
Abstract. Background/Aim: Free flap reconstruction with
damaged or diseased vessels is a challenging problem. We
describe our case series using an arteriovenous loop or bypass
surgery with free flaps for complex defect reconstructions at
the lower extremity and the pelvic region. Patients and
Methods: In this single-center retrospective cohort study 11
consecutive patients (mean age=73 years, range=53-88 years)
were operated on, between June 2016 and August 2018.
Patients were reconstructed with free gracilis flaps (n=8), free
latissimus dorsi flap (n=1) and chimeric scapular flap (n=1),
respectively. Results: The mean loop length was 30 cm
(range=12-40 cm). The loop/bypass revision rate was 27%
(3/11), and the overall flap loss rate was 20% (2/10). After a
mean follow-up time of 17 months (range=12-24 months), the
limb salvage rate was 75% (6/8). Conclusion: We successfully
reconstructed complex defects with poor recipient vessels using
arteriovenous loops or bypass surgery and free flaps. 

Microsurgery can be very effective for the treatment of
complex defects, with success rates of over 95% (1). For a
successful implementation of surgery, healthy recipient vessels
are mandatory. It is not unusual, however, that the vessels are
damaged either by arteriosclerosis or trauma, and perforator-
based propeller flaps may not be feasible for reconstruction
(1). In vascular trauma, vessels may be at a considerable
distance from the defect, therefore long vein grafts are needed.
However, this is associated with increased failure rates (2). 

In cases where an adequate recipient vessel or additional
pedicle length is required, an arteriovenous loop or bypass
surgery can be considered, with the ultimate goal to prevent
lower extremity amputation (3, 4). The application of
arteriovenous loops was reported to be a very powerful
instrument with a constant high blood flow. Therefore,
shunting the arterial and venous portion is established,
allowing for a high-flow perfusion. Next, the free flap transfer
can be performed either as a single-stage procedure, or at a
second stage after perfusion has been established (5, 6).  
Nevertheless, there is a paucity of data in the literature

whether the one-stage or two-stage procedure provides greater
success rates. While one-stage arteriovenous loops were
reported to yield good results, two-stage arteriovenous loops
were found to be associated with high graft occlusion, wound
failure, and limb amputation rates (2). In all cases however, a
large caliber grafts, such as the great saphenous vein with a
relatively low resistance for bridging the defect, is required (2).
The aim of this study was to evaluate the outcome of

patients with damaged vessels or arteriosclerosis who
underwent reconstruction of complex soft tissue defects
using arteriovenous loops or bypass surgery. 

Patients and Methods

In this single-center retrospective cohort study 11 consecutive patients
(mean age=73 years, range=53-88 years, eight males and three
females) with a soft-tissue defect on the lower extremity or in the
pelvic region with poor local donor or recipient vessels, were
operated on, between June 2016 and August 2018. In one patient
establishment of the arteriovenous loop and the defect reconstruction
was performed in a one-stage procedure, whereas in the remaining
patients defect reconstruction was performed two weeks after the loop
(n=9)/bypass (n=1) operation (mean latency time between the
loop/bypass and defect reconstruction was 16 days, range 7-20 days).
In the two-stage procedures, Doppler probe was performed in all
patients to assess loop/bypass patency before free flap transfer.
Between establishment of the loops and free flap transfer, the patients
received prophylactic subcutaneous low-molecular weight heparin
(LMWH). Magnetic Resonance Angiography (MRA) was only
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performed where ultrasound was not conclusive. The VisionSense
Iridium (Visionsense, Philadelphia, PA, USA) camera system was
used to apply ICG-enhanced fluorescence (0.1 mg/kg; Verdye
Diagnostic Green, Aschheim-Dornach, Germany) during surgery to
assess regional hypoperfusion, arterial spasm or venous congestion in
selected cases. No routine protocol was applied in this series, but
exclusion criteria were: iodine allergy, autonomous adenoma of
thyroid gland, hyperthyroidism or due to refusal by the patient (7).
We used free gracilis flaps in eight patients, and a free latissimus

dorsi flap and a chimeric scapular flap in one patient each. 
Immediately after surgery, the patient received a standard dose

of 10,000 units of heparin infusion per 24 h for four days in total
and then subcutaneous LMWH 5,000 units once daily until hospital
discharge according to previous protocols (8, 9). Patients were
ordered bed rest for five days, followed by mobilization under the
supervision of a physical therapist as previously described (8). After
hospital discharge, all patients were followed-up initially weekly to
assess flap vitality as evaluated clinically and by hand-held
ultrasound. Outcome evaluation included complications,
loop/bypass re-exploration, flap loss, and limb salvage with a
minimum follow-up of one year. Written informed consent was
obtained from all patients, and the guidelines of the Declaration of
Helsinki were followed accordingly.

