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Abstract

Background Both loop diuretics (LDs) and congestion have been related to worse heart failure (HF) outcome. The relation-
ship between the cause and effect is unknown. The aim of this study was to investigate the interaction between congestion,
diuretic use and HF outcome.

Methods Six hundred and twenty-two chronic HF patients from TIME-CHF were studied. Congestion was measured by
means of a clinical congestion index (CCI). Loop diuretic dose was considered at baseline and month 6. Treatment inten-
sification was defined as the increase in LD dose over 6 months or loop diuretic and thiazide or thiazide-like diuretic co-
administration. The end-points were survival and HF hospitalisation-free survival.

Results High-LD dose at baseline and month 6 (> 80 mg of furosemide per day) was not identified as an independent predic-
tor of outcome. CCI at baseline remained independently associated with impaired survival [hazard ratio (HR) 1.34, (95%
confidence interval) (95% CI) (1.20-1.50), p <0.001] and HF hospitalisation-free survival [HR 1.09, 95% CI (1.02-1.17),
p=0.015]. CCI at month 6 was independently associated with HF hospitalisation-free survival [HR 1.24,95% CI (1.11-1.38),
p <0.001]. Treatment intensification was independently associated with survival [HR 1.75,95% CI (1.19-1.38), p=0.004]
and HF hospitalisation-free survival [HR 1.69, 95% CI (1.22-2.35), p=0.002]. Patients undergoing treatment intensifica-
tion resulting in decongestion had better outcome than patients with persistent (worsening) congestion despite LD dose
up-titration (p <0.001).

Conclusion Intensification of pharmacological decongestion but not the actual LD dose was related to poor outcome in
chronic HF. If treatment intensification translated into clinical decongestion, outcome was better than in case of persistent
or worsening congestion.
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Congestion was highly prevalent at baseline and decreased significantly during the first six months. One-fourth of patients used = 80 mg of
Furosemade per day. One-third of patients underwent diuretic treatment intensification over six months. The need of diuretic treatment
intensification (p=0.002) and congestion at baseline (p=0.015) and month 6 (p<0.001), but not the actual daily loop diuretic dose predicted

heart failure hospitalisation-free survival in chronic heart failure.

aHR - adjusted hazard ratio, CCI - clinical congestion index, CI — confidence interval, N.S. — not significant
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Introduction

Although never properly tested to improve prognosis of
chronic heart failure (CHF) [1], loop diuretics (LDs) are an
important part of the complex treatment for the vast major-
ity of CHF patients [2]. On the one hand, such an approach
seems to be justified, given the high prevalence of fluid
accumulation in CHF patients and the well-established
relationship between congestion, symptoms, quality of life
and unfavourable prognosis [3—8]. In addition, invasively
monitored pressure-triggered up-titration of medication in
patients with advanced heart failure (HF) has been shown to
improve outcome, which was primarily based on up-titration
of LD therapy [9]. On the other hand, the safety of LD is
being questioned, since the use of high doses of LD has
been related to worsening renal function (WRF) and worse
outcome in a large number of observational trials [1]. Still,
data about congestion status were not available for com-
prehensive adjustment of adequate diuretic therapy in most
databases previously used to analyse the safety profile of
LD. Hence, the assumption that high doses of LD are harm-
ful may be biased, as patients with advanced CHF are more
likely to be congested and to have worse renal function [10].
As a consequence, they receive more often and higher doses
of LD, sometimes co-administered with thiazide or thiazide-
like diuretics [11-15]. Thus, high-dose LD therapy may be
a surrogate for advanced disease and thereby a marker of
poor outcome despite attempts to adjust for confounders in
previous studies. In the Trial of Intensified versus standard
Medical therapy in Elderly patients with Congestive Heart
Failure (TIME-CHF), extensive phenotyping and detailed
information on medication are available from multiple time

@ Springer

points [16], which makes this trial ideally suited to study the
prognostic impact of decongestion. Therefore, this post hoc
analysis was designed to investigate the interaction between
diuretic use, congestion and outcome in CHF.

Methods
Data source and study population

This is a post hoc analysis of TIME-CHF. The design [17]
and main results [16] of the trial have been previously
reported. Briefly, TIME-CHF was a randomised, controlled
multicentre trial conducted in Switzerland and Germany
that compared an NT-proBNP-guided vs a symptom-guided
management in patients with CHF (n=622), age > 60 years,
symptoms corresponding to New York Heart Association
(NYHA) functional class > II, HF hospitalisation within
12 months prior to inclusion, and an age-adjusted ele-
vated NT-proBNP level (>400 ng/L in those <75 years,
> 800 ng/L in those > 75 years). Patients with both reduced
(HFrEF) (n=499) and preserved (n=123) left ventricular
ejection fraction were included between January 2003 and
December 2006 and followed up clinically for 18 months.
The investigation conforms with the principles outlined in
the Declaration of Helsinki, was approved by the local eth-
ics committees, and all participants provided their written
informed consent.

