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Our surgical experiences on vascular injuries in Afrin Olive Branch operation
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ABSTRACT
Objectives: In this study, we present our surgical experiences on vascular injuries during the Afrin Olive Branch operation of Turkey.
Patients and methods: Between February 2018 and May 2018, a total of 37 traumatized patients (36 males, 1 females; mean age 26.8 years; 
range, 17 to 55 years) with vascular injuries who were treated by cardiovascular surgeons during the Afrin Olive Branch operation were 
included in this study.
Results: A total of 37 patients underwent 46 vascular surgical procedures. There were no surgery-related mortalities during follow-up. 
Twenty patients (54%) were discharged and 17 patients (46%) were transferred to an external center in the postoperative early period.
Conclusion: Based on our experiences, we suggest that major arterial injuries should be repaired rather than direct amputation, and the 
saphenous vein must be used for bypass or interposition, where applicable.
Keywords: Surgery, vascular injury, war.
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Massive blood loss due to limb injuries is the most 
common cause of preventable deaths in wars. For these 
situations, first aid and timely manner are vital before 
hospital admission. Therefore, it is essential that the 
teams, who are responsible for the first aid, must be 
located at a safe point closest to the battlefield, as well 
as experienced medical personnel. The closest center 
to the battlefield where the first intervention is to be 
carried out, as well as the life-saving and disability 
preventive intervention is of utmost importance.

In case of war setting, there are many life-
threatening injuries in a body which requires the 
involvement of many surgical departments at the same 
time.[1] The follow-up and additional interventions 
of these procedures in the intensive care unit for the 
first 24 to 48 hours are almost routinely seen. Due 
to the natural history of the war, the center where 
these first surgical interventions are performed should 
be circulated due to the high likelihood of a number 
of wounded patients. Therefore, patients should be 

transported to other well-equipped centers as far as 
possible, when appropriate transfer conditions are 
achieved. In this way, it would be possible to both 
relieve the center personnel loaded with densities 
and refresh the necessary minimum conditions in the 
hospital.[2] Although major vascular procedures have 
become widespread in surgical applications, when 
faced with multiple patient inf lux, vascular repair may 
sometimes cause unnecessary time loss. In such cases, 
accepting a simple ligation and amputation may be the 
most appropriate clinical decision.

Vascular injuries are often due to the association 
of a trauma in the other body regions. Although 50 to 
75% of war injuries involve limb injuries, only 1 to 2% 
suffer from major vascular injuries. However, this ratio 
may increase up to ≥5% where modern body armor and 
anti-personnel mines are widely used, offering more 
protection to the head. A surgical team who worked 
on the Cambodian-Thai border in 1988 witnessed the 
spread of landmines, intervened 94 war-wounded in 
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a battle and found that 13.8% of them had vascular 
injuries in the lower limbs.[3] In many historical 
series, major arterial injuries of the lower limbs are 
almost twice as high as upper limb artery injuries.[3]

However, the brachial artery is the most or the second 
most common major peripheral injured artery.[3] The 
probable cause is that the brachial artery has a very 
superficial anatomy and the normal activity of the 
soldier in the war exposes this artery more relative to 
trauma.[4-7] In the literature, the relative incidence of 
isolated major venous injuries is unclear, and lower 
limb venous injuries are more common.

In the present study, we report our surgical 
experiences on vascular injuries during the Afrin Olive 
Branch operation of Turkey. The aim of this study is to 
show the capabilities of our country in the field of war 
surgery and to shed light on the surgical teams which 
are capable of performing emergency interventions for 
our military and civilian citizens in other probable 
future operations.

PATIENTS AND METHODS
Between February 2018 and May 2018, a total of 

37 traumatized patients (36 males, 1 females; mean 
age 26.8 years; range, 17 to 55 years) with vascular 
injuries who were treated by cardiovascular surgeons 
at the Kırıkhan State Hospital in Hatay province 
as the first aid center assigned by the Republic of 
Turkey, Ministry of Health during the Afrin Olive 
Branch operation were included in this study. The 
patients with injuries were transferred from Syria's 
Afrin district. All data were evaluated by examining 
the digital emergency patient records and operation 
reports of our surgical teams. Data including age, 
sex, arrival time, injury type, accompanying injuries, 
cardiovascular interventions, morbidity, anatomic 
localization of the vascular injury, hospitalization, 
radiological examination, abnormal biochemistry 
findings, and the outcomes were evaluated.

