Global Excellence in Microsurgery

Mikrochirurgie
der Spitzenklasse



Innovation, Fortschritt und Vertrauen

Das Produktangebot von GEM wurde speziell fur die rekonstruktive Mikrochirurgie entwickelt und
genieBt groBes Vertrauen in der Branche.

Durch ihre Innovation, Einzigartigkeit und Verlasslichkeit sind die GEM-Produkte in der
rekonstruktiven Mikrochirurgie nicht mehr wegzudenken.

In dieser Broschire finden Sie das GEM-Sortiment im Uberblick.
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Mikrovaskulare Anastomose - Das Coupler-System

Das MCA Synovis-GefaBkopplungssystem wurde speziell fiir die
Anastomose von BlutgefaBen bei mikrochirurgischen Eingriffen entwickelt.

Mit dem Anastomoseinstrument werden die GefaBkopplungsringe in die GefaBinnenwdande
platziert und beide Venen miteinander verbunden.

Die GefaBkopplungsringe bestehen aus zwei Polyethylenringen hoher Dichte und rostfreien
chirurgischen Edelstahlstiften, die fur BlutgefaBe mit einem AuBendurchmesser von 0,8 mm bis
4,3 mm und einer Wanddicke bis zu 0,5 mm geeignet sind.

Aufgrund dieser Technik, wird das Gefal3 offengehalten, wodurch die Durchgangigkeit verbessert
und die Wahrscheinlichkeit einer Thrombose verringert wird

Die Vorteile des GefaBkopplers

e Zeitsparend gegenuber der Naht, daher kirzere Ischamiezeit des Lappens, kirzere
Anasthesie- und OP-Zeit.

e Der Intima-zu-Intima-Kontakt ohne Fremdmaterial (Nahtmaterial) innerhalb des Gefal3lumens
fahrt zu einer Verringerung der Thromboserate.

e Anastomosen sind nach 4 Monaten 50 % belastbarer als genahte Anastomosen und
profitieren von dem , GerUst-Effekt” des Rings, welcher verhindert, dass die GefaBwand
kollabiert.

e GroBenunterschiede von GefdlBBen sind besser handhabbar als bei traditioneller Naht-Technik.

e Ausfihrliche Dokumentationen belegen die einfache Handhabung und Zuverlassigkeit des
GefaBkopplers, sowohl bei der End-zu-End-, als auch bei der End-zu-Seit-Anastomose in den
verschiedenen Bereichen des Kérpers.



Bestellinformation Instrumente

GEM2740 Anastomoseinstrument fir GefaBkopplungen, mit Titanspitze

GEM2745 Sterilisationsbehalter fir GefaBkoppler

GEM2749 Messinstrument fur GeféBkoppler, doppelendig

GEM4183C Mikrochirurgische Pinzette mit Fiihrungsrinne fir die Kopplerstifte, gewinkelt,
180 mm Lange

MI 8038 Titan-Mikropinzette, 8 mm Durchmesser, mit Fadenplatte, 150 mm Ldnge,

Spitze gerade

Bestellinformation Ringe

GEM2750 GefaBkopplung, 1,0 mm Durchmesser (grau), Box mit 6 Stiick, steril
GEM2750/1 GefaBkopplung, 1,0 mm Durchmesser (grau), Box mit 1 Stiick, steril
GEM2751 GefaBkopplung, 1,5 mm Durchmesser (blau), Box mit 6 Stlick, steril
GEM2751/1 GefaBkopplung, 1,5 mm Durchmesser (blau), Box mit 1 Stuick, steril
GEM2752 GefaBkopplung, 2,0 mm Durchmesser (griin), Box mit 6 Stlck, steril
GEM2752/ GefaBkopplung, 2,0 mm Durchmesser (griin), Box mit 1 Stuck, steril
GEM2753 GefaBkopplung, 2,5 mm Durchmesser (rot), Box mit 6 Stick, steril
GEM2753/l GefaBkopplung, 2,5 mm Durchmesser (rot), Box mit 1 Stlck, steril
GEM2754 GefaBkopplung, 3,0 mm Durchmesser (gold), Box mit 6 Stlck, steril
GEM2754/| GefaBkopplung, 3,0 mm Durchmesser (gold), Box mit 1 Stlck, steril
GEM2755 GefaBkopplung, 3,5 mm Durchmesser (violett), Box mit 6 Stlick, steril
GEM2755/I GefaBkopplung, 3,5 mm Durchmesser (violett), Box mit 1 Stlick, steril
GEM2756 GefaBkopplung, 4,0 mm Durchmesser (orange), Box mit 6 Sttick, steril
GEM2756/I GefaBkopplung, 4,0 mm Durchmesser (orange), Box mit 1 Stiick, steril




Anastomose mit Ultraschall Doppler
- Das FLOW-COUPLER-System

ist die Verbindung zweier bewahrter Technologien: dem GEM-GefaBkoppler
und einem 20-MHz-Ultraschall-Doppler.

Das FLOW-COUPLER-System wurde fir den Einsatz in der End-zu-End-Anastomose entwickelt
und ermittelt intra- und postoperativ den Blutfluss direkt an der Anastomosestelle.

Die verlassliche GEM-COUPLER-Technologie

Auch das FLOW-COUPLER-System ermoglicht im Vergleich zum herkdmmlichen Nahen eine sichere
Anastomose innerhalb kirzerer Zeit und eine reduzierte Ischamiedauer. Aufgrund der Technik,
bei der zwei GefaBinnenwande miteinander verbunden werden, wird das GefaB3 offengehalten,
wodurch die Durchgdngigkeit verbessert und die Wahrscheinlichkeit einer Thrombose verringert
wird.

Akustische Warnung — Durch das Aussetzen des akustischen Signals wird das
Personal darauf hingewiesen, dass ein mogliches Durchblutungsproblem

bestehen kénnte.

Durch einen Press-Fit-Befestigungspunkt fur die 20-MHz-Dopplersonde wird eine sichere
Ausrichtung der Sonde und eine prézise Uberwachung des GeféBes bei gleichzeitiger Minderung
von Gerauschen und Stérungen durch umliegende GefaBe sichergestellt. Das voll isolierte
silberbeschichtete Koaxial-Kupferkabel ist gegenlber Gerdusch- und Signalstérungen weniger
anfallig.

Schnelle Erkennung durch Veneniiberwachung

Durch die Uberwachung der abflieBenden Vene des Hautlappens wird ein Stillstand der
Venendurchblutung nahezu sofort erkannt. Eine Unterbrechung der Arteriendurchblutung flhrt
zu einem quasi unmittelbaren Aussetzen des venosen Doppler-Signals. Die VenenlUberwachung
bietet gegenlber der Arterienliberwachung im Hinblick auf die Erkennung einer Venenthrombose
einen deutlichen Vorteil und dient gleichzeitig als Uberwachung der Arteriendurchblutung.

Friihzeitiges Eingreifen durch intensive postoperative Uberwachung

Das rechtzeitige Erkennen der Lappengefdahrdung ist eine bedeutende Einflussvariable bei der
Rettungsquote von Hautlappen. Eine intensive Uberwachung wahrend der ersten Phase nach
der Operation durch den Arzt fuhrt zu einer friheren Neuuntersuchung und einem schnelleren
Eingreifen.

Vorteile fiir den Arzt

Der Monitor erméglicht die Uberwachung von zwei Anastomosen. Das externe Anschlusskabel
kann von der Dopplersonde geldst werden - dies schafft Bewegungsfreiheit fir die Patienten.
Die Dopplersonde kann wahrend der Nachuntersuchung schnell und einafch entfernt werden.



GEM2752-FC Flow-GefaBkopplung, 2,0 mm Durchmesser (griin), Box mit 1 Stiick, steril
GEM2753-FC Flow-GefaBkopplung, 2,5 mm Durchmesser (rot), Box mit 1 Stick, steril
GEM2754-FC Flow-GefaBkopplung, 3,0 mm Durchmesser (gold), Box mit 1 Stick, steril
GEM2755-FC Flow-GefaBkopplung, 3,5 mm Durchmesser (violett), Box mit 1 Stlick, steril
GEM2756-FC Flow-GefaBkopplung, 4,0 mm Durchmesser (orange), Box mit 1 Stuck, steril
GEM1020M Flow-Koppler Monitor

GEM1012EU Netzteil und Netzkabel fur Flow-Koppler Monitor




Microclip- und SuperFine-Microclip-System

Der kleinste Microclip der Welt

Unser Angebot an Microclips ermoglicht den sicheren Verschluss auch von allerfeinsten
BlutgefalBen. Diese Titanklemmen haben eine einzigartige atraumatische geometrische
Oberflache, die sich beim VerschlieBen ineinander verzahnt und somit ein Verrutschen verhindert.

Die richtige GroBe fiir den Mikrochirurgen

Ein kleiner Schritt fur den Mikrochirurgen - aber eine groBe Verbesserung bei der Blutstillung.
Weil manchmal selbst der GEM-Microclip zu groB ist, bieten wir auch den GEM-SuperFine-
Microclip an.

Gehartetes Titan mit formbarer Konsistenz

e Ermdoglicht einen optimalen GefaBverschluss.

e Das Material verhindert ein Offnen des Clips nach dem Anlegen.
e Biologisch neutral und strahlendurchlassig.

e Eisenfrei und somit geeignet fir MRT und andere Scanner.

Ergonomisch geformte Spender
e Praktische selbstklebende Ruckseite der Magazine.
e Exakte, mUhelose Entnahme.

Chevron-Form
Durch die spezielle Chevron-Form wird ein vollstandiger und sicherer Verschluss von der Spitze
her ermdglicht.

Rautenférmiges Innenprofil

e Das rautenférmige Innenprofil mit der atraumatischen sich verzahnenden Oberflache
verbessert den sicheren Verschluss der GefaBe.

e Die Riffelung besteht aus kleinen pyramidenférmigen Erhebungen, dhnlich der Hartmetall-
einlagen in Nadelhaltern und ermdglicht damit einen festen Halt in alle Richtungen.

Dreikantiger Draht
Die Clips sitzen passgenau in den rutschsicheren Griffmulden der Anlegezangen fir eine sichere
Entnahme und exakte Platzierung.




Bestellinformation Microclips

GEM2431 Microclip , Titanium” (orange), 30 Magazine zu je 6 Stlck, steril
GEM615-1G Anlegezange fur Microclip , Titanium”, 15 cm

GEM®620-1G Anlegezange fur Microclip , Titanium”, 20 cm

GEM1521 SuperFine Microclip ,, Titanium” (blau), 30 Magazine zu je 6 Stlck, steril
GEM715-SF Anlegezange fur SuperFine Microclip , Titanium”, 15 cm

GEM720-SF Anlegezange flr SuperFine Microclip ,, Titanium”, 20 cm




BIOVER Mikro-GefaBklemmen

Die BIOVER® GefaBklemmen sind Prazisionsinstrumente.
Sie wurden unter der Anleitung zahlreicher international
bekannter Chirurgen entwickelt und zeichnen sich wie folgt

aus:

e Hochste Qualitat aus Edelstahl und Polycarbonat.

e Garantiert exakt kalibrierter Klemmdruck.

e Maul der Klemme mit atraumatischen Mikrozahnchen.

e Steriler Einmalartikel, gebrauchsfertig.

e Lieferung in Boxen zu 10 Stick, jede einzelne Klemme ist
steril verpackt.

e Exzellenter Farbkontrast, keine Lichtreflexion.

e Farblich kodiert: gelb fur Arterien, griin fir Venen.

e Die GefaBklemmen sind in 2 Ausfiihrungen
(einfach oder doppelt) und in drei (fir Arterien) und vier
(fur Venen) Grossen verftigbar, welche sich nach dem
GefaBdurchmesser richten.

Bestellinformation Mikro-GefaBBklemmen

Arterien (gelbe Klemmen)

TKS-1 BIOVER Mikro-GefaBklemme, einfach, fur GefaBdurchmesser < 1 mm, Pressdruck 40 g, 10 Sttick steril
TKS-2 BIOVER Mikro-GefaBklemme, doppelt, fir GefaBdurchmesser < 1 mm, Pressdruck 40 g, 10 Stlck steril
TKM-1 BIOVER Mikro-GefaBklemme, einfach, fur GefaBdurchmesser 1-2 mm, Pressdruck 60 g, 10 Sttick steril
TKM-2 BIOVER Mikro-GefaBklemme, doppelt, fir GefaBdurchmesser 1-2 mm, Pressdruck 60 g, 10 Stlck steril
TKL-1 BIOVER Mikro-GefaBklemme, einfach, fur GefaBdurchmesser bis 4 mm, Pressdruck 120 g, 10 Stlck steril
TKL-2 BIOVER Mikro-GefaBklemme, doppelt, fir GefaBdurchmesser bis 4 mm, Pressdruck 120 g, 10 Sttick steril

Venen (griine Klemmen)

TKFV-1 BIOVER Mikro-GefaBklemme, einfach, fur GefaBdurchmesser 0,2-1 mm, Pressdruck 15 g, 10 Stlck steril
TKFV-2 BIOVER Mikro-GefaBklemme, doppelt, fir GefaBdurchmesser 0,2-1 mm, Pressdruck 15 g, 10 Stiick steril
TKSV-1 BIOVER Mikro-GefaBklemme, einfach, fur GefaBdurchmesser < 1 mm, Pressdruck 20 g, 10 Sttick steril
TKSV-2 BIOVER Mikro-GefaBklemme, doppelt, fur GefaBdurchmesser < 1 mm, Pressdruck 20 g, 10 Stlck steril
TKMV-1 | BIOVER Mikro-GefaBklemme, einfach, fur GeféaBdurchmesser 1-2 mm, Pressdruck 30 g, 10 Sttick steril
TKMV-2 | BIOVER Mikro-GefaBklemme, doppelt, fir GefaBdurchmesser 1-2 mm, Pressdruck 30 g, 10 Stuck steril
TKLV-1 BIOVER Mikro-GefaBklemme, einfach, fur GefaBdurchmesser > 2 mm, Pressdruck 40 g, 10 Sttick steril
TKLV-2 BIOVER Mikro-GefaBklemme, doppelt, fir GefaBdurchmesser > 2 mm, Pressdruck 40 g, 10 Stlck steril




Global Excellence in Microsurgery

MICROSU]URE

MICROSUTURE is a.nylongmonofilament nonabsorbable, sterile surgical suture that is

indicated for use in general soft ti proximation and/or ligation, including use
in microsurgical, cardiovascular, ophthalfic, and neurological procedures.

STRONGER NEEDLES SHARPER NEEDLES

100% increase in ductility. 12% less force needed.
Less likely to break when reshaping. Less force, less tissue trauma.
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Our needles are made from a propriety steel blend which is mechanically processed to make the
material harder while still retaining high tensile strength. This enables the needles to have very

sharp points and great durability while maintaining their flexibility. This results in greater tensile
strength, higher ductility, and less brittleness than 400 series stainless steel.

COBRA BLACK®
NEEDLE

COBRA BLACK®
NEEDLE

Needle Glare
Reduction

STANDARD NEEDLE

The CobraBlack® needle is a patent-pending design that enhances visibility, especially in blood and
smaller surgery sites. The CobraBlack® needles eliminate the hindering glare from the operating
room lighting. The needles are more distinguishable than the standard stainless steel needles.



Features & Benefits

Characteristics "
Global Excellence in Microsurgery

« Uniform diameter of the suture Synovis MCA

« Maximum flexibility of the strand
- Consistent knot security
+ Minimal memory
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Ordering Information

Code Size Needle Needle Code | Diameter | Curvature | Needle | Suture Length Picture 1:1
Type Length
(arch)
GEM189BK 8-0 Nylon taper BV140-5 140 dia 3/8 curve | 5.1 mm | 15cm/6” suture Igth /
GEM192BK 8-0 Nylon taper BV140-6 140dia | 3/8curve | 64 mm | 15cm/6"suture Igth —/
GEM395BK 8-0 Nylon tapersharp | V140-6 140 dia 3/8 curve | 64 mm | 15cm/6” suture Igth /
GEM177BK 9-0 Nylon taper BV100-3 100 dia 3/8 curve | 3.8mm | 15cm/6"suture Igth ~
GEM180BK 9-0 Nylon taper BV100-5 100dia | 3/8curve |51mm | 15cm/6"suture lgth A
GEM188BK 9-0 Nylon taper BV140-5 140 dia 3/8 curve | 5.1 mm | 15cm/6"suture Igth —/
GEM386BK 9-0 Nylon tapersharp | V100-3 100 dia 3/8 curve |3.8mm | 15cm/6”suture Igth %
GEM389BK 9-0 Nylon tapersharp | V100-5 100 dia 3/8 curve | 5.1 mm | 15cm/6"suture Igth N
GEM171BK 10-0 Nylon taper BV70-3 70 dia 3/8 curve |3.8mm | 10 cm/4” suture Igth N
GEM385BK 10-0 Nylon tapersharp | V100-3 100 dia 3/8 curve | 3.8mm | 15cm/6"suture Igth N~
GEM170BK 11-0 Nylon taper BV70-3 70 dia 3/8 curve |3.8mm | 10 cm/4”suture Igth ~—
GEM195BK 11-0 Nylon taper BV50-3 50 dia 3/8 curve | 3.6 mm | 10 cm/4”suture Igth N~
GEM382BK 11-0 Nylon tapersharp | V70-3 70 dia 3/8 curve |3.8mm | 10 cm/4”suture Igth N
Cobra Black Needle
GEM192BKC | 8-0 Nylon taper BV140-6 140dia | 3/8curve | 64mm | 15cm/6"suture Igth N
GEM395BKC | 8-0 Nylon tapersharp | V140-6 140 dia 3/8 curve |64 mm | 15cm/6”"suture Igth N
GEM180BKC | 9-0 Nylon taper BV100-5 100dia [ 3/8curve |51 mm [ 15cm/6"suture Igth —/
GEM389BKC | 9-0 Nylon tapersharp | V100-5 100 dia 3/8 curve | 5.1 mm | 15cm/6”"suture Igth —/
INDICATIONS FOR USE:

MICROSUTURE is indicated for use in general soft tissue approximation and/or ligation,
including use in microsurgical, cardiovascular, ophthalmic, and neurological procedures.

Rx Only. For safe and proper use of this device, refer to the Instructions for Use.

