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Abstract
Background: Despite significant improvements in outcomes, traumatic arterial limb injuries remain a significant cause 
of limb loss and mortality. Objectives: This study sought to identify predictors of mortality and major amputation in 
patients undergoing revascularization after femoropopliteal arterial trauma. Methods: This was a retrospective review 
of a trauma registry from an urban trauma center in Brazil. All patients admitted to our hospital with a femoropopliteal 
arterial injury from November 2012 to December 2017 who underwent vascular reconstruction were included. Univariate 
analyses and logistic regression analyses were conducted to identify factors independently associated with the primary 
outcome of amputation and the secondary outcome of mortality. Results: Ninety-six patients were included. Eleven 
patients (11.5%) had an amputation and 14 (14.6%) died. In the logistic regression model for amputation, patients with 
ischemia duration greater than 6 hours were approximately 10 times more likely to undergo an amputation compared 
to those with ischemia duration less than or equal to 6 hours (adjusted odds ratio (AOR) [95% confidence interval (CI)]: 
9.6 [1.2-79.9]). The logistic regression model for mortality revealed that patients with ischemia duration greater than 6 
hours were approximately 6 times more likely to die compared to those with ischemia duration less than or equal to 6 
hours (AOR [95% CI]: 5.6 [1.3 to 24.7). Conclusions: Ischemia duration remains the most important factor independently 
associated with limb loss and mortality for patients undergoing femoropopliteal arterial revascularization after traumatic 
injuries. Physiological status on admission and trauma scores are also important. 
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Resumo
Contexto: As lesões arteriais traumáticas de membros ainda permanecem uma causa significativa de perda de membros e 
mortalidade, apesar de melhorias significativas observadas nos resultados após a ocorrências dessas lesões. Objetivos: Este 
estudo buscou identificar preditores de mortalidade e amputações em pacientes submetidos à revascularização após trauma 
arterial femoropoplíteo. Métodos: Esta é uma revisão de um Registro de Trauma Vascular. Todos os pacientes com lesão 
arterial femoropoplítea internados em nosso hospital de novembro de 2012 a dezembro de 2017 e submetidos a reconstrução 
vascular foram incluídos. Análises univariadas, seguidas de análises de regressão logística, foram realizadas para identificar fatores 
independentemente associados com os resultados primários de amputação e mortalidade. Resultados: Foram incluídos 96 
pacientes, com média de 27 anos. O Revised Trauma Score (RTS) foi, em média, 7,152; já o Injury Severity Score (ISS) foi, em 
média, 15. Onze pacientes (11,5%) tiveram amputação, e 14 pacientes (14,6%) morreram. Observou-se que pacientes com o 
tempo de isquemia maior que 6 horas apresentaram aproximadamente 10 vezes mais chance de amputação do que aqueles 
com tempo igual ou menor que 6 horas (intervalo de confiança de 95% [IC95%]: 1,2 a 79,9). O tempo de isquemia maior que 6 
horas aumentou em aproximadamente 6 vezes a chance de mortalidade (IC95%: 1,26 a 24,77). A instabilidade hemodinâmica 
aumentou em 9 vezes a chance de mortalidade (IC95%: 2,36 a 36,67). Conclusões: O tempo de isquemia continua sendo 
o fator mais importante independentemente associado a amputação e óbito em pacientes submetidos à revascularização 
arterial femoropoplítea após traumas. O estado fisiológico e os escores de trauma são importantes. 

Palavras chave: artéria femoral; artéria poplítea; lesão; trauma.

How to cite: Kleinsorge GHD, Teixeira PGR, Pfannes CCB, Lago RDV, Abib SCV. Prognostic factors in treatment of 
traumatic femoropopliteal arterial injuries at a Brazilian trauma center. J Vasc Bras. 2022;21:e20220020. https://doi.
org/10.1590/1677-5449.202200202

1 Fundação Hospitalar do Estado de Minas Gerais – FHEMIG, Hospital João XXIII, Belo Horizonte, MG, Brasil.
2 University of Texas, Austin Dell Medical School, Austin, TX, USA.
3 Universidade Federal de São Paulo – UNIFESP, São Paulo, SP, Brasil.
Financial support: Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Bolsa CAPES-DS.
Conflicts of interest: No conflicts of interest declared concerning the publication of this article.
Submitted: March 14, 2022. Accepted: July 13, 2022.

The study was carried out at Fundação Hospitalar do Estado de Minas Gerais (FHEMIG), Hospital João XXIII, Belo Horizonte, MG, Brasil, together with 
Universidade Federal de São Paulo (UNIFESP), São Paulo, SP, Brazil.

