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Introduction. Cardiovascular disease and heart failure are common
in dialysis patients. Recurrent subclinical myocardial ischemia is an
important event which may lead to the heart failure. We examined
whether this phenomenon occurs secondary to the intradialytic
hypotension in hemodialysis patients.

Materials and Methods. Twelve patients prone to intradialytic
hypotension who had been on maintenance hemodialysis for
more than 12 months and 15 hemodialysis patients without any
history of intradialytic hypotension were included in this study.
Echocardiography was performed before hemodialysis (baseline),
and at 60 minutes and 120 minutes during hemodialysis (climax),
and 30 minutes postdialysis (recovery). Left ventricular end-diastolic
diameter, left ventricular systolic diameter, left ventricular ejection
fraction, fractional shortening of left ventricular, and regional wall
motion abnormality score and index were measured during the
four stages in all patients.

Results. Regional wall motion abnormality preceded reduction in
the left ventricular ejection fraction and fractional shortening in
patients with intradialytic hypotension. However, decreased systolic
blood pressure and increased regional wall motion abnormality
were accompanied.

Conclusions. This study showed that reversible myocardial
dysfunction occurs during the hemodialysis. It may be contributed
to the intradialytic hypotension. In addition, we showed that
regional wall motion abnormality less frequently occurred in patients
without intradialytic hypotension. This suggests that confronting
with intradialytic hypotension may prevent cardiovascular
dysfunction.
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Cardiovascular disease, heart failure and death
secondary to these disorders are common in dialysis
patients.! Recurrent subclinical myocardial ischemia
is an important event which may lead to the heart
failure. It has long been suggested that myocardial
ischemia may be precipitated by hemodialysis, with

the first report of silent ST segment depression
during hemodialysis date back to 1989. However,
the concept of the subclinical ischemia (occurring
without acute rupture of atherosclerotic plaque)
has received little attention, despite its theoretical
plausibility. Short intermittent hemodialysis
treatments exert significant hemodynamic effects,
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and 20% to 30% of treatments are complicated
by intradialytic hypotension (IDH). However,
hemodialysis patients are particularly susceptible to
the myocardial ischemia.”* We examined whether
this phenomenon occurs secondary to the IDH
in hemodialysis patients. We hypothesized that
there is a correlation between IDH and changes in
echocardiographic parameters during hemodialysis.
We evaluated our hypothesis by comparing
echocardiographic parameters between patients
with and without IDH.

Twelve patients prone to IDH (according to
previous recorded data) who were on maintenance
hemodialysis for more than 12 months were
included as the case group in this study. More than
30 mm Hg reduction in systolic blood pressure
without any accompanying clinical symptoms was
defined as asymptomatic IDH. The control group
contained 15 patients who were on maintenance
hemodialysis without any history of IDH.
Patients who were on maintenance hemodialysis
for less than 12 months, patients with end-stage
malignancies, and patients with significant valvular
or pericardial diseases were excluded from the
study. Demographic characteristics of the two
groups are shown in Table 1.

Echocardiography. Two-dimensional
echocardiography was serially performed by an
experienced assistant of cardiology throughout
the hemodialysis session using a commercially
available instrument (ATL HDI 5000, Bothel, WA,

Table 1. Characteristics of Patients With and Without
Intradialytic Hypotension*

Hemodialysis Patients

Variables withipH  Without  p
Mean age, y 555+ 16.0 43.1+£10.0 .06
Sex
Male 6 (50.0) 10 (66.7)
Female 6 (50.0) 5(33.3) .32
History of diabetes mellitus 5(41.7) 3(20.0) .34
History of CCU admission 4 (33.3) 1(6.7) .21
History of coronary angiography 1 (8.3) 0 .25
History of hypertension 5 (42.7) 4(26.7) .08

*Values are numbers (%) except for age. IDH indicates intradialytic
hypotension and CCU, cardiac care unit.
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USA). It was performed while the patients were in
the supine position. Images were recorded before
the beginning of hemodialysis (baseline), at 60
minutes and 120 minutes during hemodialysis
(climax), and 30 minutes postdialysis (recovery).
Standard apical 2-chamber and 4-chamber views
(to visualize the left ventricular endocardial border
in 2 planes, which were positioned in right angles)
were recorded.

The mean fractional shortening was calculated,
which is the percentage change in left ventricular
(LV) dimensions in each LV contraction for all
patients, using the following formula:

Fractional Shortening = LVEDD - LVESD/LVEDD'®

where LVED is the LV end-diastolic dimension
and LVES is the LV end-systolic dimension).>®
Ejection fraction (EF) was calculated by measuring
LV volumes using the biplane disk method during
the end-systolic and end-diastolic phases. Left atrial
volume, which is used as a marker of diastolic
function in hemodialysis patients, was calculated
by using single-plane Simpson’s method from the
apical 4-chamber view.

