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ABSTRACT
Objectives Inferior vena cava (IVC) diameter may be a 
surrogate for volume status in acute decompensated heart 
failure (ADHF). The utility of IVC diameter measurement 
is under studied. The aim of this study was to assess the 
relationship between IVC diameter, clinical variables and 
ADHF rehospitalisations.
Methods Retrospective chart review of 200 patients 
admitted for ADHF from 2018 to 2019 with transthoracic 
echocardiogram during index hospitalisation. Charts were 
assessed for ADHF rehospitalisation within 1 year.
Results The median age was 64, 30.5% were female, 
and average left ventricular ejection fraction was 
41%±20%. IVC diameter correlated to pulmonary arterial 
(PA) pressure (R=0.347, p<0.001) and body surface area 
(BSA) (R=0.424 p<0.001). IVC diameter corrected for 
BSA correlated to PA pressure (R=0.287, p<0.001) and 
log N- terminal B- type natriuretic peptide (NT- proBNP) 
(R=0.247, p≤0.01). Patients rehospitalised within 1 year 
had significantly greater mean IVC diameter compared 
with those not rehospitalised (p<0.001) while there 
was no difference in mean net weight lost during index 
hospitalisation or mean log NT- proBNP. Patients with IVC 
diameter greater than 2.07 cm had significantly increased 
ADHF rehospitalisation (85.6% vs 49.3%, log rank 
p<0.001) with HR 2.44 (95% CI 1.85 to 3.23, p<0.001). In 
multivariable Cox regression only IVC diameter (p<0.001), 
presence of tricuspid regurgitation (p=0.02) and NYHA 
class III/IV (p<0.001) independently predicted ADHF 
rehospitalisation within 1 year.
Conclusions IVC diameter is predictive of 
rehospitalisation in patients with ADHF and may identify 
patients in need of greater monitoring and diuresis.

INTRODUCTION
The prevalence of heart failure continues 
to rise along with rates of hospitalisation for 
acute decompensated heart failure (ADHF). 
By 2030, more than 8 million people in 
the USA alone will have heart failure with 
projected associated medical cost of US $70 
billion dollars.1 The vast majority of ADHF 
admissions are due to volume overload 
rather than low cardiac output.2 3 Despite 
this, many patients are discharged persis-
tently volume overloaded. Accurate volume 

status determination in heart failure patients 
is crucial to direct medical management.

Physical examination findings such as 
peripheral oedema, jugular venous distention 
and rales are routinely used to assess volume 
status. It has been shown, however, that many 
heart failure patients have ultrasound indices 
of elevated intravascular volume in absence 
of these signs.4 5 Body weight trends are also 
frequently used but difficult to interpret as 
patients may gain non- fluid weight or lose 
skeletal muscle mass over time and daily 
weights in the hospital setting are prone to 
error. More recently, biomarkers B‐type natri-
uretic peptide (BNP) and N- terminal BNP 
(NT- proBNP) have gained utility. Natriuretic 
peptides rise in ADHF and relate to disease 
severity, but are not specific to heart failure 
and are influenced by renal function and 
body mass.6 Further, it has been shown that 
BNP does not correlate with haemodynamic 
measures of congestion in ADHF.7

Invasive pulmonary artery pressure guided 
heart failure management with CardioMEMS 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Ultrasound inferior vena cava (IVC) diameter may be 
a surrogate for intravascular volume status in heart 
failure patients, but there are limited studies on the 
utility of IVC diameter assessment in acute decom-
pensated heart failure (ADHF).

WHAT THIS STUDY ADDS
 ⇒ IVC diameter measured at any point during index 
hospitalisation is an independent predictor of ADHF 
rehospitalisation up to 1 year in patients with NYHA 
class I–IV and heart failure with both preserved and 
reduced ejection fraction.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ IVC diameter guided heart failure management may 
reduce ADHF hospitalisations and rehospitalisa-
tions, help guide diuretic dosing and reduce overall 
mortality. We are conducting a prospective study to 
validate this hypothesis.

http://www.bcs.com
http://openheart.bmj.com/
http://dx.doi.org/10.1136/openhrt-2023-002331
http://dx.doi.org/10.1136/openhrt-2023-002331
http://orcid.org/0000-0001-5913-1548
http://crossmark.crossref.org/dialog/?doi=10.1136/openhrt-2023-002331&domain=pdf&date_stamp=2023-09-11
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device (Abbott, Santa Clara, California, USA) has been 
shown to reduce hospitalisations and mortality in patients 
with heart failure with reduced ejection fraction on guide-
line directed medical therapy.8 CardioMEMS, however, 
requires an implant, is expensive and is only used in a 
small number of patients. In the inpatient setting, pulmo-
nary arterial (PA) catheter guided therapy failed to show 
benefit over clinical assessment in patients with heart 
failure and had higher risk of procedural complications.9

Non- invasive haemodynamic monitoring using ultra-
sound inferior vena cava (IVC) diameter measure-
ment may be an alternate surrogate for volume status, 
particularly intravascular volume, in patients with heart 
failure both in the inpatient and outpatient setting. IVC 
diameter can be used to approximate right atrial pres-
sure at least as precisely as complex prediction methods 
and changes in IVC diameter correlate with changes in 
pulmonary capillary wedge pressure.10 11 IVC diameter 
has also been shown to decrease with diuretics during 
treatment for ADHF.12 13 There are limited studies on 
the utility of IVC diameter assessment in heart failure 
patients and relationship to clinical variables. Most of 
these studies are in outpatients with chronic heart failure 
with only 1–3 months follow- up. We, therefore, sought to 
collect a large sample size of inpatients with ADHF with 
1- year follow- up.

