
Review began  08/05/2021 
Review ended  08/07/2021 
Published 08/18/2021

© Copyright 2021
Ali et al. This is an open access article
distributed under the terms of the
Creative Commons Attribution License
CC-BY 4.0., which permits unrestricted
use, distribution, and reproduction in any
medium, provided the original author and
source are credited.

Outcomes of Revascularization and Factors
Associated With Major Amputation in Patients
With Lower Limb Arterial Injury: A Single-Center
Retrospective Analysis
Ghulam Ali  , Muhammad Fahad Berlas  , Najam U. Din  , Khalil Ur Rehman  , Waryam Muhammad Saleh 
, Syed Arsalan Ahmed Naqvi 

1. Vascular Surgery, Shaheed Mohtarma Benazir Bhutto Institute of Trauma, Karachi, PAK 2. Internal Medicine, Dow
University of Health Sciences, Karachi, PAK

Corresponding author: Ghulam Ali, ghulamali_narejo@yahoo.com

Abstract
Objective
To identify the amputation rates and causative factors for failed revascularization leading to amputation in
patients undergoing primary limb salvage procedures for lower-extremity vascular injuries.

Methods
This retrospective study was conducted at the vascular surgery department, Shaheed Mohtarma Benazir
Bhutto (SMBB) Institute of Trauma, Karachi, Pakistan. The data were collected from hospital record using
the non-probability sampling technique. Patients aged 17-70 years, undergoing primary revascularization
during April 2016 to March 2021, were included in the study. Patients with crush injuries/non-salvageable
limbs underwent primary amputation, isolated deep femoral artery or crural arteries (non-limb threatening)
injuries, and non-traumatic injuries like intravenous drug-induced or iatrogenic injuries were excluded. The
data analysis is done using SPSS Version 20.0 (IBM Corp., Armonk, NY, USA). A P-value of <0.05 was
considered as significant.

Results
This study includes 56 patients of mean age 30.82 ± 9.29 years with male gender four times more affected
than their counterpart. About 32% of patients were smokers, while 58% of patients had no co-morbidities.
All patients presented with a mean time of 7.66 ± 1.69 hours of injury with an average of 1.14 arterial
segments involved. The most frequent artery involved was popliteal artery (both above and below the knee),
followed by superficial femoral artery injury constituting 50% and 26%, respectively, with arterial laceration
and transection being common findings on exploration. Out of 56 patients, 27 (48.2%) had open fractures,
21 (37.5% ) closed fractures, and eight patients (14.3 % ) presented with dislocation as associated injuries.
Following the procedure, secondary amputation was recorded in 18 (32.1%) patients. Thrombosis and
infection were the leading causes of revascularization failure. Type of injury, segment of arterial injury, and
associated bony injuries were associated with limb amputation.

Conclusion
Type and site of injury along with concomitant bony injuries are associated with major amputations after
revascularization in lower-extremity arterial injuries.

Categories: Cardiac/Thoracic/Vascular Surgery, Orthopedics, Trauma
Keywords: lower limb amputation, amputation, peripheral revascularization, limb salvage procedures, complex lower
limb trauma, arterial injury, failed revascularization

Introduction
In this contemporary era, the most common cause of morbidity and mortality is from traumatic injuries
affecting the young to middle age population, posing a huge burden on any nation’s overall economy.
Vascular injuries are one of the devastating injuries leading to limb or life loss. No precise data are available
to suggest the overall incidence of traumatic vascular injuries involving lower limbs in Pakistan; however,
one study revealed that popliteal artery injuries are the second commonly affected lower limb vascular
injuries [1].

