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Background and objectives: Hemodialysis (HD)-induced myocardial stunning driven by ischemia is a recognized complication of HD, which can be ameliorated by HD techniques that improve hemodynamics. In nondialysis patients, repeated
ischemia leads to chronic reduction in left ventricular (LV) function. HD may initiate and drive the same process. In this study,
we examined the prevalence and associations of HD-induced repetitive myocardial injury and long-term effects on LV
function and patient outcomes.
Design, setting, participants, & measurements: Seventy prevalent HD patients were assessed for evidence of subclinical
myocardial injury at baseline using serial echocardiography and followed up after 12 mo. Intradialytic blood pressure,
hematologic and biochemical samples, and patient demographics were also collected at both time points.
Results: Sixty-four percent of patients had significant myocardial stunning during HD. Age, ultrafiltration volumes,
intradialytic hypotension, and cardiac troponin-T (cTnT) levels were independent determinants associated with its presence.
Myocardial stunning was associated with increased relative mortality at 12 mo (P ⴝ 0.019). Cox regression analysis showed
increased hazard of death in patients with myocardial stunning and elevated cTnT than in patients with elevated cTnT alone
(P < 0.02). Patients with myocardial stunning who survived 12 mo had significantly lower LV ejection fractions at rest and on
HD (P < 0.001).
Conclusions: HD-induced myocardial stunning is common, and may contribute to the development of heart failure and
increased mortality in HD patients. Enhanced understanding of dialysis-induced cardiac injury may provide novel therapeutic
targets to reduce currently excessive rates of cardiovascular morbidity and mortality.
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D

ialysis patients display hugely elevated rates of cardiac mortality (1), and this rate of cardiovascular
attrition is not driven by the same risk factors, or
pathophysiological processes, that are important in the general
population (2). Classical complicated atherosclerotic disease
appears not to be the predominant mode of death in hemodialysis (HD) patients. US registry data have identified HD as an
independent risk factor for the development of de novo and
recurrent heart failure with a 2-yr mortality after diagnosis of
congestive heart failure as high as 51% (3).
Hemodialysis-induced myocardial stunning, as well as the
potential (at least in the short term) to abrogate dialysis-induced cardiac injury with dialysis techniques that improve
hemodynamic tolerability, is well described (4,5). A recent
study using H215O positron emission tomography (PET) to
measure myocardial blood flow (MBF) during HD in patients
without angiographically significant coronary disease confirmed that HD-induced segmental left ventricular (LV) dysfunction correlates with matched reduction in MBF (6), both