METHODS
We conducted retrospective chart review for 200 patients 
admitted to University of California San Diego Health 
hospitals from 2018 to 2019 for primary diagnosis of 
ADHF, with both reduced and preserved ejection frac-
tion, who had a transthoracic echocardiogram during 
the index hospitalisation. Charts were assessed for ADHF 
rehospitalisation within 1 year. Patients were excluded 
if they required mechanical respiratory or circulatory 
support, were on inotropic agents, were on dialysis, had 
mechanical assist devices, cardiac transplant patients or 
congenital heart disease patients as IVC diameter may 
not correlate with RA pressures in these subsets.14 15 
Patients who died during the index hospitalisation were 
excluded.

IVC diameter as reported on formal transthoracic 
echocardiogram during index hospitalisation was 
recorded along with other echocardiographic parameters 
including left ventricular ejection fraction (LVEF), PA 
pressure estimated from tricuspid regurgitation velocity, 
tricuspid regurgitation and mitral regurgitation. Right 
ventricular (RV) failure was determined by tricuspid 
annular plane systolic excursion less than 16 mm or as 
qualitatively assessed by the reader.16 IVC image acqui-
sition was conducted using American Society of Echo-
cardiography guidelines in subcostal long axis view at 
end- expiration proximal to the junction of the hepatic 
veins that lie 0.5–3 cm proximal to the ostium of the right 
atrium. The images were obtained by 1 of 15 University 
of California San Diego (UCSD) cardiac sonographers 

using Siemens Acuson SC2000, Philips EPIQ CVx or GE 
Vivid E95 machines. Echocardiograms were read by 1 of 
15 UCSD cardiologists using Siemens Syngo Dynamics 
software. Body surface area (BSA) corrected IVC diam-
eter was calculated by dividing IVC diameter by BSA 
derived from Du Bois method.17 Ideal BSA corrected 
IVC diameter was calculated by dividing IVC diameter 
by ideal BSA based on body mass index (BMI) of 25 kg/
m2. Height corrected IVC diameter was calculated by 
dividing IVC diameter by height. Vital signs, laboratory 
results including NT pro- BNP and physical exam find-
ings within 24 hours of IVC diameter measurement were 
noted. Weight and cardiac medications were recorded 
from admission and discharge. Data from repeat trans-
thoracic echocardiograms within 1 year were recorded, if 
available, along with volume status at that time as deter-
mined using documented weight, physical examination 
findings and symptoms of congestion. Electronic medical 
records were reviewed for ADHF rehospitalisation within 
1 year of index hospitalisation.

Categorical data are presented as percentages and 
continuous data are presented as mean±SD. Log trans-
formed values for NT- pro BNP were used to reduce skew. 
The relationships between IVC diameter and other vari-
ables were assessed by Pearson correlation coefficients. 
Patients were grouped as those readmitted for ADHF 
within 1 year and those not readmitted for ADHF within 
1 year. Unpaired t- test was used to compare continuous 
variables between groups and χ2 test was used for categor-
ical variables. Associations between variables and ADHF 
rehospitalisation were assessed with univariable and 
multivariable Cox proportional hazards regression anal-
ysis with forwards and backwards procedures to deter-
mine independent predictors. We tested variables which 
have been shown to be related to ADHF rehospitalisa-
tion and mortality and are used in several risk prediction 
models.18 19 Subgroup analysis was conducted between 
patients with reduced and preserved ejection fraction, 
NYHA class and RV dysfunction. Receiver operating 
curve was calculated for IVC diameter as a continuous 
variable in predicting rehospitalisation within 1 year. 
Optimal IVC diameter cut- off was determined by Youden 
index. Kaplan- Meier curve with log- rank statistic was used 
to assess rehospitalisation within 1 year in patients above 
and below optimal IVC diameter cut- off. Wald χ2 testing 
was used to assess the goodness- of- fit. Analyses were 
performed using IBM SPSS Statistics for Windows, V.27 
(IBM), a two- sided p value less than 0.05 was considered 
statistically significant.

Patient and public involvement
Patients or the public were not involved in this study.

