'.) Check for updates

Microsurgery WI LEY
MICROSURGERY

| REVIEW ARTICLE CETTED

Postoperative Morbidity Outcomes Associated With
Superficial Temporal Versus Cervical Vessels as Recipient
Vessels in Head and Neck Reconstruction: A Systematic
Review and Meta-Analysis

Woo Shik Jeong! | Woonhyeok Jeong?

!Department of Plastic Surgery, Asan Medical Center, Ulsan University College of Medicine, Seoul, Korea | 2Department of Plastic and Reconstructive
Surgery, Dongsan Medical Center, Keimyung University College of Medicine, Daegu, Korea

Correspondence: Woonhyeok Jeong (psjeong0918@gmail.com)
Received: 13 June 2024 | Revised: 5 August 2024 | Accepted: 17 October 2024

Funding: This study was supported by Korea Medical Device Development Fund grant funded by the Korean government (the Ministry of Science
and ICT; the Ministry of Trade, Industry and Energy; the Ministry of Health & Welfare; and the Ministry of Food and Drug Safety) (Project Number:
RS-2022-00140622).

Keywords: anastomosis | free tissue flaps | head and neck neoplasms | microsurgery | postoperative complications | surgical

ABSTRACT

Background: The purpose of this meta-analysis was to compare the surgical outcomes of head and neck reconstruction via free
flap surgery, with neck vessels versus superficial temporal vessels as recipient vessels.

Methods: The PubMed, Embase, and Scopus databases were systematically searched via the following keywords: (“superficial
temporal” OR “temporal”) AND (“free flap” OR “free tissue transfer”) AND (“head and neck” OR “face”). The following data
were extracted: first author, publication year, flap type, reconstruction region, concordant vein graft, recipient vessel, and postop-
erative complications, including thrombosis, partial necrosis, and flap failure. The recipient vessels were divided into two groups:
the superficial temporal artery (STA)/V group and the neck group.

Results: Six hundred and thirty-five studies that met the inclusion criteria were included and reviewed systematically for a meta-
analysis. Compared with the neck vessel group, the STA/V vessel group had a significantly greater risk of flap failure (odds ratio:
2.18; 95% CI: 1.32-3.60; p=0.002), with low heterogeneity (p=0.84; I>=0%). However, there were no significant differences in
the rates of thrombosis or partial necrosis.

Conclusions: Compared with the use of neck vessels, the use of STA/V vessels as recipient vessels for head and neck reconstruc-
tion could increase the risk of total flap necrosis. Considering these findings, surgeons should exercise caution when selecting the
STV as the recipient site, and as some authors have suggested, proximal dissection may be necessary during surgery.

1 | Introduction for providing sufficient volume and composite tissue, including

bone (Tamaki and Zender 2023). The survival of a free flap de-
For the reconstruction of oncologic defects in the head and pends critically on the selection of an appropriate recipient ves-
neck, options include skin grafts, pedicled flaps, and pros- sel (Yazar et al. 2005). The most commonly chosen vessels after
thetics (Yang et al. 2021; Chung, Byun, and Lee 2019; Saleki neck dissection are the branches of the internal carotid artery
et al. 2023). Free flaps, however, are considered the best option (ICA) for arterial supply and the branches of the external jugular
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vein (EJV) and internal jugular vein (IJV) for venous drainage
(Yazar et al. 2005). The most frequently utilized arteries are
the superior thyroidal artery and the facial artery, whereas the
veins include branches of the EJV and 1JV, with direct end-to-
side anastomosis to the IJV also being a common practice (Yazar
et al. 2005). In cases requiring a long pedicle due to the distance
to neck vessels, such as in the midface and scalp, or in the pres-
ence of a vessel-depleted neck due to prior radiotherapy, the
superficial temporal vessel serves as a second option (Moreno
et al. 2010; Triana Jr. et al. 2000; Philips et al. 2019; Andrades
et al. 2008).

