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BACKGROUND: Prognostication of patients hospitalized
with acute decompensated heart failure (ADHF) is important
to patients, providers, and healthcare systems. Few bedside
tools exist to prognosticate patients hospitalized with ADHF.

OBJECTIVE: The objective of this study was to assess the
relationship between inferior vena cava (IVC) diameter and
postdischarge mortality in patients hospitalized with ADHF.

DESIGN: Prospective observational study.

SETTING: A 247-bed urban teaching hospital in Spain
PATIENTS: Ninety-seven patients hospitalized with ADHF.
INTERVENTION: None.

MEASUREMENTS: The IVC diameter and collapsibility
were measured by a hospitalist at the time of admission
and discharge. Primary outcome was 90-day all-cause mor-
tality. Secondary outcomes were readmission rates at 90
and 180 days, and 180-day all-cause mortality. Patients
were followed for 180 days.

RESULTS: Data from 80 patients were analyzed. From
admission to discharge, a significant improvement in IVC
maximum (IVC,.x) diameter (2.12 vs 1.87 cm; P < 0.001)
and IVC collapsibility (25.7% vs 33.1%; P < 0.001) was
seen in the total study cohort. During the 90-day follow-up
period, 11 patients (13.7%) died. An admission IVC,ax
diameter >1.9 cm was associated with a higher mortality
rate at 90 days (25.4% vs 3.4%; P = 0.009) and 180 days
(29.3% vs 3.4%; P = .003). In a multivariate Cox propor-
tional hazards regression analysis, admission IVC,,,, diam-
eter was an independent predictor of 90-day mortality
(hazard ratio [HR]: 5.88; 95% confidence interval [Cl]: 1.21-
28.10; P = 0.025) and 90-day readmission (HR: 3.20; 95%
Cl: 1.24-8.21; P = 0.016).

CONCLUSION: In patients hospitalized with acute decom-
pensated heart failure, a dilated IVC by bedside ultrasound
at the time of admission is associated with a higher 90-day
mortality after hospitalization. Journal of Hospital Medicine
2016;11:778-784. © 2016 Society of Hospital Medicine

Heart failure costs the United States an excess of $30
billion annually, and costs are projected to increase to
nearly $70 billion by 2030." Heart failure accounts
for over 1 million hospitalizations and is the leading
cause of hospitalization in patients >65 years of age.”
After hospitalization, approximately 50% of patients
are readmitted within 6 months of hospital discharge.’
Mortality rates from heart failure have improved but
remain high.* Approximately 50% of patients diag-
nosed with heart failure die within 5 years, and the
overall 1-year mortality rate is 30%."

Prognostic markers and scoring systems for acute
decompensated heart failure (ADHF) continue to emerge,
but few bedside tools are available to clinicians. Age,
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brain natriuretic peptide, and N-terminal pro-brain natri-
uretic peptide (NT-proBNP) levels have been shown to
correlate with postdischarge rates of readmission and
mortality.’ A study evaluating the prognostic value of a
bedside inferior vena cava (IVC) ultrasound exam dem-
onstrated that lack of improvement in IVC distention
from admission to discharge was associated with higher
30-day readmission rates.® Two studies using data from
comprehensive transthoracic echocardiograms in heart
failure patients demonstrated that a dilated, noncollapsi-
ble IVC is associated with higher risk of mortality; how-
ever, it is well recognized that obtaining comprehensive
transthoracic echocardiograms in all patients hospitalized
with heart failure is neither cost-effective nor practical.”
In recent years, multiple studies have emerged dem-
onstrating that noncardiologists can perform focused
cardiac ultrasound exams with high reproducibility
and accuracy to guide management of patients with
ADHE.*' However, it is unknown whether IVC
characteristics from a focused cardiac ultrasound
exam performed by a noncardiologist can predict
mortality of patients hospitalized with ADHF. The
aim of this study was to assess whether a hospitalist-
performed focused ultrasound exam to measure the
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IVC diameter at admission and discharge can predict
mortality in a general medicine ward population
hospitalized with ADHF.

METHODS

Study Design

A prospective, observational study of patients admit-
ted to a general medicine ward with ADHF between
January 2012 and March 2013 was performed using
convenience sampling. The setting was a 247-bed, uni-
versity-affiliated hospital in Madrid, Spain. Inclusion
criteria were adult patients admitted with a primary
diagnosis of ADHF per the European Society of Car-
diology (ESC) criteria.'> Exclusion criteria were
admission to the intensive care unit for mechanical
ventilation, need for chronic hemodialysis, or a non-
cardiac terminal illness with a life expectancy of less
than 3 months. All patients provided written informed
consent prior to enrollment. This study complies with
the Declaration of Helsinki and was approved by the
local ethics committee.

The primary outcome was all-cause mortality at 90
days after hospitalization. The secondary outcomes
were hospital readmission at 90 and 180 days, and
mortality at 180 days. Patients were prospectively fol-
lowed up at 30, 60, 90, and 180 days after discharge
by telephone interview or by review of the patient’s
electronic health record. Patients who died within 90
days of discharge were categorized as “nonsurvivors,”
whereas those alive at 90 days were categorized as
“survivors.”