RESULTS
Patient characteristics
Two hundred patients were included in the study with 
characteristics as noted in table 1. The only missing 
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Table 1 Patient characteristics

Variable Total N=200 Not rehospitalised within 1 year N=56 Rehospitalised within 1 year N=144 P value

IVC diameter 2.25 (0.57) 1.90 (0.49) 2.39 (0.54) <0.001

BSA 2.02 (0.34) 1.96 (0.29) 2.05 (0.35) 0.11

Corrected IVC diameter 1.12 (0.27) 0.98 (0.25) 1.18 (0.25) <0.001

Age 66 (14) 69 (15) 65 (14) 0.09

Sex 0.51

Women 61 (30.5%) 19 (33.9%) 42 (29.2%)

Men 139 (69.5%) 37 (66.1%) 102 (70.8%)

NYHA functional class <0.001

  I 2 (1.0%) 2 (3.6%) 0 (0.0%)

  II 75 (37.5%) 41 (73.2%) 34 (23.6%)

  III 98 (49.0%) 10 (17.9%) 88 (61.1%)

  IV 25 (12.5%) 3 (5.4%) 22 (15.3%)

Afib/aflutter 74 (37.0%) 20 (35.7%) 54 (37.5%) 0.81

Ischaemic heart disease 64 (32.0%) 22 (39.3%) 42 (29.2%) 0.17

HLD 51 (25.5%) 16 (28.6%) 35 (24.3%) 0.53

HTN 117 (58.5%) 31 (55.4%) 86 (59.7%) 0.57

PAD 8 (4.0%) 3 (5.4%) 5 (3.5%) 0.54

CVA 17 (8.5%) 3 (5.4%) 14 (9.7%) 0.32

Diabetes 81 (40.5%) 22 (39.3%) 59 (41.0%) 0.83

CKD 53 (26.5%) 14 (25.0%) 39 (27.1%) 0.76

COPD 24 (12.0%) 5 (8.9%) 19 (13.2%) 0.41

Delta weight 15.21 (12.33) 16.63 (12.58) 14.66 (12.23) 0.31

Systolic BP 125 (23) 128 (26) 124 (22) 0.27

Diastolic BP 74 (17) 75 (20) 74 (15) 0.70

HR 88 (20) 85 (21) 89 (20) 0.19

Creatinine 1.55 (0.86) 1.41 (0.54) 1.60 (0.96) 0.08

eGFR 58.95 (27.44) 58.12 (24.14) 59.27 (28.69) 0.79

Sodium 138 (4) 139 (4) 138 (4) 0.18

Potassium 4.2 (0.5) 4.2 (0.4) 4.2 (0.6) 0.95

Haemoglobin 11.7 (2.5) 12.6 (2.4) 11.3 (2.4) <0.01

NT- proBNP 6530 (8106) 5075 (5993) 7106 (8756) 0.12

Elevated JVP 125 (62.5%) 37 (66.1%) 88 (61.1%) 0.52

Crackles 93 (46.5%) 26 (46.4%) 67 (46.5%) 0.99

Peripheral oedema 162 (81.0%) 46 (82.1%) 116 (80.5%) 0.80

Medications

  Beta blocker 152 (76.0%) 46 (82.1%) 106 (73.6%) 0.21

  ACE/ARB 96 (48.0%) 29 (51.8%) 67 (46.5%) 0.50

  Aldosterone antagonist 51 (25.5%) 11 (19.6%) 40 (27.8%) 0.24

  ARNI 12 (6.0%) 7 (12.5%) 5 (3.5%) 0.02

  Loop diuretic 184 (92.0%) 51 (91.1%) 133 (92.4%) 0.76

  Statin 113 (56.5%) 39 (69.6%) 74 (51.4%) 0.02

  Antiplatelet 21 (10.5%) 7 (12.5%) 14 (9.7%) 0.57

  Warfarin 24 (12.0%) 5 (8.9%) 19 (13.2%) 0.41

  DOAC 58 (29.0%) 19 (33.9%) 39 (27.1%) 0.34

  Digoxin 17 (8.5%) 5 (8.9%) 12 (8.3%) 0.89

Continued
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data was BNPP for 12 patients and PA pressure for 17 
patients due to insufficient tricuspid regurgitation. The 
mean patient age was 66±14 with 30.5% female. A total 
of 122 patients had heart failure with reduced ejection 
fraction less than 50%, 78 patients had heart failure with 
preserved ejection fraction greater than or equal to 50%, 
and 109 patients had RV dysfunction. Most patients had 
NYHA class II (37.5%) and III (49%) heart failure with 
mean LVEF of 41%±20%. Patients were on a variety of 
outpatient cardiac medications, loop diuretics (92%) and 
beta blockers (76%) were the most common. Diabetes 
(40.5%) and hypertension (58.5%) were the most 
common comorbidities.

Patients with preserved ejection fraction were more 
likely to have hypertension (67.9% vs 52.5%, p=0.03) 
and chronic kidney disease (35.9% vs 20.5%, p=0.02). 
Those with reduced ejection fraction were more likely to 
have elevated jugular venous pressure (71.3% vs 48.7%, 
p<0.01) whereas there was no difference in IVC diam-
eter between preserved and reduced ejection fraction 

(2.31 cm vs 2.16 cm, p=0.06). Patients with RV dysfunction 
had significantly greater mean IVC diameter compared 
with those without RV dysfunction (2.39 cm vs 2.10 cm 
P<0.001).

