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Abstract

Objective: To assess the outcome of vascular injuries in patients presenting 6-12 hours after isolated vascular

trauma.

Method: The analytical cross-sectional study was conducted at East Surgical Ward of Mayo Hospital, Lahore,
Pakistan, from July 1, 2020, to June 30, 2022 and comprised consecutive patients of either gender aged >13 years
with isolated vascular trauma presenting 6-12 hours after vascular injury. Operative procedures included ligation,
end-to-end repair and reverse venous graft of the injured vessels. Outcomes, including cause of amputation and

mortality, were noted. Data was analysed using SPSS 26.

Results: Of the 82 patients, 61(74.03%) were males and 21(25.06%) were females. The overall mean age was 33+5.41
years. Femoral artery was damaged more 54(65.85%) compared to brachial artery 28(34.14%) in all modes of
injuries. Ligation of vessel was done in 35(42.68%) cases. Mortality was the outcome in 15(18.29%) patients,
amputation in 29(35.36%) and discharge after successful vascular repair 38(46.34%).

Conclusion: Ligation of the femoral or brachial artery was found to be a safe and lifesaving procedure in patients
presenting 6-12 hours after isolated vascular trauma to the emergency department in a tertiary care setting.
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Introduction

Trauma is considered one of the most common health
problems in the world. It has been estimated that about
5.8 million people die each year around the world due to
trauma’'. This constitutes about 10% of the world’s total
deaths each year, and includes both blunt trauma and
penetrating trauma cases. Vascular trauma is responsible
for about 1-2% of total deaths due to trauma. Vascular
trauma to the limbs is considered the third leading cause
of potentially survivable injuries2.

In developing countries, injuries and trauma are
increasing rapidly and becoming one of the leading
causes of mortality and morbidity, especially related to
the limbs3. Vascular injuries to the limbs are caused by
blunt trauma, like motor vehicle accidents, or due to
penetrating trauma, like gunshot wounds (GSWs). In
countries where firearms are easily accessible, the
number of vascular injuries are even higher, and some
countries reported that vascular injuries due to GSWs
constitute about 20% of trauma deaths and subsequently
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highest utilisation of hospital resources4.

Trauma related to the limbs is considered very
challenging, and time is one of the key factors while
dealing with vascular injuriess. If not timely managed,
vascular injuries lead to amputation of the limb which
causes lifelong morbidity for patients. The most
commonly involved arteries in trauma are the brachial
and femoral arteries®. Timely diagnosis and management,
and early revascularisation not only decrease the chances
of mortality, but can also save the patients from
amputation?.

The time duration between trauma and the start of
treatment proves to be an important factor in
determining mortality and morbidity of the patient8. The
critical ischaemia time of human skeletal muscle is 2.25
hours on a temperature of 26-38 degree centigrade,
which is much shorter than previously reported in
literature®. However, literature also suggests successful
repair results of >97% if done within 6 hours of the
trauma. However, this success rate of repair decreases to
40-50 % if done 6 hours after the trauma'0.

The current study was planned to assess the outcome of
vascular injuries managed by general surgeons in a
tertiary care hospital 6-12 hours after trauma.
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Patients and Methods

The prospective, cohort study was done at at the East
Surgical Ward of Mayo Hospital, Lahore, Pakistan, from
July 1, 2020, to June 30, 2022. After approval from the
ethics review board of the King Edward Medical University
(KEMU), Lahore, the sample was raised using consecutive
sampling technique from among those who presented to
the Accident and Emergency Department (A&ED) with
brachial or femoral artery injury due to any mode of
injury.

Those included were patients of either gender aged >13
years who presented with clinical signs and symptoms of
isolated brachial and femoral artery injury after 6-12 hours
of injury without any other major injury on head, neck,
chest and abdomen with Mangled Extremity Severity
Score (MESS) score of <7'1. The sign and symptoms
included hard and soft signs. According to the Western
Trauma Association (WTA)S, hard signs include absent
pulses, bruit or palpable thrill, active haemorrhage,
expanding haematoma and distal ischaemia. The soft
signs included haematoma, history of haemorrhage at the
scene of injury, unexplained hypotension and peripheral
nerve deficit. The presence of one hard sign or two soft
signs of vascular injury was set as the criteria of
exploration of vessel®.

Patients who presented within 6 to 12 hours after
vascular injury, those with MESS score >7, and patients
with any other major solid or hollow viscus injury due to
any cause on head, neck, chest or abdomen'2 were
excluded. In case of any suspicion of injury to other
organs, computed tomography (CT) scan of the relevant
area was advised and inclusion/exclusion was decided
depending on the presence or absence of organ injury.
Written informed consent was taken from all the enrolled
patients for vessel exploration under general anaesthesia
(GA) along with counselling for amputation of limb after
operation in case of infection, and graft failure leading to
signs and symptoms of septicaemia. Amputation
included above-knee amputation and above-elbow
amputation using the technique described by
Herr Hm et al13.

