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Abstract

Aims Treating patients with acute decompensated heart failure (ADHF) presenting with volume overload is a common task.
However, optimal guidance of decongesting therapy and treatment targets are not well defined. The inferior vena cava (IVC)
diameter and its collapsibility can be used to estimate right atrial pressure, which is a measure of right-sided haemodynamic
congestion. The CAVA-ADHF-DZHK10 trial is designed to test the hypothesis that ultrasound assessment of the IVC in addition
to clinical assessment improves decongestion as compared with clinical assessment alone.

Methods and results CAVA-ADHF-DZHK10 is a randomized, controlled, patient-blinded, multicentre, parallel-group trial ran-
domly assigning 388 patients with ADHF to either decongesting therapy guided by ultrasound assessment of the IVC in addi-
tion to clinical assessment or clinical assessment alone. IVC ultrasound will be performed daily between baseline and hospital
discharge in all patients. However, ultrasound results will only be reported to treating physicians in the intervention group.
Treatment target is relief of congestion-related signs and symptoms in both groups with the additional goal to reduce the
IVC diameter <21 mm and increase IVC collapsibility >50% in the intervention group. The primary endpoint is change in N-ter-
minal pro-brain natriuretic peptide from baseline to hospital discharge. Secondary endpoints evaluate feasibility, efficacy of
decongestion on other scales, and the impact of the intervention on clinical endpoints.

Conclusions CAVA-ADHF-DZHK10 will investigate whether IVC ultrasound supplementing clinical assessment improves de-
congestion in patients admitted for ADHF.
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Introduction

Hospitalization for acute decompensated heart failure (ADHF)
is associated not only with a high risk for early re-hospitaliza-
tion but also with an increased risk of death after discharge.’
Most patients are hospitalized due to congestion-related
symptoms and signs like dyspnoea or oedema.? Congestion
is defined as elevated left ventricular filling pressure and fur-
ther sub-classified in haemodynamic and clinical congestion
depending on the absence or presence of clinical signs and
symptoms of congestion.> Guidelines recommend to treat
all patients with ADHF with signs and symptoms of volume
overload with intravenous loop diuretics and to monitor
symptoms, urine output, renal function, and electrolytes
(class I, level of evidence C) without stating specific deconges-
tion targets.* However, this is of fundamental interest be-
cause the remaining clinical congestion at discharge is a
strong predictor of mortality risk.>® The reference standard
for congestion assessment is invasive measurement of right
atrial pressure (RAP) and pulmonary capillary wedge pressure
(PCWP) by means of a pulmonary artery catheter (PAC).2
However, the routine use of PAC is limited due to its invasive
nature. Therefore, other markers of decongestion are needed
to guide physicians during decongesting therapy. Diagnostic
studies reported that the performance of clinical signs and
symptoms to detect an elevated PCWP was only mediocre.”
Estimation of RAP by measurements of inferior vena cava
(IVC) diameters using hand-carried ultrasound devices was
superior to clinical examination of the jugular venous pulse.?
Findings of several other observational studies indicate that
IVC size and IVC collapsibility can be used to approximate
semi-quantitatively RAP as low, intermediate, or high.? Based
on this, echocardiography guidelines recommend ultrasound
assessment of the IVC to estimate RAP.'° Moreover, a post
hoc analysis of the ESCAPE (Evaluation Study of Congestive
Heart Failure and Pulmonary Artery Catheterization Effective-
ness) trial, which investigated changes of echocardiography
markers during PAC-guided decongesting therapy, found
changes in IVC diameter and collapsibility to be closely asso-
ciated with the change in PCWP.'! These considerations ren-
der ultrasound measurements of IVC diameter and
collapsibility promising parameters to guide decongesting
therapy in patients admitted for ADHF. We therefore conduct
a randomized controlled trial (CAVA-ADHF-DZHK10, ultra-
sound evaluation of the inferior vena CAVA in addition to clin-
ical assessment to guide decongestion in Acute

Decompensated Heart Failure) to study ultrasound assess-
ment of the IVC in addition to clinical assessment to guide de-
congestion in ADHF. This report describes the rationale and
design of this trial.

