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Abstract
Background End-stage renal disease is considered to influence coronary microcirculation and left ventricular (LV) diastolic 
function. We investigated whether differences exist in LV diastolic function indices and coronary flow reserve (CFR) between 
patients on hemodialysis (HD) and peritoneal dialysis (PD).
Methods A complete transthoracic echocardiographic study was performed on 21 HD and 22 PD patients and LV diastolic 
function was evaluated. CFR was estimated using transthoracic Doppler echocardiography on the left anterior descending 
artery, during high-dose dypiridamole infusion.
Results HD and PD groups did not differ regarding Doppler-derived diastolic indices, but they significantly differed in the 
frequency of severe LV hypertrophy (38.1% in HD vs 4.5% in PD group, p = 0.009) and grade II diastolic dysfunction (42.9% 
in HD vs 4.5% in PD group, p = 0.004). No patient had restrictive filling pattern. There was no difference in the prevalence of 
arterial hypertension and diabetes mellitus in patients with grade II vs less than grade II dysfunction. Mean CFR was similar 
in the HD and PD groups (2.25 ± 0.65 vs 2.36 ± 0.76, p = 0.635) and lower in patients with grade II diastolic dysfunction 
(1.87 ± 0.43 vs 2.44 ± 0.72, p = 0.023) and diabetes (1.70 ± 0.59 vs 2.39 ± 0.68, p = 0.04). LV mass index was negatively 
associated with CFR (r = − 0.308, p = 0.045).
Conclusion Patients on HD had more advanced diastolic dysfunction compared to PD, independently of the presence of 
hypertension and diabetes. CFR did not differ between HD and PD patients, but it was significantly lower in diabetics and 
in patients with more advanced diastolic dysfunction.
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Introduction

Left ventricular (LV) diastolic dysfunction displays a high 
prevalence and a strong prognostic importance for cardio-
vascular events in patients with end-stage renal disease 
(ESRD) [1–4]. Although its associations with LV hypertro-
phy (LVH), arterial hypertension and diabetes mellitus (DM) 

have been consistently investigated in the ESRD population 
[5–8], studies comparing the influence of different dialysis 
methods on LV diastolic function are rather sparse and con-
tradictive [9, 10].

ESRD precipitates coronary microvascular disease 
through several pathophysiologic mechanisms [11–14]. 
Coronary microvascular function, in the absence of epi-
cardial artery stenoses, is reflected by the coronary flow 
reserve (CFR), which can be estimated non-invasively in 
the left anterior descending artery (LAD) with transthoracic 
Doppler echocardiography during vasodilator stress test-
ing [15–17]. Low CFR is common among dialysis patients 
without coronary artery disease (CAD) [18–20] and pre-
dicts increased cardiovascular risk in chronic kidney disease 
(CKD) patients and renal transplant recipients [21–23]. Few 
studies in the ESRD population have demonstrated the rela-
tion of CFR to LV mass index (LVMI) and LV diastolic 
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function [24, 25], while the effect of the dialysis method has 
not been studied so far.

The purpose of our study was to detect potential differ-
ences in LV diastolic function indices and transthoracic 
echocardiography-derived CFR between patients on hemo-
dialysis (HD) and peritoneal dialysis (PD).