Regional Wall Motion Analysis. Regional
contractility or wall motion of the LV is graded by
dividing the LV into segments. In 1989, a 16-segment
model was recommended by the American Society
of Echocardiography.” In this model, LV is divided
into 3 levels (basal, mid or papillary, and apical
levels). Each basal and mid level is further divided
into 6 segments, including anteroseptum, anterior,
lateral, inferolateral, inferior, and inferoseptal
segments. Apex is divided into 4 segments as
anterior, lateral, inferior, and septal segments. We
used this model of myocardial segmentation for
cardiac imaging in our study.””

A numeric scoring system has been adopted based
on the contractility of the individual segments. In
this scoring system, higher scores indicate more
severe wall motion abnormality: (1) normal, (2)
hypokinesia, (3) akinesia, (4) dyskinesia, and (5)
aneurismal. Wall motion score index (WMSI) is
derived by dividing the sum of the wall motion
scores by the number of visualized segments.
This index represents the extent of regional wall
motion abnormalities. Normal WMSI is 1. Blood
pressure was continuously controlled during
the study using a noninvasive blood pressure
monitor.
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Continuous variables with normal distribution
were analyzed using the Student t test. The Mann-
Whitney test was used for analyzing nonparametric
variables. The calculated power of the study
was 70%. P values less than .05 were considered
significant.

Two hours after the beginning of hemodialysis,
significant increment in the regional wall motion
abnormality score was seen in IDH-prone patients
compared to normotensive ones. Decrease in
systolic blood pressure and increase in regional
wall motion abnormality were accompanied.

There was no significant difference in the left
ventricular end-diastolic diameters between the
two studied groups during hemodialysis (Table 2).
End-systolic diameters in the two studied groups are
shown in Table 2. When evaluating the difference
regarding the fractional shortening, only 30 minutes
after hemodialysis, we found a nearly significant
difference between the two studied groups (Table 3).

Ejection fraction did not show any significant
difference before and during hemodialysis between

Table 2. Left Ventricular End-Diastolic and End-Systolic
Diameters at Different Interval Periods*

Hemodialysis Patients

Diameter, mm With IDH WithoutIDH P

End diastolic
Before dialysis 48.66 £6.52 49.71+5.13 .65
60 minutes 48.58 £+ 6.58 50.42+4.75 .43
120 minutes 48.33+6.80 49.92+5.01 .50
30 minutes after dialysis 48.83 +7.67 50.00 +5.42 .66

End systolic
Before dialysis 3416+7.49 33.50+590 .80
60 minutes 3466+752 3435+6.04 .91
120 minutes 35.16 +8.07 33.92+6.52 .67

30 minutes after dialysis 36.41 + 7.46

*IDH indicates intradialytic hypotension.

34.21+£6.50 .43

Table 3. Fractional Shortening at Different Interval
Measurements*

Hemodialysis Patients

Median Fractional

the two studied groups, except for the postdialysis
period, which was significantly higher in patients
without experiencing hypotension during a dialysis
session (Table 4). Regional wall motion abnormality
at 120 minutes of hemodialysis showed a significant
difference between the two groups; it preceded
any decrease in the LV EF (Table 5). The median
regional wall scores were significantly higher in
those prone to IDH at 120 minutes of dialysis
(Table 6). The mean systolic blood pressure in
different interval periods, including before, during,
and after hemodialysis was significantly lower in
the patients with IDH compared with the control
group (P <.001). Regional wall motion abnormality
preceded any reduction in the ejection fraction
and fractional shortening. On the other hand,
reduction in the mean systolic blood pressure and
increment in regional wall motion abnormality
were accompanied.

Table 4. Left Ventricular Ejection Fraction at Different Interval
Measurements*

Hemodialysis Patients

Median Ejection

fraction, % With IDH  WithoutIDH P
Before dialysis 67 68 .98
60 minutes 67 67 71
120 minutes 63 66 19
30 minutes after dialysis 50 65 .04

*IDH indicates intradialytic hypotension.

Table 5. Regional Wall Motion Abnormality at Different Interval
Measurements*

Hemodialysis Patients
With IDH  Without IDH P

Median RWMA Score

Before dialysis 16 16 14
60 minutes 16 16 12
120 minutes 22 16 .004
30 minutes after dialysis 24 16 .004

*IDH indicates intradialytic hypotension and RWMA, regional wall
motion abnormality.

Table 6. Systolic Blood Pressure at Different Interval
Measurements*

Hemodialysis Patients

Shortening, % With IDH  Without IDH P Blood Pressure, mm Hg  With IDH  Without IDH P
Before dialysis 31 33 49 Before dialysis 1544 +82 155.1+16.5 .88
60 minutes 31 32 40 60 minutes 137.0+15.3 161.5+17.6  .001
120 minutes 31 32 .46 120 minutes 115.8+10.2 166.4+17.3 <.001
30 minutes after dialysis 26 32 .05 30 minutes after dialysis  113.7+8.0 164.5+15.7 <.001

*IDH indicates intradialytic hypotension.

