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ABSTRACT

Background: Free flaps are widely used for reconstructive surgery, with 
venous anastomosis—single or dual—being critical to flap survival. We 
compared outcomes between single and dual venous anastomoses.
Methods: In a cross-sectional study at Hazrat Fatemeh Hospital, Tehran, 
Iran, 23 patients undergoing free flap surgery were grouped by venous 
anastomosis type. Primary outcome was flap survival; secondary outcomes 
included venous thrombosis, congestion, capillary refill, and reoperation. 
Confounding variables (age, diabetes, smoking, ASA score) showed no 
significant differences.
Results: Patients with flap failure averaged 38 years; successful cases averaged 
34.7 years. Flap success was higher in the dual anastomosis group (90%) than 
the single group (69.2%), though not statistically significant (P = 0.25). No 
moderate or severe congestion occurred in the dual group, which also had 
more cases of bright-colored flaps (58.2% vs. 41.2%, P < 0.05). Capillary refill 
times were similar across groups.
Conclusion: Dual venous anastomosis may reduce venous congestion 
and improve flap appearance, though its effect on overall flap success and 
thrombosis was not statistically significant. Larger studies are needed to 
validate these findings.
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INTRODUCTION

Nowadays, the use of free flaps is a primary treatment option in many 
types of reconstructive surgeries and has been reported to have a very 
high success rate by surgical teams 1, 2. The use of free flaps is one of the 
reliable methods in reconstructing a wide range of defects, including in 
the lower extremities, upper extremities, head and neck, and other areas 
of the body 3-6.
However, the transfer of free flaps by microvascular method in the 
reconstruction of defects in various parts of the body, which is now 
considered a standard of care in many cases, is fraught with challenges 7. 
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Factors such as the size and quality of vessels, the 
skin coverage in the desired area, and the weight-
bearing forces applied to the flap in the limbs all 
contribute to the complexities of reconstruction 
with this method 8, 9. Thrombosis or microvascular 
congestion is the most critical aspect of free flap 
surgeries and the most common cause of flap failure 
10, 11. The main complication in free flap surgery is 
vascular thrombosis, and this thrombosis is usually 
of the venous type 10. If vascular thrombosis occurs, 
it necessitates reoperation for the patient, and this 
thrombosis will also lead to flap failure. In the review 
of studies, there are many disagreements regarding 
the technical details of microvascular anastomosis 
to prevent the occurrence of thrombosis and 
to optimize the results 12. For example, while 
transferring the free flap to distal recipient vessels 
in the damaged area might be more reliable, the 
anastomosis should preferably be near the site of 
injury. However, what remains under discussion 
is the potential benefits of performing two venous 
anastomoses 13.
Some flaps inherently have dual venous drainage, 
such as the Forearm Radial and DIEP, so performing 
two venous anastomoses on them seems logical 14, 15. 
However, lower extremity flaps like the Anterolateral 
Thigh often have a single venous drainage, which is 
why performing two venous anastomoses on them 
is not routinely done 16.
In this field, there are differing theories among 
specialists. Some surgical teams support the use of 
multiple venous anastomoses, arguing that if one 
of the two veins becomes twisted or blocked, it will 
not endanger the flap and allows for better venous 
drainage, yielding better results in larger flaps 17. 
Proponents of this method believe that the second 
vein can act as a backup safety valve. On the other 
hand, some surgeons believe that using two venous 
anastomoses reduces blood flow speed in each 
vein and increases the risk of venous thrombosis 18. 
Additionally, those who support the theory of using 
a single venous anastomosis emphasize factors such 
as shorter operation time and resource optimization 
19.
Although many studies have examined the 
effectiveness of single versus dual venous 
anastomoses in the reconstruction of head and neck 
defects, the results regarding the reconstruction 
of other body areas remain unclear. Fewer studies 
have shown the rate of major complications and 

