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Background: This study aimed to investigate the role of impedance cardiography (ICG) to evaluate hemodynamic changes
in patients after off-pump coronary artery bypass graft (OPCABG) surgery.

Material/Methods: One-hundred and sixty patients who had undergone OPCAGB were enrolled and assessed using New York Heart
Association NYHA functional class (Il II, and 1V). ICG was used to measure the stroke volume (SV), stroke vol-
ume index (Sl), cardiac output per minute (CO/min), cardiac index (Cl), end-diastolic volume (EDV), pre-ejec-
tion period (PEP), left ventricular ejection time (LVET), systolic time ratio (STR), left ventricular ejection fraction
(LVEF), acceleration index (ACI), systemic vascular resistance (SVR), and thoracic fluid content (TFC). The ICG
parameters were correlated with brain natriuretic peptide (BNP) and echocardiography parameters using mul-
tivariate regression analysis.

Results: The levels of CO, ACI, TFC, SVR, and BNP compared with ICG showed differences between NYHA functional class,
with CO showing a significant difference (p<0.05). There were no significant differences between SV, SI, EDV,
and LVEF before and after OPCAGB. Using ICG, the parameters of Cl, LVEF, EDV, and TFC showed no significant
correlation with BNP. SV, SI, CO, ACI, and LVET, which were negatively correlated with BNP. SVR, PEP, and STR
were positively correlated with BNP (P<0.05).

Conclusions: In patients who had OPCABG, the findings from ICG were significantly correlated with BNP levels and the re-
sults from echocardiography for the evaluation of cardiac hemodynamic changes. ICG might have a role in the
assessment of cardiac function in clinical practice.
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Material and Methods

Coronary heart disease (CHD), or ischemic heart disease (IHD),
is a common disease in the elderly population and results in
significant morbidity and mortality [1]. Off-pump coronary ar-
tery bypass graft (OPCABG) surgery can rapidly improve cardiac
blood supply following occlusive or stenotic lesions of the cor-
onary artery and is one of the main methods of treatment for
CHD [2]. OPCABG not only avoids the complications of car-
diopulmonary bypass but is also associated with more rapid
recovery after surgery [2]. OPCABG can also improve clinical
outcome and reduce the length of hospital stay [3]. However,
cardiac dysfunction may occur while the heart is manipulated
during OPCABG [4]. Therefore, the assessment of cardiac func-
tion and timely treatment of any complications would improve
patient recovery after OPCABG [5].

Recently, several noninvasive methods have been developed
in the field of cardiac function testing. Impedance cardiogra-
phy (ICG), is a noninvasive method of evaluating the hemo-
dynamic changes of cardiac function that measures imped-
ance. Clinically, ICG has been widely used due to its simplicity
of operation, its wide range of applications, and low cost of
use [6,7]. In 2005, the American College of Cardiology (ACC)
and the American Heart Association (AHA) supported the use
of ICG and echocardiography in the diagnosis and treatment
of chronic heart failure (CHF) [8].

In 2003, Lasater et al. [9] reported the findings from a study of
a thoracic impedance method to monitor cardiac function in
patients with chronic heart failure (CHF) and showed that the
cardiac index (Cl) and systemic vascular resistance (SVR) iden-
tified using ICG were significantly associated with the improve-
ment in cardiac function and clinical symptoms. Several studies
have analyzed the clinical application of ICG in the diagnosis and
monitoring of heart failure [10,11]. The results have shown sig-
nificant correlations between ICG, echocardiography, and brain
natriuretic peptide (BNP). For example, when monitoring patients
with heart failure, ICG data that included cardiac output (CO),
the systolic time ratio (STR) were found to correlate with the
left ventricular ejection fraction (LVEF) [11]. A significant asso-
ciation between ICG data and CO have also been shown [12].
previously published studies have shown a significant correla-
tion between LVEF and STR [13,14]. Therefore, ICG is a feasible
method for use in the diagnosis and monitoring of heart failure.
Heart impedance tracing has advantages of being a non-inva-
sive, dynamic, continuous monitoring method and for these
reasons, the use of ICG is highly recommended.

