Kawasaki Medical Journal 47：55−62，2021

doi：10.11482/KMJ-E202147055

55

〈Regular Article〉

Analysis of water balance for perioperative management
in coronary artery bypass grafting
Yoko OCHIAI１）, Tatsuya WATANABE２）, Ichiro OHASHI１）
Hiroshi KATAYAMA１）, Naomasa ISHIDA２）, Masao HAYASHI１）
Munenori TAKAOKA２）, Masahiko KUINOSE２）, Ken SUGIMOTO３）
Yuichiro TODA４）, Hideki NAKATSUKA５）
1) Department of Anesthesiology and Intensive Care Medicine 3,
2) Department of General Surgery,
3) General and Geriatric Medicine,
4) Department of Anesthesiology and Intensive Care Medicine 2,
5) Department of Anesthesiology and Intensive Care Medicine 1, Kawasaki Medical School

ABSTRACT

For patients who undergo heart surgery, it is well known that good perioperative

body fluid management is important because it can affect the postoperative course, particularly
the development of complications. The purpose of this study was to clarify the perioperative
water balance in coronary artery bypass grafting (CABG) patients and to determine if certain
prognostic predictive markers could be adapted for CABG perioperative care. Additionally, fluid
balance was examined in CABG surgeries with and without a cardiopulmonary bypass (CPB).
Eighteen patients who underwent CABG at Kawasaki Medical Hospital from March 2018 to
February 2021 had their perioperative body water levels tracked. An InBody S10 body water
analysis machine was used for measurements and the results were retrospectively analyzed.
Correlations were found between the preoperative edema index (EI), which is the ratio of
extracellular water to TBW, and various predictive markers including preoperative hemoglobin
(R2: 0.4422, p = 0.0026), albumin (R2: 0.436, p = 0.00286), eGFR (R2: 0.305, p = 0.0173), and
body mass index (BMI) (R2: 0.2426, p = 0.0378). There was also a correlation between the
maximum postoperative value of EI and the length of intensive care unit stay (R2: 0.3562,
p = 0.01466). A sub-analysis was performed of CABG surgeries performed with and without
a CPB. Non-CPB surgeries had a larger change in TBW, while CPB surgeries experienced a
significantly larger change in EI. The EI can be a predictor of prognosis in CABG surgeries, and
fluctuations in the EI were found to vary significantly depending on whether CPB was used or
not.
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diﬀerent from that of valvular disease surgeries12）.

INTRODUCTION
Generally, the perioperative management

The purpose of this study was to clarify

of a patient’
s body fluid can greatly affect the

perioperative water changes in CABG patients

postoperative course. Especially for heart surgery

and to assess if the EI that we reported on in our

patients, the balance of body ﬂuid can signiﬁcantly

previous study was similarly applicable to CABG

affect the chance of developing postoperative

patients as a prognostic predictive marker12）. Also,

complications１，２）. Proper care requires coordination

water changes when using a cardiopulmonary

and cooperation between surgeons, anesthesiologists

bypass (CPB) or not during CABG were

and the intensive care unit (ICU) staﬀ. Currently, the

retrospectively analyzed and evaluated.

published body of evidence on perioperative body
fluid balance is insufficient. In the relatively few

METHODS

available studies that evaluate perioperative body

Patients

ﬂuid balance during cardiac surgery, an increase of

Body water changes in 18 patients who underwent

perioperative water levels has been correlated with

a CABG at Kawasaki Medical Center from

an extended time of hospital stay, re-admission to

March 2018 to February 2021 were measured and

the ICU, the need for a blood transfusion, and a

retrospectively analyzed. Cases requiring urgent

higher 90-day mortality rate３，４，５）.

surgery, patients with an implanted pacemaker and

One method of assessing perioperative body water

cases that could not otherwise be measured were

balance is bioelectrical impedance analysis (BIA).

excluded from this study. Patient background data

BIA can non-invasively measure body composition

is shown in Table 1. Males were the vast majority

such as water, muscle and fat. Being non-invasive,

of cases with 16 (88.9%), and the average age

BIA muscle measurement is widely used to diagnose

was 67.8 ± 10.75 years old. There were 9 cases

６－10）

sarcopenia

(50.0%) with a history of diabetes, 16 cases (88.9%)

.

