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INTRODUCTION

Patients with end-stage renal disease (ESRD) are accompa-
nied by hypertension, increased volume, hyperparathyroid-

ism,1,2 and even uremia, all of which result in higher left ventric-
ular (LV) filling pressure, abnormal myocardial relaxation, 
thickened LV due to fibrosis,3 and ultimately diastolic dysfunc-
tion. Diastolic dysfunction, assessed using echocardiography, 
is associated with a marked increase in all-cause mortality in 
population-based studies, especially in patients with ESRD, 
because these patients are exposed to hemodynamic over-
load from excessive volume and pressure, anemia, arteriove-
nous shunts, and arterial remodeling.3-5

Renal transplantation is the treatment of choice for ESRD. 
Its impact on restoration of organ function makes it a promis-
ing treatment modality for patients with ESRD, not only for 
the renal system, but also for the cardiovascular system. Previ-
ous studies evaluating the effect of renal transplantation on 
the cardiovascular system have shown the resolution of LV hy-
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pertrophy and systolic dysfunction after transplantation; how-
ever, the impact on diastolic dysfunction was less significant, 
as dysfunction may persist or even worsen after transplanta-
tion.5-8 Since patients with ESRD undergoing renal transplan-
tation are subject to hemodynamic changes during the periop-
erative period, proper perioperative management in relation 
to diastolic function needs to be emphasized. Comprehensive 
perioperative management, accounting for changes in such 
parameters, would assist with an ideal management strategy 
for groups of patients who are vulnerable to diastolic dysfunc-
tion, such as patients with ESRD undergoing kidney transplan-
tation (KT). 

The ratio of LV transmitral early peak velocity to early dia-
stolic mitral annulus velocity (E/e’), measured using trans-
thoracic echocardiography (TTE), is the most reliable non-in-
vasive predictor of elevated LV filling pressure in ESRD.9 
Moreover, E/e’ ratio is a strong predictor of major adverse car-
diovascular events, other than ejection fraction (EF), in patients 
with ESRD.10,11 Previous studies have shown that perioperative 
conditions may be associated with cardiac alterations after re-
nal transplantation due to dynamic changes in intravascular 
volume and metabolic imbalance.6,12 The purpose of this study 
was to determine the perioperative clinical and laboratory fac-
tors that may be associated with changes in diastolic function, 
in terms of E/e’ ratio, among patients with ESRD receiving KT. 

MATERIALS AND METHODS

Study design
This study was a single-center retrospective analysis of a con-
secutive cohort of adult patients with ESRD who underwent 
KT between January 2011 and December 2015 and had pre- 
and post-transplant TTEs. All transplant recipients were gen-
erally administered the standard immunosuppressive protocol, 
which included induction therapy (anti-interleukin-2 receptor 
antibody), calcineurin inhibitor, mycophenolate, and steroid. 
Tapering of steroids was performed with the intent to transi-
tion into a steroid-free regimen after the first year if no former 
rejection episodes had occurred. Patients without pre- and/or 
post-transplant TTE and those who did not have adequate 
medical records regarding surgery and anesthesia were exclud-
ed. In addition, patients with LV systolic dysfunction (EF <52% 
for males and <54% for females) were excluded. This study’s 
procedures were approved by and conducted in accordance 
with the ethical standards of the Yonsei University Health Sys-
tem Institutional Review Board (IRB no. 4-2017-0104). The 
participant informed consent requirement was waived by the 
ethics committee due to the study’s retrospective design. 

Data collection 
Demographic, clinical, echocardiographic, and laboratory 
data were obtained directly from patient electronic medical re-

cords. Baseline patient demographic information, including 
the duration of ESRD and dialysis, types of dialysis, and un-
derlying medical comorbidities, were obtained from individu-
al patient interviews performed in the outpatient clinic prior 
to surgery. The underlying conditions related to renal failure 
(e.g., glomerulonephritis, diabetes, hypertension, and poly-
cystic kidney disease) were attained from pathologic confir-
mation. Intraoperative hemodynamic variables, including 
heart rate and blood pressure, were collected from the elec-
tronic anesthetic records. Information on intraoperative fluid 
balance, including estimated blood loss, urine output, fluid 
consumption, red blood cell concentration, and fresh frozen 
plasma, was also collected from the anesthetic records. The 
amount of fluid administered, estimated blood loss, and urine 
output during the post-operative period were collected from 
the vital sign records in the electronic medical record. The esti-
mated glomerular filtration rate (eGFR) was calculated using 
the Modification of Diet in Renal Disease equation.13 Anemia 
was defined as hemoglobin (Hb) <13 g/dL in males and <12 
g/dL in females, according to the Kidney Disease: Improving 
Global Outcomes (KDIGO) guidelines for patients with chron-
ic kidney disease.14 

