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Abstract Inferior vena cava (IVC) diameter can be used
to approximate right atrial pressure in patients admitted
for acute decompensated heart failure (ADHF). Recent
studies linked IVC dilation to an increased risk of early re-
admission and short-term mortality. Moreover, renal insuf-
ficiency (RI) is an established risk factor for mortality in
ADHF and is associated with congestion. We hypothesized
that the IVC diameter is a marker of all-cause mortality but
its prognostic impact may be influenced by kidney function.
We analyzed data of 1101 patients admitted for ADHF with
available echocardiography of the IVC by chart review and
death registry linkage. Patients were dichotomized accord-
ing to a cut-off value of 21 mm. Cox proportional hazards
model was used to identify mortality predictors. A dilated
IVC was detected in 474 (43.1%) patients. Overall, 400
(36.3%) patients died within 3 years. All-cause mortality
was significantly higher in patients with dilated IVC [haz-
ard ratio 1.45 (confidence interval 1.21-1.74); p<0.001].
However, a dilated IVC was only associated with all-
cause mortality in patients with RI function [hazard ratio
1.60 (confidence interval 1.26-2.03); p<0.001] but not
in patients with a preserved kidney function [hazard ratio
1.04 (confidence interval 0.72—-1.50); P=0.84]. IVC diam-
eter was identified as an independent predictor for all-cause
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mortality in a Cox proportional hazards model with a sig-
nificant interaction between IVC diameter and baseline
kidney function. In conclusion, IVC dilation is a marker of
high mortality risk in patients admitted for ADHF. How-
ever, this observation was confined to patients with RI.

Keywords Heart failure - Acute decompensated
heart failure - Inferior vena cava - Renal insufficiency -
Congestion - Prognosis

Abbreviations
ADHF  Acute decompensated heart failure
CI Confidence interval

eGFR Estimated glomerular filtration rate

HFrEF  Heart failure with reduced ejection fraction
HR Hazard ratio

IvC Inferior vena cava

IVCCI  IVC collapsibility index

IVCmax Maximum IVC diameter

IVCmin Minimum IVC diameter

RI Renal insufficiency
WRF Worsening renal function

Introduction

Since 2006, heart failure is the most common reason
for hospital admissions in Germany [1]. Around 25% of
patients will be re-hospitalized within 30 days after dis-
charge, and the risk of death is considerably increased over
a prolonged period compared to heart failure patients who
have never been hospitalized [2]. In patients admitted due
to acute decompensated heart failure (ADHF), the degree
of congestion is of prognostic relevance [3]. Since even
subclinical congestion at discharge is a risk factor for early
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re-admission and mortality [4, 5], detailed assessment of
congestion is crucial for optimal treatment. However, clini-
cal signs and/or symptoms of heart failure-related conges-
tion are insensitive and unspecific [6]. Congestion in the
absence of clinical signs and symptoms is called hemody-
namic congestion. According to a scientific statement of
the European Society of Cardiology, the reference stand-
ard for evaluation of hemodynamic congestion is cardiac
catheterization to measure right atrial pressure (RAP) and
pulmonary capillary wedge pressure [7]. However, cardiac
catheterization is invasive and may not be appropriate to
routinely assess congestion during treatment. Published
data support approximation of RAP using the inferior vena
cava (IVC) diameter [8, 9]. Of note, data from small stud-
ies indicate that IVC dilation may be associated with early
re-admission in patients hospitalized for ADHF [10, 11].
In addition, renal insufficiency (RI) is also associated with
worse prognosis [12] and congestion itself is related to RI
[13, 14]. Therefore, the aim of this study was to determine
the prognostic impact of IVC dilation in regard to long-
term mortality and its dependency on kidney function.

Methods

We identified cases with the primary discharge diagno-
sis of heart failure according to the ICD-10 (International
Statistical Classification of Diseases and Related Health
Problems, 10th revision, German Modification) code 150.*
treated in our department for at least 3 days between April
1, 2008, and December 31, 2014. Only the first hospitaliza-
tion, i.e., index hospitalization, was analyzed from patients
hospitalized twice or more. ADHF due to left-sided heart
failure as primary cause for hospital admission was evalu-
ated by chart review and patients with primary right-heart
failure were omitted. The study was approved by the ethical
review committee of the University of Liibeck.

