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Factors affecting anastomosis failure in microvascular fibula flap
reconstruction of the maxillofacial region:
a systematic review and meta-analysis
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Abstract (J Korean Assoc Oral Maxillofac Surg 2025;51:3-16)

This systematic review and meta-analysis evaluates the contributory factors and failure rates in anastomosis during microvascular fibula flap recon-
struction in maxillomandibular regions. A comprehensive search strategy was employed across databases including MEDLINE, Web of Science,
EMBASE, Scopus, Cochrane’s CENTRAL, as well as grey literature sources, and manual searches of noteworthy journals, covering studies from
inception up to April 2023. The inclusion criteria targeted retrospective or prospective cohort and clinical studies that investigated functional and dental
rehabilitation outcomes in human subjects undergoing maxillofacial reconstruction using microvascular fibula flaps. Exclusion criteria encompassed
case-control studies, alternative reconstruction method research, and animal-based investigations. The study’s findings revealed a cumulative vascular
failure rate of 6%. Subsequent analysis delineated the primary causes of this failure, attributing 3% to venous thrombosis, 1% to arterial thrombosis,
and less than 1% to blood vessel compression due to hematoma. However, notable heterogeneity across the studies indicates substantial variability in
vascular failure rates reported. These results of our review and meta-analysis underscore the intricate factors impacting anastomosis success, such as

anastomosis technique, recipient vessel quality, the choice between couplers.
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I. Introduction

Maxillofacial defects that result from congenital abnormali-
ties, traumatic injuries, or the surgical removal of tumors pose
significant challenges for both patients and healthcare provid-
ers. These defects disrupt essential functions such as masti-
cation, speech, and swallowing, and they also significantly
affect patients’ psychosocial well-being and overall quality
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of life . In recent years, various reconstructive techniques
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have emerged to address these challenges, and microvascular
fibula flap (FFF) reconstruction stands out for its potential for
successful osseointegration’.

Despite significant advances in reconstructive techniques,
the intricacy of FFF reconstruction procedures and patient-
specific factors can occasionally result in failures’. A critical
component of these procedures is the anastomosis, or surgical
connection, of separate or severed vessels, which can be cat-
egorized broadly into venous and arterial anastomosis, each
with its own unique set of challenges and considerations’.

Venous anastomosis, which connects the vein of the free
flap to a vein in the recipient site, is pivotal in ensuring the
success of the procedure. As an essential aspect of postopera-
tive flap survival, venous anastomosis allows the outflow
of blood from the flap, preventing a buildup of blood that
could lead to venous congestion. Failures primarily occur due
to flap congestion, often secondary to venous thrombosis.
Thrombosis is a significant concern because it can lead to
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vessel blockage, thereby compromising the viability of the
flap. This problem is often exacerbated by patient-specific
factors such as underlying coagulation disorders or systemic
conditions that affect vascular health’.

In contrast, arterial anastomosis involves connecting the ar-
tery in the free flap to an artery in the recipient site, providing
an inflow of blood to the flap. Although arterial thrombosis
is less common than venous thrombosis, it remains a serious
potential complication. Failures in arterial anastomosis can
lead to insufficient perfusion to the flap, potentially resulting
in tissue necrosis. This situation is often influenced by the
caliber and condition of the recipient vessels, so careful se-
lection and preparation of the recipient site is necessary’.

Beyond venous and arterial anastomosis, other factors can
contribute to the failure of FFF reconstruction. For example,
postoperative hematoma can lead to vascular compression,
which can in turn compromise blood flow and lead to flap
failure. Similarly, wound dehiscence, the separation of the
wound edges, can put tension on the anastomotic site, possi-
bly leading to vessel thrombosis or tearing®’.

Various strategies and methods have been proposed to miti-
gate these complications, such as the use of venous coupler
devices instead of hand-sewn sutures. These devices, which
were introduced in the 1960s, can simplify the anastomosis
process, potentially reducing the time the tissue is without a
blood supply and thus lowering the risk of thrombosis’. How-
ever, although preliminary results from retrospective studies
are promising, these interventions need further validation
through robust, prospective research to ensure their effective-
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ness and safety

. In that context, our systematic review and
meta-analysis evaluates the failure rate and identifies factors
that affect anastomosis in FFF reconstruction. We critically
analyze the available literature, including randomized con-
trolled trials (RCTs), cohort studies, and case series, to gather
comprehensive evidence about the vascular complications

and determinants of success in FFF reconstruction.

Il. Materials and Methods

This systematic review and meta-analysis was meticulously
designed and executed according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)
guidelines and the Cochrane Handbook for Systematic Re-
views of Interventions to ensure a comprehensive and rigor-
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ous investigation .