Extremity vascular injuries are relatively rare (4%-6%) and associated with overwhelming soft tissue and
bony injuries [2]. Popliteal artery is injured in about 0.2% of all traumatic peripheral injuries and is almost
always associated with bony and soft tissue injuries, and it leads to poor functional outcomes and
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significantly higher amputation rates [2-4]. The main objective of surgical intervention is to salvage the
injured limb by revascularization and achieve a functional limb. However, sometimes this intervention can
result in devastating complications such as reperfusion injury and compartment syndrome, compared to an
early amputation and rehabilitation [5,6]; hence, proper patient selection and timely intervention is the key
to achieve desirable outcomes in terms of functional limb.

The main aim of identifying patients who will benefit from salvage intervention (revascularization) is
paramount to obtain the optimum outcome [7]. Early revascularization (within 6 hours of injury) is the key
to prevent neuromuscular tissue ischemia and, hence, improved functioning outcomes [8]. The most
common causes of failed revascularization are thrombosis, infection, and advanced necrosis regardless of
patent repair leading to eventual limb loss [5,9]. Surgeons usually have limited decision-making expertise,
and assessment tools are not supportive in estimating revascularization outcomes, leaving patients to suffer
from consequences [10]. One such supportive tool in predicting limb salvage is the Mangled Extremity
Severity Score (MESS); however, despite good MESS score (<7), multiple failed revascularization attempts
eventually lead to amputation of the affected limb [10]. Our country has very few dedicated public and
private trauma centers where vascular interventions are routine in traumatic peripheral vascular injuries.
The scarcity of resources raises the question of effective utilization of efforts and scrutinizes patients who
will benefit from the intervention. This research is aimed to determine the frequency of amputations and to
identify factors associated with major amputation following a revascularization attempt during the same in-
hospital stay in patients with lower limb traumatic vascular injuries.

Materials And Methods
This observational, retrospective research was conducted from April 2016 to March 2021, at the Department
of Vascular Surgery, Shaheed Mohtarma Benazir Bhutto (SMBB) Institute of Trauma, Karachi, Pakistan. The
data were collected after approval from the institutional ethical review committee. Data were gathered from
patients aged 17-70 years undergoing lower limb revascularization procedure following traumatic vascular
injury, using a non-probability sampling technique.

Patients with crush injuries, non-salvageable limbs undergoing primary amputation, isolated deep femoral
artery or crural arteries (non-axial arterial) injuries, and non-traumatic injuries like intravenous drug-
induced or iatrogenic injuries were excluded. Patients with missing data were also excluded. Data were
collected from the hospital database and patients' files and recorded on a predesigned proforma.
Demographic details, mode of injury, limb involved, vessels involved, and association with
fracture/dislocation, type of surgical procedure, fasciotomy, associated co-morbidities, and surgical
outcomes were recorded. Primary outcome was recorded as amputation
following revascularization procedure in the same index admission period.

The data were entered and analyzed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA). Quantitative
variables were presented as mean and standard deviation, while qualitative as percentages. Data were
stratified for age, gender, mode of injury, vessel injured, fasciotomy, and the type of procedure and
complication following surgical intervention. The post-stratification chi-square test was applied. A P-value
<0.05 was considered as significant.

Results
Total 56 patients meeting the eligibility criteria were included in the analysis. The male-to-female ratio was
4:1 and the mean age of 30.8 ± 9.29 years. Smoking was a more prevalent (32%) vascular risk factor, followed
by hypertension (5.4%) and diabetes mellitus (3.6%). More than half of the patients did not have any co-
morbidity. The mean time of injury to surgical intervention was 7.66 ± 1.69 hours. On exploration of the
injury, the most common vascular injury was arterial laceration (50%), followed by arterial transaction (25%)
and arterial thrombosis (17.9%), with a mean segment involvement of 1.14 ± 0.35. Among 56 patients,
27 (48.2%) patients were having concomitant open fractures, 21 (37.5%) patients were associated with closed
fractures, while only eight (14.3%) patients were associated with dislocations. The superficial femoral artery
and below-knee popliteal artery presented with the same frequency of 26.8%. The above-knee popliteal
artery presented in 23.2%, deep femoral associated with superficial femoral in 16.1%, and the common
femoral artery presented in about (7.1%) patients, as shown in Table 1.
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Variables
Mean ± SD/Frequency