Echocardiography and Doppler measurements
Pre-transplantation TTE was performed on the day after each pa-
tient’s regular hemodialysis schedule, while the post-trans-
plantation data were obtained from the TTE taken most re-
cently after surgery. Echocardiography was performed by ex-
perienced physicians from the echocardiography laboratory 
of the Cardiology Department at Severance Hospital in South 
Korea. Comprehensive TTE was performed using commer-
cially available equipment. Cardiac dimensions were acquired 
using M-Mode echocardiography or directly from two-dimen-
sional images. Left ventricular ejection fraction (LVEF), an in-
dicator of LV systolic function, was calculated using a modi-
fied biplane Simpson’s method from the apical two-chamber 
and four-chamber views. Transmitral Doppler inflow at the 
tips of the mitral leaflets was measured to obtain E-wave ve-
locity, E-wave deceleration time, A-wave velocity, and E/A ra-
tio. Average peak early diastolic velocity (e’) was obtained from 
the septal and lateral sides of the mitral annulus in the apical 
four-chamber view with proper pulsed-wave tissue Doppler 
imaging (TDI) settings. The ratio of LV early diastolic filling ve-
locity to the peak diastolic velocity of mitral medial annulus (E/
e’), measured using TTE, was calculated and used as an index 
of LV diastolic function and LV filling pressures.10,15,16 Refer-
ence values for echocardiographic parameters were defined 
according to the American Society of Echocardiography and 
European Association of Cardiovascular Imaging guidelines17,18 
as four recommended variables and their abnormal cut-off val-
ues as follows: annular e’ velocity (septal e’ <7 cm/sec, lateral 
e’ <10 cm/sec); average E/e’ ratio >14; left atrial (LA) maxi-
mum volume index >34 mL/m2; and peak tricuspid regurgi-
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tant velocity >2.8 m/sec. 

Statistical analysis
Continuous data are expressed as a mean±standard deviation 
or median (interquartile range), depending on the distribu-
tion of data, and categorical data are expressed as a number 
(%). Accordingly, paired t-test or Wilcoxon test was used for 
comparisons of paired observations. Categorical variables were 
compared using chi-squared tests. Linear regression analysis 
was used to analyze associations between clinical variables 
and changes in E/e’. Statistical analyses were performed using 
SPSS v23.0 (IBM Corporation, Armonk, NY, USA) software; p< 
0.050 was considered statistically significant. 

RESULTS

Of 516 adult patients who underwent KT between January 2011 
and December 2015, we identified 115 patients who fulfilled 
the inclusion and exclusion criteria (Fig. 1). Eighteen patients 
were excluded from the study due to insufficient pre- or post-
operative TTE data (n=10) and impaired baseline LV systolic 
function (n=8), resulting in 97 patients that were analyzed in 
this study. 

The baseline patient characteristics are shown in Table 1. 
The mean age was 49.5±10.6 y, and 71 (62%) patients were male. 
The etiology of ESRD was not defined in most patients (36%), 
followed by hypertension (26%) and diabetes mellitus (15%). 
The majority of the patients was dialysis-dependent: 94 (82%) 
patients were treated with hemodialysis and 15 (13%) patients 
with peritoneal dialysis. The median duration of dialysis was 4 
months (1–24 months). Hypertensive and heart failure pa-
tients were taking a range of antihypertensive medications, in-
cluding calcium channel blockers (63%), beta-blockers (47%), 
angiotensin-converting enzyme inhibitors or angiotensin II 
receptor blockers (58%), and diuretics (26%). 

