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Abstract

Background: In patients with end-stage renal disease (ESRD) undergoing
hemodialysis, cardiovascular diseases, and in particular chronic heart failure
are the leading causes of morbidity and mortality. Nevertheless, few data are
available about the impact of fluid optimization on echocardiographic parame-
ters of cardiac function in patients with ESRD.

Methods and Results: In five patients with ESRD undergoing hemodialy-
sis who had developed nonischemic dilated cardiomyopathy, an optimal
fluid volume management based on a strict bioelectrical impedance
analysis-assisted dry weight target and dietary sodium and water restriction
led to left ventricular reverse remodeling and improvement in hemody-
namic parameters. The reverse remodeling further improved after kidney
transplantation.

Conclusions: This case series supports the possible beneficial effect of volume
status optimization on cardiac function and the potential reversibility of car-
diac dysfunction after kidney transplantation.
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cardiac parameters. Here, we report a case series of five
patients undergoing hemodialysis who had developed

In patients with end-stage renal disease (ESRD) undergo-
ing hemodialysis, cardiovascular diseases, and in particu-
lar chronic heart failure (CHF) are the leading causes of
morbidity and mortality."

Despite the clinical relevance of this issue, few data are
available on how the management of patients with ESRD
with concomitant CHF affects the echocardiographic
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CHF, dilated cardiomyopathy, and mild-to-severe left ven-
tricular (LV) systolic dysfunction, in whom the main ther-
apeutic approach was based on optimal fluid volume
management. Particularly, at the beginning of the observa-
tion, the dry weight of the patients was reassessed using
bioelectrical impedance analysis (BIA) and set as low as
possible. Thereafter, to minimize interdialytic weight gain,
a low-sodium, and fluid-restricted (up to 750 ml/day) diet
was prescribed.
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METHODS

Among consecutive outpatients with CHF referred to the
Heart Failure Unit of the University Polyclinic Hospital
of Bari from 2014 to 2019, we retrospectively evaluated
those with ESRD and on the kidney transplant waiting
list. Written informed consent was obtained from the
patients for the publication of this case series and any
accompanying images.

The first recorded medical visit was considered the
baseline evaluation. Medical history taking, physical
examination, 12-lead electrocardiography, mono- and
two-dimensional echocardiography, and blood sample
collection were performed. The presence of ischemic car-
diomyopathy, arterial hypertension, atrial fibrillation,
diabetes mellitus, and dyslipidemia, as well as the history
of CKD and dialysis, were documented and recorded.
These baseline evaluations were repeated at least every
6 months, according to the patients’ management proto-
col at the heart failure unit. New York Heart Association
class, anthropometric data, systolic and diastolic arterial
pressures, and heart rhythm were also recorded.

Echocardiographic recordings were obtained using
an echo-Doppler system (Vivid 7, GE Vingmed Ultra-
sound; General Electric) equipped with a phased-array,
4-MHz probe. Interventricular septal thickness, LV
end-diastolic diameter, and posterior wall thickness
were evaluated, and indexed LV mass was calculated.*
LV end-diastolic volume, LV end-systolic volume, and
LV ejection fraction (LVEF) were calculated using
Simpson’s rule. To estimate the right ventricular func-
tion, the tricuspid annular plane systolic excursion was
evaluated. LV diastolic function was assessed by calcu-
lating the left atrial volume and through mitral pulsed
Doppler and pulsed tissue Doppler imaging examina-
tions. The peak early diastolic velocities (E’) at the level
of the septal and lateral mitral annulus, as well as the
mean of these values, were calculated. The ratio
between the peak early diastolic velocity in pulsed
Doppler and the mean ¢’ (E/¢’) was then calculated.
Mitral regurgitation and tricuspid regurgitation were
semiquantitatively evaluated using color Doppler, with
arbitrary units ranging from 0 to 4. Pulmonary artery
systolic pressure was estimated from the peak velocity
of tricuspid regurgitation and the estimated central
venous pressure.

RESULTS

A total of five patients with both nonischemic dilated car-
diomyopathy and ESRD and on the kidney transplant
waiting list were evaluated.

