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Objectives/Hypothesis: The literature on outcomes of end-to-side (ETS) anastomoses for microvascular reconstruction
of the head and neck is limited. This series reviews ETS in free tissue transfer (FTT) across multiple institutions to better
understand their usage and associated outcomes.

Study Design: Retrospective review of 2482 consecutive patients across three tertiary institutions.

Methods: Adult patients (> 18) who received a FTT from 2006 to 2019 were included.

Results: Two hundred and twenty-one FTT were identified as requiring at least one ETS anastomosis. These ETS
cases had a failure rate of 11.2% in comparison to 3.8% in a cohort of end-to-end (ETE) cases (P <.001). ETS cases were
significantly more likely to have a prior neck dissection (P <.001), suggesting the ETS method was utilized in select cir-
cumstances. A second ETS anastomosis improved survival of the FTT (P = .006), as did utilization of a coupler over suture
(P = .002). Failure due to venous thrombosis was significantly more common with one ETS anastomosis instead of two
ETS anastomoses (P = .042).

Conclusions: ETS is effective but is often used as a secondary technique when ETE is not feasible; as such, in this series,
ETS was associated with higher failure. A second anastomosis and the use of the coupler for completing the anastomoses were
associated with lower rates of failure.

Key Words: Free flap, end to side, end to end, pedicle, free flap failure, microvascular reconstruction, free tissue transfer.

Level of Evidence: 3
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INTRODUCTION

Microvascular free tissue transfer (FTT) is the stan-
dard treatment for the reconstruction of large complex
head and neck defects. FTT is highly successful, with suc-
cess rates >95% commonly reported in the literature.'
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However, failure frequently results in significant func-
tional and aesthetic morbidity and significantly increases
costs and length of stay.* The added challenges of subse-
quent reconstructive procedures are taxing for both the
patient and the reconstructive team, with outcomes often
falling short of expectations.

Many technical factors contribute to the success of
FTT, but the most significant is the quality of the micro-
vascular anastomosis and the geometry of the pedicle.
There are a variety of techniques that may be success-
fully applied for anastomosis, including numerous tech-
niques for arterial suturing and the recent introduction of
an arterial coupler. Veins may be sutured or coupled and
anastomosed end-to-end (ETE) or end-to-side (ETS). An
ETE anastomosis, in which the vessel lumens are placed
in parallel to each other, is preferred by many surgeons.
The ETS technique is defined as securing the FTT vein in
a perpendicular fashion to the side wall of the recipient
vein. Few studies have evaluated the outcomes of ETS in
head and neck microvascular reconstruction, but the liter-
ature suggests high success rates for both techniques.>®
The choice between using ETE and ETS is determined by
surgeon preference, and in our hands, ETS is commonly
used as a secondary technique. Notably, the literature
reflects that ETS is used more frequently in the vessel-
depleted neck.” There is a need for a clearer understand-
ing of FTT outcomes with ETS anastomoses as it is

Stewart et al.: Outcomes of End-to-Side Anastomoses
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currently utilized.>® Here we report a large, multi-
institutional series of head and neck FTT with ETS
anastomoses.

MATERIALS AND METHODS

Following approval by each institution’s Institutional
Review Board, a retrospective chart review was carried out on all
patients who received FTT of the head and neck. Patients who
received surgery from 2006 to 2019 were included. A total of
2,482 FTT were reviewed. Six surgeons across two institutions
completed the anastomoses. All surgeons typically performed the
inset prior to proceeding with the anastomoses, and as a default
performed ETE whenever the venous anatomy allowed. Gener-
ally, ETS was used as a second-line technique in the setting of a
vessel-depleted neck. ET'S was defined as an anastomosis requir-
ing a venotomy. The following data were obtained on all patients:
age, sex, tumor location, length of stay, history of prior head and
neck surgery, and history of prior radiation. Operative notes
were reviewed for the type of FTT, type of anastomoses tech-
nique (ETE or ETS), recipient vessel, number of anastomoses,
and whether the anastomosis was completed with suture or cou-
plers. FTT outcomes (survival or failure) were reviewed, and it
was noted if the patient experienced FTT-related complications
after the initial surgery such as hematoma, thrombosis, fistula,
wound dehiscence, or wound infection.

