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Abstract

Background: Although pleural effusions are common among patients with acute heart failure,
the relevance of pleural effusion size assessed on thoracic ultrasound has not been investigated
systematically.

Methods: In this prospective observational study, we included patients hospitalised for acute
heart failure and performed a thoracic ultrasound early after admission (thoracic ultrasound 1) and
at discharge (thoracic ultrasound 2) independently of routine clinical management. A
semiquantitative score was applied offline blinded to clinical findings to categorise and monitor
pleural effusion size.

Results: Among 188 patients (median age 72 years, 62% men, 78% white, median left
ventricular ejection fraction 38%), pleural effusions on thoracic ultrasound 1 were present in 66%
of patients and decreased in size during the hospitalisation in 75% based on the pleural effusion
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score (£<0.0001). Higher values of the pleural effusion score were associated with higher pleural
effusion volumes on computed tomography (£<0.001), higher NT-pro brain natriuretic peptide
values (P£=0.001) and a greater number of B-lines on lung ultrasound (~=0.004). Nevertheless,
47% of patients were discharged with persistent pleural effusions, 19% with large effusions.
However, higher values of the pleural effusion score on thoracic ultrasound 2 did not identify
patients at increased risk of 90-day heart failure rehospitalisations or death (adjusted hazard ratio
(HR) 1.05, 95% confidence interval (Cl) 0.92-1.19; P=0.46) whereas seven or more B-lines on
lung ultrasound at discharge were independently associated with adverse events (adjusted HR
2.43, 95% CI 1.11-5.37; P=0.027).

Conclusion: Among patients with acute heart failure, pleural effusions are associated with other
clinical, imaging and laboratory markers of congestion and improve with heart failure therapy. The
prognostic relevance of persistent pleural effusions at discharge should be investigated in larger
studies.

Keywords
Ultrasound; pleural effusion; acute heart failure

Introduction

In patients hospitalised for acute heart failure (AHF) persistent signs and symptoms of
congestion prior to discharge are important predictors of heart failure (HF) rehospitalisations
and death.! Pleural effusions (PEFs) represent a common finding in these patients.?
Depending on the imaging method, the reported prevalence of PEFs in AHF varies
considerably, ranging from 47% and 89%.3-5 Similarly, the size of effusions (i.e. the amount
of fluid) varies greatly among patients. The prognostic relevance of PEFs and the effect of
treatment on PEFs (as well as the prognostic relevance of the response to treatment) have not
been investigated systematically. Thoracic ultrasound (TUS) has been shown to detect PEFs
with higher sensitivity and specificity than chest radiography (CXR) in several studies.5—2
TUS is increasingly used in the evaluation of patients with AHF and standardised
approaches to quantifying lung B-lines as a dynamic surrogate for interstitial fluid have been
described. By contrast, a standardised approach to the ultrasound quantification of pleural
fluid is still lacking, and how pleural fluid detected by TUS changes following treatment in
patients hospitalised with AHF has not been reported.

In this study of patients hospitalised for AHF, we quantified PEFs applying a
semiquantitative TUS score. Based on this score, we examined the prevalence, distribution
and change in PEF size in response to standard HF therapy during hospitalisation. Finally,
we investigated the association between PEF size and clinical, laboratory and imaging
markers of congestion, as well as the association between persistent PEFs and post-
discharge outcomes.
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Methods
Study population

This is a secondary analysis of a larger, prospective, observational study2C that enrolled 211
patients presenting with AHF at an academic hospital in the USA between April 2015 and
August 2017.

Inclusion criteria for this study were: patients aged 18 years and older who were admitted to
emergency observation or inpatient units with a diagnosis of AHF and requiring intravenous
diuretics who underwent a clinically indicated, comprehensive transthoracic echocardiogram
(TTE) early during admission. Patients with known or suspected HF with preserved ejection
fraction were additionally required to have a NT-pro brain natriuretic peptide (BNP) level of
1400 pg/ml or greater during the current admission.

We excluded patients with important heart or lung disease known to impact lung ultrasound
(LUS) findings, such as pneumonia or interstitial lung disease. Detailed inclusion and
exclusion criteria for this study have previously been published.19 Eligible patients were
identified using the daily echocardiographic laboratory schedule. All patients underwent
treatment for HF with the treating clinicians blinded to the TUS findings. Clinical,
laboratory and demographic data were extracted from patients’ hospital records by a trained
investigator. This study complied with the Declaration of Helsinki and the local institutional
review board approved the research protocol. Written informed consent was obtained from
all study participants.