( n = 56)

Age (years) (17-60 years) 30.82 ± 9.29

Gender
Male 46 (82.1%)

Female 10 (17.9%)

Co-morbidities

Hypertension 3 (5.4%)

Diabetes mellitus 2 (3.6%)

Smoking 18 (32.1%)

None 33 (58.9%)

Duration of injury (hours) 7.66  ± 1.69

Artery segments involved 1.14  ± 0.35

Type of Injury
Arterial laceration 28 (50%)

Arterial transection 14 (25%)

 
Arterial thrombosis 10 (17.9%)

Arteriovenous fistula 4 (7.1%)

Associated Injuries

Fracture (closed) 21 (37.5%)

Fracture (open) 27 (48.2%)

Dislocation 8 (14.3%)

Artery injured

Common femoral artery 4 (7.1%)

Deep femoral + superficial femoral artery 9 (16.1%)

Superficial femoral artery 15 (26.8%)

Popliteal artery (above knee) 13 (23.2%)

Popliteal artery (below knee) 15 (26.8%)

Fasciotomy
Yes 38 (67.9%)

No 18 (32.1%)

Amputation
Yes 18 (32.1%)

No 38 (67.9%)

Cause of amputation

Graft thrombosis 8 (44.4%)

Infection 5 (27.8%)

Advanced necrosis 3 (16.7%)

Others 2 (11.1%)

Time from presentation to amputation (hours) 55.98 ± 10.77

TABLE 1: Descriptive analysis of data

The great saphenous vein grafting in revascularization procedure was done in 38 patients (67.9%) while the
use of prosthetic graft was limited (7%), as shown in Figure 1.
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FIGURE 1: Primary revascularization procedure performed
GVS, great saphenous vein

Post-revascularization fasciotomy was performed in about two-thirds of patients. Primary outcome
(amputation) was seen in 18 (32.14%) patients. The average time of presentation of vascular injuries to
delayed amputation was 55.98 ± 10.77 hours, and the most common reason for the failure of the
revascularization procedure was thrombosis (41%). The least common reason was advanced necrosis (14%).
The arterial segment involved, type of injury, and association with fracture (open/closed) or dislocation was
significantly associated with the outcome (amputation), as shown in Table 2.

Variables
Mean ± SD/Frequency

P-value  

(n = 56)  

Type of injury  (on exploration)
Arteriovenous fistula 4 (7.1%)

0.014
Arterial laceration 28 (50%)

 
Arterial transection 14 (25%)

Arterial thrombosis 10 (17.9%)

Associated injuries

Fracture (closed) 21 (37.5%)

0.034Fracture (open) 27 (48.2%)

Dislocation 8 (14.3%)

Artery injured

Common femoral artery 4 (7.1%)

0.020

Deep femoral + superficial femoral artery 9 (16.1%)

Superficial femoral artery 15 (26.8%)

Popliteal artery (above knee) 13 (23.2%)

Popliteal artery (below knee) 15 (26.8%)

TABLE 2: Correlation of variables with outcome

Discussion
The devastating traumatic peripheral arterial injuries are currently managed sophisticatedly to improvise
limb salvage with early vascular reconstruction [5,11]. The most important cause of poor outcomes following
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severe limb trauma is delayed decision-making and delayed revascularization [8]. Vascular injuries can
impose risk to limb as well as life. Blunt trauma is associated with intimal hematoma and occlusion, whereas
complete transection, arteriovenous fistula, and pseudoaneurysms are common in penetrating injuries [12].