The CAVA-ADHF trial
Design and objectives

The CAVA-ADHF trial is a randomized, controlled, patient-
blinded, multicentre, parallel-group trial on the impact of ul-
trasound assessment of the IVC in addition to clinical assess-
ment for guiding decongestion in ADHF. The trial flowchart is
shown in Figure 1.

The primary objective is to examine patients admitted for
ADHF whether decongestion guided by ultrasound assess-
ment of IVC diameters in addition to clinical assessment leads
to greater reductions in N-terminal pro-brain natriuretic pep-
tide (NT-proBNP) levels from baseline to hospital discharge as
compared with decongestion guided by clinical assessment
alone. One secondary objective is to determine whether im-
plementation of IVC ultrasound-guided decongestion in clini-
cal practice is feasible. The trial is registered at ClinicalTrials.
gov (NCT03140566).

Patient population and eligibility

A total of 388 patients with ADHF will be enrolled at 15 trial
sites in Germany. For the purpose of the trial, ADHF is diag-
nosed if a patient presents dyspnoea and signs of pulmonary
congestion as signs for primary left heart failure as well as pe-
ripheral oedema as evidence for some kind of chronicity with
secondary elevation of right-sided filling pressure. Exclusion
criteria serve primarily to exclude patients for which aggres-
sive diuretic treatment is not the best treatment option. A
detailed list of inclusion and exclusion criteria is displayed in
Table 1. Figure 2 shows the geographical distribution of the
trial centres. All sites have significant experience in treating
patients with ADHF. Recruitment commenced in July 2017
and is estimated to be completed by the end of 2019. By
30 June 2019, a total of 348 patients (90%) have been en-
rolled (Figure 3).
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Figure 1 The CAVA-ADHF-DZHK10 trial scheme. IVC, inferior vena cava; IVCCI, inferior vena cava collapsibility index; /VC,,,,, maximal inferior vena cava
diameter; NYHA, New York Heart Association functional class; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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' DZHK TRIAL 10

Patient admitted for ADHF

« Dyspnoea 2NYHA llI, peripheral oedema, and
pulmonary

*  NT-proBNP >300 ng/l within 24 h of admission

« Sufficient ultrasound visualization to evaluate I[VC

* IVCmax >21 mm and IVCCI £50% in the
baseline assessment within 24 h of admission

|

Informed consent

Baseline assessments including NT-proBNP

Randomisation

Control group (n = 194) Intervention group (n = 194)

Treating physicians unaware of daily IVC ultrasound Treating physicians aware of daily IVC ultrasound
findings. findings.

Treatment goal for discharge: Treatment goal for discharge:

1. Relief of symptoms and signs of congestion 1. Relief of symptoms and signs of congestion

2. IVCmax <21 mm
3. IVCCI >50%

Discharge assessments including NT-proBNP

180 to 210 days after randomisation
Telephone interview for assessment of clinical
endpoints

Table 1 Eligibility criteria

Inclusion criteria

1. Hospitalization for ADHF with dyspnoea >NYHA lll, peripheral oedema, and pulmonary congestion (rales on auscultation or pulmonary
vascular congestion on chest radiograph)

2. Age > 18 years

3. NT-proBNP >300 ng/L within 24 h after admission®

4. Sufficient ultrasound visualization to evaluate IVC

5. IVCpax >2.1 cm and IVCCI <50% in the baseline assessment within 24 h after admission

6. Informed consent

Exclusion criteria

. Cardiogenic shock with systolic blood pressure <90 mmHg plus end-organ hypoperfusion

. ADHF due to significant arrhythmias®

. Severe pulmonary disease as primary cause of dyspnoea

. Simplified modification of diet in renal disease estimated glomerular filtration rate < 30 mL/min/1.73 m?
. Need for non-invasive or invasive ventilation support at baseline

. Pregnancy

. Participation in another interventional trial

NoubhWwWN=

#As determined by the local laboratory.

bSignificant arrhythmias are defined as (i) third-degree atrioventricular block or sinus arrest with junctional or ventricular escape rhythm,
(ii) sustained ventricular tachycardia, or (iii) other sustained arrhythmias leading to decompensation other than atrial fibrillation as judged
by the treating physician.

