statistical Analysis

Patients were stratified by anatomic injury location (femoral vs popliteal) and by the occurrence of
delayed fasciotomy. Continuous variables were reported as mean with standard deviation or median with
interquartile range, depending on distribution, and compared using the rank-sum test. To examine the
relationship between location of arterial injury and development of compartment syndrome, we
examined need for delayed fasciotomy using the Chi square test given small event numbers. Given low
event rate, multivariable analysis was deferred.

Results
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During the study period, 138 patients with penetrating lower extremity arterial trauma were identified. 87
patients met criteria for analysis. Among the 51 excluded patients, 15 were excluded because they had
undergone up-front fasciotomy. Injuries treated with up-front fasciotomy were similarly distributed
between anatomic regions with 8 femoral injuries and 7 popliteal. Two thirds (10/15) of these patients
had combined arteriovenous injury and one-third (5/15) had orthopedic involvement. There were no
amputations among patients treated with prophylactic fasciotomy.

Among the study cohort, 23 patients (26.4%) sustained popliteal artery injuries, and 64 patients (73.6%)
had injuries involving the common femoral or superficial femoral arteries. Most patients were male
(84/87,97%), and penetrating mechanisms consisted of gunshot and stab injuries, with similar
distributions between groups. Patients with popliteal artery injury had a significantly lower median ISS
compared to those with femoral injury (4 vs 9, p < 0.001). There were no significant differences between
femoral and popliteal injury patients in age, sex, mechanism of injury, or rates of associated bone, nerve,
or venous injury (Table 1).
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Table 1

Patient characteristics by injury location

Femoral Injury Popliteal Injury
No Fasciotomy P No Fasciotomy P
fasciotomy value fasciotomy value
(N=4) (N=10)
(N=60) (N=13)
Male, N (%) 57 (95) 4 (100) 0.65 13 (100) 10 (100) 1.0
Trauma type, N 0.16 0.23
(%)
Gunshot wound 40 (67) 4 (100) 9 (69) 9 (90)
Stab 20 (33) 0 (0) 4 (31) 1(10)
Vein injury, N (%) 22 (37) 2 (50) 0.59 6 (46) 5 (50) 0.85
Index OR time 158 (110, 240 (180, 0.13 200 (125, 243 (215, 0.18
(min), N (%) 210) 273) 282) 260)
Arterial repair, N 0.056 0.43
(%)
Ligate 3(5 0 (0) 0 (0) 0 (0)
Primary repair 2 (3) 0 (0) 2 (15) 0 (0)
Primary 21 (35) 1(25) 2 (15) 2 (20)
anastomosis
Vein bypass 22 (37) 0 (0) 9 (69) 8 (80)
PTFE 7 (12) 1(25) 0(0) 0 (0)
Dacron 3(5) 2 (50) 0 (0) 0 (0)
Endovascular 2 (3) 0 (0) 0 (0) 0 (0)
Bone injury,N (%) 11 (18) 1(25) 0.74 4 (31) 1(10) 0.23
z\le)rve injury, N 0 (0) 0 (0) 0 (0) 0 (0)
%
,(Arr)1putation, N 0 (0) 0 (0) 0 (0) 1(10%) 0.24
%
Hospital LOS, 4.0 (2.0, 21.0 (14.0, 0.038 8.0(2.0, 8.0 (7.0, 0.55
median (IQR) 6.0) 28.0) 11.0) 12.0)

Table 1: Cohort summary including demographics, injury characteristics, operative management
strategy, and resultant outcomes. Legend: Operating Room (OR), length of stay (LOS),
polytetrafluoroethylene (PTFE).
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Operative management was similar between groups. Most patients underwent open revascularization
(85/87). Most commonly, vein bypass (39/87) or interposition grafting (13/87) was performed with a
small number of primary repairs (4/87) and primary anastomoses (26/87) performed. All associated
venous injuries were managed with ligation. Stab injuries rarely required fasciotomy regardless of injury
location. There were no significant differences between femoral and popliteal injury patients in operative
duration, type of arterial repair, or presence of associated injuries.

Overall, delayed fasciotomy was required in 14 of 87 patients (16.1%). The incidence of delayed
fasciotomy differed by anatomic injury location. Patients with popliteal artery injury had a markedly
higher rate of delayed fasciotomy compared to those with femoral artery injury (43% (10/23) vs 6.25%
(4/64), p=0.0001).

Within the popliteal injury subgroup, in unadjusted analyses, there were no significant differences
between patients who required delayed fasciotomy and those who did not, including rates of associated
venous injury (46% vs 50%, p = 0.85). Similarly, among patients with femoral artery injury, the presence of
venous injury was not associated with delayed fasciotomy (37% vs 50%, p = 0.59). Among patients with
femoral injury, those who required delayed fasciotomy had a significantly longer hospital LOS compared
to those who did not (21 vs 4 days, p = 0.038). However, no significant difference in LOS was observed
among patients with popliteal injury. There were no differences in rates of amputation between groups
with only one amputation across the cohort.

Discussion

In this cohort of selected patients undergoing arterial revascularization for lower extremity trauma who
did not undergo upfront fasciotomy, delayed fasciotomy was required in fewer than one-fifth of patients
overall. However, a strong association was observed between popliteal artery injury and subsequent
development of compartment syndrome, whereas concomitant venous injury was not associated with
increased risk. These findings add to a growing body of literature seeking to better define which patients
derive benefit from fasciotomy in the setting of vascular trauma.