The superficial temporal artery (STA) and the superficial
temporal vein (STV) are branches of the external carotid ar-
tery (ECA) and the EJV, respectively. Although the STV does
not have a predictable course, the STA exhibits relatively
less anatomical variation and is superficially located, thus
offering good accessibility as a recipient vessel (Ausen and
Pavlovic 2011). In midface and scalp reconstruction, the use
of superficial temporal vessels as recipient vessels offers sev-
eral benefits. These include their superficial course, which fa-
cilitates dissection, and their shorter distance compared with
neck vessels (Ausen and Pavlovic 2011). There are also several
disadvantages: the small diameter of these vessels can lead to
challenges in matching during microanastomosis, frequent
vasospasm, and difficulty in anastomosis due to the thin
walls of the veins (Panje and Morris 1991; Yano et al. 2012).
However, recent studies have indicated that there is no differ-
ence in flap survival rates between free flaps using superfi-
cial temporal vessels and those using neck vessels as recipient
vessels. Most of these studies are case series or retrospective
analyses, which are limited by their low level of evidence.
Therefore, our meta-analysis aimed to compare the extent of
postoperative complications between groups in which super-
ficial temporal vessels and neck vessels were used as recipient
vessels in patients who underwent head and neck reconstruc-
tion with free flaps.

2 | Materials and Methods
2.1 | Search Strategy and Eligibility Criteria

The PubMed, Embase, and Scopus databases were systemat-
ically searched through March 2024. The following keywords
were used in the search: (“superficial temporal” OR “temporal”)
AND (“free flap” OR “free tissue transfer”) AND (“head and
neck” OR “face”). The preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines were followed
to perform this systematic review and meta-analysis.

The inclusion criteria for this review consisted of the following:
(1) studies reporting the use of a free flap for head and neck re-
construction and (2) a clear description of postoperative compli-
cations associated with the selected recipient vessel, including
the STA, STV, and neck vessels. The exclusion criteria for this
review were as follows: (1) review articles, case reports or case
series reporting no comparison data for the selection of recipient
vessels; (2) studies written in a language other than English; (3)
animal or cadaver studies; and (4) studies with no clear descrip-
tion of outcomes associated with the selected recipient vessels.

2.2 | Study Selection and Data Collection

Data were collected by a single author (Jeong W). The following
data were extracted: first author; publication year; study type;
flap type; reconstruction region; concordant vein graft; recipi-
ent vessel; and postoperative complications, including thrombo-
sis, partial necrosis, and flap failure. The recipient vessels were
divided into two groups: the STA/V group and the neck group.
The neck vessels include the facial artery and vein, superficial
thyroid artery and vein, lingual artery and vein, transverse cer-
vical artery and vein, ascending pharyngeal artery and vein,
ECA, and external and internal jugular veins. The outcomes
compared in our investigation were thrombosis, partial necrosis
of the flap, and flap failure. A meta-analysis was performed to
compare each type of postoperative complication when a mini-
mum of three relevant articles were available. A meta-regression
analysis was performed to analyze the influence of sample size
and study design on the effect sizes reported across multiple
studies. The analysis was conducted to understand the hetero-
geneity observed in the meta-analysis and to identify whether
sample size and study design significantly contributed to the
variability in effect sizes.

2.3 | Statistical Analysis

For the pooled data, odds ratios were analyzed, and 95% confi-
dence intervals (CIs) were calculated from the original data. The
Q statistic for heterogeneity and the I index were calculated. For
the I? index, the percentage of total variation due to heteroge-
neity was classified into three intervals: 0<I?<50, 50 <I?<75,
and I?> 75, representing low, moderate, and severe heterogene-
ity, respectively. A random effects model was used, and the vari-
ances of the random effects model were obtained via the method
of DerSimonian and Laird (DerSimonian and Laird 1986).
The pooled odds ratio and CI are presented as the outcome.
Microsoft Excel (Microsoft Corporation, Redmond, USA) was
used for data collection, and RevMan version 5.3 was used for
statistical analysis. The risk of bias within studies was assessed
via the Cochrane Collaboration tool (Higgins and Altman 2017).
The meta-regression analysis was conducted via the R statistics
package (http://www.r-project.org).