Correlates of IVC diameter
The relationship between variables associated with IVC 
diameter and corrected IVC diameter is shown in table 2. 
IVC diameter correlated to PA pressure (R=0.347, p<0.001) 
(figure 1A) and BSA (R=0.424, p<0.001) (figure 1B). IVC 
diameter also correlated to height (R=0.350, p<0.001), 
ideal BSA based on BMI 25 kg/m2 (R=0.350, p<0.001), 
age (R=−0.315, p<0.001) and LVEF (R=−0.200, p≤0.01). 
IVC diameter corrected for BSA correlated to PA pres-
sure (R=0.287, p<0.001) (figure 1C) and log NT- proBNP 
(R=0.247, p≤0.01) (figure 1D). IVC diameter corrected for 
BSA also correlated to haemoglobin (R=−0.159, p<0.03) 
and LVEF (R=−0.192, p≤0.01). IVC diameter corrected 
for ideal BSA based on BMI 25 kg/m2 correlated to age 
(R=−0.194, p≤0.01), PA pressure (R=0.329, p≤0.001) and 

Variable Total N=200 Not rehospitalised within 1 year N=56 Rehospitalised within 1 year N=144 P value

ICD 17 (8.5%) 3 (5.4%) 14 (9.7%) 0.32

CRT 5 (2.5%) 2 (3.6%) 3 (2.1%) 0.55

CardioMEMS 3 (1.5%) 0 (0.0%) 3 (2.1%) 0.28

Echocardiographic findings

  LVEF 41 (20) 43 (19) 40 (20) 0.25

  PA pressure 46 (14) 42 (15) 48 (14) 0.01

  Tricuspid regurgitation <0.01

  None/trace 49 (24.5%) 22 (39.3%) 27 (18.8%)

  Mild 79 (39.5%) 21 (37.5%) 58 (40.3%)

  Moderate/severe 72 (36.0%) 13 (23.2%) 59 (41.0%)

  Mitral regurgitation 0.02

  None/trace 65 (32.5%) 25 (44.6%) 40 (27.8%)

  Mild 77 (38.5%) 15 (26.8%) 62 (43.1%)

  Moderate/severe 58 (29.0%) 16 (28.6%) 42 (29.2%)

RV dysfunction 109 (54.5%) 25 (44.6%) 84 (58.3%) 0.06

Race/ethnicity

White 96 (48.0%) 27 (48.2%) 69 (47.9%) 0.97

Black 46 (23.0%) 10 (17.9%) 36 (25.0%) 0.28

Hispanic (any race) 29 (14.5%) 7 (12.5%) 22 (15.3%) 0.62

Asian 19 (9.5%) 7 (12.5%) 12 (8.3%) 0.37

Other 39 (19.5%) 12 (21.4%) 27 (18.8%) 0.67

Values are mean±SD for continuous variables and number and percent of patients for categorical variables. The statistical difference between 
variables is given for the comparison between patients with and without ADHF readmission within 1 year. Corrected IVC diameter refers to 
IVC diameter corrected for BSA.
ADHF, acute decompensated heart failure; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; BP, 
blood pressure; BSA, body surface area; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRT, cardiac 
resynchronisation therapy; CVA, cerebrovascular accident; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration rate; HLD, 
hyperlipidaemia; HR, heart rate; HTN, hypertension; ICD, implantable cardioverter defibrillator; IVC, inferior vena cava; JVP, jugular venous 
pulse; LVEF, left ventricular ejection fraction; NT- proBNP, N- terminal B- type natriuretic peptide; NYHA, New York Heart Association; PA, 
pulmonary arterial; PAD, peripheral arterial disease; RV, right ventricular.

Table 1 Continued
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creatinine (R=0.148, p=0.04). IVC diameter corrected for 
height correlated to age (R=−0.247, p<0.001), PA pres-
sure (R=0.345, p≤0.001) and LVEF (R=−0.150, p=0.03). 
IVC diameter and corrected IVC diameter did not corre-
late with glomerular filtration rate.

Rehospitalisation for ADHF
Of the 200 patients studied, 144 patients were readmitted 
for ADHF within 1 year of index hospitalisation. There 
were nine deaths within 1 year of index hospitalisation, 
all after rehospitalisation for ADHF. Patients readmitted 
within 1 year had significantly greater mean IVC diam-
eter compared with those not readmitted (2.39 cm vs 
1.90 cm, p<0.001) (online supplemental figure 1). They 
also had higher NYHA functional class (p<0.001) and 
presence of tricuspid (p≤0.01) or mitral (p=0.02) regur-
gitation. Patients not readmitted were more likely to be 
on statins (p=0.02) and angiotensin receptor neprilysin 
inhibitors (ARNI) (p=0.02). There was no difference in 
net weight lost during hospitalisation, NT- proBNP or 
LVEF between those readmitted within 1 year and those 
not readmitted. There was also no difference in age, sex, 
race/ethnicity, medical history or physical exam findings 
between groups (table 1). Patients who died within 1 year 
of index hospitalisation had significantly greater mean 
IVC diameter (2.92 cm vs 2.22 cm, p<0.001) and PA pres-
sure (60 mm Hg vs 46 mm Hg, p≤0.01) than those that 
did not die within 1 year.