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1303-1554


Traumatic femoropopliteal arterial injuries

2/8Kleinsorge et al. J Vasc Bras. 2022;21:e20220020. https://doi.org/10.1590/1677-5449.202200202

INTRODUCTION

Trauma is one of the main causes of death globally1 and 
vascular trauma accounts for 0.65% to 1.14% of 
cases.2 Despite their relative low incidence, vascular 
injuries are associated with potentially devastating 
complications and remain a challenge to the professionals 
who care for injured patients. Treatment of vascular 
lesions of the lower limbs has two main objectives: 
the first is to save the patient’s life, the second is to 
save the patient’s limbs.3 Despite improvements in 
outcomes since the second world war, vascular trauma 
involving the lower limbs is still associated with a 
high incidence of amputations.4 Treatment of these 
lesions has improved over time with the introduction 
of endovascular procedures, but there are still many 
controversies about the best approach.

Brazil is a very large country and has a highly 
heterogeneous healthcare system. Most Brazilian 
cities lack organized emergency care and the scarcity 
of resources is a significant challenge to definitive 
treatment of complex vascular lesions, requiring 
patients to be transferred to referral hospitals, resulting 
in significant treatment delays and potential negative 
impacts on outcomes. National best-practice guidelines 
for pre-hospital or intra-hospital management of 
these injuries are not available and institutions with 
protocolized care are the exception. A few publications 
have described the management of vascular trauma and 
their outcomes in Brazil,5-9 but no publications have 
specifically addressed management of femoropopliteal 
arterial trauma and its outcomes.

The aim of this study was to identify factors 
independently associated with major amputation and 
mortality in patients undergoing revascularization after 
femoropopliteal arterial trauma. Identification of these 
factors may suggest areas in which opportunities for 
quality improvement exist at both institutional and 
trauma system levels.

METHODS

The study was approved by the Research Ethics 
Committee (CAAE: 27171219.8.0000.5505, protocol 
3.976.718).

This was a retrospective review of a vascular 
trauma registry. This electronic institutional registry 
captures all patients with vascular injuries admitted 
to our hospital and is maintained by the vascular 
surgery team. Specific vascular data are entered 
by the attending surgeon involved with each case 
immediately after the surgical procedure. At the time 
of patient discharge, the document is completed with 
information regarding outcomes occurring during the 
in-hospital period. For the purposes of the present 

study, all patients undergoing femoropopliteal arterial 
vascular reconstruction after sustaining blunt or 
penetrating trauma from November 2012 to December 
2017 were included.

Variables abstracted included patient demographics, 
mechanism of injury, evidence of ischemia on admission, 
vascular injury type (arterial transection, thrombosis 
or arteriovenous fistula), presence of associated 
peripheral nerve injury (intraoperative diagnosis), 
types of treatment (embolectomy, interposition of 
great saphenous vein, primary reconstruction, or 
temporary shunt), use of perioperative heparinization 
(local or systemic), presence of soft tissue lesions, and 
additional surgical procedures performed. The primary 
outcome was amputation and the secondary outcome 
was death, both within 30 days.

Statistical analysis was performed using R version 
3.2.5, MINITAB, and SPSS version 18. Overall 
descriptive statistics were calculated for the study 
population. Univariate analyses were performed 
for both outcomes to identify factors independently 
associated with amputation and mortality. Categorical 
variables were analyzed using Pearson’s chi-square 
test or Fisher’s exact test (when expected frequencies 
were below 5) and continuous variables were analyzed 
using the Mann-Whitney test and Student’s t test as 
appropriate. Multivariate logistic regression models 
were then estimated including all factors associated 
with each of the outcomes from the univariate analyses 
based on clinical relevance and a p-value cutoff of 
0.25. These models were used to identify independent 
associations between the various risk factors and 
amputation or death. P values < 0.05 were considered 
statistically significant.

This study is reported using the STROCSS 
guideline criteria.10

RESULTS

A total of 101 patients met the inclusion criteria 
during the 5-year study period. Three patients who 
needed primary amputation at admission and two 
patients with incomplete medical records data were 
excluded. Mean age was 27 years (range 8 to 62 years). 
Mean revised trauma score (RTS) was 7.152 (range 
1.163 to 7.841) and mean injury severity score (ISS) 
was 15 (range 9 to 34). Additional characteristics are 
summarized in Table 1. The overall amputation rate 
was 11.5% (11 patients) and mortality was 14.6% 
(14 patients). All amputations and deaths occurred 
during the hospital stay (Figure 1).

Among the 11 patients undergoing amputation, 
with a mean age of 27 years, 10 (90.9%) were male; 
10 (90.9%) had ischemia lasting more than 6 hours; 
all had evidence of ischemia on admission; the 
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mechanism was blunt trauma in 6 (54.5%) patients 
and penetrating trauma in 5 (45.5%); 5 (45.5%) had 
an associated fracture, 5 (45.5%) had peripheral nerve 
injury, and 7 (63.6%) had soft tissue injury; 7 (63.6%) 
underwent associated surgeries; 4 (36.4%) presented 
with hemodynamic instability; 6 (54.5%) had superficial 
femoral artery (SFA) injury and 5 (45.5%) had popliteal 
artery injury; in 7 (63.6%) patients arterial section was 
the mechanism of vascular injury and 4 (36.4%) had 
thrombosis; 9 (81.8%) underwent treatment with great 
saphenous vein (GSV) interposition and 2 (18.2%) had 
temporary shunts; 2 (18.2%) had local perioperative 
heparinization, 6 (54.5%) had systemic heparinization, 
and 3 (27.3%) did not receive heparin; and 7 (63.4%) 
patients underwent fasciotomy (Table 2).

