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The impact of sequential versus single anastomoses on flow
characteristics and mid-term patency of saphenous vein grafts in
coronary bypass grafting

Hee Jung Kim, MD, Taek Yeon Lee, MD, Joon Bum Kim, MD, Won Chul Cho, MD, Sung Ho Jung, MD,
Cheol Hyun Chung, MD, Jae Won Lee, MD, and Suk Jung Choo, MD

Objective: To assess the influence of bypass grafting technique on the flow characteristics and mid-term patency
of saphenous vein coronary bypass grafts.

Methods: In the present study, 309 patients who underwent either sequential (group A, N = 84 grafts) or indi-
vidual (group B, N = 244 grafts) saphenous vein coronary bypass grafting between February 2002 and September
2007 were investigated. Individual bypassing only was performed in 212 patients, and sequential bypassing only
was performed in 78 patients. The remaining 19 patients received both. A total of 436 distal anastomoses were
performed with 328 saphenous vein grafts. The intraoperative flow characteristics and the graft patency were
assessed with the transit time flow meter and serial multi-detector computed tomography coronary angiograms,
respectively.

Results: Group A showed a higher mean flow compared with group B at 49.4 + 27.4 mL/min versus 37.1 £ 20.1
mL/min, respectively (P = .001). The mean flow increased linearly as the number of anastomoses increased per
graft (P < .001). Graft patency at 3 years was 93.3% =+ 3.4% in group A and 86.5% =+ 3.1% in group
B (P = .048). After adjustment for baseline characteristics, group A showed a tendency for superior mid-term
patency than group B (hazard ratio 0.362; 95% confidence interval, 0.129-1.017; P = .0538).

Conclusions: Sequential bypass grafts were associated with higher mean flows and superior mid-term patency
compared with individual grafts. These findings suggest the more favorable results of sequential bypass grafting

to be attributed to the enhanced flow hemodynamics. (J Thorac Cardiovasc Surg 2011;141:750-4)

To date, the evidence to suggest an optimal coronary bypass
grafting strategy with the saphenous vein (SV) graft is unre-
solved. One reason lies in the lack of sufficient clinical data
to adequately support a correlation between the bypass graft-
ing technique with both the hemodynamic flow characteris-
tics and long-term patency. Several studies have indicated
the patency of sequential SV coronary bypass grafts to be su-
perior to individual bypass grafts."® However, concerns
regarding the potential risk of a high proximal occlusion
causing major myocardial ischemic events have
discouraged many surgeons from more actively using this
technique. The present study was conducted to investigate
the relationship between the coronary bypass grafting
technique and both the hemodynamic flow characteristics
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and mid-term patency of SV grafts using transit time flow
measurement (TTFM) and multi-detector computed
tomography (MDCT) coronary angiogram.

MATERIALS AND METHODS
Patients

Of the 1424 patients who underwent coronary artery bypass surgery at
Asan Medical Center between February 2002 and September 2007, 458
patients receiving aorto-SV bypass grafts to non-left anterior descending
targets were identified. To reduce the heterogeneity in the study population,
patients receiving concomitant valve or aortic surgery (n = 67) and emer-
gency coronary bypass surgery (n = 15) were excluded from this study. Pa-
tients without MDCT coronary angiogram evaluation were also excluded
(hospital death, n = 6; renal dysfunction, n = 21; refused to undergo com-
puted tomography [CT] scan, n = 18; poor-quality CT images from arrhyth-
mia, n = 9; lung atelectasis, n = 8; or severe obesity, n = 5), resulting in
a final number of 309 patients meeting the present inclusion criteria. Of
these, individual bypasses only with SV grafts were performed in 212 pa-
tients and sequential bypasses only were performed in 78 patients. The re-
maining 19 patients received both individual and sequential bypass grafts.

The patients were divided into group A (sequential SV bypass grafting)
or group B (individual grafting) depending on the bypass grafting technique.
The study protocol was reviewed and approved by the Asan Medical Center
Institutional Review Board, which waived the need for informed patient
consent because of the retrospective nature of this study.

