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Abstract

While a simple interrupted sutured anastomosis remains the gold standard in microsurgery, the introduction of the microanastomotic coupler
device (MACD) has decreased procedure time and thrombosis risk, and improved the patency of venous anastomoses. The aim of this review
is to update the evidence-based advantages of the MACD on arteries, based on clinical and experimental data, and to compare them to the
hand-sewn approach in free flap transfer. All relevant articles that appeared in the PubMed and Medline/Ovid databases during the past three
decades were reviewed. After exclusions, 11 studies were retained and discussed. The MACD had a generally shorter arterial anastomosis
time, with improved flap survival and reduced ischaemia compared with the hand-sewn approach. The use of the MACD in arterial anastomosis
is an efficient and less time-consuming alternative to the hand-sewn technique, provided that the selection of vessels is appropriate and the

vessel diameter is large enough to do the anastomosis.

© 2020 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introduction

Since the introduction of microsurgery in 1961 by Suarez
and Jacobson, the need for improving vascular anastomoses,
especially in small vessel surgery, remains a priority.'
Microvascular anastomosis is considered to be the most
critical determinant of successful free-tissue transfer. While
the gold standard for anastomosis has always been simple
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interrupted sutures,” the need for decreasing operative time,
and increasing patency, have urged researchers to develop
the microvascular anastomotic coupler system (MACD),*®
which became commercially available in 1990. Among the
different types of MACD, the Synovis (Synovis Life Tech-
nologies) and Unilink/3M have been assessed in numerous
studies. The MACD consists of two high-density polyethy-
lene rings with six pins that interlock, and an internal diameter
ranging from 1-4mm.”"'> The importance of this device
relies on its capability to achieve intima-to-intima contact
without the presence of intraluminal foreign material such
as sutures, which reduces thrombosis risk and increases the
patency rate.””'® The MACD also reduces the operating time,

0266-4356/© 2020 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.


https://doi.org/10.1016/j.bjoms.2020.06.019
http://www.sciencedirect.com/science/journal/02664356
mailto:williamwatfa@gmail.com
https://doi.org/10.1016/j.bjoms.2020.06.019

B. El Baba et al. / British Journal of Oral and Maxillofacial Surgery 59 (2021) 16-20 17

which minimises the period of ischaemia, and increases the
flap survival rate. > !1-14

Safe MACD is mostly used during venous anastomoses,
both end-to-end and end-to-side, as the wall structure of the
veins presents less of a technical challenge for anastomosis. '
Despite the controversy surrounding the use of a coupler in
arterial anastomoses (because the thickness and structural
nature of the arterial wall make it more difficult to evert edges
on to the pins), several recent studies have supported this
option.'>!*15 Facing this important dilemma, our review will
describe and analyse the experience with MACD in arterial
anastomosis over the past 30 years. It will also evaluate the
success and efficiency of this technique in arterial coupling
as an option to replace the conventional hand-sewn approach.

Material and methods

Our search of published papers covered the PubMed and
Ovid databases for the period between 1990 and July 2018.
The MeSHes used included: microsurgery, surgical anas-
tomosis, coupler, arterial coupling, synovis, reconstructive
surgery, surgical flaps, and vascular surgical procedures. In
addition we looked at mode coupler devices, and MACD
coupling. The search screened the abstracts of 113 papers on
microvascular anastomoses, of which only 11 (9.7%) were
reviewed because the rest (90.3%) either described venous
anastomoses, or were not written in English. For the purpose
of discussion, nine of the 11 papers were retained.

Results
Unilink coupler

In 1996, Shindo et al reported 79 free flap transfers (FFT),
with a total of 105 anastomoses (17 arterial and 88 venous),
using MACD ring diameters ranging from 1.0 to 2.5 mm.'?
The follow-up time ranged from six months to 2.5 years
with no thrombosis in the venous anastomoses. Of the 17
arterial anastomoses only two thrombosed, one of which
was the result of the difficulty in eversion of the vessel
wall intraoperatively, causing a microtear in the intima. The
mean anastomosis time was 8 -18 min in arteries, and 4 -
16 min in veins. This study reported no significant advantages
from using MACD for arterial anastomoses of greater cali-
bre, although it could be beneficial in smaller arteries where
the walls are softer, as in the superior thyroid artery. This
study also concluded that MACD should not be used if the
difference in calibre between the recipient and the donor arter-
ies was greater than 1-1.5mm, in oversized arteries, or in
atherosclerotic or previously irradiated arteries.

