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Abstract
Treatment of acute deterioration in cardiac function traditionally involved diuretics, inotropes, and vasodilators.
Usage of diuretics to reduce volume overload and pulmonary edema is often slow and many times accompanied
by activation of RAAS and sympathetic nervous system with resultant increase in serum creatinine and heart
rate. Other therapies that have been used in this setting include natriuretics and aquareticsalthough with
limited success. To address this problem, mechanical removal of fluid (ultrafiltration/aquapheresis) in volume
overloaded patients is increasingly being done with lesser incidence of activation of RAAS and SNS. Both
traditional dialysis machines and dedicated machines for isolated ultrafiltration have been employed.
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Introduction

Coexistent cardiac and renal involvement has been
termed cardiorenal syndrome (CRS), either of which
might have preceded or succeeded the other in
acute or chronic form or both might have occurred
simultaneously secondary to a common systemic
process(1)

Patients with chronic kidney disease (CKD) are
characterized not only by tendency to progress
to end-stage renal disease (ESRD), but also by a
high incidence of cardiovascular disease, more
so in diabetics. Factors that are responsible for
progression of kidney disease like hypertension,
hyperglycemia, hyperlipedimia and proteinuria
are also responsible for cardiovascular disease
inthese patients. In addition, a host of other factors
like hyperhomocystenemia, anemia, vascular
calcification, uremic toxins and oxidative stress
peculiar to CKD patients also contribute to the
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excessive cardiovascular mortality in these patients.
Accelerated atherosclerosis and cardiomyopathy
account for various manifestations of cardiovascular
disease in these patients. In contrast to non CKD
patients, coronary artery disease (CAD) in these
patients manifests more frequently as sudden
cardiac death and congestive heart failure [2].

between dose and mortality was seen (p=0.003),
especially at doses >300mg/day. (Figure 1).

Diuretics

Diuretics form the main stay of therapy for control
of volume overload in patients with congestive
heart failure(CHF) [3]. Of these, loop diuretics like
Furosemide and Torsemide are the most frequently
used agents, usually in combination with Potassium
sparing diuretics like Spironolactone and Amiloride.
Loop diuretics are associated with a classic doseresponse curve between the rate of diuretic excretion
and the natriuresis [4]. Patients with CHF have a
lesser response to a given dose than normal subjects
for many reasons such as, decreased diuretic
delivery to the kidney because of reduced renal
blood flow, and increased sodium reabsorption at
distal sites due to hypoperfusion-induced activation
of the renin-angiotensin-aldosterone [4]. In addition,
intestinal absorption of an oral loop diuretic may be
delayed due to edematous state. These changes along
with coexistent renal dysfunction require increasing
doses of diuretics often as continuous infusions [5].
Thiazides may need to be added to loop diuretics to
augment natriuresis.Loop diuretic effectiveness is
often limited by coexistent hypoalbuminemia and
proteinuria which increases diuretic resistance [6].

Potential complications of diuretics in
patients with CHF

Though diuretics improve symptoms and signs
related to fluid overload, this is often complicated by
electrolyte imbalances (hypokalemia, hyponatremia)
activation of RAAS, and sympathetic nervous system.
These changes in the long term may translate in to
adverse outcomes as observed in some studies [4,
7]. The evaluation study of congestive failure and
pulmonary artery catheterization
effectiveness
(ESCAPE) trial [8], conducted to evaluate the use
of pulmonary artery catheter in subjects admitted
to the hospital with advanced heart failure, found a
correlation between inpatient loop diuretic dose and
adjusted 6-month mortality. In this trial 395 patients
received diuretics in-hospital. A strong relation
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Figure 1: Relation between dose of loop diuretics and
outcomes in a heart failure population: Results of the ESCAPE
trial ( Hasselblad V, Gattisstough W, Shah MR, et al. (2007)
Mortality as a function of maximum in-hospital diuretic
dose).

Dose remained a significant predictor of mortality
after adjusting for baseline variables that significantly
predicted mortality. Using the acute decompensated
heart failure national registry (ADHERE) [9], a large
nationwide database of patients admitted to the
hospital with heart failure, investigators were able
to demonstrate that subjects receiving an inpatient
intravenous dose of less than 160 mg of Furosemide
equivalents had lower in-hospital mortality, fewer
episodes of worsening renal function, and shorter
length of stay than subjects treated with >160 mg of
furosemide equivalents per day. Diuretic strategies
in patients with acute decompensated heart
failure (DOSE study) is a prospective, double-blind,
randomized trial, where 308 patients with acute
decompensated heart failure received furosemide
administered intravenously by means of either a
bolus every 12 hours or continuous infusion and at
either a low dose (equivalent to the patient’s previous
oral dose) or a high dose (2.5 times theprevious
oral dose). There were no significant differences in
patients’ global assessment of symptoms or in the
change in renal function when diuretic therapy was
administered by bolus as compared with continuous
infusion or at a high dose as compared with a low
dose [5, 10].