Baseline characteristics like age, gender, date of admis-
sion, date of discharge, and lab values were extracted
from the hospital information system. Comorbidities and
discharge medications were obtained by reviewing digi-
tal discharge letters. Echocardiography was performed 1
(0-3) days after admission. The maximum and minimum
IVC diameter (IVCmax and IVCmin, respectively) was

retrospectively determined by one investigator (KB). For
this purpose, stored echocardiography images were loaded
and analyzed using Xcelera software (version 1.2.4 until
2013-02-18, thereafter version 4.1.1; Philips, Best, The
Netherlands). The investigator was blinded to all other
available data, especially clinical endpoints. Other echo-
cardiography parameters were obtained by reviewing indi-
vidual echocardiography reports. An IVCmax of more
than 21 mm together with an inspiratory collapse of less
than 50% indicates high RAP according to current guide-
lines (Table 1) [9]. The inspiratory collapse is expressed
as IVC collapsibility index (IVCCI), which was calculated
as (IVCmax — IVCmin)/IVCmax. The IVC was termed
“dilated”, when IVCmax was above 21 mm. As in previous
studies, 20 mg of torasemide was defined as being equiva-
lent to 40 mg of furosemide. Patients were considered to
have heart failure with reduced ejection fraction (HFrEF)
when the echocardiography report stated that the ejection
fraction was moderately or severely reduced. According
to the 2005 recommendations for chamber quantification
[15], this translates to an ejection fraction of <45% which
is close to <40% stated in the current ACCF/AHA Heart
Failure guidelines for the HFrEF definition [16]. An esti-
mated glomerular filtration rate below 60 ml/min/1.73 m?
according to Modification of Diet in Renal Disease Study
equation (eGFR) [17] was defined as RI. Worsening renal
function (WRF) was defined as increase in creatinine con-
centration of >1.5-times from baseline or >26.5 pmol/l
within 48 h as recently suggested [18].

The primary endpoint of all-cause mortality was
assessed via the death registry of the state Schleswig—Hol-
stein. For patients who did not die, the end of follow-up
was defined as the latest documented event, i.e., either dis-
charge from index hospitalization, discharge from the last
local hospitalization in the University Hospital of Liibeck,
or date of the successful death registry query.

The study population was dichotomized in patients with
an IVCmax of <21 and >21 mm. Categorical patient char-
acteristics were summarized as frequencies and compared
using Fisher’s exact test. Continuous variables were sum-
marized as median with interquartile range (IQR) and com-
pared using Wilcoxon rank-sum test. Stepwise multivari-
able logistic regression analysis was performed to identify
predictors for IVC dilation. Analogously, predictors for

Table 1 Estimation of right

. : Right atrial pressure
atrial pressure on the basis of

Normal (3 mmHg)

Intermediate (8§ mmHg) High (15 mmHg)

inferior vena cava diameter and
collapse

IVCmax
IVCCI

<21 mm
>50%

<21 mm
<50%

>21 mm
<50%

>21 mm
>50%

Echocardiography guidelines [9] state that maximal inferior vena cava diameter (IVCmax) and inferior
vena cava collapsibility index (IVCCI) can be used to estimate right atrial pressure as low or high. Second-
ary indices should be used to facilitate interpretation of intermediate values (not shown)
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all-cause mortality were identified by means of stepwise
multivariable Cox regression analysis. Before each step-
wise regression analysis, univariable pre-selection of can-
didate predictors was performed considering all baseline
and echocardiography parameters listed in Table 2 with
less than 15% missing values. The inclusion criterion for
multivariable analysis was a p <0.05 in univariable analy-
sis. The cumulative mortality rate was visualized by means
of a Kaplan—Meier plot and compared using log-rank test.
Previous studies observed an association between different
congestion surrogates with kidney function [19]; therefore,
we tested the statistical interaction between IVCmax and
eGFR in the final Cox proportional hazard model. Pre-
dicted hazard ratios (HR) were plotted against the linearly
coded IVCmax for different eGFR offsets to visualize the
interaction between IVCmax and baseline kidney function.
All statistical tests were two-sided and considered signifi-
cant if p<0.05. All statistical analyses were done using the
software statistical language R (http://www.r-project.org;
version 3.1.3).