Therefore, this study aimed to investigate the role of imped-
ance cardiography (ICG) to evaluate hemodynamic changes in
patients after off-pump coronary artery bypass graft (OPCABG)
surgery.

Patient clinical data

A retrospective study was conducted at a single center and in-
cluded 160 patients who had undergone off-pump coronary ar-
tery bypass graft (OPCABG) surgery who were assessed using
the New York Heart Association NYHA functional class (I-1V),
and clinically diagnosed with coronary heart disease (CHD)
based on the 2013 European Society of Cardiology (ESC)
guidelines [15]. Prior written informed consent was obtained
from all study participants. The study was approved by the lo-
cal Ethics Review Board of the Peoples’ Hospital of Xinjiang,
Uygur Autonomous Region.

Inclusion and exclusion criteria

Patients were included if they were aged 18-80 years old,
diagnosed with CHD, had undergone OPCABG surgery and
signed the informed consent. Patients were excluded if they
their height was <135 c¢cm or >190 cm, if they had pleural ef-
fusion, a permanent pacemaker implant, a life-threatening
comorbidity such as severe heart failure, a metabolic disease
such as diabetes or hyperthyroidism, malignant tumors or au-
toimmune diseases, a history of allergy or serious adverse re-
actions, or if they had incomplete clinical data.

Enzyme-linked immunoassay (ELISA)

Peripheral blood was collected from each patient before sur-
gery, in the morning of surgery, and during the following three
mornings after surgery. Serum was isolated from the peripheral
blood samples. Levels of brain natriuretic peptide (BNP) in the
serum were measured using a BNP enzyme-linked immuno-
assay (ELISA) kit (Biosite Incorporated, San Diego, California,
USA), according to the manufacturer’s instructions.

Impedance cardiography (ICG)

Following OPCABG surgery, all patients were admitted to the
intensive care unit (ICU), and received routine mechanical
ventilation, vasoactive drugs, moderate rehydration, low mo-
lecular weight heparin, and underwent blood gas analysis.
Postoperative treatment included dopamine, nitroglycerin,
phosphate creatine, and electrolytes. ICG was performed to
monitor the hemodynamic changes. Monitoring of mechani-
cal ventilation, drug therapy, fluid management, and electro-
lyte balance, was performed before and after surgery. ICG was
performed using a BioZ Dx Impedance Cardiograph (Cardio
Dynamics, San Diego, CA, USA) with eight electrodes. ICG was
performed at the same time as echocardiography. Before ICG
examination, patients were rested for 10 minutes. The pa-
tients were in the supine position during ICG and the sensors
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measured the baseline impedance of the thorax. The sensing
electrodes were placed at the left and right sides of the neck,
and the intersection between the anterior axillary line and
the lower edge of the costal arch. The following parameters
were recorded: the stroke volume (SV); the stroke volume in-
dex (SI); the cardiac output (CO) per minute; the cardiac in-
dex (Cl); the end-diastolic volume (EDV); the pre-ejection pe-
riod (PEP); the left ventricular ejection time (LVET); the systolic
time ratio (STR); the left ventricular ejection fraction (LVEF);
the acceleration index (ACI); the systemic vascular resistance
(SVR); and the thoracic fluid content (TFC).

Echocardiography

Echocardiography was performed using the Philips ClearVue 350
(Shanghai Hanfei Medical Devices Co., Ltd., China) to monitor
the hemodynamic changes before surgery and at the same
time as ICG after surgery. The cardiac parameters of LVEF, SV,
CO, ESV, and LVET, EDV, SI, Cl, STR were measured. The average
of three measurements of each variable was used.

Statistical analysis

SPSS version 19.0 (IBM, Chicago, IL, USA) was used for sta-
tistical analysis. All measurement data were expressed as the
mean # standard deviation (SD). The paired t-test was used
for comparison between data before and after treatment.
Analysis of variance (ANOVA) was used for comparison be-
tween groups. Multivariate regression analysis was used for
the parameters of BNP, ICG, and echocardiography. Spearman
correlation’s analysis and Bland-Altman analysis was used for
consistency evaluation. A P-value <0.05 was considered to be
statistically significant.

