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Abstract
Diltiazem is frequently applied during the perioperative period of coronary artery bypass grafting with
cardiopulmonary bypass (on-pump CABG) to prevent arterial graft spasm; however, the short- and long-
term outcome effects are unclear. In this retrospective cohort study, from October 2008 to October 2018,
adult patients who underwent isolated CABG with cardiopulmonary bypass (CPB) were identi�ed.
Patients in the perioperative diltiazem (DILT) and non-intervention (non-DILT) cohorts were matched
based on propensity scores. Logistic regression was �tted to evaluate the impact on short-term
outcomes. Long-term outcome was investigated by survival analyses. Total of 1004 patients were
included. There were no statistically signi�cant differences between the cohorts in perioperative
outcomes, although at 24 hours postoperatively, patients in DILT were more likely to be on hemodynamic
support from inotropic and/or vasoactive agents. The overall long-term survival was similar between the
cohorts; however, in the subgroup of patients who received more than one arterial graft, perioperative
diltiazem may be associated with higher long-term all-cause mortality. Based on these data, the
perioperative and long-term outcome bene�ts of continuous iv infusion of diltiazem in patients who
underwent on-pump CABG.

Introduction
The application of arterial grafts in coronary artery bypass grafting (CABG), most frequently left internal
thoracic artery (LITA, previously internal mammary artery, LIMA) and/or radial arterial (RA) grafts, has
apparent advantages over venous grafts1. Unlike venous grafts, which develop lumen stenosis over time
due to subintimal �brosis, arterial grafts have a longer period of lumen patency because of better size
adaptability to native coronary vessels, more physiological �ow from the elasticity of the vessel wall and
regular lumen2. However, the signi�cant arterial graft spasm of LITA and RA conduits may be responsible
for cardiac ischemia due to graft failure3. In fact, the observed signi�cant spasm of RA grafts by
Carpentier et al., the very group that promoted this technique, resulted in a nearly two-decade delay in the
regular clinical application of RA grafts4, 5. Although not considered standard practice, expert opinion is
accepted that perioperative application of selective coronary vasodilatory agents may help prevent
arterial graft spasm, hence improving the outcomes.

Over the past three decades, numerous drugs have been investigated in RCTs for preventing graft
spasm6, among which certain calcium channel blockers (CCBs), e.g., diltiazem and nitroglycerin, were the
top choices because of their well-known coronary selectivity and their proven track records of reliable
symptomatic relief of unstable angina. Data from these RCTs, mostly conducted between the 1980s and
early 2000s with small sample sizes on LITA grafts, suggested that, by direct �ow check intraoperatively,
both diltiazem and nitroglycerin increased arterial graft blood �ow when applied locally and/or
systemically, while when applied through continuous intravenous (iv) infusion perioperatively, diltiazem
was superior to nitroglycerin for lower incidences of perioperative cardiac ischemia and arrythmia7–15.
Currently, perioperative continuous iv infusion of diltiazem is frequently chosen as the intervention for
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preventing arterial graft spasms, especially for patients who receive RA grafts; however, its perioperative
and long-term outcome bene�ts remain uncon�rmed.

The purpose of this single-center propensity matched cohort study was to investigate the impacts of
perioperative systemic application of diltiazem on perioperative and long-term outcomes in adult patients
undergoing isolated CABG with cardiopulmonary bypass (CPB), e.g., on-pump CABG.

Patients And Methods
The protocol of this retrospective cohort study was approved by the institutional review board of
Geisinger Medical Center. The approval number was 20180418. All methods were performed in
accordance with relevant local, state, national, and institutional guidelines and regulations for human
research. The exemption of informed consent was granted by the institutional review board since there
was no risk of identity exposure.

Using designated search phrases (see Appendix 1), the Geisinger electronic health records and the
Society for Thoracic Surgeons (STS) database were searched from October 2008 to October 2018 for
adult patients undergoing isolated on-pump CABG. After deidenti�cation, patient data were transferred to
the principal investigator, XZ, who determined the accessibility of each coinvestigator.