The scarcity of level 1 trauma centers in rural and urban areas of Pakistan results in higher amputation rates
after peripheral vascular injuries. Limited resources and expertise coupled with delay in diagnosis and
referral to appropriate trauma center lead to poor outcomes of these injuries. Our institute (SMBB Institute
of Trauma), being the only public sector hospital providing vascular surgery services to most of the
province's population, deals with a majority of vascular injuries. Out of 56 patients, about one-third of the
patients ended up with amputation while two-thirds had successful revascularization, with a majority of
these amputations occurring within three days of revascularization. Majority of patients were of young age
(mean age 30.82 ± 9.29) with a male-to-female ratio of 4:1. In our study, the most frequent injured arterial
segment was popliteal artery followed by SFA. These findings are comparable to those reported by other
studies [13-15]; however, in a few western studies, the popliteal artery injuries were lower, i.e. <0.25% [16].
Most of the study population was young, male, and having no comorbid conditions. 

The mean duration of injury to the revascularization procedure was 7.66 ± 1.69 hours. Although, prolonged
ischemia (>6 hours ) is associated with four times higher risk of secondary amputation. However, there is
evidence of successful limb salvage following arterial injury in literature even after 24 hours of injury
[17]. We assessed vascular injuries, the number of segments involved, and the availability of collateral by
using readily available color Doppler ultrasound as it has 95% sensitivity and 99% specificity [18]. Vascular
trauma is mostly associated with some bony and soft tissue injuries. This study found open fractures (48%),
close fractures (37%), and dislocation (14%) associated with arterial injuries, significantly affecting the
outcome (P = 0.034). On exploration, arterial laceration was found to be most prevalent, followed by arterial
transaction and thrombosis with a frequency of 50%, 25%, and 18%, respectively. The most common
procedure performed was autologous great saphenous venous graft. These findings were consistent with
similar results in the literature [15,19]. Fasciotomy was performed in 38 patients out of 56 patients with
impending compartment syndrome or prophylactically after arterial repair. Fasciotomy is considered a
standardized protocol following reconstruction as a preventive measure for compartment syndrome.
However, a cohort study by Kauvar et al. concludes that fasciotomy was not associated with limb salvage but
complications [20].

The most common reason for failed revascularization was arterial thrombosis and infection in about two-
thirds of patients in our studied population. Perkins et al. [21] pointed out that the anatomical site of an
arterial injury is an essential prognostic risk factor of amputation. Similar to Perkins et al., we found that
anatomical site and also the type of arterial injury and associated injuries have greatly impacted the
prognosis of revascularization as a limb salvage procedure.

This study carries the limitations of a retrospective design, with a significant number of patients excluded
due to missing data on variables. Also, this is a single-center review with a limited number of patients.
Besides the above, this study does not include patients who underwent a second revascularization procedure,
complications of salvage procedures, and the functional outcome of limb salvage procedure with follow-up.

Conclusions
Type of arterial injury, arterial segment involved, and the associated bony injuries are associated with post-
revascularization amputations in lower limb arterial injuries. However, multicenter prospective studies are
recommended to overcome the limitations of this study.

Additional Information
Disclosures
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SMBB Institute of Trauma has reviewed your proposal in its meeting held on February 25th, 2021 and has
given a period of 1 year to conduct this study. Any change in protocol or extension in the period of study
must be notified to the board for approval. Animal subjects: All authors have confirmed that this study did
not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Ullah M, Niaz S, Ali A, Arsalan: An experience of surgical management of peripheral vascular injuries at

2021 Ali et al. Cureus 13(8): e17290. DOI 10.7759/cureus.17290 5 of 6

https://dx.doi.org/10.35787/jimdc.v9i3.411


Pakistan Institute of Medical Sciences, Islamabad. J Islamabad Med Dental Coll. 2020, 9:201-6.
10.35787/jimdc.v9i3.411

2. Sciarretta JD, Perez-Alonso AJ, Ebler DJ, Mazzini FN, Petrone P, Asensio-Gonzalez JA: Popliteal vessel
injuries: complex anatomy, difficult problems and surgical challenges. Eur J Trauma Emerg Surg. 2012,
38:373-91. 10.1007/s00068-012-0217-7