The logistic regression model for amputation 
showed that patients with ischemia duration greater 
than 6 hours were approximately 10 times more 
likely to undergo an amputation compared to those 
with ischemia duration less than or equal to 6 hours 
(adjusted odds ratio [AOR], 95% confidence interval 
[CI]: 9.6 [1.2-79.9]). With each unit increase in RTS, 
the likelihood of amputation reduced by 43% (95%CI: 
2-96%) (Table 3).

The 14 deaths occurring in this series were secondary 
to brain injury in two cases, to complications from 
ischemia-reperfusion syndrome in five cases, to 
exsanguination in six cases (all six in extremis upon 
arrival), and to pulmonary embolism in one case.

All 14 of the patients who died were male, with 
a mean age of 25 years. Mean RTS and ISS were 
4.559 and 20, respectively. Eleven patients (78.6%) 
had ischemia duration exceeding 6 hours; 13 (92.9%) 
had ischemia on admission. The trauma mechanism 
was blunt in 6 (42.9%) patients and penetrating 
in 8 (57.1%); 8 (57.1%) patients had associated 
fracture, 3 (21.4%) had peripheral nerve injury, and 
11 (78.6%) had soft tissue disruption; 10 (71.4%) 
underwent associated surgeries; 10 (71.4%) presented 
hemodynamic instability on admission; 3 (21.4%) 
had common femoral artery (CFA) injury, 10 (71.4%) 
had SFA injury, and 1 (7.2%) had popliteal artery 
injury; in 9 (64.3%) the mechanism of vascular 
injury was artery transection and in 5 (35.7%) it 
was thrombosis; 1 (7.1%) underwent embolectomy, 
6 (42.9%) had GSV interposition, and 7 (50.0%) had 
temporary shunt; 2 (14.3%) had local perioperative 
heparinization, 5 (35.7%) had systemic heparinization, 
and 7 (50.0%) did not receive heparin; and 7 (50.0%) 
patients underwent fasciotomy (Table 4).

The logistic regression model for mortality revealed 
that patients with ischemia duration greater than 
6 hours were approximately 6 times more likely to die 
compared to those with ischemia duration less than 

Table 1. Population characteristics.

Characteristics
Frequency

n %

Gender

Female 9 9.4

Male 87 90.6

Ischemia duration

≤ 6 hours 44 45.8

> 6 hours 52 54.2

Ischemia on admission

Yes 86 89.6

No 10 10.4

Bone fracture

Yes 49 51.0

No 47 49.0

Peripheral nerve disruption

Yes 27 28.1

No 69 71.9

Soft tissue disruption

Yes 54 56.3

No 42 43.7

Associated surgery

Yes 60 62.5

No 36 37.5

Trauma mechanism

Blunt 34 35.4

Penetrating 62 64.6

Hemodynamic stability

Stable 68 70.8

Unstable 28 29.2

Injured artery

CFA 4 4.2

SFA 59 61.4

Popliteal 33 34.4

Mechanism of vascular injury

AVF 5 5.2

Transection 63 65.6

Thrombosis 28 29.2

Treatment

Embolectomy 2 2.1

GSV interposition 76 79.1

Primary reconstruction 9 9.4

Temporary shunt 9 9.4

Perioperative heparinization

Local 16 16.7

Systemic, 5000 UI 72 75.0

No 8 8.3

Fasciotomy

Yes 54 56.3

No 42 43.7

CFA: common femoral artery; SFA: superficial femoral artery; AVF: arteriovenous 
fistula; GSV: great saphenous vein
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Table 2. Univariate analyses for amputation.