flap failure in dual venous anastomoses compared 
to a single vein. In a meta-analysis study, the rate of 
venous thrombosis in the single anastomosis group 
was about 3% (102 flaps out of 3299 flaps) and in the 
dual anastomosis group, about 2% (30 flaps out of 
1326 flaps) 20. The findings indicated that the second 
venous anastomosis is considered a protective factor 
against thrombosis 21.
Therefore, we aimed to examine the results and 
complications of using each method (single versus 
dual venous anastomoses) as well as the need for 
or lack of reoperation in free flap transfer. Since 
surgical costs impose a heavy burden on patients 
and reoperation can also have a psychological and 
physical impact on them, it is considered important 
to minimize the number of reparative surgeries and 
provide the best result for patients with the least 
number of surgeries.

METHODS

This study is a cross-sectional analysis conducted 
over six months (2024) involving 23 free-flap 
patients at Hazrat Fatemeh Hospital in Tehran, 
Iran. Convenience sampling was used with patient 
consent to compare the effects of single-vein versus 
double-vein anastomosis on surgical outcomes. 
Demographic data, including age, diabetes status, 
and smoking history, were recorded, alongside 
secondary outcomes such as flap congestion, venous 
and arterial thrombosis, blood color, and capillary 
refill time.
The selection of single- or double-vein anastomosis 
was based on the surgeon’s judgment. Patient 
outcomes, including flap congestion, blood supply, 
thrombosis, edema, the need for reoperation, 
and partial or complete necrosis, were monitored 
immediately postoperatively, within 24 hours, and 
at discharge. Exclusion criteria included patients 
with active thrombosis, infections at the surgical 
site, mismatched donor and recipient vessels, 
anticoagulant contraindications, and those on 
medications that increase thrombosis risk.
Power analysis was done using R v4.3.1 to determine 
the sample size needed for the following statistical 
analyses, including Chi-square and t-tests. Effect 
sizes were calculated for tests and reported.
Statistical analysis was performed using parametric 
tests such as t-tests or non-parametric tests 
(Wilcoxon, Mann-Whitney) for continuous 
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variables, and Chi-Square or Fisher’s exact test for 
categorical variables. A significance level of P-value 
< 0.05 was applied, and SPSS version 21 (IBM Corp., 
Armonk, NY, USA) was used for data analysis. 
Descriptive statistics for continuous variables were 
reported as means with 95% confidence intervals, 
while categorical variables were expressed as 
percentages (frequencies) and odds ratios. Included 
analysis of confounding variables (age, diabetes, 
smoking, ASA score) with P-values indicated no 
significant differences.

RESULTS

Baseline Characteristics

The mean age was 45.2 ± 6.3 years in the single-
anastomosis group versus 46.8 ± 7.1 years in the 
dual-anastomosis group (P = 0.48). Diabetes 
mellitus was present in 20.0% of patients in the 
single-anastomosis cohort compared with 23.1% in 
the dual-anastomosis cohort (P = 0.77). Similarly, 
there was no significant between-group differences 
in sex distribution (male: female 8:5 vs. 6:4; P 
= 0.89), body mass index (mean ± SD, 24.7 ± 2.8 
vs. 25.1 ± 3.2 kg/m²; P = 0.66), smoking history 
(current or former smokers, 30.8% vs. 20.0%; P = 
0.52), or ASA physical status (I–II, 92.3% vs. 90.0%; 
P = 1.00). Together, these data confirm that the 
two groups were well matched at baseline. A power 
analysis determined that the minimum sample size 
required for evaluating the primary outcome (i.e., 
operation failure or success) using a Chi-square test 
corresponds to a medium effect size (Cohen’s d = 
0.5). Additionally, the analysis revealed that a sample 
of 23 subjects is sufficient to detect a medium effect 