The following data were recorded on admission: age,
gender, blood pressure, heart rate, functional class per
New York Heart Association (NYHA) classification,
comorbidities (hypertension, diabetes mellitus, atrial
fibrillation, chronic obstructive pulmonary disease), pri-
mary etiology of heart failure, medications, electrocar-
diogram, NT-terminal pro-BNP, hemoglobin, albumin,
creatinine, sodium, measurement of performance of
activities of daily living (modified Barthel index), and
comorbidity score (age-adjusted Charlson score). A
research coordinator interviewed subjects to gather
data to calculate a modified Barthel index.'® Age-
adjusted Charlson comorbidity scores were calculated
using age and diagnoses per International Classification
of Diseases, Ninth Revision coding.'”

IVC Measurement

An internal medicine hospitalist with expertise in
point-of-care ultrasonography (G.G.C.) performed all
focused cardiac ultrasound exams to measure the IVC
diameter and collapsibility at the time of admission
and discharge. This physician was not involved in the
inpatient medical management of study subjects. A sec-
ond physician (N.].S.) randomly reviewed 10% of the
IVC images for quality assurance. Admission IVC
measurements were acquired within 24 hours of arrival
to the emergency department after the on-call medical
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team was contacted to admit the patient. Measurement
of the IVC maximum (IVC,.y) and IVC minimum
(IVCpnin) diameters was obtained just distal to the
hepatic vein-IVC junction, or 2 cm from the IVC-right
atrial junction using a long-axis view of the IVC. Mea-
surement of the IVC diameter was consistent with the
technique recommended by the American Society of
Echocardiography and European Society of Echocardi-
ography guidelines."®'” The IVC collapsibility index
(IVCCI) was calculated as (IVCax—IVChin)/TVCiiax
per guidelines."® Focused cardiac ultrasound exams
were performed using a General Electric Logiq E device
(GE Healthcare, Little Chalfont, United Kingdom) with
a 3.5 MHz curvilinear transducer. Inpatient medical
management by the primary medical team was guided
by protocols from the ESC guidelines on the treatment
of ADHF."> A comprehensive transthoracic echocardio-
gram (TTE) was performed on all study subjects by
the echocardiography laboratory within 24 hours of
hospitalization as part of the study protocol. One of
3 senior cardiologists read all comprehensive TTEs.
NT-proBNP was measured on admission and discharge
by electrochemiluminescence.

Statistical Analysis
We calculated the required sample size based on pub-
lished mortality and readmission rates. For our pri-
mary outcome of 90-day mortality, we calculated a
required sample size of 64 to achieve 80% power
based on 90-day and 1-year mortality rates of 21%
and 33%, respectively, among Spanish elderly patients
(age >70 years) hospitalized with ADHF.*° For our
secondary outcome of 90-day readmissions, we calcu-
lated a sample size of 28 based on a 41% readmission
rate.”! Therefore, our target subject enrollment was at
least 70 patients to achieve a power of 80%.
Statistical analyses were performed using SPSS 17.0
statistical package (SPSS Inc., Chicago, IL). Subject
characteristics that were categorical variables (demo-
graphics and comorbidities) were summarized as counts
and percentages. Continuous variables, including IVC
measurements, were summarized as means with stand-
ard deviations. Differences between categorical varia-
bles were analyzed using the Fisher exact test. Survival
curves with log-rank statistics were used to perform
survival analysis. The nonparametric Mann-Whitney U
test was used to assess associations between the change
in IVCCI, and readmissions and mortality at 90 and
180 days. Predictors of readmission and death were
evaluated using a multivariate Cox proportional haz-
ards regression analysis. Given the limited number of
primary outcome events, we used age, IVC diameter,
and log NT-proBNP in the multivariate regression
analysis based on past studies showing prognostic sig-
nificance of these variables.®**72® Optimal cutoff values
for IVC diameter for death and readmission prediction
were determined by constructing receiver operating
characteristic (ROC) curves and calculating the area
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under the curve (AUC) for different IVC diameters.
NT-proBNP values were log-transformed to minimize
skewing as reported in previous studies.?’

RESULTS

Patient Characteristics

Ninety-seven patients admitted with ADHF were
recruited for the study. Optimal acoustic windows to
measure the IVC diameter were acquired in 90
patients (93%). Because measurement of discharge
IVC diameter was required to calculate the change
from admission to discharge, 8 patients who died dur-
ing initial hospitalization were excluded from the final
data analysis. An additional two patients were
excluded due to missing discharge NT-proBNP mea-
surement or missing comprehensive echocardiogram
data. The study cohort from whom data were ana-
lyzed included 80 of 97 total patients (82%).

