Occurrence of Regional Left Ventricular Dysfunction in Patients
Undergoing Standard and Biofeedback Dialysis
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® Background: Cardiac failure and cardiovascular death are extremely prevalent in dialysis patients. Recurrent
subclinical myocardial ischemia is important in the genesis of heart failure in nondialysis patients. We examined
whether this phenomenon occurs in response to the stress of hemodialysis (HD). Methods: Eight patients prone to
intradialytic hypotension were recruited for a randomized crossover study to compare the development of left
ventricular regional wall motion abnormalities during standard (HD) and biofeedback dialysis. Patients underwent
serial echocardiography with quantitative analysis to assess ejection fraction and regional left ventricular systolic
function during both types of dialysis. Blood pressure and hemodynamic variables also were measured by using
continuous pulse wave analysis. Results: Forty-two new regional wall motion abnormalities developed in all 8
patients during HD compared with 23 regional wall motion abnormalities that developed in 7 patients during
biofeedback dialysis (odds ratio, 1.8; 95% confidence interval, 1.1 to 3.0). The majority of regional wall motion
abnormalities showed improvement in function by 30 minutes postdialysis. Overall mean regional function was
significantly more impaired during HD (P = 0.022). At peak stress, ejection fraction (measured by percentage of
change from baseline) was significantly lower during HD (P = 0.043). Blood pressure was higher during biofeed-
back dialysis, with significantly fewer episodes of hypotension (odds ratio, 2.0; 95% confidence interval, 1.01 to 4.4).
Significantly smaller decreases in stroke volume and cardiac output and a greater increment in pulse rate were
observed during biofeedback dialysis. Conclusion: This study shows that reversible left ventricular wall motion
abnormalities develop during dialysis with ultrafiltration. We also show that this phenomenon can be ameliorated
by the improved hemodynamic stability of biofeedback dialysis and therefore is a potential target for intervention.
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HE CARDIOVASCULAR mortality rate of
dialysis patients is extremely high, at least

30 times greater than that in age-matched con-
trols. Often, this is manifest as cardiac failure,
which develops in up to 25% to 50% of hemodi-
alysis (HD) patients and confers a dramatic de-
crease in probability of survival.' In addition to
“conventional” cardiovascular risk factors, dialy-
sis patients are subject to unique metabolic and
hemodynamic derangements, the so-called “ure-
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mic” risk factors. The pathophysiological state of
uremic cardiac disease is not fully defined, but
may include factors related directly to the HD
procedure.

Recurrent subclinical myocardial ischemia (oc-
curring without acute atherosclerotic plaque rup-
ture) is one possible adverse effect of dialysis.
Short intermittent HD treatments exert signifi-
cant hemodynamic effects, and 20% to 30% of
treatments are complicated by intradialytic hypo-
tension (IDH).>? One study showed evidence of
clinically silent decreases in myocardial perfu-
sion developing during HD,* and it is well recog-
nized that cardiac troponin-T levels increase
acutely after dialysis, possibly indicating subclini-
cal myocardial cell injury.” Furthermore, HD
patients are particularly susceptible to myocar-
dial ischemia. In addition to the high prevalence
of coronary artery atheroma, dialysis patients
with diabetes have had decreased coronary flow
reserve, even in the absence of coronary vessel
stenoses.® Increased arterial stiffness, dysregula-
tion of blood pressure (BP) control caused by
abnormal baroreflex sensitivity, and vasoregula-
tory failure leading to the increased reliance of
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Table 1. Patient Demographics

Atherosclerotic

Months on

Antianginal or
BP-Lowering Drugs

LV Mass Index

Cause of End-Stage Vascular

Dialysis
Therapy

Diagnosed IHD (g/m37) Angiogram

Disease

Renal Failure

Age (y)

Patient No.