Patients were clinically evaluated at baseline and after
1, 3, 6, 12 and 18 months. At each visit, history was taken
and patients underwent a detailed clinical examination to
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determine the presence and extent of congestion by means
of a clinical congestion index (CCI) as previously described
[3, 18]. Briefly, CCI is a composite clinical marker of con-
gestion taking into account the presence of hepatomegaly,
NYHA > 111, peripheral oedema, jugular venous distension,
orthopnoea, rales and paroxysmal nocturnal dyspnoea. The
CCI value for each patient can vary from 0 (no congestion)
to 7 (severe congestion) [3].

Information on all drugs including doses and changes
between the visits was collected. LD dose is expressed as
furosemide equivalent, where 10-mg torasemide and 1-mg
bumetanide, respectively, are converted to 40-mg furosem-
ide. Difference in LD dose between baseline and month 6
was used for investigation of changes in LD doses over time.
The only thiazide and thiazide-like drugs used in TIME-
CHF were hydrochlorothiazide and metolazone. Patients
taking any of the two were considered thiazide users. Given
the fact that in clinical practice thiazides are usually co-
administered with LD for short courses, the use of thiazides
of any duration was considered as treatment intensification
during a certain time frame. Intensification of pharmacologi-
cal decongestion was described as an increase in LD dose
during the first 6 months of follow-up or a co-administration
of a thiazide or thiazide-like drug with a LD. WRF was
defined as an increase in serum creatinine by >44.2 pmol/L
(0.5 mg/dL) over 6 months [19].

Outcome events

Death except cancer-related was the primary outcome event
for this study, with death or HF hospitalisation as a second-
ary outcome. Although the study duration was 18 months,
the subjects underwent a systematic long-term follow-up
up to 5%z years, based on medical records or phone calls to
patients and/or their general practitioners every 6 months.

Haemodialysis or haemofiltration was not used for the
purpose of mechanical fluid extraction in TIME-CHF. Over-
all, three patients received temporary haemodialysis and one
haemofiltration due to worsening renal failure. They were
included as WREF in the analysis.

Statistical analysis

Descriptive statistics are expressed as median [interquartile
range] for continuous variables, as the distribution of all con-
tinues variables was not normal (Kolmogorov—Smirnov test),
and as numbers (percentages) for categorical variables. The
groups were compared using Mann—Whitney U tests for con-
tinuous variables and Chi-squared test for categorical vari-
ables. To test the association between LD use (low vs high
dose) and intensification of pharmacological decongestion
and outcome, Cox regression was performed. Independence
of these associations was tested using multivariable Cox

regression analysis. When testing the prognostic significance
of intensification of pharmacological decongestion, only the
events taking place after the month 6 follow-up visit were
considered. A stepwise forward model was used (inclusion
p <0.05, exclusion p>0.1). The Kaplan—Meier method was
used to construct the survival curves, with the log-rank test
used for comparison among groups. All analyses using both
baseline and month 6 values included only patients who sur-
vived and remained in the study. For all the other analyses, all
patients were considered. A two-sided p value of 0.05 or less
was considered to be statistically significant. Statistical analy-
sis was performed using the IBM® SPSS® for Windows®
software (version 23.0, SPSS® Inc, Chicago, IL).

Results
Baseline characteristics

Baseline characteristics are presented in Table 1. The
patients were elderly and severely symptomatic—three out
of four were in NYHA >1III. The majority [z =499 (80%)]
had HFrEF with HF due to ischaemic heart disease being
most prevalent. Most had significant comorbidities and poor
disease-related quality of life. A high percentage of patients
received evidence-based HF medications already at baseline.

The prevalence of congestion

The prevalence of congestion in TIME-CHF population was
extensively analysed previously [3, 18]. Briefly, congestion
was highly prevalent at baseline and decreased continuously
during the first 6 months (CCI>3 in 53% vs. 19% of patients
at baseline and month 6, respectively, of those who survived
and remained in the study after 6 months).

The use of diuretics

The use of LD was high during the entire follow-up with
575 of 622 (92%), 509 of 567 (90%), 469 of 521 (90%), 440
of 489 (90%), 391 of 446 (88%), 358 of 406 (88%) patients
using LD at baseline, month 1, 3, 6, 12, and 18, respec-
tively. Median daily LD dose was 80 [40-100] at baseline,
40 [40-80] at month 1, 40 [25-80] at month 3, 40 [40-80]
at month 6, 40 [20-80] at month 12, and 40 [20-80] mg of
furosemide equivalent at month 18.