Caracteristics
Amputation

OR (CI95%) p-value
Yes No

Gender (male) 10 (90.9%) 77 (90.6%) 1.04 (0.1 to 50.7) 1.000(2)

Age (year) 27 ± 12.4 (20) 28 ± 9.3 (28) -3.0 (-9.0 to 4.0) 0.438(3)

Trauma mechanism (penetrating) 5 (45.5%) 57 (67.1%) 0.4 (0.1 to 1.8) 0.189(2)

Ischemia duration (> 6 hours) 10 (90.9%) 42 (49.4%) 10.2 (1.3 to 83.5) 0.009(1)

Ischemia on admission 11 (100%) 75 (88.2%) 3.2 (0.2 to 66.9)* 0.598(2)

Hemodynamic status (unstable) 4 (36.4%) 24 (28.2%) 1.4 (0.3 to 6.3) 0.725(2)

RTS 6.041 ± 2.4 (7.841) 7.296 ± 1.3 (7.814) 0.0 (-2.7 to 0.001) 0.133(3)

ISS 13 ± 3,7 (16) 16 ± 6.3 (16) 0.0 (-7.0 to 0.001) 0.202(3)

Associated surgeries 7 (63.6%) 53 (62.4%) 1.1 (0.2 to 5.3) 1.000(2)

Injured artery 1.000(2)

CFA 0 (0.0%) 4 (4.7%) 1.0

SFA 6 (54.5%) 53 (62.4%) 1.1 (0.04 to 31.7)*

Popliteal 5 (45.5%) 28 (32.9%) 1.7 (0.1 to 51.8)*

Types of vascular injury 0.856(2)

AVF 0 (0.0%) 5 (5.9%) 0.5 (0.02 to 13.9)

Transection 7 (63.6%) 56 (65.9%) 0.7 (0.2 to 2.6)

Thrombosis 4 (36.4%) 24 (28.2%) 1.0

Treatment 0.471(2)

Embolectomy 0 (0.0%) 2 (2.4%) 0.0 (0.0 to 0.0)*

GSV interposition 9 (81.8%) 67 (78.8%) 0.4 (0.1 to 2.2)*

Primary reconstruction 0 (0.0%) 9 (10.6%) 0.2 (0.01 to 4.5)*

Temporary shunt 2 (18.2%) 7 (8.2%) 1.0

Perioperative heparinization 0.056(2)

Local 2 (18.2%) 14 (16.5%) 0.3 (0.02 to 2.9)

Systemic, 5000 UI 6 (54.5%) 66 (77.6%) 0.2 (0.02 to 1.3)

No 3 (27.3%) 5 (5.9%) 1.0

Fasciotomy 7 (63.4%) 47 (55.3%) 1.4 (0.3 to 7.1) 0.751(2)

Bone fracture 5 (45.5%) 44 (51.8%) 0.8 (0.2 to 2.7) 0.694(1)

Peripheral nerve disruption 5 (45.5%) 22 (25.9%) 2.4 (0.5 to 10.4) 0.282(2)

Soft tissue injury 7 (63.6%) 47 (55.3%) 1.4 (0.3 to 7.1) 0.751(2)

(1)Chi-square; (2)Fisher’s exact; (3)Mann-Whitney; OR (CI95%) odds ratio, 95% confidence interval; RTS: Revised Trauma Score; ISS: Injury Severity Score; CFA: common 
femoral artery; SFA: superficial femoral artery; AVF: arteriovenous fistula; GSV: great saphenous vein; *Calculated by regression model with penalized likelihood 
estimator method.

Figure 1. Flowchart illustrating results.
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or equal to than 6 hours (AOR [95% CI]: 5.6 [1.3 to 
24.7). Additional factors independently associated 
with mortality were hemodynamic instability and 
ISS. Hemodynamically unstable patients were 
approximately 9 times more likely to die (AOR [95% 
CI]: 9.3 [2.4-36.6]). For each unit increase in the ISS, 

the likelihood of death increased by 14% (95% CI: 
3%-26%) (Table 5).

DISCUSSION

In the present study describing the experience 
of a Brazilian trauma center with the treatment 
of femoropopliteal arterial injuries over a 5-year 
period, ischemia duration greater than 6 hours and 
low RTS were found to be independently associated 
with amputation after revascularization. It was also 
demonstrated that prolonged ischemia duration, 
hemodynamic instability on admission, and elevated 
ISS were independently associated with mortality.

These findings are in accordance with a meta-
analysis by Perkins et al.,11 in which ischemia 
duration exceeding 6 hours was associated with 

Table 3. Adjusted odds ratios for amputation (95%CI).

OR CI95% p-value

Ischemia duration

> 6 hours 9.6 1.2-79.9 0.036

RTS 0.7 0.51-0.98 0.037

Variables included: Trauma mechanism (penetrating), Ischemia duration (> 6 
hours), RTS, ISS, Perioperative heparinization.

Table 4. Univariate analyses for mortality.