globally and co-localizing with segments exhibiting significant
HD-induced reduction in contractile function. The details of the
mechanisms involved in HD-induced myocardial stunning are
currently largely unresolved. However, during HD, patients
are particularly susceptible to myocardial ischemia for a number of reasons, including: high prevalence of coronary artery
atheroma (7), LV hypertrophy (8), intradialytic hypotension
and instability (9), and reduced coronary flow reserve (CFR)
even in the absence of coronary vessel stenoses (10,11).
In the nondialysis population, repeated episodes of demand
ischemia and stunning can result in chronic reduction in LV
function (12,13). In HD patients, recurrent episodes of ischemia
precipitated by HD may have negative consequences that lead
to further myocardial injury, eventual nonviable myocardium,
and irreversible reduction in LV function.
The aims of this study were to ascertain the prevalence of
myocardial stunning in the HD population and understand the
longer term consequences of this phenomenon on LV function,
intradialytic hemodynamics, and survival. In addition, this study
provided an opportunity to define the risk factors and their interactions in relation to the development of acute cardiac injury.
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Subjects. Seventy prevalent standard HD patients were recruited
for a 12-mo observational cohort study from a single hospital-based
hemodialysis unit of around 200 patients. Patients were excluded if
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they had pre-existing severe LV systolic dysfunction (NYHA IV) or
inadequate echocardiographical windows (one patient excluded). All
studies were conducted after the first 2-d interdialytic period, as arrhythmias and cardiac events are known to be increased after the 3-d
interdialytic break.
Initial echocardiographic assessment. Baseline assessments evaluated the presence and extent of HD-induced regional wall motion
abnormalities (RWMAs). Apical two-dimensional echocardiography
was performed predialysis, during HD at both 2 and 4 hrs and 30 min
into the recovery period (1.5 to 3.6 MHz 3S probe, GE medical systems,
Germany). Images were digitally recorded for subsequent analysis
(Echo-CMS; MEDIS, The Netherlands), as described previously (14).
This software has been validated using apical images and for assessment of global LV function (15,16). The technique of automated border
detection has been validated for the quantitative analysis of RWMAs
(17). Briefly, three consecutive heartbeats were analyzed for each time
point, and endocardial borders were traced semi-automatically for each
frame of the 3-beat sequence. Any anomalies were corrected for manually. Maximal displacement of the endocardial border from a center
point was measured over 100 chords around the LV wall, corrected for
end-diastolic LV circumference, and expressed as percentage of shortening fraction (%SF).
Each view was divided into five segments, and %SF for the chords
in each segment was averaged. Ejection fraction (EF) was calculated
using the biplane disc method.
In keeping with current definitions, RWMAs were classified as
segments that showed a decline in %SF ⬎20% from baseline. Regions
with evidence of persistent dysfunction in the postdialysis period were
classed as stunned segments (4 – 6,18).
Measurement of blood pressure (BP). BP was measured predialysis and serially every 15 min using an automated digital oscillometric device (Model UA-767, A&D Instruments, Japan). Hemodynamic
instability was defined by the magnitude of reduction in systolic BP
(SBP) at each time point compared with the predialysis reading.
Follow-up assessment. An identical study session was performed
12 mo later. Demographics including hospital admissions were updated. Changes in global EF at rest and during HD were re-assessed
using the biplane disc method. The percentage of shortening fraction
for all myocardial regions was also recalculated for pre- and intra-HD
and compared with initial values. Intradialytic BPs were recorded and