Diltiazam, 180 mg 1 X d

No*

Yes (angina) 63.8
No

Yes
No
Yes

68 45 APKD

58
53

No

94.2

Obstructive uropathy

Crescentic

40

Nifedipine, 60 mg 1 X d

No

86.9

Yes (angina)

15

glomerulonephritis

Unknown
Diabetes
ARVD

ISMN,30mg1 x d

Yest
No

79.7

Yes (MI)

Yes
Yes
Yes
Yes
Yes
7 (88)

47

72
69
73
71

Lisinopril, 40mg 1 X d
Atenolol, 50 mg 1 X d

86.5

Yes (3 Mls)

No

59

No

94.6

36

Lisinopril,20mg 1 x d

No

96.4

No

ARVD

13

22
4+

No

80.8
85.4 +10.7

Yes (angina)

Diabetes

80
8.0 + 8.6

1(13)

5 (63)

16

Mean =+ SD or total (%)

Abbreviations: APKD, adult polycystic kidney disease; ARVD, atherosclerotic renovascular disease; MI, myocardial infarction; ISMN, isosorbide mononitrate.

*Patient 1 recently had undergone a dipyridamole stress test showing a fixed apical perfusion defect with reversible inferior wall hypoperfusion.

TAngiogram result for patient 4: circumflex occluded with some retrograde filling, right coronary artery occluded with good retrograde filling, and left anterior descending

artery with some atheroma, but no occlusive disease.
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BP on cardiac output also increase the risk for
myocardial hypoperfusion.”-®

As such, the hemodynamic stress of dialysis
potentially may cause transient myocardial is-
chemia that is associated with and followed by
left ventricular (LV) dysfunction. The latter is
known as myocardial stunning.” Repeated epi-
sodes of ischemia and stunning may be cumula-
tive and lead to the phenomenon of myocardial
hibernation, which, in turn, contributes to chronic
heart failure in patients with ischemic heart dis-
ease.'®

Several strategies have been used in an at-
tempt to improve the hemodynamic tolerability
of dialysis and decrease IDH. One such tech-
nique is biofeedback dialysis (Hemocontrol;
Hospal, Lyon, France), which responds to signifi-
cant decreases in relative blood volume (defined
on an individual basis) by temporarily decreas-
ing the ultrafiltration (UF) rate and increasing the
dialysate sodium conductivity. This is done within
defined limits to ensure that total UF and sodium
depuration are unaffected. Biofeedback dialysis
has decreased IDH episodes in several stud-
ies'11,12

Therefore, we performed a study to test the
hypothesis that significant reversible abnormali-
ties in regional LV function occur in response to
standard HD. We also compared standard HD
with biofeedback dialysis to determine whether
improving the hemodynamic tolerability of dialy-
sis affected the development of LV regional wall
motion abnormalities.

METHODS

Patients

Eight long-term HD patients prone to IDH were recruited.
All were men and had been on dialysis therapy for more than
12 months. All had LV hypertrophy (defined as LV mass
index > 51g/m*”7) on analysis of baseline echocardiograms,
and there was a high prevalence of atherosclerotic vascular
disease. Six patients were treated with aspirin; 1 patient,
clopidogrel; and 5 patients, statins. Individual patient charac-
teristics are listed in Table 1, and baseline biochemistry
values are listed in Table 2.

Study Protocol

On entry to the study, patients had their dry weight
confirmed with reference to clinical examination. After this,
dry weight and antihypertensive medications were un-
changed for the duration of the study. Patients were ran-
domly assigned to group A or B. Group A patients were
started on standard thrice-weekly HD, whereas group B
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Table 2. Baseline Laboratory Parameters
Calcium X Phosphate
Hemoglobin Sodium Potassium Parathyroid Hormone  Calcium Phosphate Product
(g/dL) Kt/Viea  (MEg/L) (mEg/L) (pg/mL) (mg/dL) (mg/dL) (mg?/dL?)
Mean 10.4 1.0 140.6 4.5 391.9 9.7 4.6 44.8
SD 1.0 0.3 3.7 0.9 262.5 0.5 1.8 18.6

NOTE. Kt/V ., Was calculated according to Daugirdas. To convert hemoglobin in g/dL to g/L, multiply by 10; calcium in
mg/dL to mmol/L, multiply by 0.2495; phosphate in mg/dL to mmol/L, multiply by 0.3229; parathyroid hormone in pg/mL to

ng/L, multiply by 1.

patients started on thrice-weekly biofeedback dialysis treat-
ment. Both groups underwent 1 week of the dialysis therapy
before undergoing a monitored session during 1 of the
midweek dialysis sessions during the second week, consist-
ing of serial echocardiography and noninvasive hemody-
namic monitoring (using a Finometer; Finapres Medical
Systems, Arnhem, The Netherlands). At the end of the
second week, patients then crossed over to the other dialysis
modality, thereby acting as their own controls. After an
additional week on the alternate modality, patients under-
went a second monitored session.

