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Abstract

Background: Patients on hemodialysis are at high risk of adverse cardiac
events after coronary artery bypass grafting (CABG). The aim of this study is
to know whether CABG with complete revascularization and similar graft se-
lection can provide equivalent long-term benefits for patients on and not on
hemodialysis. Methods: Between 2004 and 2018, 746 patients underwent iso-
lated CABG, of which 106 were on hemodialysis. Propensity matching on
baseline characteristics, graft types and on/off-pump CABG was performed to
compare clinical outcomes between patients on (n = 102) and not on (n =
102) hemodialysis. Results: Complete revascularization was achieved in all
patients. The mean follow-up was 112.5 + 46.6 months. Off-pump rates (he-
modialysis vs non-hemodialysis, 93/102 vs 94/102, p > 0.999) and graft selec-
tions (distal anastomoses: 3.7 = 1.4 vs 3.8 = 1.5, p = 0.377, ITA grafts: 1.4 +
0.6 vs 1.5 £ 0.6, p = 0.560, arterial grafts: 1.9 £ 0.9 vs 2.0 = 0.8, p = 0.658, vein
grafts: 0.69 * 0.63 vs 0.65 £ 0.70, p = 0.513) were well balanced between the
groups. Hospital mortality was higher in patients on hemodialysis than in
those not on hemodialysis (5/102 vs 1/102, p = 0.212). The Kaplan-Meier
analysis revealed that cardiac death (without non-cardiac causes) was signifi-
cantly more common in patients on hemodialysis than in those not on hemo-
dialysis (p = 0.018). However, there were no significant differences in deaths
due to ischemic heart disease (p = 0.327), repeated revascularization (p =
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0.542), myocardial infarction (p = 0.783), and heart failure requiring admis-
sion (p = 0.371). Conclusion: CABG with complete revascularization and
similar graft selection provides equivalent long-term benefits with regard to
the prevention of adverse cardiac events due to ischemic heart disease in pa-
tients on and not on hemodialysis.

Keywords

Coronary Artery Bypass Grafting, Hemodialysis, Complete Revascularization,
Gastroepiploic Artery

1. Introduction

Life expectancy is lower among patients on hemodialysis than among people
without kidney disease, and approximately half of the patients on hemodialysis
die from cardiovascular diseases [1]. As coronary artery disease is common and
is already advanced when patients start hemodialysis [2], coronary revasculari-
zation is frequently necessary in these patients. Thus, coronary artery bypass
grafting (CABG) plays an important role in maintaining the life of patients on
hemodialysis.

Numerous studies have demonstrated a high incidence of adverse cardiac
events in the early stage and in the long-term after CABG among patients on
hemodialysis [3] [4]. Although CABG is a well-established treatment for
ischemic heart disease, even in patients on hemodialysis [1] [5], the benefit may
not be as favorable as that in patients not on dialysis. Marui et al reported on the
5-year outcomes of CABG among patients on hemodialysis and mentioned that
the rates of repeated coronary revascularization and cardiac death in these pa-
tients were about twice as high as those in patients undergoing general CABG
(6] [7].

Graft selection and its design have strong impacts on long-term outcomes in
CABG [8] [9]. It is generally known that available grafts are relatively limited in
patients on hemodialysis [5] [10], and the use of internal thoracic artery (ITA)
graft is lower in patients on hemodialysis [11]. This may result in unfavorable
graft selection and incomplete revascularization in such patients. As incomplete
coronary revascularization is a major cause of adverse cardiac events after CABG
[12], long-term outcomes in patients on hemodialysis can be impaired. Howev-
er, many previous studies did not consider the graft design, the number of distal
anastomoses, and rate of incomplete revascularization for the analysis of
long-term results in patients on hemodialysis.