Receiver operating curve for IVC diameter as a 
continuous variable in predicting rehospitalisation 
within 1 year demonstrated area under the curve of 
0.758 (95% CI 0.680 to 0.835, p<0.001) with 2.07 cm 
(sensitivity 76% specificity 68%) as ideal cut point 

(figure 2). Uncorrected IVC diameter had greater 
predictive value for rehospitalisation within 1 year 
than IVC diameter corrected for BSA which had area 
under the curve of 0.728 (95% CI 0.648 to 0.809, 
p<0.001) with 1.03 cm/m2 (sensitivity 71% specificity 
68%) as ideal cut point. Uncorrected IVC diameter 
also had greater predictive value for rehospitalisation 
within 1 year than IVC diameter corrected for ideal 

Figure 1 (A) Scatter plot of PA pressure by IVC diameter. (B) Scatter plot of IVC diameter by BSA. (C) Scatter plot of PA 
pressure by IVC diameter corrected for BSA. (D) Scatter plot of log NT- proBNP by IVC diameter corrected for BSA. BSA, body 
surface area; IVC, inferior vena cava; NT- proBNP, N- terminal B- type natriuretic peptide; PA, pulmonary arterial.

Figure 2 ROC curve of IVC diameter in predicting 1- year 
rehospitalisation. AUC, area under the curve; IVC, inferior 
vena cava; ROC, receiver operating curve.

https://dx.doi.org/10.1136/openhrt-2023-002331
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BSA which had area under the curve of 0.743 (95% CI 
0.660 to 0.825, p<0.001) and IVC diameter corrected 
for height which had area under the curve of 0.751 
(95% CI 0.670 to 0.832, p<0.001).

Those with IVC diameter greater than 2.07 cm had 
greater BSA (2.12 m2 vs 1.86 m2, p<0.001), higher PA 
pressure (41 mm Hg vs 50 mm Hg, p<0.001) and lower 
LVEF (38% vs 45%, p=0.03). They were also more likely 
to be men (p=0.001) and had greater NYHA functional 
class (p=0.02).

Patients with IVC diameter greater than optimal cut 
point 2.07 cm had significantly increased ADHF rehospi-
talisation within 1 year (85.6% vs 49.3%, log rank p<0.001) 
with HR 2.44 (95% CI 1.85 to 3.23, p<0.001) (figure 3).

In univariable Cox regression, IVC diameter (p<0.001), 
IVC diameter corrected for BSA (p<0.001), IVC diam-
eter corrected for ideal BSA (p<0.001), IVC diameter 
corrected for height (p<0.001), NYHA functional class 
(p<0.001), log NT- proBNP (p≤0.01), tricuspid regur-
gitation (p≤0.01) and mitral regurgitation (p=0.03) 
predicted ADHF rehospitalisation within 1 year (table 3). 
Uncorrected IVC diameter had the highest Wald χ2 value 
for goodness- of- fit.

In multivariable Cox regression using variables 
selected from forwards and backwards procedures 
only IVC diameter (p<0.001), presence of tricuspid 
regurgitation (p=0.02) and NYHA class III/IV 
(p<0.001) independently predicted ADHF rehospi-
talisation within 1 year (table 4). IVC diameter alone 
had Wald χ2 goodness- of- fit of 36.77 p<0.001 for 
predicting ADHF rehospitalisation. IVC diameter and 
NYHA functional class had Wald χ2 goodness- of- fit of 
68.32 p<0.001 for predicting ADHF rehospitalisation. 
IVC diameter, NYHA functional class and presence of 
TR had Wald χ2 goodness- of- fit of 73.62 p<0.001 for 
predicting ADHF rehospitalisation. Log NT- proBNP 

was not a statistically significant predictor of rehospi-
talisation in multivariable Cox regression.

Subgroup analysis
In univariable Cox regression IVC diameter, IVC diam-
eter corrected for BSA, IVC diameter corrected for ideal 
BSA and IVC diameter corrected for height predicted 
ADHF rehospitalisation within 1 year in patients with 
NYHA class I/II, NYHA class III/IV, heart failure with 
preserved ejection fraction, heart failure with reduced 
ejection fraction and RV dysfunction (online supple-
mental tables 2,4,6,8,10,12).

In multivariable Cox regression for patients with 
NYHA class I/II, IVC diameter (p<0.001) and log 
NT- proBNP (p=0.02) independently predicted ADHF 
rehospitalisation within 1 year (online supplemental 
table 3). In multivariable Cox regression for patients 
with NYHA class III/IV, IVC diameter corrected for 
BSA (p<0.001), net weight lost (p=0.01), heart rate 
(p<0.001) and creatinine (p=0.03) independently 
predicted ADHF rehospitalisation within 1 year 
(online supplemental table 5).