biochemical markers re-assayed.
Primary objectives. These were: (1) to assess the prevalence of
HD-induced RWMAs in a standard HD population and; (2) whether
HD-induced myocardial stunning would lead to a reduction in left
ventricular ejection fraction (LVEF) over 12-mo.
Secondary objectives. These included: (1) identification of variables associated with the presence of LV RWMAs; and (2) the effect of
myocardial stunning on survival in HD patients.
Power calculation & statistical analysis. To detect changes in
LVEF using echocardiography between baseline and 12 mo of 3.6% (19)
with a SD of 8.987 (20), the required sample size was 68 patients. This
achieved a power of 90% at a significance level of 5%.
Results are presented as the mean value ⫾ SD or the median and
interquartile range (IQR) unless otherwise stated. BP data were
analyzed using two-way ANOVA with Bonferroni’s post test for
multiple comparisons. Categorical variables between the two groups
were analyzed using Fisher’s exact test. Depending on Gaussian
distribution, all other data were analyzed using either the paired or
unpaired t test or the Mann-Whitney or Wilcoxon matched pairs
tests.
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Results
Baseline Study
At baseline, 64% patients (45/70) had significant RWMAs
during HD, defined as a reduction in wall motion of ⬎20%
from baseline in more than two regions. There was no significant difference between the number of regions affected at 2
compared with 4 hrs (4.48 ⫾ 1.7 versus 4.52 ⫾ 1.9, P ⫽ 0.8). In
those regions affected, there was a significant reduction in %SF
at each time point compared with baseline (baseline 3.17 ⫾
1.28%; 2 hrs 1.75 ⫾ 0.67%, P ⬍ 0.001; 4 hrs 1.59 ⫾ 0.69%, P ⬍
0.001; recovery 2.3 ⫾ 0.94%, P ⬍ 0.01), confirming the presence
of HD-induced myocardial ischemia. Although there was a
significant return toward predialysis values for %SF during the
recovery period from both time points during HD (P ⬍ 0.001),
the persistence of RWMAs implies the development of myocardial stunning.
Patient characteristics and dialysis-related factors are shown
in Table 1. Hematologic and biochemical values are summarized in Table 2. Univariate analysis showed a number of
factors associated with the presence of HD-induced RWMAs.
These were: advancing age (P ⫽ 0.03); higher intradialytic
ultrafiltration (UF) volumes (P ⫽ 0.01); the presence of diabetes
(P ⫽ 0.002); lower albumin levels (P ⫽ 0.02); and elevated cTnT
concentration (P ⫽ 0.001). Patients with ischemic heart disease
(IHD) were more likely to develop HD-induced RWMAs, but
this was only a trend (P ⫽ 0.07). There were no other statistically significant differences with respect to underlying etiology,
dialysis vintage, drug therapies, hematologic and biochemical
values, or other co-morbid conditions.
Spearman univariate correlation revealed significant correlations between a number of these same variables and the severity of myocardial stunning measured by magnitude of reduction in %SF, including: reduction in SBP (r2 0.4, P ⫽ 0.001);
higher UF volumes (r2 0.28, P ⫽ 0.02); higher plasma cTnT
concentration (r2 0.29, P ⫽ 0.02), and increasing age (r2 0.29, P ⫽
0.014).
At baseline there was a significant reduction in SBP during
HD in patients with HD-induced RWMAs (P ⬍ 0.0001); however, patients without such RWMAs did not have a significant
reduction in their SBP (P ⫽ 0.16), Figure 1.
Stepwise multivariate analysis of factors contributing to the
presence of RWMAs revealed that the following were all independent variables associated with HD-induced RWMAs: maximum reduction in SBP per mmHg (OR 1.1, CI 1.02 to 1.1, P ⫽
0.002); UF volume per liter (OR 5.1, CI 1.33 to 19.7, P ⫽ 0.007);
age per year (OR 1.26, CI 1.04 to 1.54, P ⫽ 0.004); and cTnT
concentrations per g/L (OR 1.07, 1.01 to 1.13, P ⫽ 0.018)
(Nagelkerke R2 ⫽ 0.6 of the model overall). The nonlinear
increasing effects of UF volume and BP on risk of developing
HD-induced cardiac injury are illustrated in Table 3. All other
factors, including diabetes and IHD, did not enter the equation.

