Echocardiographic Predictors of Long-Term Mortality R

Check for

in Patients Presenting With Acute Pulmonary Embolism

Andrew D Terluk, MBBS“™', Siddharth J Trivedi, BSc, BMedSci, MBBS"*", ‘
Leonard Kritharides, PhD, Vincent Chow, BSc, MBBS, PhD¢, Ee-May Chia, MBBS, BSc, MPH"¢,
Karen Byth, PhD"™", Christian J Mussap, BSc, MBBS, PhD™£, Austin C.C. Ng, MBBS, BSc, MMed®, and

Liza Thomas, MBBS, PhD" &

Pulmonary embolism (PE) is associated with a high mortality; whether echocardiographic
evaluation at presentation predicts long-term adverse outcomes is of importance. We
sought to determine if a composite of routinely obtained echocardiographic parameters
could determine long-term adverse events in PE patients. Right ventricular (RV) size and
function and right atrial (RA) size were retrospectively evaluated in 233 consecutive PE
patients with an inpatient echocardiogram, and compared with 70 healthy controls; mor-
tality at 3 years was confirmed. PE patients had increased RV size (RV parasternal long-
axis diameter [RVPLAX] and RV end-diastolic volume [p < 0.001 for both]) and RA area
(p < 0.001). RV function was reduced in PE patients (RV fractional area change and RV
ejection fraction [p <0.001 for both]). Peak tricuspid regurgitation (TR) velocity was
higher in the PE group. At follow-up (3.0 & 2.1 years), 61 patients died; multivariable
analysis demonstrated RVPLAX diameter >37 mm (hazard ratio [HR] 2.3, 95% confi-
dence interval [CI] 1.3 to 4.2; p=0.005), RA area >20 cm? (HR 2.0, 95% CI 1.1 to 3.5;
p=0.016), and TR velocity >2.9 ms ! (HR 1.9, 95% CI 1.1 to 3.4; p =0.021), were inde-
pendent echocardiographic predictors of mortality. Patients with all 3 “risk markers” had
~17-fold increased mortality compared with those with no “risk markers” (HR 16.9, 95%
CI 6.1 to 47.2; p < 0.001). In conclusion, a composite of routinely collected echocardio-
graphic parameters, namely an enlarged RA and RV (RVPLAX diameter), and TR veloc-
ity, were independent predictors of mortality in PE patients, with an exponential increase
in mortality when all 3 parameters were significantly altered. Prospective validation is
required to confirm these preliminary observations. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;124:285—291)

Acute pulmonary embolism (PE) is the third most com-
mon diagnosis in cardiovascular disease.' Rates of PE have
been increasing,” with an associated significant mortality
risk, with a PE registry reporting a >10% short-term mor-
tality at 30 days.” Although a transthoracic echocardiogram
(TTE) can aid in the diagnosis of PE, its use in confirmed
PE is currently recommended in guidelines to risk stratify
intermediate risk patients.”” There are several reports on
echocardiographic determinants of acute outcome at
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30 days following PE®’; however, there is a paucity of data
on predictors of long-term outcome. Right ventricular (RV)
enlargement and dysfunction in PE portends a worse progno-
sis®’; however, it remains unclear as to which TTE parame-
ters provide utility in stratifying long-term risk.'’ Risk
stratification is of particular relevance in submassive PE
where in-hospital mortality approaches 15% despite a nor-
mal blood pressure.'’ With the development of emergent
interventional and thrombolytic therapies,'” risk stratification
of patients diagnosed with PE is increasingly important, as
this could aid in choice of therapy. We sought to determine
if a composite of simple, routinely evaluated echocardio-
graphic parameters at index hospital admission are useful for
long-term risk stratification in PE patients.

Methods

The study population comprised consecutive PE patients
(January 2001 to December 2010) at 2 tertiary institutions
(Liverpool Hospital and Concord Hospital, Sydney, Aus-
tralia) who had a TTE during admission. Patients were identi-
fied retrospectively from medical records; inclusion required
documented clinical diagnosis with treatment of acute PE,
with prespecified imaging diagnostic criteria (i.e., intermedi-
ate-high probability ventilation-perfusion scintigraphy (V/Q
scan) or computed-tomography pulmonary angiogram
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[CTPA] showing thrombus). For patients presenting with
recurrent PE, only the initial presentation was included.