1. Research question formulation

We developed well-structured research question based on

the PICO framework, as follows:

* Population: Patients undergoing maxillofacial reconstruc-
tion using microvascular fibula flaps.

* Intervention: Implementation of arterial and venous anas-
tomosis.

* Comparison: Comparison of anastomosis techniques,
such as couplers, and the use of different arteries and
veins for anastomosis.

* Outcome: Failure rates pertinent to vascular compromise

and its underlying causes.

2. Literature search strategy

We performed an exhaustive, multi-platform literature
search in the MEDLINE, Web of Science, Embase, Scopus,
and Cochrane’s CENTRAL databases from the inception
of each source to April 2023. We further probed the gray
literature, encompassing trial registrations, conference pro-
ceedings, dissertations, and other non-peer-reviewed sources,
to ensure a holistic approach. Specific search terms were
tailored for each database and included “maxillofacial recon-
struction” and “fibula flap.” High impact factor (>1) journals
specializing in maxillofacial reconstruction were also scru-
tinized manually. A comprehensive tabulation of our search
strategies and results is provided in Table 1.

3. Inclusion and exclusion criteria

Our stringent selection criteria targeted studies with retro-
spective or prospective cohort and clinical designs and human
subjects that focused on graft anastomosis in microvascular
fibula flap maxillofacial reconstructions. We excluded case-
control studies, research involving other types of reconstruc-

tion methods, and animal-based studies.

4. Study selection process

Two independent authors (H.M. and S.S.) screened the ti-
tles and abstracts of potentially relevant articles according to
the PICO framework and the predetermined inclusion and ex-
clusion criteria. Any disagreements were resolved by consult-
ing a third author (R.T.). A comprehensive full-text review of
the selected articles ensured strict adherence to the research
criteria, with rationales documented for excluded studies.



Table 1. Custom search strategy for each database

Anastomosis failure in fibula flap

Database Search strategy used Hits

MEDLINE via PubMed (microvascular OR composite flap OR microvascular transplant) AND (fibula) AND 395
(maxillofacial OR oral cavity)

Web of Science core collection ((ALL=(microvascular OR composite)) AND ALL=(fibula)) AND TS=(oral OR 353

maxillofacial OR mandib? OR maxill?)

Embase

#1 ‘microvascularization’/exp OR ‘microvascularization’ OR ‘composite flap’/exp OR 26
‘composite flap® 3,768

#2 (‘fibula’/exp OR ‘fibula’ OR fibular) 24,239
#3 ‘mouth cavity’/exp OR ‘mouth cavity’ OR ‘maxillofacial injury’/exp OR ‘maxillofacial

injury’ 109,794

#4 #1 AND #2 AND #3
ALL (microvascular OR composite) AND TITLE-ABS-KEY (fibula) AND TITLE-ABS- 287

Scopus

KEY (maxillofacial AND injury OR maxillofacial AND trauma OR maxillofacial AND

reconstruction)
Cochrane central register of controlled trials

#2 microvascular 4,444
#3 fibular 326

#4 maxillofacial 5,248
#5 oral 239,600

#1 microvascular anastomosis 62 4

#6 (#1 OR #2) AND #3 AND (#4 OR #5) 4

Total

1,065
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5. Data extraction and management

One researcher (R.T.) meticulously extracted pertinent data
from the selected articles, and that work was cross-verified
by another researcher (S.S.). We collected the study details,
patient demographics, clinical presentation, anastomosis tech-
niques, assessment methods, and outcome measures, among
other data points. This information was systematically cata-
logued using piloted data extraction forms. A comprehensive

summary of the extracted data is presented in Table 2.

6. Risk of bias assessment

To ensure the credibility of our findings, we assessed the
risk of bias in the included studies. For the retrospective and
prospective cohort studies, we used the Newcastle—Ottawa
scale to evaluate the quality of their selection, comparabil-
ity, and outcomes. For RCTs, we used the Cochrane’s risk of
bias tool. The risk of bias assessment results are presented in
Table 3.

