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Abstract
During the last decades, the increased number of percutaneous interventions procedures causes a significant change in the profile of
patients referred to coronary artery bypass grafting (CABG). We aimed to study changes in patients’ characteristics and procedural
outcomes of patients referred to CABG in a community hospital during the first 15 years of the millennium.
A historical cohort study of all patients who underwent CABG in Cape Cod Hospital was performed. The period was divided into 2

sub-periods, 2000 to 2008 and 2009 to 2014. Patients’ characteristics and procedure outcomes were compared. Data on age, sex,
comorbidities, Society of Thoracic Surgery risk scores and surgical adverse outcomes (stroke, coma, and 30-days mortality) were
collected.
During the study period, 1108 patients underwent CABG; 612 were operated before 2009 and 496 after. Age and sex were similar

in the 2 periods. The patients in the later period presented lower risk for mortality and stroke (P<.001). Diabetes (DM) was more
common in the later period (P<.001) while peripheral vascular disease (PVD) (P<.001) and left main disease (LM) (P= .017) were
more common in the earlier period. Mortality rates were similar between the 2 periods. Post-operative stroke (1.8%) and coma (0.8%)
were presented only in the later period. In conclusion, a significant change in CABG patients’ characteristics was observed.
In conclusion, patients in the later period had lower risk score and were more likely to present with DM and less with PVD and LM.

Despite the lower risk, the mortality rate was similar.

Abbreviations: A. flutter = atrial flutter, A. fib = atrial fibrillation, CABG = coronary artery bypass grafting, CCH = Cape Cod
Hospital, CHF = congestive heart failure, DM = diabetes mellitus, HTN = hypertension, IQR = interquartile range, LM = left main
disease, MSC =mortality, stroke, or coma, OR = odds ratio, PCI = percutaneous interventions, PVD = peripheral vascular disease,
STS = Society of Thoracic Surgery.
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1. Introduction

During the last decades, the epidemiology of heart surgery has
changed significantly.[1,2] While in its early day’s percutaneous
interventions (PCI) using balloon angioplasty without stents was
used mainly in patients with mild disease, today most PCI
procedures include multi-vessel disease and stents are the
standards of care.[3]
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Despite the fact that PCI is associated with inferior long-term
outcome, it can be considered as a reasonable alternative to
coronary artery bypass grafting (CABG).[4–11] This revasculari-
zation technique is more popular than CABG due to its less
invasive nature. The increase in number of PCI procedures causes
a significant change in the profile of patients referred to CABG in
recent years. The relative number of lower risk patients
is increased. This is also reflected in the lower Society of
Thoracic Surgery (STS) risk score of the patients who undergo
surgery.[5,12]

The purpose of our study is to evaluate changes in patients’
characteristics and procedural outcomes between patients
referred to CABG in a community hospital during the early
and late periods of the first 15 years of the new millennium.
2. Methods

2.1. Study design and participants

This is a historical cohort study of all patients who underwent
CABG surgery in Cape Cod Hospital (CCH) between 2000 and
2014. In our community hospital, patents are referred to CABG
after being discussed by a heart team or the attending
cardiologist. The indications for referral are similar to those
used in other center in the USA.
The study period was divided into 2 sub-periods, 2000 to 2008

and 2009 to 2014. We compared patient’s characteristics and
procedure outcomes between the 2 periods.
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Table 1

Patients’ characteristics.
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The study was approved by the Institutional Review Board
(IRB) of the CCH.
Characteristic N=1108

Age (yr), mean (SD) 67.86 (9.91)
Male, n (%) 892 (80.5%)
HTN, n (%) 917 (82.8%)
DM, n (%) 381 (34.4%)
PVD, n (%) 150 (13.5%)
CHF, n (%) 142 (12.8%)
Recent MI (�7 days), n (%) 311 (28.1%)
A. Fib/A. flutter, n (%) 76 (6.9%)
LM disease,n (%) 475 (42.9%)
Prior stroke, n (%) 53 (4.8%)
STS (%), median (IQR)
Morality 1.44 (0.76–2.79)
Stroke 1.12 (0.71–1.86)

A. flutter= atrial flutter, A. fib= atrial fibrillation, CHF= congestive heart failure, DM=diabetes
mellitus, IQR= interquartile range, HTN=hypertension, LM= left main disease, MI=myocardial
infatction, PVD=peripheral vascular disease, SD= standard deviation, STS=Society of Thoracic
Surgery.
2.2. Setting

CCH is a 259-bed acute care community hospital located in
Hyannis, Massachusetts with a 15 beds cardio-thoracic surgery
department.

2.3. Variables and data source

Data on age, sex, comorbidities (diabetes mellitus [DM],
hypertension [HTN], peripheral vascular disease [PVD], conges-
tive heart failure [CHF], recent myocardial infarction, atrial
fibrillation [A. fib] or flutter [A. flutter], left main disease [LM],
and preoperative stroke), STS risk scores for mortality and stroke
and surgical adverse outcomes (stroke, coma, and 30 days
mortality) were obtained from review ofmedical records.We also
used the maximal STS risk scores (mortality or stroke) and
evaluated a combing outcome of mortality, stroke, or coma
(MSC). Baseline patient characteristics and in-hospital outcomes
were collected according to the STS Adult Cardiac Surgery
Database (Data Collection Form).
Table 2

Comparison of patients’ characteristics between the 2 periods.