We did not risk-stratify patients on the basis of previ-
ously established clinical indices,’ 113 a5 the study aim was
to evaluate the prognostic utility of echocardiography.
Healthy subjects with no previous history of malignancy,
cardiovascular or respiratory illness, not on cardiac or respi-
ratory medications, whose TTEs were available from a
departmental database, served as controls. The study proto-
col conformed to the ethical guidelines of the 1975 Declara-
tion of Helsinki and was approved by the Human Research
Ethics Committee of both institutions.

Patient demographics and clinical characteristics were
collected from hospital and local doctor medical records, as
previously described.'”'* This included the imaging inves-
tigation used to diagnose PE, risk factors for PE, and in-
hospital outcomes. A history of cardiovascular disease
(ischemic heart disease, cardiac failure, valvular heart dis-
ease, atrial fibrillation/flutter, peripheral vascular disease,
stroke), cardiac risk factors (hypertension, hyperlipidemia,
diabetes, current or ex-smoker), malignancy, pulmonary
disease (asthma, emphysema), neurodegenerative disease
(dementia, Parkinson’s disease), and chronic renal disease,
based on the International Classification of Disease, Tenth
Revision (ICD-10), were recorded.

The cohort were tracked for mortality events using a
state-wide death registry. A censor date was predetermined
to allow a minimum follow-up of 3 years. Adverse events
were corroborated with hospital electronic medical records.
Two hundred and thirty-nine PE patients underwent a TTE
at a mean of 3.4 days after admission to hospital; TTEs are
routinely performed using a standardized protocol at both
centers. All TTEs were independently reviewed by an expe-
rienced cardiologist, blinded to patient details. Six patients
were excluded before analysis due to suboptimal and lim-
ited images.

Echocardiograms were analyzed using commercially
available software (Philips Xcelera 3.2.1.712, Amsterdam,
Netherlands, or GE EchoPac 3.1.3, Chicago, Illinois); stan-
dard criteria were used for measurement of left and right
heart chambers.'” The left ventricular (LV) ejection frac-
tion (EF) was calculated using Simpson’s biplane method;
7 patients had a single plane LVEF due to limited biplane
images. The proximal RV outflow diameter was measured
in the parasternal long axis view (RVPLAX), and RV basal
and mid diameters and length were measured from the RV
focused apical 4 chamber View.ls_ RV end-diastolic and
end-systolic area were measured,'> and the RV fractional
area change (RVFAC) was calculated. RV end-diastolic
and end-systolic volumes were measured using a single
plane method of discs. Tricuspid regurgitation (TR) veloc-
ity was measured from multiple views (parasternal long
and short axis, and the apical 4 chamber and RV focused
views). The highest TR velocity was used in the final analy-
sis. Right atrial (RA) and left atrial (LA) maximal area were
measured from the apical 4-chamber view at end systole.
RA pressure was estimated from the inferior vena cava
diameter and collapsibility with respiration.'”

Categorical variables are expressed as frequencies/per-
centages, and continuous variables as mean =+ standard
deviation. Where appropriate, continuous variables were

log transformed to approximate normality or to stabilize the
variance before analysis. Student’s 7 Test was used to com-
pute unadjusted p values comparing the continuous varia-
bles between PE and control groups, and general linear
models used to obtain p values adjusted for the covariate
age. The area under the receiver operating characteristic
curve was used to determine the optimal echocardio-
graphic parameters for discriminating between PE patients
and controls.

Parameters were evaluated for association with adverse
events. Significant univariate echocardiographic parameters
were divided into quartiles and Cox proportional hazard
models were created to identify parameters that were signif-
icantly associated with mortality (p <0.1). Analysis was
performed using SPSS version 23.0 (IBM Inc., Armonk,
New York). A p value of <0.05 was considered statistically
significant.

Results

A total of 233 consecutive PE patients, with TTE per-
formed during index hospital admission were included in
the final analysis; the mean time to TTE from admission
was 3.4 days. Clinical and demographic characteristics of
PE patients are presented in Table 1. PE was confirmed by
CTPA in 51%, by ventilation-perfusion scintigraphy in
43%, and 6% had both.