Follow-up at One Year
After 12 mo, 51 patients entered follow-up. Nineteen patients
were censored from final analysis (died [n ⫽ 9]), transplanted
[n ⫽ 6], changed dialysis modality [n ⫽ 3], and withdrawal of
consent [n ⫽ 1]).
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Table 1. Patient characteristics and dialysis-related factors in all patients and in groups based on the presence
(with) or absence (without) of dialysis-induced regional wall motion abnormalities (RWMAs)
Characteristics

All Patients
(n ⫽ 70)

Patients with RWMAs
(n ⫽ 45)

Patients without RWMAs
(n ⫽ 25)

P value

Age (mean, years)
Male: Female
Dialysis vintage (mean, months)
Intradialytic UF volume (mean, L)
Kt/V urea
Smoker
Ethnicity (n)
Caucasian
Afro-Caribbean
Asian
Etiologies (n)
Diabetic nephropathy
Glomerular disease
APKD
Urological
Unknown
Other
Co-morbidities (n)
Ischaemic heart disease
Diabetes mellitus
Hypertension
Hyperlipidaemia
Left ventricular hypertrophy

63.1 ⫾ 13.7
47: 23
45.2 ⫾ 32.3
1.95 ⫾ 0.83
1.3 ⫾ 0.2
11 (16%)
–
65 (93%)
1 (1%)
4 (5%)
–
22 (31%)
12 (17%)
7 (10%)
6 (9%)
9 (13%)
14 (29%)
–
24 (34%)
28 (40%)
42 (60%)
31 (44%)
42 (60%)

65.6 ⫾ 1.9
28: 17
43.5 ⫾ 31
2.13 ⫾ 0.91
1.3 ⫾ 0.2
7 (16%)
–
43 (96%)
1 (2%)
1 (2%)
–
18 (40%)
8 (18%)
5 (11%)
3 (7%)
5 (11%)
6 (13%)
–
19 (42%)
24 (53%)
27 (60%)
21 (47%)
27 (60%)

59.4 ⫾ 3
19: 6
48.1 ⫾ 34.8
1.59 ⫾ 0.75
1.3 ⫾ 0.3
4 (16%)
–
22 (88%)
0 (0%)
3 (12%)
–
4 (16%)
4 (16%)
2 (8%)
3 (12%)
4 (16%)
8 (32%)
–
5 (20%)
4 (16%)
15 (60%)
10 (40%)
15 (60%)

0.03
0.29
0.57
0.01
0.88
1
–
0.34
1
0.13
–
0.06
1
1
0.66
0.71
0.12
–
0.071
0.002
1
0.62
1

APKD, adult polycystic kidney disease; UF, ultrafiltration.

Table 2. Baseline haematological and biochemical data stratified based on the presence (with) or absence (without)
of dialysis-induced regional wall motion abnormalities (RWMAs) taken before and after HD
Predialysis blood testing
Parameter

Haemoglobin (g/dl)
Haematocrit (%)
Na⫹ (mEq/L)
K⫹ (mEq/L)
Urea nitrogen (mg/dl)
Creatinine (mgl/dl)
Phosphorus (mg/dl)
Bicarbonate (mEq/L)
Calcium (mg/dl)
Albumin (g/dl)
hsCRP (mg/L)
cTnT (ng/ml)

Postdialysis blood testing

Patients with
RWMAs

Patients
without
RWMAs

P value

Patients
with
RWMAs

Patients without
RWMAs

P value

11 ⫾ 1.3
36 ⫾ 4
138 ⫾ 3
4.8 ⫾ 0.8
59.1 ⫾ 15.1
8.8 ⫾ 2.5
5.3 ⫾ 1.2
22.7 ⫾ 3.0
9.68 ⫾ 0.6
3.5 ⫾ 0.4
1.2 ⫾ 1.0
0.098 ⫾ 0.08

11.5 ⫾ 1
36 ⫾ 2
139 ⫾ 4
4.7 ⫾ 0.9
55.5 ⫾ 14.0
9.8 ⫾ 2.9
5.0 ⫾ 1.9
22.8 ⫾ 3.2
9.6 ⫾ 0.6
3.7 ⫾ 0.3
0.8 ⫾ 0.7
0.036 ⫾ 0.04

0.15
0.35
0.18
0.89
0.33
0.13
0.42
0.87
0.58
0.02
0.13
0.001

11.4 ⫾ 1.4
36 ⫾ 4
138 ⫾ 2
3.0 ⫾ 0.4
17.4 ⫾ 6.2
3.4 ⫾ 1.2
2.5 ⫾ 0.6
27.8 ⫾ 2.8
9.4 ⫾ 0.4
3.7 ⫾ 0.5
–
–

12 ⫾ 1.5
37 ⫾ 4
139 ⫾ 3
3.0 ⫾ 0.5
17.4 ⫾ 7.0
3.9 ⫾ 1.7
2.5 ⫾ 0.6
28.4 ⫾ 2.5
9.6 ⫾ 0.44
3.9 ⫾ 0.6
–
–

0.14
0.44
0.1
0.69
0.81
0.12
0.61
0.44
0.84
0.04
–
–

Postdialysis cardiac troponin-T (cTnT) levels were not taken due to an insufficient time lapse needed to detect a significant
change. hsCRP, high sensitivity C-reactive protein.
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did not (⫺23.3 ⫾ 7.2 mmHg versus ⫺14 ⫾ 4.8 mmHg, P ⬍
0.001).

