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Abstract

- Christian Knackstedt> - Hans-Peter Brunner-La Rocca®

Loop diuretics remain the cornerstone of congestion management in contemporary chronic heart failure care. However, their use
is not supported by high quality data, and there is doubt about the safety in the outpatient heart failure setting. Still, congestion is
related to a worse outcome, and there is general consensus among experts that congestion should not be tolerated in heart failure
patients. Recommendations in international guidelines, regarding decongestion strategies in chronic heart failure, are limited.
Thus, there is an emerging need for clinical decision-making support about the best strategy for using loop diuretics and
decongestion in the chronic setting. The present review provides a comprehensive overview over the evidence of chronic loop
diuretic use. Strategies for the assessment of congestion in the outpatient setting and decongestion algorithm are provided to assist
health care specialists in delivering high-quality heart failure care.
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Introduction

The majority of patients with stage C and D heart failure (HF)
is treated with loop diuretics, particularly after admission for
HF decompensation [1-3]. In ASCEND-HF trial, 64% of pa-
tients admitted for acute HF were already on loop diuretic
therapy, which increased to 91% of patients at discharge [1].
However, there are no sufficiently large, randomized, placebo-
controlled trials showing that chronic loop diuretic therapy
improves outcome [4—6].

The present review outlines current evidence of loop di-
uretic administration in chronic HF and provides recommen-
dations for guiding loop diuretic therapy in daily outpatient
practice.
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Loop diuretics in chronic heart failure:
the evidence

A meta-analysis of diuretics in chronic HF published in 2012
included 14 trials (7 placebo controlled, 7 against other HF
therapy) but only 525 patients [6]. Mortality data was avail-
able only in 3 of the placebo-controlled trials (202 partici-
pants), and the marked reduction by diuretics is therefore very
questionable (odds ratio (OR) 0.24, 95% confidence interval
(CI) 0.07-0.83; p =0.02). The same holds true regarding ad-
mission for worsening HF (two trials, 169 participants, OR
0.07, p=0.01). In 4 trials comparing diuretics to active control
(91 participants), exercise capacity was improved. The includ-
ed trials lasted from 4 to 24 weeks only, and the use of diuretic
drug was not standardized across the studies. Finally, the trials
were published between 1977 and 1997 and cannot be trans-
ferred to today’s HF care. Taken together, the conclusion that
diuretics are beneficial not only for symptomatic relief, but
also regarding hard endpoints remains unclear.

The ESC guidelines recommend diuretics to reduce the risk
of HF hospitalization in patients with signs and/or symptoms
of congestion (class of recommendation Ila, level of evidence
B) [4]; the recommendation is solely based on the
abovementioned meta-analysis [6].

The 2013 ACCF/AHA Guidelines for the Management of
HF recommend diuretics in patients with HF and fluid reten-
tion, unless contraindicated, to improve symptoms (class I
recommendation, level of evidence C) [5]. This
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recommendation was not changed in the 2017 focused update
[7]. The question therefore arises as to whether this recom-
mendation on a liberal use of diuretics in chronic HF is justi-
fied or not.

Diuretic use in chronic heart failure: reflection of risk
or direct harm?

Several studies uniformly concluded that diuretic administra-
tion is accompanied by a worse outcome [8—19] (Table 1). In
addition, up-titration of diuretics was related to worsening
renal function (WRF), increased readmission rate, and mortal-
ity [8]. In severely symptomatic patients, an independent,
dose-dependent association between loop diuretic use and im-
paired outcome was found [9]. Similar findings were obtained
in a large cohort study [10] (Supplementary Table).

Although a dose-dependent relation between loop diuretic
use and outcome is established, intensified treatment with
loop diuretics is prescribed for advanced HF patients with
impaired functional capacity, relevant comorbidities, older
age, and difficulties to establish evidence-based treatment
due to low blood pressure or other adverse events [3, 9, 10,
14, 20]. All those factors indicate more advanced diseases and
worse prognoses. In fact, the severity of HF has been graded
according to the diuretic dose [21]. It may be questionable if
full statistical adjustment is possible given the significant dif-
ferences among high-/low-/non-users.

In order to overcome the shortcoming of significant selec-
tion bias, the potential prognostic impact of loop diuretics was
tested by propensity score matching, seemingly confirming
the negative influence of loop diuretic therapy in HF
[14-19] (Table 1). In the large DIG trial, diuretic use was
associated with significantly increased risk of cardiovascular
mortality and HF hospitalization, both in patients above
65 years [15] and regardless of age [16]. Similar results were
found in other large cohorts [14, 17, 18]. The association
between loop diuretics and increased mortality was also ob-
served in subjects without HF and renal failure (hazard ratio
(HR) 1.82, the number needed to harm 7.2 [19]).