All patients gave informed consent before the study start,
and ethical approval for the project was granted by Derby-
shire Local Research Ethics Committee.

Echocardiography

Two-dimensional echocardiography was performed seri-
ally throughout dialysis sessions by using commercially
available equipment (Sonos 5500; Hewlett Packard, An-
dover, MA). A single experienced technician (who was
blinded to dialysis modality) carried out all measurements
with the patients in the left lateral position. Images were
recorded before starting dialysis (baseline), at 120 and 240
minutes during dialysis, and 30 minutes after dialysis was
finished (recovery). Standard apical 2-chamber and 4-cham-
ber views (to visualize the LV endocardial border in 2 planes
at 90° to each other) were recorded onto super-VHS video-
tape for offline analysis.

Videotaped images were subsequently analyzed by using a
personal computer—based digitizing program (Echo-CMS; ME-
DIS, Leiden, The Netherlands), as previously described.'?
Three consecutive heartbeats were analyzed for each time
point (extrasystolic beats were excluded). Endocardial bor-
ders (excluding papillary muscles) were traced semiautomati-
cally for each video frame of the 3-beat sequence, and any
anomalies were corrected manually. Maximal displacement
of the endocardial border from a center point was then
measured over each of 100 chords around the LV wall,
corrected for end-diastolic LV circumference, and expressed
as percentage of shortening fraction (SF). Each apical view
was divided into 5 segments, and SF for the chords in each
segment was averaged so that 10 regions of the left ventricle
were assessed at each time. New regional wall motion
abnormalities were defined as segments that showed a de-
cline in SF greater than 20% from baseline. We calculated
mean SF for all 10 segments (SF,,,,,) and for segments
that developed new regional wall motion abnormalities

(SFwha))- Peak stress was defined for each patient as the
point during the first monitored dialysis session at which
most regional wall motion abnormalities were present (ei-
ther 120 or 240 minutes). When comparing dialysis modali-
ties, the same time point was used in the second dialysis
session.

Ejection fraction (EF) was calculated by using LV vol-
umes at end-systole and end-diastole, measured by using the
biplane disk method. Left atrial volume, which has been
used as a marker of diastolic function in HD patients,14 was
calculated by using single-plane Simpson’s method from the
apical 4-chamber view and indexed for body surface area.
LV mass index was calculated from each patient’s original
baseline images by using the Devereux formula corrected
for height.>”

Finometer

The Finometer allows continuous noninvasive pulse wave
analysis at the digital artery. The technology uses the finger-
clamp method to record digital artery pulse waveform and
from this reconstructs a central aortic waveform that allows
calculation of a full range of hemodynamic variables on a
continuous basis for each heart beat.!> These include BP,
pulse rate, stroke volume, cardiac output, and peripheral
resistance. This technology is being used increasingly to
assess long-term dialysis patients.>!® Previous work vali-
dated the Finometer against invasive hemodynamic measure-
ments in healthy individuals, unstable intensive care pa-
tients, and cardiac surgery patients, a proportion of whom
had vascular calcification.'” This showed the Finometer to
be accurate in tracking relative change. Data therefore are
presented as percentage of change from baseline, except for
BP, which is calibrated against brachial readings by using a
return-to-flow method, and for this, absolute values are
shown. Baroreflex sensitivity also was calculated from the
regression slope between continuous interbeat interval and
beat-to-beat BP changes. Three consecutive changes in the
R-R interval in the same direction were required before a
phase shift calculation (incorporated into the Finometer
software) was performed. Baroreflex sensitivity measured in
this way is a composite marker of the overall activity of the
autonomic nervous system.'®