Echocardiographic parameters in PE patients and con-
trols are shown in Tables 2A and 2B; as controls were
younger than PE patients, unadjusted as well as age
adjusted analysis was performed. As expected, PE patients

Table 1
Clinical, demographic, and outcome characteristics of PE patients
Parameter (mean + SD) or number (%) N=233
Age (years) 66 + 17
Males 99 (42 %)
Documented DVT during admission 70 (30 %)
Length of hospital stay (days) 10+8
Coronary heart disease 26 (11 %)
Congestive cardiac failure 25 (11 %)
Atrial flutter/fibrillation 25 (11 %)
Valvular heart disease 8 (3 %)
Peripheral vascular disease 15 (6 %)
Stroke 42 %)
Hypertension 44 (19 %)
Hyperlipidemia 17 (7 %)
Diabetes mellitus 30 (13 %)
Current smoker 23 (10 %)
Ex-smoker 43 (19 %)
Malignancy 26 (11 %)
Hypercoagulability 73 %)
Reduced mobility 17 (7 %)
Previous pulmonary hypertension 3(1 %)
Chronic pulmonary disease 13 (18 %)
Neurodegenerative disease 16 (22 %)
Chronic renal disease 17 (7 %)
Mean follow-up time (years) 3.0£2.1
Death 61 (26 %)
Inpatient death 8 (3 %)
Outpatient death 53 (23 %)

DVT =deep vein thrombosis.
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Table 2A
Left-sided and general echocardiographic parameters in controls and PE patients
Parameter Controls(n=70) PE (n=233) p Value

(mean £ SD) or number (%) (mean =£ SD) or number (%)

Unadjusted Age-adjusted

LA size
LA area (cm?) 18+3 1945 0.478 0.663
LV size and function
LV end diastolic volume (ml) 82 +£23 108 £+ 44 <0.001 <0.001
LV end systolic volume (ml) 334+12 50 + 35 <0.001 <0.001
LV ejection fraction (%) 59+6 56 + 12 0.066 0.047
Pressure estimates
Peak TR velocity (ms™") 21+£05 2.7+0.7 <0.001 <0.001
IVC diameter (mm) 13+£5 17+6 <0.001 <0.001
Estimated right atrial pressure >3 mm Hg 7 (10%) 79 (40%) <0.001 <0.001
Estimated PASP (mm Hg) 24+8 35+ 18 <0.001 <0.001

IVC =inferior vena cava; LA = left atrium; LV =left ventricle; PASP = pulmonary artery systolic pressure; TR = tricuspid regurgitation.

Table 2B
Right-sided echocardiographic parameters in controls and PE patients
Parameter Controls(n = 70) PE (n=233) p Value

(mean =+ SD) (mean £ SD)

Unadjusted Age-adjusted

RA size
RA area (cm?) 15+3 1846 <0.001 0.004
RA/LA ratio 0.83 £0.15 0.98 +0.38 <0.001 <0.001
RV size
RV diameter parasternal long axis (mm) 30+4 34+6 <0.001 <0.001
RV base (mm) 33£5.0 37+7 <0.001 <0.001
RV mid (mm) 264 3248 <0.001 <0.001
RV length (mm) 69 £7 71+ 10 0.069 0.008
RV end-diastolic area (cm?) 15+3 22+7 <0.001 <0.001
RV end-systolic area (cm?) 9+3 1I5+6 <0.001 <0.001
RV end-systolic volume (ml) 14+7 32 +£21 <0.001 <0.001
RV end-diastolic volume (ml) 32+13 56 + 29 <0.001 <0.001
RV/LV ratio 03+0.1 0.6 £0.4 <0.001 <0.001
RV function
RV ejection fraction (%) 57+9 44 £+ 15 <0.001 <0.001
RV fractional area change (%) 41+£9.0 32+12 <0.001 <0.001

LA =left atrium; LV = left ventricle; RA =right atrium; RV =right ventricle.

had enlarged right heart chambers (diameter, area, and vol-
umes) with reduced RV function (RVEF and RVFAC). A
significant difference in the RV/LV ratio and RA/LA ratio
was observed between groups (Table 2B). The estimated
pulmonary artery systolic pressure (peak TR velocity) was
higher in the PE group (Table 2A). Receiver operating char-
acteristic curves for parameters of RV size (RVPLAX
diameter, RV area and volumes), and RV function (RVFAC
and RVEF) were derived (Figure 1).