Results

Patient clinical characteristics

There were 180 patients with coronary heart disease (CHD) who
were admitted to the intensive care unit (ICU) of the Peoples’
Hospital of Xinjiang Uyghur Autonomous Region from January
2015 to October 2017, and 160 of them underwent off-pump
coronary artery bypass graft (OPCABG) surgery and were in-
cluded in this study. The clinical data are shown in Table 1.
There were 90 men and 70 women, aged between 38-79 years
(mean, 58.31+15.42 years). The patients’ body weight ranged
from 45-82 kg (mean, 61.61+12.82 kg). Based on the New York
Heart Association (NYHA) functional classification, there were
0 cases of class |, 42 cases of class Il, 105 cases of class Ill, and
13 cases of class IV heart failure.

Niu X. et al.:
Hemodynamic changes after OPCABG using ICG
© Med Sci Monit, 2019; 25: 3454-3462

Table 1. Clinical characteristics of the patients who underwent
off-pump coronary artery bypass graft (OPCABG)
surgery following impedance cardiography (ICG).

Mean (t standard
Parameters

deviation)

Gender (M/F) 90/70
CAgeears)  s831x1s42
CBMiKkgm)  2132:345
 Systolic blood pressure (mmtHg) 1352847
* Diastolic blood pressure (mmHg) 888139
CvHA) AN 421013
LVEF (pre-operation)  5131x1221
 Anhythmia (pre-operation) 62160
Numberoflesions 3121064

Time of operation (minutes) 171.32+17.15

BMI — body mass index; NYHA — the New York Heart Association
functional classification; LVEF — left ventricular ejection fraction.

Comparison of impedance cardiography (ICG) and brain
natriuretic peptide (BNP) between the patient groups with
different NYHA functional classes after OPCABG surgery

To compare the differences for in the parameters of the stroke
volume (SV), the stroke volume index (Sl), the cardiac output
(CO) per minute, the cardiac index (Cl), the end-diastolic vol-
ume (EDV), the pre-ejection period (PEP), the left ventricular
ejection time (LVET), the systolic time ratio (STR), the left ven-
tricular ejection fraction (LVEF), the acceleration index (ACI),
the systemic vascular resistance (SVR), the thoracic fluid con-
tent (TFC), and the BNP between patients with different NYHA
functional classes, the patients were divided into three groups
(class I, class Ill and class IV). As shown in Table 2, the param-
eters of BNP, CO, ACI, TFC, and SVR were significantly differ-
ent between the three functional groups (p<0.05). With the
increase in cardiac insufficiency, the CO and ACI decreased,
whereas the TFC, SVR, and BNP increased.

Multivariate regression analysis for the parameters of
BNP, ICG, and echocardiography between the three groups
with different NYHA classes (lI, Ill, and 1V) after OPCABG
surgery

Multivariate regression analysis evaluated the parameters of
BNP, ICG, and echocardiography, which included SV, SI, Cl, CO,
STR, LVET, PEP, LVEF, EDV, ACI, TFC, and SVR between the three
groups with different NYHA classes (Il, IIl, and IV) after OPCABG.
As shown in Table 3, the CO was significantly different between
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Table 2. Distribution of impedance cardiography (ICG) and brain natriuretic peptide (BNP) data in the patient groups according to New
York Heart Association (NYHA) functional class after off-pump coronary artery bypass grafting (OPCABG) (mean + standard

deviation).

ICG data NYHA class Il (n=42) NYHA class Ill (n=105) NYHA class IV (n=13) p-Value

SV (ml) 42.1+18.86 31.3+23.59 25.3+5.35 0.054
"""" Simm) 41241853 304£2314 2794528 0212
"""" CWminvmy 43112 269+¢130  304:084 0063
"""" coWmin)  44sel3s# 3024113 261s152* 0033
"""" SR 232016 297015  339:017 0204
"""" VET(ms) 3311005 3545008 24201 0065
"""" PEP(m) 189003  326s004 319:005 0127
"""" WEFE 3755002 2861003  306:004 0443
"""" EDV(m)  11534:2312 12142434 125s2543 0364
"""" SVR (dynexsxcm®) 1571622103 1687+4180.56*  1798+179.08% 0001
aqgioosy s164:3150 45345288 3967:312% 0005
o TRC(KOMM) 148023 269:306° 388:311% 0001
"""" BNP(ng/m) 663102 3264235 3674353% <0001