The use of thiazides was relatively low. Twenty-five (4%)
patients used thiazides at baseline and 86 (14%) used them
at any time point during the follow-up. Sixty (10%) patients
received thiazides during the first 6 months, whereas 56 (12%)
were on thiazides after month 6. There were only 21 (4%)
6-month survivors not on thiazides during the first 6 months,
who received such treatment later during follow-up.
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Table 1 Baseline characteristics of the study population

Characteristic Value (n=622)
Age (years) 77 (71-82)
Male gender 369 (59%)
BMI (kg/m?) 25.1 (22.7-28.1)
LVEF<45% 499 (80%)
Cause of HF
CAD 330 (53%)
DCM 89 (14%)
HHD 173 (28%)
Other 30 (5%)
Diabetes 222 (36%)
COPD 124 (20%)
PAOD 124 (20%)
CKD 355 (57%)
NYHA >1II 473 (76%)
AF 210 (34%)
Charlson score 324
sBP (mmHg) 120 (110-135)
HR (bpm) 74 (65-84)
NT-proBNP (ng/L) 3836 (1916-6905)

108 (87-140)
51.5 (36.0-67.1)
4.1 (3.8-4.5)

Creatinine (umol/L)
eGFR (mL/min/1.73 m?)
Potassium (mmol/L)

Sodium (mmol/L) 139 (137-142)
Haemoglobin (g/L) 131 (118-143)
6MWT distance (metres) 250 (180-350)
CCI 3(2-4)
CCI>3 358 (61%)
LVEF (%) 32 (25-42)
MLHFQ 40 (25-55)
ACEi/ARB use 480 (77%)
B-blocker use 476 (77%)
MRA use 234 (38%)

LD use 575 (93%)
Thiazide use 25 (4%)

6MWT 6-min walk test distance, ACEi/ARB angiotensin-converting
enzyme inhibitor/angiotensin II receptor blocker, AF atrial fibrilla-
tion, BMI body mass index, CAD coronary artery disease, CCI clini-
cal congestion index, CKD chronic kidney disease, COPD chronic
obstructive pulmonary disease, DCM dilated cardiomyopathy, eGFR
estimated glomerular filtration rate (chronic kidney disease epidemi-
ology collaboration equation), HF heart failure, HHD hypertensive
heart disease, HR heart rate, bpm beats per minute, LD loop diuretic,
LVEF left ventricular ejection fraction, MLHFQ Minnesota living
with heart failure questionnaire, MRA mineralocorticoid receptor
antagonist, NT-proBNP N-terminal pro B-type natriuretic peptide,
NYHA New York heart association functional class, PAOD peripheral
arterial occlusive disease, sBP systolic blood pressure

Prognostic relevance of diuretic therapy

During the median total follow-up of 27 [14-41] months,
241 (39%) patients died; 317 (51%) either died or were
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hospitalised for HF. Patients using high-LD dose (>80 mg
of furosemide per day) at baseline (Fig. 1a, b), as well as
a thiazide diuretic at baseline (Fig. lc, d) and at any time
point during follow-up (Fig. le, f) were at increased risk
of dying or being hospitalised for worsening heart failure.

Univariable and multivariable predictors of death, and
death or HF hospitalisation are shown in Table 2. High-LD
dose at baseline (>80 mg of furosemide per day) and the
use of thiazides at baseline were not identified as independ-
ent predictors of outcome, whereas congestion remained
strongly and independently associated with impaired sur-
vival and HF hospitalisation-free survival.

As congestion decreased significantly among patients
surviving 6 months [3], we analysed the prognostic sig-
nificance of LD use at month 6 and intensification of con-
gestion treatment during the first 6 months of follow-up.
Median daily LD dose (mg of furosemide equivalent)
administered to patients surviving 6 months was as follows:
60 [40-80] at baseline, 40 [20-80] at month 1, 40 [20-80]
at month 3, 40 [40-80] at month 6, 40 [20-80] at month 12,
and 40 [20-80] at month 18. Of note, the difference between
median daily dose of furosemide at baseline and month 6
was not statistically significant (p > 0.05).

A total of 489 patients, i.e. 79% of TIME-CHF partici-
pants survived the first 6 months and did not drop out.
Of those, 316 (65%) required LD dose down-titration or
remained on a stable LD dose and received no thiazides
together with a LD (no treatment intensification group);
173 (35%) required LD dose up-titration or a co-adminis-
tration of a thiazide drug (treatment intensification group).
The comparison of patients receiving no intensification
with patients undergoing intensification of congestion
treatment is shown in Table 3. Patients in the intensifi-
cation group were sicker: they had a higher comorbidity
burden, their functional capacity was more impaired, their
plasma NT-proBNP level at month 6 was higher, their
haemoglobin was lower, their renal function was worse,
and they were more likely to experience a WRF and to be
congested.