Statistical Analyses

SPSS software was used for all statistical analyses (IBM
Corp., Released 2019, IBM SPSS Statistics for Macintosh, Ver-
sion 26.0). Univariate analysis was performed using Fischer’s
exact for categorical binary variables on each anastomosis. Fail-
ure in ETS FTT was analyzed using a multivariate logistic
regression model with a backward stepwise variable selection
based on Akaike information criterion. Statistical significance
was defined as P < .05.

RESULTS

A total of 2,482 consecutive FTT were reviewed, with
a total of 212 patients who underwent 221 FTT requiring
at least one ETS anastomosis. Of these 212 patients,
262 ETS anastomoses were completed. Twenty-five FTT
failed, and the remaining 197 were successful with an
88.8% success rate. The patients were 62% male (n = 136)
and 38% female (n = 82), with an average age of 62 years,
ranging from 35 to 91 years. The average length of stay
was 6 days. FTT indications and donor sites are shown in
Table I. The most common reason for reconstruction was
due to squamous cell carcinoma of the oral cavity or oro-
pharynx (n = 105, 48%), and the most common donor site
of FTT was the radial forearm (n = 87, 39%). Indication
for the procedure and donor site did not predict failure or
the presence of complications.

Details of the ETS anastomoses and their relation-
ship to complications are shown in Table II. The most
common recipient vessel was the internal jugular vein
(n = 219, 84%). Vessel selection did not predict FTT fail-
ure or the presence of complication. One venous ETS
anastomosis (n = 177, 68%) was more common than two
ETS anastomoses (n = 85, 32%). Ischemia time was
reviewed on FTT in which the data were recorded
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(n = 110), with an average of 123 + 38 minutes: 111 ETS
anastomoses with 57 FTT below 120 minutes of ischemia
time and 54 FTT above 120 minutes of ischemia time.
Ischemia time did not correlate with FTT failure. There
was no association between development of complications
with the number of anastomoses, recipient vessels, cou-
pler or suture usage, or ischemia time.

The failure rate of FTT with one ETS anastomoses
was 13% (n = 23/177), whereas the failure rate with two
ETS anastomoses was 2% (n = 2/85) (P = .006, odds ratio
[OR] 6.2, 95% confidence interval [CI] 1.4-26.9). Usage of
couplers (n = 181, 69%) was more frequent than suturing
the anastomoses (n = 81, 31%). Utilizing the suture tech-
nique had a significantly higher failure rate of 19%
(n = 15/81) as compared to using couplers, which had a
6% (n = 10/181) failure rate (P = .002, OR 3.9, 95% CI
1.6-9.1). Neither prior radiation to the neck nor prior sur-
gery to the neck correlated with a specific number of ETS
anastomoses. The use of suture for the anastomosis was
found to be significantly more common in those with prior
surgery to the neck (n = 28, 35%) (P = .047, OR 1.9, 95%
CI 1.0-3.3), but not prior radiation (n = 40; 22%)
(P = .480, OR 1.2). Salivary fistula was more common uti-
lizing suture (56%, n = 9/16) over couplers (43%, n = 7/16)
(P =.046, OR 3.1, 95% CI 1.1-8.7) (Table III).

Select comorbidities and complications were
reviewed for impact on the number of anastomoses and
technique of completing the anastomosis. There were a
total of 106 complications across 65 patients (29% of
patients) (Table III). Fifteen venous thromboses were
noted and were found to be significantly more common in
FTT with one ETS (93%, n = 14/15) as compared to two
ETS (6%, n = 1/15) (P = .042, OR 7.2, 95% CI 9-55.8)
(Table III). The incidence of arterial thrombosis, hema-
toma, wound dehiscence, and wound infections did not
correlate with the number of anastomoses or methods
used for the anastomosis (usage of couplers or suture).

Multivariate analysis of prior radiation, prior neck
surgery, usage of a single ETS anastomosis, and the
suture was performed to predict failure. The multivari-
able logistic regression model shows that FTT with one
ETS anastomosis and utilizing suture were more likely to
fail, with a P value of P = .030 (OR 5.2) and P = .012
(OR 3.1), respectively. Prior surgery to the neck trended
toward significance in predicting failure (P = .081),
whereas prior radiation was not found to be significant
(P =.59) (Table IV).