(Cohen’s d = 0.56) with the Chi-square test, as well 
as large effects (Cohen’s d = 1.9) when using a two-
sample, two-sided t-test.
The average age of patients with flap failure was 38 
years (95% CI: 24.2 – 51.8), while for those with 
successful outcomes, the average age was 34.7 years 
(95% CI: 28.5 – 40.9). No significant difference in 
age was observed between groups undergoing single 
or double-vein anastomosis. Confounding factors 
such as age, diabetes, and smoking did not show 
significant differences between the two groups. The 
odds ratio for single-vein anastomosis compared 
to double-vein anastomosis was 4.0 (95% CI: 0.37 
– 43.14, P-value = 0.25), indicating no significant 
difference in surgical outcomes. However, there was 
a trend suggesting a possible benefit for double-vein 
anastomosis (Table 1).
Regarding venous thrombosis, the comparison of 
single-vein versus double-vein anastomosis showed 
a positive trend favoring double-vein anastomosis, 
but the difference was not statistically significant (P 
= 0.49, Table 2).
Notably, no patients in the double-vein group 
experienced severe or moderate congestion. 
Additionally, the double-vein anastomosis group 
demonstrated a higher likelihood of no congestion 
post-surgery (Odds ratio = 7.7, P = 0.089, Table 3).
Capillary refill times did not significantly differ 
between the two groups. A more significant 
proportion of patients in the double-vein 
anastomosis group had a bright-colored flap (58.2% 
vs. 41.2%, P-value< 0.05), with no patients in the 
double-vein group experiencing a dark-colored flap 
(Table 4).
Comparison of all variations that were collected are 
summarized in Table 5.

Table 1: Operative outcomes by number of veins (n = 23)
Table 1: Operative outcomes by number of veins (n = 23) 
 

Number of veins 
Failure  

Number (%) 
Success  

(%) 
Total 

1 vein 4 (30.8) 9 (69.2) 13 
2 veins 1 (10) 9 (90) 10 

 
  
Table 2: Venous thrombosis by number of veins (n = 23) 
 

Number of veins 
No Thrombosis  

N(%) 
Thrombosis 

N(%) 
Total 

1 vein 11 (84.6) 2 (15.4) 13 
2 veins 10 (100) 0 10 

 
  

Table 2: Venous thrombosis by number of veins (n = 23)
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DISCUSSION

This study aimed to evaluate the outcomes of 
free flap surgery based on the number of venous 
anastomoses, comparing single versus dual venous 
anastomosis. 
Evidence on whether dual venous anastomoses 
improve overall flap survival is mixed. Some 
studies report higher flap success rates with two 
venous outflows, while others find no difference 
22-24. Recent meta-analyses have generally shown 
no statistically significant difference in total flap 
failure (i.e., complete flap loss) between single-
vein and dual-vein techniques 22. In our study, the 
flap success rate was higher in the dual venous 
anastomosis group (90%) compared to the single 
venous anastomosis group (69.2%), though this 

difference was not statistically significant (P-value 
= 0.25). This aligns with prior studies suggesting a 
trend toward improved outcomes with dual venous 
anastomosis, though statistical significance is often 
lacking 25. The consensus is that two veins may 
offer a potential benefit as a “backup” drainage, 
but consistent survival advantages have not been 
conclusively demonstrated 22, 26, 27.
Dual venous anastomoses are thought to reduce 
venous congestion by providing a parallel drainage 
pathway for flap outflow 28, 29. Multiple studies have 
shown that adding a second venous anastomosis 
can lower the incidence of venous congestion 
and related complications 30. In our study, none 
of the patients in the dual anastomosis group 
experienced severe or moderate congestion, and 
there was a trend toward fewer cases of congestion 

Table 3: Congestion by number of veins (n = 23) 
 

Number of veins 
No congestion 

N(%) 
Mild congestion 

N(%) 
Moderate congestion 

N(%) 
Severe congestion 

N(%) 
Total 

1 vein 7 (53.8) 3 (23.1) 1 (7.7) 2 (15.4) 13 
2 veins 9 (90) 1 (10) 0 0 10 

 
  

Table 3: Congestion by number of veins (n = 23)

 
Table 4: Blood color by number of veins (n = 23) 
 

Number of veins 
Bright color 

N(%) 
Dark color 

N(%) 
Total 

1 vein 7 (53.8) 6 (46.2) 13 
2 veins 10 (100) 0 10 

 
  