The median follow-up of patients with sur-
vival > 6 months was 30 [19-43] months. Univariable and
multivariable predictors of death, and death or HF hos-
pitalisation are shown in Table 4. LD dose administered
at month 6 was not identified as an independent predictor
of outcome, whilst treatment intensification remained an
independent predictor of outcome. Although congestion at
month 6 did not appear as an independent predictor of mor-
tality, it remained a strong and independent predictor of HF
hospitalisation-free survival after month 6.
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Loop diuretic dose adjustment, congestion
and outcome

A total of 256 (55%) patients had no or only mild congestion
(CCI<3) at month 6 without treatment intensification; 118
(25%) patients had no or only mild congestion (CCI < 3)
at month 6 following treatment intensification within the
first 6 months; 46 (10%) patients were congested (CCI > 3)
at month 6, but had not received treatment intensification;
and 44 (10%) patients were congested (CCI> 3) at month
6 despite treatment intensification. The best prognosis was
noted if congestion had been manageable without treatment
intensification (Fig. 2). If treatment intensification had been
required to decongest, the prognosis was worse than without
intensification. The worst prognosis was noted if obvious
clinical congestion was present (CCI > 3) despite treatment
intensification. This was especially true for HF hospitalisa-
tion-free survival (Fig. 2b).

Changes in CCI were observed in 442 patients (90% of
6-month survivors). The decrease in CCI by at least 1 point
without treatment intensification was noted in the majority
of patients (265 (60%)). These patients had the best outcome
(Fig. 2c, d). One hundred and twenty-three (28%) patients
underwent treatment intensification, resulting in decreas-
ing CCI, whereas 26 (6%) patients experienced progressive
congestion (an increase in CCI by at least 1 point) without
treatment intensification. The latter two groups had compa-
rable outcome (Fig. 2¢c, d). Progressive congestion despite
treatment intensification was noted in 28 (6%) patients. This
subgroup demonstrated a very poor outcome (Fig. 2c, d).

Discussion

This study adds significantly to our understanding of the
complex interaction between diuretic use, congestion and
CHF outcome. (1) Intensification of pharmacological decon-
gestion, but not the actual LD dose, was related to worse
outcome in CHF. (2) The need of intensification of pharma-
cological decongestion is a marker of more advanced disease
with worse clinical, biochemical and functional properties.
(3) CHF outcome in patients with no or reduced congestion
undergoing treatment intensification is at least as good as
in patients with no treatment intensification but persistent
congestion. These findings suggest that advanced CHF and
congestion are the main drivers of poor outcome and not
treatment with LDs or thiazides per se.

The role of loop diuretics in heart failure care
Cardiac dysfunction-mediated renin—angiotensin—aldoster-

one system (RAAS) activation with consecutive sodium and
water retention is a key component of CHF pathophysiology

[10, 20] and determines an unfavourable outcome [3, 9, 21,
22]. To date, no other decongestive means have been shown
to be superior to LD both in acute and chronic HF care [1,
2,23, 24]. The DOSE trial showed that LD are capable of
reducing signs and symptoms of fluid accumulation in the
setting of acute decompensation, [25]. However, their use,
both acutely and long-term, has never been demonstrated
to improve outcome in a well-designed prospective trial
[1]. Despite that, this class of drugs is as often prescribed
to CHF patients as evidence-based neurohormonal block-
ers [11]. Rohde et al. has recently demonstrated in a small
though randomised, double-blinded clinical trial that LD
withdrawal may be possible in stable CHF patients [26], but
the trial was underpowered to assess hard outcome. There-
fore, the clinical impact of such intervention needs to be
further investigated. Still in daily clinical practice, deconges-
tive interventions are rarely modified [27].

A post hoc analysis of the DIG trial showed that LD
users with CHF are more likely to be rehospitalised or to die
than patients not taking these drugs [28]. This association
between LD use and death persisted after propensity match-
ing. Similar results were obtained from the JCARE-CARD
database by Hamaguchi et al., who found an independent
association between LD use after discharge and long-term
adverse events [29]. Besides, high-dose LD treatment has
been demonstrated to limit the up-titration of ACE inhibitors
[30]—the first-line drugs in HFrEF [2]. Other investigators
analysed different HF populations and found similar rela-
tionship between LD use and mortality in a dose-dependent
manner [12, 13, 31, 32].

However, these studies share similar limitations. First,
the authors did not include LD dose changes over time, but
analysed different doses at a certain time point only. Second,
congestion status was not generally available for adjustment.
Therefore, the most important parameter for the use of LD
therapy and multivariable adjustment was often missing. In
addition, co-administration of thiazides to boost natriure-
sis was often not taken into consideration. The TIME-CHF
database provides a unique opportunity to analyse the prog-
nostic significance of LD use and CHF outcome taking into
account these important factors. Contrary to previous find-
ings, our data show that the actual dose of LD is not an
independent predictor of adverse outcome. Instead, inten-
sification of pharmacological decongestion—most likely a
marker of clinical deterioration and persistent congestion—
but not the LD dose itself independently predicted outcome.
In fact, patients requiring treatment intensification were still
more congested than patients without this need during the
first 6 months of follow-up. In addition, they were already
at a more advanced state of HF prior to adaptation of diu-
retic therapy. In addition, if congestion was controlled with
treatment intensification, the prognosis was better than in
patients with obvious persistence of clinical congestion. Dini
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«Fig. 1 Kaplan-Meier curves of survival and heart failure hospitali-
sation-free survival comparing high loop diuretic dose (>80 mg per
day) users with low loop diuretic dose (<80 mg per day) users at
baseline (a, b), thiazide diuretic users and non-users at baseline (c,
d), and thiazide diuretic users and non-users at any time point dur-
ing follow-up (e, f). HF heart failure, 7ZD thiazide or thiazide-like
diuretic

