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Introduction

Currently, free flap operation is one of the most popular reconstructive procedures 
for many types of wounds. Its success rate has risen steeply due to accumulated expe-
rience and knowledge as well as advancements in instruments. Free flap operation 
has been widely adopted for reconstructing lower extremity defects resulting from 
trauma, tumor, or infection [1]. Although recent microvascular surgical advances en-
sure a high rate of successful reconstruction, vascular thrombosis, particularly venous 
thrombosis, remains a major complication that can result in flap failure [2-6]. Espe-
cially, lower extremity microsurgery imposes relatively higher risks for these compli-
cations. The reasons are multifactorial. One suggested cause is that the lower extremi-
ty is a location that is prone to developing venous stasis [7]. 

Many efforts have been made to overcome the relatively high risk of venous insuffi-
ciency in lower extremity reconstruction. One method is to perform multiple vein 
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Abstract

Background: Free flap operation is a common procedure for reconstructing defects of the lower extremity. However, venous congestion of-
ten results in flap failure in lower extremity reconstruction. Dual-vein anastomosis, one proposed solution to overcome this problem, has 
been controversial in terms of its efficacy. The objective of this study was to perform a systematic review and meta-analysis to assess the ef-
fectiveness of dual venous anastomosis on venous congestion and flap failure of the lower extremities. 
Methods: PubMed/MEDLINE, Google Scholar base, and Embase were searched to identify relevant studies presenting complication rates 
for groups of patients who had undergone single venous or dual venous anastomosis in lower extremity reconstructions. The relative risks 
of the following complications between these two groups (single venous and dual venous anastomosis) were calculated: flap failure, flap 
necrosis, flap congestion, and take-back to operating room.
Results: A total of eight articles and 1,434 flaps were included. Double venous anastomosis was performed for 607 flaps, and single anas-
tomosis for 827 flaps. Etiologies of defects and types of flaps were diverse. There was no significant difference in venous congestion, flap 
necrosis, or flap failure between the groups with one versus two vein anastomoses. However, the dual venous anastomosis group displayed 
a trend toward decreasing flap-related complications. 
Conclusion: Although there was a trend toward decreasing flap-related complications in the double venous anastomosis group, dual ve-
nous anastomosis had no statistically significant protective effects in decreasing free flap failure in the leg. 
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anastomosis. There have been many arguments regarding the 
potential effects of dual venous anastomosis on perfusion-re-
lated complications. According to proponents of the single 
vessel anastomosis, multiple anastomoses merely increase op-
erative time and related risks of thrombosis with the growing 
number of anastomosis sites. They also decrease the exit veloc-
ity of each vein, making it more prone to congestion [6,8,9]. In 
contrast, those who conduct dual venous anastomosis have 
suggested that a multiple venous drain system can allow the 
veins to complement each other and reduce congestion by act-
ing as a parallel system [10,11]. 

Regarding the controversy surrounding double venous 
anastomosis in free flap operations, no solid evidence has been 
found as the majority of previous studies have included only 
small numbers of cases from single institutions. To obtain 
more valid conclusions, several meta-analyses have been con-
ducted to compare outcomes between single and double ve-
nous anastomosis groups [12,13]. Those studies have suggest-
ed performing more than one venous anastomosis has poten-
tial benefits for reducing perfusion-related complications in 
free flap operation. However, the studies confined cases to 
head and neck reconstruction using free flaps [14,15].

Thus, there have been few systematic reviews and/or meta-
analysis to evaluate the potential benefits of double versus sin-
gle venous anastomosis in lower extremity free flap recon-
struction, when the former could have a relatively higher risk 
of venous thrombosis. Therefore, the objective of the present 
study was to perform a meta-analysis to compare outcomes of 
free flap operation for lower extremity reconstruction between 
cases with single venous drainage and those with dual venous 
drainage.

Methods

This meta-analysis was conducted in accordance with recom-
mendations specified in the Cochrane Handbook for Inter-
vention Reviews version 6.0. It is compliant with Assessing the 
Methodological Quality of Systematic Reviews instrument. It 
is also in line with the Preferred Reporting Items for Systemat-
ic Reviews and Meta-Analyses (PRISMA) statement.

