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Heart failure (HF) is a global health problem. HF carries a 
high rate of recurrent HF hospitalizations and a very high 

mortality rate [1]. Advanced HF is defined by the Heart Failure 
Association of the European Society of Cardiology as the end 
of the HF disease spectrum in which, despite optimal guide-
line-directed treatment, symptoms are persistent, severe cardiac 
dysfunction is present, and the patients have severe impairment 
of exercise capacity [2]. Mechanical devices and heart trans-
plantation may be considered for these patients but are appro-
priate or available to only a small minority. Volume overload 
despite maximal diuretic therapy is a leading challenge in these 
patients, with a significant impact on quality of life. Diuretics 
are the mainstay of therapy for congestion. In advanced patients 
with chronic high-dose diuretic therapy, more than 20% of pa-
tients may demonstrate diuretic resistance [3], which is defined 
as failure to achieve effective congestion relief despite appropri-
ate or escalating doses of diuretics.

Diuretic resistance may result from sub-therapeutic drug 
delivery to the distal tubule, drug interactions, compensatory 
mechanisms of distal tubule, and neurohormonal activation. 
This situation leads to frequent recurrent hospitalizations for 
decongestion. Dialysis may provide a therapeutic alternative 
for advanced HF patients with volume overload despite max-
imal pharmacological therapy. Several studies have evaluated 
this condition over the last few decades [4-10] suggesting that 
this modality can improve outcome in these severe patients, 
although this solution is not widely used. We assessed the net 
clinical outcome of chronic peritoneal dialysis or hemodialysis 
in patients with advanced HF.

PATIENTS AND METHODS
In this retrospective study, we analyzed all advanced HF pa-
tients who presented with severe congestive HF and were re-
ferred for dialysis due to volume overload at our institution in 
the period between 2014 and 2018. They were assessed to be in 
a hypervolemic state by at least two of the following criteria: 
peripheral edema; radiographic pulmonary edema or pleural ef-
fusion; enlarged liver or ascites; or pulmonary rales, paroxysmal 
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patients with volume overload despite maximal pharmacolog-
ical therapy. 

  Objectives: To assess the net clinical outcome of peritoneal di-
alysis or hemodialysis in patients with advanced HF.

  Methods: We analyzed all advanced HF patients who were re-
ferred for dialysis due to volume overload in our institution. 
Patients were followed for complications, HF hospitalizations, 
and survival. 

  Results: We assessed 35 patients; 10 (29%) underwent peri-
toneal dialysis and 25 (71%) underwent hemodialysis; 71% 
were male; median (interquartile range) age was 74 (67–78) 
years. Estimated glomerular filtration rate was 20 (13–32)  
ml/min per 1.73 m2. New York Heart Association functional ca-
pacity was III. Median follow-up time was 719 days (interquar-
tile range 658–780). One-year mortality rate was 8/35 (23%) 
and overall mortality rate was 16/35 (46%). Three patients 
(9%) died during the first year due to line or peritoneal dialysis 
related sepsis, and 6 (17%) died during the entire follow-up. 
The median number of HF hospitalizations was significantly 
reduced during the year on dialysis compared to the year prior 
to dialysis (0.0 [0.0–1.0] vs. 2.0 [0.0–3.0], P < 0.001).

  Conclusions: Dialysis is reasonably safe and significantly re-
duced HF hospitalization in advanced HF patients. Dialysis 
could be a good alternative for advanced HF patients with in-
tractable volume overload.
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nocturnal dyspnea, speech dyspnea, or orthopnea. Patients were 
followed for HF hospitalizations, complications, and survival. 
The institutional committee for human studies of the Hadassah 
Medical Center approved the study protocol.

STATISTICAL ANALYSES
Statistical analyses were performed using Statistical Package 
for the Social Sciences software version 17 (SPSS Inc., Chi-
cago, IL, USA). Continuous variables are presented as median 
(quartiles) and categorical variables as counts (percentages). 
Comparison of the clinical characteristics was performed using 
the Mann-Whitney U test for continuous variables and the chi-
square test for categorical variables. Follow-up time was calcu-
lated using Kaplan-Meier estimate of potential follow-up. Ka-
plan-Meier curves, with the log-rank test, were used to compare 
survival. Statistical significance was defined as P < 0.05.