The ETE cohort was compared to the ETS cohort.
The ETE cohort was significantly less likely to have a
prior neck dissection: 9% in the ETE group compared to
26% in the ETS group, P < .001 (OR 3.8, 95% CI 2.4-6.0).
Prior radiation was similar between groups: 30% in the
ETE cohort compared to 34% in the ETS cohort (P = .22).
Failure rate in the ETE cohort was 3.4% as compared to
11.2% seen in the ETS cohort (P < .001, OR 2.7, 95% CI
2.0-5.2). The outcomes of ETE and ETS cohorts were
then evaluated on several independent metrics to under-
stand this difference: prior neck surgery and failures
attributed to venous congestion. The ETE primary sur-
gery cohort had a 2.5% failure rate (n = 52/2049), which
was significantly lower than the ETS primary surgery
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Univariate Analysis of Free Tissue Transfer (FTT) Failure and Presence of Complications by Indication and Donor Site.

TABLE I.

FTT Failure (Rate)

One or More Complication

n (%) n (%) P Value n P Value

Indication

SCC oral cavity/oropharynx 105 (48) 11 (10) 1.0 32 773

SCC larynx 34 (15) 6 (18) 225 11 1.0

SCC hypopharynx 71 1(14) .558 3 .682

SCC maxilla 94 2 (22 .254 3 1.0

SCC cheek/nose/lip/facial skin 13 (6) 0(0) .370 1 .067

Osteoradionecrosis 21 (10%) 1) .483 6 1.0

Other 32 (15) 3(9 1.0 14 149
Donor site

Anterolateral thigh 62 (28) 5(8) 463 21 .505

Fibula 41 (19) 6 (15) .406 17 124

Radial forearm 87 (39) 10 (11) 1.0 20 .041

Other 31 (14) 3(10) 1.0 12 .298

SCC = squamous cell carcinoma.
TABLE II.

Univariate Analysis of End-to-Side (ETS) Anastomoses: Free Tissue Transfer (FTT) Failure and Presence of Complications.

FTT Failure (Rate)

One or More Complications

n (%) n (%) P Value n P Value

1 Venous ETS anastomosis 177 (68) 23 (13) .006 60 115

2 Venous ETS anastomosis 85 (32) 22 .006 20 115
Recipient vessel: IJV 219 (84) 21 (10) 1.0 71 151
Recipient vessel: EJV 19 (7) 1(5) 1.0 3 198
Recipient vessel: Other 24 (9) 3(13) 712 6 .646
Ischemia time: < 120 min 57 (22) 24 .263 17 .082
Ischemia time: > 120 min 54 (21) 5(9 .263 25 .082
Coupler 181 (69) 10 (6) .002 53 .562
Suture 81 (31) 15 (19) .002 27 .562

EJV = External Jugular Vein; IJV = Internal Jugular Vein.
TABLE Ill.
Univariate Analysis of End-to-Side (ETS) Anastomoses: Select Comorbidities and Complications.
1ETS 2 ETS Coupler Suture
n=177,n (%) n =85, n (%) P Value n =181, n (%) n=81,n (%) P Value

Prior head and neck radiation 64 (36) 24 (28) 212 58 (32) 30 (37) .480
Prior neck surgery 49 (28) 19 (22) 452 40 (22) 28 (35) .047
Venous thrombosis 14 (8) 1(1) .042 9(5) 6 (7) .565
Arterial thrombosis 42 1(1) 1.0 3(2 2(2 .646
Fistula 14 (8) 2(2 .100 74 9 (11) .046
Hematoma 15 (8) 2(2 .065 14 (7) 34 .285
Wound dehiscence 24 (14) 5 (6) .091 24 (13) 5 (6) 134
Wound infection 14 (8) 10 (12) .361 17.(9) 709 1.0

cohort failure rate of 8.5% (n = 14/164) (P < .001, OR 0.3,
95% CI 0.2-0.5). Similarly, the failure rate in the ETE
group with prior neck dissection was 11.8% (n = 25/212)
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was also lower compared to the ETS group with prior
neck dissection which was 17.5% (n = 11/57). This did not
reach statistical significance (P = .18, OR 0.6, 95% CI

Stewart et al.: Outcomes of End-to-Side Anastomoses



TABLE IV.
Multivariate Analysis of End-to-Side (ETS) Anastomoses to Predict Failure.

Odds Ratio Correlation Coefficient (95% ClI) P Value
Prior head and neck radiation 0.8 0.3-2.0 .585
Prior neck dissection 2.3 0.9-5.7 .081
1 Venous ETS anastomosis 5.2 1.2-23.2 .030
Suture 3.1 1.3-74 .012

Cl = confidence interval.

0.3-1.2). Finally, ETE versus ETS were compared for fail-
ure attributed to venous compromise. Thirty-six percent
(n = 9/25) of the ETS and 19% (n = 15/77) of the ETE
cohort failed due to venous congestion, which did not
reach statistical significance (P = .11, OR 2.3, 95%
CI10.9-6.4).