*IDH indicates intradialytic hypotension.
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This study shows that remarkable abnormality
in LV regional wall motion occured during
hemodialysis in hypotension-prone patients and
it probably led to the LV dysfunction. The LV
dysfunction that develops during hemodialysis is
probably caused by myocardial ischemia. Previous
studies suggested that hemodialysis may induce
subclinical myocardial ischemia.*!® We did not
confirm the occurrence of subclinical myocardial
ischemia by cardiac radioisotope scanning or
cardiac angiography. However, our study showed
that subclinical myocardial ischemia might lead to
regional wall motion abnormality, which would
precede intradialytic hypotension.

Left ventricular regional wall motion abnormality
occurs following the physiological and/
or pharmacological stress secondary to the
ischemia. This precedes clinical symptoms and
electrocardiographic changes. In this regard, the idea
of stress echocardiography was formed, and it was
used in clinical practice.'""*® In our study, increased
regional wall motion abnormality score and index
30 minutes after hemodialysis was consistent
with the hypothesis of stunning occurrence.
Unfortunately, we did not measure myocardial
blood flow and LV function simultaneously during
and after hemodialysis to confirm the occurrence of
myocardial stunning. This is one of the limitations
of our study.

Larger numbers of new regional wall motion
abnormalities in patients prone to IDH could be
explained by their demographic characteristics
as suggested by the other studies.!” Although all
patients prone to IDH had LV hypertrophy (LVH),
and 5 of 12 patients had documented diabetes
mellitus, these are not uncommon findings in
long-term dialysis patients. The two groups of our
study were not significantly different regarding the
presence of LVH and history of diabetes mellitus.
Therefore, these factors could not be an explanation
for the high regional wall motion abnormality
score preceding the occurrence of hypotension in
the IDH-prone group.

Because we did not conduct a coronary
angiography for the patients, establishing a
correlation between the severity of a large coronary
vessel disease and the echocardiographic data is
impossible. Some other studies performed this
assessment.?’?* Selby and McIntyre®® showed
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a significant number of regional wall motion
abnormalities persisting at 30 minute postdialysis,
when the conditions favoring to the development
of ischemia during dialysis had been removed.
This could be interpreted as preliminary evidence
of dialysis-induced myocardial hibernation.
Therefore, the occurrence of subclinical ischemia
in response to the dialysis with sustained but
reversible abnormalities in regional function could
potentially contribute to the genesis of uremic
cardiac failure, particularly if the ischemic insult
is repeated up to 3 times per week. Several studies
present different explanations for IDH; LVDD
was proposed as a risk factor for IDH.?® Barberato
and colleagues found an association between left
atrium enlargement and intradialytic hypotension,”
while an excessive interdialytic weight gain,
decreased ejection fraction, and low left ventricular
volume were also mentioned independent risk
factors for intradialytic hypotension.” One study
reached the results that argued against a role for
reduced myocardial contractility in the genesis of
intradialytic hypotension.?

In our study, EF did not significantly differ in
the baseline, during hemodialysis, and half an
hour after hemodialysis in patients prone to IDH
compared to patients without IDH. This may be
because myocardial stunning persists and somehow
accentuates after hemodialysis. Furthermore,
persistent hypotension and increased regional
wall motion abnormality score and index are
consistent with this hypothesis. The same theory
may explain a significant difference in fractional
shortening between the two groups, 30 minutes
after hemodialysis. Ejection fraction did not
decrease during the two hours of hemodialysis
despite the development of regional wall motion
abnormalities. This occurred perhaps because of
increased LV fractional shortening during increased
stress in the hypotensive group. In addition, this
phenomenon was seen during hemodialysis, as
reported by Selby and coworkers.” It corresponds
to the better preservation of stroke volume and
cardiac output during and after hemodialysis
in IDH-prone patients. This may suggest that in
regions without ischemia, function increases in
short-term in response to the homodynamic stress
of dialysis. When this stress terminates, fractional
shortening and ejection fraction decreases in all
patients. This reduction is significantly more
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pronounced in hypotensive patients compared to
normotensive ones.

Our study has some limitations. Sample
size was small; thus, such a study needs to be
performed with a larger number of patients. In
echocardiography, we used parasternal long and
short axis views to determine the regional wall
motion abnormality score and index. These all
are operator-dependent. We did not evaluate
subclinical myocardial ischemia, which may
lead to the regional wall motion abnormality by
cardiac radioisotope scanning or angiography.
However, the study is repeatable and our results are
quantitative. It was a short-term study. Therefore,
any long-term effects of dialysis-induced regional
wall motion abnormalities on cardiac dysfunction
were undetermined.

This study shows that reversible myocardial
dysfunction occurs during hemodialysis. It
may be contributed to the IDH. In addition, we
showed that regional wall motion abnormality
was significantly less in patients without IDH.
This suggests that confronting with IDH may
prevent cardiovascular dysfunction. More studies
with large sample sizes along with utilizing more
accurate and sensitive modalities such as computed
tomography angiography are required.

None declared.
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