Mechanical methods of removing fluid

Apart from symptoms due to pulmonary congestion
and low output state, congestive heart failure is
Journal of Medical and Scientific Research

often complicated by fluid accumulation in the
abdomen leading to ascites. This is often worsened
by coexistantnephrotic state due to underlying
nephropathy and impaired glomerular filtration
rate (GFR) adding to the respiratory compromise1.
These are the patients who usually exhibit diuretic
resistance [6].

Paracentesis

Removal of ascitic fluid by percutaeneous needle
leads to marked improvement in symptoms due
to reduction in intra-abdominal pressures and
consequent improvement in renal function.This
has been observedby Mullens et al. [11] in a small
group of patients at the Cleveland clinic. In this
study the renal and hemodynamic profiles of 9
consecutive, volume-overloaded subjects with acute
decompensated heart failure (ADHF) andelevated
intra-abdominal pressure (IAP), refractory to
intensive medical therapy, were prospectively
collected. All subjects experienced progressive
elevation of serum creatinine and IAP in response
to intravenous loop diuretics. Within 12 hours after
mechanical fluid removal via paracentesis (n=5, mean
volume removed 3187±1772 mL) or ultrafiltration
(n=4, mean volume removed 1800±690 mL), there
was a significant reduction in IAP (from 13±4 mm
Hg to 7±2 mm Hg, P=.001), with corresponding
improvement in renal function (serum creatinine
from 3.4±1.4 mg/dL to 2.4±1.1 mg/dL, P=.01)
without significantly altering any hemodynamic
measurement. But given the chronic and recurrent
nature of the underlying condition, repeated usage
of paracentesis in these patients is not without the
attendant risks of infection and possible fluid leaks.

Peritoneal dialysis

This modality has been conventionally used as a
form of renal replacement therapy for patients with
end stage renal disease ever since described byNolph
et al. [12]. In this technique, a fluid (dialysate) of
known composition is infused in to the abdomen
through a soft catheter (Tenckoff) inserted in to the
peritoneal cavity through a subcutaneous tunnel
made in the anterior abdominal wall. Transport
ofsolutes happens across the semi-permeable
peritoneal membrane through the ultra-pores in
themembrane [12]. (Figure 2)
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Figure 2: Peritoneal transports

Ultrafiltration in thisprocesshappens due to the
osmotic gradient exerted by hypertonic glucose
in the peritoneal dialysis (PD) fluid. Given the
compromised hemodynamic status of these patients
with cardiorenal syndrome and the relatively
noninvasive nature of the peritoneal dialysis, many
patients with CRS have underwent peritoneal
dialysis with good clinical outcomes as early as
1960s. Cairns KB 1968 , Mailloux LU [13]. In A single
centre, prospective but non-randomized study in
20 patients with severe congestive heart failure,
refractory to optimal pharmacological therapy
[New York Heart Association (NYHA), class IV] was
performed between 2000 and 2003 byGotloib et
al. [14]. These patients had a baseline glomerular
filtration rate of 14.84±3.8 ml/min. For all patients,
the baseline ejection fraction was <35% (31.2±4.7%).
Patients were treated initially by 2–5 sessions of
continuous veno-venous haemofiltration (CVVH)
or sequential haemofiltration (SHF). Automated
peritoneal dialysis (APD) was started after
implantation of a Tenckhoff catheter with three APD
sessions/week (8 h each), with 15–20 l of dialysis
fluid (PDF) per session. After 1 year of follow-up,
all patients showed haemodynamic improvement:
significant improvement of left cardiac work index,
reduction of the systolic times, lower thoracic fluid
contents, as well as a regression from NYHA class IV
to class I. Need for hospitalization for CHF decreased
from 157 to 13 days. Similarly Cnossenet al. [15]
reported an acute rescue treatment of patients
with treatment refractory heart failure. Functional
improvement has been observed with the use of PD.
However, fluid removal is less predictable compared
with continuous haemofiltration therapies. Austin J
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Stack et al. [16] have compared the survival data
in patients with ESRD treated by either of the
modalities (HD, PD), from the National incidence
data on 107,922 new ESRD patients from the Center
for Medicare and Medicaid Services (CMS). These
data suggest that peritoneal dialysis may not be
the optimal choice for new ESRD patients with CHF
perhaps through impaired volume regulation and
worsening cardiomyopathy.
Despite these conflicting data PD still remains an
important therapeutic option to expedite fluid
and azotemic control in patients with cardiroenal

syndrome, particulrly in the chronic setting than the
acute decompensated state, when ultrafiltration/
aquapheresis is more appropriate.

Ultrafiltration/aquqpheresis/
hemofiltration/dialysis

Though these terms are often used to describe the
extracorporeal removal of fluid in these patients,
they actually indicate specific processes.

Ultrailtration or aquapheresis indicates removal
of only fluid from the patient down the pressure
gradient created by the machine(Figure 3).