In multivariable Cox regression for patients with 
heart failure with preserved ejection fraction, BSA 
corrected IVC diameter (p=0.01), presence of tricuspid 
regurgitation (p=0.01), haemoglobin (p≤0.01) and 
NYHA class III/IV (p<0.001) independently predicted 
ADHF rehospitalisation within 1 year (online supple-
mental table 7).In multivariable Cox regression for 
patients with heart failure with reduced ejection frac-
tion, IVC diameter corrected for ideal BSA (p<0.001), 
net weight lost (p≤0.01), heart rate (p<0.001) and 
NYHA class III/IV (p≤0.01) independently predicted 
ADHF rehospitalisation within 1 year (online supple-
mental table 9).

In multivariable Cox regression for patients with RV 
dysfunction, height corrected IVC diameter (p<0.001), 
net weight lost (p=0.01), NYHA class III/IV (p=0.01) and 
LVEF (p=0.04) independently predicted ADHF reshos-
pitalisation within 1 year (online supplemental table 
11). In multivariable Cox regression for patients without 
RV dysfunction, BSA corrected IVC diameter (p=0.03), 
NYHA class III/IV (p<0.001), heart rate (p<0.01) and 
haemoglobin (p<0.01) independently predicted ADHF 
reshospitalisation within 1 year (online supplemental 
table 13).

IVC diameter from subsequent echocardiograms
A total of 128 patients had repeat transthoracic echocar-
diogram within 1 year of index ADHF hospitalisation. 
Fifty- one of these patients were clinically euvolaemic and 
77 were clinically hypervolaemic at time of subsequent 
transthoracic echocardiogram. Volume status was deter-
mined using documented weight, physical examination 
findings and symptoms of congestion. Those that were 
hypervolaemic had significantly greater IVC diameter 
compared with those that were euvolaemic (2.43 cm vs 
1.44 cm, p<0.001). Regardless of volume status at time 

Figure 3 IVC diameter and rehospitalisation after ADHF 
hospitalisation. ADHF, acute decompensated heart failure; 
IVC, inferior vena cava.

https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
https://dx.doi.org/10.1136/openhrt-2023-002331
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of subsequent IVC diameter measurement, patients who 
were readmitted for ADHF within 1 year had significantly 
greater IVC diameter than patients who were not read-
mitted (2.16 cm vs 1.61 cm, p≤0.001).

DISCUSSION
Symptomatic volume overload necessitating intravenous 
diuretics in the absence of reduced cardiac output is 
the primary cause of ADHF admissions accounting for 
more than 90% of cases.3 Serial volume status assessment 

Table 3 Univariable Cox regression for ADHF rehospitalisation within 1 year (N=200 patients with 144 events)