Materials and methods

Study population

In this cross-sectional study, after screening 157 adult 
patients on a dialysis program (97 on HD and 60 on PD) 
at University Hospital of Ioannina and General Hospital of 
Ioannina “G. Hatzikosta”, Greece, we enrolled 21 patients on 
hemodialysis (HD group) and 22 on peritoneal dialysis (PD 
group). All patients were at least 3 months on dialysis ther-
apy (HD: three times per week; PD: on continuous ambu-
latory). Exclusion criteria were: age > 75 years (n = 25), 
congestive heart failure or left ventricular ejection fraction 
(LVEF) < 50% (n = 8), known or suspected CAD (including 
any regional wall motion abnormality on echocardiogram, 
n = 30), severe valvular heart disease (n = 7), cardiomyopa-
thy (dilated, hypertrophic or restrictive, n = 4), constrictive 
pericarditis, atrial fibrillation or atrial flutter (n = 8), frequent 
ventricular or atrial extrasystoles (n = 1), atrioventricular 
conduction abnormalities or left bundle branch block (n = 2), 
bronchial asthma or severe chronic obstructive pulmonary 
disease (n = 7), critical clinical status (n = 15), known dipy-
ridamole hypersensitivity, insufficient echocardiographic 
imaging (n = 6) and refusal to provide informed consent 
(n = 1). A comprehensive medical history with standard 
demographic and clinical parameters was recorded, includ-
ing age, weight, height, cause of CKD, time since initiation 
of dialysis therapy (“time on dialysis”), prescribed medi-
cations, arterial hypertension, DM, dyslipidemia, smok-
ing habit, family history for CAD and other comorbidities. 
Blood samples were obtained after an overnight fast and 
before mid-week dialysis session in HD patients and on the 
outpatient visit day in PD patients.

Basic echocardiography and diastolic function 
assessment

A complete transthoracic echocardiogram was performed 
in HD patients the morning after a dialysis day and in PD 
patients with an empty abdomen. A commercially available 
ultrasound machine was used (Vivid 7 Pro; GE Vingmed 
Ultrasound A/S, Horten, Norway) with a 1.5–3.6 MHz trans-
ducer, capable of second harmonic imaging. LV dimensions 
were measured according to the current cardiac chamber 
quantification guidelines [26]. Left ventricular mass (LVM) 

was evaluated using the linear method, according to the 
Devereux formula [27]. LVMI was calculated by dividing 
the LVM by the body surface area (BSA). Mild LVH was 
defined by an LVMI 96–108 g/m2 in women and 116–131 g/
m2 in men, moderate LVH by an LVMI 109–121 g/m2 in 
women and 132–148 g/m2 in men, while severe LVH by an 
LVMI > 121 g/m2 in women and > 148 g/m2 in men. Left 
atrial volume (LAV) was measured using the biplane method 
of disks and then indexed to BSA to render the LAV index 
(LAVI). LAVI was considered abnormal for values > 34 ml/
m2. LV systolic function was assessed by the LV ejection 
fraction (LVEF), measured with the modified biplane 
Simpson’s method. Tricuspid annular plane systolic excur-
sion (TAPSE) was measured by M-mode echocardiography 
between end-diastole and peak systole. Pulmonary artery 
systolic pressure measurement was based on the tricus-
pid regurgitant jet velocity with the addition of the right 
atrial pressure, estimated by the inferior vena cava size and 
dynamics, according to current guidelines [26].

LV diastolic function was evaluated taking into account 
all diastolic indices recommended by the current guidelines 
[28]. The transmitral inflow pattern was depicted with pulse-
wave (PW) Doppler echocardiography and used to measure 
the peak mitral early (E) and late (A) diastolic velocities, the 
E-wave deceleration time (DT) and the isovolumic relaxa-
tion time (IVRT). Tissue Doppler was applied on the septal 
and lateral portions of the mitral annulus to obtain its peak 
early (e′) and late (a′) diastolic velocities, as averaged values 
of their septal and lateral components. An E/e′ ratio > 14 was 
considered to reflect elevated LV filling pressures. Pulmo-
nary vein systolic (PVS), diastolic (PVD), and atrial flow 
reversal (PVAr) velocities were also obtained. A comprehen-
sive interpretation of the various diastolic indices facilitated 
the classification of the diastolic dysfunction into grade 0 
(normal diastolic function), grade I (impaired relaxation), 
grade II (pseudonormalization) and grades III–IV (restricted 
filling).