HD Details

Dialysis was performed using Hospal Integra monitors
(Hospal, Lyon, France). Both HD and biofeedback dialy-
sis were performed using low-flux polysulfone dialyzers,
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either 1.8 or 2.0 m?, per individual patients’ usual prescrip-
tions (LOPS 18/20; Braun Medical Ltd, Sheffield, UK).
For both treatments, dialysate contained sodium, 138
mmol/L; potassium, 1 mmol/L; calcium, 1.25 mmol/L;
magnesium, 5 mmol/L; bicarbonate, 32 mmol/L; glucose,
1 g/L; and acetate, 3 mmol/L. All treatments were of 4
hours’ duration, and anticoagulation was achieved by
using unfractionated heparin. Dialysate flow was 500
mL/min, and dialysate temperature was set at 37°C. For
each session, net fluid removal was set on an individual
basis according to ideal dry weight. Blood pump speed
varied between 250 and 450 mL/min, depending on the
patient’s vascular access, but each individual patient had
the same blood flow for their 2 monitored sessions.

For standard HD, dialysate sodium conductivity was set at
13.6 mS/cm. For biofeedback dialysis, conductivity limits
were set at 13.0 and 14.0 mS/cm. Automatic adjustment of
dialysate conductivity by the dialysis monitor during Hemo-
control (Hospal) has been shown to achieve equivalent
overall dialysate conductivity and therefore equal changes in
plasma water sodium concentrations.'® Limits for relative
blood volume were set on an individual basis depending on
measurements obtained the week before echocardiographic
assessment.

T T T T T T
90 120 150 180 210 240
Time (min)

Statistical Analysis

Results are expressed as mean * SD unless otherwise
stated. Echocardiographic, BP, and hemodynamic data were
analyzed by using 1-way analysis of variance with a design
for repeated measures and Bonferroni test to correct for
multiple comparisons. Frequencies of IDH and new regional
wall motion abnormalities occurring during each dialysis mo-
dality were compared by using Poisson regression. For other
data, paired #-test was used after significant deviations from a
normal distribution were excluded with the Kolmogorov-
Smirnov test. An « error at P less than 0.05 was judged to be
significant.

RESULTS

BP Data

During standard HD, systolic BP was 135 =
30.8 mm Hg, diastolic BP was 73.2 = 13.9 mm
Hg, and mean arterial pressure was 93.9 *=
19.8 mm Hg. During biofeedback dialysis, all
3 BP parameters were higher; mean systolic
BP was 143.1 = 21.1 mm Hg (P < 0.001),

Table 3. UF Volume, Body Mass Index, and UF Volume Indexed to Body Mass Index for Individual Patients
During Both Types of Dialysis

Body Mass Index

Patient No. (kg/m?) UF Volume HD (1) Indexed UF Volume HD UF Volume BFD () Indexed UF Volume BFD
1 22 0.4 1.8 0.5 2.3
2 24 1.3 54 2.0 8.2
3 29 2.2 7.6 3.2 11.0
4 21 1.2 5.7 1.8 8.5
5 23 0.5 2.2 0.4 1.8
6 24 2.7 111 3.3 141
7 27 0.4 15 0.4 1.5
8 29 3.6 12.4 3.7 12.6
Mean + SD 249+ 3.0 154 +1.19 6.0 4.2 1.91 =138 75 =*51

Abbreviation: BFD, biofeedback dialysis.



834

mean diastolic DBP was 76.4 = 12.3 mm Hg
(P > 0.05), and mean arterial pressure was
100.1 = 3.3 mm Hg (P < 0.001). BP gradually
decreased during the second half of HD treat-
ments, whereas BP was maintained during the
second half of biofeedback dialysis sessions,
therefore accounting for the difference in mean
BP values. BP data are shown in Fig 1.