Initially, the patients were transferred from the 
battle site by the National Medical Rescue Team 
(UMKE). After delivering the first interventions, a 
short message service was send to the team at Kırıkhan 
State Hospital, when the patient was deployed in the 
border region for sharing emergency information. 
According to the number of injured patients, at least 
one specialist from each surgical department met 
the patient with a multidisciplinary approach in the 
emergency unit. Approximately 10 to 15 min after 
the arrival of the emergency room, all necessary 
radiological and biochemical tests and blood group 

test results were obtained. According to the decision 
of the surgical team, whether the patient had a poor 
general condition and hemodynamic instability or not 
was decided. Therefore, six of the injured patients 
underwent intraoperative exploration of the injury 
sites without any examination and emergency surgery 
was performed by the relevant department. All of 
the patients who were considered to have a vascular 
pathology were examined with a hand Doppler in the 
emergency department by a cardiovascular surgeon 
and advanced imaging studies were performed, if 
necessary, to confirm the diagnosis.

Statistical analysis

Statistical analysis was performed using the SPSS 
version 20.0 software (IBM Corp., Armonk, NY, 
USA). Descriptive data were expressed in mean and 
standard deviation (SD) and number and frequency.

RESULTS
The majority of the patients (83%) were in the 

20 to 30 age range. Of the patients, 17 (45%) had 
gunshot wounds, 11 (29%) had handmade explosive 
wounds, four (10%) had mine burst wounds, two (5%) 
had a crush injury, and two (5%) had penetrating 
injuries (Table 1).

Thirty-three of the patients (89%) were transferred 
to the hospital by ambulance and four (11%) by 
helicopter. The mean time to hospitalization was 
28.4 min (range, 20 to 45 min). These data were 
calculated using time to receive of short messages for 
each patient.

Table 1. Causes of injuries
n %

Gunshot wound 17 45
Handmade explosives 11  29
Mine 4 10
Crush injury 2 5
Penetrating injury 2 5

Table 2. Imaging techniques
n %

Computed tomography angiography 5 13
Roentgenogram 11 29
Computed tomography 7 18
Computed tomography + roentgenogram 6 16
Arterial Doppler ultrasonography 1 2
Echocardiography 1 2
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Computed tomography angiography (CTA) 
was performed in five patients with a suspicious 
vascular lesion with no distal pulse and without 
major hemorrhage. Computed tomography (CT) was 
performed in 18, direct radiographs in six, Doppler 
ultrasonography (USG) in one, and preoperative 
echocardiography (ECHO) in one patient (Table 2).

On cardiovascular examination, the femoral artery 
was injured in 11 (28%), popliteal artery in eight 
(20%), infrainguinal popliteal artery in six (16%), 
brachial artery in four (10%), carotid artery in three 
(7%), sternal-intercostal arteries in two (5%), axillary-
subclavian arteries in two (5%), distal brachial artery 
in two (5%), and abdominal aorta in one (2%) patient 
(Table 3). Multiple limb injuries were simultaneously 
associated with multiple effects of the shrapnels in 
some patients.

After the multidisciplinary evaluation, 19 of 
37 patients had injuries which were not related to 
cardiovascular surgery. Patients who were diagnosed 
for vascular injury had at least one limb area injuries, 
except for the vascular injury site in 51%. In the 
examination of the injuries of these 19 patients, 
eight (22%) had total limb amputation, six (17%) had 
thoracic injuries, five (14%) had abdominal injuries, 
four (11%) had tibial fractures, three (8%) had femoral 
fractures, two (5%) had eye injuries, three (5%) had 
foot amputations, two (5%) had arm fractures, one 
(3%) had body burns, one (3%) had head injury, and 
one (3%) had neck injury in addition to vascular 
injuries.

