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Original Article

Relationship Between Perioperative Risk and
Cardio-Respiratory Fitness After Coronary Artery
Bypass Grafting

Cheng-Ming Chiul, Kuan-Cheng Chen!, Chia-To Wang?, Chen-Liang Chou??3

1Departments of Rehabilitation Medicine, Far Eastern Memorial Hospital, Taipei; 2Department of
Physical Medicine and Rehabilitation, Taipei Veterans General Hospital, Taipei; 3Department of
Physical Medicine and Rehabilitation, National Yang-Ming University School of Medicine, Taipei.

Introduction and objectives: The European System for Cardiac Operative Risk Evaluation Il (eu-
roSCORE Il) is a validated model for predicting perioperative mortality after cardiac surgery. The role
of cardio-respiratory fithess (CRF), expressed as peak metabolic equivalents (METS), as a predictor of
long-term survival in patients who have previously undergone coronary artery bypass grafting (CABG)
is well established. However, the correlation between perioperative risk and CRF has not been evalu-
ated.The aim of this study was to investigate the relationship between perioperative risk and CRF in
patients after CABG.

Methods: Patients who underwent CABG from January 2012 through December 2013 at
VGH-TPE were queried, and those who completed cardiopulmonary exercise testing (CPET) around
four weeks after discharge from the hospital were enrolled. Electronic medical records were reviewed
to calculate euroSCORE Il. Peak METSs established by treadmill was used to measure CRF.

Results: Twenty-nine patients (25 males+4 females) were included. The mean peak MET was
4.92+1.34, and the mean perioperative risk of mortality measured by euroSCORE Il was 1.52+0.96%.
An inverse correlation between peak MET and perioperative risk was identified (Spearman’s correla-
tion p=-0.508, p=0.005)

Conclusions: The present study provides information not previously found in the literature that
euroSCORE |l is correlated with CRF in patients after CABG. For those with a higher euroSCORE I,
aggressive phase | and phase Il cardiac rehabilitation are indicated. Further studies to justify the use of
euroSCORE Il as an indicator of CRF in other disease categories are warranted. ( Tw J Phys Med
Rehabil 2015; 43(2): 83 -89)
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INTRODUCTION [ ]

i

A low level of cardiorespiratory fitness (CRF) is
known as one of the strongest and most consistent marker
for poor prognosis in cardiovascular disease and all-cause
mortality.? Furthermore, low CRF acts as an independ-
ent marker for mortality after coronary artery bypass
grafting (CABG)E!.

The “gold standard” measure of CRF is peak oxygen
uptake (VOgpear), €xpressed as milliliters of O, uptake.
kilograms of body mass™. minutes® (ml/kg/min), or
metabolic equivalents (METs); 1 MET equals 3.5 ml
O,/kg/min. VO,max can be assessed with direct or indirect
procedures.® However, both methods may be impracti-
cal for clinical use and the decision to measure CRF is
often influenced by the feasibility and cost. Several
non-exercise measures for CRF were suggested in the
literature,®® but these measures tended to include
self-reported physical activity as a variable, which was
graded based on the patients’ subjective judgment. Fur-
thermore, instead of using cardiac patients, these meas-
ures were only validated with healthy subjects. Whether
or not it is applicable to cardiac patients was unclear.

The European System for Cardiac Operative Risk
Evaluation (euroSCORE) is a multivariate model, pub-
lished in 1999, designed to predict the risk of periopera-
tive mortality in patients receiving cardiac surgery.®®!
Furthermore, euroSCORE evolved from merely a pe-
rioperative risk prediction model to long-term mortality
and quality of life prediction model.*'? After 12 years of
use, the model was modified due to improved surgical
techniques and postoperative care. The euroSCORE
design group has incorporated new data into a sec-
ond-generation model named “euroSCORE 11" The
excellent overall performance of euroSCORE Il was
recently validated in a meta-analysis of 22 studies in-
volving 145,592 patients. ')

Whether  perioperative  risk  correlates  with
post-operative CRF is unknown. In the present study, we
sought to evaluate the relationship between perioperative
risk and post-operative CRF in patients receiving CABG

surgery.
| []

METHODS

Study population

For this retrospective, single-center (Taipei Veterans
General Hospital, Taiwan) study, we recruited patients
who underwent CABG from January 2012 through
December 2013, and enrolled those who completed
cardiopulmonary exercise testing (CPET) around four
weeks (4.05 + 0.58 week) after discharge from the hospi-
tal. Patients who received CABG combined with other
surgeries such as valve surgery or atrial ablative surgery
were excluded.