Propensity score matching has become an increasingly
popular statistical method to simulate randomization in obser-
vational studies. However, full adjustment may not always be
possible as not all relevant variables may be available, and
factors potentially influencing the outcome may be unknown.
Moreover, the lower the sample size, the lower the probability
is to find suitable matching [22]. Many quality issues are
noted in papers that draw conclusions with the help of pro-
pensity matching [23, 24], and there is serious doubt regarding
the reliability of such data [25]. Therefore, the results of all
abovementioned studies cannot reliably investigate the prog-
nostic impact of loop diuretic therapy in HF.

Still, response to diuretic therapy may not be uniform in all
HF patients. High diuretic doses may be deleterious in chronic
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euvolemic HF patients [12], whereas in hypervolemic pa-
tients, the diuretic dose may not have prognostic implications
[11]. In a retrospective analysis of ASCEND-HF, initiation of
loop diuretic therapy was associated with better outcome as
compared with no dose change [1]. One of the reasons con-
tributing to the positive effect of loop diuretics may be that
patients not using diuretics before hospitalization had fluid
overload requiring decongestion.

Potential mechanisms of harm and benefit

There are several potential mechanisms of loop diuretic-
related harm (Fig. la). Loop diuretics can stimulate the
renin-angiotensin-aldosterone system (RAAS) [26-29] as
well as lead to electrolyte imbalance (hypokalemia,
hyponatremia, hypomagnesaemia) in a dose-dependent man-
ner [26]. Hypokalemia and hypomagnesaemia can lead to life-
threatening arrhythmias [10, 30], especially in the presence of
severe myocardial fibrosis and digoxin use. Volume depletion
can cause hypotension (potentially resulting in falls and inju-
ries), impair cognitive status, or worsen renal function. Also,
hypovolemia can reduce cardiac output and impair blood sup-
ply to vital organs [31]. Long-term use of high doses of loop
diuretics may trigger thiamine deficiency [26, 32, 33]. Loop
diuretics (especially furosemide) may increase systemic sym-
pathetic activity [27], potentially contributing to worse
outcome.

However, there are also effects of loop diuretics that can be
beneficial in HF patients (Fig. 1b). Loop diuretics decrease
systemic, venous, and pulmonary overload as well as extra-
cellular edema [26, 27, 34], leading to more favorable end-
diastolic pressure, decreased ventricular wall stress, and in-
creased cardiac output [27]. Decreased volume overload re-
sults in decreased secondary mitral and tricuspid regurgita-
tions and improved cardiac hemodynamic profiles. There is
some evidence that loop diuretics (especially long acting) can
suppress cardiac sympathetic activity [35, 36]. This is in line
with vasodilation-induced cardiac sympathetic tone reduction
in patients with HF [37]. As cardiac autonomous sympathetic
activation is particularly deleterious on outcome [38], its inhi-
bition by reducing filling pressure may be beneficial.
Additionally, venous congestion is the most important hemo-
dynamic factor driving WRF [39]. Venous overload in the
splanchnic venous system results in increased intra-
abdominal pressure. By reducing fluid overload, diuretics re-
duce intra-abdominal pressure, resulting in improved renal
function [40]. Thus, high doses of loop diuretics may not only
result in worsening but also in improving renal function [27,
34], depending on the individual need. Moreover, cardiac sta-
tus as determined by NT-proBNP seems to be more important
than renal function regarding prognosis [41].

Finally, there might be some differences between loop di-
uretics. In a rat model of induced autoimmune myocarditis,
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Fig. 1 Potential mechanisms of loop diuretic-related harm (a) and benefit (b). LD, loop diuretic; RAAS, renin-angiotensin-aldosterone system; SNS,

sympathetic nervous system

torasemide significantly improved cardiac function and left
ventricular remodeling as compared to furosemide [42]. In
humans, retrospective data suggest that torasemide might be
superior to furosemide in HF [43-45]. The prospective, ran-
domized, though open label TORIC study was the largest
study comparing furosemide with a newer class loop diuretic,
it was found that patients treated with torasemide had better
outcome than those treated with furosemide [46]. The superi-
ority of torasemide to other loop diuretics is attributed to its
relatively stable and predictable oral bioavailability, longer
half-life, and RAAS-suppressing properties, as well as
torasemide-mediated cardiac sympathetic nerve deactivation
and left ventricular remodeling suppression [43—46].