Patient 1 was a 52-year-old man who received a kidney
transplant in 1996 after 6 years of hemodialysis. In 2003,
chronic graft rejection occurred and hemodialysis was
resumed. CHF with reduced LVEF was diagnosed in October
2012. Coronary angiography did not show obstructive coro-
nary disease. A cardioverter defibrillator was implanted. In
January 2014, he was assessed for eligibility for kidney
retransplantation. He reported dyspnea on minimal exertion
and poor adherence to sodium and water restriction.

Patient 2 was a 44-year-old man with a history of sys-
temic hypertension, insulin-dependent diabetes mellitus,
and ESRD requiring dialysis since 2012. In August 2013,
he was admitted to our clinic for the evaluation of dilated
cardiomyopathy. His coronary angiography results were
normal. Considering the sustained reduced LVEF, a car-
dioverter defibrillator was implanted. He was evaluated
for eligibility for kidney transplantation in September
2014. He reported poor adherence to sodium and water
restriction, as well as excessive interdialytic weight gain.

Patient 3 was a 50-year-old man with hypertension
and undergoing hemodialysis since May 2014. He was
evaluated for nonischemic dilated cardiomyopathy in
May 2015.

Patient 4 was a 22-year-old man with arterial hyper-
tension and ESRD requiring hemodialysis since April
2017. In August 2018, he was admitted for acute pulmo-
nary edema with negative coronary angiography.

Patient 5 was a 20-year-old man with poorly con-
trolled systemic hypertension and ESRD requiring hemo-
dialysis since April 2019.

Similar to the first two patients, patients 3-5 also
reported poor adherence to sodium and water restriction.

Table 1 shows the clinical and echocardiographic char-
acteristics of all patients before and after management.
After dry weight reduction and sodium and water restric-
tion, all patients showed progressive improvement in
LVEF with reverse LV remodeling, reduced LV volume
and left atrial volume, and significantly reduced estimated
systolic arterial pulmonary pressure after a median time of
6 months (Table 1 and Figure 1). Patients 1 and 2, who
had a longer history of CHF, showed improvements after
a longer time. Additionally, cardiospecific therapy with
beta-blockers or renin-angiotensin-aldosterone system
inhibitors was reduced in three patients and discontinued
in one patient. Patients 2 (November 2017), 3 (April 2017),
and 4 (October 2019) showed further improvements after
receiving a kidney transplant (Table 1).

DISCUSSION

This brief report describes the management of five
patients with CHF who were undergoing hemodialysis.



347

REVERSE CARDIAC REMODELING AFTER FLUID BALANCE OPTIMIZATION IN PATIENTS WITH end-stage RENAL DISEASE

(senunuo))