ADHF, acute decompensated heart failure; IVC, inferior vena cava; IVCCCI, inferior vena cava collapsibility index; NT-proBNP, N-terminal
pro-brain natriuretic peptide; NYHA, New York Heart Association functional class.
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Figure 2 Geographical distribution of study sites.
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Randomization

Patients are randomized either to decongestion therapy
guided by ultrasound evaluated IVC diameters in addition to
clinical assessment or to clinical assessment alone.

Randomization is performed within 24 h after hospital ad-
mission by a web-based trial data base (secuTrial) with a 1:1
allocation ratio using permuted blocks of random sizes and
stratified by trial site and New York Heart Association (NYHA)
class (1l versus IV).

Block sizes are not disclosed to ensure concealment. Allo-
cation concealment is ensured, as the computerized system
does not release the randomization code until the patient
has been enrolled into the trial.

Trial intervention and blinding

From randomization to discharge, trained trial investigators
not responsible for the clinical treatment examine daily IVC

diameters by ultrasound in every patient irrespective of the
assigned treatment group (Figure 1). To avoid measurement
of erroneously small IVC diameters due to a transient shift
of volume consecutive to an increase of venous capacitance
in peripheral and splanchnic beds following application of a
loop diuretic, the IVC evaluation shall be performed before
the first application of a loop diuretic or at least 3 h after a
preceding application. The IVC ultrasound evaluation is per-
formed according to local infrastructure either with a hand-
held ultrasound device, a mobile ultrasound device at
bedside, or in the ultrasound laboratory. The IVC is assessed
as recommended in the current echocardiography guide-
lines™®: The patient is kept in a supine position with the least
elevation of the upper body possible. The IVC is scanned in its
long axis from the subcostal view. The measurement of the
IVC diameter is performed just proximal to the entrance of
the hepatic veins at end-expiration (/VCax), at inspiration
(IVCin), and after a sniff manoeuvre (/VCs,irr). The IVC col-
lapsibility index (IVCCI) is derived from these parameters as
percentage collapse of the maximal IVC diameter as follows:

ESC Heart Failure 2020; 7: 973-983
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Figure 3 Enrolled subjects (red) and enrolling sites (blue) over time since first patient in. Prognosis (grey line, pink shading) assumes constant rates of
newly enrolling sites in the first year and newly enrolled subjects per site. The CAVA-ADHF trial aims to enrol a total of 388 patients (dotted horizontal
line), which is approximated to be reached within 26 months from the start of enrolment (dotted vertical line).
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IVCCI = (IVCrax — IVCrmin)/IVCinax x 100. If IVC,i5¢ is obtainable
in acceptable quality and is smaller than IVCp;,, then IVCgiss is
used to calculate /VCCl,,i analogously. IVC diameters (IVCpnax
IVCpin, and IVCqpier) and IVCCI are documented by the trial in-
vestigator on a dedicated reporting form. Ultrasound images
are not stored. Only for patients randomized to the interven-
tion group, trial investigators personally communicate ultra-
sound findings to treating physicians and hand over the
reporting form. By this process, the patient and his or her
general practitioner are blinded to the allocated treatment
group, and adherence is monitored. The treatment goal for
every patient irrespective of the assigned treatment group
is the resolution of symptoms and clinical signs of congestion
(e.g. dyspnoea, oedema, rales, and elevated jugular venous
pressure). Additional intervention goals in the intervention
group are IVCpax <21 mm and IVCCI >50% before discharge,
which indicates that RAP is not high (Figure 4). The reporting
form contains the recommendation to intensify and/or pro-
long decongesting treatment in case these interventional

goals have not been met. Local trial investigators point
treating physicians additionally to the treatment goals and of-
fer advice on how decongestion treatment could be adapted
in patients randomized to the intervention group. Final treat-
ment decisions including dosing of loop diuretics, application
of nitrates, and decision about unattainability of the interven-
tion goal are ultimately left at the discretion of treating
physicians.