In 2005, Ross et al reported the use of a Unilink coupling
device in assessing flap survival and thrombosis of the arte-
rial anastomosis.'? The study covered 49 patients in a total
of 50 FFT - 50 arterial and 100 venous anastomotic proce-

dures. The recipient vessels were the superior thyroid and
facial arteries, which showed resistance to the penetrating
pin of the MACD. Postoperatively, the patients were given
only aspirin without heparin. As a result, only one intraoper-
ative thrombosis occurred in a 2.0 mm calibre MACD, which
required repeated coupling with a 2.5 mm device.

The other complication was a ruptured anastomosis of the
radial artery on an immunosuppressed renal transplant patient
on postoperative day 12, but the flap survived because of
adequate neovascularisation. The arterial anastomosis was
made in 6-7 minutes. Based on their success (49 of 50) in
head and neck free tissue transfers, and recognising that the
patients were young and healthy (which improved the vessel
wall quality) no particular technical difficulties were noted
in this study. Based on these findings, the authors suggested
that the mechanical coupling technique is reliable and safe
with a low complication rate. They concluded that MACD,
being reliable and safe, is a better alternative to the hand-sewn
technique in arterial anastomoses.

The largest series of arterial anastomoses to our knowledge
was reported in 2008 by Chernichenko et al who demon-
strated the efficacy of MACD in arterial anastomoses.'® A
retrospective review of all FFT done at the Yale-New Haven
Hospital from November 2001 to December 2006 reported
127 microvascular FFT (124 MACD and three hand-sewn).
The flaps were harvested from the radial forearm, the fibula,
the rectus abdominis, and the iliac crest. The predominant
coupler size was 2.5 mm. During anastomosis, the arteries
were adequately dilated while the thicker ones were resistant
to the coupler pins, which caused intimal tears during ever-
sion in some arteries. There were three flap failures (2.4%)
in this series, with an overall survival rate of 97.6%; and four
complications (3.1%) resulting from arterial insufficiency of
which three were salvageable. The authors concluded that
MACD anastomosis was cost-effective, decreased the oper-
ative time considerably, and allowed for vessels of different
diameters to be accommodated, provided that these diam-
eters did not exceed a ratio of 1.5:1 for the difference in
donor:recipient arterial luminal diameter.

Synovis coupler

Another retrospective review in 2006 by Spector et al cov-
ered 60 patients who had microsurgical breast reconstruction
(both delayed and immediate) between 1998 and 2004 using
arterial MACD.'> The flap success rate was 100%. How-
ever, one anastomosis had to be reviewed surgically, and
partial necrosis of another flap required only minor revision.
The slight difference between the luminal diameters of the
flap recipient arteries (thoracodorsal and internal mammary
arteries) and the donor vessels, and their optimal wall diam-
eter and pliability, rendered these arteries ideal for coupled
anastomosis. In addition, the authors recommended that the
hand-sewn technique be mandatory in thick-walled recipient
arteries. They also suggested that while the coupling device
is extremely useful in microvascular free flap reconstruction
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of the breast, intraluminal diameter discrepancies of 1.5:1
or more make arterial coupling unfavourable. Consequently,
with adequate vessel selection, arterial coupling with MACD
becomes a safe and reliable method with minimal morbidities
and complications.

In 2008, Rad et al did autologous breast reconstructions on
nine patients with FFT using deep inferior epigastric artery
perforator (DIEAP) flaps and superficial inferior epigastric
artery (SIEA) flaps, anastomosed to the internal mammary
artery.'” These included seven DIEAP anastomoses using
a 1.5 mm coupler, one DIEAP anastomosis using a 2.0 mm
coupler, and one SIEA anastomosis using a 2.0 mm coupler.
In bilateral reconstructions, one side was hand-sewn while
the other was coupled. All the arterial anastomoses were suc-
cessful and healed uneventfully. The mean ischaemic time
for flaps with arterial coupled anastomosis was 40.8 min,
whereas that of the flaps of the hand-sewn arterial anastomo-
sis was 56 min, resulting in a mean difference of 15.2 min.
Based on the cost of an operating room of US$ 15/min
and a coupler price of about US$180, the device becomes
cost-effective as long as it can cut 12 minutes from the anas-
tomotic operating time. The authors noted that coupling the
DIEAP and the SIEAP flap arteries was technically feasible
and shortened the total flap ischaemic time. They also added
that the internal mammary artery can be anastomosed using
the coupling device in immediate or staged reconstruction, as
well as in the setting of radiation, which makes the coupling
technique in safe, effective, and efficient in free flap breast
reconstruction.

