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End-to-side anastomosis for limb salvage in the single artery of 
a traumatized extremity

Bacağın kurtarılması amacıyla travmalı ekstremitenin tek arterine uygulanan 
uç-yan anastomoz
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AMAÇ
Bu yazıda, bacaklarda serbest flep transferiyle tek arterli 
travmalı ekstremitenin kurtarıldığı olgularda, uç-yan anas-
tomoz tekniği deneyimlerimizi vurgulayarak tanımlamak 
amaçlandı.

GEREÇ VE YÖNTEM
Travma sonrası ekstremite rekonstrüksiyonu için serbest 
flep transferi ihtiyacı olan 32 hasta Mart 2006 ile Kasım 
2008 tarihleri arasında hastanemize sevk edildi. Tüm has-
talara anjiyografi yapıldı. On bir olgu tek bir arterli olarak 
doğrulandı (Gustilo IIIC). Alıcının ve vericinin akımlarının 
sürdürüldüğü 11 hastada, tek arterli ekstremite rekonstrük-
siyonunda ekstremite kurtarılması için uç-yan anastomoz 
tekniği uygulandı.

BULGULAR
Anastomoz uygulanan arterler, popliteal arter (n=3), poste-
rior tibial arter (n=2),  peroneal arter (n=5) ve radial arterdi 
(n=1). Yaralanma ile flep rekonstrüksiyonu arasında geçen 
ortalama süre 34 gündü. Tüm hastalarda ciddi kırıklar, ke-
mik açığıyla birlikte yumuşak doku defekti vardı. Ameliyat 
sonrası hastanede kalış süresi 12-18 gün idi. Yaralanma ve 
sevk edilme arasındaki süre 27-45 gün idi. Kısmi kalınlıkta 
deri grefti sekiz hastaya yapıldı.

SONUÇ
Tek bir arterle ekstremite kurtarılması için uç-yan anas-
tomozla serbest flep transferi güvenli bir işlemdir, bir ven 
grefti ve T ve Y şeklinde anastomoz gerekli değildir.
Anahtar Sözcükler: Uç-yan anastomoz; serbest flep; tek arterli 
ekstremite. 

BACKGROUND
The purpose of this article is to describe and highlight our 
experience of end-to-side anastomosis technique in such 
cases for limbs salvage in the single artery of a traumatized 
extremity with free-flap transfer.

METHODS
Thirty-two traumatized patients in need of free-flap trans-
fer for their extremity reconstruction were referred to our 
hospital from March 2006 to November 2008. Angiogra-
phy was performed in all patients. A single artery was con-
firmed in 11 cases (Gustilo IIIC). End-to-side anastomosis 
was applied for limb salvage in single-artery extremity re-
construction, such as preserving recipient’s flow and pre-
serving donor’s flow in 11 patients. 

RESULTS
The anastomosis arteries included the popliteal artery 
(n=3), posterior tibial artery (n=2), peroneal artery (n=5) 
and radial artery (n=1). The mean time from the injury to 
the flap reconstruction was 34 days. All patients had severe 
fracture or bone deficit plus soft tissue defect. Postopera-
tive hospital stay was 12-18 days. Time interval between 
the injury and referral was 27-45 days. Split thickness skin 
graft was performed in eight patients.

CONCLUSION
Free-flap transfer by end-to-side anastomosis for limb sal-
vage with a single artery is a safe procedure, so a vein graft 
and T and Y shape anastomosis are not necessary.
Key Words: End-to-side anastomosis; free flap; single-artery 
extremity. 