RESULTS 

PATIENT CHARACTERISTICS

We assessed 35 patients on dialysis for volume overload. The 
clinical characteristics of these patients are presented in Table 1. 
Ten patients (29%) underwent peritoneal dialysis and twen-
ty-five (71%) hemodialysis. 71% were male; median (interquar-
tile range [IQR]) age was 74 (67–78) years. Estimated glomer-
ular filtration rate (eGFR) was 20 (13–32) ml/min per 1.73 m2. 
New York Heart Association functional capacity was III and IV 
in 66% of the patients. Left ventricle ejection fraction (EF) at 
the time of commencement of dialysis included patients with 
EF > 50% (34%), EF 40–50% (22%), and EF < 40% (44%). The 
majority of patients (83%) were treated with maximally tolerat-
ed intravenous diuretics in an outpatient daycare setting in ad-
dition to optimal guideline-directed treatment prior to dialysis. 
In 19 patients (54%) the treatment with angiotensin converting 
enzyme inhibitors (ACE inhibitors) or angiotensin II receptor 
blockers (ARBs) was stopped because of worsening kidney 
function. The majority of the patients presented with significant 
valvular heart disease with at least moderate mitral regurgitation 
in 67% and at least moderate tricuspid regurgitation in 84%. 
Pulmonary hypertension with estimated systolic pulmonary ar-
tery pressure > 40 mmHg was present in 50% of the patients. 
Four patients (11%) (three on peritoneal dialysis and one on 
hemodyalisis) performed peritoneocentesis of ascites fluid in 
previous hospitalizations before the initiation of dialysis.

CLINICAL OUTCOME
Median follow-up time was 719 days (IQR range 658–780). 
One-year mortality rate was 8/35 (23%), the expected mortality 
rate in this advanced HF cohort [11]. Three patients (9%) died 
during the first year due to line or peritoneal dialysis related 
sepsis and 6 (17%) during the entire follow-up. Four patients 

(11%) died due to advanced heart failure during the entire fol-
low-up, three of these patients during the first year after dialysis 
commencement. There was a marked reduction in HF hospital-
izations after commencing dialysis. The median number of HF 
hospitalizations was significantly reduced during the year after 
dialysis compared to the year prior to dialysis (0.0 [IQR 0.0–
1.0] vs. 2.0 [IQR 0.0–3.0], P < 0.001) [Figure 1]. Exclusion of 
patients who did not survive the first year demonstrated a very 
similar result with a significant reduction in HF hospitalizations 
following dialysis (0.0 [IQR 0.0–1.0] vs. 2.0 [IQR 0.0–3.0], P < 
0.001, n=27). The median number of all-cause hospitalizations 
during the year following dialysis was also low (1 [IQR 0–3]).

DISCUSSION
The main finding of the present study is that dialysis is a prac-
tical option for advanced HF patients with intractable volume 
overload without other options. Dialysis significantly reduced 
HF hospitalization in these patients. Dialysis was also reason-
ably safe and the complication rate was acceptable. This thera-
py probably does not improve survival; however, it does reduce 
hospitalization rate, an important clinical goal in these patients.

The cardiorenal axis has been described well, with dete-
rioration of one system seen in the setting of malfunction of 
the other. This bidirectional relationship is crucial in managing 
these patients as this relationship worsens congestion and vol-
ume overload [12]. Several studies have reported the association 
of venous congestion and decreased renal perfusion, leading to 
worsening renal function due to increased renal venous pressure. 
Increased central venous pressure is associated with decreased 
eGFR in patients with chronic HF [13]. In patients after ST-ele-
vation myocardial infarction, the combination of elevated cen-
tral venous pressure (CVP), and reduced left ventricular systolic 
function assessed by echocardiography was associated with the 
highest risk for acute kidney injury (AKI) [14]. This association 
suggests that acutely decompensated heart failure leads to AKI 
due to reduced effective renal blood flow secondary to venous 
congestion as well as acute reduction of cardiac output. This 
mechanism is classified as type 1 cardiorenal syndrome [15]. 
The cornerstone of treatment for volume overload is diuretics; 
however, diuretics increase neurohormonal levels, which causes 
electrolyte imbalance and may not control the volume overload. 
In the last several decades, a mechanical strategy to remove 
fluid has been evaluated as a feasible option for patients with 
advanced congestive HF, resistant to drug therapy in the acute 
setting, as well as in the chronic setting. 