In addition to the above, a cohort study by Rozen et al
in 2010 covered 1000 patients who underwent a variety of
reconstructions (600 breast, 150 extremities, and 250 head
and neck) with three different types of vascular anastomo-
sis: standard sutures, microstaple clips (Anastoclip Vessel
Closure system, Le Maitre Vascular Inc), and a Synovis
Microvascular Anastomotic Coupling System.'® With regard
to the ring coupler, the device itself everted the vessel wall
whereas, in the case of the microstaples, acombination of stay
sutures and everting forceps were required. In the 1000 recon-
structive cases, 2500 vascular anastomoses were made, of
which 1400 required the use of an anastomotic device (80% of
all venous anastomoses, and 10% of all arterial anastomoses).
The anastomotic time for the hand-sewn sutured anastomosis
was 22 min, for the microstaples 15 min, and for the MACD
4 min. Statistically, the durations referred to above showed
a significant reduction (p<0.01) in anastomotic times related
to the use of these devices. Overall, there were 90 failures, of
which 12 were arterial (all hand-sewn anastomosis), and 78
were venous (29 hand-sewn, 20 stapled, and 29 coupled). The
authors concluded that the use of anastomotic couplers would
decrease operative times without jeopardising the free-flap
outcomes. Indeed, in the 1000 free flaps which were anas-
tomosed, the mean reduction in operative time was 15 min
when using a ring-coupler device, which is significantly
less (p<0.001) than the duration taken by the hand-sewn
technique. They also found that the micro-clip (VCS

clip-applier) is particularly useful in vessels with thicker
walls.

In a systematic review by Grewal et al in 2012, 25 studies
were included for analysis covering a total of 3576 FFT, of
which 1103 were in the head and neck region, 2094 were
in breast, 300 in limbs, and 79 were not speciﬁed.” There
were only 26 reported flap failures out of a total of 3497
venous and 342 arterial anastomoses done with the MACD.
The thrombosis rate was 1.7% for the venous anastomoses
and 3.6% for the arterial anastomoses. The duration of the
anastomosis procedure was approximately 5 min if the veins
were coupled using the 3 and 2.5 mm rings, while the arteries
were coupled using the 1.5 mm, 2.5 mm, and 3 mm pins or
rings. The success rate was about 99%. Moreover, the rate of
venous thrombosis fell from 2.8% to 0.6% when a MACD
was used in place of hand sutures. In 2017, Genther et al
underlined the role of MACD in salvaging hand-sewn arte-
rial anastomosis'# by the elimination of intraluminal foreign
material and improved flow from the MACD.

On the other hand, in an animal experiment, Sando et al
in 2018 used a Synovis coupler with the help of an everter
device on five pigs,'” using the external femoral artery. Five
anastomoses were made using the MACD and the everter,
and five using the hand-sewn technique. Because of the high
elastic recoil of the pig arteries, Satinsky clamps were used
in the anastomoses. The mean coupling time was 6.35 min.
At one week postoperatively, 80% (four out of five) of the
anastomoses using a MACD were still patent, and all five of
the hand-sewn anastomoses were also patent. The increased
tension on the arterial wall caused by the use of Satinsky
clamps may have contributed to the intimal tearing and the
appearance of only one thrombus in the coupled anastomosis.
However, based on the shorter duration of anastomosis (6 min
compared with 25 min) and similar histological analysis (new
intima formation, elastin degeneration, and necrosis), the use
of aMACD with an everter proved safe. The authors acknowl-
edged that the small number of animals and the big calibre
of pig arteries compared with humans were considered lim-
iting factors. They also added that more studies on the use of
the Synovis, the everter and the cost-effectiveness of arterial
anastomosis using a coupler, were needed.

Table 1 summarises the outcome of the different studies.

Discussion

In free flap transfer, microvascular anastomosis remains a key
critical step. Its success relies not only on the competence of
the surgeon but also on the quality of the anastomosis, which
requires high surgical skills in using the appropriate material
resources that are required to avoid flap failure. The patency
of the anastomosis is the key to a successful reconstruction,
and any failure in this procedure may lead to flap necrosis,
wound breakdown, and fistula formation.°

To improve the anastomotic outcomes, the MACD has
been developed to focus on decreasing anastomotic operating
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Table 1

Summary of studies using arterial coupler anastomosis*.