The role of fasciotomy in vascular trauma continues to evolve. While the detrimental effects of delayed
decompression of compartment syndrome are well established, there remains substantial uncertainty
regarding which patients require prophylactic intervention. Prior large database analyses have
demonstrated improved outcomes when fasciotomy is performed early in patients who ultimately
develop compartment syndrome, including lower amputation rates and shorter hospital length of stay.
Recent prospective and multicenter data suggest that routine prophylactic fasciotomy may not confer a
clear advantage over delayed fasciotomy. The findings of our investigation reinforce the importance of
timely decompression when indicated and highlight a separate question of how to predict which patients
have high enough risk to warrant prophylactic intervention at index operation.

Within this evolving framework, our findings support the concept that risk is not uniform across vascular
injuries, both mechanistically and by location. The strong association between popliteal artery injury and
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delayed fasciotomy observed in this cohort is consistent with both historical and modern literature
identifying this anatomic location as particularly vulnerable. These data reinforce the concept that
popliteal injury represents a distinct clinical entity requiring heightened vigilance.

Gunshot wounds similarly predisposed patients to development of compartment syndrome. The
destructive nature of firearm injuries and penumbra of regional soft tissue damage combined with the
ischemia/reperfusion insult of revascularization represents a distinct clinical entity, further highlighting
the need for injury-specific risk stratification.

In contrast, the absence of an association between concomitant venous injury and delayed fasciotomy in
this study adds to accumulating evidence questioning its independent role in decision-making. While
early landmark studies emphasized venous injury and ligation as a driver of elevated compartment
pressures, more recent civilian and military cohorts have demonstrated that venous injury, including
when ligated, is not consistently associated with increased amputation or fasciotomy risk after
adjustment for injury severity. Our study, in which all venous injuries were ligated without impact on
fasciotomy rates, is consistent with this evolving understanding and highlights that the risk of
compartment syndrome is multifactorial with both anatomical and physiologic factors at play.

Importantly, modern management of vascular trauma has shifted toward prioritizing rapid restoration of
perfusion. Contemporary analyses demonstrate widespread adoption of temporary intravascular shunts
as an adjunct to expedite reperfusion. More recent studies suggest that shunt utilization may also
improve early limb salvage by reducing ischemic time even outside damage control settings with
minimal burden of complication. (20, 21) This broader emphasis on minimizing ischemia may be more
impactful in preventing compartment syndrome than reliance on static injury characteristics alone.

Taken together, these data suggest that decision-making regarding fasciotomy should be grounded in a
risk-stratified, injury-specific framework. Patients with popliteal artery injury and significant ischemic
burden represent a high-risk subgroup in whom a lower threshold for prophylactic fasciotomy or
intensified postoperative monitoring may be appropriate. Conversely, patients with femoral artery injury,
even in the presence of concomitant venous injury, may be more frequently safely managed with
selective observation if adequate monitoring is available.

This study has several limitations. The retrospective design introduces potential selection bias,
particularly in surgeon decision-making regarding fasciotomy. Need for prophylactic fasciotomy was
determined by surgeon discretion without standard criteria. Additionally, the diagnosis of compartment
syndrome was based on clinical assessment rather than standardized pressure measurements. These
limitations reflect real-world practice but should be considered when interpreting the results.

As a single-center study from an international, high-volume trauma institution with generally short
prehospital transit times and rare interfacility transfer, the findings may not be generalizable to all
practice environments, particularly those with differing access to rapid revascularization and
postoperative monitoring. Patients presenting with clinical signs of acute limb ischemia or absent pulses
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were taken directly to the operating room, limiting total ischemic burden. Prehospital time, time of injury,
and time to reperfusion were not captured within the registry. This limited our ability to measure and
assess the contribution of total ischemia time; however, total operative time was not statistically
associated with development of compartment syndrome. Furthermore, the relatively small sample size
and low overall event rate limits the ability to detect more subtle associations.

Despite these limitations, this study provides a focused evaluation of patients managed without
prophylactic fasciotomy and offers insight into factors associated with delayed compartment syndrome.
These data contribute to ongoing efforts to refine patient selection for prophylactic fasciotomy and offer
guidance for heightened postoperative monitoring for select patients after revascularization and deferral
of fasciotomy.

Conclusions

In appropriately selected patients undergoing revascularization for penetrating lower extremity arterial
trauma without prophylactic fasciotomy, delayed fasciotomy is infrequent. However, the rate of delayed
fasciotomy is substantially higher in the setting of popliteal artery injury and gunshot wounds,
suggesting a more aggressive approach in these patients or particularly close observation in the
immediate postoperative period. Concomitant venous injury does not appear to independently increase
risk.

These findings support a selective, risk-based approach to fasciotomy, emphasizing anatomic injury
patterns, mechanism of injury, and ischemic burden over traditional dogmatic risk factors. These
findings are aligned with a growing body of contemporary evidence suggesting that rapid restoration of
perfusion and careful postoperative surveillance are cornerstone to optimize limb-related outcomes
rather than aggressive prophylaxis. Further studies are needed to validate these observations, translate
findings to blunt trauma mechanisms, and better define patient-specific risk factors that can guide
decision-making.
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