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Abstract
Purpose Left ventricular diastolic dysfunction is an independent risk factor for adverse cardiovascular morbidities and mor-
talities in cardiovascular and high-risk surgical patients. However, there were only a few investigations among intermediate-
risk surgical patients. This study aimed to investigate postoperative heart failure (HF) in intermediate-risk surgical patients 
who had preoperative diastolic dysfunction with preserved ejection fraction (EF).
Methods Consecutive patients underwent intermediate-risk surgery between January 2016 and December 2018 were ret-
rospectively evaluated. Patients with preserved EF were divided into three groups using one of the parameters of diastolic 
function: the ratio of early diastolic filling velocity to the peak diastolic velocity of mitral medial annulus (E/e’) ≥ 15, E/e’ 
between 8 and 15, and E/e’ < 8. Postoperative HF was defined as clinical symptoms and radiological evidence and low  SpO2 
less than 93%. The primary outcome was the incidence of postoperative HF and its relation to preoperative E/e’. Chi-squared 
test, unpaired t test with Welch’s correction, and multivariate logistic regression were used for analysis.
Results In total, 965 patients were included in the final analysis. Postoperative HF developed in 36/965 (3.7%) patients 
with preserved EF. The incidence of postoperative HF was stratified according to the E/e’, and the rates of HF occurrence 
in patients with E/e’ < 8, 8–15, and ≥ 15 were 1.8%, 2.7%, and 15%, respectively (P < 0.01).
Conclusion Preoperative elevated E/e’ (≥ 15) was associated with the development of postoperative HF in intermediate-risk 
surgical patients with preserved EF.
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Introduction

Heart failure (HF) is associated with postoperative mortality 
among patients undergoing elective non-cardiac surgery [1]. 
It is related to left ventricular (LV) reduced systolic function, 
but by recent report, it is not always dependent on systolic 

function [1, 2]. Among patients undergoing elective non-
cardiac surgery, 7.9% patients have already had a clinical 
HF with and without symptoms, and in those patients, 60% 
had documented preserved ejection fraction (EF) [1]. Nearly 
half of all HF patients are HF with preserved EF (HFpEF), 
and their morbidity and mortality are similar to those with 
reduced EF [1, 3]. HFpEF patients are found to have LV 
diastolic dysfunction, older age, and more likely to have 
comorbidities such as hypertension (HT), diabetes melli-
tus (DM), chronic obstructive pulmonary disease (COPD), 
chronic kidney disease (CKD), and atrial fibrillation (AF) [1, 
3]. Many elderly patients who need surgery often have these 
comorbidities [4], which is likely to have diastolic dysfunc-
tion with preserved EF.

The LV diastolic dysfunction is also reported to be an 
independent risk factor for adverse cardiovascular morbidi-
ties and mortalities in high-risk surgical patients including 
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cardiovascular surgery and sepsis patients [5–8]. A study 
reported that diastolic dysfunction is also a predictor of pul-
monary edema and cardiovascular complication in elderly 
patients undergoing low or intermediate risk non-cardiac 
surgery [9].

As there were only a few investigations among interme-
diate-risk surgical patients, this study aimed to investigate 
the incidence of postoperative HF in intermediate-risk (gas-
trointestinal, hepatobiliary, or pancreatic) surgical patients 
who had preoperative diastolic dysfunction with preserved 
EF. We hypothesized that the presence of preoperative LV 
diastolic dysfunction would increase the development of 
postoperative HF among intermediate-risk surgical patients 
with preserved EF.

Methods

The study was approved by the institutional review board 
approval (No. 2018M083) of Fukuoka University, Fukuoka, 
Japan, and a waiver of informed consent was obtained.

Consecutive patients who underwent gastrointestinal, 
hepatobiliary, or pancreatic surgery under general anesthesia 
between January 2016 and December 2018 were retrospec-
tively evaluated. Patients who underwent low-risk surgery, 
who did not examine transthoracic echocardiography before 
surgery, who have incomplete echocardiography data, or 
reduced EF (EF < 50%) were excluded.