With the recent improvements in microsurgical 
techniques and our better understanding of soft tissue 
and bone anatomy plus physiology, surgeons have the 
opportunity to salvage traumatized lower extremities 
after high-energy injuries, even in developing coun-
tries.[1-4] In many of the complicated cases, which are 
referred to plastic surgeons for limb salvage, only one 
artery remains in the extremity (Gustilo IIIC). Gusti-
lo’s widely cited open fracture Types I, II, and III from 
1976 were later appended in 1984 with a classification 
of Type III fracture. Type I open fractures have clean 
wound less than 1 cm in length. In Type II, the lacera-
tion is more than 1 cm. However, there is no extensive 
soft-tissue damage, skin flaps or avulsions. Type IIIA 
represents wounds with demarcation of injured from 
non-injured tissues and in which exposed bone can 
be covered with local tissue. Wounds in which local 
soft-tissue coverage is not possible and that have poor 
wound demarcation are called Type IIIB. Type IIIC re-
fers to open fractures accompanied by arterial injury. 
High-energy and massive contamination are frequent-
ly associated with those wounds. Later, a different 
system of classification was developed (Types I-IV), 
with more vascular damage associated with Types III 
and IV. These two classification schemes are helpful 
in defining the severity of the trauma in order to form 
an appropriate treatment plan.[1] Free-flap transfer for 
open wound coverage is required in these cases, and 
deciding how to transfer the free flap without jeopar-
dizing the limb’s survival in such cases is a difficult 
task. In free-flap transfer, the recipient’s artery is often 
sacrificed to provide the pedicle anastomosis. Since 
the recipient’s artery is necessary for distal circulation, 
preserving its patency is also important (especially in 
traumatized extremities). In this respect, some of the 
studies have discussed T or Y arterial shape free flaps, 

interposition vein graft for end-to-end anastomosis 
in proximally ligated artery and end-to-side arterial 
anastomosis.[2-7] Clinical studies and rat models have 
shown no obvious differences in patency between 
end-to-end and end-to-side anastomosis.[2-5]

Our center is a tertiary referral center in which 
many complicated cases are referred up to several 
weeks after their extremity trauma and after several 
debridements have been done, such that only one ar-
tery remains in the extremity. The purpose of this arti-
cle is to describe and highlight our experience of end-
to-side anastomosis technique in such cases for limbs 
salvage in the single artery of a traumatized extremity 
with free-flap transfer.

MATERIALS AND METHODS
Patients and Surgical Technique 
Thirty-two traumatized patients in need of free-

flap transfer for their extremity reconstruction were 
referred to 15 Khordad Hospital of Tehran (Shahid 
Beheshti University of Medical Sciences) from March 
2006 to November 2008. Angiography was performed 
in all patients. A single artery was confirmed in 11 
cases (Gustilo IIIC) (Fig. 1). Two of them were fe-
males and the rest males, with an age range of 12 to 43 
years. Their weight ranged between 36 to 88 kg and 
height between 125 to 190 cm. Seven of the patients 
had been transferred to us from other provinces. The 
mechanisms of trauma were motorcycle accident (7 
patients), car accident (3 patients) and crush injury (1 
patient). Popliteal artery repair was performed in two 
patients. 

Two arteries of the lower leg were ligated due to se-
vere injury and one artery remained in all the patients. 
These procedures were performed in other centers and 
they were referred to us from betwee n 27-45 days af-
terwards. Written informed consent was obtained from 
all patients prior to their enrollment in the study. They 
were aware of the multistage process of reconstruction 
and the possibility of a late limb amputation. 

Eleven free flaps were performed by end-to-side 
anastomosis in the patients with single-artery ex-
tremities (i.e. those with only one artery remaining) 
who had no systemic disease. First, the patients were 
placed in a lateral decubitus position. Then, micro-
anastomoses were performed on the single artery of 
the lower extremity in 10 patients. Micro-anastomosis 
was performed in the supine position on the single 
artery of the upper extremity in one patient. Anasto-
mosis was attempted on the periphery of the injury 
zone. Proper and meticulous microsurgical techniques 
were performed in all patients. The procedure was 
performed using tourniquet in the lateral position. A 
2 to 4 cm segment of the recipient’s artery was pre-
pared by clearing away the perivascular tissue. First, 

Fig. 1. Radial single artery in angiography; ulnar artery cut in 
mid-forearm and 10 cm radius bone lose.
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the donor’s artery was beveled 45° from the heel (i.e. 
inferior level) to the toe (i.e. superior level). The circle 
pattern thus converts to an oval pattern. The length of 
BC equals approximately the slit arteriotomy of the re-
cipient’s artery. Slit arteriotomy was 40%- 50% more 
than the donor’s artery in diameter (BC2 = AC2 + AB2) 
(Fig. 2). With this technique, the donor’s artery was 
stretched and cupped over the slit arteriotomy. This 
helped us to perform proper micro-anastomoses. As 
a result, a 45° end-to-side anastomosis was usually 
planned between the recipient’s artery and donor’s ar-
tery. The position of the slit on the recipient’s artery 
was lateral or anterolateral. The ultimate longitudinal 
slit was made about 1.5 times larger than the flap ar-
tery in diameter (BC) with the N11 knife (Fig. 2). 