Manufactured by Riverpoint Medical and Distributed by Synovis Micro Companies Alliance, Inc.

GEM design is a trademark of Baxter International Inc., or its subsidiaries.
PHONE: 800-510-3318 | FAX: 205-941-1522 | EMAIL: smca_information@baxter.com | 439 Industrial Lane, Birmingham, AL 35211 | www.synovismicro.com

Synovis Micro Companies Alliance, Inc. (a subsidiary of Baxter International Inc.)



Hintergrundfolie von MERCIAN MERCIAN

Surgical Instruments of Excellence

Bessere Sicht auf GefaBe in der Mikrochirurgie

Silikon-Streifen, Vorderseite mit 1 mm MaB-Gitter, Riickseite glatt.
Erhéltlich in den Farben Blau, Griin und Gelb.
Einzeln steril verpackt, Lieferung in Boxen zu je 12 Stiick.

Anwendung
Bei der Anastomose von GefaBen in der Mikrochirurgie zur Erhdhung
der Sichtbarkeit von GefaBen und Details.

Die Hintergrundfolie kann beidseitig verwendet werden. Entweder glatt
oder mit der MaBgitterseite zur besseren GréBeneinschatzung.

Boxen zu je 12 Stiick

Das Material ist matt zur Vermeidung von Reflexionen und nicht haftend,
Steril

um die Beweglichkeit des GefaBes zu unterstiitzen.

1 mm MaB-Gitter,
Riickseite glatt
GroBe: 50 mm x 25 mm

€

1639
Farbe Bestellnummer e Rontgenstrahlendichtes Silikon
gelb VB2 e MaB-Gitter 1 mm
grin VB3 e Latexfrei

_ VB4 e  Einzeln steril verpackt

Tap M ed M lhr Spezialist fiir Plastische-, Rekonstruktive- und Handchirurgie | www.tapmed.de | Tel: 05606 530600
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Global Excellence in Microsurgery

Verkauf in Deutschland:

TapMed Medizintechnik Handels GmbH
Gewerbepark 10 e 34317 Habichtswald-Ehlen
Telefon 05606 53060-0 e Telefax 05606 53060-44
info@tapmed.de ® www.tapmed.de

Verkauf in der Schweiz:

TapMed Swiss AG
Gumprechtstr. 33 e CH- 6376 Emmetten
Telefon +41 41 520 61 11 e info@tapmed-swiss.ch ® www.tapmed-swiss.ch

Synovis Micro Companies Alliance, Inc. (a subsidiary of Baxter International Inc.) 439 Industrial Lane,
Birmingham, AL 35211-4464 USA. (Tel) 205.941.0111 (Toll free) 800.510.3318 (Fax) 205.941.1522
wWww.synovismicro.com
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= GefaBkopplersystem

GEM2749

Abb. 1 Abb. 2

GEM4183C

0 Abb. 3

@ Klemmbackenhalterung
@ Auswurftaste

® Fihrungsschienen

@ Drehgriff

GEM2740

Mess-Schablone
(Chirurgischer Edelstahl)

Mikropinzette
(Chirurgischer Edelstahl)

ACHTUNG:

A. Die Aufbereitung des Anastomoseinstruments darf nur ohne
den Einmal-Klemmbackenaufsatz erfolgen (siehe Abb. 4)

B. Die Auswurftaste darf nur am geéffneten Instrument
(Abb. 3 und Abb. 6) betatigt werden.

® Klemmbackenhalterung
@ Auswurftaste

® Flihrungsschienen

@ Drehgriff

Abb. 5 Abnehmen des benutzten Einmal-
Klemmbackenaufsatzes:

- Ist das Anastomoseinstrument geschlossen
(Abb. 5) muss es gedffnet werden.

- Zum Abnehmen des benutzten
Einmal-Klemmbackenaufsatzes
vom Instrument ist der Drehgriff
bis zum Anschlag entgegen dem
Uhrzeigersinn zu drehen.

- Driicken Sie die Auswurftaste nahe
dem Pfeil auf dem Instrument und nehmen

Sie den Einmal-Klemmbackenaufsatz

i\@

® Klemmbackenaufsatz
@ Auswurftaste

® Flihrungsschienen
@ Drehgriff

Abb.6| oh (Abb. 6)

Anastomoseinstrument
(Chirurgischer Edelstahl, Titan,
hartanodisiertes Aluminium)

Abb. 4

Einmal-
Klemmbackenaufsatz

ACHTUNG:

Die Mikropinzette immer seitlich (offen)
in die Halterung des Steribehalters geben,
niemals geschlossen!
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Reinigung Maschinelles Verfahren im Waschkorb*
Desinfektion thermisch / 93° C - 10 Minuten*

*nur mit DGHM gelisteten Reinigungs- und Desinfektionsmitteln, pH-Werte 7-10

ACHTUNG:

A. Vor der Sterilisation miissen sowohl das Drehgriffinnere als auch die
Fiihrungsschienen mit einem wasserldslichen (silikonfreien)
Schmiermittel geschmiert werden.

B. Die Freigabetaste darf nur am geoffneten Instrument betatigt
werden.

Wartung GEM2740

Abb. 7

© o

@ Instrumentenspitze @ Auswurftaste  ® Flhrungsschienen ~ @ Drehgriff
Abb. 9

o @ 0

@ Instrumentenspitze @ Fiihrungsschienen ~ ® Auswurftaste

1. Geben Sie das wasserldsliche (silikonfreie) Schmiermittel in das am Drehgriff
befindliche Loch (Abb. 7). Drehen Sie danach den Drehgriff, um das
Schmiermittel im Inneren zu verteilen.
2. Schmieren Sie bitte die Fiihrungsschienen am Drehgriff (Abb. 8)
Drehen Sie danach den Drehgriff bis zum Anschlag im Uhrzeigersinn.
3. Schmieren Sie bitte die Flihrungsschienen an der Instrumentenspitze (Abb 9.)
Drehen Sie danach den Drehgriff bis zum Anschlag gegen den Uhrzeigersinn.
4. Betdtigen Sie mehrmals die Auswurftaste (Abb. 8 + Abb. 9)

Funktionspriifung Das Drehen des Drehgriffes und die Auswurftaste missen leichtgangig zu
betdtigen sein.

Verpackung Doppelte Klarsicht-Steriverpackung oder im Container
Sterilisation Dampfsterilisation, 134° Celsius, mindestens 5 Minuten

Risikobewertung nach RKI: Kritisch B

Hersteller: EU-Bevollmachtigter: Verkauf in Deutschland:
C € MCA Synovis Micro Comp. Alliance Baxter Deutschland GmbH TapMed Medizintechnik Handels GmbH

439 Industrial Lane Edisonstrale 4 Gewerbepark 10 - 34317 Habichtswald-Ehlen
0086 Birmingham, AL 35211-4464-USA 85716 UnterschleiBheim Telefon 05606 53060-0



Koppler-System zur mikrovaskularen Anastomose
von

END-ZU-END-
ANASTOMOSE

Verkauf: TapMed Medizintechnik Handels GmbH ¢ Gewerbepark 10 ¢ 34317 Habichtswald-Ehlen
Tel. 05606 53060-0  Fax 05606 53060-44 « www.tapmed.de

End-zu-End-Anastomose Auszug aus der Gebrauchsanweisung
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Kopplerringe in

Haltevorrichtung
— Auswurfstab
— Freigabetaste
GEM2749 Drehgriff
» Fuihrungsschienen % |
Doppelseitiges
Messinstrument
(Chirurgischer Edelstahl)

GEMZ2740

Anastomoseinstrument
(Chirurgischer Edelstahl, Titan,
harteloxiertes Aluminium)

GEM4183C

Mikrochirurgische
Pinzette

(Chirurgischer Edelstahl)  « | nS'[I’u mente

F285_2

End-zu-End-Anastomose Auszug aus der Gebrauchsanweisung



— Alle Koppler-Grofzen

Mindestens 1 cm von jedem GefaRende mobilisieren.

Mit Hilfe des Messinstruments den Auendurchmesser von
jedem GefaR ermitteln. Die runden Markierungen auf dem
Messinstrument durfen nicht in das GefalRlumen eingebracht
werden.

Geeignete GroRe des Koppler-Geréts auswahlen. Die Enden
beider Geféal3e sollten der Grol3e des Innendurchmessers des
ausgewahlten Koppler-Geréts entsprechen.

Alle Koppler-Grof3en

Den Griff des Anastomoseinstruments vollstandig gegen den
Uhrzeigersinn drehen und dann das Kopplergerét in das
Anastomoseinstrument einbringen.

Alle Koppler-Grof3en

Bei dem Laden mussen die gleichartigen Indikatorpfeile auf
dem Koppler-Gerat und dem Anastomoseinstrument
aufeinander ausgerichtet sein.

Ein korrektes Laden wird durch einhdrbares Klicken
angezeigt.
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Alle Koppler-Grof3en

Das Koppler-Gerat durch festes Abziehen vom
Anastomoseinstrument aus der Schutzabdeckung entnehmen.

Alle Koppler-Grof3en

Visuell kontrollieren, dass die Stifte auf den Ringen aufrecht
stehen und senkrecht zum Ring zeigen.

Alle Koppler-Grof3en

Visuell kontrollieren, dass sich beide Ringe im unteren
U-férmigen Abschnitt der Haltevorrichtung befinden.
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Koppler-Gro3e bis 3 mm Durchmesser
mit 6 Stiften auf jedem Ring

Das Anastomoseinstrument mit der Koppler-Haltevorrichtung
in der N&he der beiden GefaRenden perpendikuldr zu den
Gefélien platzieren.

Ein Gefalende mit Hilfe einer mikrochirurgischen Pinzette
durch einen der Koppler-Ringe ziehen.

Koppler-GrofRe bis 3 mm Durchmesser
mit 6 Stiften auf jedem Ring

Einen Abschnitt von GefaRwand und Intima von ein bis zwei
Stiftdurchmesser erfassen, im Winkel von 90 Grad aussttilpen
und auf einen Ringstift auffadeln.

Das Gefal im Dreieck mit jedem zweitem Stift fest auffadeln,
bis drei Stifte verwendet wurden.

Koppler-Gro3e bis 3 mm Durchmesser
mit 6 Stiften auf jedem Ring

Die Platzierung des Gefél3es auf dem Ring durch Auffadeln
des Gefdlles mit den verbleibenden drei Stiften abschliel3en.
Sicherstellen, dass sowohl die GefdRwand als auch die Intima
vollstandig durch jeden Stift des Ringes befestigt wurde.
Sollte die GefalRwand wahrend des Auffadelns reiRen, ist das
Geféliende zu begradigen und die Prozedur zu wiederholen.
Wiederholung dieser Schritte, um das andere Gefél3ende auf
den zweiten Koppler-Ring aufzufadeln.
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Koppler-Grol3e ab 3,5 mm Durchmesser
mit 8 Stiften auf jedem Ring

Einen Abschnitt von GefaBwand und Intima von ein bis zwei
Stiftdurchmesser erfassen, im Winkel von 90 Grad aussttilpen
und mit dem Ringstift, die sich in der N&he des offenen Teils
der Haltevorrichtung (offenes Ende des U-Abschnittes der
Haltevorrichtung) befindet, auffadeln.

Die gegentiberliegende Seite der GefalRoffnung mit dem
direkt gegentberliegenden Ringstift auffadeln.

Koppler-GroRe ab 3,5 mm Durchmesser
mit 8 Stiften auf jedem Ring

Im Anschluss das Gefall mit den Stiften an der Seite des
Rings auffadeln und das Gefél? dabei so gleichméaliig wie
maglich auf die vier Stifte verteilen.

Koppler-GroRe ab 3,5 mm Durchmesser
mit 8 Stiften auf jedem Ring

Die Platzierung des Geféal3es auf dem Ring durch Auffadeln
des Gefalles mit den verbleibenden zwei Stiften in der Nahe
des offenen Endes der Haltevorrichtung fortsetzen.

Die Auffadlung des Gefél3es mit den verbleibenden beiden
Stiften im unteren Teil der Haltevorrichtung (unterer Teil des
U-Abschnitts der Haltevorrichtung) abschlieRen.

Der letzte Schritt verhindert das vorzeitige Abrutschen
des Rings aus der Haltevorrichtung.

Sicherstellen, dass sowohl die GefdRwand als auch die Intima
vollstandig durch jeden Stift des Ringes gesichert wurde, um
das Thromboserisiko zu verringern.

Wiederholung dieser Schritte, um das andere GefalRende auf
den zweiten Koppler-Ring aufzufadeln.
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Alle Koppler-GroRen

Wenn beide GefaRenden angemessen aufgefadelt wurden,
ist eine visuelle Kontrolle durchzufiihren, um sicherzustellen,
dass sich beide Ringe im unteren U-Abschnitt der
Haltevorrichtung befinden.

Alle Koppler-Grof3en

Wenn beide GefalRenden angemessen aufgefadelt wurden,
ist eine visuelle Kontrolle durchzufiihren, um sicherzustellen,
dass sich beide Ringe im unteren U-Abschnitt der
Haltevorrichtung befinden.

Alle Koppler-GrolRen

Die Ringe durch Drehen des Griffes des
Anastomoseinstruments im Uhrzeigersinn zusammenfiigen.

End-zu-End-Anastomose Auszug aus der Gebrauchsanweisung 7



Alle Koppler-Grol3en

Den Griff nur solange drehen, bis der Auswurfstab beginnt,
die nun vereinten Ringe zu bewegen.

Alle Koppler-Grofzen

Vor dem Auswurf der vereinten Ringe, das Ende der
anliegenden Haltevorrichtungen mit einer Klemme
zusammendriicken, um die Einpassung des Rings und
eine enge Reibungspassung zu sichern.

Zum Auswurf der vereinten Ringe den Griff des
Anastomoseinstruments weiter im Uhrzeigersinn drehen.

Alle Koppler-Grof3en

Zur Entfernung der Haltevorrichtung den Griff des
Anastomoseinstruments vollstandig gegen den Uhrzeigersinn
drehen.

Alle Koppler-Grofzen

Die Freigabetaste in der Nahe des Pfeils auf dem
Anastomoseinstrument driicken und die Haltevorrichtung
entfernen.
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Alle Koppler-Grol3en

Mit konventioneller mikrochirurgischer Technik mindestens
1 cm des EndgefaRRes mobilisieren. Gefal? abklemmen und
Geféallumen irrigieren. Mindestens 2 cm des Seitegefalies
mobilisieren und GefaR abklemmen. Bei Durchfiihrung
einer End-zu-Seit-Anastomose mit dem Koppler-Gerét wird
das Lumen des Seitegeféles geringgradig eingeengt. Aus
diesem Grund sollte der Durchmesser des SeitgefaRes bei
diesem Eingriff groRer sein als das EndgefaR.

Den dulReren Durchmesser des Endgeféalies mithilfe des
Messinstruments fur Geféf3e ermitteln. Die runden
Markierungen auf dem Messinstrument durfen nicht in das
Geféaldlumen eingebracht werden.

Geeignete GroRe des Koppler-Geréts auswéahlen.

Alle Koppler-Grol3en

Den Griff des Anastomoseinstruments vollstandig gegen
den Uhrzeigersinn drehen und dann das Kopplergerat in
das Anastomoseinstrument einbringen.

Alle Koppler-Grol3en

Bei dem Laden missen die gleichartigen Indikatorpfeile auf
dem Koppler-Gerat und dem Anastomoseinstrument
aufeinander ausgerichtet sein.

Ein korrektes Laden wird durch einhdrbares Klicken
angezeigt.
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Alle Koppler-GroRen
Das Koppler-Gerat durch festes Abziehen vom

Anastomoseinstrument aus der Schutzabdeckung
entnehmen.

Alle Koppler-Grol3en

Visuell kontrollieren, dass die Stifte auf den Ringen aufrecht
stehen und senkrecht zum Ring zeigen.

Alle Koppler-GroRen

Visuell kontrollieren, dass sich beide Ringe im unteren
U-férmigen Abschnitt der Haltevorrichtung befinden.
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Koppler-Grof3e bis 3 mm Durchmesser
mit 6 Stiften auf jedem Ring

Den Griff des Anastomoseinstruments perpendikulér zum
Verlauf des EndgefaRes platzieren. Das Endgefél’ wie in der
End-zu-End-Anastomose beschrieben auf den 6 Stiften des
Ringes auffadeln.

Koppler-GroRe ab 3,5 mm Durchmesser
mit 8 Stiften auf jedem Ring

Den Griff des Anastomoseinstruments perpendikular zum
Verlauf des EndgeféaRes platzieren. Das Endgefal wie in der
End-zu-End-Anastomose beschrieben auf den 8 Stiften des
Ringes auffadeln.

Alle Koppler-Grol3en

Einen diagonalen Einschnitt in das SeitgefaR anlegen,
dessen Lénge den inneren Durchmesser des ausgewahlten
Koppler-Gerdts nicht iberschreitet. Die Klemmen
geringfiigig zusammenbringen, um die Spannung zu
verringern und die Inzision zu 6ffnen. Das Geféal3lumen
durch die geschaffene Offnung irrigieren.
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Alle Koppler-Grol3en

Die GeféalRwand und Intima in der N&he eines Endes der
schrégen Inzision mit einer mikrochirurgischen Pinzette
erfassen und durch den verbleibenden Ring ziehen.
GefaBwand und Intima im 180 Grad Winkel ausstilpen und
das Gefal? zunachst auf den Stiften in der Nahe des oberen
Inzisionsendes auffadeln.

Alle Koppler-Grol3en

In gleicher Weise am gegentiberliegenden Ende der
Inzision fortfahren und GefaBwand sowie Intima auf die am
nachsten zum unteren Inzisionsende gelegenen Stiften
auffadeln.

Koppler-Gro3e bis 3 mm Durchmesser
mit 6 Stiften auf jedem Ring

Den Vorgang des Auffadelns abschliel3en, indem das
Gefal? auf die verbleibenden Stifte umgesttilpt wird.
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Koppler-Grol3e ab 3,5 mm Durchmesser
mit 8 Stiften auf jedem Ring

Den Vorgang des Auffadelns abschlie3en, indem das
Gefal? auf die verbleibenden Stifte umgesttilpt wird.

Alle Koppler-GrolRen

Sicherstellen, dass auf jedem Stift sowohl GefaBwand als
auch Intima vollstandig aufgefadelt wurden.