Two thousand nine hundred and sixteen consecutive adult patients undergoing elective or nonelective
isolated on-pump CABG with at least one arterial graft were identi�ed. Patients who underwent CABG
combined with other open chamber procedures, aortic procedures and/or carotid endarterectomy were
excluded. Depending on whether diltiazem was received perioperatively, the patients were assigned to two
cohorts: the diltiazem cohort (DILT) and the control cohort (non-DILT). Propensity score matching (1:1)
was performed based on the following patient characteristics: age, sex, year of surgery, STS morbidity
and mortality score and the number of arterial grafts used. The primary outcomes were 30-day and long-
term all-course mortalities; secondary outcomes included postoperative cardiac ischemia, new-onset
atrial �brillation (A-�b), stroke/transient ischemic attack (TIA), acute renal failure, multiple organ failure,
cardiac arrest, length of mechanical ventilation, intensive care unit (ICU), hospital stay, and likelihood of
home discharge. Subgroup analyses of the same outcomes were conducted for patients who received
more than one arterial graft and those who had an intra-aortic balloon pump (IABP) inserted prior to
CABG.

Perioperative management and diltiazem application

All routinely prescribed medications were continued until the day of surgery except oral anticoagulants,
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers and oral diabetic medications. iv
infusion of nitroglycerin and/or heparin was discontinued after the patients were moved into the
operating room. Patients were pre-medicated with Midazolam. Depending on the patient’s ventricular
function and the pathology of the coronary vessels, general anesthesia was induced with the
combination of fentanyl with propofol, etomidate or midazolam, titrating to maintain hemodynamic
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stability. General anesthesia was maintained on iso�urane and rocuronium supplemented with fentanyl,
midazolam and inotropic and/or vasoactive agents as needed. Standard protocols were followed for
taking down the left and/or right LITA and dissecting peripheral arterial segments and saphenous venous
segments. The grafts were preserved in Ringer’s lactate solution containing verapamil 2.5 mg/ml,
nitroglycerin 5 mg/ml and heparin 1000 units/ml until ready to be sutured onto the target native coronary
vessels. During revascularization, the heart was protected by CPB with hypothermia and the perfusion of
cardioplegia solution with a high potassium concentration. Continuous iv infusion of diltiazem at a
dosage of 5 mg/hr was started after successfully weaning off CPB. For those cases that were converted
from off-pump to on-pump CABG, diltiazem infusion was started upon sternal incision. The iv infusion
was converted to oral diltiazem 120 mg daily after patients were extubated and able to take medications
orally. Oral diltiazem was typically discontinued after 30 days for LITA grafts and 6 months for radial
artery grafts.

Statistical Analysis
Baseline characteristics are summarized as the mean ± standard deviation (SD) for continuous variables
and frequency for categorical variables. To estimate the treatment effect of DILT in an observational
study, propensity score-based methods were used to account for covariate imbalance between DILT and
non-DILT groups. One-to-one matching using nearest neighbors with a caliper of 0.20 based on
propensity score was performed, including age, sex, Society of Thoracic Surgeons (STS) morbidity and
mortality score, number of arterial grafts used, and surgical year (2008-2018) were included to estimate
the propensity score. In the propensity score-matched cohorts, we further checked the balance of
covariates using a covariate balance plot with a standardized mean difference (SMD) of <0.20.
Unadjusted comparisons were performed for both categorical and continuous outcomes between the
matched DILT and non-DILT groups. Pearson chi-square tests for independence were used to test whether
the distribution of categorical outcomes differed between groups. Logistic regression models were used
to evaluate the impact of diltiazem on adverse outcomes such as short-term mortality, new onset A-�b,
cardiac ischemia, and stroke/TIA after adjusting for age, sex, STS morbidity and mortality score, and
number of arterial grafts used. Incidence rate ratios (IRRs) with corresponding 95% con�dence intervals
(CIs) were reported for the treatment effect of DILT on adverse outcomes. Kaplan-Meier curves of time to
mortality are presented for the propensity score matched cohort, strati�ed by the DILT and non-DILT
groups. Statistical analyses were conducted in RStudio (Version 1.3.1093) using the MatchIt package16–