3 | Results

The literature search for this systematic review retrieved 635
studies from PubMed, EMBASE, and Scopus. After deleting
duplicate studies, 468 studies were selected for screening. After
screening, 112 studies were selected for a detailed full-text re-
view. Finally, 12 studies were included in the systematic review
(Figure 1). In total, 2083 flaps were included in this study. The
selected studies were carefully reviewed and summarized to
conduct the meta-analysis (Table 1).

3.1 | Thrombosis

For thrombosis, six studies with 116 STA/V and 450 neck
vessels were assessed. The pooled odds ratio was 1.65 (95%
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635 potentially relevant articles were
searched from

+ 290 Pubmed

* 29 Scopus

* 316 Embase

!

The titles and abstracts of 468
articles were screened

[ 167 duplicates were excluded J

356 studies were excluded:
Animal study (n=5)

Articles not related to free flap (n=191)
Articles not written in English (n=26)

[ 112 full-text were reviewed ]

Cadaver study (n=>5)
Case report (n=86)
Conference abstract (n=6)

\Review article (n=37) /
4 A

100 studies were excluded:
No comparison data available for recipient vessels (n=90)

[ 12 studies were included ]

FIGURE1 | Flow diagram used to identify and select studies.

CI: 0.70-3.86; p=0.25), with low heterogeneity (p=0.61;
I>=0%). This result was obtained via a random effects model
(Figure 2A). To assess publication bias, we performed a fun-
nel plot analysis. The funnel plot revealed no significant
publication bias in the meta-analysis. The studies seemed to
be distributed around the vertical line, which typically rep-
resents the overall effect size estimate. The symmetry of the
plot suggested that small and large studies reported similar
effect sizes, which is a good indication of the robustness of
the meta-analysis results (Figure 2B). However, there was no
significant difference in the risk of thrombosis between the
two groups.

3.2 | Partial Necrosis

For partial necrosis, three studies with 38 STVs and 293 neck
vessels were assessed. The pooled odds ratio was 1.39 (95%
CI: 0.38-5.13; p=0.62), with low heterogeneity (p=0.62;
I?=0%). This result was obtained via a random effects model
(Figure 3A). The funnel plot revealed no obvious asymmetry,
indicating that there may not be significant publication bias in
the meta-analysis (Figure 3B). There was no significant differ-
ence in the risk of partial flap necrosis between the two groups.

3.3 | Flap Failure

Data on flap failure, including total flap necrosis and total flap
loss, were extracted from the included studies. In the analysis
of flap failure, when the anastomotic site included both the
neck and the superficial temporal region, the analysis was con-
ducted on the basis of cases involving the STV. For flap failure,
11 studies with 389 STVs and 1872 neck vessels were assessed.
The pooled odds ratio was 2.18 (95% CI: 1.32-3.60; p=0.002),
with low heterogeneity (p=0.84; I°=0%). This result was

No use of the superficial temporal vessels (n=9)
Data duplicated by the same institution (n=1)

& J/

obtained via a random effects model (Figure 4A). The funnel
plot provided appeared symmetrical around the vertical axis,
which suggests that there is no clear evidence of publication bias
(Figure 4B). This result indicated that the risk of flap necrosis
was significantly greater in the group in which the STV was
used as the recipient vessel than in the group in which the neck
vessel was used.

3.4 | Sensitivity Analyses

In the meta-regression analysis, neither the sample size nor the
study design were statistically significant predictors of effect
size variability. The coefficients for sample size and study design
were 0.02 (p=0.45) and —0.03 (p=0.65), respectively. This sug-
gests that neither the sample size nor the study design signifi-
cantly contributed to explaining the heterogeneity among the
study effect sizes.

