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ABSTRACT

Introduction: Inpatient management of
patients with heart failure (HF) and renal
impairment is challenging. We sought to eval-
uate the role of pocket ultrasound (US)-guided
management of this patient population.

Methods: We prospectively included patients
with acute HF exacerbation and renal impair-
ment admitted to the HF service in our
University hospital from January 2017 to
August 2018. We compared the outcomes of
patients who received US-guided management
with those who received standard of care man-
agement. The main study outcome was the
change in estimated glomerular filtration rate
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(eGFR). Multivariable logistic analysis was used
to adjust for basic demographics and risk
factors.

Results: A total of 211 patients with renal
impairment presenting with acute HF exacer-
bation (mean age 66.8 + 14.6 years, 41%
females, 62% white) were enrolled in the study,
of whom 69 (32.7%) received US-guided man-
agement and 151 (68%) received standard of
care management. The change in the eGFR was
significantly lower in US-guided group than in
the group receiving standard of care
(1.1 £ 4.3% vs. —11.15 £+ 2.9%; p = 0.04). No
significant difference was observed between the
patient groups in the length of stay (6.45 + 0.38
vs. 6.44 £+ 0.56; days; p=0.98) and in the
30-day HF readmission rate (hazard ratio 1.27,
95% confidence interval 0.28-5.6; p = 0.75).
Conclusion: Ultrasound-guided management
of patients admitted with acute HF exacerbation
and renal impairment may be beneficial in
preserving kidney function. US provides a sim-
ple easily accessible tool to guide the manage-
ment of patients with HF.
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Key Summary Points

The aim of this prospective study was to
evaluate the role of pocket ultrasound
(US) in the management of patients with
heart failure (HF) and renal impairment.

In patients with HF and renal impairment,
change in the estimated glomerular
filtration rate (eGFR) was significantly
more favorable in the US-guided
management group than in the group of
patients receiving standard of care
management.

We found no difference in the length of
hospital stay or in 30-day readmissions
between the study groups.

US-guided management of patients
admitted with acute HF exacerbation and
renal impairment may be beneficial in
preserving kidney function.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14762058

INTRODUCTION

Heart failure (HF) is one of the leading causes of
emergency department visits and hospitaliza-
tion in patients with chronic kidney disease
(CKD) [1]. Renal impairment is a strong and
independent risk factor for cardiovascular dis-
ease. The prevalence of CKD ranges from 39 to
60% in HF patients and is associated with
increased mortality and morbidity [2, 3], with
nearly 50% of deaths in the CKD patient pop-
ulation due to cardiovascular causes [4]. HF
prevalence increases with declining kidney
function [5], and the Acute Decompensated HF

National Registry (ADHERE) showed that
approximately 30% of patients admitted to
hospital for acute decompensated HF have
acute or chronic renal insufficiency [6].

HF management in patients with CKD is
challenging [7-9]. Early HF symptoms, such as
vascular congestion, are difficult to diagnose,
especially in patients with CKD [9]. Increase of
intracardiac filling pressures, which happens
over days to weeks before the development of
clinical symptoms or weight changes, often
precede admissions for HF. Physicians often
have difficulty in identifying early signs of HF,
especially intravascular changes [10]. Tradi-
tional tests, such as chest X-ray, and biomark-
ers, such as N-terminal pro-b-type natriuretic
peptide (NT pro-BNP) and high-sensitivity tro-
ponin T (hs-TnT), are often difficult to interpret
in patients with CKD and early-stage renal dis-
ease (ESRD) [11]. Clinical trials designed to
evaluate the role of biomarkers in directing
medical therapy have shown conflicting results
[12, 13]. The gold standard test for determining
cardiac congestion is cardiac catheterization, a
procedure that is invasive, time consuming and
costly [14]. Therefore, there is an emerging need
to investigate new modalities, such as pocket
ultrasound (PUS), for assessing volume status.
The aim of this study was to evaluate the impact
of US-guided management of acute HF exacer-
bation in patients with renal impairment.

METHODS

This was a prospective interventional study of
HF patients admitted to an advanced HF ward.
The protocol was approved by the institutional
review board at the University of Texas Medical
Branch, Galveston, TX, USA. Informed patient
consent to participate in the study was obtained
by a team of physicians prior to the perfor-
mance of US. The study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments. We included
patients admitted with acute HF exacerbation
[New York Heart Association (NYHA) class III or
IV] to the hospital from 1 January 2017 to 31
August 2017. HF exacerbation was ascertained
by advanced HF specialists after assessment of
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patients’ history, echocardiographic data and
BNP measurements. We included patients
aged > 18 years, non-pregnant, with a history
of HF and renal impairment defined by an
estimated glomerular filtration rate (eGFR) of <
60 mL/min per 1.73 m?. We excluded patients
with trauma, acute myocardial infarction or
those with other causes of dyspnea that are
clearly caused by other conditions, such as
pulmonary embolism or pneumothorax. For the
purpose of this study, patients were divided into
two groups: a group with US-guided manage-
ment of HF exacerbation and a group receiving
standard of care management. The decision to
enroll patients into the US-guided management
group was based on the availability of the car-
diologist performing the US.