Animal models of loop diuretic therapy

In a rat model of ischemic HF, both valsartan and hydrochlo-
rothiazide, but not furosemide, improved cardiac function (left
ventricular ejection fraction (LVEF) 49.5+1.8%, 49.4 +
2.1%, and 39.9 + 1.9%, respectively) as compared to control
animals (LVEF 40.1 £2.2%). Similar differences were seen
regarding interstitial cardiac fibrosis and collagen volume
fraction (10.0+1.3% and 9.7 +1.2% versus 14.1 +0.8% and
15.9+1.1%, respectively) [47]. In a tachycardia-induced por-
cine model of HF, furosemide was related to significant accel-
eration of both contractile and metabolic features of chronic
HF [48]. A rat model was used to investigate the impact of
furosemide on survival in rats with ischemia induced HF. The
survival rate in furosemide group was lower than in the pla-
cebo group (HR 3.39, 95% CI 1.14 to 10.09, p =0.028),
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whereas ramipril improved survival [49]. On the other hand,
another rat model of ischemic HF showed that furosemide has
no effect on collagen content, LVEF, and mortality rate [50].
Testing the impact of ramipril vs. furosemide or a combination
of both showed that all treatment regimens improved cardiac
remodeling and decreased angiotensin-converting enzyme
(ACE) activity. However, mortality was only reduced in
ramipril-treated animals, irrespectively if they received furo-
semide or not [51]. The results of animal model studies of
diuretic safety are therefore controversial and inconclusive
as well. Still, the latter studies suggest that loop diuretics
may have different effects if combined with ACE-inhibition
(and possibly other treatment improving prognosis), which
would be relevant to the clinical setting.

Loop diuretics in chronic heart failure: clinical
practice

Diuretics must be adjusted according to the individual needs
[4, 5]. Still, the significance of clinical signs and symptoms,
instrumental monitoring, and blood biomarkers for assessing
(de)congestion has not yet been studied extensively. Right
heart catheterization may be seen as a gold standard for fluid
status assessment [52], but due to its invasive nature, large
trials in the outpatient setting are difficult to carry out. No
congestion evaluation and management algorithm has been
widely implemented into daily clinical practice. Therefore,
identification of the individual needs remains challenging.
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Outpatient fluid status assessment
Signs and symptoms

Clinical signs and symptoms of congestion (Table 2) lack
sensitivity and specificity [52, 53]. This is particularly true
for elderly patients and those with an advanced HF stage
and significant comorbidities, impaired mental status and lim-
ited physical capacity. Therefore, additional laboratory and/or
instrumental assessment in daily outpatient practice is advis-
able. Still, clinical signs and symptoms of congestion are key
elements to a guide of HF management [4, 5].

HF patients should be encouraged to monitor symptoms of
congestion, including daily measurement of their body
weight. Worsening of symptoms of congestions or weight
gain may indicate fluid accumulation [4, 5], potentially requir-
ing temporary increase in diuretic dose or consulting a medi-
cal professional. If a physical or mental status limits self-care,
this should be ensured by the caregivers. Also, nursing pro-
fessionals should play an active role in educating patients to
recognize signs and symptoms of fluid overload [54].
However, congestion might trigger appetite loss and contrib-
ute to malnutrition leading to loss of lean body mass. Thus,
fluid accumulation can occur without significant change in the
absolute body weight. Importantly, individual patients may
have their own pattern of signs and symptoms in case of fluid
accumulation. Knowing such individual pattern may increase
accuracy significantly.

The role of telemonitoring-based symptom monitoring sys-
tems in chronic HF has been investigated [55], but results are

Table 2 Clinical signs
and symptoms of heart
failure-related
congestion

Signs and symptoms of left-sided congestion
* (Increasing) dyspnea
* Orthopnea
* Paroxysmal nocturnal dyspnea
* Bendopnea
* (Bilateral) pulmonary rales
* (Bilateral) pleural effusion
* Third heart sound
» Weight gain

Signs and symptoms of right-sided congestion
« Jugular venous dilation
» Bilateral peripheral edema
» Congested hepatomegaly
* Hepatojugular reflux
* Ascites

» Symptoms of gut congestion (e.g.,
appetite loss)

» Weight gain

mixed and improvement of outcome is not yet clear. Several
clinical congestion scores have been proposed; however, their
diagnostic value is still uncertain [52]. Moreover, no studies
have tested their value for diuretic dose adjustment in clinical
practice.