Search strategy
MEDLINE, Google Scholar base, and Embase were searched 
for articles published from January 1, 2000 to January 1, 2020. 
This search was conducted using the following English lan-
guage keywords combined with Boolean logical operators: 

“lower extremity” AND “free flap” (Title/Abstract/MeSH 
Terms) AND “venous anastomosis” or “double anastomosis” 
or “double veins” or “recipient vein” (Title/Abstract/MeSH 
terms). References of selected articles were also examined for 
more possibly relevant articles. A manual search of relevant 
articles and abstracts was also performed.

Inclusion criteria
The analysis included all two-arm studies comparing results of 
using one or more venous anastomoses in patients who un-
derwent lower extremities reconstruction using free flaps. 
Randomized controlled trials, controlled clinical trials, and 
observational studies (retrospective and prospective) were in-
cluded. Meanwhile, the following were excluded: animals, im-
aging, reviews or meta-analysis, case reports, and articles with 
overlapping study periods. Studies based on the national data-
base were also excluded because they combined multiple insti-
tutions without being weighted. 

Data extraction
Data were extracted independently by two researchers (KTL 
and SK). Disagreements were corrected by consensus. The 
data collected included: author, publication date, type of study, 
type and number of included flaps, etiology of defects, general 
characteristics of study population (age, body mass index, dia-
betes, smoking, other morbidities), number of venous anasto-
mosis performed, success or failure of surgery, number of flap 
loss, number of venous congestion, number of re-operation, 
and number of overall flap-related complications.

Outcomes of interest
Primary outcomes of interest were total flap loss (flap failure), 
flap necrosis (total or partial), flap congestion, and the rate of 
take-back to operating room. These were the most significant 
complications related to flap operations. Total flap loss (flap 
failure) meant total removal of the flap without other recon-
structive procedures. Flap necrosis was described as partially 
or totally damaged flap regardless of causes. Flap congestion 
referred to flaps damaged due to venous congestion caused by 
clots or some other reason that led to flap necrosis. Rate of 
take-back to operating room was the rate of re-operation due 
to vascular compromise.

Statistical analysis
Pooled risk for each type of perfusion-related complication 
was calculated and compared between cases with single ve-
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nous drainage and those with double venous drainage. Rela-
tive risks and corresponding 95% confidence intervals (CIs) 
were estimated using the Mantel-Haenszel method with Rev-
Man 5.3 software (Cochrane Collaboration, Copenhagen, 
Denmark). Heterogeneity for each study was assessed using 
Cochran Q statistic and I2 test. When I2 ranged from 0% to 
30%, the studies were regarded as homogeneous. A fixed-ef-
fects model was used to pool weighted data. Otherwise, a ran-
dom-effects model was used. Publication bias was checked by 
funnel plots and scatter plots of intervention effects estimated 
from individual studies against a measure of study size. In the 
absence of publication bias, symmetric inverted funnel-
shaped plots were created. Deviation from this distribution in-
dicated a publication bias. A P-value of less than 0.05 was con-
sidered to indicate statistical significance. 

Results

The initial search identified 123 articles. According to inclu-
sion and exclusion criteria, 113 articles were excluded after re-
viewing titles and abstracts. After the first exclusion, research-
ers reviewed full-texts for the remaining 10 studies. Finally, 
eight articles [16-23] with a total of 1,434 flaps were included 
in the systematic review (Fig. 1). All eight studies were retro-
spective cohort studies. Double venous anastomosis was per-
formed for 607 flaps (42%). Single venous anastomosis was 
performed for 827 flaps (58%). Anterolateral thigh free flaps 
(50%) were the most common flaps, followed by latissimus 
dorsi (11%) and rectus abdominis (8%) flaps. General charac-
teristics of the study population are summarized in Table 1. 
Table 2 shows the summary of meta-analysis results. There 
was no statistically significant difference in the rate of flap fail-
ure, flap necrosis, or venous congestion between the two 
groups (single vs. dual venous anastomosis). 