In the present study, we positively used bilateral ITA and the gastroepiploic
artery (GEA) in CABG for patients on hemodialysis and achieved complete re-
vascularization for all of them. Propensity score matching was strictly applied on
graft types as well as baseline characteristics and cardiopulmonary bypass use,

and we compared early and long-term outcomes between patients on and not on
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hemodialysis. The primary aim of this study was to investigate whether CABG
with complete revascularization and similar graft design provides equivalent
benefits with regard to the prevention of cardiac-related adverse events in pa-
tients on and not on hemodialysis. This study will also help understand what
CABG with complete revascularization can provide and what that cannot do for

patients on hemodialysis and with severe coronary arterial disease.

2. Patients and Methods
2.1. Study Approval and Patients

This retrospective observational study was approved by the appropriate institu-
tional review board, and the requirement for informed consent from each pa-
tient was waived. We performed isolated CABG in 746 patients between January
2004 and June 2018, under the same strategy for graft design as follows: 1) com-
plete revascularization, 2) use of ITA as the most reliable graft principally to the
left anterior descending artery, 3) preference of an artery graft to a vein graft,
and 4) off-pump CABG whenever possible. These patients were included in this
study, among which 106 were preoperatively diagnosed with end-stage renal
disease and were on maintenance hemodialysis. Exclusion criteria of this study
included CABGs without complete revascularization, with a history of cardiac
surgery, through the left thoracotomy and for patients with malignant tumor.

The baseline characteristics of the patients are shown in Table 1.

Table 1. Baseline characteristics.

Total Hemodialysis (-) Hemodialysis (+)  p value*®
Patient number 746 640 106
Age 69.1 +10.6 70.4 +9.1 63.5+11.5 <0.001
Octogenarian (%) 12.1 12.3 10.4 0.632
Male 79.6 80.0 78.3 0.517
Emergency (%) 9.0 8.9 9.4 0.855
Diabetes Mellitus (%) 57.5 55.2 68.9 0.001
Hypertension (%) 85.3 84.7 85.8 0.374
Hyperlipidemia (%) 61.0 64.1 42.5 <0.001
Hemodialysis (%) 14.2 0.0 100.0 NA
3 vessel disease (%) 75.6 76.4 70.8 0.224
LVEF*! < 40% (%) 17.7 15.6 30.2 <0.001
Peripheral arterial disease 20.2 17.7 33.0 <0.001
Previous stroke (%) 12.6 12.3 14.2 0.634
Carotid stenosis > 50%** 176 181 142 0.408

(%)

*1: Left ventricular ejection fraction. **: determined in preoperative carotid duplex echo. **: hemodialysis (-)
vs hemodialysis (+).
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2.2. Surgical Technique

CABG was performed through a median sternotomy, and most procedures in-
volved an off-pump technique. In patients with unstable hemodynamic parame-
ters, cardiopulmonary bypass was used and CABG was performed under a beat-
ing-heart condition. The ITA and GEA were harvested in a skeletonized fashion by
using an ultrasonic scalpel. The left anterior descending artery was re-vascularized
using the ITA in most patients, and another ITA, the GEA, and the radial artery
were used for other targeted coronary arteries with stenosis 290%. When the
in-situ GEA was not suitable for grafting (e.g., when stenosis of the targeted co-
ronary artery was <90%), it was sometimes used as a free graft. The remaining
targeted coronary arteries were grafted with saphenous vein grafts (SVGs).
Postoperative management was carried out according to the standard proce-
dures for CABG at our hospital. Anti-platelet agents and beta-blockers were res-
tarted the day following surgery. For patients on hemodialysis, continuous ve-
no-venous hemofiltration was started on the first postoperative day and hemo-
dialysis was restarted when the patient returned to the general ward (usually on
postoperative day 2 - 4).

2.3. Data Collection and Statistical Analysis

The primary endpoint of this study was cardiac death in the follow-up period,
which included any death during the index hospitalization. Other prespecified
endpoints were myocardial infarction, repeated coronary revascularizations,
heart failure requiring hospital admission, death due to ischemic heart disease,
and all-cause death. The definitions in this study were in accordance with those
in previous studies. In brief, death was regarded as cardiac unless clear
non-cardiac causes were recognized, and death due to ischemic heart disease was
defined as cardiac death, except death caused by valvular disease and sudden
death without findings of myocardial ischemia or coronary events [6]. The defi-
nition of myocardial infarction was based on a new abnormal Q wave or a pre-
defined enzymatic change [7]. Follow-up data were obtained from medical
records, attending physicians, and/or direct phone calls to the patients or their
households.