SV — stroke volume; SI — stroke volume index; Cl — cardiac index; CO — cardiac output; STR — systolic time ratio; LVET — left ventricular
ejection time; PEP — pre-ejection period; LVEF — left ventricular ejection fraction; EDV — end-diastolic volume; BNP — brain natriuretic
peptide (detected by ELISA); ACI — acceleration index; TFC — thoracic fluid content; SVR — systemic vascular resistance. Compared with

NYHA Class II, * P<0.05. Compared with NYHA class lll, # P<0.05.

the three patient groups (p<0.05), while other parameters were
not significantly different. Using multivariate regression anal-
ysis, CO was a determinant of cardiac NYHA functional class.

Comparisons between the ICG parameters and BNP before
and after OPCABG surgery in the three groups with
different NYHA classes (Il, 111, and IV)

To compare the hemodynamic parameters before and after
treatment, ICG was used. The treatment of cardiac failure with
use of diuretics, and rehydration, and reduction of peripheral
vascular resistance were used. After treatment, there was no
difference in SV, SI, EDV, and LVEF. However, there were sig-
nificant differences in STR, LVET, PEP, BNP, ACI, TFC, CO, Cl,
and SVR (p<0.05) before and after treatment (Table 4). The
CO, LVET and ACl increased, and PEP, BNP, TFC, and SVR de-
creased. This data suggests that when myocardial contraction
was increased, cardiac output increased.

Linear correlation analysis between ICG data and BNP
after OPCABG surgery

The correlation between ICG data and BNP were analyzed by
Spearman’s correlation. As shown in Table 5, there was no sig-
nificant correlation between BNP and the ICG data for Cl, LVEF,

EDV, and TFC. SV, SI, CO, ACI, and LVET were negatively corre-
lated with BNP, while SVR, PEP, and STR were positively cor-
related with BNP. This data suggests that when cardiac func-
tion improved and cardiac output increased, BNP decreased.
However, when the cardiac function was impaired and periph-
eral resistance increased, BNP levels increased.

Consistency analysis of ICG and echocardiography after
OPCABG surgery

The consistency between the data from ICG and echocardiogra-
phy was determined by Bland—-Altman analysis. There was con-
sistency between the ICG and echocardiography parameters,
including the LVEF, SV, S, CO, Cl, and STR (P<0.05) (Tables 6, 7).
No consistency was found for EDV, LVET, and PEP. These data
suggest that the ICG detection parameters and echocardiog-
raphy parameters showed good consistency.

Discussion

Recently, the incidence of cardiovascular disease has in-
creased with the aging population and due to changes in life-
styles [16]. Coronary artery stenosis results in insufficient myo-
cardial blood supply and leads to progressive cardiac ischemia,
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Table 3. Multivariate regression analysis for the parameters of brain natriuretic peptide (BNP), impedance cardiography (ICG) and
echocardiography among the patient groups with different New York Hear Association (NYHA) functional classes after off-
pump coronary artery bypass grafting (OPCABG).

Parameter estimation

Parameter Variance

Intercept 1 -1.1118 585.4695 0.1513 0.59
"""" sv 1 -2 158437  ol1s 051
"""" s 1 a1 2067463 01204 049
"""" sRQ 1 -203%7 6122286 02433 o044
"""" o« 1 -1l4004 467532 o155 046
"""" © 1 =13 227515 3355 004
"""" wer 1 -1005s 161737  olise 05
"""" PP 1 125 378283 0313 045
"""" SR 1 -133@1 2678761 0132 046
"""" w1 -—032 3627541 o812 038
"""" BNP 1 -13452 4473231 01451 045
"""" ad 1 19653 2790431 01431 o045
"""" DV 1
"""" WEF 1o

SV — stroke volume; SI — stroke volume index; Cl — cardiac index; CO — cardiac output; STR — systolic time ratio; LVET — left ventricular
ejection time; PEP — pre-ejection period; LVEF — left ventricular ejection fraction; EDV — end-diastolic volume; BNP — brain natriuretic
peptide (detected by ELISA); ACI — acceleration index; TFC — thoracic fluid content; SVR — systemic vascular; ‘-’ — not indicated.

