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Abstract

Objective: The patency of a pedicled right gastroepiploic artery (RGEA) graft can be compromised by intraoperative twists, kinks or
spasms. Therefore, a systematic flow assessment was made in RGEA grafts and was compared with similar measurements made in
types of bypass conduitdlethods: Intraoperative pulsed Doppler flowmeter measurements obtained in a series of 556 consecutive patient
undergoing at least one coronary bypass grafting onto the right coronary system were studied. Eighty-five RGEA grafts were compar
with 1427 bypass grafts implanted in the same group of patients and consisted of the following conduits: 442 left internal mammat
(LIMA), 149 right internal mammary (RIMA), 831 greater saphenous vein (GSV) and five inferior epigastric (EPIG) grafts. Sequential
grafts were excluded from the analydesults Flow measurements and Doppler waveforms were abnormal and required graft reposition-
ing, and the addition of a distal graft or intragraft papaverine injection (only in GSVs) in 29 cases (2.0% of all grafts). These graff
corrections were necessary in 5.9% RGEAs, 3.4% LIMAs, 2.0% RIMAs, and 0.7% G5¥s(.001). The relative risk for graft correction
was eight times higher for RGEAs than for GS\Ws= 0.002). Flow increased from8 2 to 54+ 5 ml/min (P < 0.0001). Flow data were
significantly influenced by the type of run-off beB & 0.001), the measurements obtained in grafts implanted onto the right coronary
artery and the left anterior descending artery being superior. Flows in RGEAs, however, were comparable with values obtained in oth
grafts implanted onto the same recipient coronary art€gnclusions A significantly higher incidence of graft malpositioning caused
inadequate flows in RGEAs. However, normal flow values could be restored simply by assigning a better graft orientation under pulse
Doppler flowmeter control. Overall flow capacity of the RGEA did not differ from values obtained in other arterial and venous grafts
implanted onto the same recipient arterigs1999 Elsevier Science B.V. All rights reserved.
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1. Introduction tion have been detected by intraoperative blood flow mea-
surement [1]. In vivo studies have confirmed that the RGEA
The role of the right gastroepiploic artery (RGEA) has is more reactive to ergometrine, nitrates, and mechanical
become fundamental in the revascularization of the poster-stimuli than internal mammary artery grafts [2,3]. This
ior left ventricular wall. However, immediate flow adequacy explains why a significant ‘learning curve’ is necessary to
of these grafts has been questioned since it can be compro-obtain adequate long-term patency rates [4].
mised by intraoperative twists, kinks or spasms. Indeed, The present study is based on data resulting from a sys-
cases of postoperative ischaemia related to RGEA malfunc-tematic intraoperative flow control of bypass grafts. The
aims of the analysis were to evaluate the incidence and
_— mechanism of RGEA malfunction in comparison with
* Corresponding author. Tel.: +32-081-423-151; fax: +32-081-423-158; .
e-mail: louagie@chir.ucl.ac.be other grafts, and secqndly, to assess the flow potentlgl of
! presented at the 12th Annual Meeting of the European Association for RGEA grafts and their run-off beds in comparison with
Cardio-thoracic Surgery, Brussels, Belgium, September 20-23, 1998.  other grafts and run-off beds.
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2. Patients and methods formed in saphenous veing € 0.97) [5]. Furthermore,
according to Matre, the transit time flowmeter showed
A consecutive series of 556 patients (411 male and 145 excellent agreement with the Doppler ultrasound method
female) undergoing a procedure of bypass grafting, includ- for both in vitro and in vivo studies performed on saphenous
ing a graft onto the right coronary system (right coronary vein grafts [6].
artery, posterior descending artery or posterior lateral The parameters measured by the pulsed Doppler were
branch), forms the basis of this study. Mean age was flow (ml/min), velocity (cm/s), and internal diameter
65.4+ 0.4 years. A total of 1512 termino-lateral anasto- (mm) of the vessel. Total resistance of the graft and coron-
moses were made and included 442 left internal mammaryary bed was calculated from mean radial artery pressure
(LIMA), 149 right internal mammary (RIMA), 831 greater divided by mean flow and was expressed in peripheral resis-
saphenous vein (GSV), 85 RGEA and five inferior epigas- tance units (PRU). A pulsatility index was calculated to
tric (EPIG) grafts. Sixty-two RGEA grafts were implanted describe the shape of the curves. It is a dimensionless vari-