The changes in structural TTE parameters and clinical and 

laboratory variables in the post-transplantation period are 
shown in Table 2. Of note, none of the patients underwent cor-
onary re-vascularization or cardiac re-synchronization thera-
py. Statistically significant improvements were observed in 
LVEF, LV mass/body surface area, LV end-diastolic diameter, 
LA volume index (LAVI), and E/e’ ratio. The mean E/e’ ratio 
significantly decreased after KT in patients with any degree of 
diastolic function (n=97; p=0.023) and in those with underly-
ing diastolic dysfunction (n=20; p<0.001). The average time in-
terval between KT and the follow-up TTE examination was 22.4 
months, while the TTE had been done earlier in those with 
underlying diastolic dysfunction (average time interval of 18.9 
months with earliest examination done at postoperative day 1). 

The degrees of Hb increment after surgery were 1.1 g/dL 
and 1.3 g/dL (p<0.001 for both) in all patients and in those 
with baseline anemia, respectively. Additionally, eGFR signifi-
cantly improved during the post-operative follow-up period 
(Table 2). 

Univariate analysis indicated that restoration of renal func-
tion, according to the increment of eGFR at post-operative 
day 7 and at 1 year post-operation, was significantly associat-

Table 1. Baseline Patient Characteristics

Pre- and Post- 
transplant TTE 

(n=115)

Pre-transplant 
TTE (n=396)

No TTE 
(n=5)

Transplant age (yr) 49.5±10.6 44.9±11.4* 49.2±6.9
Male 71 (62) 195 (49) 3 (60)
Body mass index (kg/m2) 23.2±3.1 22.3±3.0* 21.1±1.8
Body surface area (m2) 1.69±0.16 1.67±0.18 1.61±0.11
Renal condition

Diabetes mellitus 17 (15) 12 (3)* 2 (40)†,‡

Hypertension 30 (26) 82 (21) 1 (20)
Glomerulonephritis 16 (14) 83 (21) 0
Polycystic kidney disease 4 (3) 10 (3) 1 (20)‡

Others 7 (6) 25 (6) 0
Not defined 41 (36) 184 (46) 1 (20)

ESRD (yr) 3.0 (1.3–8.0) 2.0 (0–11.0) 1.0 (0.8–4.5)
Dialysis duration (month) 4.0 (1.0–24.0) 3.0 (0.5–7.0)* 1.0 (0–1.0)†

Comorbidities
Diabetes mellitus 37 (32) 86 (22)* 4 (80)†,‡

Hypertension 101 (88) 245 (62) 3 (60)
CAOD 18 (16) 9 (2)* 1 (20)‡

COPD 1 (1) 3 (1) 0
Hyperlipidemia 20 (17) 38 (10) 0
Heart failure 5 (4) 3 (1) 0

TTE, transthoracic echocardiography; ESRD, end-stage renal disease; CAOD, 
coronary artery obstructive disease; COPD, chronic obstructive pulmonary dis-
ease. 
Data are presented as mean±standard deviation, median (interquartile range), 
or n (%). 
*p<0.05 between pre- and post-transplant TTE and pre-transplant TTE group, 
†p<0.05 between pre- and post-transplant TTE and no TTE group, ‡p<0.05 be-
tween pre-transplant TTE group and no TTE group. 

Kidney transplant recipients, 2011–2015 
(n=516)

Recipients with pre- and post-echo 
(n=115)

Recipients finally analysed 
(n=97)

   Excluded (n=401) 
   - Absence of post-transplant echo (n=396)
   - No echo data (n=5)

   Excluded (n=18) 
   - Baseline systolic dysfunction (n=8)
   - Insufficient echocardiographic data (n=10)

Fig. 1. Flow diagram of patients.
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ed with improved LV diastolic function, evidenced by de-
creased E/e’ ratio (Table 3). Moreover, eGFR at 1 year post-op-
eration continued to be an independent predictor of improved 
LV diastolic function, by means of changes in E/e’ ratio, after 
KT in multivariate analysis. Among patients with baseline dia-
stolic dysfunction,17 the amount of fluid administered during 
surgery was an independent predictor of deterioration of dia-
stolic function in terms of increase in E/e’ ratio after transplan-
tation. 