The differences between groups were evaluated using the Mann-Whitney U
test for continuous variables and Fisher’s exact test for binary categorical va-
riables. Propensity-score matching using the parameters shown in Table 2 and
calendar year of surgery was performed to adjust the baseline between patients
on and not on hemodialysis. In this procedure, pairs of patients on and not on
hemodialysis were established using 1:1 nearest-neighbor matching with a +0.05
caliper and no replacement. A standardized mean difference >0.1 was consi-
dered to indicate imbalance. Long-term outcomes were analyzed using the Kap-
lan-Meier method and log-rank test for unmatched and matched cohorts. All
statistical analyses were performed using SPSS 25 J for Windows (IBM Corp.,
Armonk, NY, USA). A p-value < 0.05 was considered statistically significant for

all analyses.
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Table 2. Patients characteristics and in-hospital parameters.

Hemodialysis (+) Hemodialysis (-) p value SMD*”
(Preoperative parameters)
Patient number 102 102
Age 64.4 +10.6 64.0+11.3 0.604 0.037
Male (%) 75.5 73.5 0.872 0.023
Emergency (%) 7.8 7.8 >0.999 0.000
Diabetes Melitus (%) 68.6 66.7 0.881 0.043
Hypertension (%) 86.3 85.3 >0.999 0.028
Hyperlipidemia (%) 441 40.2 0.671 0.081
Number of CAD*! 2.60 + 0.68 2.68 + 0.62 0.406 0.024
Serum creatinine 7.35+2.11 1.06 + 0.54 <0.001 NA*®
Hemodialysis duration (years) 6.7 6.6 NA*¢ NA*®
Peripheral arterial disease (%) 324 35.3 0.767 0.063
3 vessel disease (%) 71.6 75.5 0.422 0.044
Left main disease (%) 28.4 24.5 0.634 0.068
LVEF*? < 40% (%) 30.4 27.5 0.758 0.066
Previous stroke (%) 13.7 13.7 >0.999 0.000
Carotid stenosis > 50%*> (%) 13.7 16.7 0.697 0.083
(Operative parameters)
Number of distal anastomosis 3.7+£14 38+1.5 0.377 0.069
Number of ITA** 1.4+0.6 1.5+0.6 0.560 0.083
Number of arterial grafts*® 1.9+£09 2.0+0.8 0.658 0.068
Number of vein graft 0.69 + 0.63 0.65 +0.70 0.513 0.045
Bilateral ITA** (%) 51.0 54.9 0.674 0.080
All arterial grafts*® (%) 45.1 43.1 0.888 0.040
Use of IABP (%) 24.5 21.6 0.740 0.071
Use of pump (%) 7.8 7.8 >0.999 0.000

*!: Coronary artery disease. **: Left ventricular ejection fraction. **: determined in preoperative carotid
duplex echo. **: Internal thoracic artery. **: arterial grafts include the radial artery and right gastroepiploic
artery. **: not applicable, *’: Standardized mean difference.

3. Results

3.1. Preoperative Assessments

The frequencies of diabetes, low left ventricular ejection fraction, and peripheral
arterial disease were greater, age was lower, and the frequency of hyperlipidemia
was lower in patients on hemodialysis than in those not on hemodialysis (Table
1). Thus, baseline characteristics were significantly different between the groups
before matching. As shown in Table 2, the groups were well-balanced with re-

gard to preoperative characteristics as well as graft types and other surgical pa-
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rameters after matching.