Electronic medical records were reviewed for the
data needed to calculate euroSCORE 11 using the on-line
calculator  (http://www.euroscore.org/calc.html).  The
factors included three domains:

Patient-related factors: age, gender, renal impairment,
extracardiac arteriopathy, poor mobility, previous cardiac
surgery, chronic lung disease, active endocarditis, critical
preoperative state, and diabetes on insulin.

Cardiac-related factors: New York Heart Association
(NYHA), Canadian Cardiovascular Society (CCS) class 4
angina, Left Ventricle(LV) function, recent myocardial
infarction, and pulmonary hypertension.

Operation-related factors: urgency, weight of inter-
vention, surgery on the thoracic aorta. All factors were
classified and graded according to the definition of the
euroSCORE design group. ™!

Cardiopulmonary exercise testing (CPET)

CPET was performed using a ramping treadmill
protocol, and the pulmonary function test was performed
with the V max pulmonary function analyzer (Carefusion,
San Diego, CA, USA). The CPET was terminated ac-
cording to absolute and relative termination indications.!**!
Aerobic threshold was identified using V-slope analy-
sis.l!*® Functional aerobic impairment (%FAI) was
calculated as follows!™®!:

predicted maximal oxygen uptake — observed maximal oxygen uplake x

a
AFAL Predicted maximal oxygen uptake

Statistical analysis

Statistical analysis was performed using SPSS
version 18.0 software (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were used to establish patient
characteristics, and continuous data were expressed as

I



mean + standard deviation.

Spearman's rank correlation coefficient analysis was
used to assess the associations between the variables.
Spearman's rank correlation coefficient values were
categorized as follows: very weak correlation (0 to 0.19),
weak correlation (0.2 to 0.39), moderate (0.4 to 0.59),
strong (0.6-0.79), and very strong correlation (0.8 to 1.0).
A p value < 0.05 was considered statistically significant.

B RESULTS [ ]

Twenty-nine patients were enrolled into this retro-
spective study. The study sample had a mean age of 64.23

Table 1. Background characteristics of subjects.
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+11.29 years (25 men, 4 women). The mean peak MET
was 4.92 + 1.34, and the mean perioperative risk of
mortality measured by EuroSCORE Il was 1.52% (Table
1).

CRF ranged from 3.1 to 8.9 METs, with most
patients attaining = 5 METs (Figure 1).

We showed an inverse correlation between peak VO,
and euroSCORE Il. Spearman's rank correlation coeffi-
cient demonstrated a moderate degree (p=-0.508) of
inverse association between peak VO, and euroSCORE Il
(p =0.005) (Figure 2).

Total Male Female
Case number 29 25 4
Mean age (year) 64.23+11.29 64.04+10.74 63.25+16.82
METs 4.92+1.34 5.07+1.34 4.43+1.23
% of predicted peak VO2 69.83+19.8 70.56+18.65 65.25+29.09
Functional Aerobic Impaiment (FAI) (%) 30.17+£19.8 29.44+18.65 34.75+29.09
Euroscore 1l 1.52+0.96 1.38+0.75 2.38+1.73
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Figure 1. Cardiorespiratory Fitness in Patients that Underwent CABG
CRF ranged from 3.1 to 8.9 METSs, with most patients attaining = 5 METs
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Figure 2. Relationship Between EuroSCORE Il and peak metabolic equivalent (MET)
Spearman'’s rank correlation coefficient demonstrated a moderate degree (p=-0.508) of inverse association be-
tween peak metabolic equivalent and euroSCORE 11 (p = 0.005)

B DISCUSSION [ ]