7. Data synthesis and analysis

For the data to be suitable for a meta-analysis, we had to
ensure the comparability of the therapeutic interventions and
measured outcomes across studies. The overall failure rates
caused by vascular compromise and specific failures were

pooled by calculating standard errors for each study with

consideration of the failure rate and the study size. Inverse-
variance random-effects meta-analyses were conducted for
all of the aforementioned outcomes. We found several sourc-
es of heterogeneity: differences in treatment, treated popula-
tions, study design, and data analysis methods. In the absence
of heterogeneity, estimates are considered to differ only due
to random sampling errors. Heterogeneity is important, and
investigating sources of heterogeneity in meta-analyses in-
volves the identification of study-level characteristics associ-
ated with differences in outcomes. Methods commonly used
to do that are subgroup analyses and meta-regressions.
Heterogeneity between studies was tested using Cochrane’s
Q test and quantified using I statistics, which measure the in-
consistency in pooled calculations caused by study heteroge-
neity. The pooled failure rates were computed using STATA
17 (Stata Corp.). We want to provide accurate and reliable
information, so we take concerns about heterogeneity in the
results seriously, particularly the incidence and causes of vas-
cular insufficiency across studies. Although it is true that het-
erogeneity can cause variability in pooled estimates, we have
made every effort to analyze and interpret the available data
with care. Additionally, we relied on established scientific
methods to account for heterogeneity, such as performing
subgroup analyses and using random effects models.
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lll. Results

1. Screening and selecting studies

The initial search strategy yielded 769 unique articles. Fol-
lowing a preliminary assessment of titles and abstracts, 738
were ruled out due to their lack of relevance, leaving 31 for
further evaluation. An additional four studies were identi-
fied through our scrutiny of the gray literature, and six were
found through citation searches. Those 40 full-text articles
(10 found by hand and 30 through digital searches) were
screened according to the inclusion and exclusion criteria.
After that, 15 studies were included, and 25 studies were
excluded. The process of study identification, inclusion, and
exclusion, along with the reasoning behind each decision, is
comprehensively illustrated in Fig. 1.

2. Descriptive analysis of studies

This systematic review comprises 15 studies: 13 retrospec-

10,11,13-23

tive cohort studies , one prospective cohort study”, and

Anastomosis failure in fibula flap

one randomized clinical trial”®. The studies were conducted

from 2007 through 2022 and collectively included 2,284 pa-
tients, 1,346 males, 719 females, and 219 whose sex was not
reported. The sample sizes across studies were diverse, rang-
ing from a minimum of nine in Gaggl et al.” to a maximum
of 601 in Assoumane et al.", with a higher prevalence of
male subjects in all the studies.

The duration of the studies also varied considerably, with
Abramowicz et al.” reporting the longest duration of ten
years. Defect locations were primarily in the head and neck
regions, with a particular focus on mandibular defects, but
they also extended to other regions such as the oral floor and
oropharynx.

The anastomoses encompassed the facial, superior thyroid,
and lingual arteries and the external jugular, common facial,
and anterior jugular veins. The assessment methodologies
ranged from Doppler devices to clinical observation and ra-
diographs.

The number of grafts performed varied from study to study,
with a minimum of six in Gaggl et al."” and a maximum of
854 in Assoumane et al."'. Vascular complications led to

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

Identification of studies via databases and registers

l

’ Identification of studies via other methods

Records removed before
c i i . screening:
2 R%C;;dsag:sm(glf? gggﬂ ' Duplicgte records removed Records identified from:
o . ' =296) Journals (n=4)
[$) [MEDLINE: 395, Web of (n N N~
= Science: 353, Embase: 26, Records marked as ineligible O_rga_nlsatlons (_n=0)
g Scopus: 287, Cochrane by automation tools (n=0) Citation searching (n=6)
S CENTRAL: 4]) Records removed for other Etc.
- reasons (n=0)
I Records excluded
(n=738 by hand)
) - Review/book reports (163)
Records screened - Case report/series (103)
(n=769) - Not evaluating free fibular
grafts (212)
l - Not related to grafts (176)
- Not evaluating anastomosis v
= Reports sought for retrieval (84) Reports sought for retrieval .| Reports not retrieved
= (n=31) (n=10) "1 (n=0)
= Reports not retrieved
] l (n=0) l
3]
w
Reports assessed for Reports excluded: Reports assessed for eligibility Reports excluded:
eligibility (n=31) - Data already included in (n=10) ”| - Not evaluating anastomosis
another study (n=1) (n=4)
- Review/book chapter (n=2) - Not evaluating free fibular
- Not evaluating free fibular flap (n=5)
flap (n=3)
- Not evaluating anastomosis
— (n=8)
) ¥ - Evaluating the feasibility of
G Studies included in review case report (n=3)
° (n=15)
T:) Reports of included studies
£ (n=15)
Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram. Adapted from the article of

Page et al." (BMJ 2021:372:n71) under the terms of the Creative Commons Attribution (CC BY 4.0) license.
Elahe Tahmasebi et al: Factors affecting anastomosis failure in microvascular fibula flap reconstruction of the maxillofacial region: a systematic review and meta-analysis. J Korean Assoc
Oral Maxillofac Surg 2025
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graft failures in several studies, with common causes includ-
ing thrombosis, hematoma compression, dehiscence, and a
twisted or kinked vascular pedicle. Some studies reported no
instances of failure (Abramowicz et al.”, Ritschl et al.”’). A
detailed representation of these characteristics is provided in
Table 2.