Visuell kontrollieren, dass sich beide Ringe im unteren
U-férmigen Abschnitt der Haltevorrichtung befinden.

Alle Koppler-GroRen

Durch Drehen des Griffes des Anastomoseinstruments im
Uhrzeigersinn die Ringe zusammenbringen, nur bis der
Auswurfstab anfangt, die nun vereinten Ringe zu bewegen.
Dabei das Instrument so halten, dass der Ring des
aufgefadelten Endgeféles bei der Annéherung zum Ring
des SeitengefaRes gebracht wird.

Alle Koppler-Grol3en

Vor dem Auswurf der vereinten Ringe, das Ende der
anliegenden Haltevorrichtungen mit einer Klemme
zusammendriicken, um die Einpassung des Rings und
eine enge Reibungspassung zu sichern.

Zum Auswurf der vereinten Ringe den Griff des
Anastomoseinstruments weiter im Uhrzeigersinn drehen.
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Alle Koppler-Grofzen

Zur Entfernung der Haltevorrichtung den Griff des
Anastomoseinstruments vollstandig gegen den
Uhrzeigersinn drehen.

Alle Koppler-GroRen

Die Freigabetaste in der Néhe des Pfeils auf dem
Anastomoseinstrument driicken und die Haltevorrichtung
entfernen.

End-zu-Seit-Anastomose Auszug aus der Gebrauchsanweisung
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Hand-Sewn Versus Microvascular Venous Anastomotic
Coupler Device in Free Flap Reconstructions for
Head and Neck Cancer —— A Retrospective Study

Yi-Chun Wu', Yu-Hsien Lin', Sheng-Po Ho?, Huwang-Chi Lin', Ju-Hsu Jeng',
Cha-Chun Chen!, Shang-hsi Lin', Wei-Nung Jim Chen'

Department of Plastic Surgery', Department of Ear, Nose and Throat?, Shin Kong Wu Ho-Su Memorial Hospital,

Taipei, Taiwan

Background:

Head and neck cancers pose a large threat to the people of Taiwan; such cases are
usually reconstructed with a free flap after excision of the tumors. Head and neck
reconstructions are especially challenging, considering the high rate of complications,
such as infection or dehiscence due to the septic environment of the oral or nasal cavity.
Microvascular anastomoses for free flap reconstructions are traditionally achieved by
hand-suturing interrupted or continuous sutures along the vessel lumen. The procedure
of hand-sewn vessel anastomosis is a time-consuming procedure, which leads to
prolonged anesthesia, prolonged flap ischemic time, and increased physical fatigue for
the surgeon. The microvascular venous anastomotic coupler system offers a solution for
the above problems.

Aim and objectives:

We present our experience and results with free flap reconstruction after excision
of head and neck cancers, comparing the outcome and complication rate of hand-sewn
versus coupler venous anastomoses for head and neck cancers.

Materials and methods:

Between March 2011 and May 2016, a total of 209 patients, consisting of 201 male
and 8 female patients, were included in this study retrospectively. The patients were
divided into two groups: the Coupler group and the hand-sewn group according to
whether the Coupler device was used for venous anastomosis. The patients were
documented for past medical history, operative details, and post-operative outcomes.
Results:

All patient demographics showed no statistical difference between the hand-sewn
and the Coupler group (p>0.05). The average operative time of the hand-sewn group
and the Coupler group was 449.8 minutes and 387.9 minutes, respectively, which shows
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a significant statistical difference (p <0.001). Compared to the traditional hand-sewn
group, the Coupler system has a compatible rate of arterial thrombosis (0.9% vs. 1.1%,
p=0.887), partial flap loss (5.2% vs. 5.3%, p=0.974), and total flap failure (2.6% vs.
3.2%, p=0.803). The venous thrombosis rate was lower in the Coupler group (0.9% vs.
4.2%, p=0.112). Flap dehiscence (11.30% vs. 7.5%, p=0.348), wound hematoma (7.8%
vs. 4.3%, p=0.29), vessel kinking (1.7% vs. 0%, p=0.2), and wound infection (10.4% vs.
14.9%, p=0.334), all show no statistical difference between the two groups. The hospital
admission time of both groups was not statistically different (p=0.288).
Conclusion:

The Coupler device offers a safe and reliable method for venous anastomoses with
a compatible or even better rate of flap survival and venous patency, and at the same
time greatly decreases the operation time by around 60 minutes. (J Taiwan Soc of Plast
Surg 2017;26:274~283)

Key words: reconstruction; free flaps; head and neck; microvascular; venous anastomotic
device; coupler; venous coupler

275

Introduction

Head and neck cancers pose a large threat to the
population of Taiwan. According to a report published
in 2015 by the Taiwan Health Promotion Administration,
Ministration of Health and Welfare, cancers of the oral
cavity, oropharynx, and hypopharynx comprise > 7,000
cases per year, which is ranked 5 in terms of incidence
among all the cancers. The incidence is also increasing
compared to previous annual statistics, and when
compared to other Organization for Economic Co-
operation and Development (OECD) countries, the
incidence and mortality rate is also much higher in
Taiwan. The current treatment options for head and
neck cancer include surgical treatment, radiotherapy,
chemotherapy, and targeted therapy. There is much to
be discussed about the effectiveness of adjuvant or
neoadjuvant chemotherapy/radiotherapy and targeted
therapy, but surgical treatment is still the mainstay
and the only possible method of cure. Common
components of surgical treatment include a wide
excision of the tumor and a modified radical neck
dissection and a free or regional flap is often required to
reconstruct the tissue defect after wide excision is
performed by the surgical oncologist.

The concept of a reconstruction ladder is not
entirely adaptable when considering the functional
and cosmetic outcomes of a patient after resection for
head and neck cancers. In most cases, the choice of
a free flap reconstruction provides the best result.
The most critical and skill-demanding step of a free
flap reconstruction is arguably the microvascular
anastomoses; furthermore, venous anastomoses are
generally considered even more skill-demanding than
arterial anastomoses.

Microvascular anastomoses for free flap reconstruction
are traditionally achieved through interrupted or
continuous hand suturing along the vessel lumen with
non-absorbable sutures. Previous studies on the free
flap reconstruction for head and neck cancers revealed
an overall rate of flap failure between 2—5%.%6

Since the first venous anastomoses device was
introduced in 1962 by Nakayama', usage of similar
devices have increased for free flap reconstructions,
including the microvascular venous anastomotic coupler
device (‘Coupler device’) manufactured by Synovis Life
Technologies, which has been used in microvascular
anastomoses since the 1980s. The Coupler device offers
a faster, more reliable, and generally affordable method
for microvascular venous anastomoses. We have been
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using the Coupler device in our free flap surgeries
for head and neck reconstructions since 2014. This
study aimed to evaluate the outcome of free flap
reconstructions in head and neck cancers using the
Coupler device compared to traditional hand-sewn
anastomoses.

Materials and methods

Operative considerations

The majority of head and neck cancer surgeries in
our hospital are performed by a single ear, nose, and
throat (ENT) surgeon and a plastic surgeon, and most
reconstructions are carried out using the free flap. The
free flap reconstruction phase is carried out only after
completion of the tumor resection and neck dissection
by the ENT surgeons. The most commonly chosen
free flaps in our hospital are the radial forearm
fasciocutaneous free flap, the anterolateral thigh
fasciocutaneous free flap, and the fibular osteocutaneous free
flaps. The choice of which free flap to harvest is made
after evaluation of the tissue defect and also taking
into consideration the occupation, age, history of
trauma or surgery of involved areas, and the
comorbidities of the patient. Microvascular arterial
anastomoses are usually hand-sewn in an end-to-
end fashion with 9-O nylon sutures; meanwhile the
venous anastomoses are usually done in an end-to-
end fashion with the aforementioned microvascular
anastomotic coupler device manufactured by Synovis
Life Technologies since the introduction of this product
to our hospital in 2014. The patient is usually kept
intubated and sedated while being sent to our surgical
intensive care unit (SICU) for post-operative care.
Extubation is usually done on the 1% or 2°¢ post-
operative day and the patient is then transferred back to
our ward unless complications occur, the total survival
of the flap is questioned, or the patient is likely to
present problems with his/her airway or breathing. No
anticoagulants or vasodilators are routinely used post-

operatively, and vasoconstrictors are avoided if possible.

All of the patients admitted after January 2014
were suggested to use the microvascular anastomotic
coupler device for venous anastomoses and were only
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excluded from usage if they could not afford the self-
paid fee for the device, which was about 12500
NT dollars (about 390 USD) per coupler. The venous
anastomoses of the patients who did not use the
Coupler device were performed with 9-O nylon
interrupted sutures.

Patient selection and characteristics

A total of 209 free flaps with 385 venous
anastomoses were included in this study. To eliminate
technical and experience differences, only patients
operated by the same ENT and plastic surgeon and
those who received a free flap reconstruction between
March 2011 and May 2016, were included retrospectively.
Patients were excluded if they underwent a double
free flap reconstruction. No other patients were
excluded for any other reason. The patients were
divided into two groups: the Coupler group and the
hand-sewn group according to whether the Coupler
device was used for venous anastomosis. The average
age of patients was 53.9 years (range=20-94, SD=10.8).
The patients were documented for their social habits
of smoking and medical history of pre-operative
radiotherapy, diabetes, and hypertension (Table 1).

Surgical measurements

Surgical measurements recorded included the type
of flap harvested, total number of venous anastomoses,
method of venous anastomosis, and the total operative
time. The operative time was calculated starting
from the time of the first incision made by the
plastic surgeon to the end of the whole operation, the
ENT surgeon’s operation time was not taken into
calculation.

Outcome evaluation

Post-operative outcome evaluations included minor
complications, major complications, and hospital
admission time. Minor complications are defined as the
occurrence of flap dehiscence, vessel kinking or torsion,
wound hematoma, wound infection, or delayed partial
necrosis of the flap. Major complications included
arterial thrombosis, venous thrombosis, or total flap

failure including those with an unknown cause.
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Flap dehiscence is recorded if the flap shows
viability without obvious infection or necrosis and the
complication lies solely in the failure to heal between
local tissue and the free flap edge. Kinking or torsion of
the vessels is diagnosed according to re-exploratory
findings and this implies that the artery and veins are
patent but the complication is caused by faulty setting
of the flap, the anastomosed vessel, or both. Wound
hematoma is defined as a large amount of blood clot
or fresh blood accumulation in the wound that
required surgical re-exploration despite viability of
the flap. It is worth mentioning that none of the
post-operative hematomas in this study was caused by
leakage or rupture of the anastomotic site. Wound
infection is diagnosed according to clinical presentations,
blood tests, and bacterial wound cultures. Partial flap
loss or necrosis is defined as flap loss < 50% of the total
surface area while total flap loss is defined as flap
necrosis >50% followed by required surgical removal of
the non-viable flap. Arterial or venous thrombosis is
diagnosed according to clinical observations of the flap
and re-exploratory findings.

Results

Patient demographics

Between March 2011 and May 2016, a total of 209
patients, consisting of 201 male and 8 female patients,
were included in this study. History of smoking was
present in 78.5% of patients. Diabetes mellitus and
hypertension were documented in 20% and 34.5%
of patients, respectively. History of pre-operative
radiotherapy was present in 26.8% patients. All patient
demographics showed no statistical difference between
the hand-sewn and the Coupler group (p>0.05).

Free flap types and intra-operative details

A total of 209 flaps were included in this study,
which mainly compose of radial forearm fasciocutaneous
free flaps (n=90), anterolateral thigh fasciocutaneous
free flaps (n=79), fibular osteocutaneous free flaps
(n=32), and medial sural fasciocutaneous free flaps
(n=8) as shown in table 1. Note that the percentages of
flap type compositions show no difference between the

two groups.

The average operative time of the hand-sewn
group and the Coupler group was 449.8 minutes and
387.9 minutes, respectively, which shows a significant
statistical difference (p <0.001). The average number of
venous anastomosis per flap was 1.76 in the hand- sewn
group and 1.90 in the Coupler group (p=0.013).

Post-operative complications and outcomes

Compared to the traditional hand-sewn group,
the Coupler system has a compatible rate of arterial
thrombosis (0.9% vs. 1.1%, p=0.887), partial flap loss
(5.2% vs. 5.3%, p=0.974), and total flap failure (2.6%
vs. 3.2%, p=0.803). The venous thrombosis rate was
lower in the Coupler group (0.9% vs. 4.2%, p=0.112)
although not low enough to show a statistical difference.
Other complications, including flap dehiscence (11.30%
vs. 7.5%, p=0.348), wound hematoma (7.8% vs. 4.3%,
p=0.29), vessel kinking (1.7% vs. 0%, p=0.2), and
wound infection (10.4% vs. 14.9%, p=0.334), all show
no statistical difference between the two groups. The
hospital admission time of both groups was not
statistically different (p=0.288). A significant difference
was noticed in the average operative time, which is
387.9 minutes in the Coupler group and 449.8 minutes
in the hand-sewn group (p<0.001; Table 2)

Discussion

The procedure of hand-sewn vessel anastomosis is
a time consuming procedure, which leads to prolonged
anesthesia, prolonged flap ischemic time, and more
physical-fatigue for the surgeon. Venous anastomosis
plays a critical role in free flap surgery and a failed
venous anastomosis is often the leading cause of flap
failure’.

Nakayama et al. developed metal rings with evenly
placed pins for small vessel anastomosis in 19621,
which has been modified by many since then. The
Coupler device we currently use is composed of two
small plastic rings with 6 evenly placed metal pins and
a hand piece for holding and clamping the two rings
together (Fig. 1-4). A properly placed Coupler device
should provide direct intima-to-intima contact of the
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anastomosed vessels without any foreign bodies in the
vessel lumens thus minimizing the chance of flow
turbulence and thrombus formation.

Traditionally, hand-sewn microsurgical anastomoses
for free flap reconstructions hold a venous thombosis
rate of around 2-9%%°. When reviewing the literature,
venous anastomoses performed with the microvascular
coupling anastomotic device hold a venous thrombosis
rate at around 1-5% and a flap survival rate at around
95-100%. The higher thrombosis and failure rates are
seen in the head and neck cancer and lower extremity
traumatic reconstruction cases’!>, Theoretically, the
blood flow through a Coupled vessel lumen holds a
lower thrombogenic profile than a sutured anastomoses as
demonstrated by Wain et al'®. In reality, most of the
reports show a compatible result of the microvascular
coupling anastomotic device compared to hand-sewn
anastomoses and some even show a superior outcome
in means of flap survival and venous thrombosis.

We have been using the venous anastomotic
Coupler system since 2014 and in our experience; the
device offers a safe and reliable method for venous
anastomoses and at the same time greatly decreases the
operation time by around 60 minutes. We routinely
perform two venous anastomoses, sometimes three if
possible. Additional repair for leakages is sometimes
required in hand-sewn anastomoses, especially when
a large vessel size discrepancy exists. Most of our
Couplers are sized 2.0 mm and 2.5 mm, but 1 mm-3.5
mm rings are also occasionally used. Broer et al. found
that complications are more seen with Couplers of 2
mm or less'®, Zhang et al. stated that two venous
anastomoses hold a better outcome than a single venous
anastomosis'3. In general, size and numbers do matter,
but the specific size and number of anastomoses should
be chosen according to the operative findings. With the
Coupler use, additional hand-sewn repairs are almost
never required; thus, a lot of time is saved. We have
experience of Coupler end-to-end anastomosis with
veins up to three times in size discrepancy, which was
also mentioned feasible by Sullivan et al. in 2003'”. The
discrepancy can be managed by an oblique cut of the
vessel with careful placement of the pins and accurate
choice of size of the Coupler device.
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In our study, the success rate and complication rate
including wound infections in patients who underwent
surgeries using the Coupler system are compatible to
traditionally hand-sewn anastomoses; no significant
statistical difference was noticed between the two
groups. However, when focusing on the complications
that are most closely associated with flap survival, a
trend was noticed towards the hand- sewn-group, which
presents a slightly higher rate of arterial thrombosis,
partial flap loss, and total flap failure in that group.
Most important, the venous thrombosis rate was much
lower in the Coupler group than the hand-sewn group
(0.9% vs. 4.2%, p=0.112). In our study, the rate of total
flap failure was 2.87%, which is compatible with the
literature.

The rate of vessel kinking was 0% in the hand-
sewn group but 1.74% of Coupler groups presented
vessel kinking, which was found during re-exploration
surgery (p=0.19). This highlights a possible problem
with the Coupler system, which is less common in
traditionally hand-sewn anastomoses. The bulk of the
Coupler ring, when poorly placed, may cause vessel
kinking and compression of adjacent vessels, especially
when the two anastomosed veins are very close to each
other or when the recipient vein stump is very short.
However, with meticulous planning before applying the
Coupler rings, this complication can be easily avoided.

The average operation time is significantly shorter
in the Coupler group (p<0.001) due to several reasons.
First, the technique to apply the Coupler rings is much
faster and simpler than hand sewing the lumen, even
when a disproportion exists between the size of the
donor and recipient lumens. In our experience, with
adequate preparation, a single Coupler anastomosis can
usually be done within 5 minutes and the learning curve
is much easier than that of sewing veins by hand.
Second, additional sutures due to leakage are almost
never needed with the Coupler device when the proper
size of Coupler ring is chosen and applied by an
experienced micro-surgeon. The number of venous
anastomosis per flap was more in the Coupler group
(1.76 in hand sewn group and 1.90 in Coupler group)
which showed a statistical difference (p=0.013), meaning
we were able to perform more venous anastomoses in
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much less time.

Another advantage of the Coupler device was
noticed in few cases requiring re-exploration. In our
experience, despite tissue adhesion, hematoma and
fibrotic tissue formation, or other complicated scenarios,
the Coupler ring and thus the venous and artery
anastomotic sites can often be easily identified and
checked during re-exploration surgery. This advantage
greatly decreases the re-exploration operative time as
mentioned by Coroneos et al.?

No significant drawbacks concerning Coupler
usage apart from the financial cost were highlighted
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during our literature review. A rare case of Coupler
migration to the skin resulting in chronic ulcer was
reported by Zomerlei and Komorowska-Timek?’. We
have not encountered similar incidences and, in our
opinion, the possibility of such a problem should be
very low if the ring is not placed too superficial to the
skin.