Surgical Techniques and Postoperative Medications
Surgery was performed via a standard median sternotomy. All SV grafts

were harvested by the open technique. Side-to-side anti-parallel anastomo-

ses were performed in single continuous fashion with Prolene 7-0 for the
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Abbreviations and Acronyms
CI = confidence interval
CT = computed tomography
IPTW = inverse probability of treatment
weighting
MDCT = multi-detector computed tomography
PI = pulsatility index
NY = saphenous vein
TTFM = transit time flow measurement

sequential bypasses. End-to-side anastomoses were performed in single
continuous fashion with Prolene 6-0 for the proximal aortic connections
and with Prolene 7-0 for the terminal bypasses. The ascending aorta was
the proximal inflow for all of the SV bypass grafts, whereas no left internal
thoracic artery-SV composite graft was constructed for any patient. In group
A, 192 distal targets were sequentially bypassed with 84 SV grafts, and in
group B, 244 distal individual targets were bypassed with 244 SV grafts,
for a combined total of 436 distal anastomoses with 328 SV graft conduits.
In group A, 60 double and 24 triple sequential SV bypass grafts were made.
In terms of pump strategy, off-pump coronary bypass surgery was per-
formed in 167 bypasses, on-pump beating heart surgery was performed in
19 bypasses, and conventional surgery under full cardiopulmonary bypass
with cardioplegic arrest was performed in 142 bypasses. The selection of
cardiopulmonary bypass strategy and bypass grafting technique (ie, off-
pump coronary bypass surgery vs on-pump, beating vs conventional coro-
nary artery bypass grafting, and individual vs sequential bypassing) were
based on surgeon preference and target availability (ie, the number of targets
requiring bypasses after left internal thoracic artery to left anterior descend-
ing bypass grafting). Statin medication, aspirin, and clopidogrel were rou-
tinely prescribed to all of the patients starting from postoperative day 1 or
2. Although statin medication and aspirin were continued indefinitely, clo-
pidogrel was discontinued after 1 year. The dose of statin medication was
adjusted for a target low-density lipoprotein level of less than 100 mg/dL.

Transit Time Flow Meter Measurements

Transit time flow meter (Medistim BF model; Medistim, Oslo, Norway)
measurements in the sequential bypass grafts were acquired between the
aorta and the first side-to-side anastomosis, whereas in the individual bypass
grafts, they were acquired near the proximal aortic anastomosis. Measure-
ments from the proximal site of the sequential bypass graft represented
the combined cumulative run-off of the distal anastomosis. The mean
flow and pulsatility index (PI) were measured while the heart was beating
naturally in the pericardial well independently of any mechanical circulatory
support. All flow data were measured under stable conditions of mean sys-
temic pressure greater than 60 mm Hg and the heart rate ranging from 60 to
80 beats/min. Protamine was administered after TTFM measurements were
deemed appropriate for the circumstances under which the graft flows were
measured.

Multi-Detector Computed Tomography Coronary
Angiography

Morphologic assessment of graft patency was made with serial 16-chan-
nel MDCT (Somatom Sensation 16, Siemens, Germany) coronary angio-
grams before November 2006 and with dual-source CT (Somatom
Definition, Siemens Medical Solutions, Forchheim, Germany), which is
an upgraded version of the 64-channel MDCT, thereafter. Coronary CT
angiograms were conducted routinely after coronary bypass surgery unless
otherwise contraindicated. Baseline MDCT coronary images were obtained

in the early postoperative period before discharge at a mean of 5.70 & 1.87
days postoperatively and a median of 5 (2-14) days. Follow-up imaging
studies were subsequently performed 1 and 3 to 5 years thereafter. On the
basis of the CT images, grafts were categorized as being patent or poorly
patent (graft failure). Nonvisualized or diffusely narrowed grafts with
poor stringy visibility were categorized as poorly patent grafts. Poor stringy
visualization was represented by luminal enhancement but thread-like nar-
rowing along the entire length of the graft. In the sequential bypass grafts,
each anastomotic segment was regarded as a separate bypass graft. There-
fore, if a single distal segment of a sequential bypass graft showed nonvisu-
alization, only the anastomoses represented by that segment was regarded
as being occluded and the other visualized segments were viewed as being
patent. All MDCT results were interpreted and confirmed by experienced
radiologists who worked with this modality of coronary imaging on a daily
basis.