Endpoints

The primary endpoint of the CAVA-ADHF trial is change in NT-
proBNP. Change means the ratio of NT-proBNP at discharge
to baseline. Discharge is not a fix duration in days from ran-
domization but rather the point in time when in-hospital
treatment ends and the patient leaves the hospital. Effect
measure is the ratio of geometric mean changes as a percent-
age difference between the two treatment groups. Blood

Figure 4 Estimation of right atrial pressure (RAP) pressure on the basis of maximal inferior vena cava diameter (/VC,.x) and inferior vena cava collaps-
ibility index (/VVCI) as suggested by echocardiography guidelines.® While a high-estimated RAP (red) at baseline is mandatory for inclusion, the inter-
ventional goal of the CAVA-ADHF trial is to achieve at discharge a normal to intermediate estimated RAP (blue) in addition to relief of congestion-

related symptoms and signs.

RAP Normal Intermediate High

(0-5 mm Hg) (5-10 mm Hg) (10-20 mm Hg)
IVCmax
IVCCl
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samples for NT-proBNP level determination are collected
within 24 h of hospital admission for the baseline value and
no more than 8 h before hospital discharge for the discharge
value. All NT-proBNP levels for the primary endpoint will be
determined at the core laboratory (Institute of Clinical Chem-
istry and Laboratory Medicine, University Medicine
Greifswald, Greifswald, Germany). Until then, blood samples
are stored at each trial site until transportation to the core
laboratory. A laboratory manual with instructions on how to
sample blood, how to process it to plasma, how to store
the plasma until shipment, and how to ship the samples is
provided to trial centres.

Secondary endpoints are listed in Table 2. Respective infor-
mation may be obtained from patients contacted via struc-
tured telephone interviews, from patient’s treating
physicians, or residents’ registration offices. Freedom from
signs of congestion at discharge will be assessed by trial in-
vestigators and is defined as the absence of orthopnoea, pul-
monary rales, and jugular venous distension in conjunction
with none or only a trace of oedema at discharge.

Statistical analysis

Analysis populations

The disposition of patients will be described by the CONSORT
2010 flow chart. All efficacy and feasibility analyses will be
based on the intention-to-treat population consisting of all
patients who consented, met all inclusion criteria and no ex-
clusion criterion (Table 1), and were randomized. By this, the
most likely intercurrent event, partial or total switch of treat-
ment policy, is ignored in the efficacy analysis. Adverse
events in all enrolled patients are reported on dedicated

Table 2 Secondary endpoints

forms and are analysed by the extent to which treating phy-
sicians were aware of the IVC assessments (i.e. as-treated
population).

Primary and key secondary endpoints

The primary endpoint change in NT-proBNP from baseline to
discharge will be analysed as continuous variable and tested
by means of a Mann-Whitney U test stratified by trial site
and NYHA class. Trial sites contributing <20 patients to the
analysis are pooled. Patients who died during index hospital-
ization are ranked by their survival times. Other missing
values are assumed to occur completely at random and will
not be imputed. In addition, 95% confidence intervals (Cls)
will be estimated by means of an analysis of covariance using
logarithms of NT-proBNP at discharge with respective base-
line values as covariate, stratified by NYHA class, and with
trial site as random effects. For this additional analysis, multi-
ple imputation of missing values will be performed.

In case of a significant effect on the primary endpoint, key
secondary efficacy endpoints will be tested in a hierarchical
testing procedure until the first test is negative. Testing will
be performed in the following order:

1 cardiovascular death or readmission due to worsening
heart failure,

2 all-cause death or unscheduled readmission for any cause,

cardiovascular death, and

4 all-cause death.

w

Feasibility is analysed by absolute and relative frequency
and exact binomial confidence intervals. Feasibility is studied
to determine whether (i) ultrasound evaluation of the IVC
with measurement of IVC diameters is possible in the

Secondary feasibility endpoint

* Proportions of patients with IVC ultrasound on two thirds of days in hospital and at discharge among all randomized patients

Secondary clinical endpoints®

* All-cause death

* Cardiovascular death

* Unscheduled readmission for any cause

* Unscheduled readmission due to worsening heart failure

* Composite of all-cause death or unscheduled readmission for any cause
* Composite of cardiovascular death or unscheduled readmission due to worsening heart failure

Other secondary endpoints

* Haemoconcentration from baseline to discharge

* Freedom from signs of congestion at discharge

e Cumulative loop diuretic dose during index hospitalization
* Length of index hospitalization

Safety endpoints

* Worsening renal function during index hospitalization®

* Worsening heart failure during index hospitalization®

2All clinical endpoints will be analysed as time to first event with times censored at the end of 6 months of follow up.
PWorsening renal function during index hospitalization is defined as an increase of serum creatinine 1.5 to 1.9 times baseline within 1 to 7
during index hospitalization or increase of serum creatinine of >26.5 mmol/L within 48 h after admission urine output <0.5 mL/kg/h for 6

to 12 h.