3. Assessment of bias

The risk of bias in the 13 retrospective and one prospective
cohort study ranged from low to high on the Newcastle—Otta-
wa scale (scores 5 to 9). Senthil Murugan et al.’s RCT” also
had some bias-related concerns. Therefore, the interpretation
of our results must take into account the diverse method-
ological quality of the included studies. Detailed risk of bias
assessments for all studies are presented in Table 3.

4. Synthesis of data and meta—analysis

Despite the diverse set of studies, we constructed a meta-
analysis to find overarching trends in vascular-related failures
and discern the primary etiologies of those failures. Unfortu-
nately, given the considerable variation in intervention strate-
gies and outcome measures across studies, it was unfeasible
to conduct a meta-analysis comparing different host veins
and arteries, double versus single anastomoses, and the use of
couplers versus hand suturing techniques.

To ascertain the overall rate of vascular failure, we pooled
data from 11 studies that collectively account for 2,405 free
fibula grafts. The pooled vascular failure rate was approxi-
mately 6% (confidence interval [CI] 0.03-0.09). However,
that estimate should be interpreted with caution because the
underlying heterogeneity was quite high (I’=93.5%), indica-
tive of significant variability across the contributing studies.

Effect size Weight
Study with 95% Cl (%)
Aksoyler et al." (2021) — =  020[0.13,027] 6.98
Assoumane et al." (2017) m 0.02[0.01,0.03] 11.70
Gonzalez-Garcia et al.”® (2008) S 0.12[0.02,0.22] 5.14
Han etal."” (2013) - 0.03[0.01, 0.05] 11.00
Johal et al." (2022) — - 0.07[0.02,0.13]  8.32
Lietal." (2015) - 0.04 [0.00, 0.09]  9.00
Miicke et al.”* (2014) - 0.05[0.02, 0.08] 10.48
Senthil Murugan et al.”® (2018) - 0.03[0.00, 0.06] 10.46
Pohlenz et al." (2007) [ ] 0.011[0.00, 0.02] 11.69
Rosenthal et al.”' (2004) - 0.04[0.01,0.07] 1020 _
Vernier-Mosca et al.* (2020) — = 016[0.06,0.26] 5.03 Fig.2. Forest plot of the pooled vascu-
overall - 0.06 [0.03, 0.09] lar fa|IurQ rate fqr free fibula flap grafts.
Heterogeneity: 1°=0.00, =93.5%, H’=15.39 gxﬁﬁgﬂfﬁgﬁgg" al, REML: residual
Test of 9i=91-: Q(10)=47.66, P=0.00 (I) 0. 1 0|2 03 Elahe Tahmasebi et al: Factors affecting anastomosis
Test of 6=0: z=3.83, P=0.00 ' ' ' failure in microvascular fibula flap reconstruction
of the maxillofacial region: a systematic review and
Random-effects REML model meta-analysis. J Korean Assoc Oral Maxillofac Surg 2025
Effect size Weight
Study with 95% ClI (%)
Aksoyler et al." (2021) — 0.08[0.03,0.12] 9.23
Gonzalez-Garcia et al."® (2008) S 0.05[-0.02,0.11] 6.15
Han etal."” (2013) - 0.03[0.01, 0.05] 16.30
Lietal."® (2015) — 0.04 [0.00, 0.09] 9.01
Senthil Murugan et al.”® (2018) = 0.02 [0.00, 0.05] 15.06
Pohlenz et al.® (2007) m 0.00 [0.00, 0.01] 21.50
Rosenthal et al.”' (2004) - 0.01[-0.01,0.02] 18.99 ,
Vernier-Mosca et al.Z (2020) —  «  012[0.03,021] 376 Fig- 3. Forest plot of the pooled vein
Overall - 0.03 [0.01, 0.05] thrombosis rate for free fibula flap

Heterogeneity: t°=0.00, /=77.7%, H’=4.48

Test of 0,70, Q(7)=24.52, P=0.00
Test of 6=0: z=3.02, P=0.00

Random-effects REML model
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grafts. (Cl: confidence interval, REML:
residual maximum likelihood)

Elahe Tahmasebi et al: Factors affecting anastomosis
failure in microvascular fibula flap reconstruction
of the maxillofacial region: a systematic review and
meta-analysis. J Korean Assoc Oral Maxillofac Surg 2025



(Fig. 2)

To further break down the etiologies of vascular failures,
we computed pooled prevalence rates for three primary
causes: venous thrombosis, arterial thrombosis, and vein
compression due to hematoma. This part of the meta-analysis
incorporated eight studies that cumulatively represent 1,272
grafts.