Currently, the Coupler device in our hospital costs
an extra fee of about 12500 NTD per ring for the patient,
which we think is worth the extra money considering
the numerous advantages of the device.

Table 1. Patient demographics and flap types
Hand-Sewn Group Coupler Group Total P value
Number of 94 115 209 -
patients
Mean age 53.0(SD=10.5) 54.5(SD=11.0) 53.9(SD=10.8) -
Gender(M/F) 90/4 111/4 201/8 -
Smoking 75(79.7%) 89(77.3%) 165(78.5%) 0.676
Diabetes 15(15.9%) 27(23.4%) 42(20%) 0.178
Hypertension 27(28.7%) 45(39.1%) 72(34.5%) 0.116
Pre-Op R/T 25(26.6%) 31(26.9%) 56(26.8%) 0.953
Type of flaps(n) 43/32/15/4 47/47/17/4 90/79/32/8 0.743
R/A/F/S
Number of venous 1.76 1.90 1.84 0.013
anastomoses per
flap

R/T, radiotherapy; R, radioforearm fasciocutaneous free flap; A, anterolateral thigh free flap; F, fibular

osteocutaneous free flap; S, medial sural fasciocutaneous free flap

JTSPS 2017. Vol 26 - No.3
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Table2. Outcomes and time measurements
Hand-Sewn Coupler Total P value
Group Group
Major Total flap loss 3(3.2%) 3(2.6%) 6(2.9%) 0.803
complications
Arterial 1(1.1%) 1(0.9%) 2(0.9%) 0.887
thrombosis
Venous 4(4.2%) 1(0.9%) 5(2.4%) 0.112
Thrombosis
Minor Flap dehiscence 7(7.5%) 13(11.3%) 20(9.6%) 0.348
complications
Wound 4(4.3%) 9(7.8%) 13(6.2%) 0.290
hematoma
Vessel kinking 0 2(1.7%) 2(1.0%) 0.2
Wound infection 14(14.9%) 12(10.4%) 26(12.4%) 0.334
Partial flap loss 5(5.3%) 6(5.2%) 11(5.2%) 0.974
Time Average 449.8 387.9 415.7 <0.001
measurements operation time (SD=104.7) (SD=105.2) (SD=109.4)
(mins)
Average hospital 19.2 20.5 19.9 0.288

admission time
(days)
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Fig. 1. Coupler rings with metal pins on the holding instrument. Fig. 2. Coupler rings after eversion of the venous lumen onto the
This is a 3mm sized ring. metal pins.

Fig. 3. Clamping the Coupler holding device. Fig. 4. Patent venous flow with no leakage after releasing the vessel
clamps.

JTSPS 2017. Vol 26 - No.3
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1000 Consecutive Venous Anastomoses Using
the Microvascular Anastomotic Coupler in
Breast Reconstruction

Shareef Jandali, M.D.
Liza C. Wu, M.D.
Stephen J. Vega, M.D.
Stephen J. Kovach, M.D.
Joseph M. Serletti, M.D.

Philadelphia, Pa.; and Rochester, N.Y.

Background: Microvascular anastomosis is one of the more critical aspects of
free flap surgery. A safe, effective, and expedient method for venous anastomosis
minimizes flap ischemia time, is easier on the surgical team, and saves costly
operating room time. The authors report on their experience using the Synovis
microvascular anastomotic coupling device in 1000 consecutive venous anasto-
moses in free flap breast reconstruction.

Methods: The authors retrospectively reviewed 1000 consecutive venous anas-
tomoses that were performed using the microvascular anastomotic coupler
between July of 2002 and July of 2008. Data were obtained on flap type, recipient
vessel, coupler size, incidence of venous thrombosis, timing of venous throm-
bosis, and morbidity as a result of venous thrombosis.

Results: All anastomoses were performed in an end-to-end fashion. There were 460
unilateral cases and 270 bilateral cases of breast reconstruction. Flap types included
muscle-sparing free transverse rectus abdominis myocutaneous, deep inferior epi-
gastric perforator, superficial inferior epigastric artery, superior gluteal artery per-
forator, and inferior gluteal artery perforator. The vast majority of the recipient
vessels were the internal mammary or thoracodorsal vessels. Most of the couplers
that were used were either 3 or 2.5 mm in diameter. Overall, there were six instances
of venous thrombosis (rate of 0.6 percent). There were no total flap losses due to
venous thrombosis in this series, although two patients had partial flap necrosis.
Conclusions: The patency rate for venous anastomoses performed with the
microvascular coupler is excellent when compared with standard suture
techniques and has the advantage of overall easier application. (Plast.
Reconstr. Surg. 125: 792, 2010.)

icrovascular anastomosis is one of the
M more critical aspects of free flap surgery.

Most incidences of free flap failure are
due to technical problems with the anastomosis
and resultant thrombosis of the vessel. Anastomo-
ses, both arterial and venous, have traditionally
been hand-sewn using 8-0 or 9-0 permanent su-
ture. In addition, the venous anastomosis has been
recognized as being more technically demanding
than the arterial anastomosis. Several years ago, a
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more rapid mechanical connecting device, re-
ferred to as the coupler, was introduced as an
alternative to the hand-sewn process for venous
anastomosis.

The current coupling device was initially man-
ufactured by 3M Healthcare (St. Paul, Minn.) and
is currently manufactured by Synovis Micro Com-
panies Alliance, Inc., a subsidiary of Synovis Life
Technologies, Inc. (St. Paul, Minn.). The device
consists of two disposable rings made of high-den-
sity polyethylene, with a series of six to eight (de-
pending on the size of the coupler) stainless steel
pins evenly spaced around each ring. The rings are

Disclosures: Funding for this study was provided
by Synovis Surgical Innovations (St. Paul, Minn.).
The authors have no commercial association or fi-
nancial interest to disclose.

www.PRSJournal.com
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manufactured with inner diameters that range in
size from 1.0 to 4.0 mm, allowing anastomoses of
vessels that are 1.0 to 4.5 mm in diameter.

The device has been used in microvascular
breast, head and neck, and extremity surgery, with
patency rates apparently comparable to those with
conventional hand-sewn suture techniques.'”'” This
device, however, is not universally used by recon-
structive microsurgeons. We reviewed our large two-
center experience of autologous microvascular
breast reconstruction with use of the coupler for
venous anastomosis so as to provide additional data
on the effectiveness of this technique.

PATIENTS AND METHODS

Hospital records, operative reports, coupler
records, and office charts were retrospectively re-
viewed in 1000 consecutive venous anastomoses
that were performed using the microvascular anas-
tomotic coupler between July of 2002 and July of
2008. Beginning in July of 2002, the coupler com-
pletely replaced the hand-sewn technique for ve-
nous anastomosis. Hand-sewn anastomoses were
rarely performed during the study period; almost
all of these were veins that had been subjected to
previous irradiation and lacked the distensability
for coupler application. For this reason, a history
of irradiation to the chest was not recorded be-
cause this would have caused a selection bias.

The clinical setting was two major teaching
medical centers. The procedures were all per-
formed by one of the four senior authors, all ex-
perienced microsurgeons. Indications included
immediate or delayed breast reconstruction after
mastectomy for breast cancer or breast cancer pro-
phylaxis. Data were obtained on flap type, recip-
ient vessel, coupler size, incidence of venous
thrombosis, timing of venous thrombosis, and
morbidity as a result of venous thrombosis. Statis-
tical analysis was performed using Fisher’s exact
test, and comparisons were made between the type
of flap used and the rate of venous thrombosis.

Coupler Application Process

The recipient and donor vein are occluded
with separate vascular clamps and placed in a po-
sition close to one another. A vessel-measuring
gauge is used to determine the correct coupler size
(Fig. 1). The true vessel diameter should be
slightly larger than the marked diameter on the
measuring device. In other words, if the diameter
of the vein is exactly equal to the 3-mm-diameter
mark on the measuring device, then the 2.5-mm-

Fig. 1. Vessel measuring gauge.

diameter coupler should be selected. After the
appropriate-sized coupler is selected, first the do-
nor vein, followed by the recipientvein, is attached
to its individual coupling component. The ends of
the vessels to be anastomosed are pulled through
the opposing rings and everted onto the pins. The
vessel edge is first everted onto three pins, creating
a triangle and evenly anchoring the vessel onto the
ring. The vessel is then hooked on the remaining
three pins, ensuring that the vessel wall is com-
pletely everted and splayed onto the ring (Fig. 2).
The vessels are irrigated with heparinized saline,
and then the instrument knob is rotated to mate
the vessel ends (Fig. 3). Forceps are used to com-
press the two rings together as they are pushed out
of the end of the instrument (Fig. 4). The force of
the coupler device may sometimes not be ade-
quate to fully pierce the opposing vessel wall with
the pins and ensure a tight apposition of the in-
terlocking pins and rings.

RESULTS

All patients were women, and follow-up
ranged from 1 month to 6 years. There were a total
of 460 cases of unilateral breast reconstruction
and 270 cases of bilateral breast reconstruction.

Flap types included muscle-sparing free
transverse rectus abdominis myocutaneous
(TRAM; n = 572, 57.2 percent), deep inferior
epigastric perforator (DIEP; n = 305, 30.5 per-
cent), superficial inferior epigastric artery
(SIEA; n = 108, 10.8 percent), superior gluteal
artery perforator (SGAP; n = 10, 1 percent), and
inferior gluteal artery perforator (IGAP; n = 5,
0.5 percent) (Table 1).

Recipient vessels included internal mammary
(n = 685, 68.5 percent), thoracodorsal (n = 311,
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Fig. 2. (Above and below) Ends of the vessels are pulled through
the opposing rings and everted onto the pins.

AL’

Fig. 3. Coupler knob is rotated to mate vessel ends.

31.1 percent), and lateral thoracic vessels (n = 4,
0.4 percent; Table 2). All anastomoses performed
with the coupler were end-to-end anastomoses. In
cases in which two internal mammary veins were
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Fig.4. Forceps are used to ensure a tight apposition of the rings
as they are pushed out of the end of the instrument.

Table 1. Flap Type

Flap Type n (%) Percent Thrombosis
Muscle-sparing

free TRAM 572 (57.2) 0.7 (4/572)
DIEP 305 (30.5) 0.3 (1/305)
SIEA 108 (10.8) 0(0/108)
SGAP 10 (1.0) 0 (0/10)
IGAP 5 (0.5) 20 (1/5)

TRAM, transverse rectus abdominis myocutaneous; DIEP, deep in-
ferior epigastric perforator; SIEA, superficial inferior epigastric ar-
tery; SGAP, superior gluteal artery perforator; IGAP, inferior gluteal
artery perforator.

Table 2. Recipient Vessel Used

Recipient Vessel n (%) Percent Thrombosis
Internal mammary 685 (68.5) 0.6 (4/685)
Thoracodorsal 311 (31.1) 0.6 (2/311)
Lateral thoracic 4(0.4) 0(0/4)

present, the larger of the two veins was always
chosen for the anastomosis. In 15 of the free
TRAM and DIEP cases, a second vein, usually the
superficial inferior epigastric vein, was coupled in
addition to the primary venous anastomosis. This
was usually done because of intraoperative venous
congestion in the flap that was not due to throm-
bosis of the primary coupled anastomosis but
rather a poor inherent venous drainage pattern of
the flap. These extra venous anastomoses were not
counted in the final numbers shown here, and it
should be noted that none of these cases had any
instances of venous thrombosis.

Coupler sizes that were used included 3.0 mm
(n = 852, 85.2 percent), 2.6 mm (n = 130, 13
percent), 2.0 mm (n = 14, 1.4 percent), 3.5 mm
(n=2,0.2 percent), 1.b mm (n =1, 0.1 percent),
and 4.0 mm (n = 1, 0.1 percent; Table 3). The
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Table 3. Coupler Size Used

Coupler Size n (%) Percent Thrombosis
3.0 mm 852 (85.2) 0.9 (5/852)

2.5 mm 130 (13.0) 0.8 (1/130)

2.0 mm 14 (1.4) 0 (0/14)

3.5 mm 2 (0.2) 0(0/2)

1.5 mm 1(0.1) 0(0/1)

4.0 mm 1(0.1) 0(0/1)

time to perform a coupled anastomosis was mea-
sured in 20 consecutive cases near the end of the
retrospective review to account for any learning
curve in use. The average time to couple the vein
was 3 minutes, with a range of 2 to 6 minutes.
There were a total of six instances of venous
thrombosis (n = 6), which give a rate of throm-
bosis for coupled venous anastomoses of 0.6 per-
cent. One thrombosis occurred in each year of the
retrospective collection period, showing that
there was no learning curve to the coupler appli-
cation process that could have predisposed the
anastomosis to thrombosis. Of these six venous
thromboses, four were muscle-sparing free TRAM
flaps, one was a DIEP flap, and one was an IGAP
flap. The first venous thrombosis was intraopera-
tive and the anastomosis was taken down, the
thrombus in the vessel was flushed out with hep-
arinized saline, and the anastomosis was redone
with a smaller coupler. There were no other
thrombotic complications in this patient, and the
flap survived completely. The second thrombosis
occurred on postoperative day 1, was redone with
the same size coupler, and then urokinase was
infused through the flap with total flap survival.
The third thrombosis occurred on postoperative
day 6, was not taken back to the operating room,
and resulted in partial flap necrosis. The fourth
thrombosis occurred on postoperative day 4, a
segment of vein was resected in the operating
room, a vein graft was used to bridge the gap
(coupled on both ends), and urokinase was in-
fused through the flap. There was complete sur-
vival of this flap. The fifth thrombosis occurred
late on postoperative day 10, was not taken back to

Table 4. List of Coupled Venous Thromboses

the operating room, and resulted in partial flap
necrosis. The sixth thrombosis occurred on post-
operative day 1, the revised anastomosis was hand-
sewn, and urokinase was infused, with complete
flap survival. The details of the six venous throm-
boses are listed in Table 4. There were no total flap
losses in this series due to venous thrombosis, al-
though two patients did have partial flap loss as
described above.

Statistical analysis showed that the comparison
between the proportion of TRAM patients with
thrombosis and the proportion of non-TRAM pa-
tients with thrombosis was not significant (p =
0.71). If one compares the TRAM flap with the
DIEP flap, there is no significant difference (p =
0.66; the proportion of TRAM patients with
thrombosis is not significantly different from the
proportion of DIEP patients with thrombosis). If
one compares the TRAM flap with IGAP flap,
there is a significant difference (p = 0.04). If one
compares the DIEP flap with the IGAP flap, there
is also a significant difference (p = 0.03). It is
important to keep in mind, however, that the sig-
nificant results may be due to random sampling
error. With such small numbers for the IGAP flaps,
itis possible that the one case of IGAP with throm-
bosis of the five inferior gluteal cases was random
and that one could sample a large number of
patients and not see another inferior gluteal case
with thrombosis.

DISCUSSION

The incidence of intraoperative and postop-
erative thrombosis with traditional sutured micro-
vascular anastomoses has been quoted as high as
10 percent."* The rate of thrombosis in breast
reconstruction is usually on the lower end of this
spectrum, with a mean in the 3 percent range and
most being venous thromboses.!? The coupler has
been routinely and successfully used by a number
of surgeons for venous anastomosis in breast, head
and neck, and extremity reconstruction, with ve-
nous thrombosis ranging from 0 to 3 percent.51%19
The largest previous clinical experience with the

Thrombosis No. Postoperative Day Flap Type

Comment

1 0 Muscle-sparing free TRAM Intraoperative thrombosis, redone with smaller
coupler, complete flap survival

2 1 Muscle-sparing free TRAM  Redone with same size coupler, complete flap survival

3 6 DIEP Not redone—partial flap necrosis

4 4 IGAP Vein graft used and coupled, complete flap survival

5 10 Muscle-sparing free TRAM  Not redone—partial flap necrosis

6 1 Muscle-sparing free TRAM  Revised anastomosis hand-sewn, complete flap survival

TRAM, transverse rectus abdominis myocutaneous; DIEP, deep inferior epigastric perforator; IGAP, inferior gluteal artery perforator.
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coupler showed a venous thrombosis rate of 1.4
percentin 139 anastomoses in 139 free flaps.'” Our
study in 1000 consecutive anastomoses Now rep-
resents the largest clinical series, yielding a low
thrombosis rate of 0.6 percent. This compares fa-
vorably with the best results reported for hand-
sewn venous anastomoses, which was published as
2.8 percent (1.4 percent intraoperative and 1.4
percent postoperative) in a previous study from
our group on 500 free TRAM operations.'s

Many of the potential or theoretical etiologies
for thrombosis are minimized with use of the cou-
pler: foreign body suture contacting blood flow,
subendothelial collagen exposure from imperfect
intima-to-intima contact, and luminal narrowing
(the coupler stents the vessel open at the anasto-
motic site). Basic microsurgical principles still ap-
ply in using the coupler: use heparin flush, min-
imize handling of the vessel wall that could cause
intimal damage, evenly distribute the vessel wall
on the coupler pins, minimize tension, and avoid
twisting or kinking of the pedicle. The venous
anastomosis is usually coupled in 3 minutes, com-
pared with the arterial anastomosis, which usually
is hand-sewn in about 12 to 20 minutes. Although
this may appear as a minimal time savings, the
coupler is far easier to perform and is certainly less
taxing on the surgeon as compared with perform-
ing a hand-sewn venous anastomosis. At present,
approximately half of our free flap breast recon-
struction patients undergo bilateral immediate re-
construction. This is where the time savings and
limited fatigue factor make the coupler the tech-
nique of choice. A formal cost analysis was not
performed comparing coupled with sutured ve-
nous anastomoses, so it is unknown whether there
are overall savings when using the coupler.