Characteristics
Mortality

OR (CI95%) p
Yes No

Gender (male) 14 (100%) 73 (89%) 3.8 (0.2 to 79.3)* 0.348(2)

Age (year) 25 ± 7.8 (23) 29 ± 9.8 (28) -4.0 (-9.0 to 2.0) 0.223(3)

Trauma mechanism (penetrating) 8 (57.1%) 54 (65.8%) 0.7 (0.2 to 2.7) 0.556(2)

Ischemia duration (> 6 hours) 11 (78.6%) 41 (50.0%) 3.7 (0.95 to 14.1) 0.047(1)

Ischemia on admission 13 (92.9%) 73 (89.0%) 1.6 (0.2 to 75.6) 1.000(2)

Hemodynamic status (unstable) 10 (71.4%) 18 (22.0%) 8.6 (2.2 to 42.3) <0.001(2)

RTS 4.559 ± 2.1 (4.621) 7. 549 ± 0.9 (7.841) -2.8 (-4.5 to -1.9) <0.001(3)

ISS 20 ± 7.7 (16) 15 ± 5.5 (16) 5.1 (1.8 to 8.5) 0.003(4)

Associated surgeries 10 (71.4%) 50 (61.0%) 1.6 (0.5 to 5.5) 0.455(1)

Injured artery 0.002(2)

CFA 3 (21.4%) 1 (1.2%) 1.0

SFA 10 (71.4%) 49 (59.8%) 0.1 (0.001 to 1.01)

Popliteal 1 (7.2%) 32 (39.0%) 0.02 (0.002 to 0.3)

Types of vascular injury 0.789(2)

AVF 0 (0.0%) 5 (6.1%) 0.4 (0.01 to 10.6)*

Transection 9 (64.3%) 54 (65.9%) 0.7 (0.2 to 2.4)*

Thrombosis 5 (35.7%) 23 (28.0%) 1.0

Treatment <0.001(2)

Embolectomy 1 (7.1%) 1 (1.2%) 0.3 (0.01 to 7.8)*

GSV interposition 6 (42.9%) 70 (85.4%) 0.03 (0.01 to 0.2)*

Primary reconstruction 0 (0.0%) 9 (11%) 0.02 (0.001 to 0.5)*

Temporary shunt 7 (50.0%) 2 (2.4%) 1.0

Perioperative heparinization <0.001(2)

Local 2 (14.3%) 14 (17.1%) 0.03 (0.0004 to 0.3)

Systemic 5000 UI 5 (35.7%) 67 (81.7%) 0.01 (0.0002 to 0.1)

No 7 (50.0%) 1 (1.2%) 1.0

Fasciotomy 7 (50.0%) 47 (57.3%) 0.7 (0.2 to 2.3) 0.610(1)

Bone fracture 8 (57.1%) 41 (50.0%) 1.3 (0.4 to 4.2) 0.621(1)

Peripheral nerve disruption 3 (21.4%) 24 (29.3%) 0.7 (0.1 to 2.8) 0.751(2)

Soft tissue injury 11 (78.6%) 43 (52.4%) 3.3 (0.9 to 12.8) 0.069(1)

(1)Chi-square; (2)Fisher’s exact; (3)Mann-Whitney; (4)Student’s t; OR (CI95%) odds ratio, 95% confidence interval; RTS: Revised Trauma Score; ISS: Injury Severity Score; 
CFA: common femoral artery; SFA: superficial femoral artery; AVF: arteriovenous fistula; GSV: great saphenous vein; *Calculated by regression model with penalized 
likelihood estimator method.
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a fourfold increase in the risk of amputation. 
Alarhayem et al.12 demonstrated that longer time 
between trauma and the operating room was associated 
with a greater risk of amputation. These publications 
highlight the need for a trauma system that enables 
fast access to a hospital where resources are available 
for definitive treatment of such injuries. Amputation 
rates in patients who underwent repair within 1 hour 
were 6%, compared with 12% and 13% in those 
who underwent repair after 1 to 3 hours and 3 to 
6 hours respectively. The present study demonstrated 
that with each unit increase in the RTS, the risk of 
amputation is reduced by 43%. Patients with low 
RTS have very poor physiological status. In these 
cases, prolonged surgical procedures, such as complex 
revascularization surgery, should be avoided because 
they increase the risk of morbidity and mortality. In a 
study published by Futchko et al.,13 it was shown 
that 20% of patients who underwent an amputation 
during hospitalization presented on admission with 
tachycardia and hypotension. Although this article 
did not directly measure the RTS value, it shows that 
poor physiological characteristics were significantly 
associated with amputation.

Our findings that ISS and hemodynamic instability 
are factors independently associated with mortality 
after vascular trauma are in agreement with a 
single-center retrospective cohort study published 
by Perkins et al.14 In our study, prolonged ischemia 
duration was associated with increased mortality, 
possibly due to complications related to ischemia-
reperfusion syndrome. Circulation of metabolic 
products after revascularization may result in 
renal failure, pulmonary complications, heart 
failure, and disseminated intravascular coagulation. 
These conditions can significantly worsen the 
patient’s condition and their detrimental effect is 
proportional to muscle mass and the duration of 
ischemia.15 The present study highlights the elevated 
morbidity and mortality following vascular trauma. 
Patients with an ISS greater than 16 and who 
were admitted with hemodynamic instability had 

significantly higher mortality, which underscores 
the importance of careful judgment when complex 
revascularization procedures are being considered 
for these patients. Although some earlier studies 
have failed to demonstrate a relationship between 
ischemia duration and limb outcome,16 our results 
demonstrated that every effort should be made to 
shorten the duration of ischemia. The present study 
included polytrauma patients and not only those with 
isolated femoropopliteal vascular trauma, which 
may explain the higher mortality rates observed 
when compared to other series.3,17