18. P-values of less than 0.05 were considered statistically signi�cant.

Results
Propensity Score matched cohorts

Two thousand nine hundred sixteen patients who underwent isolated on-pump CABG were included from
October 2008 to October 2018. Among those, 617 were with DILT, and 2299 were with non-DILT cohorts.
Patients in the DILT cohort were younger (63.90±10.11 vs. 65.66±9.94, p <0.001) and had a higher
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number of arterial grafts used (1.33±0.84 vs. 0.79±0.68, p <0.001). The DILT cohort had a signi�cantly
higher percentage of patients who received two or more arterial grafts (6.3% vs. 1.6%, p <0.001).

Five hundred and two pairs of DILT and non-DILT patients were matched based on propensity score. The
covariates were well balanced, with a standardized mean difference of <0.10 for covariates including age,
sex, STS morbidity and mortality score (Appendix 2). Table 1 summarizes the patient characteristics
before and after propensity score matching.
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Table 1
patient characteristics before and after propensity match

  Original Cohort PSM Cohort

General characteristics Non DILT
(n=2298)

DILT (n=
617)

p-
value

Non DILT
(n= 502)

DILT(n=502) p-
value

Age (mean (SD)) 65.65 (9.92) 63.90
(10.11)

<0.001 64.84
(9.75)

64.53
(10.26)

0.618

Male (%) 1766 (76.8) 472
(76.5)

0.9 394 (78.5) 380 (75.7) 0.33

STS score for mortality 2.09 (3.48) 1.93
(2.99)

0.32 1.99
(3.91)

2.10 (3.23) 0.631

STS score for
morbidity & mortality

14.99
(12.24)

14.19
(11.92)

0.15 14.74
(11.99)

14.80
(12.47)

0.933

Major comorbidities            

Hypertension (%) 2061 (89.7) 524
(84.9)

0.001 442 (88.0) 426 (84.9) 0.17

COPD (%) 580 (25.2) 223
(36.1)

<0.001 111 (22.1) 189 (37.6) <0.001

History of smoking (%) 250 (10.9) 59 ( 9.6) 0.39 52 (10.4) 45 ( 9.0) 0.52

Peripheral vascular
disease (%)

344 (15.0) 98
(15.9)

0.62 65 (12.9) 81 (16.1) 0.18

Stroke/TIA (%) 512 (22.3) 119
(19.3)

0.12 98 (19.5) 104 (20.7) 0.69

Preoperative
medications

           

ACE-I/ARB (%) 624 (27.2) 207
(33.5)

0.002 139 (27.7) 164 (32.7) 0.099

Aspirin (%) 2079 (90.5) 554
(89.8)

0.67 458 (91.2) 447 (89.0) 0.29

β-blocker (%) 2105 (91.6) 571
(92.5)

0.5 472 (94.0) 462 (92.0) 0.27

Calcium channel
blocker (%)

269 (11.7) 79
(12.8)

0.5 49 ( 9.8) 68 (13.5) 0.077

Nitrate (%) 222 ( 9.7) 47 ( 7.6) 0.14 49 ( 9.8) 40 ( 8.0) 0.37

Procedure related
characteristics

           

Number of arterial
graft (mean (SD))

0.79 (0.68) 1.33
(0.84)

<0.001 1.13
(0.66)

1.10 (0.67) 0.57
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  Original Cohort PSM Cohort

IABP (%) 535 (15.9) 89 ( 9.4) <0.001 75 (14.9) 54 (10.8) 0.059

Prolonged mechanical
ventilation (%)

204 (8.9) 44 (7.1) 0.19 32 (6.4) 40 (8.0) 0.39

CBP time
(median(IQR))

83 (65-107) 92 (75-
111)

<0.001 83 (65-
106)