Table 4: Blood color by number of veins (n = 23)

Table 5: Comparison of outcomes between single and dual anastomosis groups 
 

Outcome 
Single Anastomosis 
Group (n=13) (%) 

Dual Anastomosis 
Group (n=10) (%) 

P-value 

Flap viability 
Flap Success Rate 69.2 (9/13) 90 (9/10) 0.25 
Thrombosis 
Venous Thrombosis 15.4(2/13) 0 (0/10) 0.49 
Arterial Thrombosis 15.4 (2/13) 10 (1/10) 1.00 
Congestion 
No Congestion 53.8(7/13) 90 (9/10) 0.089 
Mild Congestion 23.1 (3/13) 10 (1/10) 0.60 
Moderate Congestion 7.7 (1/13) 0 (0/10) 1.00 
Severe Congestion 15.4 (2/13) 0 (0/10) 0.49 
Capillary refill times 
<1 sec 30.8 (4/13) 10 (1/10) 0.34 
1–2 sec 46.2 (6/13) 80 (8/10) 0.20 
>2 sec 23.1 (3/13) 10 (1/10) 0.60 
Blood color 
Dusky 46.2 (6/13) 0 (0/10) 0.019 
Pale 53.8 (7/13) 100 (10/10) — 

 

Table 5: Comparison of outcomes between single and dual anastomosis groups
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overall (Odds ratio = 7.7, P = 0.089). This finding 
aligns with research suggesting that dual venous 
anastomosis may be particularly beneficial in 
large or high-risk flaps that generate greater blood 
volume. Improved venous outflow with two veins 
appears especially beneficial in large or high-risk 
flaps that generate greater blood volume; in fact, 
“bigger flap” size has been identified as a risk factor 
for venous compromise, suggesting those flaps may 
benefit from a second venous drainage 31-34. Overall, 
using two venous anastomoses can enhance venous 
return and reduce congestion, particularly for bulky 
flaps or cases with higher outflow demand 30, 34​.
 However, given our small sample size, these 
findings should be interpreted cautiously, as some 
studies suggest that single venous anastomoses are 
sufficient for smaller flaps.
Most comparative studies have not found significant 
differences in capillary refill time—a clinical 
indicator of flap perfusion—between single and 
dual venous anastomosis groups. This is consistent 
with our results, as we found no significant 
differences in capillary refill times between the two 
groups. As long as one adequate vein is draining 
the flap, capillary refill and flap surface color tend 
to remain normal, and adding a second vein does 
not markedly change those immediate perfusion 
signs 28. Our findings reinforce the notion that while 
dual venous anastomoses can serve as an insurance 
against venous congestion, they do not necessarily 
enhance microcirculation or capillary refill in a 
measurable way 35.
The impact of single vs. dual venous anastomoses on 
venous thrombosis has been investigated in several 
studies. A meta-analysis by Riot et al. found that flaps 
with two venous anastomoses had a significantly lower 
microsurgical venous thrombosis rate compared to 
those with one vein (approximately 2.3% vs. 3.1%) 
36. Similarly, an earlier systematic review reported 
that performing two venous anastomoses reduced 
the incidence of venous thrombosis by about one-
third 22, 37, 38. Our study showed a similar trend, as 
no venous thrombosis was observed in the dual 
anastomosis group compared to a 15.4% incidence 
in the single anastomosis group (P-value = 0.49). 
While this suggests that dual venous anastomoses 
may reduce thrombosis risk, some experts argue 
that adding a second anastomosis could introduce 
another site for thrombosis or slow venous outflow 
28. In practice, however, most aggregated data 

lean toward dual veins either lowering or having 
no major impact on thrombosis risk, rather than 
increasing it. In summary, while dual anastomoses 
may modestly decrease venous thrombosis rates in 
free flaps​, the difference is not dramatic (36). Our 
findings reinforce the idea that while dual venous 
anastomoses may help prevent venous thrombosis, 
careful microsurgical technique remains crucial 
regardless of the number of venous connections.