The findings from this study suggest that aggressive 
hemorrhage control in the prehospital setting and 
reduction of ischemia duration are key points to 
avoid loss of limbs and life. Tourniquets are not 
widely used in our city and there is no protocol for 
use of this bleeding-control tool by pre-hospital care 
teams. Another peculiarity of our emergency care 
system is that some patients are transported to the 
trauma center by the police, due to urban violence, 
and law-enforcement personnel are not equipped 
with or trained to use tourniquets. This may explain 
why some patients arrived at the hospital with poor 
physiological status. One of the authors has previously 
demonstrated that use of tourniquets is associated 
with a sixfold reduction in mortality in patients with 
peripheral vascular injuries.18 Personnel involved in 
prehospital care should be trained in the Stop-the-
Bleed protocol to avoid preventable hemorrhagic 
death.19 Our hospital is the regional referral center 
for many surrounding cities. Although some of 
these patients could potentially be managed locally, 
in practice most patients with traumatic vascular 
injuries are sent to our center. One potentially 
actionable item would be reorganization of the inter-
hospital agreement protocols for rapid air transport 
of these patients after hemodynamic stabilization, 
which could prevent patients undergoing prolonged 
ischemia duration.

Temporary shunts are a tool that can potentially 
shorten the duration of ischemia. Glass et al.20 proposed 
an evidence-based algorithm in which revascularization 
using a vascular shunt must precede bone fixation. 
At our institution, use of temporary shunts was mostly 
reserved for damage control scenarios as we do not 
systematically use them to shorten the ischemia 
duration in cases in which there is an associated 
fracture. Our local practice reflects findings from a 
retrospective multicenter study by Inaba et al.,21 in 
which use of shunts was more frequent for damage 
control procedures compared to temporary use to 
shorten the ischemia duration in cases of associated 
fracture. This concept of “vessel first” when there 

Table 5. Adjusted odds ratios for mortality (95%CI).

OR CI95% P-value

Ischemia duratuin

> 6 hours 5.6 1.26-24.77 0.024

Hemodynamic status

Unstable 9.3 2.36-36.67 0.001

ISS 1.14 1.03-1.26 0.014

Variables included: Age (years), Ischemia duration (> 6 hours), Hemodynamic 
status (unstable), RTS, ISS, Injured artery, Treatment, Perioperative heparinization, 
Soft tissue injury.
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is an associated bone fracture requiring surgical 
fixation is an area that warrants consideration at 
our institution.

This study has several limitations including its 
retrospective design, the relatively small number of 
participants, and its single-center nature. Also, the 
ischemia duration being recorded as a dichotomized 
variable (more or less than six hours) precluded a 
more detailed analysis of the implications of time-to-
revascularization. Associated venous lesions were not 
evaluated, therefore it was not possible to establish 
whether their presence or absence had an impact in 
the outcomes.

CONCLUSION

In summary, our findings suggest that ischemia 
duration remains the most important factor 
independently associated with loss of limb and 
life for patients undergoing femoropopliteal 
arterial revascularization after traumatic injuries. 
Physiological status on admission and trauma scores 
are also important prognostic factors in this setting. 
Local protocols to guide the best treatment for these 
patients must be established and the greatest efforts 
must be made to reduce the duration of ischemia 
before revascularization.

REFERENCES

1. Hashmi ZG, Haider AH, Zafar SN, et al. Hospital-based trauma 
quality improvement iatives: first step toward improving trauma 
outcomes in the developing world. J Trauma Acute Care Surg. 
2013;75(1):60-8. http://dx.doi.org/10.1097/TA.0b013e31829880a0. 
PMid:23778440.

2. Sonneborn R, Andrade R, Bello F, et al. Vascular trauma in Latin 
America: a regional survey. Surg Clin North Am. 2002;82(1):189-94. 
http://dx.doi.org/10.1016/S0039-6109(03)00148-8. PMid:11905945.

3. Topal AE, Eren MN, Celik Y. Lower extremity arterial injuries over 
a six-year period: outcomes, risk factors, and management. Vasc 
Health Risk Manag. 2010;6:1103-10. http://dx.doi.org/10.2147/
VHRM.S15316. PMid:21191430.

4. Debakey ME, Simeone FA. Battle injuries of the arteries in World 
War II: an analysis of 2,471 cases. Ann Surg. 1946;123(4):534-
79. http://dx.doi.org/10.1097/00000658-194604000-00005. 
PMid:17858758.