Edema index (EI), which is the ratio of

had a smoking history and 17 cases (94.4%) had

extracellular water (ECW) to total body water

hypertension. Patients were managed according to

(TBW), is reported to be a predictive indicator of the

the discharge criteria from ICU after surgery.

drainage amount in acute heart failure patients. Also
reported in the critical care ﬁeld, mortal patients in
11）

Measurements

the ICU had higher EI . A previous report of ours

An InBody S10 water analysis machine was

analyzed perioperative water changes in valvular

used for the measurements (InBody Japan, Tokyo,

heart disease patients using BIA and showed that

Japan). Eight-polar BIA technology calculates the

12）

the EI can be a postoperative prognostic indicator .

electric impedance from a weak flow of electric

Also, there are reports that the phase angle, which

current through eight contacts in the hands and

is a measurement value of BIA, has a correlation to

feet, which can be used to measure various body

the nutritional status index and can be a predictive

components. By measuring at multiple frequencies,

indicator for the amount of blood transfusion

intracellular water (ICW) and extracellular water

12－15）

required during cardiac surgery

.

can be accurately and separately estimated12）.

The chance of pleural eﬀusion in coronary artery

Eight-polar BIA values were measured at 6

bypass grafting (CABG) cases is high and we often

diﬀerent frequency settings (1, 5, 50, 250, 500 and

have a difficulty to manage water balance in the

1,000 kHz). Measurements taken were the levels of

clinical setting. The postoperative course must be

extracellular water, ICW, TBW, the EI, which is the
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Table 1. Baseline characteristics of all patients
Factor
Patients
Age
LVEF (%)
Phase angle (degree)
BMI (kg/m2)
Albumin (g/dL)
Hemoglobin (g/dL)
BNP (pg/dL)
eGFR (ml/min/1.73m2)
Na (mEq/l)
K (mEq/l)
Cl (mEq/l)

In addition to the BIA water balance
Mean [SD]
67.77 [10.57]
55.14 [9.97]
6.11[2.17]
24.08 [4.82]
3.91 [0.57]
13.34 [2.40]
172.86 [232.30]
56.98 [21.89]
139.78 [2.82]
4.31 [0.63]
104.44 [3.31]

Operative Characteristics
Duration of surgery (min)
Water balance during surgery (ml)

413.83 [51.70]
2545.06 [986.69]

Perioperative BIA data

the perioperative period was the occurrence of atrial
fibrillation and pleural fluid, ventilation duration
and the length of ICU stay.
Ethics
This study was conducted with the approval of the
ethics committee of Kawasaki Medical School, and
informed consent was given by all patients. This
study was approved by the institutional ethics board
of Kawasaki Medical School (No. 3651-01).
Statistical analysis
correlations between the preoperative EI and

22.33 [4.71]
14.13 [2.76]
37.34 [9.11]
0.39 [0.012]

postoperative peak EI data for each patient, using
the BIA data (ECW, ICW, TBW), and the more
conventional blood analysis and water management
data (hemoglobin, creatinine, BNP; brain natriuretic

Peak BIA data
ICW peak (kg)
ECW peak (kg)
TBW peak (kg)
EI peak

measurements, other clinical data collected during

Linear regression analysis was used to identify

Preoperative BIA data
Intracellular water [ICW preoperative] (kg)
Extracellular water [ECW preoperative] (kg)
Total body water [TBW preoperative] (kg)
Edema index [EI preoperative]

57

24.07 [4.76]
16.07 [2.87]
40.02 [7.53]
0.41 [0.0085]

Differences between pre and peak data
TBW peak-preoperative (kg)
2.68 [4.19]
EI peak-preoperative
0.018 [0.0069]
Values are expressed as the mean and SD in branckets for
continuous factors.
LVEF, left ventricle ejection fraction; BMI, body mass index; BNP,
brain natriuretic peptide; eGFR, estimated glomerular ﬁltration rate;
BIA, bioelectrical impedance analysis; ICW, intracellular water;
ECW, extracellular water; TBW, total body water; EI, edema index;
ICU, Intensive Care Unit

peptide, albumin, eGFR; estimated glomerular
ﬁltration rate, age, body mass index (BMI), change
in body weight, duration of surgery, ventilation time
and ICU stay). Simple linear regression analysis was
employed to ﬁnd possible correlations between the
BIA data and all of the other parameters, including
outcomes. Additionally, surgeries with a CPB and
those without a CPB were compared using a t-test.
A two-tailed p value less than 0.05 was considered
significant. Statistical analysis was performed
with R 3.6.0 software (The R Foundation, Vienna,
Austria).

ratio of ECW to TBW, and the phase angle, which
is the arctangent value of the directly measured