“Worsening heart failure during index hospitalization is defined as worsening signs or symptoms of heart failure necessitating intensifica-

tion of intravenous or mechanical heart failure treatment.

ESC Heart Failure 2020; 7: 973-983
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majority of ADHF patients and (ii) its daily repetition is feasi-
ble in clinical practice. Secondary time to event endpoints are
analysed by means of Kaplan—Meier curves and hazard ratios
with 95% confidence intervals estimated from Cox regression.
Haemoconcentration (i.e. relative increase in haemoglobin
from baseline to discharge) and freedom from signs of con-
gestion at discharge are analysed by absolute and relative fre-
quencies together with 95% confidence score intervals for
the difference of proportions. Other secondary endpoints will
also be descriptively analysed and are presented together
with power calculations of detectable effects for key second-
ary endpoints, analysis of adverse events, and pre-specified
subgroup analyses in the supplement (please see the online
appendix for more details).

Sample size rationale

For the ratio of NT-proBNP at baseline to NT-proBNP at day 2,
a substudy of the RELAX-AHF trial found geometric means of
0.61 with placebo and 0.49 with serelaxin. This corresponds
to a ratio of geometric means of 0.812 (95% confidence inter-
val, 0.753 to 0.876).*% Assuming normal distributions of loga-
rithms, this was converted to mean difference of 0.21
logarithmic units and standard deviation of 0.7. Sample size
analysis is based on an unpaired (two sample) t-test. To de-
tect an effect size of 0.21/0.7 = 0.3 standard deviations with
a power of 80% at the two-sided 5% level after 1:1 allocation,
176 patients per group have to be analysed. To compensate
for a loss of 10% due to reasons other than death during in-
dex hospitalization, about 388 patients shall be recruited.
Loss may be caused by intercurrent events like withdrawal
of consent, discharge to another hospital, or missing NT-
proBNP values at admission or discharge (please see the on-
line appendix for power calculations of other endpoints than
the primary endpoint).

Study organization and funding

The CAVA-ADHF trial is an investigator-initiated trial fully
funded by the DZHK. The sponsor of the trial is the University
Medical Centre Schleswig-Holstein, Campus Libeck (UKSH).
The coordinating centre is the Department of Cardiology,
Angiology, and Intensive Care Medicine of the University Hos-
pital of Schleswig-Holstein in Liibeck together with the Heart
Centre Leipzig at University of Leipzig. Local Ethics Commit-
tees of participating trial sites approved the trial protocol.
Project management is located at the Centre for Clinical Trials
Lubeck, which also conducts on-site monitoring in a risk-
adaptive manner. The Steering Committee (A. J., S. D., and
H. T.) designed the trial and ensures scientific quality in all
study-related aspects. The Steering Committee will submit
the final report for peer-reviewed publication, which will be
referenced in the trial registry and disseminated on cardiolo-
gist’'s conferences. An independent data safety and

monitoring board consists of three members not directly in-
volved in the trial conduct, with expertise in the management
of heart failure patients and/or large-scale clinical trials (two
clinicians and one biostatistician). The data safety and moni-
toring board is monitoring unblinded safety data. The DZHK
infrastructure provides independent storage of patient identi-
fiable data (independent trustee, Greifswald) and clinical trial
data (data management, Gottingen). By this, the highest level
of privacy and data quality is ensured. Clinical endpoints are
adjudicated by local trial investigators. All statistical analyses
will be performed by the Institute of Medical Biometry and
Statistics (University of Libeck, Libeck, Germany).