Preoperative transthoracic echocardiographic examina-
tion with tissue Doppler measurements was performed. To 
assess LV systolic function, EF was calculated using the 
biplane Simpson’s technique. To assess LV diastolic func-
tion, we used one of the parameters of LV diastolic function: 
the ratio of LV early diastolic filling velocity to the septal 
peak diastolic velocity of the mitral medial annulus (E/e’) 
measured by transthoracic echocardiography. Patients with 
normal (preserved) LV systolic function (EF ≥ 50%) were 
divided into three groups as follows: E/e’ ≥ 15, E/e’ between 
8 and 15, and E/e’ < 8 [10].

Postoperative HF was defined as clinical and radiological 
evidence of pulmonary edema that required diuretics and/
or a vasodilator, and low  SpO2 less than 93% with oxygen 
therapy with/without mechanical ventilation up to after 
7 days after surgery. Postoperative pulmonary edema and 
congestion were based on the following findings: perivas-
cular cuffing, Kerley’s line, peribronchial cuffing, vanishing 
tumor, butterfly shadow, and/or dull of costophrenic angle, 
and these findings were confirmed by two independent phy-
sicians. Patients in whom HF was present before surgery 
were excluded from the criteria of postoperative HF.

Clinical and laboratory data were collected retrospec-
tively from the anesthetic and medical records. Ischemic 
heart disease (IHD) was defined as clinical history of 

myocardial infarction or stable angina pectoris, and HT was 
defined as a patient with more than 140/90 mmHg or anti-
hypertensive therapy. DM was defined as a fasting blood 
sugar more than 126 mg/dl or HbA1c more than 6.5%. Dys-
lipidemia was defined as triglyceride more than 150 mg/
dl or low-density lipoprotein (LDL) cholesterol more than 
140 mg/dl, or a patient who received hyperlipidemia therapy. 
COPD was defined as spirometry  FEV1.0/FVC less than 70% 
or a patient who was diagnosed with emphysema. CKD was 
defined as estimated glomerular filtration rate (eGFR) less 
than 60 ml/min/1.73  m2. The primary endpoint of this study 
was the incidence of postoperative HF in intermediate-risk 
surgical patients who had preoperative diastolic dysfunction 
with preserved EF.

Statistical analysis

Data are presented as mean ± standard deviation. Incidences 
are presented as percentage, and 95% confidence intervals 
(95CI) are presented for outcomes. Chi-squared test or anal-
ysis of variance was used to compare categories. If P value 
was < 0.05, chi-squared test or unpaired t test with Welch’s 
correction was used to compare each group. Multivariate 
logistic regression was used to adjust for the effects of other 
factors.

An ad hoc power analysis was performed to determine 
the statistical power of this study. Assuming the rate of HF 
development is 1% in normal patients and 10% in patients 
with cardiac dysfunction, based on a previous study that 
reported that 15–20% of high-risk surgical patients devel-
oped postoperative HF [7, 11], with an α error of 0.05 and 
a 1–β error of 0.8, a total sample size of 244 patients (122 
patients per group) would detect a difference in our primary 
outcome between groups based on a chi-squared test.

Statistical analyses were performed using GraphPad 
Prism (version 6; GraphPad Software Inc., San Diego, CA). 
A significance value of 0.05 was used for each test.

Results

A total of 2499 patients underwent gastrointestinal, hepa-
tobiliary, or pancreatic surgery under general anesthe-
sia during the study period. After excluding patients who 
underwent low-risk surgery (n = 473), with no or incom-
plete echocardiographic data (n = 1028), and with reduced 
EF (EF < 50%) (n = 33), 965 patients were included in the 
final analysis (Fig. 1). There were 272, 593, and 100 patients 
with E/e’ < 8, E/e’ between 8 and 15, and E/e’ ≥ 15 with 
preserved EF (EF > 50%), respectively (Fig. 1).

Patients’ characteristics are shown in Table 1. Among 
patients with preserved EF, those who had E/e’ between 8 
and 15 and E/e’ ≥ 15 had significantly higher proportion of 
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elderly patients (P < 0.01), and who had E/e’ ≥ 15 had sig-
nificantly higher proportion of female patients than those 
who had E/e’ < 8 (P < 0.01). The rates of IHD, HT, DM, 
dyslipidemia, AF, COPD, CKD, and hemodialysis were 
higher in patients with E/e’ ≥ 15 than those who had E/e’ < 8 
(P < 0.01). The rates of HT, DM, dyslipidemia, and COPD 
were higher in patients with E/e’ between 8 and 15 than 
those who had E/e’ < 8 (P < 0.01).