Thoracic and LUS imaging protocol

All patients underwent comprehensive TTEs by trained sonographers early during the
admission. TTEs were performed using standard echocardiographic machines with phased
array transducers. Immediately after the TTEs, an admission TUS (TUS1) for PEF
assessment and a LUS (LUS1) for the investigation of B-lines were performed by a trained
research assistant not involved in the patient’s clinical care using the same ultrasound
equipment as for the TTEs.

To assess the presence of PEFs on TUS1, the transducer was positioned longitudinally
(perpendicular to the ribs) in an intercostal space in the posterior axillary line with the
patient in a semirecumbent position so that the liver or spleen, diaphragm and lung as well
as the spine were clearly visualised in one image (Figure 1(a and b)). The presence of B-
lines on LUS1 was examined in four standardised zones (two zones per hemithorax) and six
second clips were recorded for each zone. The highest number of B-lines obtained in one
intercostal space per zone was counted offline by two investigators blinded to clinical data as
previously described.1? The sum of B-lines in all four zones was considered the total number
of B-lines. A second TUS (TUS2) and LUS (LUS?2) examination were performed close to
hospital discharge.
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Semiquantitative PEF score

PEF size was categorised offline on de-identified six second clips by a single reader blinded
to clinical, laboratory and outcome data as well as to the time point the clips were obtained
using a semiquantitative score ranging from 0 to 4 points for each hemithorax. For the
definition of the score see Table 1 and Figure 1. To estimate the total fluid burden for each
patient the points of both hemi-thoraces were summed to a total PEF score ranging from 0 to
8.

CXR and CT image analyses

In patients who had undergone clinically indicated CXR and computed tomography (CT),
these images were analysed by an experienced radiologist trained in cardiovascular imaging
and blinded to the TUS measurements. On upright CXR images, PEFs were further
quantified based on a modified, previously published CXR PEF scorell-12 that is described
in detail in the Supplementary files. PEF volumes on CT were measured for each
hemithorax using the Vitrea Enterprise Suite (version 6.9.68.1) by Vital (Canon Medical
Research, USA Inc.). On serial axial images the PEFs were manually traced, and the final
volume was generated from the segmented three-dimensional image. Only CXR and CT
studies that were obtained within 24 hours of the TUS examination were included in the
analysis.

Outcome data collection

The time to first event was used for the primary endpoint (composite of HF readmission or
all-cause death) for the 90 days after hospitalisation. HF hospitalisations were confirmed
through patient follow-up phone calls, contacting the patients’ primary care physicians or
cardiologists and review of electronic medical records and adjudicated by two experienced
physicians. All-cause mortality was validated through review of the institution’s medical
records, the social security index and obituaries.

Statistical analysis

Descriptive statistics for continuous variables are expressed as medians (interquartile range;
IQR) and categorical variables as counts (percentages) unless otherwise noted. To analyse
further the associations between increasing PEF size and other variables, the study
population was divided into three groups based on the total PEF score: group 1: no PEFs
(PEF score 0), group 2: total PEF score of 1-4, and group 3: total PEF score of 5-8.
Between-group comparisons examining trends across the PEF study groups were assessed
using Cuzick’s non-parametric trend test and changes of the PEF score using Wilcoxon
signed rank tests. To investigate associations between the PEF score and volumetric
measurements, we performed a subgroup analysis in all patients who underwent a clinically
indicated CT examination within 24 hours of their TUS examination. A detailed presentation
of this analysis as well as intra and inter-reader agreement of the PEF score can be found in
the Supplementary files. For the analyses of time to death and/or hospitalisation unadjusted
and adjusted Cox proportional hazard models were used to investigate both the independent
effects of persistent PEFs prior to discharge on event-free survival and the prognostic value
of PEFs in addition to persistent B-lines. For the B-line analysis patients were divided into
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tertiles (0-3 B-lines, 3-6 B-lines, =7 B-lines) based on the sum of pre-discharge B-lines
(LUS?) as previously reported.10 To investigate the incremental prognostic value of PEFs,
we added the PEF score on TUS2 as a continuous predictor to the B-line outcome model.
All patients with complete data for both TUS2 and LUS2 were included in the analysis.
Forward stepwise selection was applied to model building including age, sex, baseline
systolic blood pressure, baseline log-transformed creatinine, baseline LVEF as well as
baseline log-transformed NT-proBNP and variables with a Pvalue less than 0.05 were added
to the model. Statistical analyses were performed using Stata SE, version 14.2 (StataCorp.,
College Station, TX, USA,; 2015) with Pvalues less than 0.05 considered statistically
significant.