IDH was defined as a systolic BP less than
90 mm Hg or a decrease in systolic BP greater

SELBY ET AL

than 40% from baseline in association with the
classic symptoms of hypotension (dizziness,
cramps, flushing). There were no episodes of
symptomatic hypotension during the 16 moni-
tored sessions, but we observed 24 asymptom-
atic episodes of IDH with HD compared with
12 during biofeedback dialysis (odds ratio
[OR], 2.0; 95% confidence interval [CI], 1.01
to 4.4). These findings were in the context of a
slightly greater UF volume during biofeedback
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*OR 0.6 (0.39-0.91)
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3.004
HD Fig 2. (A) Mean number
o BFD of unaffected LV regions
—~ 2.75- during standard (HD) and
X biofeedback dialysis (BFD).
~ Only new regional wall mo-
’g tion abnormalities were
o 2.504 counted and therefore all re-
£ gions are scored as unaf-
LL fected at baseline. Baseline
n is before the start of dialy-
2.25+ sis, peak stress is the point
at which most regional wall
motion abnormalities were
200 present during dialysis, and
' T ! ' recovery is 30 minutes post-
Baseline Peak Recovery dialysis. (B) Overall mean re-
gional LV function (SF) dur-
* ing HD and BFD. (A, B) Data
p=0.022 ing (A, B)

expressed as mean =+ SE.
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dialysis (1.91 = 1.38 L) compared with HD
(1.54 = 1.19 L), although this difference was not
statistically significant. Individual UF volumes
and body mass indices are listed in Table 3.

Echocardiographic Data

Throughout the study, all patients were in
sinus rhythm and no patient had significant valvu-
lar disease or pulmonary hypertension. SF at base-
line in all regions was compared on an individual
basis for each type of dialysis. There were no
significant differences in baseline SF in any
patient. This was done to ensure repeatability of
images and measurement technique and also to
ensure that the regional wall motion abnormali-
ties that persisted at 30 minutes postdialysis were
not permanent.

All 8 patients developed regional wall motion
abnormalities at peak stress during HD com-
pared with 7 patients during biofeedback dialy-
sis. More regional wall motion abnormalities
developed during HD compared with biofeed-
back dialysis, with a total of 42 regional wall
motion abnormalities during HD compared with
23 regional wall motion abnormalities during
biofeedback dialysis (OR, 1.8; 95% CI, 1.1 to 3.0).
There also was a difference comparing the rate of
unaffected regions between dialysis modalities
(OR, 0.60; 95% CI, 0.39 to 0.91). By 30 minutes
post-HD, 32 affected segments (76%) showed
complete or partial resolution, whereas after
biofeedback dialysis, 15 regional wall motion
abnormalities (65%) improved. However, at 30
minutes post-HD, 24 affected regions (30%) still
had SF greater than 20% less than baseline, and
after biofeedback dialysis, this figure was similar
at 23 (29%; OR, 1.0; 95% CI, 0.59 to 1.83).
These data are shown in Fig 2, and 1 representa-
tive patient’s regional wall motion is shown in
Fig 3.

Data for SF,,,cany» SFwwma), and EF are shown
in Table 4 and Figs 2, 4, and 5. SF 4, de-
creased at peak stress during both types of dialy-
sis and improved in recovery. SFy\a, de-
creased by a greater percentage from baseline
during HD (—43% = 15.1%) compared with
biofeedback dialysis (—37.8% = 16.0%), but
this difference did not reach statistical signifi-
cance (P = 0.19). In view of this trend toward a
more severe decrease in SFy\a, and also the
greater number of regional wall motion abnormali-
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ties, SF,c.n) decreased to a significantly greater
degree at peak stress during HD (—10.3% = 48.4%
from baseline) compared with biofeedback dialy-
sis (+13.5% * 48.4%; P = 0.022). At baseline
and recovery, there were no statistically signifi-
cant differences in either SF ..., or SFyma,
between the 2 types of dialysis.

At peak stress, EF was significantly lower
during HD compared with biofeedback dialysis
(P = 0.043), whereas no difference was found
during recovery. Table 5 lists the remaining LV
and left atrial dimensions before and after HD
and biofeedback dialysis. There were no differ-
ences in any measurements comparing dialysis
modalities.

Hemodynamic Data

Baseline hemodynamic data were compared
between the 2 dialysis modalities to ensure that
there were no systematic errors; no difference in
any variable was observed.