The type of surgery and category of E/e’ are shown in 
Table 2. Patient who underwent cholecystectomy had a sig-
nificantly higher proportion of patients with E/e’ ≥ 15 than 
patients with E/e’ < 8 (P = 0.0047) (Table 2).

Preoperative echocardiographic parameters are listed in 
Table 3. EF was not significantly different among patients 
with preserved EF. E/e’ in patients with E/e’ between 8 
and 15, and E/e’ ≥ 15 were significantly higher than that in 
patients with E/e’ < 8. The LV wall (interventricular sep-
tum thickness, posterior wall thickness) was thicker and 
LAD was larger in patients with E/e’ between 8 and 15 and 
E/e’ ≥ 15 than in patients with E/e’ < 8.

A total of 36 patients (3.7%) with preserved EF devel-
oped postoperative HF. The incidence of postoperative HF 
is shown in Fig. 2. In these patients with preserved EF, 
the incidence of postoperative HF was stratified according 
to the E/e’ ratio, and the proportion of HF patients with 
E/e’ < 8, 8–15, and ≥ 15 was 1.8%, 2.7%, and 15%, respec-
tively (P < 0.01). In 36 patients who developed postopera-
tive HF, there was no significant difference among the type 
of surgery: esophageal surgery (4.2%), upper gastrointesti-
nal surgery (3.6%), lower gastrointestinal surgery (4.6%), 
liver surgery (5.6%), cholecystectomy (1.5%), and pancreas 

surgery (0%) (P = 0.36). These patients who developed HF 
were treated with a vasodilator and/or diuretics and oxygen, 
and no patients needed mechanical ventilation nor died.

Table 4 presents intraoperative parameters. The dura-
tion of operation and anesthesia were significantly shorter 
in patients with E/e’ ≥ 15 than in patients with E/e’ < 8. 
(P < 0.01). Urine volume in patients with E/e’ between 8 
and 15, and E/e’ ≥ 15 were significantly less than in E/e’ < 8. 
(P < 0.01) However, in–out balance was significantly less 
in patients with E/e’ ≥ 15 than in patients with E/e’ < 8 
(P < 0.01).

Table 5 shows the results of the exact logistic regression. 
Adjusted odds ratio (OR) of E/e’ ≥ 15 was 9.31 (95%CI 3.29, 

Fig. 1  Study inclusion/exclusion flow diagram. A total of 2499 
patients underwent general surgery under general anesthesia dur-
ing the study period. After excluding patients who underwent low-
risk surgery (n = 473), who were not examined by echocardiography 
(n = 854), who had incomplete echocardiography data (n = 174), or 
who with reduced EF (EF < 50%) (n = 33) the remaining 965 patients 
were included in the final analysis. EF left ventricular ejection frac-
tion, E/e’ ratio of LV early diastolic filling velocity (E) to the peak 
diastolic velocity of mitral medial annulus (e’)

Table 1  Patients’ characteristics

E/e′ ratio of LV early diastolic filling velocity (E) to the peak veloc-
ity of mitral medial annulus (e’), BMI body mass index, ASA-PS 
American Society of Anesthesiologists Physical Status, IHD ischemic 
heart disease, No number, COPD chronic obstructive pulmonary dis-
ease, CKD chronic kidney disease, SD standard deviation, Welch’s t 
test and Chi-square test were used for statistical differences between 
groups
* p < 0.05 compared with E/e’ < 8

E/e’ < 8
(n = 272)

8 ≤ E/e’ < 15
(n = 593)

15 ≤ E/e’
(n = 100)

Age, mean ± SD, years
(P value)

64 ± 14 70 ± 11*
(< 0.0001)

78 ± 7*
(< 0.0001)

Female, no. (%)
(P value)

98 (36) 245 (38)
(0.14)

54 (54)*
(0.0018)

BMI, mean ± SD, kg/m2

(P value)
22.1 ± 2.2 22.6 ± 1.7

(0.055)
22.4 ± 3.2
(0.44)

ASA-PS (I/II/III/IV) 31/223/18/0 42*/472/78*/1 0*/73/15*/2*
(P value)
 (I) (0.034) (0.0004)
 (II) (0.41) (0.057)
 (III) (0.0045) (0.012)
 (IV) (0.50) (0.019)