Results

Study population

Of 211 patients enrolled in the study, 196 met the inclusion criteria and 188 had
interpretable PEF images for TUS1 (Figure 2). In the overall cohort, the median age was 72
years (IQR 63-82), 62% were men, 72% presented with NYHA class 111 or IV and 51% had
a reduced left ventricular ejection fraction (LVEF <40%) on admission.

Demographic data

The baseline characteristics of the study population stratified by PEF study group on
admission are presented in Table 2. Patients with higher PEF scores tended to be older, had a
lower BMI and were less likely to be black, to have a prior diagnosis of chronic HF or
obstructive sleep apnoea, and were less likely to take aldosterone inhibitors or diuretics as
home medication, but were more likely to receive oxygen supplementation on admission.
There was no significant difference in PEF size in men versus women (P=0.70).

Prevalence and size of PEFs on admission

Of the 188 patients included in the main analysis, 125 (66%) had PEFs on TUSL1. PEFs were
bilateral in 86 patients (69%). In the 39 patients (31%) with a unilateral effusion, 27 (69%)
were right-sided. In patients presenting with PEFs, the median total PEF score was 5 (IQR
2-T7). In patients with bilateral effusions, PEF scores on the right side tended to be higher
than on the left side (4 (IQR 3-4) vs. 3 (IQR 1-4), A<0.001).

Prevalence and size of PEFs prior to discharge

Of the 111 patients with PEF data prior to discharge, 52 (47%) still had residual PEFs while
59 (53%) did not have any PEFs. The median PEF score of patients with PEFs at discharge
was 4 (IQR 3-6).

Dynamic changes in PEF size during hospitalisation

Complete PEF data for both TUS1 and TUS2 were present in 108 patients. The median time
between the two examinations was 6 days (IQR 3-8). In 25% of patients with PEFs on
admission the total PEF score did not change while 50% improved by at least 2 points. The
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median change in the total PEF score was 1 (IQR 0-3). One-third of patients with PEFs on
TUS1 showed no PEF on TUS2. For the change in PEF study groups see Figures 3 and 4.

Clinical, laboratory and imaging markers of congestion

Outcomes

Only 34% of the patients with a PEF score between 5 and 8 on admission had diminished
breath sounds on auscultation, although 16% of patients without PEFs on TUS1 also had this
finding. There was an association between larger PEF size and both a higher number of B-
lines on LUS (P=0.004) and signs of vascular congestion on the initial CXR (P=0.013), as
well as a higher PEF score on CXR (£<0.001). Signs of pleural fluid on the admission CXR
were detected in 97% of patients with a PEF score of 5-8 but only in 64% of patients with a
PEF from 1 to 4 on the TUS examination. There were no significant differences in patient
reported dyspnoea at rest or with exertion between the three study groups. However, patients
with higher PEF scores had higher NT-proBNP levels (£=0.001) and a third heart sound was
more frequently detected (P=0.024) (Table 3). Higher PEF scores by ultrasound were
associated with larger PEF volumes measured on CT (£<0.001) (see Supplementary files).

Among the 109 patients with data for both TUS2 and LUS2, there were 36 patients (33%)
who experienced death or readmission for HF. In this cohort we did not observe a higher
event rate in patients with higher PEF scores (adjusted HR 1.05 per point increase in score,
95% CI 0.92-1.19; P=0.46). Patients with seven or more B-lines at discharge were at higher
risk of adverse events compared to patients with none to three B-lines (adjusted HR 2.43,
95% ClI 1.11-5.37; P=0.027, c-statistic 0.734), after adjusting for baseline systolic blood
pressure and baseline log-transformed creatinine. Further adjustment for the PEF score did
not alter the relationship between B-lines and outcomes (adjusted HR 2.39, 95% CI 1.09-
5.28; P=0.03, c-statistic 0.734), and in this model the PEF score was not significantly
associated with the outcome (HR 1.04, 95% CI 0.91-1.18; P=0.61).

Discussion

In this study we investigated the prevalence of PEFs detected using TUS in patients with
AHF and the characteristics of patients with and without PEFs. There were three main
findings. First, the PEF score we propose might be a useful approach to semiquantitatively
assess PEF size in patients with AHF and correlated well with CT quantification of PEF
size. Second, PEFs are common in AHF and change in size during hospitalisation which can
be quantified using the PEF score. Third, in this small cohort, persistent PEFs at discharge
did not improve the identification of AHF patients at risk of adverse outcomes at 90 days.