Coronary flow reserve measurement

Following the baseline echocardiogram, CFR was evalu-
ated using high-dose dipyridamole intravenous infusion 
(0.84 mg/Kg over 6 min). Before dipyridamole adminis-
tration, the distal LAD was visualized in a modified api-
cal four-chamber view as a predominantly diastolic color 
signal. By applying the PW Doppler, the baseline coronary 
blood flow was recorded and its peak diastolic velocity was 
calculated as the average of its three highest measurements. 
Likewise, after the dipyridamole infusion, the hyperemic 
coronary peak diastolic velocity was measured and CFR was 
expressed by the ratio of hyperemic to baseline velocities. 
CFR < 2.0 was considered abnormal [29, 30]. Immediately 
after hyperemic coronary flow recording, the LV regional 
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wall motion was assessed, based on established dipyrida-
mole stress echocardiography protocol [15, 16]. During 
dipyridamole infusion and recovery, all patients had continu-
ous electrocardiographic monitoring and their blood pres-
sure was measured every 2 min. All patients abstained from 
methylxanthines-containing beverages (coffee, tea, chocolate 
etc.) for at least 24 h before the study. Depending on the 
presence of symptoms, an optional dose of intravenous ami-
nophylline (125–250 mg) was administered at the end of the 
study to reverse the effects of dipyridamole.

Statistical analysis

Statistical analysis was performed using the SPSS software 
(IBM SPSS Statistics, version 23). Continuous variables are 
expressed as mean ± SD and categorical variables as percent-
ages. To investigate if continuous variables were described 
by the normal distribution, the Kolmogorov–Smirnov Z 
test was used. The Student’s t test and the Mann–Whitney 
test were used to compare normally and not normally dis-
tributed data respectively. For categorical data, the χ2 and 
the Fischer’s exact test were used as appropriate. Associa-
tion between continuous variables was determined with the 
Pearson’s correlation coefficient. p values were always two-
sided and a value of p < 0.05 was considered statistically 
significant.

Results

Demographic, clinical, and laboratory data

With regard to the entire study sample (n = 43), mean 
age was 56 ± 13.6 years (range 26–75 years), 20 patients 
(46.5%) were female and mean body mass index (BMI) 
was 24.4 ± 4.3 kg/m2. The median time on dialysis was 
24 months (interquartile range 13–72 months). Primary kid-
ney disease was glomerulonephritis in 7 patients (16.3%), 
hypertensive nephropathy in 6 (14%), diabetic nephropa-
thy in 4 (9.3%), polycystic kidney disease in 3 (7%), drug-
induced in 3 (7%), other in 5 (16.1%), and of unknown eti-
ology in 15 (34.9%). The baseline patient characteristics of 
the HD and PD groups are summarized in Table 1. No sig-
nificant difference was found between the two groups with 
respect to age, gender, BMI, time on dialysis and prevalence 
of hypertension, dyslipidemia, and smoking habit. The prev-
alence of DM was higher in the PD group, as was the use 
of renin–angiotensin–aldosterone system inhibitors, calcium 
channel blockers, and diuretics. Mean serum albumin was 
lower in the PD group; no other significant difference was 
detected regarding laboratory values.

Basic echocardiography and diastolic function

The basic echocardiographic measurements are shown in 
Table 2. Mean interventricular septal and LV posterior wall 
thickness was increased in the whole study sample (normal 
limits 6–9 mm, according to current guidelines [26]). LV 
cavity and wall dimensions, LVMI, LVEF, and LAVI did not 
significantly differ between the HD and PD groups. In both 
female and male subjects in HD, mean LVMI was above 
established upper normal limits [26] and higher than their 
PD counterparts, even though on statistically non-significant 
levels. Nevertheless, the prevalence of severe LVH was sig-
nificantly higher in the HD group (38.1% vs 4.5%, p = 0.009) 
(Fig. 1). More patients on HD had an increased LAVI com-
pared to PD (47.6% vs 22.7%), although this finding did not 
reach statistical significance (p = 0.087).