We found an inverse relationship between CRF,
expressed as peak MET, and predicted perioperative risk,
expressed as euroSCORE Il. The baseline characteristics
of our study population revealed that those with a lower
euroSCORE 11 tended to have a higher exercise capacity.
The oldest patient in the current study was 83, within the
range of the euroSCORE Il database, which was com-
posed of 145592 patients across 43 countries, mainly
aged below 90.1*

The distribution of patient numbers based on peak
METs (Figure 1) was similar to that in a large-scale study
by Hung et al™” with higher mean METs. In their study
subgroup of previous CABG, 2590 patients (mean age of
64411 years), composed of 77% white people, 18% of
black people, and 5% of other races, had a mean MET of
6.6 =3, which was higher than in our current study.
Considering current study subjects were all Asians, this
difference might be explained by racial disparity. Cauca-
sians were reported to have a significantly higher
VO2max (10.9 METs vs. 8.0 METs) compared with age-
and sex-matched African-Americans.'®! However, there

was no epidemiology study comparing differences be-
tween Caucasian, African-American, and Taiwanese.
Besides, we found a relatively low participation rate in
phase Il cardiac rehabilitation for cardiac patients in our
hospital. Those with exercise capacity adequate for daily
activities tended not to join the rehabilitation program.
The participation rate in phase Il cardiac rehabilitation
was reported to be 52.5% in a population study in Olm-
sted County, Minnesota™, but only 20% of patients
returned for phase Il cardiac rehabilitation in our previous
study.?!

CRF is a strong independent predictor of all-cause
mortality and a more accurate measure for general fitness
than self-reported physical activity.? In current daily
practice, the cost and feasibility issues involved in meas-
uring CRF make it difficult to include into the routine
practice, whether using direct or indirect methods. Hence,
the poor accessibility of measuring CRF became the main
obstacle to participate in cardiac rehabilitation, leading to
a low participation rate.””! To resolve the problem, Jurca
R., et al.l’! and Sloan RA., et al.l? used age, body mass
index, resting heart rate, and physical activity score to
predict CRF. However, the lack of an objective definition
of the physical activity score and using a database of



apparently healthy subjects are major obstacles to apply-
ing the prediction model with cardiac patients.

The original euroSCORE model, whether the addi-
tive or logistic regression model, was designed to predict
30-day post-operative mortality in the beginning.l*®]
Loponen P and colleagues extended its use to predict
long-term mortality and quality of life.?) The modified
euroSCORE |1, derived from the latest data, is believed to
be better calibrated, and should better reflect current
practice.

Information on the relationship between periopera-
tive risk and post-oprative CRF are scarce. In a prospec-
tive study of 145 patients,” exercise capacity after
valvular surgery was related to perioperative risk (euro-
SCORE) and the type of surgery.

The current study extends the usage of the euro-
SCORE Il beyond mortality prediction. Our findings
indicate that patients who had a higher perioperative risk
also had worse CRF after surgery. In current practice,
cardiac rehabilitation has been shown to improve survival
and morbidity following CABG in longitudinal studies,*®
and early postoperative cardiac rehabilitation significantly
improved physical capacity and quality of life among
patients with CABG,?”) exercise training is recommended,
especially for those with a higher perioperative risk.

B LIMITATION [ ]

There are several significant limitations to our study
methods. First, the study was retrospective in design, with
a small sample size at one single medical center. Second,
our patient population was recruited based on physi-
cian-referral, resulting in a potential selection bias;
therefore, our results cannot be widely applied to all
patients with CABG surgery. Third, our patient group was
male-predominant, and application of our results to
female patients needs further investigation.

B CONCLUSION [ ]

A prediction model, if designed and calibrated well,
could be used to guide decision making. EuroSCORE Il
is one of several available tools, and it is the most recent
risk assessment system validated with extensive clinical
variables using an international database. Our study found

Euro SCORE Il and CRF after CABG 87

an inverse relationship between euroSCORE Il and CRF
in cardiac patients receiving CABG. Aggressive phase |
and phase 1l cardiac rehabilitations are recommended for
those patients with higher euroSCORE Il. Further study
with larger case numbers and the inclusion of different
cardiac surgeries is needed to investigate the possibility of
using the euroSCORE Il as a non-exercise surrogate for
CRF measurement in cardiac patients.
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