Ultrafiltration (UF) is an effective method of fluid removal 
with several potential advantages over diuretic-based approaches, 
including adjustable fluid removal volumes and rates, no effect on 
serum electrolytes, and decreased neurohormonal activity [16]. 
Several studies were performed to evaluate its effectiveness in 
the acute setting of decompensated HF [16-19]. While UF was 
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Table 1. Clinical characteristics of the patients

Hemodialysis 
(n=25)

Peritoneal dialysis 
(n=10)

Total 
(N=35) P value

Age, years (range) 74 (67–77) 70 (66–87) 74 (67–78) 0.99

Gender (male) 19 (76) 6 (60) 25 (71) 0.34

Creatinine μmol/L (range) 294 (186–386) 210 (188–312) 243 (187–385) 0.58

Estimated glomerular filtration rate (ml/min per 1.73 m2) 19 (12–33) 24 (16–29) 20 (1–32) 0.58

New York Heart Association III/IV 16 (64) 7 (70) 23 (66) 0.74

Ischemic heart disease 14 (56) 7 (70) 21 (60) 0.45

Atrial fibrillation 14 (56) 6 (60) 20 (57) 0.83

Hyperlipidemia 22 (88) 6 (86) 28 (88) 0.87

Diabetes 16 (64) 7 (70) 23 (66) 0.74

Hypertension 16 (67) 10 (100) 26 (76) 0.04

Smoker 7 (29) 2 (29) 9 (29) 0.98

Pacemaker device 5 (20) 4 (40) 9 (26) 0.22

Implantable cardioverter defibrillator 1 (4) 2 (20) 3 (9) 0.13

Cardiac resynchronization therapy 3 (12) 1 (10) 4 (11) 0.87

Angiotensin converting enzyme inhibitor 11 (44) 1 (10) 12 (34) 0.1

Angiotensin receptor blocker 2 (8) 2 (20) 4 (11) 0.31

Beta blocker 21 (84) 9 (90) 30 (86) 0.13

Spironolactone 10 (40) 7 (70) 17 (49) 0.05

Furosemide 18 (72) 10 (100) 28 (80) 0.06

Metolazone 0 (0.0) 2 (20) 2 (6) 0.02

Hydrochlorothiazide 0 (0.0) 1 (10) 1 (3) 0.11

Anticoagulation 13 (52) 4 (40) 17 (49) 0.52

Daycare 22 (88) 7 (70) 29 (83) 0.2

Left ventricle ejection fraction 

> 50% 7 (32) 4 (40) 11 (34) 0.65

40–50% 4 (18) 3 (30) 7 (22) 0.45

< 40% 11 (50) 3 (30) 14 (44) 0.29

Right ventricle systolic function 

Mild 13 (57) 6 (60) 19 (58) 0.85

Moderate 7 (30) 1 (10) 8 (24) 0.21

Severe 2 (9) 3 (30) 5 (15) 0.12

Mitral regurgitation ≥ Moderate 15 (65) 7 (70) 22 (67) 0.79

Tricuspid regurgitation ≥ Moderate 18 (82) 9 (90) 27 (84) 0.55

Severe pulmonary hypertension 13 (54) 2 (33) 15 (50) 0.36

One-year mortality

All 7 (28) 1 (10) 8 (23) 0.25

Sepsis 2 (8) 1 (10) 3 (9) 0.85

Heart failure 3 (12) 0 (0.0) 3 (9) 0.25

Overall mortality

All 12 (50) 4 (50) 16 (50) 1

Sepsis 3 (13) 3 (38) 6 (19) 0.12

Heart failure 3 (13) 1 (13) 4 (13) 1

HD = hemodialysis; PD = peritoneal dialysis 
Data are presented as median (interquartile range) for continuous variables and counts (percentages) for categorical variables 
P value by the Mann-Whitney U test for continuous variables and the chi-square test for categorical variables
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safe and reduced congestion, these studies did not reveal consis-
tent results in terms of increased weight loss or improved kidney 
function compared to diuretics. Costanzo and colleagues [17] as-
sessed the effect of ultrafiltration in patients with decompensated 
HF in the UNLOAD trial, in which it was found to be superi-
or to intravenous diuretics in regard to weight and fluid loss as 
well as reducing hospitalizations. In the CUORE trial [19] ultra-
filtration failed to reduce weight compared to pharmacological 
therapy; however, it did achieve its primary endpoint: reduction 
in rehospitalizations. In patients with worsening renal function, 
ultrafiltration was not superior in weight loss compared to phar-
macologic-therapy, did not preserve renal function more, and was 
associated with higher adverse events [18].