The pooled prevalence of venous thrombosis was 3% (CI
0.01-0.05). Similar to the overall failure rate, this result was
subject to substantial heterogeneity (I’=77.7%), reflecting
considerable disparity in the rates reported across studies.
(Fig. 3)

In contrast, arterial thrombosis accounted for a smaller pro-
portion of vascular failures, with a pooled failure rate of 1%
(CI 0.00-0.03). Notably, the level of heterogeneity was also
lower (I’=56.5%), suggestive of less variability in the rates of
arterial thrombosis among the studies.(Fig. 4)

Lastly, we calculated the pooled failure rate for vein com-
pression due to hematoma and found that it contributed to
less than 1% of the overall failures, reinforcing the relatively
small role of this specific complication in graft failures.

IV. Discussion

1. Summary of results

Our meta-analysis found an overall vascular failure rate of
6% across 11 studies involving 2,405 free fibula grafts. The
substantial heterogeneity among those studies (I’=93%) sug-
gests significant variability in the reported rates of vascular
failure. We also identified specific causes of vascular failure,
and venous thrombosis and arterial thrombosis were the lead-
ing causes at 3% and 1%, respectively. The incidence of vein

Study
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compression due to hematoma was found to be less than 1%.
Venous and arterial thrombosis pose significant challenges to
the successful execution of free fibular grafts in reconstruc-
tive surgeries™. Venous thrombosis, often due to mechanical
obstructions such as compression, kinking, or twisting, can
lead to congestion of the graft, compromising its viability”’.
Rapid correction of the mechanical obstructions generally
leads to high salvage rates™. However, arterial thrombosis,
predominantly associated with pre-existing vascular diseases
such as atherosclerosis or calcified plaques but sometimes the
result of intraoperative damage or vessel size discrepancies,
can lead to more severe complications. Arterial compromise
is harder to identify and correct than venous issues; a swift,
significant change in graft color is usually the primary indi-
cator of a venous problem, whereas arterial problems can go
unnoticed until severe ischemia occurs™.

Meta-analyses to compare different host veins and arteries,
double versus single anastomoses, and the use of couplers
versus hand suturing techniques were not possible.

Another issue that can introduce vascular deficiencies
and lead to flap failure is blood vessel kinking, which can
originate from multiple sources, such as the creation of an
acute angle between the fibula axis and the pedicle, undue
tension in the intraoral space, mechanical compression from
hardware, inappropriate neck flexion, and erroneous pedicle

ce s 1430
positioning ™

. Each of those factors can potentially induce
blood vessel kinking, thereby impairing blood flow, induc-
ing graft congestion, and ultimately precipitating flap failure.
A mitigation strategy proposed by Aksoyler et al.'* involves
the strategic placement of a small piece of adipose tissue
around the pedicle, which serves as both a cushion to prevent
vessel kinking and a guard against twisting. Our results are

consistent with the literature. It has the longest vascular flap

Effect size Weight
with 95% ClI (%)

Aksoyler et al." (2021) S
Gonzalez-Garcia et al."® (2008)
Han etal.” (2013)

Lietal.'® (2015)

Senthil Murugan et al.”® (2018)
Pohlenz et al.”® (2007)
Rosenthal et al.”' (2004)
Vernier-Mosca et al.”® (2020)
Overall >
Heterogeneity: 1°=0.00, F=56.5%, H’=2.30

—m—
e w
-
|

—a

Test of =6, Q(7)=13.33, P=0.06 -
Test of 6=0: z=1.78, P=0.08 -0.05 0

Random-effects REML model

0.05 0.1 0.15

0.08[0.03,0.12] 6.69
0.00 [-0.06, 0.06] 4.00
0.00 [-0.02, 0.02] 15.97
0.00 [-0.05, 0.05] 6.47
0.00 [-0.02, 0.02] 21.43
0.01[0.00, 0.01] 27.94