Variable HR (95% CI) Wald χ2 P value

IVC diameter 2.44 (1.85 to 3.23) 38.91 <0.001

BSA 1.50 (0.89 to 2.51) 2.36 0.13

BSA corrected IVC diameter 5.58 (3.11 to 10.01) 33.21 <0.001

Ideal BSA (BMI 25 kg/m2) corrected IVC diameter 4.50 (2.72 to 7.44) 34.15 <0.001

Height corrected IVC diameter 4.66 (2.84 to 7.65) 37.25 <0.001

Days hospitalised 1.05 (1.01 to 1.08) 7.9 <0.01

Age 0.99 (0.98 to 1.00) 4.03 0.05

Men 1.23 (0.86 to 1.76) 1.29 0.26

NYHA functional class III/IV versus I/II 3.39 (2.29 to 5.01) 37.34 <0.001

Afib/aflutter 0.99 (0.71 to 1.39) 0.01 0.95

Ischaemic heart disease 0.74 (0.52 to 1.06) 2.72 0.10

HLD 0.88 (0.60 to 1.28) 0.47 0.50

HTN 1.09 (0.78 to 1.52) 0.27 0.60

PAD 0.89 (0.37 to 2.18) 0.06 0.80

CVA 1.24 (0.72 to 2.16) 0.59 0.44

Diabetes 0.98 (0.70 to 1.36) 0.02 0.89

CKD 1.05 (0.72 to 1.51) 0.05 0.82

COPD 1.21 (0.74 to 1.96) 0.58 0.45

Delta weight 0.99 (0.98 to 1.01) 1.69 0.19

Systolic BP 1.00 (0.99 to 1.00) 0.70 0.40

Diastolic BP 1.00 (0.99 to 1.01) 0.09 0.77

HR 1.01 (1.00 to 1.02) 5.94 0.02

Creatinine 1.20 (1.00 to 1.45) 3.83 0.05

eGFR 1.00 (0.99 to 1.01) 0.01 0.91

Sodium 0.95 (0.90 to 0.99) 6.04 0.01

Potassium 0.96 (0.70 to 1.32) 0.07 0.80

Haemoglobin 0.90 (0.84 to 0.96) 8.88 <0.01

Log NT- proBNP 1.63 (1.15 to 2.32) 7.35 <0.01

Elevated JVP 0.93 (0.66 to 1.30) 0.19 0.66

Crackles 1.03 (0.75 to 1.43) 0.04 0.85

Peripheral oedema 0.96 (0.64 to 1.45) 0.04 0.85

LVEF 0.99 (0.98 to 1.00) 4.93 0.03

PA pressure 1.02 (1.01 to 1.03) 9.20 <0.01

Tricuspid regurgitation 1.96 (1.29 to 2.98) 9.84 <0.01

Mitral regurgitation 1.49 (1.03 to 2.15) 4.57 0.03

RV dysfunction 1.47 (1.05 to 2.04) 5.09 0.02

ADHF, acute decompensated heart failure; BMI, body mass index; BP, blood pressure; BSA, body surface area; CKD, chronic kidney 
disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; eGFR, estimated glomerular filtration rate; HLD, 
hyperlipidaemia; HR, heart rate; HTN, hypertension; IVC, inferior vena cava; JVP, jugular venous pulse; LVEF, left ventricular ejection fraction; 
NT- proBNP, N- terminal B- type natriuretic peptide; NYHA, New York Heart Association; PA, pulmonary arterial; PAD, peripheral arterial 
disease; RV, right ventricular.
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is crucial in ADHF yet routinely used measures such as 
jugular venous distention and weight are inexact. Our 
study shows that IVC diameter may be an alternate surro-
gate for volume status which predicts ADHF rehospitali-
sation.

This study is one of the largest sample sizes of inpa-
tients hospitalised for ADHF, both reduced and preserved 
ejection fraction, with comprehensive consideration of 
covariates and the longest follow- up time in assessing 
rehospitalisation. Several previous studies only included 
patients with reduced ejection fraction, solely assessed 
mortality, dichotomised IVC diameter at 2.1 cm and did 
not consider NT- proBNP or clinical signs in analyses. We 
evaluated both IVC diameter and clinical variables and 
their correlation with rehospitalisation in a broad group 
of patients with ADHF.

In our study, patients rehospitalised for ADHF within 
1 year had significantly greater IVC diameter during index 
hospitalisation. This is consistent with previous studies 
that associated greater IVC diameter during ADHF hospi-
talisation with poor outcomes.20–22 Analogous studies in 
outpatients with chronic heart failure showed that greater 
IVC diameter is associated with increased hospital admis-
sions and mortality.4 23–25 Conversely, a single centre study 
found that IVC diameter was suboptimal to differentiate 
acute dyspnoea due to heart failure versus other causes 
likely due to a heterogenous population with numerous 
confounders.26 We also found that those rehospitalised 
within 1 year had significantly lower haemoglobin which 
has been shown as a poor prognostic indicator in heart 
failure.27 28 This may reflect anaemia of chronic disease or 
renal dysfunction from chronic heart failure or pseudo 
anaemia from increased intravascular volume in acute 
decompensation.29 Those rehospitalised were more 
likely to have tricuspid regurgitation and mitral regur-
gitation consistent with previous studies.30–32 There was 
no difference in LVEF among those rehospitalised within 

1 year and those not rehospitalised within 1 year. There 
were significantly more patients on statins and ARNIs 
in the not readmitted group. Previous studies reported 
decreased heart failure hospitalisation and rehospitalisa-
tion rates on these medications.33 34 We found no differ-
ence in NT- proBNP between those rehospitalised and not 
rehospitalised. This may be because we compared values 
from various time points during hospitalisation. Previous 
studies showed a difference in predischarge natriuretic 
peptides in patients who were readmitted compared 
with those that were not readmitted but no difference in 
admission values.20 35–38

There was no difference in net weight lost or phys-
ical exam findings between those rehospitalised and 
not rehospitalised, highlighting the limitations of these 
parameters. Those with reduced ejection fraction were 
more likely to have jugular venous distention whereas 
there was no difference in IVC diameter between patients 
with preserved and reduced ejection fraction. IVC diam-
eter may be more indicative of volume status indepen-
dent of LVEF.

Our study shows a significant correlation between IVC 
diameter and BSA indicating that patients may have 
individual ‘dry weight’ IVC diameters. This supports a 
previous study which found that patients with low and 
high BSA had statistically different IVC diameter cutoffs 
for detecting RA pressure greater than 10 mm Hg.39 
The relation between IVC diameter and BSA may be 
confounded by obesity, thus we also indexed IVC diam-
eter to height and ideal BSA based on height. Regard-
less, we found that uncorrected IVC diameter had greater 
predictive value for rehospitalisation within 1 year than 
IVC diameter corrected for BSA.