Discussion

The CAVA-ADHF trial is a randomized, controlled, patient-
blinded, multicentre, parallel-group trial in patients admitted
for ADHF assessing the efficacy and feasibility of a deconges-
tion therapy guided by ultrasound evaluation of IVC diame-
ters in addition to clinical assessment. Typically, patients
admitted for ADHF present with congestion-related signs
and symptoms.? Besides relative volume overload following
redistribution due to haemodynamic changes with resulting
pulmonary congestion, absolute volume overload due to in-
creased water and sodium retention or reduced urine output
is common.® Interestingly, despite different underlying
causes, congestion patterns between patients with heart fail-
ure with reduced versus preserved ejection fraction are sim-
ilar.®* We therefore chose not to confine the CAVA-ADHF
population to either one of these heart failure types. Loop di-
uretics are used in the vast majority of ADHF patients with
volume overload. Guidelines recommend (i) an inital dose of
20 to 40 mg intravenous furosemide for diuretic naive
patientsand (ii) an initial intravenous dose at least equivalent
to oral furosemide dose for patients on chronic diuretic ther-
apy.? Several observational studies and post hoc analyses of
randomized controlled trials reported that residual conges-
tion at the end of treatment is of paramount prognostic im-
portance.”>®  Further observations indicate that an
aggressive decongestion therapy might even offer a survival
benefit despite a moderate drop in the estimated glomerular
filtration rate.>”*® However, specific targets for such an ag-
gressive decongestion strategy are not well defined. Targeted
decongestion based on PAC-obtained PCWP and RAP values
compared with clinical congestion assessment alone did not
affect the risk of all-cause mortality and re-hospitalization in
the ESCAPE trial.® Of note, length of hospital stay was also
similar in both groups (approximately 8.5 days in mean),
but in the intervention group, PACs were only in place for a
median of 1.9 days. Hence, the tool providing the information
for gearing the intensity of decongestion treatment was not
available throughout the hospitalization period. Moreover,
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the ESCAPE trial was stopped prematurely after enrolment of
433 of 500 planned patients due to concerns of in-hospital
adverse events related to the PAC. Therefore, PAC-guided
therapy was abandoned, but other measures are urgently
needed. Numerous markers for congestion were found to
predict mortality and/or re-hospitalization after an episode
of ADHF including NT-proBNP,?° B-lines on lung ultrasound,?*
IVC diameter,?? and haemoconcentration.>> With the excep-
tion of NT-proBNP, none of these parameters have been
tested in a randomized controlled trial. In the PRIMA Il (Can
NT-ProBNP-Guided Therapy During Hospital Admission for
Acute Decompensated Heart Failure Reduce Mortality and
Readmissions?) trial, which enrolled 405 ADHF patients, NT-
proBNP-guided treatment did not improve the composite
endpoint of all-cause mortality and heart failure readmissions
in comparison with conventional treatment (hazard ratio,
0.96; 95% confidence interval, 0.72 to 1.37; P = 0.99).24 This
raised concerns whether other parameters known to be of
prognostic importance might be able to improve deconges-
tion therapy and/or alter prognosis when in-hospital treat-
ment is tailored to one of these parameters or whether all
these parameters are only an expression of disease severity
and thereby signifying an unfavourable disease progression.
Among the ultrasound parameters, the IVC diameter holds
several practical advantages: it is easily obtainable by any
standard ultrasound equipment including handheld devices,
it requires little skills of the echocardiographer, and it is—to-
gether with lung ultrasound—the quickest to obtain. These
are important features of a bioassay that may be considered
for use in clinical routine (e.g. assessed during ward rounds in
several patients by a young physician). The IVC collects blood
from the veins of the abdominal organs and lower extremities
and transports it to the right atrium. The IVC is a highly com-
pliant vessel without prominent internal and/or external
mechanisms actively affecting its tone. Thereby, the IVC di-
ameter is predominantly determined by intravascular volume
status and right-sided filling pressure. In contrast to labora-
tory biomarkers, where serum levels often depend on secre-
tion and degradation/excretion, and chest X-ray-assessed
pulmonary congestion, the IVC diameter is a fast responding
gauge of these measures. In contrast to lung ultrasound,
which can be used to assess the amount of extravascular lung
water and its change during treatment,®® IVC diameters are
stronger, influenced by total volume overload and right-sided
congestion, which is a major problem in many patients pre-
senting with ADHF. Therefore, ultrasound assessment of the
IVC is an attractive candidate as target for in-hospital treat-
ment with the goal to improve decongestion and normalize
volume status as used in the CAVA-ADHF trial. Ultrasound
evaluation was limited to the IVC to keep the intervention
as simple and easy to implement as possible.