Between the two study groups, there was no significant 
difference regarding almost all individual Doppler-derived 
diastolic function indices (Table 3). However, after clas-
sification according to the grade of diastolic dysfunction, 
the two groups were found to significantly differ in the fre-
quency of grade II (pseudonormalization) diastolic dysfunc-
tion (42.9% in HD vs 4.5% in PD group, p = 0.004) (Fig. 2). 
No patient had restrictive filling pattern (grades III and IV). 
Moreover, there was no difference in the prevalence of arte-
rial hypertension and diabetes mellitus in patients with grade 
II vs less than grade II dysfunction (p = 0.458 and p = 1.00, 
respectively) (Fig. 3). Pseudonormalized pattern was more 
frequent among subjects with severe LVH compared to those 
without severe LVH (55.6% vs 14.7%, p = 0.02).

Only two HD and one PD patients (p = 0.607) had ele-
vated LV filling pressures, estimated by an E/e′ ratio > 14 
[28]. Time on dialysis had a positive impact on E/e′ ratio in 
the HD group (r = 0.575, p = 0.006), but not in the PD group 
(r = − 0,165, p = 0,463). E/e′ ratio was also associated with 
LVMI (r = 0.442, p = 0.03) and LAVI (r = 0.449, p = 0.003) 
in the entire study sample. LAVI, in turn, had addition-
ally positive correlation to age (r = 0.34, p = 0.026), mitral 
E-wave velocity (r = 0.48, p = 0.001) and LVMI (r = 0.703, 
p < 0.001). Furthermore, LAVI was abnormal more fre-
quently in patients with grade II diastolic dysfunction, com-
pared to those with a better (less than grade II) diastolic pat-
tern (70% vs 24%, p = 0.019), and was also abnormal in all 
patients with severe LVH (100% vs 17.6% in those without 
severe LVH, p < 0.001). Prescribed medications and labora-
tory values were not found to have significant associations 
with LVMI, LAVI, E/e′ or diastolic dysfunction grade.

Coronary flow reserve

Mean CFR value in the entire study sample was 2.31 
(± 0.70), without significant difference between the HD 
(2.25 ± 0.65) and PD (2.36 ± 0.76) groups (p = 0.635). 



106 Journal of Echocardiography (2021) 19:103–112

1 3

Peak diastolic coronary flow velocities at baseline and at 
maximal hyperemia did not differ either between the two 
groups (Table 4). Eight HD (38.1%) and 6 PD (27.3%) 
patients had CFR < 2 (p = 0.449). Diabetic patients had 
lower CFR values compared to non-diabetics (1.70 ± 0.59 
vs 2.39 ± 0.68, p = 0.04) (Fig.  4a). Patients receiving 
calcium channel blockers had lower CFR values as well 
(2.04 ± 0.58 vs 2.48 ± 0.73, p = 0.038). No other demo-
graphic, clinical or laboratory parameter was found to 
influence CFR, including age and time on dialysis ther-
apy. After excluding patients with DM, the disparities 
between HD and PD groups regarding the mean CFR value 
(2.25 ± 0.65 vs 2.55 ± 0.71) and the frequency of CFR < 2 
(38.1% vs 11.8%) were larger, although without reaching 
statistical significance (p = 0.127 and p = 0.136, respec-
tively, Fisher’s exact test).

Among the several measured echocardiographic param-
eters, LVMI was found to be negatively associated with CFR 
(r = − 0.308, p = 0.045) in the total study sample (Fig. 4b). 
Patients with grade II diastolic dysfunction had significantly 
lower CFR (1.87 ± 0.43 vs 2.44 ± 0.72, p = 0.023) (Fig. 4c). 
There was also a trend regarding the association of CFR to 
E/e′ (r = − 0.297, p = 0.053). No patient had wall motion 
abnormalities on dypiridamole stress echocardiogram.