Results

Patient demographics and outcomes are shown in Table I. Lower
leg soft tissue defects after trauma were reconstructed in three
patients, whereas the remaining patients had soft tissue loss due
to severe atherosclerosis. Six patients were diagnosed with
osteomyelitis, five patients with renal insufficiency, diabetes
mellitus, or coronary heart disease, respectively. In 10 patients,
the mean loop length was 30 cm (range=12-40 cm). Before flap

transfer, ultrasound was performed in all patients, whereas MRA
was performed in one patient where ultrasound was not
conclusive (Figure 1). In nine patients, the great saphenous vein
was used for the arteriovenous loop, whereas the small
saphenous vein was used in one patient. The loop/bypass
revision rate was 27%, and overall flap loss rate was 20%, one
of whom was the patient using the small saphenous vein, which
resulted in lower leg amputation. ICG-enhanced fluorescence
was useful in assessing flap perfusion during surgery in three
patients. According to previous reports (10, 11) intrinsic transit
time (range=20-30 s) and transit flow time (<90 s) was regular
in all cases, and complete free flap survival was observed in the
follow-up period in those patients. In two patients, partial loss
of the latissimus dorsi flap was observed, requiring debridement
and reconstruction using a permanent skin substitute (Integra)
with skin graft and serial debridement and healing by secondary
intention. Free flap reconstruction in the pelvic region was not
possible in one patient due to loop occlusion and several
unsuccessful attempts for re-exploration. Wound closure was
aimed by conservative wound management. Two patients died
due to pneumonia and cardial decompensation. After a mean
follow-up of 17 months (range=12-24 months), the limb salvage
rate was 75% (Figures 2-4). 

Discussion

Temporary arteriovenous loops or bypass surgery provide
adequate recipient vessels and flow to supply free flap tissue
transfer in areas lacking recipient vessels and in which no
other reconstructive options exist (4, 5). Czerny et al. assessed
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Table I. Patient demographics and outcome.

Gender/age Defect Stage Loop Loop Loop Complications Limb Follow-up
location/Flap lengths re-exploration salvage

W/79 Malleolar/Gracilis 2-stage VSP 35 No Flap loss No 24
M/81 Heel/Gracilis 1-stage VSM 25 Yes Revision vascular pedicle, Yes 16

wound healing problem flap
M/85 Malleolar/Gracilis 2-stage VSM 12 No Mortality (hematoma, pneumonia) NA NA
M/83 Crural/Latissimus 2-stage VSM 30 No Partial flap loss, cardial Yes 23

decompensation
M/69 Heel/Gracilis 2-stage VSM 30 No Flap loss No 13
M/62 Crural/Gracilis 2-stage VSM 32 No None Yes 23
M/69 Malleolar/Gracilis 2-stage VSM 32 No Hematoma Yes 13
M/77 Heel/Gracilis 2-stage VSM 35 No Wound dehiscence Yes 14
W/88 Crural/Gracilis 2-stage Bypass - Yes Mortality (pneumonia, NA NA

cardial decompensation)
Infection donor site

Revision vascular pedicle
W/55 Crural/Chimeric Latissimus 2-stage VSM 32 No Partial flap loss (Serratus) Yes 12

Dorsi – Serratus
M/53 Pelvic region/None NA VSM 40 Yes Loop occlusion NA 13

F: Female; M: male; VSP: vena saphena parva; VSM: vena saphena magn; NA: not applicable.
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Figure 1. Arteriovenous loop. Representative arteriovenous loop (30 cm length) using the great saphenous vein harvested from the contralateral
inguinal side anastomosed end-to-side to the popliteal vessels (A). Magnetic resonance angiography (MRA) showed loop patency before the second
stage (B, C).

Figure 2. Case 1: A 72-year old male patient with diabetes mellitus was admitted with severe cellulitis of the right lower extremity (A). Angiography
showed severe atherosclerosis with only patent anterior tibial artery (B). After serial debridement, an arteriovenous loop (30 cm) was performed
and anastomosed to the popliteal vessels. After 15 days, a free latissimus dorsi muscle was used for reconstruction (C). Distal flap necrosis occurred,
requiring debridement and reconstruction using a permanent skin substitute (Integra) and skin graft three months later. After a follow-up of 23
months, stable soft tissue coverage was achieved (D).