Presence of HD-induced Myocardial Stunning and Patient
Survival

Figure 1. Reduction in systolic BP (SBP) during hemodialysis
(HD) in patients with and without HD-induced regional wall
motion abnormalities (RWMAs). At baseline there was a significant reduction in SBP during HD in patients with HD-induced
RWMAs (P ⬍ 0.0001); however, patients without such RWMAs
did not have a significant reduction in their SBP (P ⫽ 0.16).

Of these, 74% (38/51) had significant RWMAs during HD. Of
the 31 follow-up patients with evidence of myocardial stunning
at baseline, 94% (29/31) continued to have evidence of significant RWMAs during HD, and 45% (14/31) had an increase in
the number of affected regions. Two patients had a reduction in
the number of RWMAs below significance. Of the 20 follow-up
patients without evidence of RWMAs at baseline, 45% (9/20)
showed development of significant RWMAs; however, 55%
(11/20) continued to be unaffected.
At baseline, LVEF at rest (LVEFrest) was not significantly
different between patients who did and did not develop HDinduced RWMAs (62.1 ⫾ 11.4% versus 60.1 ⫾ 7.7%, P ⫽ 0.4).
After 12 mo, LVEFrest had significantly deteriorated in patients
with RWMAs (62.1 ⫾ 11.4% versus 54.7 ⫾ 10.1%, P ⬍ 0.0008)
but remained unchanged in those patients without (60.1 ⫾ 7.7%
versus 55.8 ⫾ 5.5%, P ⫽ 0.09). Baseline LVEF at peak dialytic
stress (LVEFHD) was significantly lower in patients who had
RWMAs compared with those who did not (57.3 ⫾ 10.1% versus
67 ⫾ 6.8%, P ⬍ 0.0001). Although there was a reduction in
LVEFHD after 12 mo in patients both with and without HDinduced RWMAs (57.3 ⫾ 10.1% versus 50.9 ⫾ 8.9, P ⬍ 0.001 and
67 ⫾ 6.8% versus 61.3 ⫾ 9.3, P ⫽ 0.007 respectively), the difference in LVEFHD between the two groups remained significant
(61.3 ⫾ 9.3 versus 50.9 ⫾ 8.9, P ⬍ 0.0001).
After 12 mo, both groups of patients (with and without
evidence of HD-induced RWMAs) exhibited a significant deterioration in SBP during HD. Mean reduction was greater in
patients with RWMAs at both time points (-18.6 ⫾ 6.9 mmHg to
⫺23.3 ⫾ 7.2 mmHg, P ⬍ 0.01 and ⫺7 ⫾ 3.6 mmHg to ⫺14 ⫾ 4.8
mmHg, P ⬍ 0.001, respectively). However, the separation remained between patients developing RWMAs versus those who

The presence of HD-induced RWMAs was associated with
increased relative mortality at 12 mo (P ⫽ 0.019). Survival to a
composite end point of mortality and first cardiovascular event
also demonstrated almost complete separation between patients with and without HD- induced myocardial injury, with
only one patient in the unaffected group, compared with 13 in
the myocardial stunning group (P ⫽ 0.017, hazards ratio of 8,
95% CI 1.264 to 10.99, Figure 2). Death resulted overwhelmingly from cardiovascular causes.
Higher baseline plasma cTnT concentrations were associated
with mortality after 1 yr (0.067 ⫾ 0.076 mol/L versus 0.136 ⫾
0.059 mol/L, P ⬍ 0.001). Cox regression analysis demonstrated an increased hazard of death in patients with RWMAs
and an elevated cTnT than in patients with elevated cTnT alone
(P ⫽ 0.02).