Pulse rate increased for the entire study period
by a mean of +5.0% * 2.5% greater than
baseline during biofeedback dialysis, whereas
pulse rate changed very little during HD (mean,
+04% = 2.4%; P < 0.01). Stroke volume
decreased during both treatments, but to a signifi-
cantly lesser extent during biofeedback dialysis.
Mean stroke volume for the entire HD session
was —26.2% * 7.2% from baseline compared
with a mean of —20.2% = 7.3% (P < 0.001)
during biofeedback dialysis. Cardiac output
showed a similar pattern, decreasing during both
treatments, but less so during biofeedback dialy-
sis. Mean cardiac output was —26.4% = 7.2%
during HD compared with a mean of —18.2% =
7.8% during biofeedback dialysis (P < 0.001).
Mean peripheral resistance during HD was
+33.4% = 11.2% greater than baseline, which
was statistically greater than the mean of +28.6%
* 12.2% during biofeedback dialysis (P < 0.05).
Mean baroreflex sensitivity was greater during
HD at 7.3 = 5.6 ms/mm Hg compared with a
mean of 5.6 = 3.4 ms/mm Hg during biofeed-
back dialysis (P < 0.001). Baroreflex sensitivity
also showed more variability during HD (coeffi-
cient of variability, 76.4%) compared with
biofeedback dialysis (coefficient of variability,
60.7%), signifying increased autonomic activa-
tion during the former modality. Hemodynamic
data are shown in Fig 6.
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Fig 3. Analysis of LV wall motion (2-chamber view) of 1 representative patient (number 3) during standard (HD)
and biofeedback controlled (BFD) dialysis. Wall motion is measured over each of 100 chords around the ventricular
wall. Baseline traces are similar. By 240 minutes, 3 new regional wall motion abnormalities (RWMAs; arrows) have
developed during HD, but the same regions are unaffected during BFD. At 30 minutes post-HD, 2 of the RWMAs have

resolved and 1 persists (arrow).

DISCUSSION

We show that reversible decreases in LV
regional wall motion occur during standard
HD and, to a significantly lesser extent, during
biofeedback dialysis. Although we did not mea-
sure blood flow before and after HD, we be-
lieve the LV dysfunction that develops during
the procedure most likely is caused by myocar-
dial ischemia. Previous studies also suggested
that dialysis can induce subclinical myocardial
ischemia,*?° but this is the first to suggest that
this phenomenon can be ameliorated.

The development of new LV regional wall
motion abnormalities during physiological or
pharmacological stress occurs in response to
ischemia, and its onset precedes that of symp-
toms and electrocardiographic changes. This
forms the basis of stress echocardiography.?’
Subclinical ischemia therefore is the likely cause
of the LV regional wall motion abnormalities
that we show in response to the stress of dialysis.
The majority of affected regions showed some
degree of improvement by 30 minutes after dialy-
sis, and SF at baseline was similar in each
individual comparing the 2 dialysis sessions,
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Table 4. Global (EF) and Regional (SF) LV Function
During Standard (HD) and Biofeedback Dialysis

EF (%) SF mean) (%) SFwmay (%)
HD
Baseline 50.1+10.7 264*+15 298=*+17
Peak 48.7 =123 2.26 +1.4* 1.69 = 1.0t
Recovery 534 =133 26413 2.38 +1.3t%
Biofeedback
dialysis
Baseline 46.1 £123 254*+14 3.12+1.6
Peak 53.1+121 276 1.3 1.90 +1.01
Recovery 54.4+154 278*1.6 2.67=1.7tt

NOTE. Baseline is before the start of dialysis, peak
stress is the point at which most regional wall motion
abnormalities were present during dialysis, and recovery is
30 minutes postdialysis. Results that are of statistical
significance are indicated in bold.

*P < 0.05.

1P < 0.001 versus baseline by analysis of variance.