Baseline demographic, clinical, laboratory, and com-
prehensive echocardiographic characteristics of nonsur-
vivors and survivors at 90 days are demonstrated in
Table 1. Eleven patients (13.7%) died during the first
90 days postdischarge, and all deaths were due to
cardiovascular complications. Nonsurvivors were older
(86 vs 76 years; P = 0.02), less independent in per-
formance of their activities of daily living (Barthel
index of 58.1 vs 81.9; P = 0.01), and were more likely
to have advanced heart failure with an NYHA func-
tional class of III or IV (72% vs 33%; P = 0.016).
Atrial fibrillation (90% vs 55%; P = 0.008) and lower
systolic blood pressure (127 mm Hg vs 147 mm Hg;

= 0.01) were more common in nonsurvivors than
survivors, and fewer nonsurvivors were taking a
B-blocker (18% vs 59%; P = 0.01). Baseline compre-
hensive echocardiographic findings were similar
between the survivors and nonsurvivors, except left
atrial diameter was larger in nonsurvivors versus survi-
vors (54 mm vs 49 mm; P = 0.04).

From admission to discharge, the total study cohort
demonstrated a highly statistically significant reduction
in NT-proBNP (8816 vs 3093; P < 0.001), log
NT-proBNP (3.66 vs 3.27; P < 0.001), IVC.x (2.12
vs 1.87; P < 0.001), IVCyyy (1.63 vs 1.33; P < 0.001),
and IVCCI (25.7% vs 33.1%; P < 0.001). The admis-
sion and discharge NT-proBNP and IVC characteristics
of the survivors and nonsurvivors are displayed in
Table 2. The only statistically significant difference
between nonsurvivors and survivors was the admission
IVCpax (2.39 vs 2.06; P = 0.02). There was not a stat-
istically significant difference in the discharge TVC, .y
between nonsurvivors and survivors.

Outcomes

For the primary outcome of 90-day mortality, the ROC
curves showed a similar AUC for the admission IVC,,.«
diameter (AUC: 0.69; 95% confidence interval [CI]:
0.53-0.85), log NT-proBNP at discharge (AUC: 0.67;
95% CI: 0.49-0.85), and log NT-proBNP at admission

TABLE 1. Baseline Characteristics of the Study
Population

Total Cohort,  Nonsurvivors, Survivors,
n=280 n=11 n=69 P Value
Demographics
Age, y* 78(£13) 86 (=7) 76 (£14) 0.02
Men, n (%) 34 (42) 3(27) 26 (38) 03
Vital signs*
Heart rate, beats/min 94 (+23) 99 (26) 95 (+23) 05
SBP, mm Hy 141(£27) 127 (£22) 147 (+25) 0.01
Comorbidities, n (%)
Hypertension 72(90) 10(91) 54 (78) 03
Diabetes mellitus 35 (44) 3(27) 26 (38) 03
Atrial fibrillation 48 (60) 10(90) 38 (55) 0.008
COPD 22(27) 3(27) 16(23) 05
Etiology of heart failure
Ischemic 20 (25) 109 16(23) 0.1
Hypertensive 22(27) 2(18) 18 (26) 04
Valvulopathy 29 (36) 7(64) 19(27) 0.07
Other 18(22) 109) 16/(23) 0.09
NYHA -V 38 (47) 8(72) 23(33) 0.016
Charlson score™ 75(%2) 9.0(%3) 71(£2) 0.02
Barthel index*} 76 (£31) 58 (£37) 81.9(x28) 0.01
Medications
B-blocker 44 (55) 2(18) 41(59) 0.01
ACE inhibitor/ARB 48 (60) 3(27) 35 (51) 0.1
Loop diuretic 78(97) 10(91) 67 (97) 09
Aldosterone antagonist 31(39) 4(36) 21(30) 04
Lab results*
Sodium, mmol/L 137 (48 138 (6) 139 (+4 0.6
Creatinine, umol/L 1.24(£0.4) 1.40 (£0.5) 117 (+0 4) 0.1
eGFR, mL/min 57.8(+20) 51.2 (+20) 60.2 (+19) 0.1
Albumin, /L 34(£04) 3.3(x0.38) 35(x0.41) 0.1
Hemoglobin, g/dL 120(£2) 109(=1.8) 125(£2.0) 0.01
Echo parameters*
LVEF, % 52.1(=15) 519 (=17) 516 (+15) 09
LA diameter, mm 50.1(=10) 54 (=11) 49(=11) 0.04
RVDD, mm 32.0(x11) 34(£10) 3 (M) 0.2
TAPSE, mm 185(£7) 174(%4) 18.8(7) 0.6
PASP, mm Hg 51.2(16) 539 (17) 50.2 (+17) 0.2
Admission*
NT-proBNP, pg/mL 8,816(£14,260) 9413(5,703) 8,762 (+15,368)  0.81
Log NT-proBNP 3 66 (+0.50) 388 (+0.31 362 (+0.52) 0.1
IVCiyay, CM 12(£0.59) 2.39(+0.37) 2 06 (+0.59) 0.02
IVCyin, M 63 (£0.69) 1.82 (£0.66) 56 (£0.67) 0.25
IVCCl, % 25 7(x0.16) 25.9(+17.0) 26 2(+16.0) 095
Discharge*
NT-proBNP, pg/mL 3,132(£3,093) 4,693 (£4,383) 2,909 (+2,847) 0.8
Log NT-proBNP 327 (+0.49) 351(x037)  3.23(%0.50) 0.08
IVCiyay, €M 1.87 (£0.68) 1.97 (£0.54) 1 81 (0.66) 045
IVCyin, M 1.33(=0.75) 1.40 (£0.65) 27 (£0.7) 0.56
IVCCl, % 33.1(+0.20) 32.0(+21.0) 34 2(+19.0) 0.74