The two academic centers that contributed to
this clinical series have well-established training
programs for both plastic surgery residents and
reconstructive microsurgery fellows. We have
been criticized by some that by using this faster,
more effective technique, we are somehow taking
away from resident and fellow education with re-
spect to hand-sewn anastomoses. This same argu-
ment has been made many times in the past with
the introduction of new surgical technologies.
Laparoscopic versus open cholescystectomy, the
introduction of minimally invasive techniques,
and robotic surgery have all been similarly criti-
cized. The coupler technique will likely continue
to grow in terms of acceptance and usage, and
hence, all surgical educators in this field will have
a responsibility to teach this technique to their
residents and fellows.
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It should be noted that arterial anastomoses
are not routinely performed with the anastomotic
coupler at our institution. Like others, we have
only used the coupler for the arterial anastomosis
when the thoracodorsal vessels have been used as
the recipient vessels to the flap. The native struc-
ture to the artery makes using the coupler device
more challenging. The thicker and less distensible
arterial walls do not allow for easy placement of the
arterial wall onto the coupler pins. A coupler size
smaller than the diameter of the artery must
be used to overcome these inherent difficulties.
Even when using a smaller coupler, intimal tearing
and fragmentation have been common. Using a
smaller coupler for arterial anastomoses would
potentially reduce functional blood flow and
could lead to thrombosis. We have used the cou-
pler for the arterial anastomosis on five flaps, with
a postoperative thrombosis occurring several
hours after surgery in the fifth flap. This was suc-
cessfully salvaged with repeated hand-sewn anas-
tomosis. In a series by Ahn et al.,'* there were five
intraoperative thromboses of 29 total arterial
thromboses early in their series. This was attrib-
uted to the same technical difficulties we have
mentioned above.!* Other studies have reported
on its successful use for arterial anastomoses in
breast and head and neck reconstruction, both
with good patency rates.'®!” Because of the vari-
able patency rates observed by us and others, we
have discontinued our use of the coupler for the
arterial anastomosis.

We believe this study is an accurate reflec-
tion of what other microsurgeons should expect
with the use of the coupler for the venous anas-
tomosis in free flap surgery. All four of the par-
ticipating surgeons are experienced microsur-
geons, and this contributed to no observed
learning curve with the introduction of this tech-
nique. We, almost always, secure the donor vein
first as compared with the recipient vein. The
length of the donor vein and the ability to po-
sition the flap allow for a greater degree in free-
dom with positioning the donor vein. The re-
cipient vein is usually less mobile. The donor
vein is secured first and then the device is moved
to the more restricted recipient vein. Because of
the greater freedom of the donor vein, there are
no issues of tension on the donor vein or flap
during this process. If this process was done in
reverse, there is the potential for unrecognized
tension on the more limited recipient vein while
trying to secure the donor vein. The compact
size of the coupler makes it useful for anasto-
moses performed in tight or deep surgical
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spaces (e.g., the axilla when anastomosing to the
thoracodorsal vessels). Immediately after com-
pletion of the coupling process, forceps are used
to reinforce the engagement of the two rings.
This is an important step, as there have been
sporadic anecdotal reports of coupler separa-
tion in the postoperative period, whereby the
pins disengage and the anastomosed vessel ends
separate. Although there are a range of coupler
sizes available, we have routinely used the 3-mm-
and 2.5-mm-diameter devices for the great ma-
jority of our free flap breast reconstructions.

Although all of the anastomoses in our series
of breast reconstructions were performed in an
end-to-end manner, there have been reports of
successful use of the coupler in end-to-side ve-
nous anastomoses in head and neck
reconstruction.'® We have successfully used the
coupler in end-to-side fashion for both head and
neck and lower extremity reconstruction. Our
experience is too limited to add to this partic-
ular patient population, but we have had the
same excellent results in these other groups of
patients. We would expect end-to-side use, as
well as the general use of this device in all forms
of free flap surgery, to mimic the results
achieved in this study. In addition, although
significant venous size discrepancies are rare in
autologous breast reconstruction, they occa-
sionally occur, particularly with the SGAP and
IGAP flaps. Hand-sewn anastomoses between
vessels with significant size mismatch can result
in pleating of the larger vessel wall around the
perimeter of the smaller vessel with incomplete
intimal contact. These significant size mis-
matches have been considered to have a greater
risk of postoperative thrombosis. Because of the
secure intima-to-intima contact with the coupler
technique, the technical problem of significant
caliber mismatch is generally overcome. An ex-
ample of this can be seen in Figure 5, in which
an inferior gluteal vein has been coupled to the
internal mammary vein with obvious significant
vessel size discrepancy.

CONCLUSIONS

When performed carefully by a trained micro-
vascular surgeon, the microvascular anastomotic
coupler is an effective, reliable, and fast method
for microvascular venous anastomoses. The com-
pactsize of the coupler facilitates its use in tight or
deep surgical spaces. The availability of multiple
coupler sizes allows its use for almost all venous
microanastomoses, even when there is significant
size discrepancy. Most venous anastomoses can be

Fig. 5. Inferior gluteal vein coupled to the internal mammary
vein with obvious significant vessel size discrepancy.

performed in 3 minutes, which minimizes overall
surgical time. Finally, the patency rates for venous
anastomoses performed with the microvascular
coupler are excellent when compared with stan-
dard suture techniques.

Shareef Jandali, M.D.

Division of Plastic Surgery

University of Pennsylvania Health System
3400 Spruce Street

10 Penn Tower

Philadelphia, Pa. 19104
shareef.jandali@uphs.upenn.edu
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Management of Significant Venous
Discrepancy with Microvascular
Venous Coupler

Scott K. Sullivan, M.D., FACS,' Frank Dellacroce, M.D.," and
Robert Allen, M.D., FACS"

ABSTRACT

Microsurgery has revolutionized the art of reconstruction, with the discovery of
the ability to replace like tissue with like tissue transferred from a distant site. The evolu-
tion of the tissue transferred has also progressed. No longer are free flaps based off a dom-
inant anatomically named vessel, but one of its later derivatives, the perforator. Perforator
breast reconstruction dominates the authors’ practice, and a frequently encountered prob-
lem is mismatched vessels. This situation typically requires more time and concentration
for successful completion. Venous mismatches tend to be harder to overcome than arte-
rial; the venous hand-sewn end-to-end anastomoses result in bunching of the larger ves-
sel around the perimeter of the smaller. In this low flow system, these anastomotic imper-
fections can frequently result in anastomotic failure. Many other techniques have also
been described in hopes of improving the anastomotic success. These are often timely or
lack improvement in patency rates. The authors have found the MCA microvascular ve-
nous coupler to be a reliable method to overcome this problem. The end-to-end tech-
nique of microvascular coupling allows a perfect intima-to-intima anastomosis despite
the variation in caliber of the vessels. The time to complete the end-to-end anastomoses

is significantly reduced to only a matter of minutes.

KEYWORDS: Perforator breast reconstruction, microvascular venous coupling,
venous discrepancy, gluteal artery perforator flap

Micmsurgical reconstruction is a technically
challenging endeavor. The success of the procedure de-
pends on uncomplicated preservation of the revascular-
ization of tissue. Microsurgical reconstructions of the
head and neck, as well as of the lower extremity, have
well-documented descriptions of the vessel mismatches
often encountered.!? These mismatches are a challenge
to overcome technically, with no clear consensus about
the solution to the problem.

In microsurgical breast reconstruction, specifi-
cally perforator flap reconstruction, we also have encoun-
tered this dilemma. This most commonly occurs with

the use of gluteal artery perforator (GAP)? flaps, and
occasionally with superficial inferior epigastric artery
(SIEA) flaps. The recipient vessels in all cases were the
internal mammary. To quickly and easily overcome the
mismatches, the MCA microvascular venous coupler was
used to perform the venous anastomoses.

PATIENTS AND METHODS

Thirty-eight GAP flaps were used for breast reconstruc-
tion from October, 2001 through July, 2002. Twcnty (53
percent) were delayed reconstructions and 18 (47 per-
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cent) immediate. Six (30 percent) of the delayed recon-
structions were for implant failure, one (5 percent) for a
failed TRAM, with the remainder being post-mastectomy
reconstructions. All reconstructions except two were for
the treatment of breast cancer. The two outstanding were
primary and secondary (implant failure) reconstructions
for Poland syndrome. Forty-nine venous anastomoses
were performed in the 38 reconstructions. Twenty-seven
(71 percent) reconstructions had critical anastomoses.

The GAP flap veins ranged in size from 2.5 to
7.0 mm in diameter. The internal mammary vessels were
used as recipients in all but three cases. The internal
mammary veins ranged in size from 1.5 to 3.5 mm. They
were exposed h)’ resection of the third or fourth costo-
chondral cartilage. The outstanding donor vessels were
the second and third intercostal perforators, both pre-
served by the general surgeon at the time of mastec-
tomy. The average GAP flap vein was 4.0 mm, and the
average internal mammary vein was 2.0 mm.

All reconstructions were performed by a team of

two microsurgeons. The MCA microvascular coupler
was used for all anastomoses. The coupler size was equiv-
alent to the recipient vein diameter, because this was al-
ways the smaller vessel. The average anastomotic time
was 3.5 min.

Operative Technique Once the free flaps were har-
vested, they were transferred to the chest and secured.
Under microscopic assistance, the flap and recipient ves-
sels were skeletanized in preparation for end-to-end anas-
tomoses. The MCA microvascular sizer was used to
measure the lumen diameter while being dilated with

jeweler’s forceps (Figs. 1, 2). The mechanical dilation of

the vessels allowed us to measure maximum luminal di-
latation. The selection of coupler size is equivalent to
that diameter measured on the smaller vessel.

The initial draping of the flap vein is preferred,

because its pedicle length allows easier positioning of

the coupler for recipient exposure (Fig. 3). The flap vein

Figure 1

(2 mm)

Luminal measurement of the interna mammary vein

Figure 2 Luminal measurement of the S-GAP vein (7 mm)

is brought through the coupler ring and draped over the
pegs followed similarly with the recipient. The MCA mi-
crovascular coupler is compressed by turning the appli-
cator handle clockwise. Once coupled, the rings are fur-
ther compressed with hemostats for good measure. The
applicator handle is turned counterclockwise and the
coupler rings are ejected (Fig. 4).

RESULTS

Evaluation of an anastomotic technique is best examined
in the situations in which there is a critical vein (single
venous anastomosis). Twenty-seven of the 38 S-GAP
breast reconstructions had a critical venous anastomosis.
One (3.5 percent) of the 27 required re-exploration for
venous congestion. Intraoperatively, it was discovered
that the obstruction was due to a twist in the vein, while
the anastomosis remained patent. A correction was made,
and the flap was salvaged. Typical vessel discrepancy was

2 to 3 mm (ratio: 2 to 2.5:1), with the greatest differential
of 5 mm (ratio: 3.5:1, as shown in Figure 4A).

Figure3 A 7-mm S-GAP vein after it has been draped over the

of a 2-mm coupler r
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Figure 4 (A) Completed coupling of the 7-mm S-GAP vein

to the 2-mm internal mammary vein with a 2-mm coupler
(B) Schematic diagram of the coupling procedure

DISCUSSION

The critical evaluation of microsurgical anastomoses has
been an ongoing process since its origin. Perfection of
the technique insures a successful outcome. We have
found the use of the MCA micovascular coupler to be a
tremendous asset in our practice of perforator flap breast
reconstruction. The value of its application and effec-
tiveness has been well-documented.!2+7 Previous arti-
cles have describe the device's limitations, mostly re-
garding its use in vessels of “minimal discrepancy,™ and
have explored its effectiveness in the end-to-side tech-
nique for vessels of greater disrrcp;im‘_‘:i”

Alternative methods have also been described in
hopes of better overcoming size discrepancy. Mechanical
dilatation or spatulation of the end of the smaller vessel
has been described to increase vessel diameter.!!12 A
“fish-mouth” incision has also been described to increase
vessel diameter, and has been applied in both end-to-
end and end-to-side anastomoses.* Even extremes such
as perioperative vessel dilatation using a percutaneous
transluminal angioplasty catheter have been described to
overcome significant size discrepancy.'® Most microsur-
geons, when confronted with the problem of significant
size discrepancy, will most often choose to perform an
end-to-side anastomosis; this has been suggested in ex-
perimental studies to have a higher patency rate. 1215

Our position is quite contrary to current think-
ing. We, in fact, believe that the ideal situation for end-
to-end venous coupling is not only minimally dis-
crepant vessels, but extremely discrepant vessels. The
MCA microvascular coupler performs a perfect intima-
to-intima anastomosis, even on these largely discrepant
vessels. This alone is a nearly impossible task to com-

i -
| = FEAIN
S 7o | ) (T
."l l
. S

plete with hand-sewn techniques. Typical bunching of
the larger vessel lumen often causes luminal invagina-
tion or constriction of the anastomoses.

The instrumental dilatation of the smaller vessel
to obtain coupler size maximizes the caliber of the anas-
tomoses. The larger vessel is neatly draped over the ring
and pegs, creating pleats. During compression, we closely
watch the perimeter of the larger vessel, to make sure it
remains fully draped over the rings, thus avoiding extra-
luminal debris to contaminate the anastomoses. The
ability to visualize the lumen to point of anastomosis is
difficult to duplicate in hand-sewn techniques.

Although limited to perforator flap breast recon-
struction, similar size discrepancies are often found in
head and neck, as well as lower extremity, reconstruction,
We have easily overcome discrepancies of 2 to 3.5:1,
with 100 percent patency of the 27 critical anastomoses.
We note that the re-exploration was caused by poor ves-
sel alignment prior to coupling and not due to an anas-
tomotic failure. All of these anastomoses were also com-
pleted in 3 to 5 min, which is difficult to accomplish
with any hand-sewn techniques.
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Die mikrovaskuldre Anastomose stellt
einen der kritischsten Aspekte beim frei-
en Gewebetransfer im Rahmen der rekon-
struktiven Chirurgie dar. Mikrochirurgi-
sche Nahttechniken sind in ihrer Ausfith-
rung kompliziert und zeitaufwendig. Lan-
ge Ischdmiezeiten und das Vorhanden-
sein von Nahtmaterial an der inneren Ge-
faBloberfliche konnen neben einer un-
sachgemiflen Nahttechnik die Ursache
fiir postoperative Thrombosen darstellen.
Deswegen wurde nach alternativen mi-
krovaskuldren Anastomosetechniken ge-
sucht, welche schneller, einfacher und si-
cherer als traditionelle Nahtmethoden in
der Mikrochirurgie einsetzbar sind.

Experimentelle Studien verfolgten da-
bei 2 Richtungen: einerseits chemische
und physikalische Methoden wie die Be-
nutzung von Fibrinkleber oder die Nut-
zung von Lasertechniken, und anderer-
seits verschiedene mechanische Anasto-
mosetechniken. Aus der Gruppe der che-
mischen und physikalischen Methoden
konnte sich fiir den klinischen Gebrauch
keine Technik durchsetzen. Bei der Ent-
wicklung von mechanischen Anastomo-
segeriten wurden 3 Grundprinzipien ent-
wickelt: Cuff-Techniken, Klipps, Stapler
und Ring-Pin-Systeme [1,2,3, 4].

In der klinischen Praxis hat sich v. a.
das Ring-Pin-Prinzip durchgesetzt. Erst-
malig wurde dieses Prinzip von Payr 1904

E.Ropke - A.Berghaus - M.Bloching

Klinik und Poliklinik fiir Hals-, Nasen- und Ohrenheilkunde, Kopf- und Halschirurgie,

Martin-Luther-Universitét, Halle-Wittenberg

Ring-Pin-

Anastomosentechnik

Klinische Langzeiterfahrungen mit dem
mechanischen Ring-Pin-System fiir mikrovaskuldre
Anastomosen in der rekonstruktiven

Kopf-Hals-Chirurgie

[22] vorgestellt. 1962 entwickelte Nakaya-
ma [5] ein Ring-Pin-Gerat, mit dem {iber
2 mit Nadeln und Offnungen versehenen
Ringen Gefiflenden exakt adaptiert wer-
den konnte. Dieses Prinzip wurde von
Oestrup und Berggren 1979 [6] fiir den
mikrochirurgischen Gebrauch weiterent-
wickelt. Nach umfangreichen experimen-
tellen Studien kénnen heute 4 verschie-
dene Ringgréfen mit Innendurchmesser
von 1,0; 1,55 2,0 und 2,5 mm zur klinischen
Benutzung in der Mikrochirurgie benutzt
werden. Geeignet sind Gefiifle mit einem
Auflendurchmesser von 0,8 bis 3,0 mm.

Patienten und Methode

Das GEM®-Mikrovaskulire- Anastomose-
System (MAS) besteht aus einem wieder-
verwendbaren, handlichen Anastomose-
instrument, einem wiederverwendbaren
Maf zur Bestimmung des Geféfidurch-
messers (8 Abb.1) und den Ring-Pin-Sys-
temen in 4 verschiedenen Gréfien. In die
Halterung des Anastomoseinstruments
kdnnen die Ring-Pin-Systeme auf einfa-
che Weise integriert werden (€3 Abb. 2).
Die 2 Ringe eines Ring-Pin-Systems be-
stehen aus Polyethylen mit jeweils 6 Na-
deln (Pins) aus rostfreiem Stahl und al-
ternierenden Lochern. In @ Abb.3a,b,c
wird das Vorgehen bei einer vendsen End-
zu-End-Anastomose gezeigt.

In unserer Klinik wird das MAS zur
vendsen End-zu-End-Anastomose beim
freien Gewebetransfer in der Kopf-Hals-
Tumorchirurgie seit 1996 benutzt. In die
Studie eingeschlossen wurden 48 Patien-
ten, bei denen wir von Januar 1996 bis Ok-
tober 2001 Defektrekonstruktionen mit
mikrovaskuldr anastomosierten Unter-
armlappen durchfiihrten. Der Gefafistiel
des Lappens wurde zur Vermeidung von
Kompressionen oder einem Kinking mit
umgebendem Fettgewebe gehoben. Als
vendses Drainagegefif} verwendeten wir

Abb. 1 A MAS-System mit Anastamoseinstru-
ment (oben) und Gefdlgrifenmesser (unten)

Abb.2 A Anastomeseinstrument mit installier-
tem Ring-Pin-System der Gréfle 2,0 mm
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Abb. 3 A Vergehen bei einer vendsen End-zu-End-Anastomese. a Die 2u anastomosierenden
Venen werden in {iblicher Weise wie vor einer mikrovaskuldren Naht pripariert, Wichtig ist die
exakte Messung der Gefildurchmesser mit dem GefdBgréfenmesser und die Wahl der geeiy-
neten Ringgréfe. Ein GefiBende wird durch einen der 2 Ringe hindurch gezogen, die Gefaf-
wand wird um $0° evertiert und iiber die Stahinadeln gezogen. Dabei ist zu beachten, dass die
Spannung gleichmaBig um den Kreisumfang verteilt wird und die Intimaschicht von jeder Na-
del gefasst wird. Das gleiche Vorgehen erfolgt mif dem anderen Venenende und dem korre-
spondierenden Ring. b Die beiden Ringe werden schliellich mechanisch zusammengefiigt, in-
dem das drehbare Ende des Anastomoseinstrumentes nach rechts gedreht wird. Dabei versen-
ken sich die Stahinadein beider Ringe in die kerrespondierenden Locher und die Anastomose
wird durch Reibungskrifte gesichert. c AbschlieBend werden die Ringe vom System freigege-

ben. Die Anastomesierung ist beendet

die V. cephalica. Die vendse Anastomose
erfolgte mit der V. facialis oder mit der
V.jugularis externa. Die arterielle Anasto-
mose wurde zwischen der A. radialis und
der A. thyroidea superior, in Einzelfillen
auch der A. facialis durchgefiihrt.