DISCUSSION

In this single-center retrospective analysis of a consecutive co-
hort of patients with ESRD who underwent KT, we showed the 
significance of post-transplantation renal function recovery on 
improvement of LV diastolic function in terms of diminution 
of E/e’ ratio. Moreover, the amount of administered intraopera-
tive fluid was independently associated with deterioration of 
LV diastolic function, elucidating the importance of intraop-
erative fluid management among patients with pre-existing 
diastolic dysfunction. 

The gold standard for assessing diastolic function is mea-
suring the mean pulmonary capillary wedge pressure and LV 
end-diastolic pressure using cardiac catheterization. Howev-
er, the invasiveness of this procedure deters it from being rou-
tinely applied to patients. Non-invasive Doppler echocardio-
graphic parameters, such as E/e’ ratio and LAVI, have also been 
used to estimate the LV filling pressure,19 showing both reli-
ability and validity for assessing diastolic function in patients 
with chronic kidney disease undergoing dialysis, as well as in 
the general population.20 Additionally, E/e’ ratio has been 
shown to be a better reflection of the mean LV end-diastolic 
pressure, a surrogate for mean LA pressure, compared to other 
Doppler parameters.21 This study focused on the significance of 
E/e’ ratio as a representative parameter of diastolic function and 
determined the relevant clinical and laboratory factors, which 
are known to influence diastolic function, that lead to proper 
patient management in patients with ESRD undergoing KT. 

Patients with chronic kidney disease show characteristic 
traits of cardiac conditions, such as left ventricular hypertrophy 
and systolic and diastolic dysfunction, all of which converge 
into the diagnosis of uremic cardiomyopathy. Such changes in 
the cardiovascular system result from physiological responses 
to pressure and volume overload, underlying electrolyte im-
balance, abnormal endocrinological conditions, and hemody-
namic alterations. Among the various cardiovascular deteriora-
tions, diastolic dysfunction is known to be a risk factor for post-
operative morbidity, and even worse, post-operative survival 
in patients undergoing surgery. Such patients need more ap-
propriate anesthetic management in order to prevent post-op-
erative complications. Despite this significance, diastolic dys-
function is still overlooked in cardiac risk evaluation, because it 
is not usually a significant problem in the daily life of patients 
who do not suffer from exercise intolerance, dyspnea, or pul-
monary edema.22 The American Heart Association-American 
College of Cardiology guidelines23 indicate that diastolic dys-
function is still underestimated in pre-operative risk assessment. 
In a previous study, pre-operative diastolic function showed pre-
dictive power for post-operative outcomes in patients under-
going KT.11 Therefore, this retrospective cohort study of patients 
undergoing KT was conducted to identify the perioperative 
clinical and laboratory factors related to aggravation of diastol-
ic dysfunction, thereby emphasizing the need for ideal periop-

Table 2. Post-Transplantation Outcomes

Variable Pre-transplant Post-transplant p value
LVEF (%) 66.4±5.8 68.2±5.5 0.037
LV mass/body surface area 

(g/m2)
All patients 129.4±34.6 108.7±33.4 <0.001
Baseline LV hypertrophy 

(n=78)
138.6±31.6 111.8±35.5 <0.001

LV end-diastolic diameter (cm)
All patients 5.2±0.5 4.8±0.4 <0.001
Baseline ≥5.6 (n=18) 5.9±0.2 5.0±0.5 <0.001

LA volume index (mL/m2)
All patients 33.8±11.1 29.2±8.5 0.002
Baseline, mild ≥35 (n=42) 44.0±7.6 33.2±8.7 <0.001
Baseline, moderate ≥42 

(n=22) 
49.3±6.9 34.7±8.7 <0.001

E/e’ ratio 
All patients 11.9±4.4 10.5±3.8 0.023
Diastolic dysfunction 

(n=20)
18.4±3.7 12.1±4.7 <0.001

RV systolic pressure (mm Hg)
All patients 27.8±9.3 26.2±6.7 0.191
Baseline ≥40 (n=10) 48.0±6.1 29.1±7.7 <0.001