NOTE: Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; COPD,
chronic obstructive pulmonary disease; eGFR, estimate glomerular filtration rate; IVC, inferior vena cava;
IVCCI, IVC collapsibility index; LA, left atrium; LVEF, left ventricular ejection fraction; NYHA: New York Heart
Association; NT-proBNP, N-terminal pro-brain natriuretic peptide; PASP, Pulmonary artery systolic pressure;
RVDD, right ventricular diastolic diameter; SBP, systolic blood pressure; TAPSE, tricuspid annular plane
systolic excursion. *Mean * standard derivation. Barthel Index (0-100); higher scores correspond with
greater independence in performing activities of daily living;

(AUC: 0.69; 95% CI: 0.52-0.85). The optimal cutoff
value for the admission IVC,,,, diameter to predict mor-
tality was 1.9 cm (sensitivity 100%, specificity 38%)
based on the ROC curves (see Supporting Information,
Appendices 1 and 2, in the online version of this article).
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TABLE 2. Admission and Discharge BNP and IVC Characteristics of Nonsurvivors (n = 11) and Survivors (n = 69)

Admission Discharge Difference (Discharge-Admission)
Nonsurvivors Survivors P Value Nonsurvivors Survivors P Value Nonsurvivors Survivors P Value
NT-proBNP, pg/mL 9,413 (5,703) 8,762 (15,368) 0.81 4,693 (4,383) 2,909 (2,847) 0.08 =3,7117 = 5,043 -5,026 = 11,507 07
Log NT-proBNP 388 = 0.31 362+052 0.1 351037 323050 0.08 -0.29 £ 0.36 -0.38 £ 0.37 04
IVCiray, CM 239037 2.06 = 0.59 0.02 197 £ 0.54 1.81 £ 0.66 045 -0.39 = 0.5 —0.25 + 051 04
IVCyin, M 1.82 £ 0.66 1.56 £ 0.67 0.25 140 £ 0.65 1271 £0.1 0.56 =037 £0.52 -0.30 £ 0.64 07
IVGCI, % 259170 26.2 £ 16.0 0.9 320210 342%190 0.74 3779 8322 05

NOTE: Abbreviations: BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-brain natriuretic peptide; IVC, inferior vena cava; IVCCI, inferior vena cava collapsibility index.

An admission IVC,,,. diameter >1.9 cm was associated
with a higher mortality rate at 90 days (25.4% vs
3.4%; P = 0.009) and 180 days (29.3% vs 3.4%; P =
0.003). The Cox survival curves showed significantly
lower survival rates in patients with an admission TVC-
max diameter >1.9 cm (74.1 vs 96.7%; P = 0.012) (Fig-
ures 1 and 2). Based on the multivariate Cox
proportional hazards regression analysis with age, IVC-
max diameter, and log NT-proBNP at admission, the
admission IVC,,,, diameter and age were independent
predictors of 90- and 180-day mortality. The hazard
ratios for death by age, admission IVC,,,, diameter, and
log NT-proBNP are shown in Table 3.

For the secondary outcome of 90-day readmissions,
19 patients (24%) were readmitted, and the mean
index admission IVC,,, diameter was significantly
greater in patients who were readmitted (2.36 vs 1.98
cm; P = 0.04). The ROC curves for readmission at
90 days showed that an index admission IVC,,«
diameter of 1.9 cm had the greatest AUC (0.61; 95%
CIL: 0.49-0.74). The optimal cutoff value of an index
admission IVC,,., to predict readmission was also 1.9
cm (sensitivity 94%, specificity 42%) (see Supporting
Information, Appendices 1 and 2, in the online ver-
sion of this article). The Cox survival analysis showed
that patients with an index admission IVC,,,, diame-

ter >1.9 cm had a higher readmission rate at 90 days
(30.8% vs 10.7%; P = 0.04) and 180 days (38.0 vs
14.3%; P = 0.02) (Figures 1 and 2). Using a multivar-
iate Cox proportional regression analysis, the hazard
ratios for the variables of age, admission IVC,,«
diameter, and log NT-proBNP are shown in Table 3.

DISCUSSION

Our study found that a dilated IVC at admission is
associated with a poor prognosis after hospitalization
for ADHF. Patients with a dilated IVC >1.9 cm at
admission had higher mortality and readmission rates
at 90 and 180 days postdischarge.