Table 4. Impedance cardiography (ICG) parameters and brain natriuretic peptide (BNP) before and after treatment (mean # standard

deviation).
SV (ml) SI (ml/m?) CO (L/Min) Cl (I/min/m?) PEP (ms) LVET (ms)
Before
64.7+9.8 3.355+1.91 3.0+0.9 2.29+0.12 0.54+0.1 96.74+12.1 302.1+9.0
treatment
After
71.2+11.1 4.712+1.33 4.3+1.5 3.18+0.12 0.47+0.16 80.04+4.35 341+7.9
treatment
P-value 0.062 0.181 0.028 0.032 0.034 0.046 0.044
EDV (ml) ACI TFC (/kohm) LVEF (-) SVR (dyne:s-cm™)  BNP (ng/ml)
Before
120.45+24.3 39.2+25.7 39.3+13.7 32.23+0.03 1967+575 1069+311
treatment
After
113.2+22.1 50.6+17.3 33.4+7.8 28.34+0.02 1798+432 367+105
treatment
P-value 0.054 0.02 <0.001 0.061 0.042 0.033

SV — stroke volume; SI — stroke volume index; Cl — cardiac index; CO — cardiac output; STR — systolic time ratio; LVET — left ventricular
ejection time; PEP — pre-ejection period; EF — ejection fraction; EDV — end-diastolic volume; BNP — brain natriuretic peptide (detected
by ELISA); ACI — acceleration index; TFC — thoracic fluid content; SVR — systemic vascular resistance.
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Table 5. Correlation analysis of impedance cardiography (ICG) data and brain natriuretic peptide (BNP).

ICG data SV (ml) SI (ml/m?)

P value <0.01 0.62

CO (L/min)

SVR

Cl (L/min/m?) (dyne-s-cm-)

r — linear correlation coefficient; SV — stroke volume; SI — stroke volume index; Cl — cardiac index; CO — cardiac output; STR — systolic
time ratio; LVET — left ventricular ejection time; PEP — pre-ejection period; EDV — end-diastolic volume; BNP — brain natriuretic peptide
(detected by ELISA); ACI — acceleration index; TFC — thoracic fluid content; SVR — systemic vascular resistance.

Table 6. Limits of agreement (LOA) of echocardiography and impedance cardiography (ICG) by Bland-Altman analysis.

LOA 95% CI

LOA lower limit LOA upper limit Number in LOA

a 160 -0.06-0.12 (o,o(;fg.m)
o 160 -0.21-0.24 (_0.§i22.03)
EDV 160  —256.65-235.95 (_31711 2;3150_42)
LVEF 160 -0.82-1.09 (0,02'_13,21)
LVET 160 -647.71-706.37 (—27.2796f836.42)
PEP 160 -36.81-35.37 (_3,_7%-722.32)
S 160 -0.05-0.09 (0_0(1'33,03)
STR 160 -0.9-1.83 (0_32.1‘(?.58)
SV 160 -0.95-1.56 (0,2%3.41)

value value 95% Cl
-0.05 0.11 158
(-0.06-0.03) (0.09-0.12) (99.03%)
-0.18 0.21 160
(-0.21-0.15) (0.17-0.24) (100%)
-221.14 200.44 158
(~256.65-185.62) (164.92-235.95) (99.03%)
-0.69 0.95 151
(-0.82-0.55) (0.82-1.09) (94.17%)
-550.09 608.74 158
(~-647.71-452.46) (511.11-706.37) (99.03%)
-31.6 30.16 158
(-36.81-26.4) (24.96-35.37) (99.03%)
-0.04 0.08 158
(~0.05-0.03) (0.07-0.09) (99.03%)
-0.71 1.63 155
(~-0.9-0.51) (1.44-1.83) (97.09%)
-0.77 1.38 149
(~0.95-0.59) (1.2-1.56) (93.20%)