91 (74-111) <0.001

PSM, propensity score matching; IABP, intra-aortic balloon pump; CBP, cardiopulmonary bypass

Perioperative outcomes

As shown in Table 2, based on logistic regression models, there were no signi�cant differences in the
prevalence rates of 30-day all-cause mortality (IRR: 2.33, 95% CI: 0.91 to 5.96, p=0.07), postoperative
cardiac ischemia (IRR: 1.10, 95% CI: 0.60 to 2.02, p=0.75), new onset A-�b (IRR: 1.06, 95%: 0.78 to 1.43,
p=0.73), or stroke/TIA (IRR: 0.76, 95% CI: 0.17 to 3.38, p=0.71) between cohorts after adjusting for age,
sex, STS morbidity and mortality score, and number of arterial grafts used. In addition, we estimated the
number needed to harm (NNH), which corresponds to the number of individuals who must be treated so
that one of them presents an adverse reaction accountable to the treatment: for A-�b, NNH = 126; for 30-
day all-cause mortality, NNH = 63; for postoperative cardiac ischemia, NNH = 167. The prevalence rates of
postoperative acute renal failure, multiple organ failure and cardiac arrest were comparable between
cohorts.

Table 2
Perioperative outcomes of diltiazem in patients who received isolated on-pump

CABG.

  non-DILT (n=502) DILT (n=502) p-value

All-cause mortality (%) 59 (11.8) 67 (13.3) 0.505

30-day mortality (%) 7 (1.4) 15 (3.0) 0.131

Atrial �brillation (%) 81 (16.1) 85 (16.9) 0.799

Cardiac ischemia (%) 20 (4.0) 23 (4.6) 0.755

Stroke/TIA (%) 4 (0.8) 3 (0.6) -

Hours of ICU (mean (SD)) 47.42 (65.78) 51.76 (86.83) 0.372

Inpatient days (mean (SD)) 8.18 (4.04) 8.45 (5.41) 0.36

p-value: based on Pearson Chi-Squared tests.

Perioperative inotropic and/or vasoactive agent dependency

The differences between the start and end times were estimated for the inotropic and/or vasoactive
agents and converted into binary variables using 24 hours as the cut-off timepoint. Among the 502 pairs,
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136 observations had over 24-hour inotropic and/or vasoactive agent usage in DILT and 59 observations
in non-DILT. The chi-squared test suggested that patients on perioperative diltiazem were more likely to be
on prolonged inotropic and/or vasoactive agents 24 hours postoperatively (p < 0.0001) (Fig. 1).

Lengths of cares and �nal discharge location

There was no signi�cant difference in the length of mechanical ventilation, length of intensive care unit
stay or total days of inpatient care. Among the 502 pairs, 427 observations in DILT and 385 in non-DILT
were discharged to home. The chi-squared test revealed that patients in the DILT cohort were more likely
to be discharged home (p = 0.001) (Fig. 2).

 

Survival analyses

Among the 502 matched pairs, 67 (13.3%) died in DILT and 59 (11.8%) in non-DILT over the postoperative
follow-up period. Kaplan-Meier curves strati�ed by diltiazem over 60 months of follow-up showed that the
curves crossed several times during the follow-up period, which indicated that there was no signi�cant
difference in long-term all-cause mortality between DILT and non-DILT (Fig. 3).

 

Subgroups analyses

Table 3 summarizes the perioperative outcomes of the subgroup of patients who received two or more
arterial grafts. There was no signi�cant difference in the incidences of 30-day all-cause mortality, total
death over time, new onset A-�b, cardiac ischemia, stroke/TIA, length of ICU stay, or total inpatient days
between DILT and non-DILT. The log-rank test indicated that perioperative diltiazem may be associated
with less long-term survival (p = 0.02) (Fig. 4).
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Table 3
Perioperative outcomes diltiazem in subgroup of patients who received two or

more arterial grafts

  non-DILT (n=114) DILT (n=124) p-value

All-cause mortality (%) 8 (7.0) 17 (13.7) 0.141

30-day all-cause mortality (%) 1 (0.9) 2 (1.6) -

Atrial �brillation (%) 16 (14.0) 15 (12.1) 0.802

Cardiac ischemia (%) 4 (3.5) 3 (2.4) 0.91

Stroke/TIA (%) 0 (0.0) 1 (0.8) -

Hours of ICU (mean (SD)) 38.26 (43.11) 43.30 (56.70) 0.444

Inpatient days (mean (SD)) 7.77 (3.43) 7.61 (4.35) 0.756

p-value: based on Pearson Chi-Squared tests.