Results

In total, 3373 cases with the primary diagnosis of heart
failure were identified. Of these, 2598 were index hospitali-
zations of unique patients. The final study population con-
sisted of 1101 patients with ADHF due to left-sided heart
failure and available echocardiography of the IVC. An IVC-
max >21 mm was found in 474 (43.1%) patients. Median
IVCmax was 20 (IQR 16-24) mm in the total popula-
tion. Patients with an IVCmax>21 mm and IVCmax <21
had a median IVC diameter of 25 (IQR 23-27) and 17
(IQR 14-19) mm, respectively. In 628 (56%) patients,
echocardiography loops of the IVC, facilitating distinc-
tion between IVCmax and IVCmin, were available. IVC-
min was 15 (IQR 10-20) mm in the total population with
10 (IQR 6-14) mm and 20 (IQR 16-23) mm in patients
with an IVCmax<21 mm and >21 mm, respectively.
The IVCCI was less in patients with an IVCmax >21 mm
than in IVCmax <21 mm (22% (IQR 13-36) versus 34%
(IQR 22-56), respectively; p<0.001). According to the
current echocardiography guidelines (IVCmax>21 mm
plus IVCCI<50%) [9], 87% of patients with an IVC-
max >21 mm and available IVCmin value were defined as
having high RAP.

Baseline characteristics are presented in Table 2. With
regard to IVC diameter, patient groups had a similar age
and, with the exception of the presence of atrial fibrillation,
comorbidity profile. However, patients with a dilated IVC
seem to be sicker with regard to several echocardiography
and laboratory characteristics. Moreover, in-hospital treat-
ment was longer in these patients and they were discharged
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with a higher loop diuretic dose. Baseline RI was associ-
ated with higher incidence of coronary artery disease-
related comorbidities.

Regression analysis was performed to assess predic-
tors for IVC dilation. Candidates with significant effect in
univariable analyses were included in stepwise backward
selections. The final model is shown in Table 3.

Overall, 400 (36.3%) patients died within 3 years after
admission to the index hospitalization. The median fol-
low-up was 14 (IQR 6-33) months. In the total popula-
tion, mortality was 5.5, 18.1, and 25.4% after 30, 180,
and 365 days, respectively. An IVCmax>21 mm and
eGFR < 60 ml/min/1.73 m? were associated with increased
all-cause mortality (HR 1.45, 95% CI 1.21-1.74 and HR
2.03, 95% CI 1.67-2.48, respectively; p<0.001 for both;
Fig. 1). After univariable pre-selection and stepwise back-
ward selection, IVCmax remained significantly associ-
ated in a multivariable Cox regression model for all-cause
mortality (HR per mm IVCmax increase 1.03, 95% CI
1.01-1.05; p=0.001; Table 4). The addition of an interac-
tion term for linearly coded IVCmax and eGFR revealed
that this interaction is statistically significant (p =0.03 for
interaction) and improved the predictive information of
the model (p=0.03 by log likelihood ratio test). Moreo-
ver, the predicted HR progressively increased when eGFR
declined (Fig. 2). Considering IVC diameter dichotomized
(IVCmax >21 mm versus [VCmax <21 mm), IVC dilation
was only significantly associated with all-cause mortality
in patients with an eGFR <60 ml/min/1.73m? (HR 1.60,
95% CI 1.26-2.03; p<0.001) but not in patients with an
eGFR >60 ml/min/1.73m? (HR 1.04, 95% CI 0.72-1.50;
p=0.84; p=0.047 for interaction between IVC dilation and
RI). A four-strata Kaplan—Meier curve visualizes this find-
ing (Fig. 3).

Discussion

Our study demonstrates that IVCmax-assessed congestion
is associated with all-cause mortality. However, this asso-
ciation is influenced by baseline kidney function.