Fluid removal by dialysis has been evaluated for the treatment 
of intractable volume overload in chronic HF and the results are 
more consistent. These studies have shown that dialysis improves 
clinical complaints of congestion, improves functional capaci-
ty, quality of life and reduces rehospitalization rates [4-10]. The 
present study demonstrates that the mainstay effect of dialysis 
therapy in our patients was a significant reduction of hospital-
izations due to HF. Indeed, reduced number of hospitalizations is 
the main effect of dialysis in patients with HF [20]. Reduction in 
HF hospitalization is an important goal, as each decompensation 
episode is related to worsening of life expectancy [21].

In the present study, mortality rates were higher compared 
to the general end-stage renal disease (ESRD) population (87% 
1-year survival; 50% 4-year survival, according to data from the 
Israel Center for Disease Control) [22]. However, this mortality 
rate is similar to what is described in similar cohorts of HF pa-
tients presenting with advanced disease [11]. Although dialysis 
reduces HF hospitalizations, it also brings an additional risk of 
complications. In our cohort, 17% of the deaths were attributed 
to line-related or peritoneal dialysis-related sepsis during fol-
low-up, half during the first year after commencement of dial-
ysis. Both types of dialysis modalities were affected, although 
numerically the rate was higher in the peritoneal dialysis (PD). 
This infection rate seems higher that reported in patients on 
dialysis: 0.03–0.14 admissions per patient-year for access re-
lated infections and 0.34–0.42 admissions per patient-year for 
all infections in ESRD Medicare beneficiaries [23]. Infections 
are obviously a significant risk with this invasive therapy and 
this situation needs to be considered in the individual patient, 
balancing the risk benefit ratio. Nevertheless, the mortality rate 
in the present study was not significantly different from the ex-
pected mortality in this severely compromised population.

Drug management in HF patients with chronic kidney disease 
is frequently limited by worsened kidney function and life-threat-
ening hyperkalemia [9,24]. This result was seen in our cohort, in 
which most of the patients were less likely to receive full optimal 
medical treatment including ACE inhibitors/ARBs and mineralo-
corticoid receptor antagonists. Dialysis presents the opportunity 
to optimize the treatment and to increase medications. Whether it 
might improve the prognosis in this special patient cohort has to 
be demonstrated in further prospective studies.

LIMITATIONS
This retrospective observational study did not include a control 
group. The data included a relatively small number of patients from 
one specific hospital; therefore, the results may not be applicable to 
other populations. Patients performing dialysis receive meticulous 
care and intensified medical attention; thus, we cannot preclude 
that it is possible that intensification of medical care due to the 
dialysis may be the cause of the reduction in hospitalizations. 

CONCLUSIONS
Dialysis significantly reduced HF hospitalization in advanced 
HF patients. Our study supports this option as a viable thera-
peutic option for intractable volume overload in advanced HF. 
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Figure 1. HF hospitalizations one-year pre and post dialysis

Median HF hospitalizations during the year after dialysis was 
significantly reduced compared to the year prior to dialysis (0.0 
[0.0–1.0] vs. 2.0 [0.0–3.0], P < 0.001

HF = heart failure
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Capsule

Amyloid aids melanoma
Metastasis occurs when cancer spreads from the primary 
tumor throughout the body. Melanoma is a skin cancer 
that preferentially spreads to the brain, but what facilitates 
brain metastasis is not well understood. Kleffman and co-
authors reported that the amyloid beta (Aβ) protein, which 
is a major contributor to neurodegeneration in patients 
with Alzheimer’s disease, is required for melanoma growth 

in the brain parenchyma. Targeting amyloid precursor 
protein (APP) or APP cleavage products created an anti-
inflammatory environment that allowed melanoma cells to 
avoid phagocytic clearance by microglia. Pharmacological 
inhibition of Aβ reduced melanoma metastasis.

Cancer Discov 2022; 12: 1314 
Eitan Israeli

Capsule

Organized immunity in the oral mucosa
The oral cavity is the first site of contact with foodborne 
pathogens, yet how adaptive immune responses to 
antigens in the oral mucosa are regulated is not well 
understood. Barreto de Albuquerque and colleagues 
modeled foodborne listeriosis using oral Listeria 
monocytogenes (Lm) infection in mice. Lm drained from 
the oral mucosa to mandibular lymph nodes (mandLNs), 
resulting in local CD8+ T cell activation and effector 
(TEFF) generation. mandLN-primed TEFF disseminated 

to the lung, oral mucosa, and secondary lymph nodes 
to mount protective effector responses. The cells did not 
disseminate to the small intestine because of reduced 
expression levels of gut-homing receptors. Thus, priming 
of CD8+ T cells in mandLNs contributes to host protection, 
extending the concept of compartmentalized immune 
responses within the gastrointestinal tract.
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