 

Table 4 summarizes the perioperative outcomes of diltiazem in the subgroup of patients who had
preoperatively inserted IABP. There were no signi�cant differences in the incidences of 30-day all-cause
mortality, total death over time, new onset A-�b, cardiac ischemia, stroke/TIA, length of ICU stay or total
inpatient days between DILT and non-DILT. The log-rank test indicated that perioperative diltiazem had no
signi�cant effect on long-term survival (Fig. 5).

Table 4
Perioperative outcomes of diltiazem in the subgroup of patients who had

preoperatively inserted IABP

  non-DILT (n=53) DILT (n=53) p-value

All-cause mortality (%) 11 (20.8) 10 (18.9) -

30-day all-cause mortality (%) 1 (1.9) 4 (7.5) 0.36

Atrial �brillation (%) 6 (11.3) 14 (26.4) 0.082

Cardiac ischemia (%) 4 (7.5) 2 (3.8) 0.674

Stroke/TIA (%) 2 (3.8) 0 (0) -

Hours of ICU (mean (SD)) 64.88 (61.30) 97.63 (105.58) 0.054

Inpatient days (mean (SD)) 8.83 (5.33) 10.85 (6.39) 0.082

p-value: based on Pearson Chi-Squared tests.

 



Page 10/20

Discussion
Arterial graft spasm may cause critical cardiac ischemia during and after CABG. The reported incidence
of arterial graft spasm with compromised cardiac pump function and hemodynamic stability was
between 0.5% and 1.3%3, 19, 20. Currently, the commonly accepted perioperative intervention to prevent
arterial graft spasm is to locally and/or systemically apply vasodilators with coronary selectivity.
Diltiazem and nitroglycerin became frequently chosen agents based on the results of RCTs conducted
mostly in patients who received LITA grafts, with a very limited number of studies targeting arterial grafts
of other sources, including RA grafts. However, the usage of RA grafts is usually the main reason for
perioperative antispasmodic intervention because of the known high tendency of spasm of RA grafts.
There were limited, nonrandomized control data of intraoperative direct �ow checks indicating that
continuous iv infusion of diltiazem and nitroglycerine increased blood �ow in the LITA and RA grafts.
However, there has been no de�nitive anatomical evidence supporting that perioperative continuous iv
application of diltiazem had a direct vasodilatory effect on coronary grafts after the sternum was closed.
Diltiazem became the preferred antispasmodic agent because, compared to nitroglycerine, it had more
favorable perioperative outcome pro�les, including lower incidences of new onset A-�b and cardiac
ischemia7, 9, 21, 22. Noticeably, data from these RCTs also suggest that patients on diltiazem may need
prolonged hemodynamic support from inotropic and/or vasoactive support, indicating that the usage of
diltiazem may have potential negative perioperative and long-term outcome impacts22.

Due to the limitation of the small sample sizes, there were no available data on short- and long-term
mortalities reported from these RCTs. In fact, despite decades of perioperative diltiazem application for
preventing graft spasm in CABG, there are scarcely available observational data of long-term outcomes
after hospital discharge. In our institute, diltiazem has been routinely applied in patients who underwent
on-pump CABG, especially those who received RA grafts. As part of the clinical quality improvement
initiative, we conducted this retrospective study to validate the practice and explore the perioperative and
long-term outcome effects of perioperative diltiazem in our patient population. To summarize the �ndings
of this propensity matched cohort study, there were no signi�cant differences in perioperative outcomes if
diltiazem was applied. There was no signi�cant difference in 30-day and long-term all-cause mortality.
Patients who received preventive perioperative diltiazem had a signi�cantly higher requirement for
hemodynamic support from inotropic and/or vasoactive agents 24 hours postoperatively. In addition,
data from the subgroup analyses revealed that diltiazem may be associated with reduced long-term
survival in patients who received LITA with additional arterial grafts, which were mostly RA grafts. Based
on these �ndings, we could not con�rm that perioperative diltiazem had signi�cant perioperative and
long-term outcome bene�ts in our studied patient population.