ADHEF is a sentinel event with a detrimental impact on
prognosis. In patients with chronic heart failure, the mor-
tality risk is considerably increased after hospitalization
compared to patients never hospitalized [2]. Large regis-
tries reported mortality rates of approximately 12 and 30%
after 30 days and 1 year, respectively [20]. However, in the
RELAX-AHF placebo group, mortality rate was only 3.3
and 11.3% after 30 and 180 days, respectively [21]. In our
cohort, mortality rates were in between, i.e., 5.5, 18.1, and
25.4% after 30, 180, and 365 days, respectively (Fig. 1).

According to the baseline characteristics, patients with
dilated IVC had more advanced heart failure. Regression
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Table 2 Patient, echocardiography, and treatment characteristics
Total IVC<21 mm IVC>21 mm pvalue eGFR>60 ml/ eGFR <60 ml/ p value
n=1101 n=627 n=474 min/1.73m? min/1.73 m
n=475 n=624
Patient characteristics
Age (years) 78 (71-85) 78 (72-85) 77 (70-84) 0.15 75 (66-82) 80 (74-86) <0.001
Male sex 556/1101 (50) 283/627 (45)  273/474 (58) <0.001 254/475 (53) 300/624 (48) 0.09
NYHA class IV at 849/1101 (77) 485/627 (77)  364/474 (77)  0.40  359/475 (76) 488/624 (78) 0.34
admission
Coronary artery 594/1091 (54) 337/624 (54)  257/467 (55) 0.78 235/472 (50) 357/617 (58) 0.010
disease
History of myocardial ~ 217/1092 (20) 122/624 (20) 95/468 (20)  0.82 79/472 (17) 138/618 (22) 0.03
infarction
Previous PCI 248/1090 (23) 148/624 (24)  100/466 (21)  0.42 93/471 (20) 155/617 (25) 0.04
Previous CABG 189/1092 (17)  93/624 (15) 96/468 (21)  0.02 62/472 (13) 127/618 (21) 0.002
Diabetes mellitus 376/1092 (34) 209/624 (33) 167/468 (36)  0.49 135/472 (29) 240/618 (39) <0.001
Atrial fibrillation or 637/1092 (58) 327/624 (52)  310/468 (66) <0.001 254/472 (54) 382/618 (62) 0.010
flutter
COPD 180/1101 (16) 101/627 (16) 79/474 (17)  0.87 80/475 (17) 99/624 (16) 0.72
eGFR according to 56 (41-75) 58 (44-77) 53 (38-72) 0.002 78 (67-90) 43 (32-51) <0.001
MDRD at baseline
(ml/min/1.73m?2)
eGFR accord- 624/1099 (57) 332/625 (53)  292/474 (62)  0.006 0/475 (0) 624/624 (100) <0.001
ing to MDRD at
baseline < 60 ml/
min/1.73m?
Hemoglobin at base- 123 (107-138) 124 (110-139) 121 (105-136) 0.01 128 (115-140) 117 (104-134) <0.001
line (g/1)
Sodium at baseline 139 (136-141) 139 (136-141) 139 (136-141) 0.51 139 (136-141) 139 (136-141) 0.68
(mval/L)
Hyponatremia at 259/1099 (24) 150/625 (24)  109/474 (23)  0.75 110/475 (23) 149/624 (24) 0.84
baseline
High-sensitive tro- 31 (19-49) 26 (17-44) 37 (23-58) <0.001 24 (15-37) 38 (24-60) <0.001
ponin T at baseline
(ng/l
High-sensitive 111/538 21)  67/303 (22) 44/235(19)  0.39 59/229 (26) 52/309 (17) 0.02
troponin T
increase >=20% at
baseline
Echocardiography
characteristics
IVC>21 mm 474/1101 (43) 0/627 (0) 474/474 (100) <0.001 182/475 (38) 292/624 (47) 0.006
Ejection fraction 0.002 0.38
Normal 431/1013 (43) 267/572 (47)  164/441 (37) 198/433 (46) 233/578 (40)
Mild 137/1013 (14)  76/572 (13) 61/441 (14) 54/433 (12) 83/578 (14)
Moderate 145/1013 (14)  86/572 (15) 59/441 (13) 59/433 (14) 85/578 (15)
Severe 300/1013 (30) 143/572 (25)  157/441 (36) 122/433 (28) 177/578 (31)
Heart failure with 445/1013 (44) 229/572 (40)  216/441 (49)  0.005 181/433 (42) 262/578 (45) 0.29
reduced ejection
fraction
Mitral regurgitation 286/979 (29) 128/552 (23)  158/427 (37) <0.001 113/420 (27) 172/557 (31) 0.20
TI°-II1°
Tricuspid regurgita- 346/965 (36) 124/532 (23)  222/433 (51) <0.001 107/416 (26) 239/547 (44) <0.001