Discussion
This study demonstrates for the first time that dialysis-induced cardiac injury is common and associated with reductions
in myocardial contractile function and patient survival. Although the exact influence of a number of biologic variables
within this model remains unknown, we have identified specific elements of the dialysis process that may drive heart
failure and other adverse cardiovascular outcomes in HD patients.
Diabetes was associated with the presence of HD-induced
RWMAs. IHD was of only borderline importance, but it is
possible that with a larger sample size this association would
have reached statistical significance. In the HD population
there is increasing evidence that decline in LVEF is not due to
traditional cardiac risk factors (2). Indeed, HD patients with
diabetes and normal epicardial coronary anatomy have significantly reduced CFR (11) predisposing to the development of
demand ischemia, but at present, the exact nature of the relationship between diabetes, coronary artery disease, and HDinduced myocardial stunning remains unclear.
Lower serum albumin levels were associated with dialysisinduced RWMAs (on a univariate basis only). Considerable
evidence exists linking malnutrition and inflammation with
atherosclerosis in end-stage renal patients (21). Other inflammatory markers (e.g., IL-6) may provide additional information
about the association between HD-induced myocardial stunning, malnutrition, and inflammation but was outside the scope
of this study.
After 12 mo, over 90% of patients affected at baseline continued to have RWMAs precipitated by HD, and nearly half had
progressed with greater numbers of regions involved. In addition, nearly half of patients unaffected at baseline had subsequently developed RWMAs on HD. Two patients with an
apparent improvement did in fact merely transit to globally
reduced %SF in all segments. Myocardial stunning is just the
beginning of a disease continuum involving myocardial hiber-
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Table 3. The effect of increasing ultrafiltration (UF) volume and worsening intradialytic haemodynamics on the
development of HD-induced RWMAs
Factor associated with presence of myocardial stunning

UF volume during HD of 1L
UF volume during HD of 1.5L
UF volume during HD of 2L
Maximum SBP reduction during HD of 10 mmHg
Maximum SBP reduction during HD of 20 mmHg
Maximum SBP reduction during HD of 30 mmHg

Figure 2. The association of hemodialysis-induced RWMAs
with mortality and outcome. (A) The development of HDinduced RWMAs was associated with increased relative mortality at 12 mo (P ⫽ 0.019) and (B) reduced survival to a
composite end point of mortality and time to first cardiovascular event (P ⫽ 0.017).

nation and fibrosis leading to fixed segmental LV systolic dysfunction (22). As such, these patients with fewer regions displaying a reduction in %SF during HD may represent
progression of disease from myocardial stunning to fixed systolic dysfunction.
Higher UF volumes, intradialytic hemodynamic instability