Although due to the limitation of a single-center retrospective study, it is premature to conclude that
diltiazem has no or negative bene�ts in patients who underwent on-pump CABG, we think the data from
this study do have important clinical implications.
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The data of our study validated those from previously published studies showing that the vasodilatory
and negative inotropic effects of diltiazem had signi�cant perioperative hemodynamic consequences,
which may negatively affect the perioperative outcomes due to reduced coronary perfusion pressures as
well as perfusion pressure for other end organs. Studies have shown that the length and dosage of the
application of perioperative inotropic and/or vasoactive agents were predictive of negative postoperative
outcomes, including mortalities, in patients who underwent cardiac surgeries23. In our study, the
calculated NNHs for several perioperative outcomes indicated that the potential side effects of
continuous iv infusion of diltiazem may have to be taken into consideration for starting the intervention.
We suspect that the perioperative hemodynamic instability associated with diltiazem may cause
unfavorable effects on perioperative and long-term outcomes. One speculation for the negative long-term
outcome in the subgroup of patients who received two or more arterial grafts is that the decreased
coronary pressure from the systemic application of diltiazem might negate the antispasmodic effect. It
may be reasonable to consider the combination of a preventive perioperative intra-aortic balloon pump
(IABP) with perioperative diltiazem, rather than diltiazem alone, for better protection of cardiac ischemia
caused by arterial graft spasm, although a well-designed randomized clinical trial would be necessary to
test this hypothesis.

As mentioned above, the preventive application of diltiazem is based on the data from RCTs focused on
LITA grafts; however, in practice, patients receiving RA grafts are more likely to be treated with
perioperative diltiazem, assuming that the effect of diltiazem on all types of arterial grafts is the same.
The dosage of diltiazem, 0.05~0.1mg/kg, is also based on the same studies. This could be an important
confounding issue because studies have reported that different types of arterial grafts may, in fact, have
different responses to diltiazem and other vasodilators. The majority of past studies have shown that
LITA was more responsive to local and/or systemic applications of diltiazem with more graft dilation and
blood �ow7, 9, 21, 24, 25, and diltiazem had more perioperative outcome advantages than nitroglycerin in
patients who received LITA grafts as the only arterial graft14, 26–31. When RA or other arterial grafts are
involved, however, diltiazem may not be the best choice. An earlier RCT by Guadino et al. suggested that
long-term postoperative CCB was not associated with better RA graft patency and may not provide
outcome bene�ts for patients who had RA grafts29, 32, although their recent study with questionable
methodology argued against their previous conclusion: the post hoc analysis of data pooled from six
RCTs comparing RA and SVG showed that chronic postoperative CCB therapy may improve RA graft
patency and reduce the incidence of major cardiovascular events33. Numbers of in vitro and in vivo
studies of RA sections or conduits indicated that nitroglycerin was more effective than diltiazem in
preventing the contraction of RA grafts30, 34; compared to other CCBs, diltiazem was less effective in
preventing graft contraction caused by endothelin-1 and norepinephrine, which affected RA more than
LITA28. Chanda et al. proposed that the combination of nitroglycerin and CCB may be more effective than
a single agent for preventing RA graft spasm31. In addition, data from recent studies investigating various
categories of vasodilators support that the antispasmodic effects may depend on the types of vessels
and mechanisms of graft spasm35–39. Taken together, evidence suggests that instead of applying
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diltiazem to every patient, tailoring the antispasmodic interventions to the types and conditions of arterial
grafts, as well the clinical condition of each individual patient, may be more effective. To better
understand the effects of diltiazem on RA grafts, we think a large-scale, multicenter retrospective study
and a well-designed, properly powered RCT investigating the preventive effects and outcome impacts of
diltiazem may be warranted.