4 | Discussion

In summary, our meta-analysis revealed that the use of the
STA/V as the recipient vessel for free flap reconstruction did not
increase the risk of thrombosis or partial necrosis. However, the
use of the STV as a recipient vessel could significantly increase
the risk of flap necrosis compared with the use of the neck vessel
as a recipient vessel in free flap reconstruction of head and neck
defects.

The superficial temporal artery has long been utilized as a ves-
sel in cerebral artery bypass surgery (Abdelgadir et al. 2023).
However, the STA/V has been recognized as unsuitable as a
recipient vessel for free flaps due to various anatomical factors
(Halvorson et al. 2009). First, the vessel diameter is small, often
presenting a significant discrepancy with that of the donor vessel
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A
STANV Neck 0Odds Ratio Odds Ratio

i X o X o
Halvorson 2009 2 28 6 282 26.6% 3.54[0.68, 18.43] T
lida 2016 0 3 1 9 6.1% 0.81[0.03, 25.10]
Li2018 1 44 4 56  14.6% 0.30[0.03, 2.81] L
Nahabedian 2004 3 22 6 80 33.3% 1.95[0.45, 8.51] T
Scaglioni 2015 1 7 1 8 82% 1.17 [0.06, 22.94] -
Sousa 2023 2 12 1 15 11.3% 2.80[0.22, 35.29] ]
Total (95% CI) 116 450 100.0% 1.65 [0.70, 3.86]
Total events 9 19
Heterogeneity: Tau? = 0.00; Chi = 3.62, df = 5 (p = 0.61); I* = 0% 001 04 1 10

Test for overall effect: Z = 1.15 (p = 0.25)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

100
Favours [STA/V] Favours [Neck]

Risk of Bias o SE(log[OR])

E e " OR
B.01 01 1 10 100

FIGURE2 | Forestplot(A)and funnel plot (B) for thrombosis. The funnel plot revealed no significant publication bias. In the forest plot, there was

no significant difference in the risk of thrombosis between the two groups.

A
STANV Neck Odds Ratio Odds Ratio
udy or Subgrou e ota e i -H, R 95% M-H, Rand
Halvorson 2009 2 28 10 282 69.1% 2.09 [0.44, 10.086] ]
lida 2016 0 3 1 9 145% 0.81[0.03, 25.10] - 1
Lin 2014 2 7 1 2 16.4% 040[0.02,10.02] — ™ |
Total (95% Cl) 38 293 100.0% 1.39[0.38, 5.13]

Total events 4 12

Heterogeneity: Tau? = 0.00; Chi? = 0.94, df = 2 (p = 0.62); I>= 0% 001 04 1 10
Test for overall effect: Z = 0.49 (p = 0.62)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Favours [STA/V] Favours [Neck]

Risk of Bias o SE(log[OR])
05
el
1 1
15 :
° :
o
: N oR
0.01 01 1 10 100

FIGURE3 | Forestplot(A)and funnel plot (B) for partial necrosis. The funnel plot revealed no significant publication bias. In the forest plot, there
was no significant difference in the risk of partial necrosis between the two groups.