Flap failure (total flap loss)
Six of eight articles reported the required data (Table 3). The 
overall success rate was 94.1% (74 failures in 1,247 flaps). Flap 
failure rate was 5.1% for single venous anastomosis and 6.8% 
for double venous anastomosis, showing no statistically signif-
icant difference between the two (95% CI, 0.83–2.10; P=0.23) 
(Table 2, Fig. 2).

Flap necrosis (total or partial loss)
Seven of eight articles reported the required data for flap ne-
crosis (Table 3). Overall flap necrosis (total or partial) ac-

counted for 11.5% (159 cases of flap necrosis in 1,384 flaps). 
Flap necrosis rate was 12.7% for single venous anastomosis 
and 9.8% for double venous anastomosis, showing no signifi-
cant difference between the two (95% CI, 0.52–1.29; P=0.40) 
(Table 2, Fig. 3).

Flap congestion
Six of eight articles showed the required data for flap conges-
tion (Table 3). Total venous congestion rate was 10.0% (94 cas-
es of congestion in 936 flaps). Venous congestion rate was 
11.3% for single venous anastomosis and 8.6% for double ve-
nous anastomosis, showing no significant difference between 
the two (95% CI, 0.53–1.14; P=0.20) (Table 2, Fig. 4).

Take-back to operating room (revision)
Five of eight articles reported the required data for take-back 
to operation room (Table 3). The overall revision rate was 
16.3% (144 cases of revision operation in 885 flaps). The revi-
sion rate was 16.9% for single venous anastomosis and 15.4% 
for double venous anastomosis, showing no significant differ-
ence between the two (95% CI, 0.59–1.12; P=0.21) (Table 2, 
Fig. 5).

MEDLINE, Google Scholar, Embase database search with 
keywords & manual search of references

113 Studies excluded
99 Studies not related with the subject
  7 Single-arm studies
  4 Reviews
  3 Non-English language articles

2 Studies excluded
1 Using cohorts that overlapped other studies
1 Not extractable data

123 Studies identified for title and abstract review

10 Studies identified for full text review

8 Studies systematically analyzed

Fig. 1. PRISMA flow diagram of the study selection process. 
PRISMA, Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses.
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Discussion

Flap failure is one of the most devastating results for recon-
structive surgeons. Though recent advances in microsurgical 
techniques and instruments have improved flap success rates 
dramatically, there always remains the risk of flap failure. Ve-
nous thrombosis is the most common reason for flap loss and 
the most concerning complication for microsurgeons [2-6]. 
To overcome this problem, double venous anastomosis has 
been proposed as a method to protect the flap from venous 
congestion that results in flap necrosis. However, there have 

been many debates about its effectiveness and its physiology. 
Opponents have argued that because of the longer operative 
times and increased numbers of anastomosis sites, multiple 
anastomoses can exhaust the surgeon and raise the risk of 
thrombosis. In addition, the 2nd vein decreases the exit veloc-
ity of other veins, resulting in congestion [6,8,9]. Advocates 
have explained that the double venous drain system can help 
veins complement each other and reduce congestion by serv-
ing as a parallel system [10,11]. Recent meta-analysis has sup-
ported arguments for the preventive effect of double vein 
anastomosis against flap failure [12,13]. Furthermore, other 

Table 1. Characteristics of included studies

Author (year) Design Etiology of defects Type of flaps used
General characteristics of study population

Age (yr)a) BMI (kg/m2)a) Diabetesb) Smokingb)  Other comorbidities

Abdelaal et al. 
(2019) [16]

Retrospective 
study

Trauma ALT 23.63 NA NA NA NA

Bigdeli et al. 
(2019) [17]

Retrospective 
study

Trauma, 
infection, tumor

ALT, LD, 
parascapular, etc.

44.0 NA NA NA NA

Mattos et al. 
(2018) [18]

Retrospective 
study

Traumatic, tumor, 
infection, hardware, 

chronic wound

ALT 52.7 28.8 15 18 NA

Stranix et al.
(2018) [19]

Retrospective 
study

NA LD, rectus abdominis, 
parascapular, ALT etc.