In all patients, UMKE teams administrated the 
respiratory support and vascular access lines. When 
the injured patients were admitted to the emergency 
room, routine complete blood count and biochemical 
parameters with blood group tests were studied and 
taken to the operation room to evaluate intraoperatively 
then the operation was started urgently. The hematocrit 

values were observed to be low due to the massive 
blood loss in the patients (mean: 22.6%). Only 24 
(64%) of 37 patients had no other procedure and the 
blood tests could be requested at the first time. The 
white blood cell counts of three patients (12%) were 
found to be over 20,000 µL, while the platelet levels 
of three patients (12%) were below 40,000 mm3. The 
hematocrit values were found to be in the 14 to 16 
range in all of these three patients with low platelet 
levels.

Thirty-seven injured patients had a cardiovascular 
pathology, and 46 surgical procedures applied within 
the first 30 min following the arrival to the hospital. 
Ischemia follow-up was initiated with anticoagulant 
treatment, if the absence of any contraindication due 
to ischemia in 10 patients in the lower limb and one 
patient in the upper limb. None of these patients 
suffered from any loss of limb and no ischemia was 
detected during the hospitalization. One of the patients 
had pericardial f luid and underwent ECHO follow-up 
due to blunt chest trauma. Anti-inf lammatory and 
colchicine treatment was started and there was no 
increase in the pericardial f luid.

In total, 37 patients underwent 46 surgical 
procedures (Figures 1 and 2), (Table 4).

Patients who underwent surgery were transferred 
to the major centers, which were more equipped for 

Table 3. Vascular injuries
n %

Femoral artery 11 28
Popliteal artery 8 20
Distal popliteal artery 6 16
Brachial artery 4 10
Carotid artery 3 7
Sternal intercostal artery 2 5
Axillary-subclavian artery 2 5
Distal brachial artery 2 5
Abdominal aorta 1 2

Figure 1. Saphenous vein interposition to brachial artery and 
vein.
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intensive care conditions after stabilization of the 
general condition as an application rule of the Hatay 
Province of Health Directorate. Postoperative early 
mortality and morbidity were evaluated. Of 37 injured 
patients, 20 (54%) were discharged, 10 (21%) were 

transferred to an external center in the postoperative 
first day, five (10%) in the postoperative second day, 
and two (10%) in the postoperative third day. There 
were no surgery-related mortalities and morbidities 
during follow-up. Other causes of morbidity included 
lower limb amputation in 10 (27%), lobectomy in 
six (16%), foot amputation in five (13%), abdominal 
injury in five (13%), tibial fractures in four (11%), eye 
perforation in two (5%), humeral fractures in two (5%), 
head trauma in one (2%), and neck injury in one (2%) 
patient (Table 5).

DISCUSSION
It is well-known that the location of the injured 

area and the characteristics of the injured tissue are 
critical for the survey of the injury.[8] As the density 
of the tissue increases, the amount of absorbed energy 
increases proportionally. Thus, it the total amount of 
the damage increases in the presence of multiple organ 
injury.[9-11] In the present study, we observed that the 
morbidity and mortality rates of the patients were 
related with the other organs and tissues.

The most common vascular injuries which can 
be encountered in war surgery include transection 
or avulsion, laterally incisions or punctate wounds, 
contusions with or without intimal damage and 
thrombosis, isolated vasospasm, and pseudoaneurysm 
and arteriovenous fistula.

We believe that a cardiovascular surgery team has 
always benefits from the exploration of the region, if 
the patient has no suspicion of major vascular injury 
and there is no enough time for imaging studies. In 
our study, eight patients (17%) underwent vascular 
exploration without surgical repair. If the location 
of the injury is consistent with the vascular tracing 
and the distal pulses cannot be palpated or poorly 
palpated with a hand Doppler, we believe that there 
is no drawback for the exploration of the region. 

Figure 2. Femoropopliteal bypass with saphenous vein.

Table 5. Other causes of morbidity
n %

Amputation of lower extremity 10 27
Lung injury 6 16
Amputation of foot 5 13
Abdominal injury 5 13
Tibia fracture 4 11
Eye perforation 2 5
Humerus fracture 2 5
Head injury 1 2
Neck injury 1 2

Table 4. Surgical techniques
n %

Femoro-popliteal infrainguinal bypass with saphenous vein 3 6
Primary repair of femoral artery 2 4
Primary repair of femoral vein 1 2
Interposition of axillary artery with ePTFE graft 1 2
Primary repair of axillary vein 1 2
Primary repair of brachial artery 1 2
Interposition of the brachial artery and vein with saphenous vein 2 4
Primary repair of popliteal artery 2 4
Primary repair of axillary artery 1 2
Primary repair of abdominal aorta 1 2
Femoro-popliteal supragenual bypass with saphenous vein 1 2
Interposition of femoral vein with saphenous vein 1 2
End to end anastomosis of posterior tibial artery 1 2
End to end anastomosis of ulnar artery 2 4
Small artery and vein ligation 14 30