A
STV Neck Odds Ratio Odds Ratio

udy or Subgroup _ Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Halvorson 2009 0o 28 3 282 28% 1.40 0.07, 27.81] —
lida 2016 o 3 0o 9 Not estimable
Las 2016 8 52 22 443 333% 3.48 [1.46, 8.28] —
Li2018 0 44 156 24% 0.42[0.02, 10.46] ——
Melaca 2021 0o 1 113 23% 0.36[0.01,9.82] —
Nahabedian 2004 2 22 3 80 73% 257 [0.40, 16.41] I
Revenaugh 2015 133 156 32% 1.72[0.10, 28.43]
Scaglioni 2015 o 7 18 22% 0.33[0.01, 9.57) —
Sousa 2023 2 12 115 39% 2.80 [0.22, 35.29] —
Tan 2014 6 60 39 793 30.7% 2.15[0.87,5.30] .
Vos 2023 5 117 3117 11.8% 1.70 [0.40, 7.27] -
Total (95% CI) 389 1872 100.0% 2.18 [1.32, 3.60] <&
Total events 24 7%
Heterogeneity: Tau? = 0.00; Chi = 4.89, df = 9 (p = 0.84); I = 0% Wﬂ

Test for overall effect: Z = 3.05 (p = 0.002) Favours [STV] Favours [Neck]
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of il and bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Risk of Bias o SE(I0g[OR]) R
DEF
- FE
AR AN
0.5 P
o!
i ) A
1 :
il : \
P o
. o
15 . o
. . , or
0.01 0.1 1 10 100

FIGURE4 | A forest plot (A) and a funnel plot (B) for flap failure. The funnel plot revealed no significant publication bias. In the forest plot, flap
necrosis was significantly greater in the group in which the STV was used as the recipient vessel than in the group in which the neck vessel was used.

of the free flap. Second, the vessel wall is thin, and the vessels are
located in a relatively superficial layer, making them prone to va-
sospasm. Third, the position of the vessels can vary anatomically.
Nonetheless, in some patients, such as those who have undergone
radiation therapy and have a vessel-depleted neck or those re-
quiring midface or scalp reconstruction, the STA/V, located ana-
tomically close, can be a suitable recipient vessel. Consequently,
many authors have used the STA/V as the recipient vessel for free
flap reconstructions and have reported various outcomes (Las
et al. 2016; Nahabedian et al. 2004; Sousa et al. 2023).

Nahabedian et al. (2004) reported the use of 22 STAs/V as recip-
ient vessels for a total of 102 flaps, and there was no significant
association between the incidence of flap failure and the selected
recipient vessel. They reported five cases of flap failure in which
the STA was used, one case of STV thrombosis, and three cases
of neck vessel thrombosis. In their study, they reported that the
selected recipient vessel was not related to flap failure; however,
this research is a case series study that has a low level of evi-
dence. Similarly, Halvorson et al. (2009) compared STA/V and
neck vessels as recipient vessels for microvascular orbital and
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scalp reconstruction and reported no significant differences in
the rates of thrombosis, partial flap loss, or flap failure between
the two groups. However, Las et al. (2016) conducted a large-
scale study involving 1530 free flaps and reported that 548 free
flaps were used for head and neck reconstruction. In contrast to
previous studies, they reported a 4.4-fold greater risk of total flap
necrosis when the STA was used as the recipient vessel. However,
this was a retrospective study that did not have the same high
level of evidence as a randomized controlled study; therefore, the
reliability of the results may be lower. In 2023, a prospective ran-
domized controlled study involving 27 free flaps compared the
use of the STA/V and neck vessels as recipient vessels for head
and neck reconstruction (Sousa et al. 2023). They also reported
that there was no significant difference in flap failure rates be-
tween the STA/V group and the neck vessel group (16.67% in
the STA/V group vs. 6.66% in the neck vessel group; p=0.56).
Moreover, the incidence of minor complications, including se-
roma, partial dehiscence, and infection, did not differ between
the two groups. However, this study also included a small num-
ber of free flaps and revealed inconclusive results regarding the
risk of flap failure due to the selected recipient vessels.