37.4 NA NA NA Malnourished, renal  
disease, hypertension, 

cardiovascular disease, 
peripheral vascular  

disease

Yang et al. 
(2018) [20]

Retrospective 
study

Trauma, infection, 
chronic wound

ALT 40.8 NA NA 25 NA

Heidekrueger et al. 
(2016) [21]

Retrospective 
study

Trauma, infection, 
tumor, vascular disease

ALT 51.96 (1V)
53.39 (2V)

25.66 (1V)
26.25 (2V)

53 66 NA

Lorenzo et al. 
(2011) [22]

Retrospective 
study

Trauma, chronic wound, 
infection, tumor etc.

ALT, LD 38.6 NA 45 119 Hypertension,  
cardiovascular disease

Spector et al. 
(2007) [23]

Retrospective 
study

Trauma, infection Rectus abdominis, 
LD, parascapular

41.04 NA NA NA Hypertension, liver  
disease, vascular  

disease, hyperlipidemia

BMI, body mass index; ALT, anterolateral thigh flap; LD, latissimus dorsi flap; 1V, 1 vein anastomosis; 2V, 2 vein anastomosis; NA, not available.
a)Mean; b)Number.

Table 2. Pooled relative risks for complications in single or double venous anastomosis group

Outcome measures
No. of 

studies
No. of cases Pooled complication rate (%)

RR 95% CI P-value
Heterogeneity 

(I2, %)1-Vein 2-Vein 1-Vein 2-Vein

Total flap loss 6 746 501 5.1 6.8 1.32 0.83–2.10 0.23 20

Partial flap loss 6 746 501 7.1 3.0 0.75 0.28–1.99 0.56 39

Flap necrosis (total or partial) 7 758 590 13.3 9.8 0.82 0.52–1.29 0.40 35

Flap congestion 6 506 430 11.3 5.6 0.77 0.53–1.14 0.20 0

Take-back to operation room 5 521 364 16.9 15.4 0.81 0.59–1.12 0.21 0

RR, relative risk; CI, confidence interval.
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meta-analysis studies confined to head and neck reconstruc-
tions have also shown its protective effects [14,15].

Lower extremity reconstruction shows a higher rate of flap 
compromise than reconstructions in other body regions [7]. 
Many surgeons have adopted the double venous anastomosis 

technique to overcome the failure of flaps. However, the effec-
tiveness of double anastomosis in previous literature is incon-
sistent for lower extremity reconstructions. Therefore, the au-
thors pooled previous studies regarding lower extremities re-
construction comparing single vein vs. double vein anastomo-

Table 3. Summary of outcomes of included studies

Included studies
No. 

of case
Total 

flap loss
Partial 

flap loss
Total or partial 

flap loss
Venous 

congestion
Take-back to 

operating room
Any 

reoperation
Overall flap-related 

complications

Abdelaal et al. (2019) [16] 60

1-Vein anastomosis 35 2 4 6 5 7 NA NA

2-Vein anastomosis 25 2 3 5 4 5 NA NA

Bigdeli et al. (2019) [17] 50

1-Vein anastomosis 33 NA NA NA 13 13 NA NA

2-Vein anastomosis 17 NA NA NA 4 4 NA NA

Mattos et al. (2018) [18] 50

1-Vein anastomosis 21 3 0 3 3 NA 3 7

2-Vein anastomosis 29 0 3 3 1 NA 5 9

Stranix et al. (2018) [19] 361

1-Vein anastomosis 273 23 36 59 NA 36 NA 71

2-Vein anastomosis 88 8 3 11 NA 9 NA 15

Yang et al. (2018) [20] 137

1-Vein anastomosis 48 NA NA 10 NA NA NA NA

2-Vein anastomosis 89 NA NA 9 NA NA NA NA

Heidekrueger et al. (2016) [21] 386

1-Vein anastomosis 157 9 0 9 18 31 31 34

2-Vein anastomosis 229 20 4 24 19 37 37 48

Lorenzo et al. (2011) [22] 362

1-Vein anastomosis 237 0 12 12 18 NA NA NA

2-Vein anastomosis 125 4 2 6 8 NA NA NA

Spector et al. (2007) [23] 28

1-Vein anastomosis 23 1 1 2 0 1 2 3

2-Vein anastomosis 5 0 0 0 1 1 1 1

NA, not available.