All the included patients were evaluated in the
emergency room as per the Advance Trauma and Life
Support (ATLS) protocol'4. They were resuscitated and a
single shot of broad-spectrum antibiotics and anti-
tetanus vaccine was given. Physical examination was used
to assess the preoperative status of the affected limb,
especially when the hard signs were present. In patients
with soft signs or suspected vascular injury, help was
taken by various investigative and imaging modalities,
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like the ankle brachial index (ABI), arterial pressure index
(API) and Doppler ultrasonography. Prognostic scores,
like MESS, Injury Severity Score (ISS), severity of limb
ischaemia and magnitude of associated injuries were
assessed preoperatively.

Exploration of wound was done under general
anaesthesia after taking proximal control of the vessel,
and then the nature of the injury was noted for the type of
repair or ligation needed. The decision of end-to-end
repair, reverse venous graft and ligation of the vessel was
taken keeping in view the haemodynamic status of the
patient on presentation and during exploration, including
pulse, blood pressure, respiratory rate, duration of
presentation after trauma >9 hours, and blood products
in hand. All the operative procedures were done by a
specialist general surgeon with experience of >2 years in
dealing with vascular injuries in the emergency
department. In cases with >5cm of arterial segment loss,
reverse venous graft from the great saphenous vein of the
opposite limb was taken in line with the technique
described in literature's. The technique used for vascular
repair was described by Kuralay E. et al'. Any venous
injury encountered during operation was ligated, and
adjunctive procedure, like fasciotomy of limbs, was done
where needed depending upon the presence or absence
of limb compartment syndrome. In case of long-bone
fractures, reduction and stabilisation was done during the
exploration to avoid damage of the repaired vessel by
bony fragments. Any nerve injury encountered was
ligated for latter management by a plastic surgeon. The
outcome of vascular procedures was described as
amputation of limb after repair, mortality of patient, and
discharge of patient with viable limb. In patients with
mortality and amputation of limb, the causes of
amputation and mortality were assessed.

Data was analysed using SPSS 26. Qualitative variables
were expressed as frequencies and percentages, while
quantitative variables were presented as mean + standard
deviation or median with interquartile range. Categorical
data was analysed using chi-square test and student's t-
test. Fisher's exact test was used when applicable. P<0.05
was considered statistically significant.

Results

Of the 112 patients screened, 82(73.2%) were included. Of
them, 61(74.03%) were males and 21(25.06%) were
females. The overall mean age was 33+5.41 years (range:
14-54 years), with 34(41.4%) aged 31-40 years and
18(21.9%) aged 13-20 years. The median age was 34.8
years (IQR = 14 - 54). The mean age of males was
significantly higher than that of females (p<0.05).
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Table: Modes of injury to brachial and femoral arteries.

Brachial artery Femoral artery Total
Road traffic accidents 8(9.7%) 22 (26.8%) 30 (36.5%)
Gunshot wounds 15(18.2%) 27 (32.9%) 42 (51.2%)
Stab wounds 5(6.1%) 5(6.1%) 10 (12.1%)
Total 28 (34.1%) 54 (65.8 %)

Operative
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Figure-1: Different surgical procedures done on brachial and femoral arteries..
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Figure-3: Causes of death of patients and amputation of limbs.
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Femoral artery was damaged more 54(65.85%) compared
to brachial artery 28(34.14%) in all modes of injuries
(Table 1), and most of the vascular injuries were caused by
GSWSs 42(51.2%) (Table 2).

Ligation of vessel was done in 35(42.68%) cases (Figure 1).
Mortality was the outcome in 15(18.29%) patients,
amputation in 29(35.36%) and discharge after successful
vascular repair 38(46.34%) (Figure 2). Among the
35(42.68%) ligation cases, 18 patients were discharged.
Infection of the wound and reperfusion injury were the
most common causes of mortality, while infection alone
was the leading cause of amputation (Figure 3).

Discussion

During and after World War I, there was a shift from
ligating the injured vessel to primary repair, which
resulted in significant decrease in amputation rates from
50% to 2%'6. But with the advent of reliable scoring
systems of vascular trauma, like MESS and ISS, and
advanced management options, vascular repair is
reserved only for selected cases. This is also endorsed by a
common principle of ‘life over limb"17. In armed conflicts,
vascular injuries contribute to 80-90% of total cases,
while this percentage is quite low, about 20-30%, in
civilian trauma injuries’s.