0c Ly 8T S¢ 0L ST 8¢ 0S 0€ 55 S€ 0€ SS SHwwW ‘dSvde
81 €T S 4! (4 ST 91 81 8 L 14! 4! 81 wut ‘DAL
djerapour djerapour djeIopour
— 9JeISPON  [EWIUIN TeWIUIN 9)BISPOIN  PIIA PIIN PIIN —PIIN —PIIN —PIIN PIIN 91aA9§ L
LT ST e 9¢ ST 1C 1c 1C 8¢ 8¢C C 0c ST ww ‘GSdV.L
djeIopour 919A3S
- PIIN  [eWIUIA [eWIUIA 9)BISPOIN  PIIA PIIA  919A8S—3)BISPOIN PIIN PIIA —PIIIN [EWTUIN  —9)BISPON IN
143 (81 €e SL L6 LL 09 6CI L8 06 6L S9 OTT W AVT
9 91 6 IT 0t /L 99 0T S’L 8 (08 8 14! 2/
L'TT L (AN 60T 6 6 9 TT 48 8’ 6 8 L9 2 [el9)e]
68 69 69 L9 9 L L /A 9L 4% €8 S € 2 1eydas
09 134 SS Ly 0¢ (45 144 134 14 ov S¢ 0s 0c % ‘dAAT
4! LTT 29 STT €LT 0€T 80T L0T SYT L8T 81 S6 61¢C T ‘AQIAT
SPT L0OC (441 el €LT Vel 6C1 91 i 891 6LT (44 €€l NE\w ‘TINAT
610 ¥€0 90 (4 40] 9’0  8%°0 70 0] 90 7’0 6€°0 8€0 8C°0 IMYT
(4! 1T [4! 11 €1 [48 1T TT 48 [4! 48 0T 6 wuw ‘LMd
@l @l 4! IT (48 ST 14! 4\ €1 @l (4 (48 6 W ‘SAT
6% 9 w (43 LS 0S 0S €9 (45 09 19 (45 9 ww ‘qqaA1
su3ouinAnd 21Ydp4301pADIOYIT
091 - - 09T 08 08 - 091 - 08 091 - - Sw ‘gd ueiIeseA
Sw ‘qyg
ST9 14 14 0S S'LE 4 ST 0S 0s 0s 0S - ST9 [O[IpaAIeD
I II I I 111 I I II I I 11 I 111 SSE[0 VHAN
09 S8 88 SOT OTT 08 0L S6 06 06 08 09 08 SHWW ‘qva
€Cl 0ST LTI 091 SLT 141 SOt SST ovl 0ST 0¢T OTT 0ct SHwWW ‘dvs
Ses 9¢ SS sS LS SSL 9L AL 69 L9 69 €L VL 8 JySem
€91 €91 CLT CLT CLT 08T 081 08T 6LT 6L1 6LT ST SoT un WYSeH
s4a3awvaod [pa1UD
dduereq odurpEseqg I 19V ddoue[eq durpseg I dduefeq aurpasegq I 19V ddouefeq pmiy sureseg ddouefeq pm[J durEseq
pmy pmy nRYy  pmy rewndo 1013y rewndo 13y
rewmdo rewndo rewindo
IRV YV DYV
S judaned v Juaned € Judned Zudned 1judned
syuaned Jo sonsiiajoeIeyd oryderSorpiesoydsd pue edrul) T ATV L



URSI ET AL.

(Continued)

TABLE 1

Patient 1

Patient 5

Patient 4

Patient 3

Patient 2

After

After

After

optimal
fluid

optimal

fluid
Baseline balance After KT Baseline balance

optimal
fluid

After

After optimal

After optimal

balance KT

Baseline

fluid balance After KT

fluid balance Baseline

Baseline

Clinical parameters

12 18 18 20

12

Time from

baseline,
months

Note: Data before and after optimization of fluid balance are shown for all patients, as well as after kidney transplantation for three patients. The optimal management of fluid and sodium imbalance in patients

undergoing dialysis consisted of adjusting salt and fluid removal through dialysis (ultrafiltration and dialysate sodium) and by restricting salt intake and fluid gain between dialysis sessions.

Abbreviations: DAP, diastolic arterial pressure; ED, equivalent dose; ePASP, estimated pulmonary arterial systolic pressure; KT, kidney transplantation; IVS, interventricular septum; LAV, left atrial volume; LVEDD,

left ventricular end-diastolic diameter; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; IVC, inferior vena cava; MR, mitral regurgitation;

NYHA, New York Heart Association; PWT, posterior wall thickness; RWT, relative wall thickness; SAP, systolic arterial pressure; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation.

All patients were diagnosed with nonischemic dilated car-
diomyopathy with mild-to-severe impairment of LVEF.
After the optimization of fluid balance through sodium
and water restriction and BIA-assisted adjustment of dry
weight to the lowest possible target, significant reverse
remodeling and improvement in hemodynamic parame-
ters were observed. These improvements were further
enhanced after kidney transplantation.