SV — stroke volume; S| — stroke volume index; Cl — cardiac index; CO — cardiac output; STR — systolic time ratio; LVET — left
ventricular ejection time; PEP — pre-ejection period; EDV — end-diastolic volume; BNP — brain natriuretic peptide (detected by ELISA);
ACI — acceleration index; TFC — thoracic fluid content; SVR — systemic vascular resistance; LOA — limits of agreement.

resulting in impaired cardiac function [16]. In this study, the
hemodynamic changes resulting from coronary heart disease
(CHD) in patients who had off-pump coronary artery bypass
graft (OPCABG) surgery were evaluated by impedance cardi-
ography (ICG) parameters. One-hundred and sixty patients
who had undergone OPCAGB were enrolled and assessed us-
ing the New York Heart Association NYHA functional class
and divided into three groups (I, Il, and IV). The ICG param-
eters could be divided into overall evaluation parameters,
myocardial contractility parameters, preload parameters, and
postload parameters. The overall ICG evaluation parameters

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

included stroke volume (SV), stroke volume index (Sl), cardiac
output (CO), and cardiac index (Cl); the myocardial contractil-
ity parameters included left ventricular ejection time (LVET),
systolic time ratio (STR), pre-ejection period (PEP), and accel-
eration index (ACI); the preload parameter was thoracic fluid
content (TFC); and the postload parameter was systemic vas-
cular resistance (SVR).

The findings from this study showed that there were signifi-

cant differences in the CO, ACI, TFC, and SVR between patients
in the three NYHA classes (11, Ill, and IV), with decreased levels
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Table 7. Regression analysis for impedance cardiography (ICG) and echocardiography.

Index B Standard error t P-value R2

Intercept 0 0.02 -0.19 0.8505

Gl oooooliooioooioooioooiiooiiooioooooo 0.0373
Mean value 0.01 0.01 1.98 0.0507
Intercept 0.12 0.05 2.54 0.0127

O 0.0507
Mean value -0.03 0.01 =2.32 0.0222
Intercept 236.63 1.99 119.16 <0.0001

D A S 0.9945
Mean value -1.98 0.01 -135.49 <0.0001
Intercept 0.83 0.31 2.7 0.0081

L e 0.0492
Mean value -0.02 0.01 -2.29 0.0243
Intercept —624.58 17.15 -36.41 <0.0001

L R T 0.9449
Mean value 1.89 0.05 41.61 <0.0001
Intercept 31.74 3.28 9.69 <0.0001

R S 0.5215
Mean value -1.17 0.11 -10.49 <0.0001
Intercept 0.01 0.02 0.68 0.4964

1 0.0006
Mean value 0 0.01 0.24 0.8108
Intercept -0.05 0.37 -0.14 0.8879

ST R o ooolooiooooooioooiooiooooooooooooo 0.0192
Mean value 0.02 0.01 1.4 0.1631
Intercept —0.44 0.3 -1.46 0.148

153 0.0579
Mean value 0.02 0.01 2.49 0.0143

SV — stroke volume; S| — stroke volume index; Cl — cardiac index; CO — cardiac output; STR — systolic time ratio; LVET — left
ventricular ejection time; PEP — pre-ejection period; EDV — end-diastolic volume; BNP — brain natriuretic peptide (detected by ELISA);
ACI - acceleration index; TFC — thoracic fluid content; SVR — systemic vascular resistance.

of CO and ACl and increased levels of TFC and SVR. These find-
ings may be explained as being due to the aggravation of symp-
toms of cardiac insufficiency, reduced cardiac output per min-
ute, decreased myocardial contractility, and increased cardiac
preload and afterload. Also, multivariate regression analysis of
the parameters of BNP, ICG, and echocardiography showed that
the CO was significantly different (p<0.05), while other param-
eters were not significantly different, indicating that CO was
a determinant of cardiac NYHA functional class. There were
also significant differences in the CO, Cl, STR, LVET, PEP, BNP,
ACI, TFC and SVR before and after OPCAGB surgery. After sur-
gery, the CO, LVET, and ACl increased, while the PEP, BNP, TFC,
and SVR decreased. This could be explained by the increase
of myocardial contractility accompanied by an increase in the
CO, while the cardiac preload and afterload decreased. These
data indicate that ICG was useful in the detection of cardiac
hemodynamics before and after OPCABG surgery.