A hand-held pocket ultrasound machine
(Vscan with Dual Probe; model GM000310; GE
Vingmed Ultrasound, Horten, Norway) with
3.5-MHz multiphase array probe was used. The
US examination was always performed at bed-
side, at the initial encounter with the patient
and repeated whenever there was unclarity
regarding the clinical volume status of the
patient. The results were interpreted by a car-
diologist specialized in advanced HF. US was
used to assess the diameter and compressibility
of the inferior vena cava (IVC) and right inter-
nal jugular vein (IJ) and respiratory variations.
All US examinations were done using the same
US machine. The IVC was imaged from the sub-
xiphoid window and the IJ was imaged from the
right side of the neck. Respiratory variations
were examined by recording the M-mode and
asking the patient to sniff. Central venous
pressure (CVP) was estimated based on US
evaluation and classified as follows: (1) if max-
imal IVC or IJ diameters were >2cm and
compressibility and respiration variation were
both < 50%, then the CVP was estimated to be
> 10 mmHg; (2) if maximal IVC and IJ diame-
ters were < 2 cm and compressibility and respi-
ratory variation were both > 50%, then the CVP
was estimated to be < 5 mmHg; (3) if the con-
ditions above were not met, then the CVP was
estimated as 5-10 mmHg. The results of US
exams were provided to the primary advanced
HF team. Based on these results the primary
team adjusted the diuretics dosage.

The baseline demographic and patient char-
acteristics data, medical history, laboratory
findings and imaging results were collected. All
data were reviewed and stored in the electronic
medical records at the University of Texas
Health System. Baseline eGFR and discharge
eGFR were measured for each patient and the
percentage change in eGFR was determined.
Our primary outcome was the difference in the
change in eGFR during the index hospitaliza-
tion between the patient group receiving US-
guided management and that receiving stan-
dard of care management. Other secondary
endpoints included the length of hospital stay
and 30-day HF readmission.

Continuous variables were presented as the
mean [+ standard deviation (SD)], and unpaired
student t tests were used to compare the differ-
ence between the patient group receiving US-
guided management and the patient group
receiving standard of care. Chi-square (%) tests
were used for analysis of the categorical vari-
ables. Multivariable linear regression analysis
was used to compare the percentage change in
eGFR and length of stay. Multivariable binary
logistic regression analysis was used to compare
30-day HF readmissions between the two
groups. Proportional hazard regression models
were used to estimate the hazard ratios (HR) of
HF readmission between the two groups. For all
multivariable regression analyses, two models
were adopted: model 1 was unadjusted, and
model 2 was adjusted for age, sex, race, body
mass index (BMI), hypertension and diabetes. A
value of p < 0.05 was considered to be signifi-
cant. Analyses were carried out using IBM SPSS
Statistics for Windows, version 25.0 (release
2016; IBM Corp., Armonk, NY, USA).

RESULTS

A total of 222 patients were enrolled during the
inclusion period, among whom 71 were inclu-
ded in the US-guided management group and
151 were included in the standard of care
management group. Baseline characteristics are
presented in Table 1. The overall cohort had a
mean (£ SD) age of 66.8 + 14.6 years, 41% were
female and 62% were of white race. No
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Table 1 Baseline characteristics of study population

Variable Standard care group (VW = 151)  US-guided group (N = 71)  p value
Age (years) 677 + 146 64.7 + 146 0.15
Sex (male) 86 (57%) 46 (65%) 0.3
BMI ( kg/m?) 321 +8 314 + 7.6 055
Race
White 93 (60%) 41 (58%) 0.5
Black 45 (30%) 26 (37%)
Other ethnicity 13 (9%) 4 (6%)
Hypertension 149 (99%) 67 (94%) 0.07
Diabetes 80 (53%) 32 (45%) 0.27
Current or former smoker 55 (36%) 23 (32%) 0.85
Hyperlipidemia 99 (66%) 55 (77%) 0.07
Baseline ¢GFR (mL/min per 1.73 m?) 54.6 + 235 50.7 + 222 0.21
Discharge ¢GFR (mL/min per 1.73 m?) 463 + 187 473 4+ 20 0.72
NT-BNP (pg/mL) 9374 + 10,891 9587 + 13,048 0.93
Ischemic cardiomyopathy 37 (24.5%) 24 (33.8%) 0.28
LVEF < 40% 85 (56.7%) 49 (69%) 0.21
NYHA class
111 139 (92%) 55 (77%) 0.002
1A% 12 (8%) 16 (23%)
Medication details
Prior beta blocker use 43 (28.5%) 0 (28.2%) 0.548
Prior ACEI/ARB use 92 (60.9%) 3 (46.5%) 0.06
Prior loop diuretics 35 (23.2%) 5 (21.1%) 0.863
Prior MRA 145 (96.0%) 0 (84.5%) 0.004
Prior digitalis 139 (92.1%) 4 (76.1%) 0.001
Initiated vasodilators 145 (96%) 8 (81.7%) 0.001
Any contrast study upon admission 65 (91.5%) 0 (72.5%) 0.36