Year

Characteristic � 2008 (N=612) ≥ 2009 (N=496) P

Age (yr), mean (SD) 68.18 (9.92) 67.47 (9.91) .238
Male, n (%) 491 (80.2%) 401 (80.8%) .796
HTN, n (%) 501 (81.9%) 416 (83.9%) .379
DM, n (%) 182 (29.7%) 199 (40.1%) <.001
PVD, n (%) 103 (16.8%) 47 (9.5%) <.001
CHF, n (%) 81 (13.2%) 61 (12.3%) .643
Recent MI (�7 days), n (%) 164 (26.8%) 147 (29.6%) .296
A. Fib/A. flutter, n (%) 37 (6.0%) 39 (7.9%) .234
LM disease, n (%) 282 (46.1%) 193 (38.9%) .017
Stroke, n (%) 27 (4.4%) 26 (5.2%) .520
STS (%), median (IQR)
Morality 1.80 (1.01–3.49) 1.06 (0.59–2.03) <.001
Stroke 1.45 (0.88–2.36) 0.91 (0.60–1.36) <.001

A. flutter= atrial flutter, A. fib= atrial fibrillation, CHF= congestive heart failure, DM=diabetes
mellitus, IQR= interquartile range, HTN=hypertension, LM= left main disease, PVD=peripheral
vascular disease, SD= standard deviation, STS=Society of Thoracic Surgery.
2.4. Bias

In order to avoid selection bias, all patients who underwent
surgery during the study period were included in the study. We
used a standard data collection form to avoid misclassification
bias.

2.5. Study size

A significance level of 5% and a power of 80% were used to
calculate the sample size. Since the total period of the study was
divided into 2 sub-periods with a ratio of 1:2, the same ratio
between the groups was assumed in order to calculate the sample
size that needed to identify a small difference between the groups
in the continuous variables (effect size Cohen’s d=0.2) and a 10
percent difference in the dichotomous variables. Eight hundred
eighty-six and 869 patients were needed to identify differences
between the groups in continuous and dichotomous variables,
respectively.

2.6. Statistical methods

Categorical variables were expressed as number and percentages.
Distribution of continuous variables was assessed using histo-
gram and Q-Q plot. Continuous variables were described using
mean and standard deviation (SD) or median and interquartile
range (IQR). Categorical variables were compared using Chi-
square test or Fisher exact test and continuous variables using
independent samples t test or Mann–Whitney test. Propensity
score was calculated using logistic regression. Age, sex, HTN,
DM, PVD, CHF, A. Fib/A. flutter, prior stroke, LM, and recent
myocardial infatction were used to calculate the propensity score.
Logistic regression was used to evaluate the crude and adjusted
odds ratio (OR) for the MSC outcome. The multivariate logistic
regression was repeated twice with different variables for
adjustment (Maximal STS score, and Propensity score). In
further analysis, the patients were matched according to their
propensity score. Five percent difference in the propensity score
was defined as maximal difference for matching. The matching
process was evaluated using absolute standardized difference and
2

difference up to 0.15 was considered as acceptable. The
combined outcome was compared between the matched groups
using McNemar test. The patients were also matched using
their maximal STS score and 1% difference was considered as
the maximal difference for matching. A 2-tailed P<.05 was
considered statistically significant. Analyses were performed with
SPSS (IBM Corp. Released 2016. IBM SPSS Statistics for
Windows, Version 24.0. Armonk, NY: IBM Corp.).
3. Results

The study included 1108 patients who underwent coronary
artery bypass surgery. Of them, 612 were operated before 2009
and 496 after. The patients’ characteristics are presented in
Table 1. Age and sex distribution were similar in the 2 periods.
Patients in the later period had more DM (40.1% vs 29.7%,
P<.001) while patients in the former period had more PVD
(16.8% vs 9.5%, P<.001) and more LM (46.1% vs 38.9%,
P= .017). The patients in the later period presented lower risk for
mortality and lower risk for stroke as calculated by the STS score



Figure 1. Age distribution in the 2 periods.

Figure 2. Patients’ characteristics in the 2 periods.

Ziv-Baran et al. Medicine (2019) 98:13 www.md-journal.com

3

http://www.md-journal.com


Ziv-Baran et al. Medicine (2019) 98:13 Medicine
(P<.001). Comparison of the patients’ characteristic is presented
in Table 2 and Figures 1 to 3. In the later period, post-operative
strokes (1.8%), and coma (0.8%) were documented while no
post-operative stroke or coma were documented in the earlier
period. Mortality rates were similar between the periods
(Table 3). The MSC outcome was more frequent in the later
Figure 3. Preoperative risk for mortality (A) and stroke (B) in the 2 p
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period (3.2% vs 1.1%; OR 2.88, 95% CI 1.17–7.08). After
adjustment the OR (late period vs previous period) for MSC
raised: maximal STS score adjustment OR 4.16 (95% CI 1.58–
10.97, P= .004), propensity score adjustment OR 3.12 (95% CI
1.25–7.78, P= .014). Nine hundred ninety patients were matched
(495 in each period) using the propensity score. The matched
eriods according to the STS. STS=Society of Thoracic Surgery.