Limitations

This study has several limitations that must be 
considered when interpreting the results. First, the 
sample size was relatively small (23 patients), which 
limits the statistical power and generalizability of 
the findings. A larger cohort would be necessary to 
detect more subtle differences between single and 
dual venous anastomoses in terms of flap success 
rates, venous thrombosis, and congestion.
Second, the study was conducted at a single 
institution, and the outcomes may not be 
generalizable to other settings or surgical teams. 
Variability in surgical technique, postoperative care, 
and patient selection criteria can influence free flap 
outcomes, introducing potential biases.
Third, this was an observational, cross-sectional 
study, meaning causality cannot be inferred. 
While we compared the outcomes of single versus 
dual venous anastomoses, other confounding 
factors—such as patient comorbidities, flap type, 
and variations in anastomosis technique—may 
have played a role in the observed trends. Future 
prospective randomized controlled trials are needed 
to control these variables.
Lastly, the lack of long-term follow-up is a limitation. 
This study evaluated outcomes only at immediate 
postoperative time points and at discharge, without 
assessing long-term flap viability or late-onset 
complications such as delayed venous thrombosis 
or tissue necrosis.

CONCLUSION

This study provides valuable insight into the potential 
benefits of dual venous anastomoses in free flap 
surgery. While our results demonstrated a positive 
trend in flap success rates and reduced venous 
thrombosis with dual anastomosis, these differences 
were not statistically significant. This suggests that 
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dual venous anastomosis may offer advantages, 
particularly in preventing venous congestion and 
improving flap drainage. However, the benefits may 
not be substantial enough to universally recommend 
this technique over single venous anastomosis in all 
free flap procedures.
Further research with larger sample sizes and long-
term follow-up is needed to confirm these findings 
and clarify the role of dual venous anastomosis 
in reducing complications and improving flap 
survival. Additionally, future studies should explore 
patient- and flap-specific factors that may determine 
when dual venous anastomosis is most beneficial, 
ultimately guiding surgical decision-making to 
optimize outcomes.

ETHICAL STATEMENT

This study was approved by the Iran University of 
Medical Sciences (IR.IUMS.FMD.REC.1403.220).

ACKNOWLEDGMENTS

There was no financial support for this study. 

CONFLICT OF INTEREST 

The authors declare that there is no conflict of 
interest.

REFERENCES

1.	 Wu CC, Lin PY, Chew KY, Kuo YR. Free tissue transfers 
in head and neck reconstruction: complications, 
outcomes and strategies for management of flap failure: 
analysis of 2019 flaps in a single institute. Microsurgery 
2014;34(5):339-44. doi: 10.1002/micr.22212. Epub 
2013 Dec 8. PMID: 24318866.

2.	 Lin C-M, Huang C-C, Hsu H, Chiu C-H, Chien 
S-H. Advancements in free flap monitoring in the 
last decade: A critical review. Plast Reconstr Surg 
2010;126(2):679. doi: 10.1097/PRS.0b013e3181df720b. 
PMID: 20679863.

3.	 Blackwell KE. Unsurpassed reliability of free flaps 
for head and neck reconstruction. Arch Otolaryngol 
Head Neck Surg 1999;125(3):295-9.   doi: 10.1001/
archotol.125.3.295. PMID: 10190801.

4.	 McCarty J, Corey A, El-Deiry M, Baddour H, Cavazuti 
B, Hudgins P. Imaging of surgical free flaps in head 
and neck reconstruction. AJNR Am J Neuroradiol 
2019;40(1):5-13. doi: 10.3174/ajnr.A5776. Epub 2018 

Nov 8. PMID: 30409846; PMCID: PMC7048589.
5.	 Based on AD, Ilankovan V, Ethunandan M, Seah TE. 