First author, year, and reference No. of arterial anastomoses Arterial anastomosis Arterial thrombosis Type of MACD
MACD Hand sewn MACD Hand sewn

Shindo 1996'2 79 17 62 2 (11.76%) 0 Unilink

Ross 2005'3 50 50 0 1 (2%) 0 Unilink

Spector 2006'3 80 62 18 1(16.13%) 0 Synovis

Chernichenko 2008'° 127 124 3 4(3.23%) 0 Unilink

Rad 2008'7 12 9 3 0 0 Synovis

Rozen 20108 1000 100 900 0 12 (1.33%) Anastoclip/ Synovis

MACD=microanastomotic coupler device.

* Studies older than 1996, reviews, case reports and animal studies were excluded from the table.

time and optimise vessel patency. However, arterial coupling
remains the main challenge because the thick arterial wall
renders eversion difficult, and puts the wall at risk of inti-
mal tears, hence increasing the risk of thrombus formation.
The studies done on arterial anastomosis are somehow scarce.
Originally, older series did not show encouraging results, con-
sidering the small number of anastomoses reported. A good
example is the series by Ahn et al in 1994, where the results
showed only two (12.5%) successful arterial anastomoses out
of 16.°

In more recent studies on arterial anastomoses in head
and neck as well as in breast reconstruction, the success rates
were much higher, reaching 97% and 100%, respectively.
This shows that microvascular coupling is at least as efficient
as the hand-sewn technique in arterial anastomoses, with a
much shorter anastomosis time. A case study by Genther
et al'* reported that the coupler was very efficient in sal-
vaging anastomoses in arteries after three consecutive failures
with hand-sewn anastomosis, which demonstrates that arte-
rial coupling can be used in difficult situations to salvage a
flap. Although most studies present a higher failure rate for
anastomoses on thicker or wider arteries, the use of an everter
device may help overcome this difficulty.'”

In our experience, arterial coupling retains a potentially
interesting role in intraflap anastomoses (stacked or bipedi-
cled flaps), as arterial run-offs generally have a more elastic
wall than their main pedicles (for example, DIEA/V). How-
ever, contrary to venous coupling (where mismatch is not
problematic and a smaller vein can generally be tightened up
to a certain extent), we think that in arterial coupling, mis-
match can be tolerated only if it does not imply intimal tears,
which goes in line with previous experience.

Concerning arterial wall thickness, we agree that thick
or rigid vessels walls (for example in smokers, or diabetic
patients) retain a greater risk of tearing/breaking; and that
manual sewing should be preferred, as it can better adapt
to the vessels’ specific features. In vessels with appropri-
ate compliance, an arterial coupler can be used after proper
dilatation of the edges, which reduces the tendency of the
vessel to “jump out” of the pins. A second operator can often
be useful in keeping the vessels walls steady on one pin,

while the first operator continues to hook the vessel to the
next pin. In lower limb free flap reconstruction, end-to-side
arterial anastomoses are most often used, which reduces the
potential application of arterial couplers. However, the grow-
ing development of perforator-to-perforator free flap transfer
may extend the indication for coupler devices in lower limb
reconstruction, considering the better elasticity of perforators
and the potential for easier eversion over the pins.

In addition, a prospectively maintained study comparing
arterial and hand-sewn anastomotic outcome could definitely
help us in further assessing the role of these devices in arterial
anastomosis.

Conclusion

Overall, this short review supports the use of MACD in arte-
rial anastomosis. It demonstrates that the use of this device is
an efficient and potentially less time-consuming alternative
to the hand-sewn technique, provided that the selection of
vessels is appropriate, and that the vessel diameter is large
enough for the anastomosis to be done without any compli-
cation.

More studies are needed to consolidate the MACD as a
better alternative to the hand-sewn technique in arterial anas-
tomosis. Most surgeons still prefer to use the hand-sewn
technique because of its lower cost and lower risk of intimal
tear during eversion of the wall. The ultimate goal is to have
a fully-coupled anastomosis with a very short anastomotic
time, which reduces the duration of ischaemia, improves the
flap survival rate, and is more cost-effective in the long run.
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