onto the posterior descending artery, 15 onto the right cor- able, independent of probe-to-vessel angle. This variable
onary artery, seven onto the postero-lateral branch, and onevas defined as follows: Pt (Fax — Fmin)/Fmean Where
onto the second marginal branch of the circumflex artery. To Fy, is the maximum frequency, is the minimum fre-
facilitate interpretation of the data, sequential bypass grafts quency, andr.aniS the mean frequency. The measurements
were excluded from the analysis. were made after weaning from cardiopulmonary bypass.
One surgeon (Y.L.), using identical techniques performed  Values are presented as meastandard error of the
all procedures. The RGEA was dissected from the greatermean. Data were compared by the two-santjésst (paired
gastric curvature using hemoclips, brought anterior to the or unpaired)x? test or Fisher’'s exact test, one-way analysis
stomach and liver and directed through a diaphragmatic of variance and post hoc Schetfests.
hole towards the inferior aspect of the heart. Prior to the
initiation of cardiopulmonary bypass (CPB), a 2-ml shot of
undiluted papaverine chlorhydrate was injected &C3ito 3. Results
the distal end of the RGEA without mechanical dilatation,
using an olive-tipped (1 mm) metal needle (DLP, Grand 3.1. Inadequate flows and their correction
Rapids, MI, N 31001). In order to obtain an adequate dia-
meter, excess length was discarded and the grafts were kept Flow measurements and Doppler waveforms were abnor-
as short as possible. The RGEA was anastomosed in antemal and required graft repositioning, the addition of a distal
grade fashion with the heel of the graft placed on the prox- graft or intragraft papaverine injection (only in GSVs) in 29
imal end of the arteriotomy. No attempt was made to attach cases (2.0% of all grafts). These graft corrections were
an internal mammary (IMA) or RGEA pedicle to the epi- necessary in 5.9% RGEAs (5/85), 3.4% LIMAs (15/442),
cardium. Indeed, we observed in our early cases, anastomo2.0% RIMASs (3/149), and 0.7% GSVs (6/831). Corrections
tic kinks caused by incorrectly placed fixation stitches. of RGEA grafts were necessary in three out of the 62 grafts
Proximal venous anastomoses were made during rewarmingmplanted onto the PDA (4.8%) and in two out of the 15
with the application of a tangential aortic clamp. grafts implanted onto the RCA (13.3%) (NS). If we exempt
Flow was measured with an 8 MHz pulsed-wave Doppler the five cases, where a high run-off bed resistance unrelated
ultrasound flowmeter (OPDOP 130; Scimed, Bristol, UK). to the graft itself was seen, there was only one instance of
Recording sites were in the proximal vein graft segment and twist among 831 (0.1%) GSV grafts. Interestingly, these
the mid portion of the IMA pedicle. Sharp dissection was cases of malfunctioning grafts that were identified early,
not necessary to measure flow of the IMA, as the cuff could were not associated with electrocardiographic ischaemic
easily be applied around the artery in an area where it pro- abnormalities or significant cardiac dysfunction. A descrip-
trudes from the anterior aspect of the musculofascial pedi- tion of the abnormalities detected and their concordant cor-
cle. Regarding the RGEA, the surrounding fat was incised rection is detailed in Table 1. The need for graft correction
and the measurements made at a level situated 3 cm distalvas significantly higher (relative risk 8.15) for RGEAs
from the origin of the gastroduodenal artery, where the graft than for GSVs P = 0.002). An example of the Doppler
crosses the anterior aspect of the liver. The measurementsvaveform and flow-derived data observed in a RGEA pedi-
were obtained by constraining the vessel in an acrylic cuff cle twist at the anastomosis is shown in Fig. 1. Flow mea-
whose two halves were clipped around it. The ultrasound sured in the malfunctioning grafts averaged @ ml/min
pencil probe was slotted into the clip and acoustically and flow measured in the same graft after correction or in a
coupled to the vessel by a small amount of sterile gel. A new graft implanted distally, reached %45 ml/min
detailed description of the method used has been publishedP < 0.0001, paired-test). Flow data are plotted in Fig. 2
previously [5]. The technique has been validated by com- and a detailed haemodynamic outcome is described in Table
paring the Doppler measurements with flow measurements2.
obtained in IMAs by the electromagnetic flowmeter In addition, in six RGEA grafts, initial flow was:20 ml/
(r =0.97) and with in vitro timed-volume collection per- min in the absence of any obvious anomaly. In five of these