Only IVC diameter corrected for BSA correlated to 
log NT- proBNP. Previous studies in outpatients with 
heart failure found a correlation between IVC diameter 
and log NT- proBNP.23 Studies in inpatients with ADHF 
found poor correlation between IVC diameter and log 
NT- proBNP, a stronger correlation in those with systolic 
heart failure, and a lack of correlation among women.20 40 
Our findings may be explained by factors known to impact 
NT- proBNP such as age, sex, renal function and body 
mass.6 Natriuretic peptide levels are also not specific to 
heart failure. IVC diameter and natriuretic peptides may 
provide complimentary data in clinical settings. When 
there are heart failure signs and symptoms in absence of 
LV wall stress, NT- proBNP may not be elevated and IVC 
diameter may be a better direct measure of cardiac filling 
pressures. Unlike NT- proBNP, we found that IVC diam-
eter is independent of glomerular filtration rate and may 
quantify congestion similarly in presence or absence of 
renal dysfunction.

IVC diameter, IVC diameter corrected for BSA, IVC 
diameter corrected for ideal BSA and IVC diameter 
corrected for height correlated to PA pressure supporting 
IVC diameter as method of non- invasive haemodynamic 
monitoring. IVC diameter may even be a more sensitive 
measure of volume status change than pressure. Studies of 

Table 4 Multivariable Cox regression for ADHF 
rehospitalisation within 1 year (N=200 patients with 144 
events)

Variable HR (95% CI) Wald χ2 P value

IVC diameter 2.24 (1.63 to 3.08) 24.76 <0.001

NYHA functional 
class III/IV versus I/II

2.65 (1.76 to 3.99) 21.95 <0.001

Delta weight 0.98 (0.96 to 0.99) 8.79 <0.01

HR 1.01 (1.00 to 1.02) 6.24 0.01

Sodium 0.95 (0.91 to 1.00) 4.70 0.03

Haemoglobin 0.92 (0.85 to 0.99) 4.73 0.03

Tricuspid 
regurgitation

1.65 (1.08 to 2.52) 5.27 0.02

Multivariable Cox regression analysis based on independent 
predictor variables from forwards and backwards procedures.
ADHF, acute decompensated heart failure; HR, heart rate; IVC, 
inferior vena cava; NYHA, New York Heart Assocation.
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canine and human IVC demonstrate that volume changes 
precede pressure changes during distention.41 42 As intra-
vascular volume initially increases there is a considerable 
shape change of the IVC from elliptical to circular with 
minimal associated pressure change. During this period, 
there is a large change in volume with minimal change 
in pressure and IVC diameter may be more reflec-
tive of volume status. Further, central venous pressure 
and wedge pressure have poor correlation with blood 
volume.43 Whereas, changes in IVC diameter have been 
shown to reflect blood volume changes during haemodi-
alysis and blood donation.44 45 Measuring volume directly 
using IVC diameter may be more effective than central 
venous pressure.

This study identifies IVC diameter as an independent 
predictor for ADHF rehospitalisation within 1 year in 
patients with NYHA class I–IV and heart failure with both 
preserved and reduced ejection fraction. NYHA class III/
IV was also a significant predictor of rehospitalisation 
with similar effect measures as IVC diameter. IVC diam-
eter and NYHA class provide complimentary information 
to risk stratify patients. IVC diameter is both a predictor 
of rehospitalisation and a potential therapeutic target in 
ADHF. Patients readmitted for ADHF had significantly 
greater IVC diameter on subsequent echocardiograms 
within 1 year of index hospitalisation regardless of clin-
ical volume status at that time. Patients may be under-
treated with subclinical intravascular volume elevation 
at time of discharge which predisposes them to ADHF 
rehospitalisation.29 IVC diameter may be used to detect 
subclinical congestion and allow for interventions which 
prevent hospitalisations.

Serial IVC diameter measurement may be useful 
to guide ADHF management. Previous studies have 
shown that IVC diameter decreases from ADHF admis-
sion to discharge and demonstrated reproducible IVC 
image acquisition by healthcare providers with limited 
ultrasound training.46–49 We determined an optimal 
cut- off value for IVC diameter which can be used to 
assess whether patients need ongoing diuresis or can 
be discharged and identify those in need of frequent 
follow- up.

Study limitations
This is a single centre retrospective study with a modest 
sample size. IVC diameter measurements are from various 
times points during index ADHF hospitalisation and 
were not standardised among patients. This would bias 
towards the null hypothesis, but still our data indicates 
that any evidence of large IVC diameter obtained during 
the hospitalisation is clinically significant in all subgroups 
of patients with decompensated heart failure. Given that 
this was a retrospective study we were unable to deter-
mine whether IVC diameter guided ADHF management 
improves outcomes compared with standard of care, a 
topic for future study.

CONCLUSIONS
IVC diameter is an independent predictor of rehospital-
isation in patients with ADHF and may identify patients 
in need of greater monitoring and diuresis. IVC diam-
eter guided heart failure management in the inpatient 
and outpatient setting may reduce ADHF hospitalisations 
and rehospitalisations, help guide diuretic dosing, and 
reduce overall mortality. Prospective studies are neces-
sary to test this hypothesis.
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