PE patients were subdivided into those who died (n=61)
versus those alive at 3-year follow up (n=172). Echocar-
diographic parameters between the 2 subgroups are shown
in Table 3. RA area, RVPLAX diameter, RV basal and mid
diameter, RV end-diastolic and end-systolic volumes,
RVEF, and TR velocity were significant univariate predic-
tors of death, whereas RVFAC demonstrated a trend toward
significance.

Significant parameters that were predictors of mortality
by the Cox proportional hazard model were RVPLAX, RA

area, and TR velocity, with increased mortality evident for
the highest quartile for each variable. Hence, the 3 variables
were dichotomized into the highest quartile versus the rest,
for multivariate analysis. The highest quartile for each vari-
able was an independent predictor of mortality in our group
(RVPLAX [>37 mm] hazard ratio [HR] 2.3, 95% confi-
dence interval [CI] 1.3 to 4.2, p=0.005, RA area [>20
sz] HR 2.0, 95% CI 1.1 to 3.5, p=0.016, TR velocity
(>2.9 ms™") HR 2.0, 95% CI 1.1 to 3.4, p=0.021). When
PE patients were divided into those with RVPLAX
>37 mm and those <37 mm, RVFAC (27% vs 34%;
p=0.012) and RVEF (41% vs 46%; p =0.048) were signifi-
cantly reduced by Mann-Whitney U test.

The present study numbers were too small to examine
independent versus combined effects of all the 3 echocar-
diographic variables (i.e., RVPLAX diameter, RA area, and
TR velocity). Therefore, we evaluated the 3 “risk markers”
in patients who died; mortality increased as the number of
independent “risk markers” increased. When patients with
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Figure 1. Receiver operating characteristics curves for RV size and func-
tional parameters

RVEDV (AUC 0.793, SE 0.029) and RVEDA (AUC 0.788, SE 0.028)
showed the highest AUC. Other AUCs were RVEF 0.77 (SE 0.03),
RVFAC 0.76 (SE 0.03), and RVPLAX diameter 0.71 (SE 0.035).
AUC = area under the curve, SE = standard error, RVEDV =right ventricle
end diastolic volume, RVEDA =right ventricle end diastolic area,
RVEF =right ventricle ejection fraction, RVFAC =right ventricle frac-
tional area change, RVPLAX =right ventricle diameter in parasternal long
axis view.

none of the 3 “risk markers” were compared with patients
with 1 “risk marker,” there was a 2-fold increase in mortal-
ity (HR 2.3, 95% CI 1.1 to 4.9; p=0.033); patients with 2
“risk markers” had a 3-fold increase in mortality (HR 3.1,
95% CI 1.4 to 6.7; p=0.005), whereas those with all 3 “risk
markers” had a HR 16.9 (95% CI 6.1 to 47.2; p <0.001).
Early mortality (1 year) was observed in patients with all 3
“risk markers,” with 6 of 8 patients (75%), dying within the
first year (Figure 2).

Discussion

We sought to identify echocardiographic determinants of
long-term mortality in intermediate risk PE patients. In our
PE cohort, 3 simple and routinely measured echocardio-
graphic parameters, RVPLAX diameter >37 mm, RA area
>20 cm” and TR velocity >2.9 ms™', were independent
predictors of mortality; the composite of these parameters,
when significantly altered, provided incremental prognostic
value and may help identify high risk PE patients.