Patients with ESRD show myocardial structural
changes mainly characterized by LV hypertrophy and
diastolic dysfunction.” In more advanced stages, they can
progress into a dilated phenotype, which is associated
with greater mortality.” The underlying pathophysiologic
mechanism is related to hemodynamic and non-
hemodynamic factors. Increased LV afterload, which can
be due to uncontrolled arterial hypertension, increased
arterial systemic resistance, vascular calcification, and
occasionally aortic stenosis, can promote concentric LV
remodeling. Conversely, an increased preload, resulting
from the expansion of intravascular volume due to fluid
retention and to the high flow related to arteriovenous
fistulas and anemia, can promote eccentric LV remo-
deling.” The dilated phenotype can also be caused by
nonhemodynamic factors such as uremic toxins, oxida-
tive stress, inflammatory status, hyperparathyroidism,
hypovitaminosis D, hyperphosphatemia, and activation
of the renin-angiotensin-aldosterone system.’

Despite its prognostic impact, the optimal medical
management of heart failure with reduced LVEF and the
role of dialysis treatment protocols in patients with ESRD
remain controversial.”® The impact of fluid balance on
LV remodeling has been highlighted in a study with
three patients treated with the intensive control of blood
pressure and fluid and electrolyte intake.’

Our case series further supports the hypothesis that an
optimal fluid management achieved by dietary salt and
water restriction and a strict dry weight target may be ben-
eficial in this clinical setting. All patients in our series
showed reduced LV dilatation, improved systolic function,
and reduced left atrial dilatation and pulmonary pressures.

Notably, the success of our therapeutic approach may
be due to a shared phenotype. All patients were young,
had no prior history of any heart disease, and had LV
dilatation and reduced LVEF not related to an obstructive
coronary disease. Moreover, all patients had fluid over-
load because of poor compliance to salt and fluid intake
restriction, as well as excessive interdialytic weight gain.

The main role of optimal fluid balance in the
observed improvements was also confirmed by the reduc-
tion (in three patients) or discontinuation (in one patient)
of cardiospecific therapy with beta-blockers or renin-
angiotensin-aldosterone system inhibitors (i.e., drugs
with a reverse remodeling effect).
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FIGURE 1

After correction of
fluid imbalance

Echocardiographic examination of patient 1 before (left) and 12 months after (right) the correction of fluid imbalance. From

top to bottom: Four-chamber view, mitral and tricuspid regurgitation, pulsed Doppler and tissue Doppler images obtained at the level of the
mitral valve, and systolic velocity peak of tricuspid regurgitation and the inferiorvena cava [Color figure can be viewed at

wileyonlinelibrary.com]|

Finally, the observed improvements were even more
noticeable after kidney transplantation in three patients.
This was probably due to the combined role of better and
continuous fluid balance control and effective clearance
of uremic toxins.

In patients with ESRD, the accumulation of uremic
toxins adversely affects cardiac performance because of
their inotropic and chronotropic effects and their ability
to cause myocyte fibrosis and apoptosis with long-term
exposure.'® In our three patients who received a trans-
plant, the clearance of uremic toxins may have contrib-
uted to reverse cardiac remodeling. This is important
because several studies have shown that kidney trans-
plantation decreases cardiovascular mortality and the
risk of CHF development compared with long-term dialy-
sis therapy. Increasing evidence suggests that replacing
renal function with a kidney graft in patients with CHF
is associated not only with the reduction in LV hypertro-
phy but also with the reversal of cardiac dysfunction.'*

Our clinical approach also has relevant consequences
on the patients’ eligibility for kidney transplantation. All
patients were referred to the heart failure unit to exclude
contraindications to kidney transplantation or to evaluate
the option of kidney or heart transplantation. As we

observed a dilated cardiomyopathy phenotype associated
with fluid imbalance, none of the patients were deter-
mined to have had an absolute contraindication to kid-
ney transplantation or an indication for heart
transplantation. This decision was driven by the possibil-
ity of obtaining a significant improvement in cardiac
function after the optimization of fluid balance. In our
case series, kidney transplantation further improved the
cardiac function of patients who received a transplant.

CONCLUSIONS

In patients with ESRD undergoing hemodialysis and with
CHF due to nonischemic dilated cardiomyopathy, opti-
mal fluid management can result in significant reverse
remodeling, which can be further improved via kidney
transplantation.
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