Values in table are presented as the mean = standard deviation (SD) or as the number (of patients) with the percentage in

parenthesis

ACEI/ARB Angjotensin-converting enzyme inhibitor/angiotensin II receptor blocker, BMI body mass index, CAD coronary
artery disease, ¢GFR estimated glomerular filtration rate, LVEF left ventricular systolic function, MRA magnetic resonance

angiogram, N7-BNP N-terminal brain natriuretic peptide, NYHA New York Heart Association, US ultrasound
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Table 2 Outcomes of standard care versus US-guided management of heart failure patients with chronic kidney disease

Outcome Model®  Standard of care group US-guided management group p value
Percentage eGFR change Model 1 — 1115 & 2.9 L1+ 43 0.02
Model 2 — 1075 + 2.9 —0.1 & 42 0.04
Length of stay (days) Model 1 64 =+ 0.37 651 + 0.54 0.87
Model 2 645 & 0.38 6.44 & 0.56 0.98
30-Day readmission for heart failure® Model 1 0.84 (0.31-2.25) Reference 0.725
Model 2 1.27 (0.28-5.6) Reference 0.753

Values in table are presented as the mean & SD unless indicated otherwise

* Model 1: unadjusted model; Model 2: model adjusted for age, sex, race, BMI, hypertension and diabetes
® Values presented as the hazard ratio with the 95% confidence interval in parenthesis

significant differences were observed between
the two study groups in age, sex, ethnicity, BMI,
hypertension, diabetes, smoking status, hyper-
lipidemia, baseline eGFR, coronary artery dis-
ease status and NT-BNP. More patients in the
US-guided group were considered to be NYHA
class IV (23 vs. 8%; p = 0.002).

In the unadjusted model, there was a signif-
icant difference in the percentage change in
eGFR during the hospital stay between the
standard care and US-guided groups, with the
standard care group showing a — 11.15 £ 2.9%
decline in eGFR and the US-guided group
experiencing no significant change in eGFR
(1.1 + 4.3%) (p = 0.02) (Table 2). Similar results
were observed in the adjusted model (p = 0.04).
No significant difference was observed in the
length of stay between the two groups in both
the unadjusted and adjusted models (p = 0.87
and p = 0.98, respectively). There was no sig-
nificant difference in 30-day readmissions for
HF between the standard care and US-guided
groups (9.9 vs. 8.5%; HR 0.84, 95% confidence
interval 0.31-2.25; p = 0.752) (Fig. 1).

DISCUSSION

In this prospective study including 222 patients
with renal impairment admitted for acute HF
exacerbation, our aim was to evaluate the
comparative outcomes of US-guided manage-
ment and standard of care management. Our

main outcome, namely change in the eGFR, was
significantly more favorable in the US-guided
management group. We found no difference in
the length of hospital stay or in 30-day read-
missions between both study groups (Fig. 2).
The interaction between HF and renal dis-
ease is complex and bidirectional. HF is associ-
ated with a high risk of renal dysfunction and
the development of CKD [15-17], and renal
dysfunction on its own is associated with pro-
gression of HF [18]. Moreover, the management
of patients with HF who have renal impairment
is challenging. In addition, guidelines for the
management of HF in the general population
may not apply entirely to those with CKD, as
most of the randomized trials conducted to date
have excluded patients with severe renal
impairment [20]. Key strategies to reduce both
the risk and manifestation of HF in patients
with CKD are maintaining salt and water bal-
ance and improving blood pressure control [21].
Diuretic therapy often requires higher doses in
HF patients with CKD than in HF patients with
normal kidney function [22], due to a resistance
to loop diuretics in patients with advanced
CKD. Patients with CKD are vulnerable in that
renal function may worsen upon diuretic
administration. Acute worsening of renal func-
tion during the treatment of HF patients is a
strong independent predictor of long-term
adverse outcomes [23-25]. Treatment to relieve
congestive symptoms of HF is limited by further
decline in renal function. Patients with
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Kaplan Meier survival analysis
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Fig. 1 Kaplan—Meier analysis for time free of re-hospitalization between heart failure (HF) patients receiving standard of
care management and ultrasound (US)-guided management, respectively
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Fig. 2 Comparison of clinical outcomes between HF patients receiving standard of care management and those receiving

US-guided management. GFR Glomerular filtration rate

worsening renal function often require a longer
stay in the hospital [26].