Local flaps in facial reconstruction: Springer; 2007.
6.	 Gabrysz-Forget F, Tabet P, Rahal A, Bissada E, 

Christopoulos A, Ayad T. Free versus pedicled flaps 
for reconstruction of head and neck cancer defects: 
a systematic review. J Otolaryngol Head Neck Surg 
2019;48(1):13. doi: 10.1186/s40463-019-0334-y. 
PMID: 30871637; PMCID: PMC6417188.

7.	 HAMDI M, DE BAERDEMAEKER R. Free Flap 
Techniques. Oncoplastic Surgery of the Breast E-Book 
2019:79.

8.	 Donegan R. Factors maximizing skin flaps and grafts 
for diabetic wound coverage. Pressure Injury, Diabetes, 
and Negative Pressure Wound Therapy 2020:143-73. 
https://doi.org/10.1007/15695_2017_48

9.	 Azoury SC, Stranix JT, Kovach SJ, Levin LS. Lower 
extremity reconstruction: local flaps, free tissue 
transfers. Tips and Tricks in Plastic Surgery 2022:349-
65. https://doi.org/10.1007/978-3-030-78028-9_21

10.	Khouri RK, Cooley BC, Kunselman AR, Landis RJ, 
Yeramian P, Ingram D, et al. A prospective study 
of microvascular free-flap surgery and outcome. 
Plast Reconstr Surg 1998;102(3):711-21. doi: 
10.1097/00006534-199809030-00015. PMID: 9727436.

11.	Las DE, de Jong T, Zuidam JM, Verweij NM, Hovius 
SE, Mureau MA. Identification of independent 
risk factors for flap failure: a retrospective analysis 
of 1530 free flaps for breast, head and neck, and 
extremity reconstruction. J Plast Reconstr Aesthet Surg 
2016;69(7):894-906. doi: 10.1016/j.bjps.2016.02.001. 
Epub 2016 Feb 12. PMID: 26980600.

12.	Chang EI, Mehrara BJ, Festekjian JH, Da Lio AL, Crisera 
CA. Vascular complications and microvascular free flap 
salvage: the role of thrombolytic agents. Microsurgery 
2011;31(7):505-9. doi: 10.1002/micr.20905. Epub 2011 
May 31. PMID: 21630338.

13.	Man J, Hrabe J. Anastomotic technique—How to 
optimize success and minimize leak rates. Clin Colon 
Rectal Surg 2021;34(06):371-8.   doi: 10.1055/s-0041-
1735267. PMID: 34853557; PMCID: PMC8610634.

14.	Sader C, Hart RD, Trites JR, Rigby MH, Phillips T, Taylor 
SM. The communicating vein in the radial forearm 
free flap.  Plast Reconstr Surg 2010;126(2):105e-7e. doi: 
10.1097/PRS.0b013e3181de25e4. PMID: 20679812.

15.	Patel S, Baltodano P, Webster T, Roth S. DIEP Flap 
and Breast Reconstruction Systematic Review Search 
Strategy. 2021. http://dx.doi.org/10.34944/dspace/ 
6365

16.	Mattos D, Diamond S, Chattha AS, Riesel JN, Iorio ML. 
Venous anastomoses in anterolateral thigh flaps for the 
lower extremity: vessel selection instead of obligatory 

 [
 D

ow
nl

oa
de

d 
fr

om
 w

jp
s.

ir
 o

n 
20

25
-1

2-
01

 ]
 

                               6 / 8

https://wjps.ir/article-1-1530-en.html


Comparative Analysis of Free Flaps...7

www.wjps.ir

number. Ann Plast Surg 2023;90(4):349-55.   doi: 
10.1097/SAP.0000000000001431. PMID: 29762438.

17.	Pu LL. Free flaps in lower extremity reconstruction. 
Clin Plast Surg 2021;48(2):201-14. doi: 10.1016/j.
cps.2020.12.002. Epub 2021 Jan 26. PMID: 33674042.

18.	Hanasono MM, Kocak E, Ogunleye O, Hartley CJ, 
Miller MJ. One versus two venous anastomoses 
in microvascular free flap surgery. Plast Reconstr 
Surg2010;126(5):1548-57. doi: 10.1097/
PRS.0b013e3181ef8c9f. PMID: 21042112; PMCID: 
PMC3348705.