242

Table 1
Anomalies detected by pulsed Doppler assessment and their correction
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Anomaly Correction Grafts

LIMA (n = 442) RIMA (n = 149) RGEA @ = 85) GSV 6 = 831)
Kink Reposition 6 2 2
Twist Untwisting 1 - 3 1
Dissection Distal grafting 3 - - -
Small calibre Distal grafting 2 - - -
Constriction String section 2 - - -
Compression by aorta Reposition - 1 - -
Subclavian stenosis Free grafting 1 - - -
High resistance of run-off bed Papaverine injection - - - 5
Total (%) 15 (3.4) 3(2.0) 5 (5.9) 6 (0.7)

LIMA, left internal mammary artery; RIMA, right internal mammary artery; RGEA, right gastroepiploic artery; GSV, greater saphenous vein.

cases, the flow that averaged 8.7 ml/min (range 5.0—

sis, high peripheral resistance, or both. In the sixth case, an

14.0 ml/min) at the initial measurement, increased sponta- initial flow of 13 cc/min dropped further to 5 cc/min. This

neously to 44.2 6.5 ml/min (range 26.0—64.0 ml/min).

was the only instance where RGEA occlusion could be

This situation can be explained by spasms at the anastomo-suspected. Since no direct manipulation was performed,

Flow 3ml/m
Vel 20h/8
RES 11.88pru
Press 33mnHg

Flow 33ml/m
Vel  13cm/s
RES 2.42rru
Press 83mnHa
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Flow 32ml/n
Vel  28cn/s
RES 1.63pru
Press 86mmHg
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Fig. 1. (A) Doppler waveform and flow-derived data observed in a case of
right gastroepiploic artery twisting at the anastomotic site. The waveform
configuration is characterized by phasic flow patterns in systole (S) oscil-
lating around the zero line. Flow and velocity (Vel) are low, resistance
(RES) and pulsatility index (P1) are markedly increased. (B) Correction of
malpositioning resulted in an immediate increase in systolic velocity (S)
and the appearance of a positive diastolic flow (D). (C) At the end of the
procedure, further normalization of systolic and diastolic waveforms was
obtained.

these cases were not included in the flow correction data.
There was no untoward effect related to the use of dual
beam Doppler.

3.2. Overall flow data

When flow data are ranked according to the nature of the
bypass graft, the highest flow values are obtained in RIMA
and LIMA grafts (Fig. 3). These results were significantly
higher than in GSVs using the Scheffailtiple comparison.
However, flows measured in RGEA grafts did not differ
from flows measured in the other conduits.

Flow data were markedly influenced by the type of run-
off bed (P < 0.001) since flow measurements obtained in
grafts implanted onto the right coronary artery and the left
anterior descending artery were significantly higher than in
conduits grafted onto the second and third obtuse marginals,
diagonals and posterior descending arteries (Fig. 4). Vessels
grafted onto the first obtuse marginals showed intermediate
flow values and did not differ from the other categories.

Finally, flow volumes analyzed according to both the
nature of the graft and the type of recipient coronary artery
did not differ (Fig. 5). Specifically, flows measured in

Table 2
Influence of graft corrections on haemodynamic outcome

Before After P-value
correction correction
Flow (ml/min) 7.8+1.7 53.8+5.4 <0.0001
Velocity (cm/s) 4.3+ 0.7 18.0+ 1.7 <0.0001
Resistance (PRU) 1221.6 2.7+0.8 <0.0001
Pulsatility Index 15.8- 4.0 27+04 0.0052
Radial blood pressure 72+ 2 74+ 2 NS

(mmHg)

PRU, peripheral resistance units.
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Fig. 2. Difference in flow volume before and after correction of graft

malfunction.

After correction

artery, the average was 606 ml/min, and grafts supplying
the obtuse marginals, averaged 521 ml/min.

3.3. In-hospital outcome

There was no hospital death among the 85 patients under-
going a bypass using the RGEA. The only acute dysfunction
of a bypass graft happened in a patient with severe chronic
obstructive pulmonary disease, who had a sequential inter-
nal mammary bypass graft to the left anterior descending
artery and the first diagonal branch, a RGEA graft to the
posterior descending artery and a GSV to the first obtuse
marginal branch. He suddenly developed cardiogenic shock
3 h after his admission to the intensive care unit. At immedi-
ate re-operation, the mechanism of ischaemia was twisting,
induced by the compression of the sequential left internal
mammary bypass by the over-inflated left lung. Additional
saphenous vein grafts were completed and the patient sur-
vived, thanks to the temporary implantation of an extra-
corporeal membrane oxygenator. Intraaortic balloon coun-
terpulsation was required to wean the patient from CPB in
two cases. The only complication specific to the RGEA
harvest was bleeding originating from an artery of the
greater gastric curvature requiring re-exploration. The
other complications affecting patients having RGEA grafts

RGEAs were comparable with values obtained in other and ranked by their frequency were the following: atrial
grafts implanted onto the same recipient artery. Only fibrillation (26%), bronchopneumonia (14%), need for pro-
RIMAs implanted onto obtuse marginals maintained higher longed ventilatory support (2%), gastric ulcer (2%), renal
flow values than GSVs. Flow measured in RGEA grafts failure (1%), pneumothorax (1%) and pulmonary embolism

implanted onto the right coronary artery averaged+5B

(1%). There was no case of myocardial infarction related to

ml/min, for grafts implanted onto the posterior descending the use of the RGEA.
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Fig. 3. Average flow volume data ranked according to the nature of the bypass §raft0*001 by post hoc Schéftest. RIMA, right internal mammary
artery; LIMA, left internal mammary artery; RGEA, right gastroepiploic artery; GSV, greater saphenous vein; EPIG, inferior epigastric artery.