The effect of a dilated IVC on mortality may be
mediated through unrecognized right ventricular dis-
ease with or without significant pulmonary hyperten-
sion, supporting the notion that right heart function is
an important determinant of prognosis in patients
with ADHF.?>%3! Similar to elevated jugular venous
distension, bedside ultrasound examination of the IVC
diameter can serve as a rapid and noninvasive mea-
surement of right atrial pressure.’? Elevated right
atrial pressure is most often due to elevated left ven-
tricular filling pressure transmitted via the pulmonary
vasculature, but it is important to note that right- and
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FIG. 1. Survival curves of the time to mortality (A) or readmission (B) in patients hospitalized with acute decompensated heart failure with a maximum inferior vena

cava (IVC) diameter >1.9 cm versus <1.9 cm on admission.
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FIG. 2. Rates of death (A) or readmission (B) in patients with a maximum inferior vena cava (IVC) diameter >1.9 cm versus <1.9 cm on admission.

left-sided cardiac pressures are often discordant in
heart failure patients.>®**

Few studies have evaluated the prognostic value of
IVC diameter and collapsibility in patients with heart
failure. Nath et al.** evaluated the prognostic value of
IVC diameter in stable veterans referred for outpatient
echocardiography. Patients with a dilated IVC >2 c¢m
that did not collapse with inspiration had higher 90-
day and 1-year mortality rates. A subsequent study by
Pellicori et al.?* investigated the relationship between
IVC diameter and other prognostic markers in stable
cardiac patients. Pellicori et al. demonstrated that IVC
diameter and serum NT-proBNP levels were inde-
pendent predictors of a composite endpoint of cardio-
vascular death or heart failure hospitalization at 1
year.>> Most recently, Lee et al.>? evaluated whether a
dilated IVC in patients with a history of advanced sys-
tolic heart failure with a reduced ejection fraction of
30% and repeated hospitalizations (>2) predicted
worsening renal failure and adverse cardiovascular
outcomes (death or hospitalization for ADHF). The

TABLE 3. Cox Proportional Hazards Regression
Analysis

Endpoint Variable HR (95% Cl) P Value
90-day mortality Age 1.14(1.03-1.26) 0.009
IVC diameter at admission 588 (1.21-28.1) 0.025
Log NT-proBNP at admission 1.00 (1.00-1.00) 0910
90-day readmission Age 1.06(1.00-1.12) 0.025
IVC diameter at admission 320 (1.24-8.21) 0.016
Log NT-proBNP at discharge 1.00 (1.00-1.00) 0910
180-day mortality Age 112(1.03-1.22) 0.007
IVC diameter at admission 477 (1.21-187) 0.025
Log NT-proBNP at admission 1.00 (1.00-1.00) 0610
180-day readmission Age 1.06 (1.01-1.11) 0.009
IVC diameter at admission 2.56 (1.14-5.74) 0.022
Log NT-proBNP at discharge 1.00 (1.00-1.00) 0610

NOTE: Abbreviations: Cl, confidence interval; HR, hazard ratio; IVC, inferior vena cava; NT-proBNP, N-ter-
minal pro-brain natriuretic protein.

study concluded that age, IVC diameter >2.1 cm, and
worsening renal failure predicted cardiovascular death
or hospitalization for ADHF.*?

Our study demonstrated that an admission IVC,,.,
>1.9 cm in hospitalized ADHF patients predicted
higher postdischarge mortality at 90 and 180 days.
Our findings are consistent with the above-mentioned
studies with a few important differences. First, all of
our patients were hospitalized with acute decompen-
sated heart failure. Nath et al. and Pellicori et al. eval-
uated stable ambulatory patients seen in an
echocardiography lab and cardiology clinic, respec-
tively. Only 12.1% of patients in the Nath study had
a history of heart failure, and none were reported to
have ADHF. More importantly, our study improves
our understanding of patients with heart failure with
a preserved ejection fraction, an important gap in the
literature. The mean ejection fraction of patients in
our study was 52% consistent with heart failure with
preserved ejection fraction, whereas patients in the
Pellicori et al. and Lee et al. studies had heart failure
with reduced (42%) or severely reduced (30%) ejec-
tion fraction, respectively. We did not anticipate find-
ing heart failure with preserved ejection fraction in
the majority of patients, but our study’s findings will
add to our understanding of this increasingly common
type of heart failure.

Compared to previous studies that utilized a regis-
tered diagnostic cardiac sonographer to obtain a com-
prehensive TTE to prognosticate patients, our study
utilized point-of-care ultrasonography. Nath et al.
commented that obtaining a comprehensive echocar-
diogram on every patient with ADHF is unlikely to be
cost-effective or feasible. Our study utilized a more
realistic approach with a frontline internal medicine-
trained hospitalist acquiring and interpreting images
of the IVC at the bedside using a basic portable ultra-
sound machine.