et al. have previously demonstrated that congested patients
could potentially benefit from high-LD doses [33]. This is
in line with the CHAMPION trial where adjustments based
on filling pressure mainly concerned diuretic therapy which
resulted in better outcome [9]. These findings together with
the results of this study highlight the importance of effective
decongestion in CHF. It may be hypothesised that higher
doses of LD or higher rate of thiazides’ co-administration
would have been effective to control congestion among
patients with persistent congestion at month 6 and such
interventions could have potentially translated into better
outcome. The fact that many patients remained congested
despite treatment intensification supports this hypothesis.
Still, it needs to be tested in a prospective interventional
trial to see if more aggressive decongestive therapy results
in better outcome than the current, often cautious approach.

The importance of persistent congestion

Resistance to adequate LD doses is common [34]. Still, there
is no general agreement regarding a universal definition of
diuretic resistance, which may include the lack of diuretic
response to an absolute high daily LD dose, or urinary out-
put, weight loss, or urinary sodium excretion, as a response
to a certain LD dose [35, 36]. Regardless of the definition,
patients with impaired LD response are known to be at
increased risk of adverse events [1, 34, 35, 37]. Still, the use
of diuretic therapy differs significantly between medical cen-
tres [11] and the reluctance to increase diuretic therapy due
to potential negative effects on the kidneys is common [3].
These facts indicate that interpretation of diuretic need in HF
patients vary significantly and highlight the need for uniform
recommendations on the use of decongestive therapies.
From a pharmacological point of view, increasing LD
dose during chronic administration may be inevitable. If
sodium reabsorption is inhibited in the distal loop of Henle,
more sodium reaches the distal convoluted tubule, resulting
in hypertrophy of the distal tubular cells [37]. These his-
tological alterations lead to increased sodium reabsorption
capacity of the distal part of the nephron [38]. Rao et al.
have elegantly demonstrated that only approximately 35%
of the LD-induced sodium delivered from the loop of Henle
into the distal tubule ultimately ended up in the urine in HF
patients, which is much less than in normal subjects [39].
Thus, distal nephron adaptation might be a reason for per-
sistent congestion despite LD dose escalation. In this study,

some patients were still congested at month 6, meaning that
dose up-titration was not always sufficient. Co-administra-
tion of thiazides may be chosen to overcome distal tubular
hypertrophy-mediated diuretic resistance. In TIME-CHF
thiazide users were at a twofold increased risk of dying,
but only 14% of patients were considered suitable for such
therapy during the entire follow-up. Such adjustment was
considered as treatment intensification and appeared as an
independent predictor of outcome. Until interventional tri-
als of thiazide and LD co-administration are conducted, the
selection of potential candidates for such therapy relies on
physician’s discretion.

Does the renal function matter?

Significant WRF was present in 16% of patients over
6-months [19, 40]. The decline in renal function identifies
patients at high risk of rehospitalisation and mortality [10,
14, 19, 40]. It has been shown that renal function may be
an even stronger predictor of mortality than cardiac func-
tion in CHF patients [41]. On the one hand, WRF can be
caused by the failing heart, because of venous and intraab-
dominal hypertension, and arterial blood pressure drop [20,
42], called Type 2 cardiorenal syndrome [42]. On the other
hand, treatment with LD can potentially lead to intravascu-
lar volume depletion and renal hypoperfusion, even in the
presence of persistent interstitial fluid retention [1]. As WRF
interacts with treatment, renal function and CHF prognosis,
physicians are forced to modify treatment strategies. Still,
there is no evidence-based consensus on how to react to
WREF in CHF and how to adjust LD therapy. In the presence
of acute kidney injury during acute decompensation, it was
reported that LD dose down-titration or discontinuation was
the most common treatment adjustment [43]. However, it is
not clear whether this was justified, and in clinical practice
it often remains uncertain, if renal function decline is related
to hypo- or hypervolemia. It has been shown that WRF if
accompanied with successful haemoconcentration may even
predict a better outcome [5], meanwhile the occurrence of
WREF in patients with persistent congestion indicate a worse
prognosis [44] in the setting of acute heart failure. The pre-
sent study shows that remaining congestion is a clinically
important problem in CHF patients, i.e. even in the chronic
setting with the aim of target up-titration of medication and
regular clinical controls. We previously reported that the
need of chronically high doses of LD during the first months
was related to poor outcome in TIME-CHF only if WRF was
present [40]. Together with the findings of the present analy-
sis, it may be hypothesised that reluctance to sufficiently
decongest patients, e.g. in case of WRF, may result in poor
outcome. However, the precise interaction between these
three factors has not yet been prospectively studied, and our
study has not the statistical power for full adjustment of all
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Table 2 Univariable and
multivariable forward stepwise
COX regression analyses for