Brachial 1
Popliteal 5
Neck 4
Intercostal 2
Femoral 2

Vascular exploration 8 17
Brachial 1
Carotid 3
Popliteal 3
Tibioperoneal 1

Lower extremity embolectomy 2 4
Removal of foreign body from femoral artery 1 2

ePTFE: Expanded polytetrafluoroethylene.
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In two of our patients, lower limb arterial exploration 
was performed and they had a complete vascular 
integrity; however, an arterial thrombus caused by 
intimal damage or shrapnel fragment was detected 
and the limb was rescued by embolectomy. In these 
two patients, arterial blood f low was detected poorly 
by a hand Doppler and could be easily thought to the 
other tissue injuries or due to the hemorrhagic shock. 
The appropriate location of the injury to the vascular 
anatomy should be evaluated with the intact limb and 
pulse comparison must be done in these patients.

In patients with long segmental vascular injuries, 
the saphenous vein should be the first choice for the 
interposition or bypass procedure. In our study, all but 
one of the peripheral bypasses and interpositions were 
applied with saphenous vein grafts. In a patient in 
whom an expanded polytetraf luoroethylene (ePTFE) 
graft was used for bypass, there was an axillary vein 
injury and widespread tissue loss in bilateral lower limb. 
Therefore, the artificial graft was used for the right 
diameter and without any loss of time by exploring for 
a vein graft. In a study comparing the saphenous vein 
and ePTFE grafts in peripheral bypasses in the lower 
limb, the limb salvage rate was 90% in the saphenous 
vein group and 62.9% in the ePTFE group.[12] This 
ratio was 69.4% in the saphenous vein group and 55% 
in the ePTFE group for male patients.

There are reports of lower limb vascular injury 
in the war surgery and the cases are nearly twice as 
high as for the upper limb. A study also confirmed 
that these results were corresponded to 11 upper limb 
injuries and to 25 lower limb vascular injuries. It is 
evident that the lower limbs would be more affected 
during the war, mostly caused by the mines and 
handmade explosives. The closeness of the lower limbs 
to the explosive material and a higher area than the 
upper limb in the body might have also contributed to 
these ratios.[13]

In particular, in case of a vascular injury, a 
tourniquet application to the single bone-containing 
area and effective buffering on the open wound areas 
reduced mortality significantly. An effective and rapid 
airway support and intravenous volume replacement to 
the circulatory support also contributed to this success.

The presence of a large amount of limb defect 
and long segmental arterial damage may be seen in 
war injuries. Although arterial integrity is achieved, 
limb amputation may occur due to the absence of the 
tissue healing in the subsequent process of handmade 
explosives and mine injuries where extensive tissue and 
nerve damage are present. In such cases, it should be 

kept in mind that, if the patient is hemodynamically 
unstable, direct amputation can be a life-saving 
method without time loss for the revascularization. 
However, this decision must be made in collaboration 
with the orthopedics and surgery team. We believe 
that all organ injuries, not only vascular pathologies, 
should be treated simultaneously.

Another condition of being successful in the war 
surgery is not only in the manner of consultations in 
the emergency room, but also the multidisciplinary 
interventions are performed by general surgery, thoracic 
surgery, anesthesia, orthopedics, cardiovascular 
surgery, and neurosurgery at the same time.[14-16] In this 
way, we determined the fast speed of implementation 
of the decisions and the time in gold for the injured 
was not wasted. Many patients with poor clinical 
condition and with no vital signs can be saved by 
taking out the operation areas without wasting any 
time. In this study, we observed that six injured 
patients were rescued in the emergency operating room 
and six of them recovered successfully. There must be 
at least five units of erythrocyte suspensions for each 
blood groups within the hospital to be used in the 
emergency setting. The Republic of Turkey, Ministry 
of Health and the Turkish Red Crescent provided the 
all blood reserves for each event in 30 min to Kırıkhan 
State Hospital. We believe that the ability to supply 
blood products for all blood groups also contributed 
to our success.