Guidelines recommend a TTE for risk stratification of
intermediate risk PE patients.”> However, as previously
reported, TTE is not always performed'®; moreover a spe-
cific time for performance of TTE following presentation
with PE, has not been identified. Several studies have
reported TTEs performed within 24 to 48 hours after pre-
sentation.”'” Our study reflects what likely occurs in “real
world” practice, with TTE performed at a mean of 3.4 days.
RV dysfunction is a determinant of early mortality; a meta-
analysis of ~3,300 patients demonstrated a 2.6 times
increase in early mortality with evidence of RV dysfunction
on TTE.” Although studies have validated qualitative

Table 3
Echocardiographic parameters in PE patients who died and those that
survived

Parameter No death (n=172) Death (n=61) p Value
(mean £ SD) (mean £ SD)

Age (years) 63+ 17 73+13 <0.001

RA size

RA area (cm?) 17+6 206 0.003

RA/LA ratio 0.98 +0.39 1.01 £0.34 0.530

RV size and function

RV diameter parasternal 34+6 36+ 6 0.001
long axis (mm)

RV base (mm) 37+£7 39+8 0.003

RV mid (mm) 3247 34438 0.033

RV length (mm) 71+ 10 72+ 11 0.905

RV end-diastolic 21+7 23+7 0.073
area (sz)

RV end-systolic 15+6 17+7 0.078
area (sz)

RV end-systolic 30+ 19 39 +26 0.003
volume (ml)

RV end-diastolic 53 +27 64 + 32 0.018
volume (ml)

RV/LV ratio 05+03 0.6 £0.5 0.053

RV ejection fraction (%) 45+ 15 42+ 16 0.025

RV fractional area 324+13 30+ 11 0.051
change (%)

Pressure estimates

TR velocity (ms™") 2.6 £0.7 29+£0.7 0.002

IVC diameter (mm) 16+6 17+ 4 0.143

Estimated PASP (mm Hg) 33+17 39 £20 0.026

LA size

LA area (cm?) 18+5 207 0.003

LV size and function

LV end-diastolic 106 £+ 40 116 + 56 0.190
volume (ml)

LV end-systolic 47 £27 58 +£50 0.073
volume (ml)

LV ejection fraction (%) 56 £ 10 55+16 0.619

IVC =inferior vena cava; LA=Ieft atrium; LV =left ventricle;
RV =right ventricle; PASP=pulmonary artery systolic pressure;
RA =right atrium; TR = tricuspid regurgitation.

assessments of RV function in acute PE,'* subjective evalu-
ation relies on individual expertise.lg Hence, we omitted
qualitative measures, including McConnell’s sign in the
current analysis, to minimize observational bias.

Tricuspid annular plane systolic excursion (TAPSE)
determines longitudinal RV function and predicts early
mortality in PE.“?" However, TAPSE is angle dependent
and measures RV basal segment function; TAPSE (per-
formed in a subset of 134 patients), was not significantly
reduced in PE patients who died. RV S’ velocity derived
from tissue doppler also evaluates basal RV systolic func-
tion. RV strain has also been a predictor of mortality in PE
patients.”'” Although RV strain is a robust quantitative
measure, it requires adequate 2D image quality, often a lim-
itation particularly for evaluation of the RV free wall.

The pulmonary artery vasculature is a low pressure and
low resistance system. An increase in pulmonary vascular
resistance has been attributed to anatomical obstruction,
release of vasoconstrictive agents, and reflex hypoxemia in
PE. There is often a significant increase in RV afterload
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Figure 2. Kaplan-Meir curves showing survival in patients with increasing number of “risk markers” (RVPLAX >37 mm, RA area >20 cm?, and TR velocity

>2.9ms™")

There was an increase in mortality risk as the number of independent “risk markers” increased. Patients with all three “risk markers” (RVPLAX >37 mm, RA
area >20 cm?, and TR velocity >2.9 ms™') had the highest risk of mortality. RA = right atrium, RVPLAX = right ventricle diameter in parasternal long axis

view, TR = tricuspid regurgitation.

that is quantitatively measured from the peak TR velocity.”’
Increased TR velocity has been associated with mortality in
PE.”* Persistently elevated pulmonary pressures following
PE result in RV and RA dilatation. Being thin-walled low-
pressure chambers, they have limited capacity for increased
pressures without structural remodeling. An increased RA/
LA ratio was a predictor of mortality in PE patients.”” How-
ever, following anticoagulation, acute recovery of RA/LA
ratio within 24 hours, was observed.”’