Univariable Multivariable

HR  CI p HR CI p

survival and HF hospitalisation-
free survival Death after inclusion

Age (per year)

CAD

Diabetes

PAOD

CKD

Anaemia

Angina

CCI (per 1 point)

sBP (per 1 mmHg)
Haemoglobin (per 1 g/L)
QRS width (1g10)
NT-proBNP (1g10)

LD dose >80 mg

eGFR (per 1 mL/min/1.73 m?)
Charlson score (per 1 point)
Male gender

6MWT distance (1g10)
TZD use

1.05  1.03;1.07 <0.001

255 1.85;3.48 <0.001 179  1.15;2.80 0.010
153 1.18;1.97 0.001

144  1.08;1.92 0.013

1.77  1.36;2.32 <0.001

1.83  1.41;2.38 <0.001

123 1.15; 147 <0.001

120  1.12;1.28 <0.001 1.34  1.20-1.50 <0.001
099 0.98;0.998  0.011 099  0.977-0.998  0.020
098  0.98;0.99 <0.001

837  2.98;23.49 <0.001 828  2.00-34.29 0.004
3.14  2.26;4.36 <0.001 238  1.46-3.88 <0.001
1.58  1.13;2.20 <0.001

098  0.97;0.99 <0.001

129  1.21;1.39 <0.001 120  1.08-3.45 0.001
0.73  0.56;0.95 0.018

029  0.19;045 <0.001

278  1.67;4.63 <0.001

Death or HF hospitalisation after inclusion

Age (per year)

CAD

Diabetes

PAOD

CKD

Anaemia

Angina

CCI (per 1 point)

sBP (per 1 mmHg)
Haemoglobin per 1 g/l)
QRS width (1g10)
NT-proBNP (Ig10)

LD dose >80 mg

eGFR (per 1 mL/min/1.73 m?)
Charlson score (per 1 point)
Male gender

6MWT distance (1g10)
TZD use

1.05 1.03-1.07 0.001 1.03 1.01-1.05 <0.001
2.11 1.63;2.73 <0.001
1.63 1.30; 2.03 <0.001
n.s.
1.79 1.42;2.26 <0.001
1.73 1.37;2.18 <0.001 1.37 1.04; 1.79 0.024

1.25 1.12; 1.40 <0.001 1.16  1.02-1.33 0.029
1.18 1.11-1.26 <0.001 1.09  1.02;1.17 0.015
n.s.

099  0.98;0.99 <0.001

5.12  2.07-12.69 <0.001 502 1.80-14.04 0.002

2.18  1.64;291 <0.001

1.45 1.16-1.81 0.001

098  0.97;0.98 <0.001  0.99  0.98;0.995 0.001

1.27  1.20;1.35 <0.001 1.24  1.16-1.33 <0.001
n.s.

029  0.20;0.43 <0.001

2.1 1.30-3.39 0.002

6MWT 6-min walk test distance, CAD coronary artery disease, CCI clinical congestion index, CI confi-
dence interval, CKD chronic kidney disease, eGFR estimated glomerular filtration rate (chronic kidney
disease epidemiology collaboration equation), HF heart failure, HR hazard ratio, n.s. not significant, N7-
proBNP N-terminal pro B-type natriuretic peptide, PAOD peripheral arterial occlusive disease, sBP sys-
tolic blood pressure, 7ZD thiazide or thiazide-like diuretic

these factors including interactions. These complex interac-
tions may be further complicated by the influence of non-
haemodynamic factors on renal filtration, such as activation
of RAAS, sympathetic nervous system, inflammation and