Our study did not show that plasma natriuretic
peptides levels are predictive of death or readmission
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after hospitalization for ADHF as shown in previous
studies.?>?>*¢ The small sample size, relatively low
event rate, or predominance of heart failure with pre-
served ejection fraction may explain this inconsistency
with prior studies.

Previous studies have reported hospital readmission
rates for ADHF of 30% to 44% after 1 to 6
months.®*” Goonewardena et al. showed a 41.3%
readmission rate at 30 days in patients with severely
reduced left ventricular ejection fraction (mean 29%),
and readmitted patients had an IVC,,,, diameter >2
cm and an IVC collapsibility <50% on admission and
discharge.® Carbone et al. demonstrated absence of
improvement in the minimum IVC diameter from
admission to discharge using hand-carried ultrasound
in patients with ischemic heart disease (ejection frac-
tion 33%) predicted readmission at 60 days.*® Hospi-
tal readmission rates in our study are consistent with
these previously published studies. We found readmis-
sion rates for patients with ADHF and an admission
IVCax >1.9 cm to be 30.8% and 38.0% after 90
and 180 days, respectively.

Important limitations of our study are the small
sample size and single institution setting. A larger
sample size may have demonstrated that change in
IVC diameter and NT-proBNP levels from admission
to discharge to be predictive of mortality or readmis-
sion. Further, we found an IVC,,,, diameter >1.9 cm
to be the optimal cutoff to predict mortality, which is
less than an IVC,,, diameter >2.0 ¢cm reported in
other studies. The relatively smaller IVC diameter in
Spanish heart failure patients may be explained by the
lower body mass index of this population. An IVC,,,
diameter >1.9 cm was found to be the optimal cutoff
to predict an elevated right atrial pressure >10 mm
Hg in a study of Japanese cardiac patients with a rela-
tively lower body mass index.*” Another limitation is
the timing of the admission IVC measurement within
the first 24 hours of arrival to the hospital rather than
immediately upon arrival to the emergency depart-
ment. We were not able to control for interventions
given in the emergency department prior to the mea-
surement of the admission IVC, including doses of
diuretics. Further, unlike the comprehensive TTEs in
the United States, TTEs in Spain do not routinely
include an assessment of the IVC. Therefore, we were
not able to compare our bedside IVC measurements
to those from a comprehensive TTE. An important
limitation of our regression analysis is the inclusion of
only 3 variables. The selection of variables (age, NT-
proBNP, and IVC diameter) was based on prior stud-
ies demonstrating their prognostic value.®*>** Due to
the low event rate (n = 11), we could not include in
the regression model other variables that differed sig-
nificantly between nonsurvivors and survivors, includ-
ing NYHA class, presence of atrial fibrillation, and
use of B-blockers.
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Perhaps in a larger study population the admission
IVC,,.x diameter may not be as predictive of 90-day
mortality as other variables. The findings of our
exploratory analysis should be confirmed in a future
study with a larger sample size.

The clinical implications of our study are 3-fold.
First, our study demonstrates that IVC images
acquired by a hospitalist at the bedside using a porta-
ble ultrasound machine can be used to predict postdi-
scharge mortality and readmission of patients with
ADHEF. Second, the predominant type of heart failure
in our study was heart failure with preserved ejection
fraction. Currently, approximately 50% of patients
hospitalized with ADHF have heart failure with pre-
served ejection fraction.*® Our study adds to the
understanding of prognosis of these patients whose
heart failure pathophysiology is not well understood.
Finally, palliative care services are underutilized in
patients with advanced heart failure.*"** IVC meas-
urements and other prognostic markers in heart fail-
ure may guide discussions about goals of care with
patients and families, and facilitate timely referrals for
palliative care services.

CONCLUSIONS

Point-of-care ultrasound evaluation of IVC diameter
at the time of admission can be used to prognosticate
patients hospitalized with acute decompensated heart
failure. An admission IVC,,,x diameter >1.9 cm is
associated with a higher rate of 90-day and 180-day
readmission and mortality after hospitalization. Future
studies should evaluate the combination of IVC char-
acteristics with other markers of severity of illness to
prognosticate patients with heart failure.

Disclosures: This study was supported by a grant from the Madrid-
Castilla la Mancha Society of Internal Medicine. Dr. Restrepo is par-
tially supported by award number K23HL096054 from the National
Heart, Lung, and Blood Institute. The content is solely the responsibility
of the authors and does not necessarily represent the official views of
the National Heart, Lung, and Blood Institute or the National Institutes
of Health. The authors report no conflicts of interest.

References

1. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and stroke
statistics—2015 update: a report from the American Heart Associa-
tion. Circulation. 2015;131(4):e29-e322.

2. Hall M]J, Levant S, DeFrances C]J. Hospitalization for congestive heart
failure: United States, 2000-2010. NCHS Data Brief. 2012(108):1-8.