Statistical Analysis

Categoric variables were presented as frequencies and percentages, and
compared using the chi-square test or Fisher’s exact test. Continuous vari-
ables were expressed as mean + standard deviation or medians with ranges,
and were compared using the Student unpaired ¢ test. Kaplan—-Meier curves
were used to delineate freedom from graft failure, and the Breslow test was
used to compare the difference in graft failure-free rates between groups. To
reduce the impact of treatment selection bias and potential confounding in
an observational study, we performed rigorous adjustment for significant
differences in patient characteristics by using inverse probability of treat-
ment weighting (IPTW). With that technique, weights for patients receiving
sequential bypassing were the inverse of 1 minus propensity score, and
weights for patients receiving individual bypassing were the inverse of
propensity score. The propensity scores were estimated by multiple
logistic-regression analysis. All prespecified covariates were included in
full nonparsimonious models for sequential versus individual bypassing
(Table 1). The discrimination and calibration abilities of each propensity
score model were assessed by C statistics and the Hosmer-Lemeshow
test. The model was fairly calibrated (Hosmer-Lemeshow test; P = .126)
with reasonable discrimination (C statistic = 0.741). A Cox hazards model
was created with IPTW as the weights and treatment effect (sequential or
individual bypassing). Results were expressed as hazard ratios with 95%
confidence intervals (ClIs). Correlation between the mean flow and PI was
evaluated using linear regression. The Kruskal-Wallis method was used
to compare mean flow, PI, and the number of distal anastomoses (ie, single
SV graft, double sequential SV graft, and triple sequential SV graft).

The predictive value of mean flow and PI for mid-term patency was eval-
uated using the area under the receiver operating characteristic curves with
its 95% CI. The optimal cutoff corresponded to the value with the greatest
accuracy. All reported P values are 2 sided. SAS software, version 9.1 (SAS
Institute, Inc, Cary, NC) and SPSS version 12 (SPSS Inc, Chicago, Ill) were
used for the statistical analysis.

RESULTS

Baseline characteristics and patient profiles are summa-
rized in Table 1. The median follow-up duration for the en-
tire cohort was 14.8 months: 11.6 months (1-49 months) for
group A and 17.0 months (range, 1-70.2 months) for group
B. Coronary imaging studies were performed with 64-chan-
nel MDCT in 101 patients and 16-channel MDCT in 208 pa-
tients. The mean number of proximal and distal anastomoses
with the SV graft per patient was 1.06 £ 0.24 and 1.43 +
0.66, respectively. For the entire cohort, 407 (94%) graft
anastomoses were patent and 29 (6.6%) graft anastomoses
were occluded. In group A, 187 (97.4%) graft anastomoses
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TABLE 1. Preoperative patient profile
Variable Group A Group B Total P value

No. of grafts 84 244 328
Male, n (%) 58 (69) 170 (69.6) 228 (69.5) 1.00
Age,y 629 + 8.3 63.7 £ 8.3 63.5 +8.3 41
Hypertension, n (%) 45 (53.6) 127 (52) 162 (49.3) 37
Diabetes mellitus, n (%) 48 (57.1) 76 (31.1) 124 (37.8) .001
History of cerebrovascular event, n (%) 13 (15.5) 10 (4.1) 23 (7) .001
Left ventricular ejection fraction, % 56.3 £ 11.0 57.5+£9.6 57.2 £ 10.0 34
Pump strategy, n (%) .001

On pump with ACC 29 (34.5) 138 (56.6) 167 (50.9)

On pump without ACC 10 (11.9) 9@3.7) 19 (5.7)

Off-pump bypass 45 (54.6) 97 (39.8) 142 (43.2)

ACC, Aortic crossclamping.

were patent and 5 (2.6%) anastomoses were occluded. In
group B, 220 (90.2%) anastomoses were patent and 24
(9.8%) anastomoses were occluded. All occlusions in group
A involved the terminal end-to-side anastomosis of double
sequential bypass grafts, with no occlusions involving triple
sequential bypass grafts.