Hypovolemia-related signs and symptoms, e.g., hypoten-
sion, thirst, and dry mouth and skin, are even less reliable than
those caused by volume overload and clinical examination
does not provide sufficient evidence in volume depletion
states [56]. Thus, laboratory and/or instrumental assessment
may be even more important to detect hypovolemia than
hypervolemia.

Instrumental monitoring

If signs and symptoms leave uncertainties, the second step
should be instrumental evaluation. Although easily accessible
even for primary care physicians, chest X-ray examination is
more helpful in the acute setting [4]; therefore, X-ray-guided
diuretic therapy is of little value in chronic HF. Doppler echo-
cardiography requires specific training; however, it enables
assessment of volume status (ventricular filling pressures)
with reasonable accuracy [57, 58], but limitations of echocar-
diographic fluid assessment must be considered. Three-step
echocardiographic fluid status assessment algorithm is shown
in Fig. 2. A small study found that echocardiography-guided
therapy may decrease HF morbidity [59]. A recent study com-
pared two HF treatment approaches (echocardiography and
BNP vs. clinically guided): the daily dose of loop diuretics
did not change in echocardiography and BNP-guided group,
while it increased in 65% of patients in a clinically guided
group, resulting in more deaths and WRF [60]. However,
additional studies are required to define the value of
echocardiography-guided diuretic therapy.

Bioimpedance is widely used in many dialysis centers to
guide fluid removal [61]. However, its routine use in HF is not
advocated. A recent IMPEDANCE-HF trial suggested that
lung bioimpedance-guided treatment of chronic HF might re-
duce hospitalizations for HF and mortality [62]. Diuretics
were less often up-titrated as well as more often down-
titrated in the bioimpedance-guided group compared to the
controls [62]. Intrathoracic bioimpedance is being investigat-
ed; however, current evidence does not support its routine use
today [63, 64]. A wearable bioimpedance measuring vest has
been proposed; however, its value is not yet known [65].
Thus, bioimpedance might improve fluid management in
HF, but a standardized method must be validated before its
wide implementation.

B-lines visualized by means of lung ultrasound have been
shown to reflect pulmonary fluid accumulation in the outpa-
tient setting [66]. In the emergency department, lung ultra-
sound may improve accuracy of acute decompensated HF
(ADHF) diagnosis [67]. However, lung ultrasound does not

@ Springer
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Fig. 2 Three-step echocardiographic fluid status assessment algorithm. Every examination should include Step 1 and Step 2; Step 3 is required if fluid
status still remains uncertain. IVC, inferior vena cava; LVEF, left ventricular ejection fraction

seem to be superior to echocardiography in chronic HF, and its
routine use remains to be better defined, since B-lines are a
later finding of pulmonary water accumulation [68].

In a large randomized trial, wireless pulmonary artery he-
modynamic monitoring (PAHM) in HF patients with New
York Heart Association class III has been shown to reduce
HF-related hospitalizations at 6 months by 28% and by 37%
at 15 months [69]. Changes in medication, particularly diuret-
ic dose adjustments, were more often initiated in the treatment
group [69, 70]. The treatment group had a significant up-
titration of loop diuretic total daily dose [71]. Cost-
effectiveness of PAHM is supported by economic modeling
[72]. Still, PAHM is not yet a part of standard care in many
countries, mainly due to its invasive nature requiring a device
implantation and its costs.

Blood biomarkers

Although a single sensitive and specific biomarker of conges-
tion does not exist, blood analysis may serve as a valuable tool
for congestion management. This may include changes in he-
matocrit, hemoglobin, albumin, and total protein over time,
reflecting the shift from hemoconcentration to hemodilution
and vice versa [73]. Hemoconcentration is a reasonable means
to guide diuretic therapy in both acute and chronic HF [73,
74], but accuracy and clinical value needs to be shown.

The rise in creatinine during diuretic administration is a red
flag, since rising creatinine can reflect hypovolemia, effective
decongestion, but also (remaining) congestion. Thus, a
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significant change in creatinine requires careful, possibly in-
strumental fluid status assessment and potentially indicates
management modification.