Discussion

LVH is very common in the ESRD population and con-
stitutes a strong and independent predictor for adverse 
cardiovascular outcomes [31–33]. A lot of studies have 
evaluated the LVM in patients on HD in comparison to 

Table 1  Patient basic 
characteristics

Values are mean ± SD or n (%), unless otherwise indicated
ACEIs angiotensin-converting enzyme inhibitors, ARBs angiotensin II receptor blockers, CAD coronary 
artery disease, HDL high-density lipoprotein, LDL low-density lipoprotein, NS not significant

Hemodialysis (n = 21) Peritoneal dialysis (n = 22) p value

Age, years (median, range) 54 ± 15 (54, 26–75) 59 ± 12 (64, 26–71) NS
Female gender, n (%) 10 (47.6) 10 (45.5) NS
Body mass index (Kg/m2

) 23.8 ± 4.4 24.9 ± 4.2 NS
Time on dialysis, months
median (range)

48 (6–288) 24 (3–360) NS

Hypertension, n (%) 12 (57.1%) 18 (81.8%) NS
Diabetes mellitus, n (%) 0 (0) 5 (22.7) 0.048
Dyslipidemia, n (%) 5 (23.8) 11 (50) NS
Smoking, n (%) 7 (33.3) 4 (18.2) NS
Family history for CAD, n (%) 6 (28.6) 5 (22.7) NS
Medications, n (%)
 β blockers 11 (52.4) 9 (40.9) NS
 ACEIs or ARBs 6 (28.6) 14 (63.6) 0.021
 Calcium channel blockers 5 (23.8) 12 (54.5) 0.039
 Diuretics 2 (9.5) 10 (45.5) 0.016
 Statins 5 (23.8) 11 (50) NS
 Vitamin D 11 (52.4) 8 (36.4) NS
 Erythropoietin 8 (38.1) 5 (22.7) NS

Systolic blood pressure (mmHg) 141 ± 20 143 ± 25 NS
Diastolic blood pressure (mmHg) 85 ± 16 83 ± 11 NS
Baseline heart rate (bpm) 69 ± 8 67 ± 9 NS
Laboratory values (blood/serum)
 Hemoglobin (g/dl) 11.3 ± 1.3 11.3 ± 1.4 NS
 Urea (mg/dl) 147.3 ± 36.5 147.8 ± 30.5 NS
 Creatinine (mg/dl) 9.21 ± 2.19 7.67 ± 3.26 NS
 Albumin (g/dl) 4.0 ± 0.3 3.8 ± 0.2 0.023
 Total cholesterol (mg/dl) 177 ± 37 190 ± 45 NS
 HDL (mg/dl) 48 ± 15 50 ± 11 NS
 LDL (mg/dl) 96 ± 36 109 ± 39 NS
 Triglycerides (mg/dl) 154 ± 78 158 ± 43 NS
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PD, yielding contradictive results; some researchers found 
a higher frequency or severity of LVH, either in the HD 
[34, 35] or in the PD [10, 36, 37] population, while oth-
ers did not detect any difference between these two renal 
replacement methods [9, 38]. In our study, HD patients 
had more frequently severe LVH, even if their mean LVMI 

value was higher in non-significant levels, compared to 
their PD counterparts.

Diastolic dysfunction is the dominant LV physiology in 
ESRD and is closely related etiologically to LVH [4, 39]. In 
the present study, consistent with these data is the more fre-
quent pseudonormalized pattern among patients with severe 

Table 2  Basic 
echocardiographic 
measurements

Values are mean ± SD
LV left ventricle, NS not significant, TAPSE tricuspid annular plane systolic excursion

Hemodialysis (n = 21) Peritoneal dial-
ysis (n = 22)

p value

Left atrial diameter (mm) 36.4 ± 5.8 33.6 ± 6.8 NS
Left atrial volume index  (cm3/m2) 31.6 ± 10.1 27.3 ± 10.9 NS
Interventricular septum diastolic thickness (mm) 13 ± 2.5 13 ± 2.3 NS
LV internal diastolic diameter (mm) 45.5 ± 5.8 44 ± 4.4 NS
LV posterior wall diastolic thickness (mm) 10.7 ± 1.9 9.8 ± 1.6 NS
LV mass (g) 204.7 ± 66.9 180.4 ± 46.5 NS
LV mass index (g/m2) 121.2 ± 41.6 101 ± 23.5 0.061 (NS)
 Females 121.4 ± 50.8 94.4 ± 22.5 0.15 (NS)
 Males 121 ± 33.9 106.5 ± 23.8 0.245 (NS)