RESULTS

ratio of reactance to resistance. The phase angle

Preoperative data

does not depend on conventional body composition

The preoperative blood data for all 18 cases are

regression equations and has been reported as a

shown in Table 1: hemoglobin, 13.3 ± 2.3 g/dL;

predictive marker of both frailty and severity of

hematocrit, 40.1 ± 6.5%; creatinine, 1.4 ± 1.5 mg/

chronic heart failure15，16）. The ﬁrst EI measurement

dL; BNP, 172.8 ± 232.3 ng/dL; eGFR, 57.0 ± 21.9

taken was designated as the“preoperative EI”and

mL/min/1.7m2; and albumin, 3.9 ± 0.6 g/dL. The

the maximum measured EI as the“peak EI”
.

surgical factors were a surgical duration of 413.8
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± 51.7 min; 7.0 ± 10.5 hours of ventilation and an

between preoperative EI and the length of hospital

ICU stay of 4.5 ± 1.3 days.

stay (R2: 0.02313, p = 0.574). There was also no
correlation between peak EI and ventilation time (R2:
0.005224, p = 0.7902) or the length of hospital stay

Correlation with preoperative EI
The following factors showed a correlation with

(R2: 0.0004462, p = 0.9381). The preoperative EI

the preoperative EI: preoperative hemoglobin

and the length of ICU stay (R2: 0.210, p = 0.0555)

(R 2: 0.4422, p = 0.0026) (Fig. 1), albumin (R 2:

(Fig. 6) showed a tendency that was below the

2

0.436, p = 0.00286) (Fig. 2), eGFR (R : 0.305, p

threshold of signiﬁcance.

= 0.0173) (Fig. 3), BMI (R2: 0.2426, p = 0.0378)
(Fig. 4). There was also a correlation between the

Difference of baseline characteristics

postoperative peak EI and the length of ICU stay

Table 2 shows the patient background, surgical

(R2: 0.3562, p = 0.01466) (Fig. 5). There was no

factors and perioperative BIA water values

correlation found between preoperative EI and

divided for the sub-analysis of CPB and non-

ventilation time (R 2: 0.001046, p = 0.0617), nor

CPB cases. There was no significant difference
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Fig. 2. Relationship between the preoperative edema
index (EI) and preoperative albumin. There was a negative
correlation between the preoperative EI and preoperative
albumin (R = 0.660, p = 0.0028).
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Fig.
3. Relationship between the preoperative edema index
(EI) and preoperative eGFR.
There was a negative correlation between the preoperative EI
and preoperative eGFR (R = 0.552, p = 0.017).
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Fig. 1. Relationship between the preoperative edema index
(EI) and preoperative hemoglobin. There was a negative
correlation between the preoperative EI and preoperative
hemoglobin (R = 0.664, p = 0.0026).
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Fig.4. Relationship between the preoperative edema index (EI)
and preoperative BMI.
There was a negative correlation between the preoperative EI
and preoperative BMI (R = 0.492, p = 0.037).
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Fig.
5. Relationship between ICU
the postoperative
peak[day]
edema
Figure.5
index (EI) and the duration of the intensive care unit
(ICU) stay. There was a positive correlation between the
postoperative peak EI and the duration of the ICU stay. (R =
0.596, p = 0.0378).

0.41

Fig.6. Relationship between the preoperative edema index
(EI) and the duration of the intensive care unit (ICU) stay.
There was a tendency of positive correlation between the
preoperative EI and the duration of the ICU stay, but it was
not signiﬁcant (R = 0.458, p = 0.055).

Table 2. Difference of baseline characteristics between off pump and on pump coronary artery bypass
grafting.
Factor
Patients
Age
LVEF (%)
Phase angle (degree)
BMI (kg/m2)
Albumin (g/dL)
Hemoglobin (g/dL)
BNP (pg/dL)
eGFR (ml/min/1.73m2)
Na (mEq/l)
K (mEq/l)
Cl (mEq/l)

Mean [SD]
Oﬀ pump
70.56[11.97]
54.4 [10.60]
4.97 [1.03]
22.46 [4.82]
3.63 [0.51]
12.34 [1.75]
199.89 [207.07]
48.58 [20.70]
140.44 [3.36]
4.14 [0.52]
105 [4.18]

On pump
65 [8.77]
55.89 [9.89]
7.26[2.45]
25.70 [4.49]
4.19 [0.52]
14.34 [2.63]
145.83 [264.86]
65.38 [20.76]
139.11 [2.15]
4.47 [0.71]
103.89 [2.26]

P value
0.28
0.76
0.02
0.16
0.035
0.076
0.64
0.1
0.33
0.29
0.49

403.78 [39.67]
2552.78 [1107.10]

423.89 [62.28]
2537.33 [918.14]

0.43
0.97

20.62 [4.70]
13.38 [2.84]
34.02 [7.53]
0.39 [0.012]

24.04 [4.31]
14.88 [2.63]
40.67 [9.74]
0.38 [0.0093]