Liver damage-related markers should be tested once a year
as persistent congestion can potentially lead to liver injury
[75]. If they are elevated, careful fluid status assessment is
required and effects of decongestion on liver markers should
be evaluated. Elevated cholestasis markers have been associ-
ated with systemic congestion, whereas the increase in ami-
notransferases is more common in hypoperfusion-related liver
damage [76]. The rise in bilirubin but not in aminotransferases
in HF decompensation was also associated with increased
mortality [77].

Natriuretic peptides play an important role in the diagnosis
of HF [4, 5] and have been investigated to guide chronic HF
therapy [78]. Although they are released from the myocardi-
um in response to stretching [79], they poorly correlate with
congestion [80-82]. In addition, NT-proBNP-guided therapy
studies mainly focusing on intensifying of diuretic therapy did
not improve outcome, whereas intensifying of other HF drugs
did. Therefore, the use of natriuretic peptides to monitor con-
gestion is limited despite their excellent prognostic value and
being biomarkers of cardiac dysfunction.

Soluble CD146, a novel congestion biomarker, is released
from the peripheral vasculature in response to venous stretch
[83] and has been shown to reflect congestion [80]; however,
its value in acute and chronic HF setting is yet uncertain.
Further studies of its potential role in daily clinical practice
are needed.
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Successful outpatient decongestion approach
Step 1: identification of congestion

The responsibility for regular screening should be organized
regionally or nationally and can be done by a trained HF
nurse, general practitioner, cardiologists, or a HF specialist.
However, an active role of general practitioners and HF nurses
is encouraged, following the recommendations of multidisci-
plinary care [4]. Screening of congestion should be done reg-
ularly. The intervals may vary depending on the severity of
HF. More importantly, if patients develop symptoms, clinical
evaluation is required and laboratory testing should be done in
every patient, including at least creatinine/glomerular filtra-
tion rate (GFR), blood urea nitrogen, sodium, and potassium
(if stable every 6 months). Liver function testing should be
done every 12 months for all stable HF patients and if clinical
congestion is present. An increase in liver enzymes by more
than two times the upper normal reference level or total bili-
rubin concentration higher than 50 pmol/L requires—if con-
gestion is not obvious—instrumental fluid status assessment
and abdominal ultrasound if no congestion is present or values
do not normalize after decongestion.

There is no uniform definition for severity of congestion,
but severe congestion may be equivalent to ADHF. The dif-
ference between mild and moderate congestion is more diffi-
cult to establish. A NYHA class II or III patient with obvious
signs and symptoms of congestion but without acute deterio-
ration fits the picture of moderate congestion. Mild congestion
might not be clinically noted and is detected by means of
blood analysis and (or) instrumental investigation. Some se-
verely congested (ADHF) patients can be managed in the
outpatient setting if done by sufficiently experienced care pro-
viders [84, 85], but hospital admission is often required.
Importantly, rapid treatment of ADHF is recommended as it
may improve outcome [4, 5]. Mild to moderate congestion can
usually be treated in an outpatient setting.

Step 2: treatment of congestion

HF patients with congestion are normally treated with loop
diuretics as thiazides are usually not sufficient. Two main
factors are important to consider before choosing the dose.
Firstly, the decision depends on if the patient is already taking
loop diuretics or not and at which dose. Secondly, kidney
function is important as it influences the response to loop
diuretic therapy (Fig. 3).

In patients with chronic kidney disease (CKD), higher
doses are usually needed to achieve the same diuresis as in
non-CKD patients [86]. If there is no urgent clinical need, it is
still reasonable to initiate a low loop diuretic dose (Table 3)
regardless of renal function, because initial response to a loop
diuretic is difficult to predict. If the patient already takes a loop

diuretic, the baseline dose serves as a starting point. Loop
diuretic initiation and modification strategy is shown in Fig. 3.

Torasemide and bumetanide have a roughly consistent oral
bioavailability [29], whereas furosemide represents a drug
with a highly variable oral bioavailability (from 10 to 90 in
percentage [29]; thus, precise equipotent oral doses between
furosemide and other loop diuretics are difficult to establish.
The authors suggest using equipotent doses of loop diuretics
shown in Table 3. Loop diuretics with better bioavailability
(bumetanide, torasemide) and longer half-lives (torasemide)
are recommended as first-line loop diuretics. If a short-acting
loop diuretic (furosemide, bumetanide) is chosen, it should be
administered twice or three times a day.