IHD, no. (%)
(P value)

17 (6.3) 61 (10)
(0.075)

23 (23)*
(< 0.0001)

Hypertension, no. (%)
(P value)

102 (38) 322 (54)*
(< 0.0001)

70 (70)*
(< 0.0001)

Diabetes mellitus, no. 
(%)

(P value)

42 (24) 158 (27)*
(0.006)

28 (28)*
(0.0003)

Dyslipidemia, no. (%)
(P value)

42 (24) 153 (26)*
(0.0007)

35 (35)*
(0.006)

Atrial fibrillation, no. 
(%)

(P value)

8 (2.9) 26 (4.4)
(0.31)

8 (8)*
(0.033)

COPD, No. (%)
(P value)

53 (19) 177 (29)*
(0.0014)

41 (41)*
(< 0.0001)

CKD, no. (%)
(P value)

75 (28) 202 (34)
(0.056)

59 (59)*
(< 0.0001)

Hemodialysis, no. (%)
(P value)

0 (0) 2 (0.3)
(0.34)

5 (5)*
(< 0.0001)
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25.4, P < 0.01), and age, HT, and dyslipidemia were also 
increased (P < 0.05).

Discussion

With the above results, we found that elevated E/e’ (≥ 15) 
is a predictor of the development of postoperative HF in 
intermediate-risk (gastrointestinal, hepatobiliary, or pan-
creatic) surgical patients with preserved EF.

Postoperative HF has been reported to develop in 9.3% 
of high-risk patients and in 5.3% of low- or intermediate-
risk elderly patients who underwent non-cardiac surgery 
[9, 11]. In our patients who underwent intermediate-risk 

Table 2  Type of surgery

E/e′ ratio of LV early diastolic filling velocity (E) to the peak veloc-
ity of mitral medial annulus (e’), No number, GI gastrointestinal, Chi-
squared test was used to compare categories
* p < 0.05 compared with E/e’ < 8

Total E/e’ < 8
(n = 272)

8 ≤ E/e’ < 15
(n = 593)

15 ≤ E/e’
(n = 100)

Esophagus, no. (%)
(P value)

47 16 (5.9) 28 (4.7)
(0.47)

3 (3.0)
(0.26)

Upper GI, no. (%)
(P value)

273 80 (29) 169 (28)
(0.78)

24 (24)
(0.30)

Lower GI, no. (%)
(P value)

372 108 (40) 223 (38)
(0.56)

41 (41)
(0.82)

Liver, no. (%)
(P value)

89 26 (9.6) 56 (9.4)
(0.96)

7 (7.0)
(0.44)

Cholecystectomy, no. 
(%)

(P value)

130 27 (9.9) 82 (14)
(0.11)

21 (21)*
(0.0047)

Pancreas, no. (%)
(P value)

52 16 (5.9) 32 (5.4)
(0.77)

4 (4.0)
(0.48)

Table 3  Preoperative transthoracic echocardiographic variables

Data are presented as mean ± standard deviation. Welch’s t test as 
used for differences in mean value
E/e′ ratio of LV early diastolic filling velocity (E) to the peak velocity 
of mitral medial annulus (e’), EF ejection fraction, LAD left anterior 
descending artery, LVDd left ventricular diastolic dimension, LVDs 
left ventricular systolic dimension, IVST interventricular septal thick-
ness, PWT posterior wall thickness, E/A mean E and late filling (A) 
ratio
* p < 0.05 compared with E/e’ < 8

E/e’ < 8
(n = 272)

8 ≤ E/e’ < 15
(n = 593)

15 ≤ E/e’
(n = 100)

EF (%)
(P value)

67 ± 5.9 68 ± 5.7
(0.49)

67.4 ± 6.3
(0.62)

LAD (mm)
(P value)

33.9 ± 6.4 35.5 ± 6.3*
(0.014)

38.1 ± 7.4*
(0.0002)

LVDd (mm)
(P value)

44.3 ± 5.1 44.0 ± 5.3
(0.53)

43.8 ± 6.2
(0.50)

LVDs (mm)
(P value)

27.5 ± 3.9 27.4 ± 4.0
(0.73)

27.4 ± 4.8
(0.73)