Quantifying PEFs in patients with HF using TUS

CXR remains the most commonly used method to image the lungs and pleura of patients
with AHF. Blackmore and colleagues compared PEF volumes on posterior—anterior and
lateral CXR with those measured using CT scanning in 71 patients with a suspected PEF.12
The upright CXR was shown to miss PEFs with a volume of up to 200 ml and, conversely,
patients with suspected PEFs on a CXR did not have a PEF confirmed on their CT.
Moreover, PEFs on CXR in supine patients are even more challenging to detect and

Eur Heart J Acute Cardiovasc Care. Author manuscript; available in PMC 2021 August 01.
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quantify.13 In a small cohort of intensive care unit patients with adult respiratory distress
syndrome, supine CXR demonstrated a sensitivity as low as 39% and a specificity of 85%
for detection of PEFs compared to CT.8 However, CT scanning involves more radiation
exposure, is more costly and is not as widely available as CXR, and is unlikely to replace it
as the first-line lung and pleural imaging modality in AHF.

TUS is another alternative and a variety of existing approaches to estimate the volumes of
PEFs have been proposed.14-16 However, their value in patients with AHF may be limited.
This is because some of these techniques require several measurements which are time
consuming, and others are only applicable for at least moderate to large effusions, having
been developed, primarily, to predict the safety of thoracentesis. Most importantly, an
approach to estimate the fluid burden in both hemi-thoraces combined has not been
developed. Kataokal’ proposed a semiquantitative strategy for unilateral PEFs that we have
extended and transformed into a score for patients with AHF. Our novel score has important
advantages for use in patients with AHF: it is easily obtainable at the bedside in
semirecumbent patients using standard ultrasound imaging planes. Image acquisition
requires little time (only one 6 second ultrasound clip per hemithorax) and the inter-reader
agreement for the PEF score was very high compared to prior PEF studies using CXR.12 In
this study, trained research assistants were able to obtain high quality images for the
detection of PEFs which supports the feasibility of this imaging protocol in providers with
little experience in point-of-care ultrasound imaging. A crucial benefit of this score over
prior CXR scores is the opportunity for serial assessments without exposing the patient to
radiation. This could facilitate frequent and cost-effective monitoring of change in PEF size
in response to therapy over the course of hospitalisation in a range of clinical settings, not
limited to patients with AHF.

Prevalence and size of PEFs in AHF

The prevalence of PEFs in this cohort was 66% and thus was higher than reported in
previous studies using CXR (46-55%).34 This may in part be due to a higher sensitivity of
TUS in detecting pleural fluid. Similarly, a prior small CT study reported a prevalence of
87% among patients with AHF.2 However, in this current analysis, the majority of patients
underwent the TUS1 the day after their admission after receiving diuretic therapy which
could have led to an underestimation of the prevalence of PEFs on admission.

The observed laterality of PEFs agrees with previous CXR and CT reports. In AHF, bilateral
effusions are more common than unilateral effusions, accounting for between 58%3 and
87%® of cases with PEFs. When unilateral, PEFs are more likely to be right-sided for
reasons not completely understood.2°:18 Furthermore, our findings also support and extend
the previous observation that in patients with bilateral PEFs, the amount of fluid on the right
side tends to be greater than on the left side, which has been described in both CXR and CT-
based studies.>18

Prior research1919.20 has demonstrated that B-lines on LUS are a dynamic surrogate of
pulmonary congestion and may be used to monitor the response to HF treatment, with a
significant decrease in the number of B-lines during hospitalisation for AHF. Based on prior
observations, both the development and complete resolution of PEFs have been thought to
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represent a slower aspect of pulmonary congestion (and de-congestion), possibly requiring
days to weeks to accumulate (and resolve).>21 In this analysis, only 25% of patients with
PEFs on admission demonstrated no change in the PEF score, whereas in 33% with PEFs on
admission we observed a complete regression of the effusions. This finding suggests that
decongestive therapy has a measurable effect on PEF size within a median of 6 days and that
PEF changes may be more dynamic than previously thought.