Step 3: reassessment

Patients with mild congestion and normal renal function
should be reassessed in 2 weeks after the initial visit.
However, CKD patients are vulnerable; they might not re-
spond to the initial therapy and develop ADHF; they are sus-
ceptible for acute kidney injury (AKI) [87] that requires timely
intervention; they often have more comorbidities that might
worsen. Therefore, all patients with a GFR <60 ml/min
should receive an intensified follow-up strategy with a
follow-up visit in 1 week. The same is true regarding patients
with moderate congestion, since the risk of acute decompen-
sation is higher in such setting. The follow-up interval needs
to be adjusted to the individual need of patients, but the timing
has not been investigated so far and remains at the discretion
of the treating physician.

Reassessment protocol covers the same laboratory work-up
as in the identification step. Instrumental assessment needs to
be done if the clinical situation is not clear. In particular, re-
maining (mild) congestion may not be detected clinically and
may be accompanied with a worse outcome.

There are a few common scenarios that can be identified at
the reassessment step:

1. WREF (i.e., deterioration of GFR >25%) is most likely
related to congestion-related cardiorenal syndrome or
iatrogenic hypovolemia. It is noted that WRF trans-
lates into poor outcome if it develops in the presence
of persistent congestion [88], whereas in case of suc-
cessful decongestion its prognostic implication is lim-
ited [73]. Therefore, further decisions depend on the
results of congestion status determined by means of a
clinical, laboratorical, and if uncertain, instrumental
investigation. If congestion is no longer present, loop
diuretic doses should be reduced by 50%, whereas
persistent congestion should be treated with intensi-
fied diuretic therapy despite WRF, possibly in the
clinical setting. Other drugs potentially leading to kid-
ney injury (e.g., non-steroidal drugs, some antibiotics)
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STEP 2: TREATMENT

LD user

non-LD user

* GFR 30-60 ml/min: increase LD dose
by 50-100% the baseline

¢ GFR <30 ml/min: increase LD dose by
100-150% the baseline

* Intensified FU CKD (+)

GFR >60 ml/min: increase LD
dose by 50-100% the baseline
Usual FU if congestion is mild
Intensified FU if congestion is

moderate CKD (-)

* GFR30-60 ml/min: low LD * GFR >60 ml/min: low LD

dose” dose”
* GFR <30ml/min: moderate  Usual FU if congestion is mild
LD dose” * Intensified FU if congestion is

* Intensified FU

CKD (+) moderate

CKD (-)

v

v

v v

STEP 3: REASSESSMENT

- Usual FU assigned: reassessment in 2 weeks

A - Intensified FU assigned: reassessment in 1 week
Assessment includes:
1. Signs and symptoms
2. Laboratory: Na, K, GFR, BNP/NT-proBNP, CBT (HCT)
3. Instrumental assessment (echocardiography>bioimpedance>lung ultrasound)
I Persistent congestion I WRF* I I Hypokalemia I I ADHF I Euvolemic state I
STEP 4: STABILISATION
- Further FU in 4 weeks; if stabile for 4 weeks: every 3 months or )
- Medical treatment
- Down-titration or _ optimisation
- Discontinuation of the drug P

Fig. 3 Outpatient congestion management algorithm in chronic heart
failure. The 4-step congestion management algorithm should be initiated
as soon as congestion is identified. ADHF, acute decompensated heart
failure; BNP, B-type natriuretic peptide; CBT, complete blood count;

should be discontinued or reconsidered. Patients with
AKI (increase in serum creatinine by >26.5 pmol/L/>
0.3 mg/dL or decrease in GFR >25% within 48 h, or
urine volume < 0.5 mL/kg/h for 6 h [87]) must be
admitted to hospital for adequate monitoring and
treatment.

2. Persistent congestion is common, often because a loop
diuretic dose at Step 2 was too low to control fluid

CKD, chronic kidney disease; FU, follow-up; GFR, glomerular filtration
rate; HCT, hematocrit; LD, loop diuretic; NT-proBNP, N-terminal pro B-
type natriuretic peptide; WRF, worsening renal function. (See * - Table 3;
T~ deterioration of GFR >25%)

overload. Unless treated with very high loop diuretic
dose, the dose should be doubled and the patient
reassessed at a usual or intensified interval. If dose
is very high (Table 3) or escalation is not effective,
diuretic resistance or pseudoresistance may be present
(Table 4, see chapter Diuretic resistance). If patients
deteriorate and/or present with ADHF, admission to
hospital should be considered.