5. Góes AMO Jr, Rodrigues ADV, Braga FB, Andrade MCD, Abib 
SDCV. Vascular trauma in the Amazon: the challenge of great 
distances. Rev Col Bras Cir. 2015;42(4):244-52. http://dx.doi.
org/10.1590/0100-69912015004009. PMid:26517800.

6. Costa-Val R, Campos-Christo SF, Abrantes WL, Campos-Christo MB, 
Marques MC, Miguel EV. Reflexões sobre o trauma cardiovascular 
civil a partir de um estudo prospectivo de 1000 casos atendidos 
em um centro de trauma de nível I: a prospective study from 1000 
cases. Rev Col Bras Cir. 2008;35(3):162-7. http://dx.doi.org/10.1590/
S0100-69912008000300005.

7. Góes AMO Jr, Simões JFA No, Abib SCV, de-Andrade MC, Ferraz 
TC. Trauma vascular na Amazônia: atualizando o desafio. Rev Col 
Bras Cir. 2018;45(4):e1844. PMid:30304097.

8. Senefonte FRA, Rosa GRPS, Comparin ML,  et  al. Amputação 
primária no trauma: perfil de um hospital da região centro-oeste 
do Brasil. J Vasc Bras. 2012;11(4):269-76. http://dx.doi.org/10.1590/
S1677-54492012000400004.

9. Soares LT, Bastos CC, Koury A Jr, Pereira AJF. Vascular injuries in the 
state of Para, Brazil, 2011-2013 and their relation with demographic 
and clinical variables. J Vasc Bras. 2015;14(2):123-32. http://dx.doi.
org/10.1590/1677-5449.0042.

10. Agha R, Abdall-Razak A, Crossley E,  et  al. The STROCSS 2019 
Guideline: strengthening the reporting of cohort studies in 
surgery. Int J Surg. 2019;72:156-65. http://dx.doi.org/10.1016/j.
ijsu.2019.11.002. PMid:31704426.

11. Perkins ZB, Yet B, Glasgow S, et al. Meta-analysis of prognostic 
factors for amputation following surgical repair of lower extremity 
vascular trauma. Br J Surg. 2015;102(5):436-50. http://dx.doi.
org/10.1002/bjs.9689. PMid:25706113.

12. Alarhayem AQ, Cohn SM, Cantu-Nunez O, Eastridge BJ, Rasmussen 
TE. Impact of time to repair on outcomes in patients with lower 
extremity arterial injuries. J Vasc Surg. 2019;69(5):1519-23. http://
dx.doi.org/10.1016/j.jvs.2018.07.075. PMid:30497861.

13. Futchko J, Parsikia A, Berezin N,  et  al. A propensity-matched 
analysis of contemporary outcomes of blunt popliteal artery 
injury. J Vasc Surg. 2020;72(1):189-97. http://dx.doi.org/10.1016/j.
jvs.2019.09.048. PMid:32247701.

14. Perkins ZB, De’Ath HD, Aylwin C, Brohi K, Walsh M, Tai NRM. 
Epidemiology and outcome of vascular trauma at a british major 
trauma centre. Eur J Vasc Endovasc Surg. 2012;44(2):203-9. http://
dx.doi.org/10.1016/j.ejvs.2012.05.013. PMid:22658774.

15. Velmahos GC, Toutouzas KG. Vascular trauma and compartment 
syndromes. Surg Clin North Am. 2002;82(1):125-41, xxi. http://
dx.doi.org/10.1016/S0039-6109(03)00145-2. PMid:11905942.

16. Drost TF, Rosemurgy AS, Proctor D, Kearney RE. Outcome of 
treatment of combined orthopedic and arterial trauma to the 
lower extremity. J Trauma Inj Infect Crit Care. 1989;29(10):1331-
4. http://dx.doi.org/10.1097/00005373-198910000-00006. 
PMid:2810407.

17. Kauvar DS, Sarfati MR, Kraiss LW. National trauma databank 
analysis of mortality and limb loss in isolated lower extremity 
vascular trauma. J Vasc Surg. 2011;53(6):1598-603. http://dx.doi.
org/10.1016/j.jvs.2011.01.056. PMid:21514772.

18. Teixeira PGR, Brown CVR, Emigh B,  et al. Civilian Prehospital 
Tourniquet Use Is Associated with Improved Survival in Patients with 
Peripheral Vascular Injury. J Am Coll Surg. 2018;226(5):769-776.e1. 
http://dx.doi.org/10.1016/j.jamcollsurg.2018.01.047. PMid:29605726.

19. Lei R, Swartz MD, Harvin JA,  et  al. Stop the Bleed Training 
empowers learners to act to prevent unnecessary hemorrhagic 
death. Am J Surg. 2019;217(2):368-72. http://dx.doi.org/10.1016/j.
amjsurg.2018.09.025. PMid:30292328.