tion IT°-III°

Treatment character-
istics
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Table 2 (continued)

Total IVC<21 mm IVC>21mm p value eGFR>60 ml/ eGFR <60 ml/ p value
n=1101 n=627 n=474 min/1.73m? min/1.73 m
n=475 n=624
Length of stay (days) 9 (6-14) 8 (6-13) 10 (7-15) <0.001 8 (6-12) 10 (7-14) <0.001
Worsening renal 260/1099 (24) 137/625(22) 123/474 (26)  0.14 87/475 (18) 173/624 (28) <0.001
function
ICU admission 163/1094 (15)  91/621 (15) 72/473 (15)  0.86 59/475 (12) 104/624 (17) 0.06
Discharge medication

ACE-I or ARB 893/1046 (85) 524/601 (87)  369/445 (83)  0.07  410/456 (90) 481/588 (82) <0.001
Beta-Blocker 943/1046 (90) 540/601 (90)  403/445(91)  0.78  413/456 (91) 528/588 (90) 0.76
MRA 355/1046 (34) 179/601 (30)  176/445 (40)  0.001  177/456 (39) 177/588 (30) 0.004
Loop diuretic 882/1046 (84) 491/601 (82)  391/445 (88)  0.009  354/456 (78) 527/588 (90) <0.001
Loop diuretic (furo- 20 (20-40) 20 (10-40) 40 (20-60) <0.001 20 (10-40) 40 (20-60) <0.001

semide equivalent
in mg)

Values are median (IQR) or n (%). Number of missing values for categorical characteristics is indicated by n/N. The number of missing values
for high-sensitive troponin T and other laboratory values is 379 and 2, respectively. Other continuous values do not have missing values

ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, CABG coronary artery bypass surgery, COPD chronic
obstructive pulmonary disease, eGFR estimated glomerular filtration rate, /CU intensive care unit, /VC inferior vena cava, MDRD Modification
of Diet in Renal Disease Study equation, mg milligram, MRA mineralocorticoid receptor antagonist, NYHA New York Heart Association, PCI

percutaneous coronary intervention, WRF worsening renal function

Table 3 Predictors for IVC
dilation in multivariable
regression analysis

Logistic regression analysis for

IVC>21 mm

OR (95% CI) p value
Atrial fibrillation or flutter (no versus yes) 1.41 (1.05-1.89) 0.022
Heart failure with reduced ejection fraction (no versus yes) 1.48 (1.09-2.01) 0.013
Hemoglobin at baseline (per g/1) 0.99 (0.98-1.00) 0.006
Sex (female versus male) 1.96 (1.45-2.67) <0.001
Tricuspid regurgitation II°-III° (no versus yes) 3.78 (2.80-5.1) <0.001

The logistic regression model contains 913 patients of which 408 have a dilated IVC

CI confidence interval, IVC inferior vena cava, OR odds ratio

modeling identified male sex, atrial fibrillation, tricus-
pid regurgitation, heart failure with reduced ejection frac-
tion, and a low hemoglobin level at baseline as predictors
for IVC dilation. From a pathophysiological point of view,
atrial fibrillation and HFrEF may facilitate congestion,
whereas the severity of tricuspid regurgitation and the
hemoglobin level may also indicate the grade of conges-
tion. The statistical association of male sex is more puz-
zling. In general, males are taller than females and it would
be intuitive that their IVC is wider. However, height did
not correlate with IVC diameter in a large study [22], nor
is normalization to height recommended by current guide-
lines for the interpretation of IVC diameter because it did
not improve prediction of IVC consistently in studies build-
ing the foundation for these guidelines [9]. Since moder-
ate to severe tricuspid regurgitation was more common in
patients with dilated IVC, we suggest that, in principle,