In this study, the correlation of cardiac hemodynamic changes
in patients after OPCABG between BNP and ICG were also ana-
lyzed. There was a significant correlation between the CO ob-
tained by the ICG monitoring system and the CO obtained us-
ing the classic Swan-Ganz thermodilution catheter [17]. In this

study, there was a negative correlation between the CO and
BNP levels using ICG monitoring. Peripheral blood BNP levels
have previously been shown to be a sensitive indicator for the
diagnosis of chronic heart failure [18].

The systolic time ratio (STR) is a sensitive parameter that rep-
resents myocardial contractility [19] and is the ratio of PEP to
LVET [6]. When there is reduced cardiac function and a com-
pensatory increase in heart rate, the PEP will prolong, whereas
LVET will decrease, indicating that an increase in STR indicates
impaired myocardial contractile function [6]. In the present
study, STR and BNP were positively correlated.

The acceleration index (ACI) is a unique ICG parameter that
refers to the acceleration of blood flow in the ascending aorta
and arch, with a normal range being 70-150 for men and
90-170 for women [6]. The ACI is more sensitive and accu-
rate than LVEF in evaluating cardiac function [20]. The pres-
ent study showed that there was a significant negative corre-
lation between ACI and BNP. Thus, ACI can accurately assess
the cardiac contractility in patients with heart failure, espe-
cially those with cardiomyopathy.
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A previously published study compared the correlation between
the data from ICG and echocardiography and found that the
data of the cardiac index (ClI) and systolic time ratio (STR) ob-
tained by ICG were significantly correlated with the LVEF ob-
tained by echocardiography (r=0.85) [21]. Brenda et al. [22]
showed that for patients with heart failure, the STR could
replace LVEF in the evaluation of cardiac function (r=—0.55;
P<0.001). Also, the sensitivity, specificity, positive rate, and
negative rate of STR >0.50 in evaluating cardiac function were
92%, 85%, 95%, and 79%, respectively [22]. Therefore, STR
>0.50 could be used as a cut-off point for evaluating left ven-
tricular function. In assessing cardiac function in patients with
heart failure, Thompson et al. found that the STR obtained by
ICG was negatively correlated with LVEF by echocardiography
(r=—0.54; P<0.001) [23]. This present study found that there was
consistency between the findings from ICG and echocardiog-
raphy, including for the SV, SI, LVEF, CO, STR, and Cl. However,
there was a lack of consistency for the EDV, LVET, and PEP.
Using Bland-Altman analysis, the limits of agreement (LOA)
between echocardiography and ICG using 95% confidence in-
terval (Cl) for the CO was the highest at 100.00%. These re-
sults indicate that the two methods of ICG and echocardiog-
raphy showed a good consistency for the evaluation of cardiac
function in patients with CHD.

However, this study had several limitations. This was a retro-
spective study conducted in a single center and the number

of patients studied was small. Because the data obtained was
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dependent on the quality of data recorded in the medical re-
cords, there was a lack of detailed information regarding the
pharmacological treatment history of the patients studied.
Future large-scale prospective studies that include pharma-
codynamics are required to further evaluate the role of ICG in
patients with CHD before and after OPCABG.

Conclusions

This study investigated the role of impedance cardiography
(ICG) in the evaluation of cardiac hemodynamic changes in pa-
tients after off-pump coronary artery bypass graft (OPCABG)
surgery. The findings showed that ICG parameters were sig-
nificantly different before and after OPCABG surgery and that
ICG not only had a good correlation with serum levels of brain
natriuretic peptide (BNP) but also has with echocardiography
findings. The cardiac preload parameter of thoracic fluid con-
tent (TFC) and the cardiac afterload parameter of systemic vas-
cular resistance (SVR) were specifically obtained by ICG. These
findings indicate that ICG might supplement the gaps in the
echocardiography parameters, and support that ICG may be
used as an effective method for real-time evaluation of cardiac
function in clinical practice.
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