IVST (mm)
(P value)

9.1 ± 1.4 9.7 ± 3.4*
(0.0002)

9.9 ± 1.7*
(< 0.0001)

PWT (mm)
(P value)

9.4 ± 1.3 9.7 ± 1.3*
(0.0017)

10.0 ± 1.4*
(0.0001)

E/A
(P value)

0.89 ± 0.68 0.85 ± 0.36
(0.32)

0.87 ± 0.33
(0.67)

E/e’
(P value)

6.5 ± 1.1 10.7 ± 1.9*
(< 0.0001)

19.4 ± 5.4*
(< 0.0001)

Fig. 2  Incidence of postoperative heart failure. A total of 36 patients 
(3.7%) with preserved EF developed postoperative HF. The incidence 
of postoperative HF was stratified according to the E/e’ ratio, and the 
proportion of HF patients with E/e’ < 8, 8–15, and ≥ 15 was 1.2%, 
1.9%, and 11.1%, respectively (P < 0.01). E/e’ ratio of LV early dias-
tolic filling velocity (E) to the peak diastolic velocity of mitral medial 
annulus (e’)

Table 4  Intraoperative data

Welch’s t test was used for differences in mean value
E/e′ ratio of LV early diastolic filling velocity (E) to the peak velocity 
of mitral medial annulus (e’), 95CI 95% confidence intervals
* p < 0.05 compared with E/e’ < 8

E/e’ < 8
(n = 272)

8 ≤ E/e’ < 15
(n = 593)

15 ≤ E/e’
(n = 100)

Duration of operation,
mean [95CI], minutes
(P value)

359
[336–382]

350
[335–365]
(0.54)

289*
[256–322]
(0.0009)

Duration of anesthesia,
mean [95CI], minutes
(P value)

465
[440–480]

457
[440–474]
(0.62)

391*
[355–427]
(0.0012)

Urine volume,
mean [95CI], ml
(P value)

546
[491–601]

452*
[420–484]
(0.0038)

359*
[289–429]
(< 0.0001)

Blood loss,
median [95CI], g
(P value)

145
[111–178]

155
[125–185]
(0.65)

113
[56–1169]
(0.34)

In–out balance,
mean [95CI], ml
(P value)

1973
[1827–2119]

1979
[1817–2141]
(0.96)

1456*
[1275–1637]
(< 0.0001)
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(gastrointestinal, hepatobiliary, or pancreatic) surgery, HF 
occurred in 3.7% of patients with preserved EF. The rate 
of postoperative HF development in our study was similar 
to previous intermediate-risk surgery [9], which are also 
reasonable compared to high-risk patients because the 
reported 30-day mortality rate and rate of major adverse 
cardiac event was 1–5% in low- or intermediate-risk sur-
gery and > 5% in high-risk surgery [12].

LV diastolic dysfunction has been associated with 
higher rates of morbidity and mortality after cardiac sur-
gery [6, 13–15], which was also reported in a systemic 
review and meta-analysis after non-cardiac surgeries [5]. 
Moreover, the grade of the diastolic dysfunction is impor-
tant for postoperative outcome, and only E/e’ ≥ 15 is found 
to be a risk factor [6]. However, most reports focused on 
high-risk non-cardiac surgery such as vascular surgery [7, 
16], intermediate-risk surgery such as a carotid endarter-
ectomy [17, 18], kidney transplantation [19–21], or lung 
transplantation [22, 23]. There are only a few reports on 
intermediate-risk non-cardiac surgical patients, and these 
reported the patients with cardiovascular disease and 
elderly patients [9, 17]. In our study, patients have under-
gone intermediate-risk surgery such as gastrointestinal, 
hepatobiliary, pancreatic, and cholecystectomy, and we 
included patients without history of cardiovascular dis-
ease and young patients. In these intermediate-risk surgi-
cal patients, our results clearly showed that E/e’ ≥ 15, age, 
HT, and dyslipidemia were predictors for postoperative 
HF. Especially, the OR of E/e’ ≥ 15 was high (9.31), which 
indicated that E/e’ ≥ 15 was a strong predictor for postop-
erative HF in patients with preserved EF.