Table 3 Oral loop diuretic dosage

in chronic heart failure Low dose Moderate dose High dose Very highdose Max dose*
Furosemide <40mg/day = >40-100 mg/day >100-200 mg/day >200 mg/day 600-1500 mg/day
Torasemide <10 mg/day > 10-25 mg/day >25-50 mg/day >50 mg/day 200 mg/day
Bumetanide = <1 mg/day  >1-2.5 mg/day >2.5-5 mg/day > 5 mg/day 10 mg/day

*Maximal doses of loop diuretics are
worldwide

LD loop diuretic
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3. Hypokalemia is a known and potentially life-threatening
side effect of loop diuretics. Even potassium levels <
4.1 mmol/L have been associated with increased risk of
death in chronic HF [89]. In case of potassium levels <
4.1 mmol/L, potassium supplementation or
mineralocorticoid-receptor antagonists (MRA), unless
contraindicated, should be given. If a single-drug treat-
ment approach is not effective, the combination of potas-
sium supplementation and MRA can be considered, but
requires an intensified follow-up regimen or
hospitalisation.

4. If the initial treatment was effective, the patient might no
longer be congested. In this case, the stabilization step
should take place (see Step 4: stabilization).

Step 4: stabilization

Some euvolemic patients may benefit from loop diuretic dose
reduction or even discontinuation of the drug, particularly after
establishment of optimal HF therapy (drugs and devices). Such
approach may be considered in patients with good functional ca-
pacity and no history of unsuccessful down-titration, after medical
treatment with evidence-based drugs was established and the prob-
ability of relapse was considered as low. Careful monitoring is
important and some patients need maintaining loop diuretic dose
as otherwise congestion reoccurs. This recommendation applies
particularly to patients with previous relapse after loop diuretic
dose down-titration or those who have experienced frequent de-
compensations. However, optimal regiment in individual patients
has not been sufficiently studied. The CHAMPION trial suggests
that optimal euvolemic fluid status with the according dose of
diuretics encompasses the best outcome [69-71]. In general, the
aim should be to use the lowest loop diuretic dose that is sufficient
to keep the patient euvolemic, but this needs to be carefully eval-
uated. Partial decongestion and some degree of residual volume
overload are potentially harmful [90].

Medical treatment with evidence-based HF medication
should remain unchanged during recompensation whenever
possible. After recompensation, HF treatment must be revised
and optimized if needed. It is important to continuously re-
evaluate compliance because congestion in HF is closely re-
lated to non-compliance (medication, excess water, and salt
intake). Compliance problems should be managed by educa-
tional programs mainly led by HF nursing team.

Diuretic resistance

The lack of decongestion despite adequate/high (very high)
dose of loop diuretic (Table 3) is called diuretic resistance.
Although diuretic resistance is noted in up to one third of
HF patients [91], there is no uniform definition [92]. It is

Table 4  Possible causes of diuretic resistance and pseudoresistance

Usage-/compliance- or diagnosis-related causes
* Unrestricted water intake
* Not taking the drug
* Excessive sodium intake
* No monitoring of body weight
+ Inadequate diuretic therapy (too low or too infrequent)
* Incorrect diagnosis (e.g., lymphatic edema)

Renal causes
* Tubular uptake of diuretic impaired by uremic toxins
* Decreased kidney blood flow
* Decreased functional kidney mass
* Low GFR
* RAAS activation-related non-responding
* Nephron adaptation
* Proteinuria

Cardiovascular causes
* Severe HF
* Arthythmias
« Hypertension and hypotension
« Ischemia
 Valvular disease
* Endocarditis

Pharmacological causes

* NSAIDs use

* Negative inotropes

* Probenecid

* Lithium

» Some antihypertensive drugs
Acute and chronic comorbidities

* Pneumonia

* Pulmonary embolism

« COPD

* Thyroid disease

* Anemia

* Surgery-related stress

* Electrolyte imbalance

* Gut edema impaired absorption

« Intestinal hypoperfusion

 Hypoproteinemia

« SIADH

COPD chronic obstructive pulmonary disease, GFR glomerular filtration
rate, HF congestive heart failure, NSA/Ds non-steroid anti-inflammatory
drugs, RAAS renin-angiotensin-aldosterone system, SIADH syndrome of
inappropriate antidiuretic hormone secretion

related to increased morbidity and mortality [92, 93] and can
be attributed to both renal and non-renal causes [29, 92-94].
There is a number of reasons that resemble diuretic resistance
(e.g., non-compliant patient). These reasons must be clearly
identified, because true resistance requires different manage-
ment approach [92, 95]. Possible causes of diuretic resistance/
pseudoresistance are listed in Table 4. Obviously, identified
causes should be treated specifically if possible.