3. Desai AS, Stevenson LW. Rehospitalization for heart failure: predict
or prevent? Circulation. 2012;126(4):501-506.

4. Kociol RD, Hammill BG, Fonarow GC, et al. Generalizability and
longitudinal outcomes of a national heart failure clinical registry:
Comparison of Acute Decompensated Heart Failure National Registry
(ADHERE) and non-ADHERE Medicare beneficiaries. Am Heart
J.2010;160(5):885-892.

5. Cohen-Solal A, Laribi S, Ishihara S, et al. Prognostic markers of acute
decompensated heart failure: the emerging roles of cardiac biomarkers
and prognostic scores. Arch Cardiovasc Dis. 2015;108(1):64-74.

6. Goonewardena SN, Gemignani A, Ronan A, et al. Comparison of
hand-carried ultrasound assessment of the inferior vena cava and
N-terminal pro-brain natriuretic peptide for predicting readmission
after hospitalization for acute decompensated heart failure. JACC
Cardiovasc Imaging. 2008;1(5):595-601.

7. Papadimitriou L, Georgiopoulou VV, Kort S, Butler J,
Kalogeropoulos AP. Echocardiography in acute heart failure: current
perspectives. | Card Fail. 2016;22(1):82-94.

An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 11 | No 11 | November 2016 783



Cubo-Romano etal |

10.

11.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

IVC and Mortality in ADHF

Kimura BJ, Amundson SA, Willis CL, Gilpin EA, DeMaria AN. Use-
fulness of a hand-held ultrasound device for bedside examination of
left ventricular function. Am | Cardiol. 2002;90(9):1038-1039.
Alexander JH, Peterson ED, Chen AY, Harding TM, Adams DB,
Kisslo JA Jr. Feasibility of point-of-care echocardiography by internal
medicine house staff. Am Heart J. 2004;147(3):476-481.

DeCara JM, Lang RM, Koch R, Bala R, Penzotti ], Spencer KT. The
use of small personal ultrasound devices by internists without formal
training in echocardiography. Eur | Echocardiogr. 2003;4(2):141-
147.

Lucas BP, Candotti C, Margeta B, et al. Diagnostic accuracy of
hospitalist-performed hand-carried ultrasound echocardiography after

a brief training program. | Hosp Med. 2009;4(6):340-349.

. Mantuani D, Frazee BW, Fahimi ], Nagdev A. Point-of-care multi-

organ ultrasound improves diagnostic accuracy in adults presenting to
the emergency department with acute dyspnea. West | Emerg Med.
2016;17(1):46-53.

Ferre RM, Chioncel O, Pang PS, Lang RM, Gheorghiade M, Collins
SP. Acute heart failure: the role of focused emergency cardiopulmo-
nary ultrasound in identification and early management. Eur | Heart
Fail. 2015;17(12):1223-1227.

Lucas BP, Candotti C, Margeta B, et al. Hand-carried echocardiogra-
phy by hospitalists: a randomized trial. Am | Med. 2011;124(8):766—
774.

Dickstein K, Cohen-Solal A, Filippatos G, et al. ESC guidelines for the
diagnosis and treatment of acute and chronic heart failure 2008: the
Task Force for the diagnosis and treatment of acute and chronic heart
failure 2008 of the European Society of Cardiology. Developed in col-
laboration with the Heart Failure Association of the ESC (HFA) and
endorsed by the European Society of Intensive Care Medicine
(ESICM). Eur ] Heart Fail. 2008;10(10):933-989.

. Kucukdeveci AA, Yavuzer G, Tennant A, Suldur N, Sonel B, Arasil T.

Adaptation of the modified Barthel Index for use in physical medicine
and rehabilitation in Turkey. Scand | Rebabil Med. 2000;32(2):87-92.
Roos LL, Stranc L, James RC, Li J. Complications, comorbidities, and
mortality: improving classification and prediction. Health Serv Res.
1997;32(2):229-238; discussion 239-242.

Rudski LG, Lai WW, Afilalo ], et al. Guidelines for the echocardio-
graphic assessment of the right heart in adults: a report from the
American Society of Echocardiography endorsed by the European
Association of Echocardiography, a registered branch of the European
Society of Cardiology, and the Canadian Society of Echocardiogra-
phy. ] Am Soc Echocardiogr. 2010;23(7):685-713; quiz 786-688.
Lang RM, Bierig M, Devereux RB, et al. Recommendations for cham-
ber quantification: a report from the American Society of Echocardiog-
raphy’s Guidelines and Standards Committee and the Chamber
Quantification Writing Group, developed in conjunction with the Euro-
pean Association of Echocardiography, a branch of the European Soci-
ety of Cardiology. | Am Soc Echocardiogr. 2005;18(12):1440-1463.
Delgado Parada E, Suarez Garcia FM, Lopez Gaona V, Gutierrez
Vara S, Solano Jaurrieta JJ. Mortality and functional evolution at one
year after hospital admission due to heart failure (HF) in elderly
patients. Arch Gerontol Geriatr. 2012;54(1):261-265.