@ Springer

endothelial dysfunction [45]. In addition, clinical congestion
has been recognised as a late manifestation of fluid retention
in HF [4], meaning that a certain proportion of CHF patients
may have no signs/symptoms of congestion, despite signifi-
cant haemodynamic congestion [46].
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Table 3 .Com.paris.on of patients Characteristic No treatment intensifi-  Treatment intensifica-
}mdergomg. diuretic treatment cation (n=316) tion (n=173)
intensification versus those
without Parameters at baseline
Age (years) 77 (70-82) 77 [71-82] 0.302
Charlson score 324 324 0.002
QRS width (ms) 114 (96-140) 116 (94-148) 0.876
CKD 154 (49%) 107 (62%) 0.006
CCI 3(1-4) 3(2-4) <0.001
sBP (mmHg) 120 (110-132) 120 (110-135) 0.519
HR (bpm) 74 (64-82) 74 (66-84) 0.684
Creatinine (umol/L) 102 (84-133) 111 (89-143) 0.005
eGFR (mL/min/1.73 m?) 56 (40-71) 47 (35-63) 0.001
Urea (mmol/L) 9.7 (7.3-12.8) 10.9 (8.0-13.9) 0.113
Potassium (mmol/L) 4.1(3.8-4.4) 4.1(3.8-4.5) 0.525
Sodium (mmol/L) 140 (138-142) 139 (137-141) 0.131
NT-proBNP (ng/L) 3161 (1785-6097) 4051 (2152-6805) 0.094
Haemoglobin (g/L) 133 (121-145) 130 (118-143) <0.001
NYHA>III 218 (69%) 135 (78%) 0.035
6MWT (m) 284 (195-375) 245 (1769-330) <0.001
LD dose (mg furosemide equivalent) 80 (40-80) 40 (20-80) <0.001
TZD use 0 (0%) 16 (9%) <0.001
Parameters at month 6
CCI 1(0-2) 1 (0-3) <0.001
sBP (mmHg) 122 (110-140) 120 (108-138) 0.170
HR (bpm) 68 (60-77) 70 (60-76) 0.665
Creatinine (umol/L) 118 (91-141) 124 (99-169) 0.001
eGFR (mL/min/1.73 m?) 49 (36-64) 42 (30-55) <0.001
Urea (mmol/L) 10.7 (7.6-13.4) 12.6 (9.3-18.0) <0.001
Potassium (mmol/L) 4.4 (4.1-4.7) 4.3 (4.04.7) 0.024
Sodium (mmol/L) 139 (137-141) 139 (136-141) 0.191
NT-proBNP (ng/L) 1762 (839-3644) 2693 (1334-5873) <0.001
Haemoglobin (g/L) 132 (122-142) 128 (117-141) 0.054
NYHA>III 87 (28%) 75 (44%) 0.001
LD dose (mg furosemide equivalent) 40 (20-80) 80 (60-200) <0.001
WRF 39 (13%) 36 21%) 0.018
TZD use over 6 months 0 (0%) 46 (27%) <0.001
6MWT 6-min walk test distance, bpm beats per minute, CCI clinical congestion index, CKD chronic kid-
ney disease, eGFR estimated glomerular filtration rate (chronic kidney disease epidemiology collaboration
equation), HR heart rate, LD loop diuretic, NT-proBNP N-terminal pro B-type natriuretic peptide, NYHA
New York heart association functional class, sBP systolic blood pressure, 7ZD thiazide or thiazide-like
diuretic, WRF worsening renal function, defined as an increase in serum creatinine by >44.2 pmol/L over
6 months
Limitations medication changes as done in a previous analysis or inter-

mediate changes between the different visits did not change

We acknowledge a number of potential limitations of our
study. The results of the present analysis are based on an
elderly CHF population, thus potentially limiting their
generalizability. In addition, the estimation of LD dose
change took into account only the doses administered at
baseline and month 6, excluding the effect of possible fluc-
tuations and day-by-day variations. Still, considering daily

the main findings of the study (data not shown) [40]. Since
there is no known formula to calculate the diuretic effects
of thiazides in combination with LD we did not consider
the dose, although thiazide use-related potential harms
might be dose dependent. In addition, information on intra-
cardiac filling pressures was not available; therefore, we
had to rely on clinical congestion, which does not always

@ Springer
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Table 4 Univariable and
multivariable forward stepwise
COX regression analysis for
survival and HF hospitalisation-
free survival of patients alive at
month 6