the long-term outcome of distal arterial reconstruction in
combination with free muscle flap transfer using mainly the
gracilis muscle for patients who would otherwise have
undergone major amputation (12). After a mean follow-up of
51 months, the authors found that 77% of the reconstructions
were patent, and that 70% of patients regained full functional
capacity of their lower extremities (12). 
Nevertheless, the use of arteriovenous loops in

microsurgical lower extremity reconstruction is a
controversial topic in the literature (13). In a recent study by
Momeni et al., the utilization of vein grafts with creation of
arteriovenous loops followed by single-stage division and free
flap transfer for reconstruction of post-traumatic lower
extremity defects achieved reconstructive outcomes similar
to those obtained in patients in whom no vein grafts were
necessary (13). It has been claimed that the decision of
whether or not to use a staged flap transfer is dependent on
the loop length: immediate transfer can be performed to vein
segments of less than 20 cm. Conversely, staged approaches
can be performed in longer vein grafts (5). Moreover, the
decision of whether or not to perform a simultaneous or
subsequent flap transfer depends on the surgeon’s experience,
the surgeon’s choice, the status of the wound and patient’s
pre-existing medical problems (5). Vogt et al. found no
differences between simultaneous and staged flap transfer (5).
Conversely, Lin et al. evaluated the outcome of patients that
underwent arteriovenous loops followed by free tissue
transfer in a one-stage (n=28) and two-stage procedures (n=6)
(2). The authors reported a higher re-exploration rate (33.3%
vs. 28.6%), free flap failure rate (33.3% vs. 10.7%), and lower
limb salvage rate (83.3% vs. 92.2%) in the two-stage
procedure, compared to the one-stage procedure. This is in
line with the results of Cavadas: the occlusion rate was 3%
for one-stage loops and 16% for the two-stage loops (1). He

also found more successful flaps in the one-stage procedure
(35/37) compared to the two-stage procedure (15/19), (1)
which is probably due to kinking with turbulence at the most
distal part of the graft, and postoperative swelling in the two-
stage procedure (2). In another study by Knackstedt et al.,
there was a statistically significant higher rate of major
complications and failures in two-stage arteriovenous loops
(14). However, in a recent study by Henn et al. evaluating
103 patients undergoing arteriovenous loop reconstruction,
two-stage arteriovenous loop reconstructions did not lead to
increased postoperative complications compared to one-stage
arteriovenous loop reconstructions and may be favorable in
complicated cases because of shorter operative times (15).
Well-conducted randomized controlled studies are nearly
impossible to perform in this population due to the
complexity of the procedure and underlying medical
conditions of the patients. Thus, the decision to pursue a
single- versus two-stage reconstruction should be determined
based on individual patient co-morbidities, and the type of
free tissue transfer planned (14).
Delayed two-stage arteriovenous loops may have serious

complications, including hemodynamic effects (cardiac
failure) and steal phenomenon, leading to the possibility of
aggravating distal ischemia (1). However, none of our
patients suffered from steal phenomenon. Nevertheless, the
staged transfer has been suggested to be more favorable also
due to the shorter operative times, which is especially
important in patients with multiple co-morbidities (2).
We used free gracilis and latissimus dorsi muscle flaps

due to their large vessel caliber, which ensures a high flow
with low resistance in combination with proximal large
diameter vessels (large caliber vein grafts), proper size match
and with the shortest possible vein graft length, according to
the Poiseuille’s and Ohms’s law (2, 12).
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Figure 3. Case 2: A 67-year old male patient with diabetes mellitus was admitted with a soft tissue defect over the medial malleolus with osteomyelitis
(A). Angiography showed severed atherosclerosis with severe stenosis of the anterior tibial artery (B). After serial debridement, an arteriovenous
loop using the great saphenous venous was performed and anastomosed to the popliteal artery and concomitant tibial vein (loop length 32 cm).
The free gracilis muscle was used for reconstruction seven days later. Intraoperative Indocyanine green (ICG) - enhanced fluorescence showed
good perfusion of the flap (C). Due to a burn injury five months later, transmetatarsal amputation I-III was required. After a follow-up of 13 months,
stable soft tissue coverage was observed over the medial malleolus (D). 
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Figure 4. Case 3: A 76-year old male patient was admitted with an ulcer on the lower leg with arteriopathy, diabetes mellitus, deep vein thrombosis
and chronic renal insufficiency. In the first stage, thrombectomy and arteriovenous loop with a great saphenous vein (loop length 35 cm) anastomosed
to the popliteal vessels was performed (A). After 16 days, the second stage was performed using the free gracilis muscle (B and C). Intraoperative
ICG-enhanced fluorescence showed regional hypoperfusion (white arrow) of the muscle flap, requiring trimming of the distal part (D). After a
follow-up of 14 months, stable soft tissue coverage was observed (E and F).



Our study has certain limitations, such as a small sample
size with a relatively short follow-up period, a lack of
homogeneity and its retrospective nature. Thus, our results
can be considered preliminary. More observational and large-
scale studies should be conducted with a long-term follow-
up based on our preliminary results.
In conclusion, we successfully reconstructed lower

extremity soft tissue defects with poor local donor and
recipient vessels by means of arteriovenous loops or bypass
surgery. The decision whether to pursue a single- versus two-
stage reconstruction should be determined based on
individual patient co-morbidities, and the type of free tissue
transfer planned.
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