The mean flow was significantly higher in group A than in
group B (49.4 £ 27.4 mL/min vs 37.1 £+ 20.1 mL/min,
respectively, P = .001), whereas the PI tended to be
lower in group A than in group B (3.2 £ 2.2 vs 4.1 + 6.4,
respectively, P = .24). The flow magnitude increased in
a linear fashion as the number of anastomoses per graft in-
creased, whereas the PI showing an inverse linear relation-
ship decreased with increasing number of anastomoses
(Figure 1). The mean flow plotted against the logarythmic
transformation of PI showed a significant inverse relation-
ship on linear regression analysis (Figure 2).

The overall graft patency in group A was significantly su-
perior to that in group B (P = .048, Figure 3). Serial patency
assessments showed 1-month, 1-year, and 3-year graft
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patency rates of 96.1%, 96.1%, and 93.3% in group A,
respectively, and 97.1%, 92.5%, and 86.5% in group B, re-
spectively. After adjustment for baseline patient characteris-
tics with IPTW, group A showed a tendency toward superior
graft patency compared with group B (hazard ratio, 0.362;
95% CI, 0.129-1.017; P = .0538).

Evaluation of the relationship between the TTFM mea-
surements and MDCT coronary angiogram data showed
higher mean flows in patent compared with poorly patent
grafts (41.3 £+ 22.9 mL/min in patent grafts and 29.6 +
18.7 mL/min in poorly patent grafts; P = .01).

Assessment of the predictive value of mean flow and
PI for mid-term graft patency by receiver operating charac-
teristic curve yielded 0.68 (95% CI, 0.58-0.78; P = .001)
and 0.61 (95% CI, 0.52-0.70; P = .044) for the area under
the curve, respectively. The greatest accuracy for predict-
ing graft patency was obtained at the cutoff value of 24.5
mL/min for mean flow (51.7% sensitivity and 75.4%
specificity) and 2.15 for PI (86.2% sensitivity and
37.6% specificity).

Pulsatility Index

T T 1

B Number of Sequential

FIGURE 1. Relationship between hemodynamic flow characteristics and number of distal anastomoses per graft. A, Mean flow versus the number of anas-
tomoses per graft shows a direct linear relationship (P <.001). B, Inverse relationship is shown with the PI (P = .02). Bar represents mean value and 95% CL
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FIGURE 2. Correlation between mean flow and logarithmic transforma-
tion of PI values (Ln PI). Correlation coefficient =—0.43, P = 001.

DISCUSSION

The present study was conducted to investigate the impact
of the SV bypass grafting technique on both the intraopera-
tive flow characteristics and the mid-term patency based on
previous studies reporting the positive long-term implica-
tions of flow characteristics on graft patency.”*'® The
lack of a consensus regarding the optimal bypass grafting
technique with the SV graft, despite an inclination for
sequential bypass grafting, prompted the present study.
We observed the sequential SV bypass grafts to be
superior in patency compared with individual grafts.

The favorable effects of intraluminal flow characteristics
(ie, mean flow and PI) on both the short- and long-term
results reported in previous studies’™'" agree with basic
experimental studies showing the positive influence of flow
characteristics in preventing adverse remodeling, neointimal
proliferation, and atherosclerotic  graft failure,! 1113
In chronic canine vascular implant models, flow velocity
and wall shear stress correlated inversely with intimal
hyperplasia.'*' Wentzel and colleagues'* also noted a similar
correlation between shear stress and the development of intimal
hyperplasia-induced in-stent re-stenosis in human subjects.
O’Neill and colleagues® concluded that the flow characteristics
of sequential SV grafts were superior to individual grafts on the
basis of observations that showed significantly lower vascular
resistance and higher flow velocities in the sequential bypass
grafts. The significantly greater flows and superior patency
of the sequential grafts compared with individual bypass grafts
observed in the present study also agree with these results.