0.03[0.00, 0.06] 11.99 .
0.04[-0.01,0.09] 550 Fi9-4. Forest plot of the pooled arte-

rial thrombosis rate for free fibula flap
0.0110.00, 0.03] grafts. (Cl: confidence interval, REML:
residual maximum likelihood)
Elahe Tahmasebi et al: Factors affecting anastomosis
failure in microvascular fibula flap reconstruction
of the maxillofacial region: a systematic review and
meta-analysis. J Korean Assoc Oral Maxillofac Surg 2025
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available for mandibular reconstruction. This flap is 20 to
30 cm in length, depending on the patient’s size. In addition,
this is a unique technique that can reconstruct bone defects
from corner to corner, after several osteotomies have been
performed to make the model’. Its vascular pedicle, which
has a relatively stable anatomy, exhibits two vascular systems
(periosteal and endosteal). This flap allows flexible molding
and assembly and can be accompanied by a skin island for
intraoral and extraoral reconstruction. Therefore, it supports
osseointegrated implants for dental arch reconstruction and
has relatively low morbidity at the donor site”. In 100% of
cases in which a reconstructive plate was used, the plate was
exposed to the oral cavity during the postoperative period.
When small plates were used, only 4 (9.3%) of them were
exposed”’. The microvascular fibrous flap remains the gold
standard in mandibular reconstruction because of its low loss
and complication rates. The advent of small hard disks has
increased the benefits of using this technique because they
reduce the risk of complications®. Additionally, a case se-
ries and meta-analysis showed that the results of end to side
venous anastomosis in the limbs were positive and that this
technique was effective in treating differences in vein size;
however, its superiority over end-to-end anastomosis could
not be demonstrated”’.

2. Factors influencing the success rate

During the surgical procedure, the anastomosis technique
plays a paramount role in the success of the operation. The
critical junction between the donor and recipient vessels can
be achieved through couplers or hand suturing. In several
studies, the coupler technique demonstrated advantages over
hand suturing’. Couplers have shown a lower incidence of
thrombosis, leave no foreign material in the vascular intima
that could precipitate thrombosis, are less susceptible to inac-
curacy and mechanical failures than hand suturing, and can
overcome discrepancies up to a ratio of 3:1, thereby provid-
ing a mechanically stronger anastomosis than hand sutur-
inglO‘B.

Nevertheless, it’s crucial to state that couplers have not
unequivocally surpassed sutures in all studies. For instance,
the study by Senthil Murugan et al.”” indicated a marginally
higher flap success rate in the coupled anastomosis group,
but the difference was not statistically significant (P>0.5).
Some retrospective studies have shown similar trends, with
the success rates of coupled and sutured anastomoses being

10,11

almost the same . Moreover, the time-saving advantage of
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couplers is questionable. In the studies of Senthil Murugan et
al.” and Assoumane et al.", the time difference of approxi-
mately 11 and 15 minutes, respectively, between sutured and
coupled anastomoses was deemed clinically insignificant due
to the lack of correlation between the time taken to perform
anastomosis and the flap success rate.

One significant drawback of couplers is their considerable
cost, which might not always be justified by the reduction
in operating time'’. Only in instances in which sutured anas-
tomoses failed and re-exploration was necessary did the ad-
ditional cost of the coupler balance out”. Thus, although cou-
plers do possess certain advantages over conventional hand-
sewn sutures, their effectiveness is heavily reliant on the
surgeon’s experience and the cost-benefit analysis for each
individual patient. On the other hand, couplers are cost effec-
tive in the reconstruction of long bone defects because they
achieve a higher union rate than hand-sutured fibular grafts.

The diameter of the coupler used in vein anastomosis can
significantly affect the success or failure of the procedure.
In the studies of Senthil Murugan et al.”* and Vernier-Mosca
et al.”, vein anastomosis using a coupler with a diameter of
less than 2 mm introduced a high risk of venous thrombosis.
For anastomosed vessels with a diameter of less than 2 mm,
the recommendation is to perform the anastomosis manually,
which allows the vessels to dilate. The selection of an ap-
propriate ring size is crucial to prevent complications, such
as the constriction or tearing of the vein wall or a reduction in
the lumen size, which can lead to thrombosis.

Both single vein and double vein anastomosis methods
have been used for free fibular grafts. Single vein anastomo-
sis, which involves the connection of one vein from the graft
to one vein at the recipient site, is often favored when there is
a good match in vessel sizes and the risk of venous conges-
tion is minimal. In contrast, double vein anastomosis, involv-
ing the connection of two veins from the graft to two veins
at the recipient site, is typically used when there’s a risk of
venous congestion due to size mismatch or when the venous
outflow is anticipated to be high'”**. The intent behind double
vein anastomosis is to escalate outflow capacity and mitigate
the risk of venous thrombosis. Nevertheless, the studies of
Assouman et al."" and Han et al."” revealed no significant
difference in the vascular failure rate between free fibular
grafts anastomosed using the double vein and single-vein
methods. Although flap failure was comparable between flap
anastomoses performed using a venous coupler and those
performed using a conventional suture technique, findings re-
vealed that the total number of venous thrombosis cases was