Acute mortality from PE is 5% to 11%,1"3‘8’14'23 with
mortality in the first year approaching 25%.'%** However,
the true disease burden is likely underestimated, with regis-
tries not accounting for patients in whom diagnosis of PE is
made at autopsy””; a previous autopsy study demonstrated
that only 32% of patients with major PE were assigned an
accurate antemortem diagnosis.”” Clinical composite scores
(pulmonary embolus severity index (PESI) score or simpli-
fied PESI score), and several echocardiographic parameters
(RV/LV ratio,”® TAPSE® and RV strain,'” have predicted
early [30 day] mortality. However, studies evaluating lon-
ger term mortality are sparse, and have small patient num-
bers. 3D RVEF and RV free wall strain were determinants
of 6 month mortality”; both techniques requiring specialised
software for analysis. Another study of PE demonstrated that

RV size (increased RV/LYV ratio) and reduced TAPSE, were
predictors of mortality at 15 months follow-up.”’ Our cohort
from 2 tertiary centers represents one of the largest number
of PE patients evaluated for long-term mortality. Patient
inclusion mandated a definitive diagnosis of submassive PE,
thereby reducing inclusion of patients with small or
“probable” PE.

There is no consensus on which echocardiographic param-
eters best predict mortality in PE patients. In our cohort,
although RVEF and RVFAC were impaired, they were not
determinants of mortality. RV function is reduced early, with
improvement thereof with appropriate therapy. This early RV
dysfunction may not have been captured as TTEs were not
performed early (24 to 48 hours), with a mean time to TTE of
3.4 days. However, right-sided chamber enlargement likely
reflects persistent and more severe RV dysfunction, with a
greater likelihood of elevated pulmonary pressures.

In a recent study of fibrinolysis therapy with intermedi-
ate risk PE patients, inclusion was based on specific criteria
for RV dysfunction including one of the following:
RVPLAX or parasternal short axis diameter >30 mm, RV
to LV end-diastolic diameter >0.9, RV free wall hypokine-
sis and TR velocity >2.6 m/s.”” RA size reflects both RV
afterload and consequent RV dysfunction. As the RA is a
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thin-walled structure, remodeling, and dilatation may be
more evident. The RA/LA ratio demonstrated prognostic
value only when the TTE was performed within 24 hours.*
We hence included RA size, rather than the RA/LA ratio,
as a marker of sustained pulmonary pressure elevation.

A composite of simple echocardiographic “risk markers”
were predictors of long-term mortality, particularly when
combined. These simple parameters can be easily obtained,
and without utilizing specific offline software. Measuring
the RV diameter in the parasternal window has previously
demonstrated good intraclass correlation.”® Our data also
mirrors that of Fukuda et al who showed that the combina-
tion of RV metrics and an increased RA area predicted
worse outcomes in patients with pulmonary hypertension.”’

Our patients were treated in an era predating thromboly-
sis or mechanical aspiration; however, we were unable to
collect specific data regarding patient therapy including
anticoagulation. The retrospective nature of the study did
not allow for standardized vital sign collection including
blood pressure and oxygen saturation values precluding cal-
culation of the PESI score. Several current echocardio-
graphic parameters were unavailable; in particular, TAPSE
and RV S’ velocity were not routinely recorded. Strain
analysis could not be performed due to limited frame rates
in the stored images. Cardiac biomarkers were not routinely
evaluated, although they have utility in PE.**~"

Our control group, were younger than the PE group;
however, age adjusted analysis demonstrated similar
results. Identification of controls who were clinically diag-
nosed with PE without evidence on V/Q scan or CTPA
would have been an ideal control group; however, this
could not be easily identified retrospectively. There were
insufficient numbers to investigate cause-specific death
rates, given that the total number of deaths was only 61.
Finally, as the present study was limited to PE patients who
underwent a TTE, there could be a potential selection bias.
PE is a common cardiovascular problem and TTE is recom-
mended for clinical evaluation. Three simple echocardio-
graphic “risk markers”——the RVPLAX diameter, RA area
and peak TR velocity——demonstrated incremental prog-
nostic value for mortality, especially when combined.
Application of these measures to identify PE patients at
high risk may play a role in determining treatment strate-
gies, monitoring, and follow up in PE patients.
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