Bei 20 Patienten verwendeten wir das
Ring-Pin-System zur vendsen Anastomo-
se in End-zu-End-Technik. Die klinischen
Ergebnisse wurden mit den anderen 28
Patienten verglichen, bei denen die Ana-
stomosierung der Vene mit 9-o-Prolene-
Naht erfolgte.

Ergebnisse

In der Gruppe mit MAS-Anastomose
(n=20) zeigten 2 Transplantate eine ve-
ndse Stauung innerhalb der ersten 24 h
postoperativ (8 Abb.4). Nach operativer
Revision war das Transplantat gut durch-
blutet, und der weitere postoperative Ver-
lauf gestaltete sich unaufféllig. Grund der
vendsen Stauung war ein zu klein gewéhl-
ter Ring. Eine Thrombosierung kam nicht
vor. In der anderen Gruppe mit gendhten
Gefiflanastomosen (n=28) wurde ein Ge-
webelappen durch eine vendse Thrombo-
sierung ischdmisch und musste teilweise
entfernt werden. Die Anastomosezeit
konnte durch Verwendung des Ring-Pin-
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Systems deutlich verkiirzt werden. Bei
Anastomosierung der Venen mit dem
MAS-System wurden 3-6 min bendtigt,
wiahrend die mikrochirurgische Naht
durchschnittlich 15 min in Anspruch
nahm.

Alle Patienten wurden nach der Ent-
lassung regelmifig in der onkologischen
Sprechstunde nachbetreut. Die Langzeit-
ergebnisse mit dem MAS-System zeigten
bis zu 5 Jahre postoperativ keine patholo-
gischen Gewebereaktionen oder Minder-
durchblutung des Transplantates. Insbe-
sondere wurde bei keinemn Patienten eine
spatere Thrombosierung beobachtet.

Diskussion

In umfangreichen experimentellen Tier-
versuchen und in der klinischen Anwen-
dung konnte das MAS-System seine Ef-
fektivitdt beweisen. Histologische Unter-
suchungen von mechanischen Anastomo-
sen mit dem MAS-System zeigten einen
mikrovaskuldren Heilungsverlauf ver-
gleichbar mit dem von gendhten Gefiflen
[78].In Tierversuchen wurde nachgewie-
sen, dass die mechanisch gekoppelten
Anastomosen einen gleichen oder besse-
ren Durchfluss hatten als genéhte Anasto-
mosen [9, 10, 11]. Durch Benutzung des

mosierung mit dem MAS-System durch Wahi zu
klginer Ringe

Rin-Pin-Systems konnte die Anastomo-
sierung deutlich schneller durchgefithrt
werden, und das sowohl bei normalen als
auch bei bestrahlten Gefdflen [12, 13, 14].
Damit konnte die Ischdmiezeit deutlich
verkiirzt werden. Studien zur Stabilitét der
Anastomose zeigten, dass die mechanisch
gekoppelten Anastomosen bei Zugbelas-
tung 50% fester als die Nahtanastomosen
sind [8].

Auch die bisher in einigen anderen
Zentren gesammelten Erfahrungen am
Patienten bestitigten die schnelle und si-
chere mikrochirurgische Anastomosie-
rung mit dem Ring-Pin-System [15,16,17].
Untersuchungen in einem Magnetreso-
nanztomographen zeigten keine Deplat-
zierung der Ringe [18].

Nach einer relativ kurzen Ubungspha-
se ist es dem Operateur mdglich, die Ring-
Pin-Anastomose problemlos und in einer
deutlich kiirzeren Zeit als Nahtanastomo-
sen durchzufiihren. Durchschnittlich wird
fiir die mechanische Anastomose mit dem
MAS-System eine Zeit von 3-6 min beng-
tigt. Im Gegensatz dazu muss fiir die mi-
krovaskuldre Naht eine 2- bis 3-mal ldnge-
re Zeit eingeplant werden. Wichtig fiir die
erfolgreiche Anastomosierung mit dem
MAS-System ist die Wahl der richtigen
Ringgrofie in Abhédngigkeit vom Durch-
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messer der zu anastomosierenden Geféfie.
Durch die Benutzung zu grofler Ringe
wird die Gefdflwand zu stark belastet und
kann dadurch einreifien. Ein zu klein ge-
wihlter Ring kann andererseits, wie in un-
seren Féllen, eine vendse Stauung zur Fol-
ge haben (£3 Abb.4).

Unsere Erfahrungen bestétigen, dass

die vengse End-zu-End-Anastomosie-
rung mit dem MAS-System relativ ein-
fach, schnell und sicher durchzufithren
ist. Langzeitergebnisse zeigten eine gute
Gewebevertriglichkeit sowie eine gute
Durchblutung der Transplantate. Die An-
wendung zur mikrochirurgischen Ana-
stomosierung von Arterien stellte sich je-
doch als schwierig dar, weil die arteriel-
le Gefdflwand haufig zu dick oder arte-
riosklerotisch verdndert ist und damit
die Applikation der Ring-Pin-Systeme un-
moglich wird. End-zu-Seijt-Anastomosen
zur V. jugularis interna werden in der Li-
teratur als durchfiithrbar beschrieben [19,
20], sind aber aus unserer Sicht kompli-
zierter als die End-zu-End-Anastomose
und in den meisten Fillen nicht erforder-
lich. Als besonders vorteilhaft erwies sich
die Anwendung des MAS-Systems bei der
Anastomosierung von vendsen Interpo-
naten zur Verldngerung von Gefiflen, weil
dadurch die Anastomosezeit erheblich
verkiirzt werden kann.

Derzeitige Forschungen beschiftigen
sich mit der Erprobung biologisch abbau-
barer Ring-Pin-Systeme [21].

Die Produkte des MAS-Systems haben
zzt. noch nicht das CE-Zeichen, mit wel-
chem Medizinprodukte in den Liandern
der EU seit dem 14.06.1998 versehen sein
miissen. Der Hersteller in den USA wur-
de bereits aufgefordert, das Zulassungs-
verfahren einzuleiten; bestehende Lages-
bestinde bei Hindlern und in Kliniken
kénnen jedoch bedenkenlos weiterver-
wendet werden ($ 48 des Medizinproduk-
tegesetz).

Ein Kostenvergleich zeigt, dass die
Ring-Pin-Systeme derzeit deutlich teurer
als das gebrduchliche Nahtmaterial sind.
Ein Ring-Pin-8ystem kostet gegenwiirtig
etwa 195,14 EUR, hingegen ein 9-o-Prole-
ne-Faden nur etwa 9,27 EUR.

Aus unserer Sicht stellt das MAS-Sys-
tem eine sichere Mdglichkeit der ventsen
Anastomosierung dar, die besonders beim
Einsatz von Gefiflinterponaten Vorteile hat.
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Ring-Pin-Anastomosentechnik. Klinische Langzeiterfahrungen mit dem

mechanischen Ring-Pin-System fiir mikrovaskuldre Anastomosen in der
rekonstruktiven Kopf-Hals-Chirurgie

Zusammenfassung

Hintergrund. Mikrovaskuldre Anastomosen stel- tiven Stunden. Nach der Revision waren die

len einen der kritischsten Aspekte beim freien Transplantate gut durchblutet.In der Gruppe mit
Gewebetransfer dar. Weil mikrochirurgische gendhten GefdBanastomosen (n=28) wurde ein
Nahttechniken kompliziert und zeitaufwendig Gewebelappen durch eine vendse Thrombosie-
sind, wurde nach anderen Anastomosetechniken rung ischdmisch und musste teilweise entfernt
gesucht, Eine solche Methode ist das Ring-Pin- werden.Die Anastomosezeit konnte durch Ver-
System. wendung des Ring-Pin-Systems deutlich ver-
Methede. Von Januar 1996 bis Oktober 2001 kiirzt werden.

wurden bei 48 Patienten Defektrekonstruktionen Schlussfeigerungen. Die vendse End-zu-End-
mit gestielten, mikrovaskuldr anastomosierten Anastormosierung it dem Ring-Pin-System ist
Unterarmlappen vorgenommen. Bei 20 Patienten nach einer relativ kurzen Ubungsphase ver-
wurde die vendse Anastomose mit dem Ring- gleichsweise einfach und schnell durchzufihren.
Pin-System in End-zu-End-Technik durchgefiihrt. Langzeitergebnisse zeigten eine gute Gewebe-
Die klinischen Ergebnisse wurden mit 28 Patien- vertraglichkeit des Materials sowie eine gute

ten verglichen, bei denen die Anastomosierung Durchblutung der Transplantate.

der Vene mit 9-0-Prolene-Naht in End-zu-End-

Technik erfolgte. Schliisselworter

Ergebnisse. In der Gruppe mit Ring-Pin-Anasto- Mikrachirurgie - Mikrovaskuldre Anastomosen -
mose (n=20) zeigten 2 Gewebelappen eine ve- Ring-Pin-System

nose Stauung innerhalb der ersten 24 postopera-

Ring-pin anastomosis. Long-term clinical experience with the mechanical
ring-pin system for microvascular anastomosis in reconstructive head and
neck surgery

Abstract

Background. Microvascular anastomosis re- flaps were well perfused.In the other group with
mains one of the most critical aspects of free tis- sutured vessels (1=28),a transplant became

sue transfer. Since microsurgical suture techni- ischemic in one patient due ta venous throm-
ques are complicated and time-consuming, other bosis and had to be partly removed. The time of
techniques of anastomosis have been created. anastomosis was considerably shortened by the
One of these is the ring-pin system. use of the ring-pin system.

Methods. Between January 1996 and October Canglusiens. The venous end-to-end-anasto-
2001, 48 patients underwent reconstruction with mosis using the ring-pin system can be carried

a free radial forearm flap.In 20 patients the ve- aut relatively easily and rapidly after a compara-
nous anastomosis was carried out using a ring- tively shart period of training. Long-term results
pin system with end-to-end technique.The clini- have shown good tissue tolerance of the material
cal results were compared to the other 28 pa- and sufficient bload circulation of the grafts.
tients in wham the anastomosis was sutured

with 9-0 prolene. Keywords

Results. In the group using ring-pin anastomosis Microsurgery - Microvascular anastomosis -
(n=20), two flaps showed venous congestion Ring-pin system

within 24 h postoperatively. After revision the
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Fachnachricht

Fazit fiir die Praxis

Die vendse End-zu-End-Anastomosierung mit
dem Ring-Pin-System ist nach einer relativ
kurzen Ubungsphase vergleichsweise einfach
und in einer deutlich kiirzeren Zeit als Naht-
anastomosen durchzufiihren. Besonders vor-
teilhaft ist die Anwendung des MAS-Systems
bei Anastomosierung von vendsen Interpo-
naten zur Verldngerung von GeféRen.

Korrespondierender Autor
Priv.-Dez. Dr. med. M. Bloching

Klinik und Poliklinik fiir Hals-, Nasen- und
Ohrenheilkunde, Kopf- und Halschirurgie,
Martin-Luther-Universitat Halle-Wittenberg,
MagdeburgerstralSe 12,06097 Halle (Saale)
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Gemeinsames Programm von
BMBF und DFG fiir medizinische
Forschung in Deutschland

Bundesforschungsministerin Edeigard
Bulmahn und der Prasident der Deutschen
Forschungsgemeinschaft (DFG), Prof.
Winnacker, haben eine gemeinsame Initi-
ative fiir die patientennahe medizinische
Forschung in Deutschland vergestellt.
Damit kdnnen in Deutschland nun erst-
mals klinische Studien unabhingig von
ihrer Fragestellung eder von der jeweili-
gen Krankheit finanziert werden. Das Pro-
gramm ist in den ndchsten vier Jahren mit
insgesamt 40 Mio. Euro ausgestattet.

Ziel der Initiative ist es, Ergebnisse der Human-
genomforschung durch klinische Studien in die
Anwendung zu bringen und fiir die Weiterent-
wicklung von Pravention, Diagnose und Thera-
pie zu nutzen. Mit Hilfe dieses Programms kdn-
nen Studien finanziert werden, bei denen
kleine Patientengruppen untersucht werden,
an denen die Pharmaindustrie keine wirt-
schaftlichen Interessen hat.Ein Beispiel ist die
Behandlung von Hirntumoren mit etwa 3.000
Neuerkrankungen pro Jahr. Durch eine koordi-
nierte Vorgehensweise sollen besonders nach-
haltige Effekte erzielt werden.

Mit dem neuen Programm wird der syste-
matische Ausbau der klinischen Forschung
durch die Forderung des Bundesministeriums
flir Bildung und Forschung (BMBF) kensequent
weiter gefiihrt. Insgesamt hat das BMBF in den
letzten vier Jahren 280 Mio. Euro fiir die klini-
sche Forschung bereit gestellt. An 12 medizi-
nischen Fakultaten sind seit 1999, Kosrdinie-
rungszentren fuer Klinische Studien” aufge-
baut worden, die eine Infrastruktur fiir die
Durchfiihrung bereitstellen, aber auch Arzte
schulen und beraten. Ebenfalls seit 1999 sind
bislang 17, Kompetenznetze in der Medizin”
gegriindet worden, in denen die fiir ein be-
stimmtes Krankheitsbild am besten ausgewie-
senen Forscher und Arzte klinische Studien
gemeinsam durchfithren, Bundesforschungs-
ministerin Bulmahn rechnet damit, dass der
Grundstock gelegt ist, auf dem nun gemein-
sam mit der DFG klinische Spitzenforschung in
Deutschland etabliert werden kann.

Deutsche Forschungsgemeinschaft (DFG)
e-mail: em.streier@dfg.de



L_ ,
Fachkljnik I’”l CHARITE

ornheide

Evaluation der Ring-Pin-Anastomosetechnik — kann die mikrovaskuldre
Anastomose in konventioneller Nahttechnik ersetzt werden?

G. Nahles', M. Klein?, C. Glatzer'

Klinik fiir Mund-, Kiefer- und Gesichtschirurgie, Klinische Navigation und Robotik, Charité - Universitatsmedizin Berlin, Campus Virchow-Klinikum,
ZFachklinik Hornheide, Mund-, Kiefer- und plastische Gesichtschirurgie, Miinster

Einleitung

Der freie mikrovaskuldr anastomosierte Gewebetransfer ist eine Standardmethode der
rekonstruktiven MKG-Chirurgie. Die GefaPanastomose ist dabei einer der sensibelsten Aspekte. Die
mikrochirurgische Nahttechnik ist technisch anspruchsvoll und in der Durchfiihrung zeitintensiv.

Lange Op-Zeiten und der damit verbundene ischdmische Stress begiinstigen ebenso wie '&3
unsachgemdpe Nahttechniken postoperative Thrombosen und den Transplantatverlust. 1
Aus diesem Grund wurden seit langem alternative Techniken der Gefdpanastomosierung gesucht. A

Das Ziel ist dabei ein System, das schneller, einfacher und sicherer als traditionelle Nahttechniken
funktioniert. Das hier vorgestellte Ring-Pin-System sollte diese Anforderungen erfiillen.

Material und Methoden

Von November 2007 bis Februar 2009 wurden bei 9 Patienten Defektrekonstruktionen im
Mund-, Kiefer- und Gesichtsbereich mit gestielten, mikrovaskuldr anastomosierten Lappen (5
Unterarmlappen, 4 Fibulatransplantate mit Hautinsel) vorgenommen. Dabei wurden insgesamt 16
vendse Anastomosen mit dem Ring-Pin-System in End-zu-End Technik und eine vendse Anastomose
in End-zu-Seit Technik durchgefiinrt. Die klinischen Ergebnisse wurden mit 10 Patienten verglichen,
bei denen die Venen durch konventionelle Nahttechnik anastomosiert wurden.

Ergebnisse

In der Ring-Pin-Gruppe zeigte ein Lappen eine vendse Stauung innerhalb der ersten 36
postoperativen Stunden. Bei der Revision zeigte sich die Abknickung einer Vene am Ring-Pin-
System bei zu steilem Winkel der Gefépenden. Nach der Verlagerung der Vene war der Lappen gut
durchblutet. Bei einer Ring-Pin-Anastomose musste wegen eines uniiberbriickbaren Kalibersprungs
von der zundchst geplanten End-zu-End Technik auf eine End-zu-Seit Technik gewechselt werden.
Das Transplantat war im Verlauf gut durchblutet.

In der Gruppe mit gendhten Anastomosen kam es im Rahmen einer massiven Wundinfektion am 8.
postoperativen Tag zu einer Thrombosierung mit Ischdmie und Lappenverlust.

Die mittlere Anastomosezeit war in der Ring-Pin-Gruppe deutlich verkiirzt (6min vs. 19min).

Diskussion

Nach unserer Kenntnis wird der mikrochirurgischen Anastomose in konventioneller Nahttechnik
in den meisten mund-, kiefer- und gesichtschirurgischen Zentren des deutschsprachigen Raumes
weiterhin der Vorzug gegeben. Die fehlende Eignung des Ring-Pin-Systems fiir die dickwandigen
arteriellen Gefdpe mag ein Grund dafiir sein. Indessen belegen experimentelle und klinische
Studien die Effizienz und die Sicherheit des Systems fiir vendse End-zu-End und End-zu-Seit
Anastomosen [1,2,3].