19.	Matthews JL, Alolabi N, Farrokhyar F, Voineskos SH. 
One versus 2 venous anastomoses in free flap surgery: a 
systematic review and meta-analysis. Plast Surg (Oakv) 
2018;26(2):91-8.   doi: 10.1177/2292550317740693. 
Epub 2017 Nov 21. PMID: 29845046; PMCID: 
PMC5967168.

20.	Watson E. Customizable Bone Constructs and Tunable 
Scaffolds for Craniofacial Tissue Engineering: Rice 
University; 2020.

21.	McCrindle BW, Manlhiot C, Cochrane A, Roberts R, 
Hughes M, Szechtman B, et al. Factors associated with 
thrombotic complications after the Fontan procedure: 
a secondary analysis of a multicenter, randomized trial 
of primary thromboprophylaxis for 2 years after the 
Fontan procedure. J Am Coll Cardiol 2013;61(3):346-
53. doi: 10.1016/j.jacc.2012.08.1023. Epub 2012 Dec 
12. PMID: 23246393.

22.	Matthews JLK, Alolabi N, Farrokhyar F, Voineskos 
SH. One Versus 2 Venous Anastomoses in Free 
Flap Surgery: A Systematic Review and Meta-
Analysis. Plast Surg (Oakv) 2018;26(2):91-8. doi: 
10.1177/2292550317740693. Epub 2017 Nov 21. 
PMID: 29845046; PMCID: PMC5967168.

23.	Rohleder NH, Wolff KD, Hölzle F, Wagenpfeil S, 
Wales CJ, Hasler RJ, et al. Secondary maxillofacial 
reconstruction with the radial forearm free flap: 
a standard operating procedure for the venous 
microanastomoses. Ann Surg Oncol 2011;18(7):1980-
7. doi: 10.1245/s10434-011-1555-0. Epub 2011 Jan 26. 
PMID: 21267789.

24.	Lorenzo AR, Lin CH, Lin CH, Lin YT, Nguyen A, Hsu 
CC, et al. Selection of the recipient vein in microvascular 
flap reconstruction of the lower extremity: analysis of 
362 free-tissue transfers. J Plast Reconstr Aesthet Surg 
2011;64(5):649-55. doi: 10.1016/j.bjps.2010.07.028. 
Epub 2010 Aug 21. PMID: 20727842.

25.	Bai S, Xu Z-F, Duan W-Y, Liu F-Y, Huang D-H, Sun 
C-F. Single Superficial versus Dual Systems Venous 
Anastomoses in Radial Forearm Free Flap: A Meta-
Analysis. PLoS One 2015;10(8):e0134805.   doi: 
10.1371/journal.pone.0134805. PMID: 26270854; 

PMCID: PMC4535954.
26.	Enajat M, Rozen WM, Whitaker IS, Smit JM, Acosta 

R. A single center comparison of one versus two 
venous anastomoses in 564 consecutive DIEP flaps: 
Investigating the effect on venous congestion and 
flap survival. Microsurgery 2010;30(3):185-91. doi: 
10.1002/micr.20712. PMID: 19790180.

27.	Ichinose A, Tahara S, Terashi H, Yokoo S. Reestablished 
circulation after free radial forearm flap transfer.   J 
Reconstr Microsurg 2004;20(3):207-13. doi: 10.1055/s-
2004-823108. PMID: 15088205.

28.	Kim S, Lee K-T. Comparing Outcomes of Single 
Versus Double Venous Anastomosis in Free Flap 
Operation for Lower Extremity Defect Reconstruction: 
A Meta-Analysis. J Wound Manag Res 2021;17(1):1-8. 
DOI: https://doi.org/10.22467/jwmr.2020.01410

29.	Fernandez EJ, Nadal RD, Gonzalez SM, Caffee HH. 
The effect of stasis on microvascular anastomosis. 
Microsurgery 1983;4(3):176-7. doi: 10.1002/
micr.1920040306. PMID: 6669013.