LV ejection fraction (%) 61 ± 5 60 ± 5 NS
TAPSE (mm) 23.8 ± 3.9 25.5 ± 4.5 NS
Tricuspid annular systolic velocity (cm/s) 13.3 ± 4.5 13.8 ± 1.9 NS
Pulmonary artery systolic pressure (mmHg) 28.8 ± 8 28.9 ± 6 NS

Fig. 1  Left ventricle hypertro-
phy (LVH) grades in HD and 
PD groups. The two groups 
significantly differed in the 
frequency of severe LVH. Num-
bers in bars represent absolute 
numbers of patients. HD hemo-
dialysis, PD peritoneal dialysis
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LVH. Patients on HD had more advanced diastolic dysfunc-
tion compared to patients on PD, whereas hypertension 
and DM were not found to influence the diastolic pattern, 
implying that hemodialysis itself may hypothetically play 
some role for the more advanced diastolic dysfunction. Τhis 
observation goes along with the strong positive correlation 

between time on HD therapy and E/e′ ratio. Nevertheless, it 
should not be misinterpreted, as the additive and independ-
ent impact of hypertension and DM on diastolic function 
has been well demonstrated in the ESRD context [5, 6, 40].

LAVI reflects the long-term effect of elevated LV filling 
pressures. In our study, significant differences between HD 

Table 3  Left ventricular 
diastolic function indices

Values are mean ± SD
NS not significant, PV pulmonary vein, PVAr pulmonary vein atrial flow reversal

Hemodialysis (n = 21) Peritoneal dialysis 
(n = 22)

p value

Mitral E-wave velocity (m/s) 0.77 ± 0.23 0.73 ± 0.19 NS
Mitral A-wave velocity (m/s) 0.83 ± 0.19 0.89 ± 0.24 NS
Mitral E/A ratio 0.94 ± 0.27 0.83 ± 0.15 NS
E-wave deceleration time (ms) 235 ± 55 263 ± 54 NS
Mitral annular e′ velocity (m/s) 0.086 ± 0.024 0.081 ± 0.023 NS
Mitral annular a′ velocity (m/s) 0.109 ± 0.027 0.118 ± 0.015 0.034
E/e′ ratio 9.1 ± 3 8.8 ± 2.5 NS
Isovolumic relaxation time (ms) 81 ± 17 90 ± 16 NS
PV systolic velocity (m/s) 0.62 ± 0.07 0.66 ± 0.15 NS
PV diastolic velocity (m/s) 0.49 ± 0.12 0.48 ± 0.09 NS
PV systolic/diastolic ratio 1.32 ± 0.33 1.33 ± 0.25 NS
PVAr velocity (m/s) 0.40 ± 0.09 0.43 ± 0.14 NS
PVAr duration (ms) 109 ± 9 105 ± 17 NS

Fig. 2  Left ventricular diastolic 
dysfunction grades in HD and 
PD groups. The two groups 
significantly differed in the 
frequency of pseudonormal pat-
tern. No patient had restrictive 
filling pattern. Numbers in bars 
represent absolute numbers of 
patients. HD hemodialysis, PD 
peritoneal dialysis
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and PD patients were detected neither in the mean value of 
LAVI nor in the frequency of abnormally increased LAVI, 
even though an abnormal LAVI was more common in the 
HD group. As expected, LAVI was positively associated 
with E/e’ and LVMI and it was more frequently abnormal 
in subjects with advanced diastolic dysfunction.