@ Springer

HR CI P HR CI
Death after month 6
Age (per year) 1.05 1.03-1.07 <0.001
CAD 253 1.72;3.72 <0.001
Diabetes 1.65 1.20;2.28 0.002
PAOD 1.50 1.05;2.14 0.027
CKD 1.54 1.11;2.14 0.010
Anaemia at BL 1.66 1.19;2.33 0.003
Angina at BL 1.29 1.09;1.52 0.003 1.29 1.05; 1.67 0.013
CCI at month 6 (per 1 point) 1.37 1.424;1.52 <0.001
sBP at month 6 (per | mmHg) 098 0.98;0.99 <0.001 0.99 0.98;0.999 0.029
Haemoglobin at month 6 (per 1 g/L) 0.98 0.97;0.99 0.001
QRS width at BL (Ig10) 8.37 2.98;23.49 <0.001
NT-proBNP at month 6 (Ig10) 6.55 4.43;9.68 <0.001 5.58 3.42;9.08 <0.001
LD dose at month 6 >80 mg 1.72 1.23;1.40 0.002
eGFR at month 6 (per 1 mL/min/1.73 m2) 0.98 0.97;0.99 <0.001
Charlson score (per 1 point) 1.28 1.17;1.39 <0.001 1.16 1.03;1.30 0.013
Male gender 0.66 047;0.92 0.015
6MWT distance at BL (1g10) 0.37 0.21;0.68 0.001
WRF 229 1.58;3.32 <0.001
Treatment intensification 1.85 1.34;2.56 <0.001 1.75 1.19;2.56 0.004
Death or HF hospitalisation after month 6
Age (per year) 1.05 1.03;1.07 <0.001 1.03 1.003;1.050 0.029
CAD 2.08 1.54;2.81 <0.001
Diabetes 1.72 1.33-2.24 <0.001
PAOD n.s.
CKD 1.74 1.33;228 <0.001
Anaemia at BL 1.54 1.16;2.04 0.003
Angina at BL 1.62 1.19;2.20 0.002 1.19 1.002; 1.403 0.048
CCI at month 6 (per 1 point) 146 1.35;1.61 <0.001 1.24 1.11;1.38 <0.001
sBP at month 6 (per | mmHg) 0.99 0.98;0.995 0.001 0.99 0.98; 0.998 0.018
Haemoglobin at month 6 (per 1 g/L) 0.98 0.98;0.99 <0.001
QRS width at BL (1g10) 4.54 1.55;13.34 0.006
NT-proBNP at month 6 (Ig10) 5.12 3.67;7.14 <0.001 2.82 1.85;4.29 <0.001
LD dose at month 6 >80 mg 1.74 1.31;2.31 <0.001
eGFR at month 6 (per 1 mL/min/1.73 m2) 0.98 0.97; 0.98 <0.001
Charlson score (per 1 point) 128 1.19;1.38 <0.001 1.15 1.04;1.28 0.006
Male gender n.s.
6MWT distance at BL (1g10) 0.30 0.19;048 <0.001
WRF 1.98 1.42;2.78 <0.001
Treatment intensification 209 159;2.75 <0.001 1.69 1.22;2.35 0.002

Treatment intensification is defined as the increase in loop diuretic dose over 6 months or loop diuretic and

thiazide or thiazide-like diuretic co-administration

6MWT 6-min walk test distance, BL baseline, CAD coronary artery disease, CCI clinical congestion index,
CI confidence interval, CKD chronic kidney disease, eGFR estimated glomerular filtration rate (chronic
kidney disease epidemiology collaboration equation), HF heart failure, HR hazard ratio, LD loop diuretic,
LD1? loop diuretic dose up-titration over 6 months, n.s. not significant, NT-proBNP N-terminal pro B-type
natriuretic peptide, PAOD peripheral arterial occlusive disease, sBP systolic blood pressure, WRF worsen-
ing renal function, defined as an increase in serum creatinine by >44.2 pmol/L over 6 months
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Fig.2 Kaplan—Meier curves of survival and heart failure hospitalisation-free survival, comparing patients receiving different strategies of diu-
retic administration and a—congestion status at month 6; b—Congestion course over 6 months. CCI clinical congestion index, HF heart failure

reflect intravascular (haemodynamic) volume overload.
However, we have previously shown that clinical conges-
tion is a highly prevalent and powerful marker of outcome,
potentially serving as a target for treatment with LD [3].
TIME-CHF participants were recruited from 2003 till 2008,
i.e. before the introduction of angiotensin receptor—nepri-
lysin inhibitor (ARNi) into CHF care. A recent secondary
analysis of the PARADIGM-HF trial showed that treatment
with ARNi can potentially reduce the need of LD [15]; still,
the reduction in LD use 6 months after randomisation was
only 2% [15]. In addition, patients were not treated with

sodium/glucose cotransporter 2 (sGLT-2) inhibitors, which
very recently have been shown to improve outcome in HF
patients with reduced ejection fraction [47, 48]. The use of
SsGLT-2 inhibitors may change the role of diuretics in HF
significantly, as they have a significant diuretic effect [49].
In addition, TIME-CHF participants received close monitor-
ing and strict follow-up regimen with effective escalation of
evidence-based medications, making the intervention dif-
ferent from those usually seen in the real-world population.
Besides, there were no data about the potential increase in
tubular damage markers of patients with WRF. Finally, the
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size of the study was not sufficient for full adjustment of all
relevant factors including interactions.

In summary, treatment intensification but not the actual
dose of LD was related to poor outcome in CHF. If treatment
intensification translated into clinical decongestion, outcome
was better than in case of persistent or progressing conges-
tion. These findings suggest that HF and congestion are the
main drivers of poor outcome and not the LD dose per se.
There is an urgent need for prospective testing whether lib-
eral use of LD or thiazide co-administration to completely
decongest HF patients improves outcome.
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