DISCUSSION

ETS venous anastomosis has been described for FTT
in the head and neck® however, FTT has evolved in the
past two decades with widespread use of the coupler,
improved success rates, and greater dissemination of tech-
nical knowledge.® ° Although previous studies on ETS
reviewed limited cohorts, they found ETE versus ETS to
have similar FTT success rates.> ¢ & In our practices, ETS
is used when ETE is not reasonably possible, and there-
fore, primarily represents a secondary technique. ETS
anastomosis may be utilized in a variety of scenarios, most
commonly the vessel-depleted neck, which can occur fol-
lowing previous radiation therapy or surgery.!! In this
series, the use of ETS over ETE was associated with prior
neck dissection (P < .001) reflecting the vessel-depleted
neck. The overall failure rate in the ETS cohort (11.2%)
was higher than that of the ETE cohort (3.8%, P <.001).
We suspect that this also reflects its use as a secondary
technique in more challenging cases. Determination of the
exact features of the case resulting in a vessel-depleted
neck leading to use of ETS may require a prospective
approach to capture accurate data from each case. Fur-
ther, we sought to evaluate the risk of venous failure
according to the technique for venous anastomosis, and
there was no significant difference found between the ETS
and ETE cohorts (P = .11). This also suggests that
although there was an increased rate of failure in ETS
cases, the reason for FTT failure was likely multifactorial
in nature and not entirely due to the type of anastomoses.

We also sought to evaluate the significance of a sec-
ond anastomosis when ETS was performed. Two ETS
anastomoses were associated with a significantly
decreased incidence of FTT failure (2%) as compared to
single ETS (13%, P = .006). Performing two venous anas-
tomoses has been a topic of debate. Two venous anasto-
moses have been postulated to be advantageous due to
providing additional outflow, which can compensate for a
compressed or kinked vein.'? This is thought to protect
against congestion and mitigate the development of stasis
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and subsequent FTT compromise. Turner and Smith
reported 106 radial forearm FTT using two ETS; they
demonstrated favorable outcomes with success rates
>99%.'> A meta-analysis released in 2015 strongly
supported the use of two venous anastomoses to reduce
FTT failure and thrombosis: of 6,842 FTT reviewed, they
report a failure rate of 3.1% for a single anastomosis and
1.3% for double anastomoses.'* In this series, the major-
ity of failures were those with one ETS anastomosis. Ret-
rospectively determining the rationale and necessity of a
second anastomosis is challenging, but the findings do
suggest that if a second ETS is possible, there may be
benefit.

The ETS cohort was analyzed by coupler versus
sutured anastomosis showing increased success rates
with use of the coupler. Consistent with other institu-
tions, our groups have adopted the venous coupler as first
choice for venous anastomosis. The vein was typically
sutured only in cases where coupling was suboptimal or
not possible. Authors have argued suture anastomosis is
more prone to inadequate eversion of the vessel, intra-
lumenal adventitia exposure, and vessel leaks compared
to the coupler.'® Yap et al. reviewed venous thrombosis
rates between utilizing couplers and suture for the anas-
tomoses, and reported reduced venous thrombosis rates
when coupler were utilized for the venous anastomosis.®
The authors attributed this to decreased technical errors
as compared to sutured anastomoses. It is our preference
to perform microvenous anastomosis with the coupler. In
general, we have sutured when the coupler is not possi-
ble: at times trying the coupler first and if not able to
place it, the vein was then sewn. It has been our experi-
ence that after prior neck dissection the jugular vein is
less pliable. Using the coupler requires significant mobili-
zation of the jugular vein above and below the planned
ETS and also requires significantly more thinning of the
adhesive scar from the wall to allow the venotomy to be
easily everted over the coupler spikes. When this is not
possible or acceptable, then suturing the ETS is
necessary.

There are several limitations of this study, including
its retrospective nature and relatively small sample size
for ETS cases. Further, ETS was utilized as a secondary
technique that makes direct comparison between the
groups limited. Further study in a prospective setting
would be necessary to fully determine the precise effects
of ETS on flap success.
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CONCLUSION

ETS is an effective technique and in this series was
used more often as a secondary technique in the vessel-
depleted neck. ETS was associated with higher failure
that ETE, but use of the coupler and a second anastomo-
sis were associated with lower failure rates.
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