Studies comparing the diastolic function between HD 
and PD patients are rather sparse and contradictive. Günal 
et al. [9] did not detect significant differences in diastolic 
function indices between patients on HD and PD, after 
applying strict salt intake and volume control. On the 

contrary, de Bie et al. [6] found a higher percentage of 
HD patients among those dialysis patients with elevated 
LV filling pressures, while, in a more recent study, Ell-
ouali et al. [10] reported a higher prevalence of diastolic 
dysfunction (defined as E/e′ > 13) in the PD group. In this 
latter study, the echocardiogram in the HD group was per-
formed soon after a dialysis session. This could explain, 
in part, the discrepancy with our study, where HD par-
ticipants were characterized by a more advanced diastolic 
pattern compared to those on PD. The absence of restric-
tive filling pattern from our study and the small number 
of participants with E/e′ > 14 are, most likely, attributable 
to the exclusion of patients with congestive heart failure.

Impaired CFR is common among ESRD patients with-
out CAD, reflecting coronary microvascular dysfunction 
[18–20]. To the best of our knowledge, the present study is 
the first to compare CFR between patients on HD and PD 
and did not result in any significant difference, despite the 
slightly higher mean CFR value and the lower frequency 
of CFR < 2 in the PD group. These differences became 
more pronounced, but still did not reach statistical signifi-
cance, after excluding diabetic patients, a subgroup char-
acterized by significantly lower CFR, as expected [41]. 
Nevertheless, these findings should be interpreted in the 

Fig. 3  No difference in the prevalence of arterial hypertension (a) and diabetes mellitus (b) in patients with grade II vs less than grade II dys-
function was detected. Numbers in bars represent absolute numbers of patients

Table 4  Coronary flow measurements

Values are mean ± SD or n (%)
CFR coronary flow reserve, CFV coronary flow velocity, NS not sig-
nificant

Hemodialysis 
(n = 21)

Peritoneal 
dialysis 
(n = 22)

p value

CFV baseline (m/s) 0.239 ± 0.089 0.231 ± 0.051 NS
CFV hyperemia 

(m/s)
0.521 ± 0.163 0.538 ± 0.179 NS

CFR 2.25 ± 0.65 2.36 ± 0.76 NS
CFR < 2, n (%) 8 (38.1) 6 (27.3) NS
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light of our small sample size, possibly attenuating the 
existing difference between the two dialysis methods.

Only a few studies have documented the relation of 
transthoracic echocardiography-derived CFR to LVM 
and LV diastolic function in ESRD patients without CAD. 
Niizuma et al. [18] found a positive correlation between 
LVMI and peak coronary flow velocity at baseline in HD 
patients. Bozbas et al. [25] detected a significant associa-
tion of CFR to LVMI, time on dialysis and diastolic dys-
function in samples of HD patients and renal transplant 
recipients. More recently, Papamichail et al. [24] reported 
impaired diastolic function indices in HD patients with 
a very low CFR value. Accordingly, we have found a 
negative correlation between CFR and LVMI and lower 
CFR values in patients with advanced (grade II) diastolic 
dysfunction.

Limitations

Our study sample was highly selected, after applying strict 
exclusion criteria, to avoid the impact of several common 
ESRD comorbidities, like heart failure, CAD, and severe 
valvular disease, on diastolic function and CFR. Thus, 
it cannot represent the entire ESRD population and this 
is partly reflected in the absence of diabetic patients in 
the HD group. Furthermore, the small number of partici-
pants may have mitigated statistically significant differ-
ences in individual indices between the two study groups, 
like LVMI, LAVI, and CFR. This could also explain the 
absence of statistically overt effect of hypertension and 
DM on LV diastolic pattern. Finally, we did not perform 
coronary angiography to exclude underdiagnosed CAD as 
the reason for low CFR values, owing to the lack of clini-
cal indications and the invasive nature of the procedure. 
Nevertheless, no wall motion abnormality was detected on 
dipyridamole stress echocardiogram.

Conclusion

In the present study, patients on HD had more advanced 
diastolic dysfunction compared to patients on PD, inde-
pendently of the presence of hypertension and diabetes. 
CFR was not found to differ between HD and PD patients, 
but it was significantly lower in diabetics and in patients 
with pseudonormalized diastolic pattern. Larger studies 
are required to validate our results and to detect further 
differences between patients on these two methods of renal 
replacement therapy.
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