As a part of the quality improvement and cost-reducing study, we did compare the lengths of ICU
admission and hospitalization as well as the likely discharge locations of patients who had or did not
have perioperative diltiazem. Data suggested that the lengths of care were similar between cohorts; the
patients who received diltiazem were more likely to be discharged to home instead of cardiac
rehabilitation facilities, suggesting diltiazem cohort may have improved social and economic outcomes,
however, we cannot draw a conclusion unless it can be proved by a well-conducted clinical trial.

Our study does have important limitations. First, like other retrospective clinical studies, selection bias
cannot be eliminated. Considering the limited sample volume, we were not able to include every covariate
in the PSM; therefore, it is possible that certain patient baseline and perioperative characteristics were
unequal between matched cohorts, and some of the unmatched covariates could be potential
confounding factors for the studied outcomes. We noticed that the DILT cohort had a signi�cantly higher
percentage of patients who had a history of COPD, longer cardiopulmonary bypass time, and higher
tendency to receive two or more arterial grafts. Although uncon�rmed, it was also possible that there was
a tendency of more frequently applying perioperative iv infusion of diltiazem in patients whose graft
condition was not reassuring judged by the visualization and the Doppler �ow check. Second, while
previous RCTs enrolled patients undergoing elective CABG only, the current study included patients
undergoing both elective and urgent/emergent procedures. Patients who received RA or other arterial
grafts in addition to LITA grafts and those who required insertion of IABP prior to planned CABG were
included in our study because the severity of the coronary pathologies rendered these patients more
vulnerable to graft spasm, and diltiazem therapy could be potentially more bene�cial; however, those
patients were mostly excluded from early RCTs. This could be an explanation why the favorable
perioperative outcome effects observed were not reproduced. Thirdly, the study may be underpowered.
Based on the observed data of this study, the post hoc estimated sample size for detecting differences in
perioperative all-cause mortality was 1100 in each cohort; however, after PSM, the number of patients
enrolled in each cohort was 502; therefore, the study may be underpowered for the investigation of certain
perioperative outcomes. Finally, in the current study, the chosen starting rate of infusion for diltiazem was
5 mg/hr, which fell within the range of 0.05~0.1 mg/kg, the dosage used in earlier RCTs. However, the
variation of the serum diltiazem concentrations due to the difference of body weights as well as that in
the management of the infusion by ICU staff may affect the outcomes.

In conclusion, data from the current retrospective propensity matched cohort study did not validate the
short- and long-term outcome bene�ts of perioperative diltiazem revealed by previous clinical studies.
The preventive application of arterial graft spasm may have to be individualized, tailored to the types and
conditions of the grafts as well as the patient’s clinical conditions. We propose that a large-scale
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multicenter retrospective outcome study and further clinical trials of diltiazem and/or other coronary
selective vasodilators on RA grafts, in combination with treatment maintaining adequate coronary
perfusion, may be warranted.
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Figure 1

Bar chart of counts of patients on inotropic and/or vasoactive agents 24 hours postoperatively. Diltiazem
was associated with longer inotropic/vasoactive support (p<0.0001).
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Figure 2

Bar chat of discharge locations. Diltiazem was associated with a higher likelihood of home discharge
(p=0.001).
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Figure 3

Kaplan-Meier survival curve for overall survival of patients in the DILT and non-DILT cohorts.

Subgroups analyses
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Figure 4

Kaplan-Meier survival curve for the subgroup of patients who received two or more arterial grafts. DILT
had signi�cantly lower long-term survival (p=0.02).
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Figure 5

Kaplan-Meier survival curve for the subgroup of patients with IABP. There was no signi�cant difference
between cohorts.
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