244 Y. Louagie et al. / European Journal of Cardio-thoracic Surgery 15 (1999) 240-246

80‘ 77777777777 — * 7777777777777777777 T

70

60 |
' I T T T

50

40

Flow (ml/min)
I

30

20

10

RCA LAD OM1 OM3 OM2 DIAG PDA

Fig. 4. Average flow volume data ranked according to the nature of the recipient affery.0:001 by post hoc Schéffiest. RCA, right coronary artery;
LAD, left anterior descending artery; OM1, 2 and 3, obtuse marginal artery 1, 2 and 3; DIAG, diagonal branch; PDA, posterior descending artery.

4. Discussion has obtained better results with an early patency rate reach-
ing 94%. This is not surprising since this author is known to
Although the RGEA is a pediculated arterial graft, its perform intraoperative Doppler evaluation of his grafts
patency rate has always been inferior to IMA grafts. Indeed, [12,13]. Moreover, according to Suma, graft patency
mid-term angiographic patency rates ranged from 82 to 88% seems not to deteriorate later in the process, since late
for RGEA grafts and from 90 to 98% for LIMA grafts [7,8]. patency remains at 94% [11]. Likewise, Voutilainen [7]
Actually, early permeability is already lower for RGEA reported early patent RGEA grafts in 80% of his patients
grafts, ranging from 80 to 92% [7,9,10]. Only Suma [11] and a 5 year patency of 82%. Thus, early detection and

LAD RCA
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3 40
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Fig. 5. Average flow volume data ranked according to the nature of the recipient artery (LAD, left anterior descending artery; RCA, right comgnary arte
OM, obtuse marginal artery; PDA, posterior descending artery) and the nature of the graft (RGEA, right gastroepiploic artery; RIMA, right arremeaym
artery; GSV, greater saphenous vein; LIMA, left internal mammary arteB/x<*0.001 by post hoc Schéffest.
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correction of technical errors is mandatory and should ments were made at resting flow and did not evaluate max-
improve both early and late patency. imal flow reserve. The maximal recruitable flow capacity
The main benefit of bypass graft flow assessment is thecould be evaluated by pharmacological (adenosine injec-
detection and correction of malfunctioning conduits. tion) [23—25] or physiological (cardiac pacing) [24,26] sti-
According to the literature, severe dysfunction of IMA mulation. Reactive hyperhaemia can also be induced by a
grafts due to anastomotic occlusion or to malpositioning is 20-s clamping of the bypass graft if the recipient coronary
detected intraoperatively in 3.0—6.2% of the grafts [14—16]. artery is occluded or severely stenosed proximally [27]. To
More precisely, an early graft dysfunction rate of 1% for our knowledge, maximal flow reserve of RGEA grafts has
vein grafts and 5.3% for IMA grafts could be demonstrated never been evaluated intraoperatively, although studies
by intraoperative thermal coronary angiography [15]. Simi- measuring the response of velocity in RGEA grafts under
lar data were not available for RGEA grafts despite their various physiological and pharmacological stimulations
well-known propensity to kink and twist. Thus, the main have been performed in postoperative patients [13,28].
contribution of the present study is to demonstrate a dys- We conclude from our study that RGEA graft malposi-
function incidence in RGEA grafts reaching 6%, and con- tioning is of more concern than spasms. However, the for-
trasting with a very low dysfunction rate for GSV grafts. mer complication is readily detected by Doppler ultrasound
This is explained by the smaller size of the distal RGEA and and can be corrected at once. In this way, immediate
by the difficulty of adequately checking the anastomotic patency can be improved by 6%. Finally, overall resting
area when the heart is relocated, the field being obstructedflow in RGEA grafts was equivalent to other grafts supply-
by the bulky fat pedicle. The detection of graft malfunction ing the same run-off beds.
by Doppler sonometry was based on the association of low
flow, low velocity and high resistance. In addition, the mor-
phology of the Doppler signal was characterized by a sys-
tolo-diastolic high-pitch frequency curve oscillating around (1} Tavilla G, Jacobowitz JJ, Berreklouw E. Intraoperative blood flow
the zero line and producing an elevated pulsatility index, as measurement of the right gastroepiploic artery using pulsed Doppler
shown in the example of Fig. 1. By contrast, the advent of a echocardiography. Ann Thorac Surg 1997;64:426—431.
diastolic component and the gain in systolic constituent, [2] Hanet C, Semaan C, Khoury G, Dion R, Robert A. Differences in

. . . . vasoreactivity between gastroepiploic artery grafts late after bypass
characterized flow restoration. Of practical importance, surgery and grafted coronary arteries. Circulation 1994;90:11155—
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