An analysis of 1291 patients enrolled in a prospective
multicentre cohort study suggested that the concept of
door-to-balloon time for STEMI might be transferred to ADHF

as door-to-furosemide time. In this analysis, in-hospital mor-
tality was significantly lower in patients receiving the first in-
travenous furosemide injection in <60 min after arrival at
the emergency department as compared with patients who
received it later (2.3% vs. 6.0%, respectively; P = 0.002).° A
rapid reduction in congestion through an early intravenous fu-
rosemide injection might limit subendocardial ischaemia and
organ injury and thereby improve short-term and long-term
prognosis.?’” However, the CAVA-ADHF protocol aims to
achieve a superior level of decongestion at hospital discharge
rather than a fast decongestion. We argue against the idea of
a fast decongestion for several reasons. First, the finding of a
prognostic benefit due to a short door-to-furosemide time is
inconsistent. Almost a year after the aforementioned observa-
tional study, a South Korean group published neutral findings
based on a similar strategy.”® Second, outcome trials investi-
gating novel intravenous vasodilators (i.e. nesiritide, serelaxin,
and ularitide), which induce rapid reductions in filling pres-
sures, failed to impact hard endpoints.?®3® Third, ADHF may
not always be as hyperacute as its terminus suggests. Haemo-
dynamic congestion usually evolves over a period of days to
weeks, followed by the development of clinical signs and
symptoms. Ultimately, unbearable symptoms may trigger
hospital admission.* Therefore, achieving an optimal level
of decongestion at hospital discharge may be key, and this
concept is central for the CAVA-ADHF trial. However, respec-
tive thresholds for good or optimal decongestion have not
been defined.* Relief of dyspnoea and weight loss are com-
monly used metrics to guide decongestion therapy in clinical
practice. However, both have considerable shortcomings,
and their use is based on convenience for assessment and
established clinical routine.3® A recent scientific statement
on the use of diuretics in heart failure highlights a multimodal
evaluation of congestion (i.e. clinical assessment, biomarkers,
and technical assessments) as the best contemporary strat-
egy. The authors, however, also state that such strategy might
be dependent on local expertise and has never been tested
prospectively. The CAVA-ADHF trial intends to close this gap
by investigating whether a bimodal evaluation of congestion
(i.e. clinical assessment supplemented by ultrasound-esti-
mated RAP) is superior to clinical assessment alone and
whether this bimodal evaluation is feasible in a multicentre
setting. The CAVA-ADHF trial defines a good response to
decongesting therapy in the intervention group as the combi-
nation of (i) relief of congestion-related symptoms, (ii) reduc-
tion of the IVC diameter to <21 mm, and (iii) increase in the
IVC collapsibility to >50%. Because the guidelines published
by the European Society of Cardiology did not define relief
of congestion-related symptoms precisely,* no specific targets
were defined in the CAVA-ADHF protocol either. However, as
outlined earlier, the achievement of IVC goals would translate
to the estimation of a normal or just intermediately elevated
RAP and thereby improvement in haemodynamic congestion
(Figure 4).
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There are several limitations to ultrasound assessment of
the IVC. Obesity, meteorism, or other anatomical obstacles
might preclude visualization of the IVC by ultrasound. In such
case, the patients are not eligible for enrolment and random-
ization. Estimating the RAP in patients under positive pres-
sure ventilation is not possible. Therefore, the need for
non-invasive or invasive ventilation support at baseline is also
an exclusion criterion. The ultrasound assessment of the IVC
will be paused in patients suffering worsening heart failure
requiring positive pressure ventilation during in-hospital
treatment after randomization. In addition, IVC ultrasound
does assess only right-sided congestion. Thereby, RAP esti-
mated by ultrasound assessment of IVC diameters will fail
to detect changes in left-sided filling pressure in a minority
of patients (approximately 15% of patients).*3*