1P < 0.001 versus peak by analysis of variance.

which indicates that these regions do not sustain
irreversible damage during a short time scale.
However, approximately a third of regions had a
persistent decrease in SF at 30 minutes postdialy-
sis. Stunned myocardium can take up to 24 to 48
hours to recover function after an ischemic insult
(which matches the interdialytic interval).?
Therefore, this would be consistent with the
hypothesis that stunning occurred in our patients,
with regional wall motion abnormalities persist-
ing despite conditions in which any perfusion
abnormalities would be expected to have re-
solved. However, for conclusive evidence of myo-
cardial stunning, myocardial blood flow and LV
function need to be measured simultaneously.
Repeated episodes of stunning have been
shown to be cumulative, leading to more pro-
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longed LV dysfunction.?® This is thought to be an
important mechanism in the development of hi-
bernation, which, in turn, contributes to chronic
heart failure.** If myocardial stunning is induced
by HD, as our study suggests, the process of HD
itself, repeated 3 times weekly, may contribute to
chronic cardiac dysfunction in this patient group.
Certainly, patients who receive a kidney trans-
plant have significantly decreased all-cause and
cardiovascular death rates,? and renal transplan-
tation in patients with established heart failure
improves LV EF and symptoms.?® It is possible
that some of this benefit seen after transplanta-
tion may be caused by the avoidance of dialysis
and its negative effects. In addition, “uremic
cardiomyopathy” is characterized histologically
by myocardial fibrosis, which is similar to hiber-
nating myocardium harvested from nondialysis
patients during coronary artery bypass sur-
o ery.27’28

The smaller number of regional wall motion
abnormalities that occurred during biofeedback
dialysis compared with standard HD suggests
less segmental myocardial ischemia. Biofeed-
back dialysis works on the principle of a negative-
feedback loop, designed to preserve blood vol-
ume to an extent that avoids hypotension.'’
Changes in UF rate and dialysate conductivity
are made when relative blood volume decreases
to less than a set limit, but, in theory, before BP
decreases. Several studies showed that biofeed-
back dialysis decreased IDH frequency in pa-
tients who were both prone and resistant to IDH,
and this also was confirmed by our results.'""'* In
our study, BP was significantly greater during
biofeedback dialysis despite a trend toward
greater UF volume. This greater BP appeared to

Table 5. Echocardiographic Measurements of Cardiac Dimensions at the Start and End of Dialysis

Predialysis End of Dialysis

HD BFD HD BFD P
Left ventricle major axis diastole (cm) 8.4 +1.1 82=+1.0 8.1 0.8 8.0+0.6 0.79
Left ventricle major axis systole (cm) 7113 7110 70x1.0 6.9 0.6 0.97
Left ventricle minor axis diastole (cm) 52*1.0 52=*0.8 51=x1.1 5.4 *+0.8 0.92
Left ventricle minor axis systole (cm) 46*+1.0 43+13 45+07 43+09 0.9
Left atrium diameter (cm) 45 *0.7 45+ 0.6 44 +0.6 44 +0.7 0.99
Left atrium indexed volume (mL/m?) 33.0 £ 12.0 33.1 £11.0 30.5 +12.0 30.8 +11.0 0.95

NOTE. Left atrium volume was calculated by Simpson’s rule from single plane (apical 4 chamber) and indexed for body
surface area. There were no significant differences in any dimensions comparing the 2 dialysis modalities.