@ Springer

both can be used for assessment of prognosis in patients
with left-sided heart failure. Both are a read-out for the
level of advanced left-sided heart failure-related congestion
[23], and secondary right-sided heart failure is known to be
marker of worse prognosis in left-sided heart failure [24].
Congestion has also been identified as an important
prognostic factor. Clinical congestion at discharge as well
as commonly used markers of decongestion during diuretic
treatment (i.e., weight loss and fluid loss) have addition-
ally been linked to prognosis [4, 25]. Unfortunately, clinical
congestion markers are rather unspecific for heart failure
[6, 7]; weight and fluid loss are difficult to assess and often
inconsistent [26]. Measuring RAP and pulmonary capillary
wedge pressure by means of right heart catheterization is
considered the reference standard for assessment of hemo-
dynamic congestion [7]. But right heart catheterization
is invasive, cost-intensive and not suitable for repetitive
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Fig. 1 Kaplan—Meier analysis of cumulative mortality according to maximum inferior vena cava diameter (a IVCmax) and estimated glomeru-

lar filtration rate at baseline (b eGFR)

Table 4 Predictors of all-cause mortality in univariable and multivariable Cox regression analysis

All-cause mortality

Univariable Multivariable

HR (95% CI) p value HR (95% CI) p value
Age (per year) 1.05 (1.04-1.06) <0.001 1.06 (1.05-1.07) <0.001
eGFR according to MDRD at baseline (ml/min/1.73m?) 0.98 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001
Hemoglobin (per g/l) 0.98 (0.98-0.99) <0.001
Tricuspid regurgitation II°-I1I° (no versus yes) 1.69 (1.37-2.09) <0.001
Worsening renal function (no versus yes) 1.68 (1.36-2.08) <0.001 1.65 (1.31-2.09) <0.001
Atrial fibrillation or flutter (no versus yes) 1.61 (1.31-1.99) <0.001 1.36 (1.08-1.71) 0.010
IVC diameter (per mm) 1.04 (1.02-1.05) <0.001 1.03 (1.01-1.05) 0.001
Hyponatremia (no versus yes) 1.42 (1.14-1.76) 0.001 1.45 (1.14-1.83) 0.002
Mitral regurgitation II°-III° (no versus yes) 1.40 (1.12-1.74) 0.003 1.26 (1.01-1.59) 0.045
Diabetes mellitus (no versus yes) 1.35 (1.10-1.65) 0.004 1.29 (1.04-1.62) 0.023
COPD (no versus yes) 1.39 (1.09-1.78) 0.008 1.57 (1.19-2.06) 0.001

The final multivariable models contain 969 patients and 344 events. 132 observations were deleted due to missing values

CI confidence interval, eGFR estimated glomerular filtration rate, COPD chronic obstructive pulmonary disease, HR hazard ratio, /VC inferior
vena cava, MDRD Modification of Diet in Renal Disease Study equation

measurements during decongestion. Instead, [IVCmax and
IVCCI can appropriately be used to estimate RAP semi-
quantitatively (i.e., high, intermediate, or normal) rather
than to estimate a precise numeric pressure value [8, 9].
Patients with an IVCmax >21 mm, assumed to have a high
RAP, had an increased mortality risk compared to patients
with an [IVCmax <21 mm. Our finding is in line with two
smaller prospective studies demonstrating that the IVC

diameter was larger at admission and at discharge in ADHF
patients who were re-hospitalized within 30 days [10] and
that patients with an IVCmax >21 mm had less event-free
survival (i.e., death or ADHF re-hospitalization) compared
to patients with an IVC<21 mm [27]. In addition, two
studies found an association of IVC dilation with long-term
prognosis in patients with chronic heart failure [22, 28].
Very recently, two small prospective studies also linked
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eter (IVCmax) of 20 mm and an estimated glomerular filtration rate
(eGFR) of 60 ml/min/1.73m2. Covariates considered in the multivari-
able model are listed in Table 4
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Fig. 3 Kaplan—Meier analysis of cumulative mortality. Patients were
grouped according to maximum inferior vena cava diameter (IVC-
max: >21 or <21 mm) and baseline estimated glomerular filtration
rate eGFR: (>60 or <60 ml/min/1.73m?)