Figure 3 A, B : Mechanism of ultrafiltration

In hemofiltration the plasma ultrafiltrate is replaced
by the substitution fluid of physiologic composition,
ml per min. In the latter method, apart from fluid,
solutes are removed by convection at isoosmolar
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concentration. In dialysis, apart from pressure
driven UF, solutes pass to and fro in to the blood and
the dialysate down their ‘concentration gradients
driven by osmotic forces (Figure 4).
Journal of Medical and Scientific Research

Figure 4: Basic principles of Dialysis

Fluid overload was treated in Patients with refractory
CHF using the conventional dialysis machines and
vascular access using the double lumen central
venous dialysis catheters [17]. This has to be
performed by trained dialysis technicians often in the
setting of ICU. The extracorporeal volume of blood
is usually around 200-250 ml and the blood flow
is around 250-300 ml/min. These patients usually
have difficulty in tolerating these regimens which
are more suited for the conventional HD patient.
Hence in these patients the blood flow rates are
usually decreased, but flow rates below 100 ml/min
are difficult to achieve in these machines. Costanzo
et al. [18] has described role ofultrafiltration
initiated within 4.7±3.5 h of hospitalizationand
before IV diuretics were administered in 20 heart
failure patients with volumeoverload and diuretic
resistance. UF was achieved using peripheral
venous cannulation. Re-evaluation was done at each
hospital day, at 30 days, and at 90 days. A total of
8,654±4,205 ml were removed with ultrafiltration.
Twelve patients (60%) were discharged in 3 days.
One patientwas readmitted in 30 days. Weight
(p=0.006), Minnesota livingwith heart failure scores
(p=0.003), and Global Assessment (p=0.00003)
improved after ultrafiltration and at 30 and 90 days.
Median B-type natriuretic peptide levels decreased
afterultrafiltration (from 1,230 pg/ml to 788 pg/
ml) and at 30 days (815 pg/ml) (p=0.035). Blood
pressure, renal function, andmedications were
unchanged. Now portable dedicated machines for
prolonged ultrafiltration are available. They can
used in non-dialysis areas and they function at low
blood flow rates (40-50 ml/min) permitting use of
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peripheral venous access. They have been used in
various clinical trials (19).

The UNLOAD (19) trial is the firstprospective,
randomized and controlled study that enrolled
200 patients at as many as 20 U.S. clinical sites.
In this trial, patients with heart failure were
randomized to receive either intravenous diuretics
or aquapheresis/ultrafiltration. Uf rate was upto
500 mls/min using peripheral venous access and
a portable ultrafiltration system. After 48 hours,
patients receiving aquapheresis had the following
results (Table 1).
K=potassium; ED=emergency department
l
l
l

l

l

l

l

38 % greater weight loss over standard care

28 % greater net fluid loss over standard care

Equal improvement in dyspnea score ninety
days after hospital discharge, patients receiving
aquapheresis showed

43% reduction in patients requiring rehospitalizations for heart failure over standard
care
50% reduction in the total number of rehospitalizations for heart failure over standard
care

52% reduction in emergency department or
clinic visits over standard care
63% total reduction in days re-hospitalized for
heart failure over standard care

This study suggests that aquafiltration is an
alternative therapy for hospitalized patients with
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Table 1: Primary and secondary end points, ultrafiltration vs standard diuresis in UNLOAD trial
End points
48 hours

Weight loss, primary end point (mean kg)

Dyspnea score, primary end point (mean)
Net fluid loss (mean L)
K<3.5 mEq/L (%)

Need for vasoactive drugs (%)
90 days

Rehospitalization (%)

Rehospitalization days (mean)

Unscheduled office/ED visits (%)

heart failure that may be more effective than
standard therapy.

Rate of fluid removal is always a matter of concern
in these patients as they are prone to hypotension
during the procedure due to myocardial dysfunction
and autonomic neuropathy. Such episodes may
further compromise the renal function. Hence
the rate of ultrafiltration should match the rate of
vascular refill from the interstitial compartment.
While on most studies the UFR varied from 100
-500 ml/min, the magnitude of elevation of serum
creatinine was greater (>0.5mg/dl) in those patients
with higher UF rates (325±117mls/hr for 37.5±24.7
hrs)(20).

Conclusion

Ultrafiltration can be a safe and effective way
of treating fluid overload in patients with CHF
particularly in those with coexistent CKD and
diuretic resistence. This is accompanied by fewer
complications like activation of SNS, RAAS and
worsening of renal failure. Both conventional
methods of UF as in dialysis or the newer dedicated
ultrafiltration devices using peripheral venous access
50

Ultrafiltration

Diuresis

p

5.0, n=83

3.1,n=84

0.001

3.3

0.001

13

0.015

6.4, n=80

6.1, n=83

1

12

4.6
3
18

1.4

0.018

32

0.022

44

0.009

3.8

21

0.35

0.022

can be employed to relieve congestive symptoms in
these patients.
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