To compensate for the discrepancies in conclusions across dif-
ferent studies, we conducted a meta-analysis and synthesized
the results of published papers, thereby obtaining findings that
were distinct from those of previous studies. Although the risks
of thrombosis and partial necrosis were not different between the
superficial temporal vessels and the neck vessels, the risk of flap
failure was significantly greater in the STA/V group. The authors
speculate that the hypothesis derived from these results is due to
researchers with experience in using STA/V reporting study out-
comes. Consequently, there is likely no significant difference in the
risk of thrombosis or partial necrosis between the STA/V and neck
vessels (Halvorson et al. 2009). The studies included in our meta-
analysis recommended compensating for the discrepancy in the
diameter of the STA/V by performing proximal dissection to en-
sure that the STA/V has a larger diameter (Halvorson et al. 2009;
Li et al. 2018; Revenaugh et al. 2015). Intraparotid dissection of
the STA/V ensures adequate vessel size and a reliable anatomical
course of the STA/V (Hansen et al. 2007; Shimizu et al. 2009).

The significantly greater risk of flap failure in the STA/V group
in our meta-analysis is likely also related to anatomical factors.
It is well known that the STA/V exists in the superficial layer,
making it susceptible to compression from external forces, and
its vessel wall is thin, leading to a greater risk of vascular spasm
(Sousa et al. 2023; Shimizu et al. 2009; Panje and Morris 1991).
Postoperative adverse events caused by vasospasm often occur
late and are difficult for the operator to predict. In the prospec-
tive randomized controlled study included in our study, two cases
of flap necrosis occurred in the STA/V group: one due to vein
thrombosis on postoperative Day 3 and another due to arterial
thrombosis on postoperative Day 5 (Sousa et al. 2023). The occur-
rence of arterial thrombosis on postoperative Day 5 is particularly
rare and is most likely due to vascular spasm. In addition, accord-
ing to our experience, when the STA/V is used, if the defect and
recipient vessel are close to each other, the length of the pedicle
may not be sufficiently secured. This can result in a short ped-
icle, potentially causing vascular spasms due to traction. When
creating a subcutaneous tunnel to deliver the pedicle toward the
STA/V, it is imperative to make the tunnel sufficiently large to

prevent compression from postoperative edema. Additionally,
since the pedicle exists in the superficial layer, it is beneficial to
advise the patient to avoid compression from sleeping, glasses, or
mask straps, which can lead to delayed thrombosis.

Our study also has several limitations. First, most of the in-
cluded studies were retrospective or case series studies that did
not control for bias. As a result, most studies have the limitation
of not being able to compare the STV with a specific neck vessel
in isolation. This is due to the inherent difficulties in conduct-
ing prospective studies on surgical interventions, leading many
studies to utilize retrospective grouping for analysis. However,
these studies, when considered individually, have a low level
of evidence. One method to increase the level of evidence and
obtain integrated results from these studies is through a meta-
analysis. Indeed, in our research, most of the included studies re-
ported no significant difference in flap failure rates between the
two groups, but the meta-analysis results indicated a difference.
Another limitation is that, while there are no missing results
for flap necrosis outcomes, there are many missing results for
thrombosis and partial flap necrosis. This could have distorted
the results and affected the reliability of the meta-analysis.
Therefore, the findings regarding the lack of difference between
the two groups in our study may change with future reports on
thrombosis outcomes, which could contribute to flap necrosis.

5 | Conclusions

Our study results confirmed that there is no difference in the
risk of thrombosis or partial necrosis between neck vessels and
the STA/V as recipient vessels in head and neck reconstruction.
However, the risk of flap failure was significantly greater when
the STA/V was used. On the basis of our results, some authors
have reported good outcomes by performing proximal dissection
of the STV to overcome vascular size mismatch. However, the
meta-analysis results indicate that the probability of flap failure is
greater when the STV is chosen as the recipient site than when the
neck vessel is chosen. Considering these findings, surgeons should
exercise caution when selecting the STV as the recipient site, and
as some authors have suggested, proximal dissection may be nec-
essary during surgery (Venkatesh et al. 2020). Furthermore, the
STA/V is well known for its susceptibility to vasospasm, and un-
expected postoperative adverse events can occur, making it nec-
essary for more meticulous postoperative monitoring.
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