higher in the coupler-anastomosis group. Therefore, micro-
surgeons should remember that these devices involve specific
techniques and challenges not normally seen in hand joining.
Especially at the early stages of the learning process, their ap-
plication must be questioned critically and limited to clearly
defined situations®. Using couplers for venous anastomosis
in head and neck free flap reconstruction influences surgical
planning and procedures. Research results show that using
a vein graft device in head and neck free flap reconstruction
does not change the rate of flap necrosis. However, the use of
an implant device can reduce overall procedure time™.

The task of reconstructive surgery, especially in the maxil-
lofacial region, can be significantly complicated by the lim-
ited availability of recipient blood vessels due to factors such
as tumor invasion and previous surgeries. The choice of veins
and arteries for anastomosis is influenced by factors such as
the size of the graft blood vessel, its proximity to the excision

738 In the studies

area, and the quality of the graft vessels
we reviewed, the most commonly used graft artery for free
fibular grafts was the peroneal artery, and the most common
recipient arteries were the superior thyroid artery and the
facial artery. In terms of veins, the peroneal vein in the graft
and branches of the internal and external jugular veins in the
recipient site were the most commonly used.

Despite the methodical selection of recipient vessels, sev-
eral challenges persist. In particular, previously dissected and
irradiated zones can restrict anastomosis possibilities. Prior
exposure to radiation therapy and cervical dissections can
lead to radicular fibrosis and scar tissue, which can signifi-
cantly limit the options for successful anastomosis and con-
tribute to a host of complications™. In the study conducted by
Li et al."’, two out of three reported cases of vein thrombosis
occurred in patients who had undergone radiotherapy prior to
the anastomosis procedure.

The success of an anastomosis procedure can be signifi-
cantly affected by the quality of the recipient vessels. One
major cause of failure, venous thrombosis, is often linked
to issues such as poor quality of recipient vessels due to
prior irradiation, the thinness of the recipient vessels, and a
mismatch in the diameter of the vessels”. The latter neces-
sitates a high level of skill and time to prevent fluctuations in
blood flow and intraluminal protrusions of the wall, which
can cause thrombosis, and ensure successful anastomosis.
The use of microvascular coupling can be a viable strategy
to compensate for this discrepancy, prevent vasospasm, and
reduce anastomosis time.

In addition to those complications, some patients pres-

Anastomosis failure in fibula flap

ent with systemic blood clotting disorders, such as throm-
bophilia, which can dramatically increase the risk of vein
thrombosis post-anastomosis*’. Hereditary (e.g., Factor V
Leiden mutation, prothrombin gene mutation) or acquired
(e.g., antiphospholipid syndrome) thrombophilic conditions
can predispose patients to hypercoagulability, leading to a
high risk of clot formation that can occlude the anastomosis
site. Similarly, conditions such as von Willebrand disease can
affect clotting by causing deficiencies in clotting factors that
make it challenging to achieve hemostasis after surgery and
can lead to anastomotic leakage"'. Therefore, a comprehen-
sive preoperative evaluation, including a thorough review of
the patient’s medical history, previous treatments, and pos-
sible coagulation disorders, is vital to the success and durabil-
ity of an anastomosis procedure.

3. Pre— and postoperative evaluations of the anastomosis
procedure

In the postoperative phase, the monitoring and care of
anastomoses is vitally important. In the studies we reviewed,
multiple methodologies were used to ensure the success and
viability of the procedure, including monitoring blood flow
changes based on transit-time flow measurements and the

d**. However, flap perfusion

use of color Doppler ultrasoun
rates can vary due to factors such as the type of flap, the do-
nor and recipient sites, the patient’s general health condition,
vascular diseases, nicotine abuse, and previous surgeries.
Therefore, it’s recommended that preoperative examinations
be conducted, including computed tomography or magnetic
resonance angiography of the head, neck, and donor site, to
ensure a comprehensive understanding of the vascular situa-
tion™*,

Postoperatively, the heart rate and mean arterial blood pres-
sure should be closely monitored, but it is worth noting that
these measurements do not always correlate with the flap’s
arterial perfusion. Furthermore, the effects of variations in ar-
terial perfusion caused by factors such as nicotine consump-
tion, type II diabetes, and transplant loss need to be acknowl-
edged®.