3.2. In-Hospital Outcomes

Table 3 presents the in-hospital outcomes after CABG. The surgical mortality
rate was higher in patients on hemodialysis than in those not on hemodialysis,
but the difference was not significant (4.90% vs. 0.98%, p = 0.212). However,
ventilation time, intensive care unit stay, and hospital stay were significantly
longer in patients on hemodialysis than in those not on hemodialysis (Table 3).
Five deaths occurred among patients on hemodialysis, and they were related to
heart failure (n = 2), sepsis (n = 2), and peripheral arterial disease (n = 1). Three
of the five deaths occurred after uneventful recovery in the ward without car-

diac-related problems.

3.3. Long-Term Outcomes

The mean follow-up period was 112.5 + 46.6 months in the entire cohort, and
there were 47 deaths after CABG (Table 4). The rate of all-cause death was sig-
nificantly higher in patients on hemodialysis than in those not on hemodialysis
(Figure 1).

Cardiac-related death

The incidence of cardiac death in the long-term was significantly higher in pa-
tients on hemodialysis than in those not on hemodialysis (p = 0.018, Figure 2).
Eleven cardiac deaths were observed among patients on hemodialysis (five sur-
gical deaths, three heart failures, and three sudden deaths) (Table 4). As all these
sudden deaths occurred in patients who did not show findings of myocardial
ischemia, heart failure, or ventricular arrhythmia before death, the physicians in
charge speculated that the deaths were associated with electrolyte disorders or
cerebrovascular events. Thus, more than 50% of cardiac deaths were not asso-
ciated with clear issues of the heart in patients on hemodialysis, while all four
cardiac deaths were related to cardiac diseases in patients not on hemodialysis
(Table 4).

Death due to ischemic heart disease

Six deaths (five surgical deaths and one death related to non-valvular heart
failure in the long-term) were identified as deaths due to ischemic heart disease
in patients on hemodialysis, while four such deaths (one surgical death, one
death related to non-valvular heart failure, and two deaths related to ischemic
mortal arrhythmia) were observed in patients not on dialysis. There was no sig-
nificant difference in the event-free rate of death due to ischemic heart disease
between the groups (p = 0.327, Figure 3).

Repeated revascularization, myocardial infarction, and heart failure re-
quiring admission

Figure 4 shows the event-free curves for repeated revascularization, myocar-
dial infarction, and heart failure requiring hospital admission. Twenty patients

underwent repeated coronary revascularization in this study, and all of the pa-
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tients underwent percutaneous coronary intervention (PCI). Among the 20 pa-
tients, 10 patients on hemodialysis underwent a total of 11 PCI procedures (6
were for new lesions and 5 were for graft failure), whereas 10 patients not on
hemodialysis underwent a total of 12 PCI procedures (5 were for new lesions
and 7 were for graft failure). There was no significant difference in repeated re-
vascularization in the long-term between the groups (p = 0.571).

There were no significant differences in the event-free rates of myocardial in-
farction and heart failure requiring admission between the groups (p = 0.783 and

p = 0.371, respectively).

1.0

0.8

0.6

0.4

P <0.01
0.2
0.0
0 20 40 60 80 100 120 140 160

Hemodialysis (-) [ 102 [ 97 [ 92 [ 8 [ 8 [ 72 | 62 [ 46 |
Hemodialysis(+) [ 102 | 8 [ 68 | 49 [ 41 | 32 [ 27 [ 19 |

Figure 1. Survival curves of patients on hemodialysis (solid line) and those not on
hemodialysis (dotted line).
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Figure 2. Freedom from cardiac death (any deaths without non-cardiac causes). Solid line
shows patients on hemodialysis and dotted line shows those not on hemodialysis.
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Figure 3. Freedom from death due to ischemic heart disease (cardiac death except death
due to valvular disease and sudden death without findings of myocardial ischemia). Solid
line shows patients on hemodialysis and dotted line shows those not on hemodialysis.
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(c)

Figure 4. Freedom from repeated coronary revascularization (a), myocardial infarction
(b) and heart failure requiring hospital admission (c). Solid line shows patients on
hemodialysis and dotted line shows those not on hemodialysis. There were no significant
differences between the two groups in each analysis.

Table 3. Postoperative course and in-hospital mortality.