Mean blood pressure 
(mm Hg)
All patients 111.0±11.9 107.8±15.7 0.103

Hemoglobin (g/dL)
All patients 10.1±1.7 11.2±1.1 <0.001
Baseline anemia (n=92) 10.0±1.6 11.2±1.0 <0.001

eGFR pre-transplant 9.0±3.7
Post-operative day 1 21.1±11.0 <0.001
Post-operative day 2 53.1±27.1 <0.001
Post-operative day 7 64.1±28.8 <0.001
Post-operative 1 yr 61.7±20.9 <0.001

Mortality 2 (2)
Major adverse 

cardiovascular event
14 (14)

Graft failure 10 (10)
Acute rejection 20 (21)
LVEF, left ventricular ejection fraction; LV, left ventricular; LA, left atrial; RV, 
right ventricular; eGFR, estimated glomerular filtration rate; ACE, angiotensin-
converting enzyme; ARB, angiotensin II receptor blocker.
Data are presented as mean±standard deviation or n (%).
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erative management of patients with ESRD during KT. Patients 
with pre-existing LV systolic dysfunction were excluded to rule 
out the effects of systolic function on clinical outcomes.

In this study, we observed a significant relationship between 
the restoration of renal function and cardiac reverse remodel-
ing after KT in terms of LV mass, LV end-diastolic dimension, 
LA volume, right ventricular systolic pressure, and E/e’ ratio. 
Nevertheless, the majority of patients with ESRD, who are likely 
to suffer from pre-existing LV diastolic dysfunction (e.g., ele-
vated E/e’ ratio), exhibit different reactions in diastolic func-
tion, compared to other individuals with normal cardiac func-
tion during the perioperative period. Therefore, when discretely 
analyzed, the amount of fluid administered intraoperatively 
was identified to be associated with the changes in diastolic 
function after surgery. In other words, LV diastolic function im-
proved as patient renal function recovered after transplanta-
tion, but deteriorated when given a greater amount of fluid 
during surgery, especially in patients with underlying diastolic 
dysfunction. Such findings are consistent with previous studies 
stating the impact of renal function and hemodynamic volume 
status on LV diastolic function in patients with ESRD.22,24,25 Our 
findings also coincide with the vulnerability of diastolic dys-
function on massive and acute fluid challenge during transplan-
tation surgery, which is the type of surgery that is accompanied 
by extensive amounts of fluid administration over a relatively 

short period, and consequently aggravates diastolic function 
due to inadequate compensation. 

In pursuit of understanding the significance of fluid manage-
ment strategy during the post-operative period, a secondary 
statistical analysis of the relationship between changes in E/e’ 
ratio and the amount of fluid administered during the post-op-
erative period was conducted. As a result, there was no signifi-
cant impact of the amount of fluid given at post-operative days 
1, 2, and 7 on alterations in cardiac function in terms of chang-
es in measured E/e’ ratio (Table 3). However, our study suc-
ceeded in showing the significance of both intraoperative vol-
ume management and the vulnerability of the cardiovascular 
system on volume changes in patients with ESRD undergoing 
KT, which consequently clarified the specific efforts needed for 
such patients during renal transplantation surgery in an effort 
to protect perioperative cardiovascular function. 

Our study had several limitations. First, this was a single-
center retrospective study evaluating a small number of pa-
tients. Specifically, we investigated evaluable patients who sur-
vived during the perioperative period to allow both pre- and 
post-operative TTE, and the possibility of selection bias might 
have influenced the results. Second, different time intervals 
for follow-up TTEs need to be considered. Echocardiograms 
were done at different time intervals after surgery based upon 
clinical need, instead of being performed at designated times. 

Table 3. Analysis of Univariate and Multivariate Linear Regression: Predictors of Changes in Left Ventricular Diastolic Function after Kidney Trans-
plantation 

ΔE/e’ ratio 
(all patients, n=97)