30.	Lee S-H, Lee K-T, Park BY. Association of Dual Venous 
Anastomosis with Reduced Risks for Flap Congestion 
in Microsurgical Lower Extremity Reconstruction: 
A Multicenter Study. J Reconstr Microsurg 
2022;39(06):482-92. doi: 10.1055/s-0042-1760109. 
Epub 2022 Dec 29. PMID: 36580972.

31.	Blondeel PN, Arnstein M, Verstraete K, Depuydt 
K, Van Landuyt KH, Monstrey SJ, et al. Venous 
congestion and blood flow in free transverse rectus 
abdominis myocutaneous and deep inferior epigastric 
perforator flaps. Plast Reconstr Surg 2000;106(6):1295-
9. doi: 10.1097/00006534-200011000-00009. PMID: 
11083558

32.	Rubino C, Ramakrishnan V, Figus A, Bulla A, Coscia 
V, Cavazzuti MA. Flap size/flow rate relationship in 
perforator flaps and its importance in DIEAP flap 
drainage J Plast Reconstr Aesthet Surg 2009;62(12):1666-
70. doi: 10.1016/j.bjps.2008.05.045. Epub 2008 Oct 11. 
PMID: 18851934.

33.	Ochoa O, Pisano S, Chrysopoulo M, Ledoux P, Arishita 
G, Nastala C. Salvage of intraoperative deep inferior 
epigastric perforator flap venous congestion with 
augmentation of venous outflow: flap morbidity and 
review of the literature. Plast Reconstr Surg Glob Open 
2013;1(7):e52. doi: 10.1097/GOX.0b013e3182aa8736. 
PMID: 25289247; PMCID: PMC4174054.

34.	Sadik KW, Pasko J, Cohen A, Cacioppo J. Predictive 
value of SIEV caliber and superficial venous dominance 
in free DIEP flaps. J Reconstr Microsurg 2013;29(1):57-
61. doi: 10.1055/s-0032-1326743. Epub 2012 Oct 23. 
PMID: 23093469.

35.	Sulli D, S C, Rao A. In Search of Optimal Practice: A 

 [
 D

ow
nl

oa
de

d 
fr

om
 w

jp
s.

ir
 o

n 
20

25
-1

2-
01

 ]
 

                               7 / 8

https://doi.org/10.22467/jwmr.2020.01410
https://wjps.ir/article-1-1530-en.html


www.wjps.ir

Shafaei  et al 8

Retrospective Comparative Study of Single- Versus 
Dual-Venous Anastomosis in Microvascular Flaps. 
Cureus 2024;16(4):e58573. doi: 10.7759/cureus.58573. 
PMID: 38765325; PMCID: PMC11102574.

36.	Riot S, Herlin C, Mojallal A, Garrido I, Bertheuil 
N, Filleron T, et al. A Systematic Review and Meta-
Analysis of Double Venous Anastomosis in Free 
Flaps. Plast Reconstr Surg 2015;136(6):1299-311. doi: 
10.1097/PRS.0000000000001791. PMID: 26595023.

37.	Chen WF, Kung YP, Kang YC, Lawrence WT, Tsao 

CK. An old controversy revisited-one versus two 
venous anastomoses in microvascular head and 
neck reconstruction using anterolateral thigh flap. 
Microsurgery 2014;34(5):377-83. doi: 10.1002/
micr.22214. Epub 2013 Dec 26. PMID: 24375807.

38.	Han Z, Li J, Li H, Su M, Qin L. Single versus dual 
venous anastomoses of the free fibula osteocutaneous 
flap in mandibular reconstruction: a retrospective 
study. Microsurgery 2013;33(8):652-5.   doi: 10.1002/
micr.22176. Epub 2013 Sep 3. PMID: 24038586.

 [
 D

ow
nl

oa
de

d 
fr

om
 w

jp
s.

ir
 o

n 
20

25
-1

2-
01

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://wjps.ir/article-1-1530-en.html
http://www.tcpdf.org