3. Sciarretta JD, Macedo FI, Otero CA, Figueroa JN, Pizano LR, Namias N: Management of traumatic popliteal
vascular injuries in a level I trauma center: a 6-year experience. Int J Surg. 2015, 18:136-41.
10.1016/j.ijsu.2015.04.056

4. Hossny A: Blunt popliteal artery injury with complete lower limb ischemia: is routine use of temporary
intraluminal arterial shunt justified?. J Vasc Surg. 2004, 40:61-6. 10.1016/j.jvs.2004.03.003

5. Perkins ZB, Yet B, Glasgow S, Marsh DW, Tai NR, Rasmussen TE: Long-term, patient-centered outcomes of
lower-extremity vascular trauma. J Trauma Acute Care Surg. 2018, 85:S104-11.
10.1097/TA.0000000000001956

6. Hurd JR, Emanuels DF, Aarabi S, et al.: Limb salvage does not predict functional limb outcome after
revascularization for traumatic acute limb ischemia. Ann Vasc Surg. 2020, 66:220-4.
10.1016/j.avsg.2019.10.068

7. Scalea TM, DuBose J, Moore EE, et al.: Western Trauma Association critical decisions in trauma:
management of the mangled extremity. J Trauma Acute Care Surg. 2012, 72:86-93.
10.1097/TA.0b013e318241ed70

8. 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, 69:1519-23.
10.1016/j.jvs.2018.07.075

9. Liang NL, Alarcon LH, Jeyabalan G, Avgerinos ED, Makaroun MS, Chaer RA: Contemporary outcomes of
civilian lower extremity arterial trauma. J Vasc Surg. 2016, 64:731-6. 10.1016/j.jvs.2016.04.052

10. Loja MN, Sammann A, DuBose J, et al.: The mangled extremity score and amputation: time for a revision . J
Trauma Acute Care Surg. 2017, 82:518-23. 10.1097/TA.0000000000001339

11. Sharrock AE, Tai N, Perkins Z, White JM, Remick KN, Rickard RF, Rasmussen TE: Management and outcome
of 597 wartime penetrating lower extremity arterial injuries from an international military cohort. J Vasc
Surg. 2019, 70:224-32. 10.1016/j.jvs.2018.11.024

12. Mavrogenis AF, Panagopoulos GN, Kokkalis ZT, et al.: Vascular injury in orthopedic trauma. Orthopedics.
2016, 39:249-59. 10.3928/01477447-20160610-06

13. Garg R, Mittal RK, Kathpal SS, Rakesh D: Management of lower limb vascular injuries in a tertiary care
centre: an Indian scenario. Indian J Vasc Endovasc Surg. 2021, 8:129-33. 10.4103/ijves.ijves_72_20

14. Inaba K, Branco BC, Reddy S, et al.: Prospective evaluation of multidetector computed tomography for
extremity vascular trauma. J Trauma. 2011, 70:808-15. 10.1097/TA.0b013e3182118384

15. Urrechaga EM, Jabori S, Kenel-Pierre S, et al.: Traumatic lower extremity vascular injuries and limb salvage
in a civilian urban trauma center. J Vasc Surg. 2021, 73:42-3. 10.1016/j.jvs.2020.12.031

16. Frykberg ER: Popliteal vascular injuries. Surg Clin North Am. 2002, 82:67-89. 10.1016/S0039-
6109(03)00141-5

17. Jagdish K, Paiman M, Nawfar A, et al.: The outcomes of salvage surgery for vascular injury in the
extremities: a special consideration for delayed revascularization. Malays Orthop J. 2014, 8:14-20.
10.5704/MOJ.1403.012

18. Dueck AD, Kucey DS: (v) The management of vascular injuries in extremity trauma . Curr Orthop. 2003,
1:287-91. 10.1016/S0268-0890(03)00104-X