Odds Ratio

P value

5.1
11.6
26.2
1.8
3.3
6.0

0.007

0.002

and raised biochemical markers of myocardial damage (cTnT)
were all associated with the presence and severity of HDinduced RWMAs. Logistic regression analysis confirmed these
factors were independent determinants of myocardial stunning
and that the risk associated with higher UF volumes and
greater drops in SBP increased disproportionately with each
additional unit of measure. It is certainly not unusual in clinical
practice for patients to have UF volumes set at two liters or
more and to experience a drop in SBP of more than 20 mmHg.
Previous studies into HD-induced RWMAs have demonstrated
that UF volume during dialysis is not the only factor that
determines their development (4,5). Similarly in this study,
there were no significant differences in UF volume between the
studies at baseline and at 12 mo.
Hemodialysis-induced myocardial stunning was associated
with increased mortality and time to first cardiovascular event.
Intradialytic hypotension (IDH) is an independent risk factor
for mortality in HD patients (23). Although there is evidence
that both larger interdialytic weight gain (24) and higher UF
rates (25) are associated with worse survival, there are currently
no available data illustrating the potential differential effects of
volume and rate. Although some patients with high UF requirements did not develop RWMAs, overall there was a significant association between UF volumes and the presence of
RWMAs. This finding is crucially important and represents a
potential therapeutic target. More frequent daily or nocturnal
HD therapies can improve cardiovascular outcome measures
and quality of life (26,27). Such treatments have been shown to
improve both intradialytic hemodynamics (by reducing IDH)
(28) and plasma concentrations of biochemical markers of myocardial injury (29). We have already demonstrated that dialysisbased strategies such as cooled dialysate can improve intradialytic hemodynamics and reduce myocardial stunning (5). It
could rightly be argued that a decline in SBP is a result rather
than a cause of myocardial stunning; either way, targeting
treatments that minimize UF rates and improve IDH should
prevent the acute development of RWMAs and may improve
long-term cardiovascular outcomes.
At baseline, both groups of patients had similar LVEFrest.
During HD, patients with significant RWMAs had a significant
drop in their LVEFHD. After 12 mo, LVEFrest had fallen in
patients with HD-induced RWMAs, and their ability to respond to the challenge of HD was further compromised. Patients without significant RWMAs at baseline maintained their
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LVEFrest, but LVEFHD was significantly reduced. This is entirely consistent with the pattern of injury associated with
ischemic cardiomyopathy in the nondialysis population. Repetitive ischemic injury initially causes a loss of contractile reserve
that may lead to myocardial fibrosis and resting dysfunction
(30). In HD patients, repetitive HD-induced RWMAs led to a
reduction in contractile reserve and then resting LV systolic
dysfunction. This process of deterioration has already begun in
patients unaffected by HD-induced myocardial injury at baseline, as almost half now have evidence of HD-induced RWMAs
and reduced contractile reserve. This also has major potential
clinical implications. In the nondialysis population, timely revascularization can lead to an improvement in LVEF, heart
failure and prognosis (31). In addition to modifications to the
HD procedure, treatment of underlying coronary artery disease
may slow progression of heart failure and improve outcome.
It is well recognized that cTnT levels are often elevated in
dialysis patients and that elevated levels predict mortality (32).
In addition to the association with presence and severity of
HD-induced RWMAs, elevated plasma cTnT levels were also
associated with an increased hazard of death. A recent study of
cardiac troponins and outcome in acute heart failure revealed
associations with lower SBP, lower LVEF, and higher mortality
(33). CTnT may therefore provide a useful tool to identify
vulnerable patients who might benefit from modified dialysis
therapies.
This study has limitations, the principle being its observational nature. Despite being repeatable and quantitative, echocardiography was the only technique used to quantify functional decline. Other techniques may have provided additional
information but are often impractical and difficult to perform
during dialysis. In any case, a load independent way of assessing regional myocardial function is needed to fully elucidate
the complex mechanisms behind HD- induced RWMAs. The
mortality observations are derived from a small number of
patient deaths, and the study is clearly underpowered in this
respect. Consequently, further analysis looking at the independent contribution of other variables on mortality and composite
outcome was not practicable, and no further conclusions are
derived from these results. However, statistical significance
was achieved and the clear separation for cardiovascular events
and mortality between the two groups is compelling.

Conclusions
Conventional HD exerts a significant acute cardiovascular
stress, the exact consequences of which are poorly understood.
This study supports the contention that subclinical myocardial
ischemia is commonly precipitated by dialysis. Such episodes
of ischemia are associated with longer term loss of systolic
cardiac function, increased cardiac events, and reduced patient
survival. This may be an important process in a spectrum of
mechanisms contributing to poor cardiovascular outcome in
HD patients.
Further consideration of interventions reducing the acute
impact of dialysis on the cardiovascular system should be
considered an urgent priority, allowing selection of optimal
therapies for future large-scale RCT study of “hard” end points.
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This is of particular importance given the almost universal lack
of effectiveness, in HD patients, of current cardiovascular interventions developed within the nondialysis-based population.
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