ΔE/e’ ratio 
(patients with diastolic dysfunction, 

n=20)
Univariate coefficient 

(95% CI)
p value

Multivariate coefficient 
(95% CI)

p value
Univariate coefficient 

(95% CI)
p value

Transplant age 0.005 (-0.078 to 0.089) 0.898 0.169 (-0.149 to 0.488) 0.278
Body mass index 0.192 (-0.116 to 0.501) 0.219 -0.057 (-0.741 to 0.626) 0.862
Male -0.063 (-1.936 to 1.811) 0.947 -1.128 (-6.067 to 3.811) 0.637
Dialysis duration 0.015 (-0.008 to 0.039) 0.193 0.029 (-0.037 to 0.095) 0.367
ΔMean blood pressure 0.024 (-0.030 to 0.078) 0.378 0.077 (-0.142 to 0.296) 0.470
ΔeGFR, post-operative day 1 0.065 (-0.025 to 0.155) 0.154 0.195 (-0.074 to 0.463) 0.142
ΔeGFR, post-operative day 2 -0.011 (-0.046 to 0.023) 0.510 -0.007 (-0.164 to 0.151) 0.931
ΔeGFR, post-operative day 7 -0.033 (-0.065 to -0.002) 0.040       -0.011 (-0.047–0.025) 0.537 -0.055 (-0.150 to 0.041) 0.247
ΔeGFR, post-operative 1 yr -0.063 (-0.105 to -0.021) 0.004       -0.056 (-0.104–-0.007) 0.026 -0.054 (-0.186 to 0.078) 0.398
ΔHemoglobin -0.418 (-0.888 to -0.053) 0.081 -1.048 (-2.332 to 0.237) 0.104
Intraoperative Input/output

Fluid 0.000 (-0.001 to 0.001) 0.964 0.003 (0.000 to 0.005) 0.029
Transfusion 0.000 (-0.003 to 0.002) 0.746 0 (-0.006 to 0.006) 0.968
Urine Output 0.001 (-0.001 to 0.003) 0.228 0.002 (-0.003 to 0.007) 0.432
Blood loss -0.003 (-0.006 to 0.000) 0.072 0 (-0.008 to 0.008) 0.954
Fluid, post-operative day 1 0 (-0.001 to 0.000) 0.121 -0.001 (-0.001 to 0.000) 0.201
Fluid, post-operative day 2 0 (-0.001 to 0.000) 0.065 -0.001 (-0.002 to 0.000) 0.208
Fluid, post-operative day 7 0 (-0.001 to 0.001) 0.691 -0.002 (-0.004 to 0.001) 0.118

Operation time -0.010 (-0.025 to 0.004) 0.169 0.032 (-0.025 to 0.089) 0.253
CI, confidence interval; eGFR, estimated glomerular filtration rate.
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This limited our ability to properly evaluate changes in dia-
stolic function over a fixed period. Thus, further studies using 
regular follow-up post-operative TTEs should be considered 
for more detailed interpretations on changes in diastolic func-
tion after KT in patients with ESRD. Moreover, as some of our 
enrolled patients had been scheduled for preemptive KT be-
fore full-blown kidney failure, such patient characteristics may 
have affected the perioperative outcomes, including cardiac 
functions. Although our results indicated a significant relation-
ship reflective of how intraoperative LV loading condition can 
affect postoperative diastolic performance, more extensive 
and in-depth study is needed for thorough explanation of the 
influence of occult volume overload in KT, altered physiology 
of vascular endothelium and degraded diastolic function of 
heart. Lastly, the inherent limitations in echocardiographic meth-
ods used to quantify diastolic function need to be considered. 
However, although other means of assessment, such as cardiac 
magnetic resonance, are considered as the “gold standard” for 
evaluating cardiac structure and function, echocardiography 
remains an important clinical and research tool when consid-
ering its availability and practicality. 

In conclusion, this study reported a significant relationship 
between post-operative renal function and changes in LV dia-
stolic function after renal transplantation surgery in patients 
with ESRD. Additionally, the significance of intraoperative flu-
id management on changes in LV diastolic function, especial-
ly in patients with pre-existing diastolic dysfunction prior to 
surgery, was observed. Despite the limitations, this study suc-
ceeded in identifying the important transition of LV diastolic 
function of patients with ESRD after KT and also supported 
the establishment of definite guidelines for intra- and post-op-
erative management plans for such patients. LV diastolic dys-
function is an independent risk factor for post-operative major 
adverse cardiovascular events and mortality after transplanta-
tion. Therefore, optimal intraoperative fluid management may 
reduce the risk of worsening diastolic dysfunction and improve 
post-KT renal function in patients with pretexting diastolic dys-
function.
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