The Evaluation Study of Congestive Heart
Failure and Pulmonary Artery Catheterization
Effectiveness (ESCAPE) trial demonstrated that
renal function did not worsen when treatment

was directed at lowering invasively measured
CVP and pulmonary capillary wedge pressure,
compared to clinical assessment alone [27, 28].
Renal dysfunction contributes substantially to
morbidity and mortality in patients with HF
[29]. The Chronic Renal Insufficiency Cohort
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(CRIC) study showed that HF in patients with
CKD was independently associated with a 29%
higher risk of progression to ESRD or a 50%
decline in eGFR compared with those without
HF [30]. Therefore, preventive and treatment
strategies are needed to preserve renal function
in patients with HF [31]. These results led to use
of new modalities, such as PUS, in the man-
agement of HF patients to better assess volume
status. In the present study, we hypothesize that
utilization of PUS in measuring IVC diameter
along with the collapsibility of the IVC and
internal jugular veins will provide a more pre-
cise assessment of volume status, guide treat-
ment of HF patients, significantly decrease
hospital readmissions, improve patient’s quality
of life and prevent hospital complications.

PUS is an easy, noninvasive strategy to
measure IVC diameter and collapsibility. IVC
diameter is a marker of venous congestion and a
strong predictor of HF prognosis. Together, IVC
diameter and collapsibility provide better prog-
nostic information than NT-proBNP [32]. Stud-
ies have shown that IVC responds more quickly
to intravenous diuresis than BNP [33]. IVC
diameter together with internal jugular vein
collapsibility measurement provides a nonin-
vasive estimate of right atrial pressure [34, 35].
Prior studies have shown that IVC diameter
correlates with right atrial pressure and pul-
monary capillary wedge pressure (PCWP)
[36, 37]. Besli et al. showed that IVC diameter
was higher among patients with decompen-
sated HF when compared to those with com-
pensated HF. Therefore, IVC diameter is a
valuable tool to distinguish decompensated HF
patients from compensated HF [38].

Khandwalla et al. showed that greater IVC
dilation was associated with a higher risk of HF
hospitalization [39]. These authors found a 38%
increased risk of HF hospitalization for every
0.5-cm increase in mean IVC diameter. The risk
of HF readmission increased significantly for an
IVC diameter of between 2 and 2.49 compared a
diameter of < 2 cm [39]. Therefore, IVC diame-
ter can predict volume status and risk of HF
admission. Moreover, changes in IVC size also
correlate with a reduction in PCWP in patients
treated for acute decompensation of HF [40]. In
this prospective single-center study, we found

US-guided management of patients with HF and
CKD to be superior to standard care in terms of
preservation of kidney function; in contrast no
significant difference was shown for length of
stay or future readmission. Randomized studies
with a longer follow-up may be needed to
determine the impact of US-guided manage-
ment on the progression of renal impairment
and the risk of HF readmission.

The results of this study should be taken into
cosideration in light of some limitations. First,
the study was not randomized prior to enrol-
ment which may have created allocation bias
that could not be excluded. We attempted to
reduced bias by conducting multivariable
logistic regression analysis to adjust for baseline
characteristics and comorbidities. Second, the
cardiology team was not blinded to which
patients had US-guided management and were
provided with the US results. However, enrolled
patients were managed by an advanced HF team
and received guideline-directed medial therapy.
Third, no data were collected on which patients
had standard transthoracic echocardiogram at
the index hospitalization as we felt this exami-
nation is a part of standard management when
it is indicated. Furthermore, no comparison was
made on the dose and type of diuretic therapy
given, which may limit the generalization of
our observations. Finally, while we collected
data on short-term eGFR change during the
hospital stay, we did not collect data on long-
term eGFR change. However, despite the short-
term follow-up and small sample size, the uti-
lization of handheld US provides valuable
information that can guide medical manage-
ment of high-risk HF patients with CKD.

CONCLUSION

Ultrasound-guided management of patients
admitted with acute HF exacerbation and renal
impairment may be beneficial in preserving
kidney function. Randomized studies with
longer follow-up may be needed to determine
the impact on the progression of renal impair-
ment and the risk of hospital readmission for
HEF.
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