Due to the pilot trial-nature of the CAVA-ADHF trial, we
chose change in NT-proBNP from baseline to discharge as a
surrogate endpoint. An individual patient data meta-analysis
of several observational studies and a post-hoc analysis of
the RELAX-AHF trial indicated that the reduction in NT-
proBNP during decongesting therapy is of prognostic impor-
tance.**?° As NT-proBNP is measured in a core laboratory,
the endpoint of change in NT-proBNP will be unbiased and
reliably assessed.

Conclusions

In patients admitted for ADHF, assessment of congestion dur-
ing decongesting therapy and determination of a ‘good level’
of decongestion is an everyday clinical problem without satis-
factory scientific evidence guiding the treating physician.
CAVA-ADHF is designed to test whether IVC assessment in
addition to clinical assessment is superior to clinical assess-
ment alone with regard to the surrogate efficacy endpoint
NT-proBNP. If the CAVA-ADHF trial shows promising results
for this efficacy endpoint and/or other secondary endpoints,
this approach should be tested in a sufficiently powered con-
firmatory trial to detect meaningful effects on hard clinical
endpoints.
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Appendix

Statistical analysis

Descriptive statistics

Success of randomization is demonstrated by descriptive sta-
tistics of baseline demographics and measures of disease se-
verity by treatment group. Scores summarizing physical
examination use ordinal scales, so that absolute and relative
frequency distributions and 95% confidence Wald interval
for the odds ratio from an ordinal logistic regression on allo-
cated treatment are reported. Items of history and most as-
pects of the intervention are dichotomous and,
consequently, described by absolute and relative frequencies
together with 95% confidence score intervals for the differ-
ence of proportions. Lengths of stay and drug doses are met-
ric variables and are described by median and interquartile
range (IQR) for each treatment group and 95% confidence
Hodges—Lehmann intervals for the difference of medians.
Concomitant medications are nominal variables, for which ta-
bles of absolute and relative frequencies are presented with
modal values highlighted.

Detectable effects on secondary endpoints

With regard to some of the secondary endpoints, missing
values can be avoided by assuming feasibility, death, and re-
admission only where data exist. An exact binomial test with
a nominal 5% two-sided significance level will have 80%
power to detect the difference between the null hypothesis,
a feasible proportion of 80%, and the alternative proportion
of 85.8%, if 2 x 176 = 352 cases are analysed.

According to a retrospective analysis of ADHF patients
treated from April 2008 to December 2014 in our department
[Heart Vessels. 2017 Jul;32(7):856-864.], the composite end-
point of all-cause mortality or unscheduled readmission for
any cause follows a Weibull distribution and occurs with a
rate of 54.4% 180 days after admission. Based on this, a
two-sided level 5% log-rank test has a power of 80% to detect
a hazard ratio of 0.657 when the rate is 54.4% in the inferior
management and 40.3% in the superior management, if
2 x 194 = 388 randomized cases exhibit 180 day censoring
rate of 0.05. This would mean observing 178 events. Calcula-
tions used nQuery Advisor 6.01.

Safety and exploratory analyses

Frequencies of AE and SAE are tabulated by system organ
class. Numbers of patients, causality (dichotomized), and res-
olution, worsening renal function during index hospitalization
and worsening heart failure during index hospitalization, are
analysed as absolute and relative frequencies together with
)(2 for trend, while intensities and durations are analysed like
the other ordinal and metric variables, respectively. Variables
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measured by echocardiography will be analysed in a multivar-
iate t-test and 95% confidence ellipsoid. Biomarkers are ex-
plored, to what extent they are predictive, prognostic, or
surrogate, in analysis of covariance models similar to the pri-
mary analysis. Additionally, modern regularized regression
methods are applied like elastic net with subsampling,
boosting, or random forests using R.

Analysis of covariance with baseline as covariate is used for
all metric measurements made at baseline and at discharge.
Adjustments of NT-proBNP changes by baseline values for
body mass index, atrial fibrillation, and estimated glomerular
filtration rate are explored.
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