In available centers, angiography can be used 
for the patients with inadequate ischemia symptoms 
or for hemodynamically stable patients to detect 
an arteriovenous fistula or pseudoaneurysm more 
accurately.[17] From the perspective of surgeons, it is 
the most optimal to deliver a 20 mL contrast agent 
in the operating room to perform a single injection of 
the proximal side of the vessel. If an appropriate X-ray 
equipment (mobile X-ray or C-armed scopy) is not 
available in the operating room, the surgeon should 
go to the radiology department with the patient and 
apply that with no delay. The common femoral artery 
can be percutaneously cannulated with a thin 18-gauge 
needle and the contrast agent can be rapidly injected. 
An X-ray is performed for two seconds later for the 
mid-thigh, three seconds for the distal thigh, and five 
seconds for the calf. In case of lower limb injury, the 
patient is given an opaque material from the femoral 
artery and a C-arm scopy device shows the vascular 
injury intraoperatively. If there is an ultrasound 
Doppler probe, it may be useful, in addition to a 
careful clinical examination, particularly in uncertain 
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Figure 3. Fasciotomy.

vascular injuries. It not only provides the detection 
of the peripheral blood f low, but also calculation of 
the ankle-arm index (ABI). The cuff of a manual 
sphygmomanometer is wrapped around the ankle and 
a Doppler probe is placed over both the dorsalis pedis 
and posterior tibial arteries and the highest closing 
pressure is measured. This value is divided by the 
highest brachial systolic blood pressure to achieve 
ABI. A lower than 0.9 index suggests an arterial injury 
for the young patients. In the absence of the Doppler 
probe, a simple stethoscope can be used to retrieve 
the pulse of the posterior tibial artery. All patients 
with vascular injuries in our study were examined by 
cardiovascular surgeons in the emergency room with a 
hand Doppler. Five patients (13%) without any major 
hemorrhage underwent CTA to identify the location 
of the vascular injury for a proper surgical strategy.

Furthermore, large arteries should be repaired as 
much as possible. Basic principles include bleeding 
control, exploration and control of the proximal and 
distal part of the vessels, preparation of the grafts, 
vascular repair and reconstruction, closure of the 
upper side of the artery with appropriate fascia or 
tissue, debridement and stabilization of the fractured 
bone, and fasciotomy.[18] Fifteen of the injured patients 
underwent revascularization or repair of the major 
arteries, and no morbidity was observed as long as the 
patients were followed in the hospital. The saphenous 
vein grafts were used in all, but one patient. An 

approximately 20 cm saphenous vein was explored from 
a total amputated counter-limb in one patient and was 
used for the interposition of the popliteal artery and 
vein of the other limb with subtotal amputee. In the 
majority of cases, the fascia and skin were unable to be 
closed at the end of the operation and the orthopedics 
department performed fasciotomy to maintain the 
vascular f low (Figure 3). These types of the high-
energy injuries with blast effect of high-density muscle 
tissue was considered to cause this condition.

In order to achieve the lowest mortality and 
morbidity in the possible future war injuries, time to 
hospitalization must be at least 30 min in vascular 
injuries. The presence of a well-equipped surgical 
team who meet the same objectives in harmony to 
evaluate the injured patient in the emergency room and 
the availability of equipment and infrastructure to be 
available to the relevant authorities and to be located in 
the possible closest location to the war zone can reduce 
morbidity and mortality, particularly for patients with 
hemodynamic instability.

In conclusion, although these types of injuries 
are frequently encountered in war zones, surgeons 
are faced with such injuries in their daily practice. If 
these experiences are obtained with the presence of 
much better organized teams such as in the war zones 
and can be transferred to routine surgical procedures 
in their daily practice, we can reduce the damage 
caused by such injuries in the society and decrease the 
mortality. We believe that it would be beneficial for our 
country and the armed forces to specialize in a smaller 
proportion of surgical teams in primary care centers, 
particularly which are close to the ongoing internal 
security operations. We believe that UMKE teams and 
Turkey’s ability to successfully carry out these types 
of events are effective, since not only Turkey provides 
surgical team and necessary equipment, but also it 
launches its field hospitals to the battlefield as closest 
as possible.
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