Males were affected more than females in the current
study, and the overall mean age was 33+5.41 years,
which were in line with earlier studies?9:20,

The most common cause of vascular injuries in the
current study was road traffic accidents (RTAs)30(36.5%).
Worldwide, RTAs constitute about 21% of total trauma
patients, and femoral artery is affected more than
brachial artery2!. The current study also showed that
femoral artery was affected more compared to brachial
artery. This is because lower limb injuries are more
common in RTAs compared to the upper limbs. The
presence of one hard sign is enough to diagnose the
vascular injury, while the presence of one soft sign carries
the risk of vascular injury to about 10%, and the presence
of 2 soft signs carries the chance of vascular injury to
about 25%?22.

Time and mode of injury play an important role in the
management of vascular injuries. In many studies, the
critical limit of time that affected the outcome of the
revascularisation (also called golden time) was
considered to be <6 hours after the trauma till
revascularisation23. However, many studies published
good results of revascularisation even 6 hours post-
trauma24. The current study observed outcome of
revascularisation of injured vessels 6-12 hours after
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trauma. In 35 patients, ligation of the vessel was done,
and 18 of them were discharged home safely. The
phenomenon of limb viability after ligation of the major
vessel of the limb is due to the existence of good
collaterals in the limb25. Many studies have proposed that
in critical situations and specific conditions, ligation of
limb is better than further causing the bleeding during
revascularisation attempts, and prolonging the ischaemia
time and infection rates26,

The mortality rate in the current study was 15(18.29%).
Among them, 6 patients expired due to reperfusion
injury, and 6 due to infection of limb which later led to
septicaemia and acute kidney injury. One patient expired
due to graft failure, and 2 expired due to sudden cardiac
arrest on the second postoperative day.

Ligation of the injured vessel was the most common
procedure adopted for saving life of the patient
35(42.68%) in the current study, and the outcome of
ligation of the injured vessel was more satisfactory
compared to other definitive procedures. A few decades
back, it was considered that the repair of artery should
always be attempted, and ligation of the vessels should
be considered only the second option. However, with the
advent of modern trauma scoring systems and ATLS, in
cases of severe trauma, ligation of vessel is the preferred
option to buy time for resuscitation and to do a definitive
procedure later when the patient is haemodynamically
stable?7.

In different studies worldwide, complication rate in
emergency revascularisation has been found to be 10-
18% but these figures were reported by studies in which
revascularisation was done <6 hours after traumaz28, In the
current study, complications were found in 44(53.65%)
patients, and 15(34%) of them died during or after the
operation, while 29(65.9%) underwent amputation on
index operation or after graft failure. In a study, ischaemia
time and the order of revascularisation were not related
to the rate of amputation and, the main predictor of
amputation was MESS score >729, This was due to time
tolerance owing to ischaemia severity?. Another study
showed that many factors played an important role in
deciding amputation in patients with vascular trauma,
like blunt trauma, major soft tissue injury, compartment
syndrome, and age >55 years30,

In the current study, infection of the wound and the
reperfusion injury were the most common causes of
mortality. Infection alone was the leading cause of
amputation in patients who underwent vascular repair.
Among 29(65.9%) patients who underwent amputations
after facing complications, 19(65%) amputations were
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due to infection process occurred post-operatively, while
6(20.6%) patients died due to septicaemia post-
operatively. Similarly, reperfusion injury after vascular
repair caused complications in 9(20.4%) patients, and
6(66.6%) of them died post-operatively due to acute
kidney injury, while 3(33.3%) underwent amputation due
to reperfusion injury leading to muscle necrosis and
ultimately acute kidney injury. In a study, repair of
vascular injury 8 hours after injury led to mortality of 27%
patients due to reperfusion injury, while this mortality
percentage was reported to be 38% by Qin et al. when
vascular injuries were repaired 9 hours after injury3132,
The infection rate was found to be 6%in one study, while
it was 18 % in another study3334,

The infection rate was found to be higher in patients with
major soft tissue injury after vascular repair, but the
infection could be controlled through irrigation with
copious amount of water and using prophylactic broad-
spectrum antibiotics, and later converting to specific
antibiotics according to culture and sensitivity reports.

There are certain limitations to the current study. First, the
study was conducted at a single centre, and, as such, the
results are dependent on the operation theatre (OT)
environment of a single hospital. Second, the sample size
was relatively small.

Conclusion

Ligation of the femoral or brachial artery could be
considered a safe and lifesaving procedure in patients
who presented late to the emergency department after
trauma to brachial or femoral vessels. Many factors played
an important role in deciding the best treatment option
for the patients. Recruitment of vascular surgeons to deal
with vascular trauma in emergency department would be
a very significant step towards decreasing the morbidity
and mortality of such patients.
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