Hemodialysis (+) Hemodialysis (-) P value
Graft patency*' 98.4 98.1 0.154
Ventilation time (hours) 19.0 £ 32.3 11.1+13.4 0.003
ICU*? stay (days) 4.0+3.2 32+1.8 0.052
Hospital stay (days) 252 £113.3 19.2£9.7 0.001
30 days mortality (%) 2.0 0.98 >0.999
Hospital death (%) 4.90 0.98 0.212

*1; graft patency was examined for 60 patients on hemodialysis and 76 patients without hemodialysis,
generally within a month from surgery by angiography or computed tomography. **: Intensive care unit.

Table 4. Causes of death through the observation period.

Cardiac Death (n = 16) Hemodialysis (+), (n = 11) Hemodialysis (-), (n = 4)
Ischemic heart disease 6 4
Mpyocardial infarction 0 1
Heart failure 3 2
Others 3 1
Sudden death 3 0
Valvular disease 2 0

Non-cardiac Death (n = 31) Hemodialysis (+), (n = 25) Hemodialysis (=), (n=7)
Infection 9 2
Malignancy 5 3
Stroke 4 0
Peripheral artery disease 4 0
Others 3 2
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4. Discussion

The main findings of the present study are that patients on hemodialysis have
acceptable incidences of repeated coronary revascularization, myocardial infarc-
tion, and heart failure and that the incidences are not significantly different from
those in patients not on hemodialysis in the long-term after CABG with com-
plete revascularization. The high incidence of cardiac death noted in patients on
hemodialysis was mainly due to not cardiac related death in the postoperative
period and sudden death in the long-term without signs of heart failure and/or
mortal arrhythmias, and the event-free rate of death due to ischemic heart dis-
ease was not significantly different between the study groups. For the analyses,
our cohorts (on and not on hemodialysis) were strictly adjusted, and therefore,
the groups were similar with regard to preoperative characteristics and CABG
design. This study demonstrated that, although the rate of cardiac death in the
long-term was still higher in patients on hemodialysis, CABG with complete re-
vascularization could equally prevent adverse cardiac events due to myocardial
ischemia in patients on and not on hemodialysis. To our knowledge, this is the
first report to present this benefit.

A large-scale multicenter study reported the details of graft design in
off-pump CABG in which the mean number of distal anastomosis was 3.2 and
the percentage of each graft used was as follows: left ITA, 94%; right ITA, 52%;
GEA, 34%; radial artery, 23%; and vein, 42% [13]. Because patients not on he-
modialysis were selected to match with those on hemodialysis, there was a con-
cern that the graft design for them could be different from general CABG. How-
ever, in our study, the graft use in patients not on hemodialysis were similar to
that the previous report (left ITA, 97%,; right ITA, 55%; GEA, 32%; radial artery,
21%; and vein, 52%). The difference in the mean number of distal anastomosis
(3.8 in our study) can be explained by the marginally higher use of vein graft in
this study. Thus, the graft design in this study appears to reflect general CABG;
therefore, the clinical outcomes were not affected by the difference of graft de-
sign.

The limitation of available grafts can be a reason for incomplete coronary re-
vascularization, and therefore, patients on hemodialysis are at risk for this issue.
For example, the radial artery is usually not available in this population and the
SVG might sometimes be absent because of previous surgery for peripheral ar-
terial disease [10]. To overcome this issue, we used the GEA in 48% of patients
and successfully achieved complete revascularization among patients on hemo-
dialysis. This graft can be used as a free graft as well as an in-situ graft, and it can
increase the rate of CABG with total arterial grafts. The GEA can attach well to
small and/or severely diseased coronary arteries, which are frequently seen in
CABG among patients on hemodialysis. It should be noted that we did not ob-
serve any patients with major adverse events associated with GEA graft failure
among patients on hemodialysis. Previous studies have shown predominance of

the GEA graft over the SVG as well as the advantage of total arterial grafts over
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other grafts including the SVG [14] [15]. Thus, we believe that the GEA is a use-
ful option in patients on hemodialysis. We always assessed the presence of athe-
rosclerotic change in the GEA on preoperative abdominal computed tomogra-
phy and did not use the artery when significant calcification was noted.