19. Usman R, Jamil M, Anwer MF: Evaluation, surgical management and outcome of traumatic extremity
vascular injuries: a 5-year level-1 trauma centres experience. Ann Vasc Dis. 2018, 11:312-7.
10.3400/avd.oa.18-00068

20. Kauvar DS, Staudt AM, Arthurs ZM, et al.: Early fasciotomy and limb salvage and complications in military
lower extremity vascular injury. J Surg Res. 2021, 260:409-18. 10.1016/j.jss.2020.10.017

21. 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, 102:436-50. 10.1002/bjs.9689

2021 Ali et al. Cureus 13(8): e17290. DOI 10.7759/cureus.17290 6 of 6

https://dx.doi.org/10.35787/jimdc.v9i3.411
https://dx.doi.org/10.1007/s00068-012-0217-7
https://dx.doi.org/10.1007/s00068-012-0217-7
https://dx.doi.org/10.1016/j.ijsu.2015.04.056
https://dx.doi.org/10.1016/j.ijsu.2015.04.056
https://dx.doi.org/10.1016/j.jvs.2004.03.003
https://dx.doi.org/10.1016/j.jvs.2004.03.003
https://dx.doi.org/10.1097/TA.0000000000001956
https://dx.doi.org/10.1097/TA.0000000000001956
https://dx.doi.org/10.1016/j.avsg.2019.10.068
https://dx.doi.org/10.1016/j.avsg.2019.10.068
https://dx.doi.org/10.1097/TA.0b013e318241ed70
https://dx.doi.org/10.1097/TA.0b013e318241ed70
https://dx.doi.org/10.1016/j.jvs.2018.07.075
https://dx.doi.org/10.1016/j.jvs.2018.07.075
https://dx.doi.org/10.1016/j.jvs.2016.04.052
https://dx.doi.org/10.1016/j.jvs.2016.04.052
https://dx.doi.org/10.1097/TA.0000000000001339
https://dx.doi.org/10.1097/TA.0000000000001339
https://dx.doi.org/10.1016/j.jvs.2018.11.024
https://dx.doi.org/10.1016/j.jvs.2018.11.024
https://dx.doi.org/10.3928/01477447-20160610-06
https://dx.doi.org/10.3928/01477447-20160610-06
https://dx.doi.org/10.4103/ijves.ijves_72_20
https://dx.doi.org/10.4103/ijves.ijves_72_20
https://dx.doi.org/10.1097/TA.0b013e3182118384
https://dx.doi.org/10.1097/TA.0b013e3182118384
https://dx.doi.org/10.1016/j.jvs.2020.12.031
https://dx.doi.org/10.1016/j.jvs.2020.12.031
https://dx.doi.org/10.1016/S0039-6109(03)00141-5
https://dx.doi.org/10.1016/S0039-6109(03)00141-5
https://dx.doi.org/10.5704/MOJ.1403.012
https://dx.doi.org/10.5704/MOJ.1403.012
https://dx.doi.org/10.1016/S0268-0890(03)00104-X
https://dx.doi.org/10.1016/S0268-0890(03)00104-X
https://dx.doi.org/10.3400/avd.oa.18-00068
https://dx.doi.org/10.3400/avd.oa.18-00068
https://dx.doi.org/10.1016/j.jss.2020.10.017
https://dx.doi.org/10.1016/j.jss.2020.10.017
https://dx.doi.org/10.1002/bjs.9689
https://dx.doi.org/10.1002/bjs.9689

	Outcomes of Revascularization and Factors Associated With Major Amputation in Patients With Lower Limb Arterial Injury: A Single-Center Retrospective Analysis
	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	TABLE 1: Descriptive analysis of data
	FIGURE 1: Primary revascularization procedure performed
	TABLE 2: Correlation of variables with outcome

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