20. Glass GE, Pearse MF, Nanchahal J. Improving lower limb salvage 
following fractures with vascular injury: a systematic review and new 
management algorithm. J Plast Reconstr Aesthet Surg. 2009;62(5):571-
9. http://dx.doi.org/10.1016/j.bjps.2008.11.117. PMid:19201270.

21. Inaba K, Aksoy H, Seamon MJ, et al. Multicenter evaluation of 
temporary intravascular shunt use in vascular trauma. J Trauma 
Acute Care Surg. 2016;80(3):359-64. http://dx.doi.org/10.1097/
TA.0000000000000949. PMid:26713968.

https://doi.org/10.1097/TA.0b013e31829880a0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23778440&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23778440&dopt=Abstract
https://doi.org/10.1016/S0039-6109(03)00148-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11905945&dopt=Abstract
https://doi.org/10.2147/VHRM.S15316
https://doi.org/10.2147/VHRM.S15316
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21191430&dopt=Abstract
https://doi.org/10.1097/00000658-194604000-00005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17858758&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17858758&dopt=Abstract
https://doi.org/10.1590/0100-69912015004009
https://doi.org/10.1590/0100-69912015004009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26517800&dopt=Abstract
https://doi.org/10.1590/S0100-69912008000300005
https://doi.org/10.1590/S0100-69912008000300005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30304097&dopt=Abstract
https://doi.org/10.1590/S1677-54492012000400004
https://doi.org/10.1590/S1677-54492012000400004
https://doi.org/10.1590/1677-5449.0042
https://doi.org/10.1590/1677-5449.0042
https://doi.org/10.1016/j.ijsu.2019.11.002
https://doi.org/10.1016/j.ijsu.2019.11.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31704426&dopt=Abstract
https://doi.org/10.1002/bjs.9689
https://doi.org/10.1002/bjs.9689
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25706113&dopt=Abstract
https://doi.org/10.1016/j.jvs.2018.07.075
https://doi.org/10.1016/j.jvs.2018.07.075
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30497861&dopt=Abstract
https://doi.org/10.1016/j.jvs.2019.09.048
https://doi.org/10.1016/j.jvs.2019.09.048
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32247701&dopt=Abstract
https://doi.org/10.1016/j.ejvs.2012.05.013
https://doi.org/10.1016/j.ejvs.2012.05.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22658774&dopt=Abstract
https://doi.org/10.1016/S0039-6109(03)00145-2
https://doi.org/10.1016/S0039-6109(03)00145-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11905942&dopt=Abstract
https://doi.org/10.1097/00005373-198910000-00006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2810407&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2810407&dopt=Abstract
https://doi.org/10.1016/j.jvs.2011.01.056
https://doi.org/10.1016/j.jvs.2011.01.056
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21514772&dopt=Abstract
https://doi.org/10.1016/j.jamcollsurg.2018.01.047
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29605726&dopt=Abstract
https://doi.org/10.1016/j.amjsurg.2018.09.025
https://doi.org/10.1016/j.amjsurg.2018.09.025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30292328&dopt=Abstract
https://doi.org/10.1016/j.bjps.2008.11.117
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19201270&dopt=Abstract
https://doi.org/10.1097/TA.0000000000000949
https://doi.org/10.1097/TA.0000000000000949
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26713968&dopt=Abstract


Traumatic femoropopliteal arterial injuries

8/8Kleinsorge et al. J Vasc Bras. 2022;21:e20220020. https://doi.org/10.1590/1677-5449.202200202

Correspondence  
Gustavo Henrique Dumont Kleinsorge 

Avenida do Contorno, 9636, 11º andar - Barro Preto 
CEP 30110-936 - Belo Horizonte (MG), Brasil 

Tel.: +55 (31) 98479-3189 
E-mail: gustavokleinsorge@yahoo.com.br

Author information: 
GHDK - Clínica de Cirurgia Vascular coordinator, Hospital João XXIII, 

Fundação Hospitalar do Estado de Minas Gerais (FHEMIG). 
PGRT - Associate professor of Surgery; Division chief, Vascular 

Surgery, The University of Texas, Austin Dell Medical School. 
CCBP and RDVL - Vascular surgeons, Hospital João XXII, Fundação 

Hospitalar do Estado de Minas Gerais (FHEMIG). 
SCVA - Adjunct professor, Departamento de Cirurgia, Universidade 

Federal de São Paulo (UNIFESP).

Author contributions: 
Conception and design: GHDK, SCVA 

Analysis and interpretation: GHDK, SCVA 
Data collection: GHDK, SCVA, CCBP, RDVL 

Writing the article: GHDK, SCVA, PGRT 
Critical revision of the article: GHDK, SCVA, PGRT 
Final approval of the article*: GHDK, SCVA, PGRT 

Statistical analysis: GHDK, SCVA 
Overall responsibility: GHDK, SCVA 

 
*All authors have read and approved of the final version of the article 

submitted to J Vasc Bras.