The rate of bilateral ITAs among patients on hemodialysis in this study
(51.0%) was higher than that in previous studies (usually 22.8% - 40.3%) [10]
[11] [16] and was similar to that for general CABG [13]. The ITA is known to be
the most reliable graft in CABG, and in fact, repeated coronary revascularization
because of ITA-graft failure was significantly less frequent than repeated coro-
nary revascularization because of SVG failure (1/149 vs. 4/70, p = 0.038) in this
study. Thus, the rate of repeated revascularization in this study was lower than
that in previous studies and equivalent to that for non-dialysis patients [7] [17].
Furthermore, the proportion of death due to ischemic heart disease among all
deaths in this study (16.7%) was lower than that in a multicenter registry study
(37%) [6]. Thus, our findings support the use of bilateral ITAs in patients on
hemodialysis; however, some studies have shown no advantage of bilateral ITAs
with regard to survival among patients on hemodialysis. Nakatsu et a/. reported
that bilateral ITAs were not recommended for patients at high risk with regard
to survival [16], and another study showed that severe diabetes, low ejection
fraction, and peripheral arterial disease were risk factors with regard to survival
in patients on hemodialysis [18]. Additionally, deep sternal wound infection is a
concern while using bilateral ITAs [19]. We agree with these reports and re-
frained from using bilateral ITA for patients at high risks of the abovementioned
complications [10] [18]. This was the reason we did not use bilateral ITA for
nearly a half of the patients on hemodialysis. The findings of these studies indi-
cate the importance of patient selection for bilateral ITA use.

Previous studies demonstrated long-term survival after CABG in patients on
hemodialysis, and the survival rate ranged from about 30% to 60% at 5 years and
15% to 40% at 10 years [6] [7] [16] [19] [20]. Additionally, the Japanese Society
for Dialysis Therapy reported (in Japanese) that general hemodialysis patients
had a survival rate of approximately 40% at 10 years and revealed that the causes
were heart failure (26%), infection (22%), malignant tumor (10%), cerebrovas-
cular disease (6.5%), myocardial infarction (4%), uremia (4%), hyperkalemia
(2.5%), unknown causes (11%), and others (14%). The survival rates in our
study (70% and 55% at 5 and 10 years, respectively) appear to be better than the
rates reported in these previous studies, and this might be explained by the low
incidence of deaths due to heart failure and myocardial infarction (13.9% and
0%, respectively). These findings may justify our strategy (complete revasculari-
zation with positive use of bilateral ITA and GEA) with regard to CABG for pa-
tients on hemodialysis. On the other hand, the present study and previous stu-
dies showed that patients on hemodialysis are still at high risk for septic and
sudden death in the long-term even after successful CABG with complete revas-
cularization [7] [21]. Thus, further improvement of CABG is necessary in this

population.
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Study limitations

The present study had several limitations. First, this was a retrospective ob-
servational study, and therefore, some unintentional underestimation and bias
could have influenced the results, although we adopted propensity-score match-
ing. Second, as mentioned in the discussion, the radial artery could not be used,
and its absence was covered by GEA in patients on hemodialysis. There may be a
difference in graft performance and durability between these two arteries; how-
ever, we did not experience graft failure or other problems in both. Finally, all
patients were ethnically Japanese and were treated by a single surgical team,

which might have introduced ethnic and surgeon-based biases.

5. Conclusion

CABG with complete revascularization and similar graft selection provides
equivalent benefits with regard to the prevention of repeated revascularization,
myocardial infarction, heart failure requiring admission and death due to
ischemic heart disease in patients on and not on hemodialysis. Positive use of
bilateral ITA and GEA helped achieve complete revascularization in patients on
hemodialysis. Postoperative non-cardiac related death and sudden death without
myocardial ischemia and heart failure contribute to the high rate of cardiac

death in patients on maintenance hemodialysis.
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