Unsere Erfahrungen bestatigen, dass das Ring-Pin-System einfach zu handhaben ist. Nach einer
kurzen Einarbeitungszeit kdnnen vendse Anastomosen mit erheblich geringerem Zeitaufwand
sicher durchgefiihrt werden. Die Ischamiezeit des Gewebes wird dadurch deutlich verkiirzt. Die End-
zu-End Anastomose funktioniert nur bei in etwa kalibergleichen Gefapen. Zur exakten Bestimmung
liefert der Hersteller eine Messleere mit dem System (Abb 1u. 3). Die Kosten des Systems verhalten
sich angesichts der eingesparten Zeit im Operationssaal neutral. Der Ring des Systems hdlt die
Anastomose zuverldssig offen und bietet eine sehr gute Stabilitdt bei Zugbelastung.

Fazit

Die mikrochirurgische Anastomose mit dem Ring-Pin-System ermdglicht eine erhebliche
Zeitersparnis mit allen dadurch bedingten Vorteilen. Wir kdnnen das System, das in unserer Klinik
derzeit als Standard-Methode Verwendung findet, empfehlen. Die konventionelle Nahttechnik bleibt
wegen ihrer universellen Einsatzmdglichkeiten indessen unentbehrlich fiir jedes mikrochirurgisch
orientierte OP-Team.

Literatur

1 Ropke E, Berghaus A, Bloching M (2004) Ring-Pin-Anastomosetechnik - Klinische Langzeit-erfahrungen mit dem
mechanischen Ring-Pin-System fiir mikrovaskuldre Anastomosen in der rekonstruktiven Kopf-Hals-Chirurgie. HNO 52:121-124
2 Falconer DP, Lewis TW, Lamprecht EG, Mendenhall DVM (1996) Evaluation of a microvascular anastomotic device in the dog.
J Reconstr Microsurg 6: 215-222

3 Wax MK, Winslow CP, Desyatnikova S, Andersen PE, Cohen J (2000) Microvascular anastomotic device and running suture

of venous anastomoses: a longitudinal comparison. Presented at: 5th International Conference on Head and Neck Cancer,
July 29-August 2, in San Francisco/CA Abb 4 Vendse Mikro-Anastomosen mit 2 und 2.5mm Durchmesser




Otolaryngology-Head and Neck Surgery (2008) 138, 614-618

ORIGINAL RESEARCH— HEAD AND NECK CANCER

Arterial coupling for microvascular free

tissue transfer

Natalya Chernichenko, MD, Douglas A. Ross, MD, Joseph Shin, MD,
Jen Y. Chow, MD, Clarence T. Sasaki, MD, and Stephen Ariyan, MD,

New Haven, CT

OBJECTIVE: The purpose of this study was to demonstrate the
efficacy of arterial coupling.

STUDY DESIGN: Retrospective data were collected in a con-
secutive series of 124 patients undergoing surgical resection of
head and neck tumors followed by free tissue transfer (FTT).
METHODS AND MEASURES: The Unilink coupling device
was used to perform arterial and venous anastomosis. Flap survival
and thrombosis of the arterial anastomoses were determined.
RESULTS: A total of 124 consecutive patients underwent a
total of 127 microvascular FTTs. Reconstruction included 90 ra-
dial forearm, 26 fibula, 9 rectus abdominis, and 2 iliac crest
myocutaneous free flaps. There were four (3.2%) complications
related to arterial insufficiency in our series, three of which were
salvageable. There were three (2.4%) flap failures, resulting in an
overall free flap survival rate of 97.6 percent.

CONCLUSION: The flap survival with the Unilink Microvas-
cular Anastomotic System is similar to that of standard suture
techniques. Use of a coupler device is the preferred method in
performing microvascular FTT at our institution.

© 2008 American Academy of Otolaryngology—Head and Neck
Surgery Foundation. All rights reserved.

Microvascular free tissue transfers (FTTs) have become
a mainstay of reconstruction for many postablative
defects resulting from resection of squamous cell carcino-
mas of the upper aerodigestive tract, salivary gland neo-
plasms, sarcomas, and primary bone neoplasms as well as
defects related to osteoradionectosis, trauma, and facial pa-
ralysis.' Despite numerous refinements, the microvascular
anastomosis remains one of the most technically challeng-
ing aspects of FTT reconstructions. Success of FTTs relies
on the quality of the microvascular anastomosis; failure can
lead to life-threatening flap necrosis, wound breakdown,
and fistula formation.

Ever since 1960, when Jacobson and Suarez” reported their
observation on the use of 7-0 silk to complete carotid artery
anastomoses in dogs, the gold standard for performing micro-
vascular anastomoses has been the suture technique. Numer-
ous advancements have been made in the past 4 decades. The

operating microscope has been widely used to ensure the
patency of microvascular anastomoses. However, the operat-
ing microscope can be quite cumbersome, often requiring the
patient, surgeon, or assistant surgeon to be in awkward posi-
tions when performing intricate repairs. Our group has previ-
ously demonstrated that using magnifying loupes rather than
operating microscope significantly decreases operative time
and cost without a marked change in patency rates.’

Anastomotic coupling devices are another technology
that has gained popularity in FTTs to the head and neck.
Released in 1962, the Nakayama device consisted of 2
metallic rings and 12 interlocking pins with corresponding
holes.* However, the device did not gain widespread accep-
tance until 1986, when Ostrup and Berggren® introduced
their modified version as the Unilink Microvascular Anas-
tomotic System (Synovis MCA, Birmingham, AL).

So far, the Unilink coupling device has been accepted for
use in end-to-end venous anastomoses for microvascular
reconstruction.® This device has been shown to have pa-
tency rates as high as that seen with sutured anastomoses,
while offering the advantage of decreased operative time
and ability to accommodate small vessels as well as vessels
with size discrepancies.®’ However, use of the Unilink
coupling device for performing arterial anastomosis has not
been widely accepted.

At our institution, we have begun to perform all microvas-
cular FTTs with the Unilink coupling device in the belief that
faster, more reliable techniques will further the evolution of
head and neck reconstruction. In this retrospective review of
the largest series of arterial anastomoses, we demonstrate the
feasibility and efficacy of using the coupling device in per-
forming arterial anastomoses in head and neck reconstructions.

METHODS

With Institutional Review Board approval, we undertook a
retrospective review of consecutive cases of microsurgical
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free flap reconstruction performed at Yale-New Haven Hos-
pital by the Head and Neck Reconstruction team from
November 2001 through December 2006. Patients’ demo-
graphic information, including age, sex, tumor location,
type of FTT, length of stay, recipient vessels, and coupling
device diameter were collected. Charts were reviewed for
free flap failures as well as thrombosis of the arterial anas-
tomoses.

The surgical teams included an ablative team (led by
C.T.S.) and a reconstructive team (D.A.R., J.S., and S.A.).
The ablative team typically completed surgical extirpation
before the start of reconstruction, allowing for the exact
extent of the defect to be known before harvesting and
fashioning of the donor flap.

One hundred twenty-four consecutive patients under-
went a total of 127 microvascular FTTs with the use of the
Unilink coupling device. All but three FTTs had a single
arterial and two venous anastomoses. We intentionally used
two veins so that, if one vein thrombosed, there would still
be venous outflow. A total of 127 arterial anastomoses were
completed: 124 anastomoses were completed with the use
of a coupling device and 3 were hand sewn.

Each reconstruction was performed by the same lead
surgeon (D.A.R.), who was assisted by one of two cosur-
geons (J.S. or S.A.). Loupes with X3.5 magnification were
used to perform the microanastomoses. The arterial anast-
omises were performed in the following manner. Flaps were
harvested, and both donor and recipient vessels were pre-
pared in the standard fashion. All vessels were dilated with
the tips of a curved microneedle holder because its spring-
action handle provided increased dilating force compared
with the standard vessel dilator. Even after significant dila-
tion, the thicker walls of arteries sometimes remain more
resistant to piercing by the coupler pins. Although those
arteries with the thickest vessel walls may have appeared to
have intimal tearing when mounted on the coupler ring, the
vessel ends were generally easily approximated with satis-
factory flow. In contrast to the hand-sewn technique, min-
imal preparation was required before anastomosis. Only
nominal removal of vessel adventitia was necessary before
mounting vessels on the coupler rings. Following this me-
chanical dilation, the vessel luminal diameter was measured
with a standard vessel-measuring gauge. The vessel ends
were mounted on the coupler rings, everting each vessel
wall 90 degrees, thus permitting complete visualization of
the two lumens. The pins on the rings interlocked with each
other to create a secure vascular anastomosis.

All patients were treated with 81 mg/d of aspirin for 2
weeks postoperatively. No intravenous dextran 40 or hepa-
rin sodium was used, except during revascularization in
those patients with venous thromboses. Patients were kept
well hydrated with crystalloid fluids to maintain adequate
blood volume and pressure.

The FTTs were monitored every 2 hours for the first 24
hours, then every 3 hours until the third postoperative day,
followed by examinations every 6 hours, then every 12

hours, and finally every 24 hours in successive days. Color,
turgor, capillary refill, Doppler ultrasonographic findings,
pulse palpation, and dermal bleeding to needlestick were
used to clinically assess vascular patency.

RESULTS

A total of 127 consecutive free flap reconstructions were
performed from November 2001 through December 2006.
None of the flaps was excluded from this study. These 127
free flaps were performed on 124 patients. A total of 127
arterial anastomoses were completed: 124 anastomoses
were completed with the use of a coupling device and 3
were converted to hand-sewn technique intraoperatively.
There were 35 (28%) women and 89 (72%) men. The age of
patients at the time of surgery ranged from 41 to 87 years,
with the average age being 66 years. Four types of flaps
were performed: 90 (71%) radial forearm, 26 (20.4%) fib-
ula, 9 (7%) rectus abdominus, and 2 (1.6%) iliac crest. The
reconstructions were for a variety of defects, including an-
terior skull base, larynx, oral cavity, oropharynx, temporal
bone, scalp, skin resurfacing, orbit, cervical esophagus,
mandible, and maxilla (Table 1).

Of the 124 coupled arterial anastomoses, the predomi-
nant coupler size was 2.5 mm (52%) in diameter. There
were three (2.4%) flap failures in our series, resulting in an
overall free flap survival rate of 97.6 percent. There were
four (3.2%) complications related to arterial insufficiency in
our series, three of which were salvageable. Median length
of stay was 14 days; the mean was 18 days.

Of the 124 patients, 45 (36%) were postradiation. Of the
three flap failures, one patient was postradiation. None of
the patients with complications related to salvageable arte-
rial insufficiency received preoperative radiation treatment.

Flap Failures

Patient #1 underwent fibular osseocutaneous free flap re-
construction following composite resection for T4 SCCa
oral cavity. The facial artery was anastomosed with the use
of a 2.5-mm coupler. The patient showed clinical signs of
arterial insufficiency 3 hours postoperatively. He underwent
emergent neck exploration with arterial thrombectomy and
recoupling using a 3.0-mm coupler. However, on postoper-
ative day 5, the patient again showed signs of flap failure
and underwent debridement of the left fibular free flap,
followed by right fibular free flap reconstruction. The ex-
ternal carotid artery from the contralateral neck was used to
perform end-to-end anastomosis with a 3.0-mm coupler.
Postoperatively, the patient did well without any further
difficulties. This was the only case of flap failure attribut-
able to arterial insufficiency in our series.

Patient #2 underwent left radial forearm free flap recon-
struction following resection of recurrent scalp squamous
cell carcinoma. Of importance, the patient previously un-
derwent multiple surgical resections as well as gamma-knife
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application. A superficial temporal artery was anastomosed
with the use of a 3.0-mm coupler. On postoperative day 2
the patient showed signs of venous outflow insufficiency
and was taken to the operating room for exploration. Intra-
operatively, both arterial and venous thrombosis was noted.
Reanastomosis was attempted; however, no perceivable
blood flow was noted across the flap. The flap was therefore
removed and the defect reconstructed with local flaps.

Patient #3 underwent radial forearm free flap reconstruction
following temporal bone resection for squamous cell carci-
noma. The superior thyroid artery was anastomosed with the
use of a 2.5-mm coupler. Postoperatively, the patient showed
signs of venous congestion; however, the Doppler signal was
good initially. At the same time the patient developed respira-
tory failure requiring prolonged intubation. In light of the
patient’s tenuous medical status, a flap was monitored clini-
cally. Unfortunately the flap failed and was removed on post-
operative day 20. Because of the patient’s comorbidities, com-
plicated postoperative course, and predisposition for impaired
wound healing, she may have had the same result even fol-
lowing a hand-sewn anastomosis.

Salvageable Complications Related to
Arterial Insufficiency

Patient #1 underwent radial forearm free flap microvascular
reconstruction following composite resection for T4 SCCa
oral cavity. A facial artery was coupled with the use of a
2.5-mm coupler. Unfortunately, the patient showed clinical
signs of arterial insufficiency on postoperative day 1. The
patient underwent emergent neck exploration. Intraopera-
tively an arterial thrombus was identified and removed with
the use of microvascular techniques under loupe magnifi-
cation. Good blood flow was noted and vessels were re-
coupled successfully with a 3.0-mm coupler.

Patient #2 was a steroid-dependent, immunosuppressed
renal transplant patient who, on postoperative day 12, had a
rupture of the anastomosis, requiring emergent neck explo-
ration and ligation of the bleeding vessel. The coupler was
found intact, but the radial artery had torn away from the
coupler pins, allowing the superior thyroid artery to bleed
into the neck potential space. Fortunately, although the
vessel was tied off, adequate neovascularization had taken
place, and the FTT was able to survive without its initial
donor arterial supply.

Patient #3 was the case of intraoperative thrombosis of a
2.0-mm coupler, requiring resection of the coupler and
repeated coupling following further dilation of the vessels to
2.5 mm in diameter. Postoperatively, the patient did well
without any further difficulties.

Hand-Sewn Anastomoses

Of the 127 arterial anastomoses performed, 3 were hand
sewn. In one patient, a 2.0-mm coupler did not provide
adequate flow. In another patient, an adequate splaying of
the superior thyroid artery over the pins could not be
achieved because of the presence of extensive atheroscle-

rotic plaques. In the third patient, arterial anastomosis was
first attempted with 2.5-mm coupler; however, this proce-
dure resulted in formation of a pseudoaneurysm of the
medial arterial wall intraoperatively. In all three cases, the
vessels were hand sewn without any difficulty.

DISCUSSION

Microvascular FTTs have become a mainstay of reconstruc-
tion following oncological resection. They have grown in
popularity over the past 20 years, primarily because of
advances in techniques and instrumentation as well as more
reliable donor sites.® The success of reconstruction depends
on multiple factors; however, maintaining a patent micro-
vascular anastomosis is of paramount importance.

Use of traditional hand-sewn methods presents with sev-
eral potential problems. First, inadequate eversion of the
vessel may lead to luminal exposure of adventitia, which is
highly thrombogenic. In addition, uneven placement of su-
tures may lead to either anastomotic leak or stasis and
increased risk of hematoma or thrombosis, respectively.
Finally, unrecognized back-walling of a stitch may cause
lumen stenosis and thrombosis. Each of these risks is effec-
tively addressed with the use of the coupler.

When mounted on the coupler rings, each vessel wall is
everted 90 degrees, permitting complete visualization of the
two lumens. This detailed view of the intima allows accu-
rate and even placement of the vessel wall on the six pins of
each coupler ring, thereby eliminating the risk of compro-
mised blood flow secondary to uneven suturing or inadver-
tent suture placement through the back wall. The male-to-
female interlocking design of the couplers, each with 6 pins
that insert into the other, serves to hold the anastomosis
tightly in place. In addition, the rigid plastic rings form a
stent at the site of anastomosis, preventing vessel spasm and
thrombosis at a common and important site for both com-
plications. In addition, coupled anastomoses offer a consid-
erable saving of time as well as the ability to accommodate
vessels with size discrepancies.®” Finally, histological stud-
ies reported by Blair et al”"'” have shown that postoperative
healing following the use of the microvascular coupling
device is identical to that of sutured vessels. Moreover,
mechanically coupled anastomoses show a 50 percent in-
crease in burst strength 16 weeks after surgery compared
with sutured vessels."'

Several large series have reported successful use of a mi-
crovascular coupling device for creation of end-to-end and
end-to-side anastomoses.” '® Therefore, use of the Unilink cou-
pling device for venous anastomosis has been widely accepted.
However, published experience with coupled arterial anasto-
moses has been sparse and some results were controversial.
For example, Shindo et al'® have reported a small series of 16
arterial anastomoses following head and neck resection, in
which two coupled arteries thrombosed. They concluded that
arterial coupling was suboptimal for use in the head and the
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neck because the recipient arteries in that region tended to be
stiff and thick walled and/or scarred from previous irradiation.
Similarly, DeLacure et al'” described seven attempted arterial
anastomoses for head and neck reconstructions with FTTs but
abandoned two procedures secondary to perceived vessel wall
thickness, impliability, and narrowed lumen diameter. Ahn
et al'® reported intraoperative thrombosis in 5 of 29 arterial
anastomoses and no flap failures early in their series. They
similarly attributed the failure to technical difficulties in evert-
ing thick-walled vessels as well as traumatic tearing of the
vessel edge. They later reported a larger series,'? in which they
used a microvascular coupling device in 62 of 80 cases without
any flap failures but with 1 return to the operating room for
revision of an arterial anastomosis. They concluded that,
with proper vessel selection and sufficient experience using
a microvascular coupler, arterial coupling may be per-
formed in an expeditious, safe, and reliable fashion with
minimal morbidity. However, in their experience conver-
sion to hand-sewn anastomosis is necessary in the following
situations: an artery whose walls are too thick (because
adequate eversion of vessel edges over the device becomes
technically difficult, leading to either intimal injury or sig-
nificant reduction in intraluminal diameter/flow); donor/
recipient arterial luminal diameter discrepancy greater than
a 1.5:1 ratio; the presence of nonpliable vessels stiffened by
either radiation-induced fibrosis or atherosclerotic calcifica-
tion; any artery with a luminal diameter less than 1.5 mm.

In our retrospective review of the largest consecutive
series of 127 anastomoses, we encountered only 3 (2.4%)
flap failures and 4 (3.2%) complications related to arterial
insufficiency. All except three anastomoses were accom-
plished with the use of the Unilink microvascular-coupling
device. Our overall free flap survival rate of 97.6 percent
compares favorably with the reported success rate of mi-
crovascular free flap reconstruction between 95 percent and
97 percent.” In our series, there was no significant effect of
preoperative radiation on flap failure. Only one of three
failed flaps was postradiation. None of the salvageable com-
plications related to arterial insufficiency were postradia-
tion.