Beginning at the heel, interrupted sutures were 
placed sequentially feeding the redundant vessel to-
wards the toe. On the far side, the suturing of the cor-
ners was done by first terminating the middle portion 
where the exposure is good. The end product was an-
ticipated to be a well-stretched donor vessel that end-

cupped over the slit arteriotomy. As much as possible, 
the needle was passed inside-to-outside on the recipi-
ent’s artery, to tag the intima. We commonly used 9/0 
polypropylene sutures for the anastomosis. After arte-
rial anastomosis, the resulting blood circulation into 
the flap was immediately confirmed by flap bleeding 
or oozing, extremity pulse and intraoperative ultra-
sound. 

All the veins were anastomosed by end-to-end 
technique. Split thickness skin graft was performed 
from the 5th to the 10th postoperative day whenever 
needed. The patients were monitored every hour for 
the first 24 hours and every two hours until 72 hours 
by an assistant of plastic surgery. The records were re-
viewed to assess the type and mechanism of injury, 
concomitant injuries, number of pre-flap operations, 
timing from injury to flap transfer, preoperative vascu-
lar studies, flap viability, and minor and major compli-
cations. The average follow-up period was 14 months 
(range: 6 to 24 months).

RESULTS
A total of 32 patients were included in the study. 

Eleven patients (12 to 43 years old) with single artery 
were confirmed by angiography. Free flaps were per-
formed by end-to-side anastomosis in these patients 
who had a single artery remaining in their extremities 
after major trauma (Gustilo IIIC). End-to-end anas-
tomosis was performed on the other patients (n=21). 
End-to-side anastomosis was applied for limb salvage 
in extremity reconstruction with a single artery, pre-
serving recipient’s flow and preserving donor’s flow in 
all patients (Figs. 3-5). It should be mentioned that sev-
en of the patients had been transferred to us from other 
provinces. The mean time from the injury to the flap re-
construction was 34 days. All patients had severe frac-
ture or bone deficit plus soft tissue defect. The mecha-
nism of injury, defect location, type of flap, recipient’s 
artery, and others data are included in Table 1. Post-

Fig. 2. Flap artery beveling and circle converted to oval 
shape.

Fig. 3. Free fibula transfer with skin paddle forearm recon-
struction (after 6 weeks).

Fig. 4. Latissimus dorsi musculocutaneous flap transfer after 
3 weeks; end-to-side anastomosis was performed in 
posterior tibialis artery.
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operative hospital stay was 12-18 days. Time interval 
between the injury and referral was 27-45 days. Split 
thickness skin graft was performed in eight patients. 
Only one patient developed arterial thrombosis at the 
anastomoses site, but the removal of the thrombus and 
reanastomosis resulted in flap survival. This thrombus 
was due to excessive manipulation of the flap artery. 
Apart from this, eventually all 11 flaps survived. After 
an average 14-month follow-up, the flaps had good in-
tegration, viability and there were no failures in flaps. 

DISCUSSION
The results of the present study suggest that end-to-

side anastomosis for limb salvage with a single artery 
remaining (for extremity reconstruction) is a safe pro-
cedure. When we encounter a severely traumatized ex-
tremity that has only one artery left for circulation and 
that requires a free flap for wound coverage, selecting 
the type of surgery for limb salvage is a difficult task. 
There are several choices in this case:

1- Using a vein graft between that flap artery and 
proximally ligated artery.

2- Using a T or Y shape anastomosis that is per-
formed with end-to-end anastomoses. 