Technical difficulties associated with directly measuring
arterial vascular resistance have led to indirect methods,
such as pulsed-wave Doppler measurements of PI and
resistive index (RI). Angiotensin II-induced renal vascular
resistance was reported to correlate especially well with PI
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FIGURE 3. Comparison of freedom from graft failure. The solid line rep-
resents group A (sequential bypass graft), and the dotted line represents
group B (individual bypass graft). Note that group A shows superior free-
dom from graft failure compared with group B (P = .048).

levels.>'%!7 Because the PI, defined as (peak flow-base
flow)/(mean flow), indicates reflected flow,'®?° increases
in overall resistance result in a proportionally larger
amount of flow reflection. By using the transit time flow
meter, Aleksic and colleagues®' showed a close relationship
between PI and vascular resistance, and Ofili and associ-
ates”” described an inverse curvilinear (polynomial) rela-
tionship between volumetric flow and vascular resistance
in the coronary bed. Consistent with these findings, the
flow in the present study increased linearly with an increas-
ing number of anastomoses while the PI decreased in a com-
mensurate manner. The nature of this reciprocal relationship
between flow and resistance was further exemplified by the
linear regression analyses of the mean flow plotted against
the logarythmic transformation of PI (Figures 1 and 2).
Despite the apparent hemodynamic advantages, concerns
regarding the potential risk of a high proximal occlusion
causing simultaneous myocardial ischemic events in multi-
ple territories have discouraged many surgeons from more
actively using the sequential bypass grafting technique.
Some surgeons have even advocated a return to the single-
grafting technique.* However, cardiac ischemic events of
this nature occurring by this mechanism have rarely been de-
scribed in the litereature.”” In the presence of patent distal
anastomoses, especially with the terminal coronary bed
having the greatest flow reserve, the proximal segment of
the sequential bypass graft stands to benefit from the
increased cumulative flow.” Should the terminal bypass
have a suboptimal runoff, the distal segment would simply
behave like an individual bypass graft without causing addi-
tional adverse influence on the upstream bypass graft anasto-
moses.” In the present study, occlusions in the sequential
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bypass grafts were observed in 5 patients, all of which were in
the terminal anastomoses. Once past the early postoperative
stage, where grafts are most vulnerable to technical failure,
further risk of proximal occlusion may be reduced because
of the persistence of the favorable hemodynamic flow condi-
tions effected by the sequential grafting technique.’

Study Limitations

The limitations of the present study include those com-
monly inherent to retrospective observational data analysis.
Although the mean flow correlated with mid-term patency,
the PI did not show a similar predictive implication. This
may be attributed to the small number of occluded grafts,
along with the relatively short follow-up period. The use
of MDCT instead of selective coronary angiogram, which
is currently regarded as the *‘gold standard’’ for patency as-
sessment, may also be considered a study limitation. How-
ever, the excessive risk of procedure-related complications
greatly outweighs the potential benefits of routinely per-
forming coronary angiograms postoperatively, and MDCT
has gained a considerable level of acceptance as a reliable
diagnostic cardiac imaging modality. For the detection of
significant (>50%) graft stenosis, 16-channel coronary
angiography or MDCT correctly and accurately detected
significant stenosis in vein grafts with a sensitivity and spec-
ificity of 100% and 94%, respectively.”

The difference in follow-up duration between the 2
groups was statistically significant (P < .001). This differ-
ence is attributable to the relatively earlier institution of
individual bypass grafting, resulting in its greater predomi-
nance. Sequential bypassing was implemented with greater
frequency at a later period.

Although the adjusted analyses showed a definite trend to-
ward favoring sequential bypassing than individual bypass-
ing in terms of graft patency, the results were statistically
marginal (P = .0538) because of the paucity of poorly patent
grafts (n = 29). Therefore, studies with a larger population or
longer follow-up duration are warranted to verify the current
study results.

CONCLUSIONS

The association of sequential bypass grafting with both
higher mean flow rates and superior graft patency indicated
the enhanced hemodynamic flow characteristics of sequen-
tial bypass grafts to be an important contributory factor in
yielding superior results over individual bypass grafts.

The authors thank Sung-Cheol Yun, PhD, from the Division of
Biostatistics, Center for Medical Research and Information,
University of Ulsan College of Medicine, for assistance with the
statistical analyses.
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