Fig. 2. Pooled relative risk of included studies concerning flap failure. M-H, Mantel-Haenszel; CI, confidence interval.
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sis. Over 1,000 free flaps were included for analysis. Results 
showed no statistically significant protective effect against flap 
failure when using double vein anastomosis. When all flap 
failures, partial or total flap necrosis, venous congestion, and 
take-back to operating room rates were compared between the 
two groups, there was no statistically significant difference. 
However, there was a trend toward decreasing flap-related 
complications in the group of double venous anastomosis.

With regards to flap failure and venous congestion, most of 
the included studies showed no differences in single versus 
dual venous anastomosis. Abdelaal et al. [16], Bigdeli et al. 
[17], Yang et al. [20], Spector et al. [23] all showed no differ-
ence between the one vein anastomosis and two vein anasto-

mosis groups. Further, Lorenzo et al. [22] found that using the 
deep vein system is more important than using two vein anas-
tomosis, and also reported more partial flap loss for two vein 
anastomosis. Mattos et al. [18] also insisted that using the deep 
venous system is more important than using double venous 
anastomosis technique. However, Stranix et al. [19] showed 
that dual venous anastomosis had protective effects against 
flap failure. They applied strict inclusion criteria to make the 
cohort homogenous: to demonstrate the independent effect of 
dual venous anastomosis, the authors enrolled patients with 
Gustilo III open fracture due to trauma, while the operator re-
corded mismatches in venous size, and also recorded whether 
superficial or deep venous system were used.

Fig. 3. Pooled relative risk of included studies concerning flap necrosis. M-H, Mantel-Haenszel; CI, confidence interval.

Fig. 4. Pooled relative risk of included studies concerning flap congestion. M-H, Mantel-Haenszel; CI, confidence interval.

Fig. 5. Pooled relative risk of included studies concerning tack-back. M-H, Mantel-Haenszel; CI, confidence interval.
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In our analysis of the articles above, our results showed no 
significant difference between single and double venous anas-
tomosis. This differs from the results of several recent meta-
analysis studies. Such discrepancy might be related to several 
limitations of this study, such as the differences in etiology. 
Reasons for reconstructing lower extremities are very different 
from those for other parts of the body. In particular, lower ex-
tremities experience more trauma [24]. If patients have high-
energy injuries, susceptible tissues nearby such as endotheli-
um in vascular structures might be irreversibly damaged, in-
creasing the possibility of thrombosis and subsequent flap fail-
ure [25]. The second suspected reason for such discrepancy 
was that there was no or limited demographic and comorbidi-
ty information. Patients with lower extremity defects who 
smoked, had diabetes or vascular disease are known to be 
challenging subjects for microsurgical procedures. Therefore, 
these comorbidities need to be analyzed to reduce potential 
confounding effects. Unfortunately, we could only find limited 
data on comorbidities for the study population. 

Another limitation of this study is there were few studies 
and flap cases included. Even though we included all lower ex-
tremity reconstructions to compare one-vein versus two-vein 
anastomosis, only a few articles were ultimately included, and 
compared several parts of the lower extremities. Also, as the 
articles included in the final analysis were heterogenous with 
different or insufficiently reported adjusted confounders, these 
factors were not considered in our analysis, further limiting 
the meta-analysis. Therefore, further meta-analysis with a 
larger number of well-designed studies would be required to 
obtain more solid conclusions.

The authors compared one vein versus double vein anasto-
mosis for reconstructing lower extremity defects. There was 
no statistically significant difference in the rate of total/partial 
flap loss or venous congestion. However, there was a trend to-
ward decreasing flap-related complications in the group of 
double venous anastomosis. 
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