Table 3

Comparison of post-operative outcomes between the 2 periods.

Year

Characteristic �2008 (N=612) ≥2009 (N=496) P

Stroke 0 (0.0%) 9 (1.8%) .001
Coma 0 (0.0%) 4 (0.8%) .040
Mortality 7 (1.1%) 7 (1.4%) .692
Mortality/Stroke/Coma 7 (1.1%) 16 (3.2%) .016
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groups are described in Appendix 1, http://links.lww.com/MD/
C904. In the matched groups, the STS risk scores were
significantly lower in the later period (mortality: median 1.77,
IQR 0.99–3.42 vs median 1.05, IQR 0.59–2.01, P<.001; stroke:
median 1.38, IQR 0.87–2.28 vs median 0.91, IQR 0.60–1.36,
P<.001). The post-operative adverse outcomes of the matched
groups are presented in Table 4. As in the whole cohort, post-
operative stroke and coma were presented only in the later
period. After matching, post-operative MSC tended to be higher
in the later period (P= .052). In further analysis, the patients were
matched using the STS score. Four hundred- seventeen matched
pairs were evaluated. After this matching, there was no significant
difference in the mortality (0.5% in the earlier period vs 1.7% in
the later period, P= .125). However, the MSC outcome in the
earlier period was significantly lower than that of the later period
(0.5% vs 3.6, P= .001).
4. Discussion

In this cohort study, we compared patients’ characteristics and
adverse outcomes of patients operated between 2000 to 2008 and
2009 to 2014 in a community hospital.
The main finding of our study is the significant change in

CABG patients’ characteristics in the later period (2009–2014).
We found that DM was more common in the late period (40.1%
vs 29.7%, P<.001) while PVD (16.8% vs 9.5%, P<.001) and
LM disease (46.1% vs 38.9%, P= .017) were more common in
the earlier period. The findings may be related to the global
increase of DM and to better DM control or may be related to
change in the profile of patients referred to CABG due to
advancement in PCI procedures. Recent publication demonstrat-
ed the increased number of patients with DM during the last
decade.[13] Several other studies showed that better DM control is
associated with a lower risk for DM complications.[14–16]

Patients in earlier and later periods had similar age (mean 68.2
years vs 67.5 years, P= .238) and sex (males: 80.2% vs 80.8%,
P= .796). Patients in the later period were at lower risk (less PVD
and LMdisease) and therefore their STS Score was lower than the
STS Score of patients in the earlier period. This change in CABG
patients’ characteristics is probably related to advances made in
Table 4

Comparison of post-operative adverse outcomes between the 2
periods in the matched cohorts.

Year

Characteristic �2008 (N=495) ≥2009 (N=495) P

Stroke 0 (0.0%) 9 (1.8%)
∗
.004

Coma 0 (0.0%) 4 (0.8%)
∗
.125

Mortality 6 (1.2%) 7 (1.4%) >.999
Mortality/Stroke/Coma 6 (1.2%) 16 (3.2%) .052
∗
using Fisher exact test.
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PCI technology and the relatively larger number of patients
refereed today to PCI. Patients referred to PCI are the higher risk
patients and this selective referral policy is the reason for the
relative lower risk of the patients in the later CABG group.
Today, most PCI procedures include multi-vessel disease.
However, in some institutions, the most severe and complex
CAD patients are still referred to CABG which does not
necessarily indicate the clinical complexity of the patients.
The overall number of adverse events in our cohort was low.

Although the mortality rate was similar in both periods (early
period 1.1%, late period 1.4%, P= .692), adverse neurological
events were more common in the later period (stroke: 1.8% vs
0%, P= .001; coma: 0.8% vs 0%, P= .04). Previous studies
reported stroke rates range between 0.8% and 5.2%[2,17–20] and
mortality rates between 1.5% and 6%.[2,21–26] Those findings
were also observed after propensity score matching. They should
be evaluated further in prospective studies in order to include
more possible predictors for stroke.
Our study had several limitations. Due to the historical nature

of the study, we could include only data that was available in the
patients’ charts (data such as echocardiographic data was not
available). Moreover, we have follow-up data only for the first 30
days after surgery. Since the patients in the 2 periods were
different in their pre-operative risk level and the adverse
outcomes were rare, it was difficult to compare the outcomes
between the 2 groups. Therefore, we used propensity score and
STS score to control for differences in the baseline characteristics
of the patients.
In conclusion, a significant change in CABG patients’

characteristics was observed. Patients in the later period had
lower risk score andweremore likely to present with DMand less
with PVD and LM disease. Despite the increased operative risk of
patients operated in the earlier period, their mortality is similar to
that of patients operated in the later period. The higher rate of
post-operative stroke reported in the later period is not different
from that reported in the literature.
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