Abbreviation: BFD, biofeedback dialysis.
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baseline peak recovery Fig 4. Global LV function
(EF) during standard (HD)
and biofeedback dialysis
*5=0.043 (::a?'n).x %?Et.a expressed as
be caused by a smaller decrease in stroke volume documented atherosclerosis, although these are
and cardiac output and a higher pulse rate during not uncommon findings in long-term dialysis
biofeedback dialysis. One possible explanation patients. One weakness of our study is that
for the higher stroke volume and cardiac output patients did not undergo coronary angiography,
during biofeedback dialysis is better preserved which would have provided information about
blood volume, leading to improved cardiac fill- the degree and extent of large-vessel coronary
ing. Baroreflex sensitivity also was lower and disease to correlate with the echocardiographic
showed less variability during biofeedback dialy- data. However, there are plausible mechanisms
sis, indicating less autonomic activity. This im- other than large-vessel obstructive coronary dis-
plies less hemodynamic stress during biofeed- ease that may predispose to myocardial hypoper-
back dialysis. The higher BP, fewer IDH episodes, fusion. Coronary flow reserve is dependent not
and improved systemic hemodynamics all have only on large-vessel patency, but also on micro-
the capacity to lessen episodes of myocardial vascular disease, which also decreases the ability
hypoperfusion compared with standard HD. to increase blood flow to myocardium during in-
The large number of new regional wall motion creased demand. Specific microvascular disease
abnormalities seen in our patients may reflect has been described in dialysis patients, likely be-
their demographics. All were prone to IDH, all cause of the high prevalence of diabetes, hyperten-
had LV hypertrophy, and 7 of 8 patients had sion, and vascular calcification.” In addition,
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Fig 6. Systemic hemodynamics during standard (HD) and biofeedback (BFD) dialysis. During BFD, there was a
greater increment in pulse (P < 0.001) and smaller decrease in stroke volume and cardiac output (P < 0.001 for
each). As aresult, peripheral resistance increased to a slightly lesser extent during BFD (P < 0.05).

acute severe stress can induce stunning despite
normal coronary anatomy,*® but although HD is
associated with sympathetic activation and a
hyperadrenergic state,'> none of our patients
had a phenotype that resembled acute severe
stress. Finally, it is possible that the autonomic
nervous system may affect ventricular function
during dialysis. Altered autonomic function,
which is a common finding in dialysis patients,
affects both IDH frequency and ventricular con-
tractility.’>** We observed differences in barore-
flex sensitivity between dialysis modalities, but
our current study did not assess the direct effect
of the autonomic nervous system on LV dysfunc-
tion.

EF did not change significantly from baseline
during either HD or biofeedback dialysis. How-
ever, there was a significant difference in percent-
age of change from baseline between dialysis
modalities because of the trend for EF to de-
crease at peak stress with HD and increase with
biofeedback dialysis. The trend for EF to in-
crease with biofeedback dialysis despite the de-
velopment of regional wall motion abnormalities

was unexpected and occurred because SF in
some unaffected LV regions increased during
peak stress. This phenomenon also was seen
during HD, but to a lesser extent. This corre-
sponds to the better preservation of stroke vol-
ume and cardiac output during biofeedback dialy-
sis. Again, the reasons behind these changes are
not explained, but may suggest that in regions
without ischemia, function increases in the short
term in response to the hemodynamic stress of
dialysis. Indexed left atrial volume is used as a
marker for diastolic dysfunction.'* Measuring
diastolic function is not a primary objective of
this study because myocardial stunning is de-
fined on systolic function, and considerable con-
troversy still surrounds assessments of diastolic
function in dialysis patients. However, as may be
expected with the high prevalence of LV hyper-
trophy, 5 of 8 patients had an indexed left atrial
volume greater than 28 mL/m?, implying a degree
of diastolic dysfunction. However, there was no
difference in this value or in mean indexed left
atrial volume comparing HD and biofeedback dialy-
sis either before or after dialysis.
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Our study has some potential weaknesses.
Patient numbers are small; thus, our results should
be regarded as preliminary and need to be repli-
cated in a larger number of patients. This is particu-
larly pertinent because echocardiographic measure-
ments always entail a degree of variability, even
under optimal conditions. We used endocardial
borders as the sole marker of abnormal contrac-
tion and therefore did not take account of wall
thickening or transmyocardial heterogeneity.
However, our method is repeatable and quantita-
tive. Finally, ours was a short-term study; there-
fore, any effect of dialysis-induced regional wall
motion abnormalities on long-term cardiac dys-
function is purely speculative at present.

In conclusion, this study shows that reversible
myocardial dysfunction occurs during dialysis.
Potentially, this could be a novel mechanism
contributing to the excess of cardiovascular
disease and cardiac failure seen in this patient
group. In addition, we also show the occurrence
is less during biofeedback dialysis, thereby sug-
gesting that this phenomenon may be a target for
intervention. Additional work is needed to con-
firm our findings, measure myocardial blood
flow in conjunction with LV function, and study
the long-term development of heart failure in
response to repeated dialysis-induced myocar-
dial stunning.
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