3- Using an end-to-side anastomosis above the 
traumatized level.[2,4-8] 

The vein graft’s disadvantages are the necessity 
of performing two anastomoses, major dissection in 
the proximal extremity for recognition of the proxi-
mally ligated artery and that artery for flap and, in 
some cases, dissection is very difficult and detrimental 
to the limb. At the other hand, several studies dem-
onstrated no obvious differences in patency and free-
flap survival rates between end-to-end and end-to-side 
anastomosis techniques.[2,9,10] Furthermore, the use of 
Y or T anastomosis has been described recently as 
an alternative option for end-to-end anastomosis in a 
single-artery extremity.[7,11] The major disadvantage of 
this technique is the need for two anastomoses. It is 
necessary to have a reliable proximal branch system 

for the donor’s pedicle, so that the use of free flap is 
limited.[8,11]

Using end-to-side arterial anastomosis in extremity 
reconstruction was first described and popularized by 
Godina in 1970.[12] The advantages of this technique 
include: decreased vessel spam, elimination of ves-
sel mismatch and preservation of the distal run-off.
[2,4,6,12,13] Adams et al.[2] showed that the hole technique 
is better for large artery (>1.5 mm) and slit technique 
for small artery (<1.5 mm). This avoids potentially 
irreversible damage in the recipient vessel. The final 
result also depends on the surgical expertise. Zhang 
et al.[4] examined the incident angle in carotid to ca-
rotid end-to-side anastomosis in rats. They performed 
anastomoses with angles of 45°, 90°, and 135°, with 
an elliptical arteriotomy. They concluded no statisti-
cally significant flow difference between 45° and 90° 
anastomoses. Some of the studies recommended that 
different lengths of slit arteriotomy should be adjusted 
with the diameter of the donor vessel.[2] The length of 
slit arteriotomy is at least twice the diameter of the 
donor vessel.[14] If the length of the slit arteriotomy is 
more than twice the diameter of the donor vessel, it 
leads to the stretching of the donor vessel and caliber 
narrowing.

Table 1. Patient’s data

No Sex/Age Etiology     Defect site  Bone Flap  Site of single Complication STSG
    exposed  artery anastomoses 

1 M/12 Motorcycle accident Leg (OFSTD) + LDMCF Posterior tibialis artery Thrombosis +
2 M/19 Motorcycle accident Leg (OFSTD) + LDMCF Popliteal artery – +
3 M/23 Motorcycle accident Leg (OFSTD) + LDMCF Popliteal artery – –
4 M/36 Motorcycle accident Leg (OFSTD) + LDMCF Peroneal artery – +
5 M/32 Car accident Leg (OFSTD) + LDMCF Popliteal artery Wound infection +
6 M/26 Crush injury Forearm (BSTD) – Fibula flaps Radial artery – –
7 M/43 Motorcycle accident Leg (BSTD) – Fibula flaps Posterior tibialis artery – +
8 M/35 Motorcycle accident Leg (OFSTD) + Radial forearm flap Peroneal  artery – +
9 M/22 Car accident Leg (OFSTD) + LDMCF Peroneal  artery – +
10 F/22 Car accident Leg (OFSTD) + LDMCF Peroneal  artery Distal flap necrosis +
11 F/33 Motorcycle accident Leg (OFSTD) – Radial forearm flap Peroneal  artery Wound infection –

F: Female; M: Male; STSG: Split thickness skin graft; OFSTD: Open fracture and soft tissue defect; BSTD: Bone and soft tissue defect; LDMCF: Latissimus dorsi musculo-
cutaneous flap.

Fig. 5. Free fibula transfer for radius reconstruction; the fibu-
la was fixed by two plates.
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Some surgeons believe that using end-to-side anas-
tomosis in a single-artery extremity endangers the 
limb survival. However, the overall success depends 
mainly on the surgical skill, planning and micro-anas-
tomosis technique, whether it is end-to-end or end-
to-side. In addition, the surgical technique is a major 
factor in patency.[2,4,11] In this study, we showed, in 11 
consecutive cases, that use of this technique is very 
safe for limb salvage in patients with a single artery. In 
many of the published studies, these techniques were 
performed on animals. 

In our study, we performed end-to-side anastomo-
sis for limb salvage with a single artery. At first, the 
donor’s artery is beveled 45° from the heel to the toe. 
Then we use 45° between the donor and recipient’s 
artery. Slit arteriotomy is performed about 1.5 times 
larger in diameter than the donor’s artery so that a 
well-stretched donor vessel end-cups over the slit arte-
riotomy. This prevents slit deficiency and slit long. In 
this way, the blood flow is better without any untow-
ard side effects like turbulation, and caliber narrowing 
is prevented. Despite the fact that anastomoses were 
performed in the trauma location, no flap necrosis oc-
curred. 
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