IVC dilation in ADHF patients to an increased mortality
risk [29, 30]. All these data are conclusive and point out
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that the IVC diameter is a marker of prognosis in heart fail-
ure patients and this holds true not only for IVC diameters
measured after diuretic decongestion but also for admission
diameters [10]. A randomized controlled trial is warranted
to assess whether the IVC diameter can be used in addi-
tion to clinical congestion assessment to improve deconges-
tion or whether the IVC diameter serves solely as marker to
identify patients with advanced disease and, hence, worse
prognosis.

As reviewed recently, several studies considering differ-
ent congestion surrogates (i.e., RAP, central venous pres-
sure, or abdominal pressure) found an association between
congestion and renal impairment [19]. In line with these
data, patients with IVC dilation had also RI in our study. In
a multivariable Cox regression model, we found a signifi-
cant interaction between eGFR and IVCmax. This interac-
tion led to progressively higher predicted hazard ratios with
increasing IVCmax while eGFR attenuates. After dichoto-
mization of IVCmax and eGFR at clinically meaningful
cut-offs, IVC dilation was only significantly associated
with all-cause mortality in patients with an impaired but
not in patients with preserved kidney function. This finding
was also supported by the finding that in a three covariate
Cox model containing IVC dilation, RI, and their interac-
tion term, only the latter two were significantly associated
with mortality. Although this does not verify a biologi-
cal interaction or provide mechanistic insight, our obser-
vation fits well in the evolving picture. For example, this
finding is supported by the results of a recent study which
found a similar interaction between persistent clinical con-
gestion and worsening renal function [31]. Pathophysi-
ologically, systemic congestion may increase renal venous
pressure and thereby reduce renal arteriovenous pressure
gradient which, in turn, may reduce renal blood flow. This
is supported by the finding of a recent study that intrare-
nal venous flow assessed by means of intrarenal Doppler
ultrasonography was dependent on RAP rather than resist-
ance index [32]. Viewed from the other site, RI may lead
to systemic congestion itself and impede diuretic decon-
gestion substantially. One can speculate that patients with
pronounced congestion can quite well be decongested as
long as kidney function is preserved. However, when kid-
ney function is impaired, sufficient decongestion is diffi-
cult and even may not be possible by conventional diuretic
treatment [33, 34]. In line with this, Matsue et al. observed
that high-dose furosemide was associated with an increase
in in-hospital mortality risk in patients with RI but not in
patients with preserved kidney function [35]. Either way,
prognosis worsens with increasing congestion and decreas-
ing eGFR. With regard to eGFR, chronic kidney disease
is defined as eGFR <60 ml/min/1.73m? present for more
than 3 months and is highly prevalent in the elderly [36].
However, a baseline eGFR < 60 ml/min/1.73m? in our study
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might not reflect chronic kidney disease for which reason
we chose to call it RI.

Due to the registry design aspects, our study has several
limitations. First, neither the time point of the IVC evalu-
ation nor the evaluation itself was standardized. However,
the IVC diameter was determined retrospectively from pro-
spectively collected data by a single investigator according
to guideline recommendations. Second, several interesting
characteristics were not recorded at all or had many miss-
ing values and, therefore, cannot be considered as covari-
ate in our regression model (for example, blood pressure,
heart rate, IVCCI, urea, NT-proBNP, clinical signs/symp-
toms of heart failure, and ejection fraction as continuous
variable). Serial measurements of IVC diameter are not
available; therefore, it is not possible to make a statement
regarding the ability for decongestion of patients with
preserved and impaired kidney function. Finally, all pre-
sented analyses have to be interpreted as exploratory and
hypothesis-generating.

In conclusion, the IVC diameter is a marker of all-cause
mortality in patients admitted for ADHF. However, this
finding was confined to patients with RI since IVC dila-
tion was not associated with an increased mortality risk in
patients with preserved kidney function.
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