Although initially we were concerned with mounting
thick and poorly pliable arterial vessel walls to the coupler,
we now believe that these types of vessels do not play a role
in predicting when an arterial anastomosis should be hand
sewn. Our experience has indicated that couplers smaller
than 2.5 mm were more likely to restrict blood flow, as was
the case in our single intraoperative thrombotic event, in
which a 2.0-mm coupler was used. Since that time, we have
dilated donor and recipient arteries to accommodate a ring
size no smaller than 2.5 mm. We believe that this minimum
diameter permits reasonably rapid flow across the anasto-
mosis, preventing the formation of large thrombi and
quickly clearing smaller clots. However, even with a cou-
pler size of 2.5 mm, we experienced one postoperative
anastomotic thrombosis, which did not recur upon use of a
3.0-mm coupler. We did not encounter any technical diffi-

culties or clinically relevant complications while signifi-
cantly dilating the donor or recipient arteries. Just how
much one can dilate an artery before it ruptures is where
clinical experience comes into play. But we cannot over-
emphasize our zeal in dilating arteries before coupling.

We were also surprised by the lack of influence of trau-
matic tearing or cracking of the intima on the success of the
arterial anastomosis. We commonly witness traumatic tear-
ing and cracking of the intima upon mounting of the artery
on the coupler; however, we chose to continue with the
coupling and observed that in most cases the anastomosis
remained patent and without leakage. In our series of 127
patients, only 4 developed arterial thrombosis. We postulate
that anastomotic thromboses secondary to intimal tears were
unlikely to occur because the trauma was likely restricted to
the areas of eversion, which were approximated to one
another and therefore never exposed to blood flow follow-
ing coupling.

As we have clearly shown in our series, only a few
arteries cannot be coupled. We would like to challenge the
previously published case series'®!*'®!? concluding that
success of arterial coupling relies on proper vessel selection.
We believe that the vast majority of arterial anastomoses
can be successfully performed with a coupling device. The
decision to convert to hand-sewn anastomosis should be
made intraoperatively if coupling fails because of severe
atherosclerosis, inability to dilate vessels to a sufficient size,
or pseudoaneurysm formation.

CONCLUSION

We have shown that flap survival with the Unilink Micro-
vascular Anastomotic System is similar to that of standard
suture techniques. In our experience only a few arteries
cannot be coupled. Use of a coupler device, therefore, is
preferred over suture anastomosis in performing microvas-
cular FTT at our institution.
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Venous Thrombosis in Coupled Versus Sutured
Mlicrovascular Anastomoses

Lok H. Yap, MB, FRCS (Ed), FRCS (Plast),* Joannis Constantinides, MBBS, MRCS(Ed),*
and Chatles E. Butler, MD, FACS}

Backgrownd: The anastomotic coupling device (ACD) is currently
used for microsurgical venous anastomoses as an alternative to
suures and can reduce anastomotic time.

Methods: We reviewed the microsurgical procedurcs performed at the
University of Texas M. D. Anderson Cancer Canter over # 40-month
period, Procedures were performed for elective reconstruction of the
breast, heed or neck, or extremities after fumor excision, Thrombosis
mdulﬁmtcﬁapulvagenteswmcompmdbetweenmming
ACDs and thosc using sutures for the venous anastomoses,

Results; Seven hundred iwenty-three free flaps were included in the
study. There were no intraoperative technical complications using
the ACD. Overall, the venous thrombosis rales were not signifi-
cantly different between the ACD (1.4%, 2/139 cases) and sutured
(3.3%. 19/584 cases) groups. Salvage rates following venous throm-
bosis were not significantly different for venous anastomoses per-
formed with an ACD (50%, | of 2 cases salvaged) compared with
venous snastomoses performed with sutores (68.4%, 13 of 19 cases
salvaged),

Conclusfon: The ACD is a useful alternative to satured venous
anastomoses that can reduce anastomotic time while achieving similar
patency mtes.

Key Words: thrombosis, microsurgery, surgical flaps,
reconstructive surgical procedures, anastomosis, postoperative
complicstions, vascular surgical procedures, vascular patency

(Ann Plast Surg 2006;57: 666~ 669)

nastomotic coupling devices (ACDs) have been devel-
ed for microsurgica) anastomoses as an alternative to
traditional hand-sewn anastomoses to reduce the ischemic
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time in free flap surgery and the anastomotic complication
rate. The first microvascular anastomotic device, developed
by Nakayama et al' in 1962, consisted of 2 métal rings with
12 interlocking pins and holes; this was adapted in 1986 by
Ostrup and Berggren? into the current Unilink (Unilink; 3M,
St. Paul, MN) device. The Unilink system consists of gauges
for measuring the vesse] diameter, high-density polyethylene
rings containing 6 stainless steel pins, and the ansstomotic
device that holds and aligns the rings and spproximaies the
vessel ends for performance of the anastomoses, The rings of
the Unilink ACD are available from 1.0 mm to 4.0 mm in
dismeter, in 0.5-mm increments. The correct ting size is
chosen according to the manufacturer's recommendation and
vessel-diameter sizing guide,

The Unilink device has been shown to be a safe and
efficient alternative to sutures for microsurgical venous gnas-
tomoses in clinical practice.*# Zecbrogts et al® reported &
serics of 474 anastomoses performed using 1 of 3 different
methods—manual sutures, Unilink ACD, or the VCS clip-
applier system (Autosuture; United States Surgical Corpora-
tion, Norwalk, CT)-and found similar failure rates for su-
tured and coupled veins. In a series of 50 free flaps for head
and neck reconstructions reported recently by Ross et al,®
both arterial and venous anastomoses were performed using
the Unilink ACD, with no failures,

The ACD providss intima-to-intima anastomoses, vessel
eversion with no foreign material exposed to the flow surfuce,
and rigid external stenting at the ansstomotic site, all of which
could potentially reduce the risk of thrombosis compared with
traditional suturing. For these reasons, we hypothesized that the
venouslhronmosisandﬂapaalvagemusushgthuACDibr
venous anastomoses would bo similar to or less than rates geen
inbmd-sewnanastomsesinclinimlpmcﬁcn. To confirm our
hypoﬁesis,wecompmdmwsﬂmbosismdﬂapsalﬂge
rates with coupled versus sutured venous anastomoses in cancer
patieais undergoing tumor excision snd reconstruction with free
tissue transfer. Toourlmmvledge,thisisﬂ;elmg&miesdim,cﬂy
comparing venous thrombosis and fiap salvage mates in coupled
verses sutured venous anastomoses in free fiap reconstructions.

METHODS
We rotrospectively reviewed the medical reconds of pa-
tients who had undergone elctive free flap reconstruction after
misionofhmorsofthehust,headorneck,or@memjﬁes at
the University of Texas M., D, Anderson Cancer Center over a
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Venous Thrombosis in Coupled Anastomoses

40-month period (January 1, 2001-April 1, 2004). The study
was zpproved by The University of Texas M. D. Anderson
Cancer Center instituticnal review board. All cases were per-
formed by ] of 14 attending plastic surgeons, with the assistance
of a microsurgery fellow. The vencus anastomotic techniques,
vascular thrombosis rates, flap salvage rates, and surgical out-
comes were evaluated from the medical records.

Venous thromboses (those not clearly secondary to arte-
rial thromboses) were identified by evahiation of the clinical
situation and operative findings, including reexploration, visual-
ization, and resection of the clot performed at the anastomotic
site, Arterial thromboses (n = 13) were not compared in this

" study since the arterial anastomosis was always sutured. Salvage
procedures were considered to be successful if continued flow
was achieved through the vessel and complete flap survival or
minimal fat and/or edge necrosis was observed.

All venous anastomoses were critical as no paraliel hand-
sutured venous anastomosis was present when using the ACD
device, for the patients included. The determination of which
anastomotic technique fo use was made by the operating sur-
geofi. The GEM Microvascular Anastomotic Coupler System
(Synovis Micro Companies Alliance, Birmingham, AL) was
used according to the manufacturer's recommmendations. Briefly,
afler preparation, the 2 vessel ends were placed through the
plastic ring with the applicator forceps, everted, and splayed
onto the pins (Fig. 1). Care was taken to ensime that the vessel
walls were draped evenly over the pins. The vessel ends were
approximated by closing the coupler so that the 2 rings were
directly apposed and attached by the pins interlocking with the
holes of the apposing ring. After a tight fit was nssured with
forceps or & hemostat, the coupled ansstomosis with secured
apposing rings was released from the coupling device, Hand-
sutured anastornoses were performed with 970 nylon sutures.

We determined the rates of venous thrombosis and flap
salvage sfter thrombosis for the patients who had venous
anastomosis with the ACD and for patients who had hand-
sutured venous anastomosis. Fisher exact test was used to
celculate the significance of any difference in thrombosis and
selvage rates between the ACD and hand-sutured groups.
Values of P < 0.05 were considered statistically significant.

RESULTS

Data were collected for 794 patients, and 723 patients
were included in the study. Patients included were those who

© 2006 Lippincott Williams & Wilkins

FIGURE 1, A, The ends of the donor and recip-
lent veins are mounted on the ACD rings with
their edges everted prior ta dosing the device.
B, The rings are approximated as the device Is
closed. (Reproduced from Yap LH, Butier CE.
Principles of microsurgery. In: Thorme CH, Bea-
sely RW, Aston S}, et al, eds. Grabb ond Smith’s
Plastic Surgery. 6th ed. Philadelphia, PA: Lippin-
colt & Wilkins; 2006, With permission.)

had a microsurgical reconstruction using 1 fap, with 1.critical
vein anastomosis performed either using the ACD or sutures.
We excluded patients who had 2 flaps for the reconstruction
of the same defect (n = 11), those that needed 2 vein graft
(n = 17), patients whose vein anastomosiz was not critical
(n = 39) (as more than | vein was anastomosed for 1 flap),
and patients with combinations of the above (n = 4).

The reoipient sites were the head or neck in 336 cases,
breast in 323, and upper or lower extremity in 64 (Table 1).

TABLE 1. Free Flaps Used in Reconstructions, by
Anastomotic Technique

No, Cases
Free Flap Used ACD Group Sutured Group
Head/neck reconstroetion 81 255
Anterojsteral thigh 43 48
Rectus sbdominis 15 64
Radiat forearm 8 53
Latissimus dorsi 6 11
Fibula 2 43
Jejunum ] 19
Laterat thigh 2 9
Othar 4 8
Breast reconstruction 5 270
TRAM 46 219
DIEP 6 as
SIEA 1 14
Cther 0 2
Extremity reconstruction 5 59
Anterotateral thigh I 2
Fillet I 3
Rectus abdominis I 15
Fibula | 0 14
Gracilis L] 11
Radial forearm 1 4
Latesimus dorsi 0 4
Serratus anterior 1 2
Other 0 4

TRAM, transverse rectus abdominis myocutaneous; DIEP, deep inferor epigastri
perforstot; STEA, superficial inferdor epigantvic mtery. o ¢
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TABLE 2, Recipient Veins Used in Reconstructions, by
Anastomotic Technique

No. Cases
Reclplent Veln Ured ACD Grovp Sntered Graup
Head/oeck recoustroction 81 255
Fucial k3 54
Transverss cervical 16 3
Extemal jugular 1] 24
Superficial temporal i4 3
Internal juguler 2 128
Other 8 38
Breast reconstruction 53 270
Intemal mammary 3 174
Theracodorsal 17 83
internal mammary perforator 3 1
Latera! thoracic Q 4
Other 0 8
Extremity reconstruction s 59
Greater saphenous 4 2
Femoral 0 9
Antetior tibial [ i0
Posierior tibial 0 8
Brachial i S
Other 3 25

The ACD was used in 139 (19.2%) of the 723 free flaps,
There were 136 end-to-end and 3 end-to-side venous coupled
anastomoses. Table 2 lists the recipient veins used for the
reconstructions. No intraoperative complications were re-
ported. Hand suturing was carried out in the remaining 584
cases (80.8%). Of these, 415 were end-to-end anastomoses
and 168 were end-to-side.

The ACD was used in 81 (24.1%) of 336 patients
undergoing head and neck. procedures, 53 (16.4%) of 323
patients undergoing breast reconstruction, and 5 (7.8%) of 64
patients undergoing extremity reconstruction. The internal
mammary vein was the most frequently used recipient vein
for anastomoses with the ACD (n = 33), followed closely by

the facial vein (@ = 31). Similarly, the internal
vein (n = 174) and the interna) jugular vein (n = 128) were
the most frequently used for the hand-sutured anastomoses.

Anastomotic time was not specifically quantified for each
patient in this retrospective study, In our experience, however,
15-40 minutes werg required for a hand-sewn VEnous anasto-
mosis compared with 5-15 mimtes using the ACD,

In the ACD group, there were 2 venous thromboses
(1.4%); 1 flap was salvaged (salvage rate, 50%) (Table 3). One
thrombosis occurred in a head and neck reconstructive case
hwlvhgamdidfmeannﬁeeﬂapwhm&einﬁnaljug\ﬂar
vein was found to be twisted, Thrombosis occurred early, and
the flsp was salvaged successfully. The other thrombosis oc-
curred in a breast reconstructive case using a transverse rectus
abdominis myocutanecus fiap; unfortunately, the flap was not
salvageable at surgical exploration 5 days postaperatively, In the
band-sutured group, there were 19 thromboses (3.3%); 13
(68.4%) of the flaps were salvaged (Table 3). There was no
ﬁmiﬂmmdiﬂmmoeinthelhmmbosismmbcMtheACD
and hand-sutured groups.

DISCUSSION .

" The venous throrobosis rate for venous anastomoses
performed with the ACD was low—1.4%—but not signifi-
cantly lower than the thrombosis rate for the hand-sutured
anastomoses: 3.3%. Our analysis also revealed no significant
difference in salvage rates between the 2 groups, To attain
statistical significance, given such low venous thrombasis
rates, a clinical series with a statistical power of 80% would
require sample size of 1200 flaps in each group (2-group x*
test with 8 0.05 2-sided significance level). To our knowl-
cdge, the current study is the largest serles evaluating venons
thrombosis and salvage rates with ACD anastomoscs,

Traditional hand-sutured microvascular anastomoses
have & patency rate of 95%-~98%. The patency rate of 98.7%
in our study of 15} coupled anastornoses is in agreement with
other studies, Sasson et al® showed & 100% patency rate for
venous anastomoses performed using the Unilink device in a
geries of 10 free flap transfers, Sullivan et al® demonstrated a
100% patency rate in a series of 27 ACD venous anastomo-
ses, and Berggren et al'® had a 98% patency rate in 38 critical
ACD venous anastomoses. Among studies cloger in size to

TABLE 3. Venous Thromboses and Flaps Salvaged, by Anastomotic Technigue

No. Cases
Venous Thrombosis/Simultaneous Flap Flap

Reconstruction Site  Total  Vein and Artery Thrombals (*%)  Salvaged (%)  Lost (%)
ACD group 139 2(1.4) 1{50) 1 {50)

Head/neck 81 1.2 1 {100) o

Breast 53 1¢1.9) o) 1 (100)

Extremity 5 0(0) 0(0) 0{0)
Sutured group 584 19.3) 13 (68.4) 6 (3L5)

Head/neck 255 5 2{40) kE()

Breast 20 114.1) 8(2.1D 329

Extremity 59 aesa 3(100) 0(0)
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ours, Cope <t al* found a 99% patency rate using the Unilink
device in his review of 99 free flaps (99 venous, 4 arteral
anastomoses), and Ahn et al’ showed a 98.4% success rate in
123 coupled annstomoses,

The potential advantages of using the ACD include
shorter anastomotic time and, hence, reduced ischernin time, In
our experience, 15-40 minutes was required for venous anas-
tomoses when using sutures compared with 5-15 minutes
when using the ACD, This is consistent with previous reports
of 1055 minutes for venons anastomosés using sutures com-
parcd with 2-36 minutes for coupled ansstomoses.*>'® In
eddition, coupled anastomoses can withstand greater uniaxial
loadlngfuls}:sionthnnhmd-sewnanaswmosea.atlﬁstformcﬁm
2 weeks,

Specific technical aspects of the coupled anastomatic
procedure contribuic to speed and accuracy and can allow for
anaslomoses with moderate vessel-diameter discrepancy. The
ACD allows the everted vessel ends to be inspected and
errors comected before approximation and closure of the
rings; in contrast, with hand-sutured anastomoses, technical
errors and tigsue debris may not be visible during completion
of the anastomoses. Furthermore, significant venous size
discrepancy, which often leads to imperfections in intima
apposition when vsing sutures, can be an indication o use the
ACD.? Using a ring slightly larger than the diameter of the
smaller-caliber vessel (which is transected at a 35° angle) can
achieve good intims-to-intima anastomosis with & vein of
larger caliber. Thinning of the vein wall can be used to reduce
vessel-wall-thickness digcrepancies. We also found that an-
choring the less mobile, smaller, and/or less accessible vessel
to the device first allowed better visualization and maneuver-
ability for safe application of the ACD with a smaller risk of
damage to the veins.

Digadvantages of ACD anastomoses include a risk of
the vessel twisting during placement onto the ring and trauma
to the intima and endothelium during application. The inner
diameter of the relaxed and fully dilsted smailer-caliber
vessel gshould be approximately 10% larger than the inner
diameter of the ring. This would slso benefit the fiap as it
maximizes available flow; however, if too large a ring is
chosen, the intima of the vessel wall could be damaged
during cversion. A tear at  pin site and premature dislodging
of the ring are 2 other potential compications.

© 2006 Lippincost Williems & Wilkins

- This study was nonrandomized and retrospective. Each
surgeon was able to choose whether to use sutures or the
ACD for his patient, a factor that could have affected the
findings, Patients included were al! cancer patients undergo-

.ing elective reconstructions, end no trauma-related recon-

structions or digit replants were included. These findings,
therefore, may not apply in those settings. Despite our study
being the iargest published comparing these 2 anastomotic
teohniques, the statistical power was insufficient to demon-
sirate & difference in thrombosis rate if one truly exists, A
prospective randomized controlled study will be helpful in

‘determining whether there is truly a lower venous thrombosis

rate using the ACD versus hand-sutured anastomoses,

In conclusion, the ACD is en efficient clinical coupling
method that achisves patency rates comparable to those of
sutured venious anestomoses, It may help reduce anastomotic
time and allows a consistent approach to vessel apposition,
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