0.13
0.26
0.12
0.032

23.11 [5.33]
15.57 [3.13]
38.58 [8.37]
0.41 [0.010]

25.03 [4.21]
16.58 [2.67]
41.47 [6.75]
0.40 [0.0054]

0.41
0.47
0.43
0.22

Operative Characteristics
Duration of surgery (min)
Water balance during surgery (ml)
Perioperative BIA data
preoperative BIA data
Intracellular water [ICW preoperative] (kg)
Extracellular water [ECW preoperative] (kg)
Total body water [TBW preoperative] (kg)
Edema index [EI preoperative]
Peak BIA data
ICW peak (kg)
ECW peak (kg)
TBW peak (kg)
EI peak

10

[day]

Differences between pre and peak data
TBW peak-preoperative (kg)
4.56 [1.58]
0.8 [5.17]
EI peak-preoperative
0.015 [0.0049]
0.022 [0.0070]
Values are expressed as the mean and SD in branckets for continuous factors.

0.054
0.023
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between the CPB and non-CPB groups in terms

significant difference in cardiac function, heart

of age, preoperative ejection fraction, BMI,

failure or other surgical factors. The two surgery

hemoglobin, BNP or eGFR. The CPB group had

types had no significant difference in the absolute

signiﬁcantly higher phase angle and albumin values.

values of the BIA water balance measurements,

No significant difference was found in terms of

but the TBW in the non-CPB group had a greater

operation duration or intraoperative water balance.

increase. On the contrary, the change in EI was

Preoperative and postoperative ICW, ECW, and

signiﬁcantly more in the CPB group.

TBW had no significant differences, and only

The two groups had no diﬀerence in preoperative

preoperative EI was signiﬁcantly lower in the CPB

water balance nor in intraoperative water input/

group. However, the non-CPB group had a tendency

output, so the surgery type itself could be an

to have higher changes in TBW, and the change of

inﬂuential factor. The EI in the CPB group changed

EI was signiﬁcantly more in the CPB group.

greatly, and the intracellular and extracellular
water levels were more off balance due to the

DISCUSSION

extracorporeal circulation. The CPB cases also

Preoperative EI showed a signiﬁcant correlation to

showed a signiﬁcantly higher preoperative albumin

preoperative hemoglobin, albumin, eGFR and BMI.

and the phase angle, but those higher values usually

Our prior study on EI in valvular disease surgeries

indicate a better nutritious status and body fluid

also showed that preoperative EI has a correlation

would be less likely to lose balance. Yet the results

to preoperative hemoglobin, albumin, eGFR and

showed that the EI increased in the CPB cases,

BMI. These factors deﬁne the water balance in the

which could mean that using a CPB has a greater

body regardless of whether a patient has valvular or

eﬀect than a patient’
s background does.

ischemic heart disease12）.

In examining the 18 cases, the EI showed a

Preoperative EI in this study showed a tendency,

correlation to the length of ICU stay, which matched

but not a signiﬁcant correlation, with the length of

our previous examination of valvular disease cases,

ICU stay. Thus, further research should be carried

and EI could therefore be a prognostic indicator

out to determine if the tendency might be signiﬁcant

of ICU stay. The higher the preoperative EI, the

when a greater number of cases are examined

more possible it is to suppress the change in EI.

and whether preoperative EI could be used as an

By choosing a non-CPB surgery and suppressing

indicator of the length of ICU stay. On the other

the maximum postoperative EI, an improvement in

hand, there was a signiﬁcant correlation between the

prognosis may be possible. Also, the preoperative

postoperative peak EI and ICU stay, so maintaining

EI value could be a reference when choosing to

a proper postoperative water balance may be a

use a CPB or not. The adjustment of preoperative

possible way to improve patient prognosis. The

physical conditions and the strict management of

length of hospital stay is often aﬀected by cultural

perioperative water balance are certainly a matter of

factors, and no correlation was found in this study.

great importance.

The occurrence of delirium was not examined in

This study indicated the possibility for the

this study, but is reported to greatly aﬀect the length

EI to be a predictive indicator of prognosis in

16－20）

of hospital admission

.

CABG patients. EI can be one of the factors

The retrospective sub-analysis of CPB and

considered when choosing the appropriate surgical

non-CPB cases showed a significant difference

treatment, and a non-CPB CABG can minimize the

in preoperative albumin and phase angle, but no

perioperative change in EI, which may lead to better

Ochiai Y, et al. : Perioperative water balance in CABG

short term outcomes. Also, the present study has
some limitations in terms of case number or study
design such as a retrospective analysis
CONCLUSIONS
EI is applicable as a predictive indicator of
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