In our study, patients with elevated E/e’ (E/e’ ≥ 15) were 
elderly and have HT, IHD, AF, DM, CKD, anemia (data 
not shown), dyslipidemia, and COPD. This result is similar 
to patients with HFpEF who are highly likely to have IHD, 
HT, AF, and secondary cardiomyopathy due to DM, CKD, 
liver disease, and metabolic syndrome [24]. Most surgical 
patients are commonly at an advanced age, and they often 
have several comorbidities such as HT, IHD, DM, AF, CKD, 
anemia, dyslipidemia, and COPD [4]. Therefore, we should 
know that patients with these comorbidities are at a high 
risk for diastolic dysfunction, which could contribute to the 
development of postoperative HF.

To avoid developing postoperative HF and pulmonary 
edema, standard clinical practice of fluid therapy is to avoid 
the overloading of fluid during perioperative period. In our 
study, patients with E/e’ ≥ 15 had significantly lower intraop-
erative in–out balance. This suggests that each anesthesiolo-
gist recognized the elevated E/e’, and patients had limited 
fluid therapy during operation. Nevertheless, they developed 
postoperative HF. It may indicate that it is important to man-
age the loading condition of heart in not only intraoperative 
but also postoperative period.

This study has several limitations. First, this was a ret-
rospective study and treatment strategy was not controlled. 
Preoperative cardiac echocardiography was ordered by either 
the surgeon or the anesthesiologist. The attending anesthe-
siologist could control anesthetic technique and fluid vol-
ume by knowing the impaired LV diastolic function. In fact, 
patients with E/e’ ≥ 15 had significantly less in–out balance. 
Nevertheless, postoperative HF was developed in patients 
with E/e’ > 15. Second, we categorized patients into three 
groups only by E/e’. However, in the guideline, the algo-
rithm for the diagnosis of diastolic dysfunction in patients 
with normal EF is now based on four categories, namely, 
mean E/e’ > 14, septal or lateral e’ velocity, TR velocity, 
and left atrial volume index [4]. Therefore, our E/e’ ≥ 15 
category may overestimate diastolic dysfunction. Third, pre-
operative transthoracic echocardiography was performed by 
several sonographers, and findings were evaluated by several 
cardiologists, which could affect inter-observer variability of 
echocardiographic parameters. Fourth, each group should 
have more than 122 patients; however, there were only 100 
patients with E/E’ > 15 with preserved EF; thus, power was 
less. Fifth, we defined HF as a symptom of low  SpO2 less 
than 93%, even if oxygen therapy was used, and pulmonary 
congestion and cardiomegaly on chest X-ray, but this defini-
tion could not detect all patients who developed HF.

In conclusion, postoperative HF developed in 3.7% of 
the general surgical patients with preserved LV systolic 
function. The incidence of postoperative HF was 15% in 
patients who had E/e’ ≥ 15 with preserved LV systolic func-
tion, more than in patients with E/e’ < 8 or between 8 and 
15. These findings suggest that the presence of preoperative 

Table 5  Odds ratios and 95% confidence interval of post-operative 
heart failure

Multivariate logistic regression was used to adjust for the effects of 
factors. OR odds ratios, 95CI 95% confidence intervals, E/e′ ratio of 
LV early diastolic filling velocity (E) to the peak velocity of mitral 
medial annulus (e’), IHD ischemic heart disease, COPD chronic 
obstructive pulmonary disease, CVA cerebrovascular accident

Adjusted OR [95CI] P value

8 ≤ E/e’ < 15 1.49 [0.54–4.10] 0.44
15 ≤ E/e’ 9.31 [3.29–25.4] 0.000026
EF 1.04 [0.99–1.10] 0.15
Age 1.05 [1.01–1.09] 0.0058
In–out balance 1.00 [1.00–1.00] 0.85
IHD 2.24 [0.97–5.14] 0.059
Hypertension 2.95 [1.23–7.06] 0.015
Diabetes mellitus 1.15 [0.54–2.42] 0.72
Dyslipidemia 2.20 [1.05–4.60] 0.037
Atrial fibrillation 2.91 [0.99–8.57] 0.052
COPD 0.73 [0.33– 1.63] 0.44
CVA 1.52 [0.64–3.59] 0.34
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elevated E/e’ (≥ 15) is associated with the development of 
postoperative HF in intermediate-risk surgical patients with 
preserved EF.
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