Loop diuretic agent, dose and route of administration as
well as timing play important roles in the diuretic efficacy.
Switching furosemide to another loop diuretic with stable
pharmacokinetic profile (torasemide, bumetanide) can be suf-
ficient to increase efficacy. Also, timing should be adjusted to
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Table 5 Possible designs of diuretic management trials

1. A large, randomized, prospective, single-blind, controlled clinical trial
where clinically stable chronic HF patients are randomized to one of
three arms:

1.1. No deliberate attempt to minimalize the dose or discontinue the
drug

1.2. Attempt to minimalize diuretic dose or discontinue the drug as
soon as clinically determined euvolemia is achieved (clinically guided
approach)

1.3. Attempt to reduce/tailor diuretic dose or discontinue the drug
according to the evidence of fluid retention determined by means of
instrumental monitoring (e.g.,
echocardiography/bioimpedance-guided approach)

2. A large, randomized, prospective, double-blind, placebo-controlled
trial where euvolemic HF patients are randomly assigned to either
receive:

2.1. The same diuretic dose
2.2. The dose reduced by 50% (or discontinued if the dose of loop
diuretic administrated was low)

HF heart failure

the half-life of the drugs; thus, two or even three times daily
administration is usually more effective (applies particularly
to furosemide and bumetanide), because a rebound effect may
be seen during the loop diuretic-free period [86, 93].

Chronic administration of loop diuretics results in several
functional and structural changes in the kidney leading to so-
called “braking phenomenon”. This adaptation contributes to
the diminished effect of loop diuretics. As sodium reabsorp-
tion is blocked in the ascending loop of Henle, more sodium
ions reach distal convoluted tubule. This effect induces hyper-
trophy and hyperplasia of distal tubular cells and increases
their sodium reabsorption capacity [86]. Therefore, dual [94]
or even triple [92] nephron blockage with a loop diuretic and
thiazide/thiazide-like diuretic and (or) MRA may overcome
diuretic resistance, as these drugs block sodium reabsorption
in the distal convoluted tubule. However, such treatment
should be administrated with caution because of potential side
effects, such as hypokalemia, hypomagnesemia, hypovole-
mia, and renal dysfunction [92]. Some authors describe pos-
sible benefits of acetazolamide [93, 96] or mannitol [93] in the
treatment of diuretic resistance, but further research is required
before this can be recommended.

If the abovementioned means are ineffective to overcome
diuretic resistance, congestion is likely to lead to ADHF.
ADHEF and diuretic resistance represent a challenging clinical
scenario [29]. Treatment with vasopressin receptor antago-
nists [92], hypertonic salt solution co-administrated with di-
uretics [29, 92, 97], ultrafiltration [98, 99], and inotropic sup-
port [100] are all being investigated. Recently, published re-
sults of a small randomized study suggest that a novel subcu-
taneously administered furosemide formulation is as effective
as intravenous form in decompensated HF; thus, this possibil-
ity might open new cost-effective outpatient decongestion op-
tions in the nearest future [101]. ADHF is not the scope of this

@ Springer

review; therefore, the abovementioned modalities are not fur-
ther discussed.

Limitations

Many of the above outlined recommendations and the four-
step congestion management algorithm (Fig. 3) represent an
authors’ opinion-based consensus, since evidence is lacking.
On the other hand, the lack of evidence-based guidelines
makes this decision support tool valuable, given the uncer-
tainties about loop diuretic dosage in chronic HF [8—18].
The aspects suggested in this document need to be prospec-
tively studied in appropriate clinical trials.

Conclusion

High doses of loop diuretics identify HF patients at increased
risk; however, it remains unclear if this is due to more ad-
vanced disease severity or a direct negative effect of loop
diuretics. The importance of extensive evaluation of fluid re-
tention has not yet been properly investigated, but indirect
evidence suggests that decongestion using diuretic therapy
might improve outcome. Which patients benefit from diuretics
and which experience potential harm remains uncertain, but it
is likely that this is not uniform across all HF patients. Large,
randomized, prospective clinical trials of chronic HF patients
are urgently needed testing different approaches for the clini-
cal use of diuretics and means of fluid status assessment
(Table 5). A small randomized double-blind trial evaluating
the safety and tolerability of furosemide withdrawal in stabile
chronic HF patients is currently ongoing [102]. Until such
data is available, careful screening, including instrumental
monitoring for congestion and treating it whenever present
with the minimum effective diuretic dose may be the best
approach.
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