Prognostic implications of persistent PEFs at discharge

Limitations

Prior studies have demonstrated that HF patients are frequently discharged despite having
persistent clinical signs of congestion such as leg oedema or elevated jugular venous
distention, and these patients are at increased risk of subsequent mortality and readmissions.
1.22 Fyrthermore, studies investigating the prognostic implications of persistent B-lines on
LUS demonstrated an association between an increased number of residual B-lines prior to
discharge and adverse events.19:23 However, in most previously published LUS studies,
larger PEFs were an exclusion criterion due to interference with certain zones of the LUS
imaging protocol. The additional predictive value of PEFs on TUS has not been investigated
systematically in larger studies. Although persistent PEFs were not an independent predictor
of 90-day HF rehospitalisations or death in our cohort, only 50 patients were in this category
at discharge and of these only 17 had an event. Consequently, we did not have the statistical
power to examine this question. However, similar results were found in a small prospective
study of ambulatory patients with chronic HF in which the presence of any PEFs combined
with B-lines were associated with an increased risk of death or hospitalisation, while PEFs
alone after adjusting for age, NT-proBNP and LVEF were not.24 Validation of these findings
accounting for PEF size in larger HF cohorts is needed.

This was a single centre analysis with a small but well characterised cohort. As the PEF
score has its focus on the lung base it does not allow for further differentiation of very large
effusions. This may result in a larger spectrum of volumes in hemithoraces with a PEF score
of 4 and a change in size might not be captured by the score. However, based on prior CXR
studies, the majority of the PEFs in patients with HF are reported to be small to moderate in
size, occupying one third or less of the hemithorax which is in accordance with our findings.
18,25 As the score is based on adding the score values of each hemithorax it might result in
imprecise total estimates in the few patients with large unilateral effusions. However, the
three PEF study groups showed a significant association of higher scores with larger
volumes on CT. Comparison of the TUS to the CXR and CT findings should be viewed in
the context that the imaging modalities were conducted up to 24 hours apart and that patients
were receiving HF treatment in between. Also, patient positioning was different in the
respective examinations, with the TUS performed in a semi-recumbent, the CXR in an
upright and the CT scan in a supine position leading to a different pattern of fluid
accumulation.
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Conclusion

Our findings suggest that the proposed PEF score could be a useful method to
semiquantitatively assess and monitor the size of PEFs in patients with AHF. PEFs on TUS
were a common finding and a dynamic marker of pulmonary congestion in this cohort.
While increasing values of the PEF score were associated with other clinical, imaging and
laboratory markers of congestion, the question whether persistent PEFs at discharge
represent a predictor of adverse events should be investigated in larger studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
PEF score examples. Patient and probe positioning for PEF assessment (a). Example for

increasing PEF scores assessed on thoracic ultrasound from 0 to 4 (b—f). Asterisk represents
pleural fluid. PEF: pleural effusion score.
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Enrolled:
n=211

Included:
n=196

Excluded:
No TUS1 performed n=4
Volume overload not due to AHF n=1
Isolated right heart failure n=2
HFpEF and NT-proBNP <1,400 n=8

No PEF data for TUS1 n=8 | / \

No TUS2 performed n=72
Thoracentesis n=4
No PEF data for TUS2 n=9

Admission TUS1 Discharge TUS2
n=188 n=111

1——| No B-line data for LUS2 n=2

Complete data for
TUS2 and LUS2
n=109

I

90-day composite
outcome
n=36

Figure 2.
Study flow chart.

TUS: thoracic ultrasound; AHF: acute heart failure; HFpEF: heart failure with preserved

ejection fraction; PEF: pleural effusion.
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p<0.0001
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8 ]
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(@) TUS1 (n=108) (b) TUS2 (n=108)

Figure 3.
PEF study groups on admission (TUSL1) (a) and discharge (TUS2) (b) (7=108).

PEF: pleural effusion; TUS: thoracic ultrasound.
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No improvement in PEF group

PEF score 5-8 on TUS2
[ PEF score 1-4 on TUS2
[l PEF score 0 on TUS2

Improvement to lower PEF group

PEF score 0 PEF score 1-4 PEF score 5-8
on TUS1 on TUS1 on TUS1

Figure 4.
Change in PEF study group between TUS1 and TUS2 (7=108).

PEF: pleural effusion; TUS: thoracic ultrasound.
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Table 1.

Definition of the PEF score for each hemithorax.

No PEF visible
PEF only visible in the CPA
PEF extends over the CPA without a clear separation of the lung base from the diaphragm

Clear separation between diaphragm and lung base at any point during the respiratory cycle

A wWw N B O

PEF occupies more than 50% of the basal pleural cavity visible in the standardised imaging plane

PEF: pleural effusion; CPA: costophrenic angle.
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