Given the dynamic nature of the circulatory system, each
anastomosis case presents unique challenges. The patient
should keep their head elevated on two pillows whenever
they lie down for two weeks to help reduce swelling. The
patient can also gently apply an ice pack to the wound for
10 minutes, three or four times an hour for the first 24 hours.

This will help reduce swelling, but it is not effective after 24
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hours. The frequency of clinical monitoring during the early
postoperative period varies between centers, but clinical flap
checks are typically performed every 2 to 4 hours during the
first 2 to 3 days after surgery. To date, the gold standard for
FFF monitoring includes clinical examination (i.e., flap color,
capillary refill, tissue tension, temperature) and handheld
acoustic Doppler ultrasound. Postoperative care and monitor-
ing should reflect a detailed understanding of flap physiology,
individual patient factors, and previously determined refer-
ence values. By adopting this meticulous and comprehensive
approach, a stable vascular supply, successful healing, and
optimal patient outcomes following anastomosis can be en-
sured.

In summary, clinical follow-up remains the gold standard
for postoperative free flap evaluation. Other adjuvants might
be useful to surgeons and medical teams, but there is no clear
consensus regarding their appropriate use. Like many postop-
erative treatment regimens, free flap follow-up technique is
surgeon-dependent and can vary significantly between insti-

tutions.

4. Limitations and suggestions for further research

This review has several limitations. The meta-analyses
in our review displayed a significant level of heterogeneity,
indicating considerable variation in vascular failure rates
among the studies. Therefore, the pooled estimates might not
accurately represent the true prevalence due to differences
among the individual studies in sample size, study meth-
odology, or other factors. Evaluating and addressing bias is
crucial for ensuring research credibility and generalizability.
Although it was unfortunate to find a range of bias across the
studies we found in the literature, it is a valuable discovery in
itself that highlights the need for further investigation and im-
provements in the methodologies used in future studies. Also,
due to insufficient data, we were unable to compare the ef-
fects of different host veins and arteries, double versus single
anastomoses, and the use of couplers versus hand suturing
techniques.

Moreover, the results might be subject to various forms of
bias, particularly in the retrospective studies, where a lack
of randomization and blinding could also bias the results.
We did not consider patient-level factors, such as underly-
ing health conditions, previous surgeries, the extent of tissue
damage, and patient lifestyle, which can all affect the success
rate of anastomosis. Our focus solely on free fibula grafts
might also limit the generalizability of the results to other
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types of grafts or reconstructive surgeries. Our inclusion cri-
teria targeted retrospective or prospective cohort studies and
clinical studies investigating dental and functional rehabilita-
tion outcomes in human subjects undergoing maxillofacial
reconstruction using microvascular flaps. We excluded case-
control studies, studies of alternative reconstruction methods,
and animal investigations.

Given those limitations, future research should include
more comprehensive comparative studies that assess different
techniques, host veins, arteries, and grafts. Economic evalua-
tions considering the significant cost difference between cou-
plers and hand suturing techniques would also be beneficial.
Additionally, future studies should incorporate individual
patient factors, including coagulation disorders, previous ra-
diotherapy, the extent of tissue damage, and lifestyle factors
that could potentially affect the outcomes. Further long-term
follow-up research of patients undergoing anastomosis could
provide valuable insights into the durability of different tech-
niques and the prevalence of late complications. By address-
ing these limitations and incorporating these suggestions,
future research can contribute significantly to improving the

success rates of anastomosis in reconstructive surgery.

V. Conclusion

This systematic review and meta-analysis presents an in-
depth evaluation of vascular failure rates in microvascular re-
construction surgeries involving free fibula grafts. We found
a 6% overall vascular failure rate across the reviewed studies,
with substantial heterogeneity suggesting significant vari-
ability in the reported rates of vascular failure. The findings
indicate that vein thrombosis (3%) and arterial thrombosis
(1%) were the leading specific causes of vascular failure. Our
analysis highlights the complex interplay of multiple factors
such as the technique of anastomosis, the quality of recipient
vessels, the use of couplers versus hand suturing, and the di-
ameter of the coupler in influencing the success of anastomo-
sis.

Despite the potential advantages of couplers in most situa-
tions, our study suggests that their superiority over sutures is
not consistently demonstrated across all studies, underlining
the importance of considering individual patient characteris-
tics and procedural specifics. Similarly, although both single
and double vein anastomoses have merits and drawbacks,
their efficacy seemed to be similar in terms of vascular failure
rates in free fibular grafts.

Our study also underscores the importance of compre-



hensive preoperative evaluation, meticulous operative tech-
niques, and thorough postoperative care and monitoring for
optimal patient outcomes following anastomosis.
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