Curtis LH, Greiner MA, Hammill BG, et al. Early and long-term out-
comes of heart failure in elderly persons, 2001-2005. Arch Intern
Med. 2008;168(22):2481-2488.

Pellicori P, Carubelli V, Zhang J, et al. IVC diameter in patients with
chronic heart failure: relationships and prognostic significance. JACC
Cardiovasc Imaging. 2013;6(1):16-28.

Lee HF, Hsu LA, Chang CJ, et al. Prognostic significance of dilated
inferior vena cava in advanced decompensated heart failure. Int
J Cardiovasc Imaging. 2014;30(7):1289-1295.

Nath J, Vacek JL, Heidenreich PA. A dilated inferior vena cava is a
marker of poor survival. Am Heart ]. 2006;151(3):730-735.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Logeart D, Thabut G, Jourdain P, et al. Predischarge B-type natri-
uretic peptide assay for identifying patients at high risk of re-
admission after decompensated heart failure. | Am Coll Cardiol.
2004;43(4):635-641.

Cheng V, Kazanagra R, Garcia A, et al. A rapid bedside test for B-
type peptide predicts treatment outcomes in patients admitted for
decompensated heart failure: a pilot study. | Am Coll Cardiol. 2001;
37(2):386-391.

Bettencourt P, Azevedo A, Pimenta ], Frioes F, Ferreira S, Ferreira A.
N-terminal-pro-brain natriuretic peptide predicts outcome after hospi-
tal discharge in heart failure patients. Circulation. 2004;110(15):
2168-2174.

Cohen-Solal A, Logeart D, Huang B, Cai D, Nieminen MS, Mebazaa
A. Lowered B-type natriuretic peptide in response to levosimendan or
dobutamine treatment is associated with improved survival in patients
with severe acutely decompensated heart failure. | Am Coll Cardiol.
2009;53(25):2343-2348.

Schou M, Gustafsson F, Kjaer A, Hildebrandt PR. Long-term clinical
variation of NT-proBNP in stable chronic heart failure patients. Eur
Heart . 2007;28(2):177-182.

Sallach JA, Tang WH, Borowski AG, et al. Right atrial volume index
in chronic systolic heart failure and prognosis. JACC Cardiovasc
Imaging. 2009;2(5):527-534.

Bursi F, McNallan SM, Redfield MM, et al. Pulmonary pressures and
death in heart failure: a community study. | Am Coll Cardiol. 2012;
59(3):222-231.

Brennan JM, Blair JE, Goonewardena S, et al. A comparison by medi-
cine residents of physical examination versus hand-carried ultrasound
for estimation of right atrial pressure. Am | Cardiol. 2007;99(11):
1614-1616.

Kircher BJ, Himelman RB, Schiller NB. Noninvasive estimation of
right atrial pressure from the inspiratory collapse of the inferior vena
cava. Am | Cardiol. 1990;66(4):493-496.

Drazner MH, Hamilton MA, Fonarow G, Creaser ], Flavell C,
Stevenson LW. Relationship between right and left-sided filling pres-
sures in 1000 patients with advanced heart failure. | Heart Lung
Transplant. 1999;18(11):1126-1132.

Fonarow GC, Peacock WF, Phillips CO, et al. Admission B-type natri-
uretic peptide levels and in-hospital mortality in acute decompensated
heart failure. ] Am Coll Cardiol. 2007;49(19):1943-1950.

Maisel A, Mueller C, Adams K Jr, et al. State of the art: using natri-
uretic peptide levels in clinical practice. Eur | Heart Fail. 2008;10(9):
824-839.

Krumholz HM, Parent EM, Tu N, et al. Readmission after hospitali-
zation for congestive heart failure among Medicare beneficiaries. Arch
Intern Med. 1997;157(1):99-104.

Carbone F, Bovio M, Rosa GM, et al. Inferior vena cava parameters
predict re-admission in ischaemic heart failure. Eur | Clin Invest.
2014;44(4):341-349.

Lee SL, Daimon M, Kawata T, et al. Estimation of right atrial pressure
on inferior vena cava ultrasound in Asian patients. Circ J. 2014;78(4):
962-966.

Yancy CW, Lopatin M, Stevenson LW, De Marco T, Fonarow GC.
Clinical presentation, management, and in-hospital outcomes of
patients admitted with acute decompensated heart failure with pre-
served systolic function: a report from the Acute Decompensated
Heart Failure National Registry (ADHERE) Database. | Am Coll Car-
diol. 2006;47(1):76-84.

Greener DT, Quill T, Amir O, Szydlowski J, Gramling RE. Palliative
care referral among patients hospitalized with advanced heart failure.
J Palliat Med. 2014;17(10):1115-1120.

Gelfman LP, Kalman J, Goldstein NE. Engaging heart failure clini-
cians to increase palliative care referrals: overcoming barriers, improv-
ing techniques. | Palliat Med. 2014;17(7):753-760.

784

An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 11 | No 11 | November 2016



