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Abstract

Intermediate-risk pulmonary embolism (PE) has variable outcomes. Current risk stratification models lack the positive predictive
value to identify patients at highest risk of PE-related mortality. We identified intermediate-risk PE patients who underwent
catheter-based interventions and right heart catheterization (RHC) and identified those with low cardiac index (Cl < 2.2 L/min/m?).
We utilized regression models to identify echocardiographic predictors of low Cl and Kaplan Meier curve to evaluate PE-related
mortality when stratified by the echocardiographic predictor. Of 174 intermediate-risk PE patients, 41 underwent RHC. Within this
cohort, 46.3% had low Cl. Univariable linear regression identified right ventricular outflow tract velocity time integral (RVOT
VTI), right/left ventricular ratio, S prime, inferior vena cava diameter, and pulmonary artery systolic pressure as potential
predictors of low Cl. Multivariable linear regression identified RVOT VTI as significant predictor of low Cl (B coefficient 0.124,
95% confidence interval [CI]: 0.01-0.24, P = .034). Right ventricular outflow tract velocity time integral <9.5 cm was associated
with increased PE-related mortality, P = .002. A substantial proportion of intermediate-risk PE patients referred for catheter-
based interventions had low CI despite normotension. Right ventricular outflow tract velocity time integral was a significant
predictor of low Cl. Low RVOT VTI was associated with increased PE-related mortality.
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Introduction

Acute pulmonary embolism (PE) is a heterogeneous disease
process with variable presentation and outcomes. Initial risk
stratification is performed using clinical, imaging, and
laboratory parameters such as systemic blood pressure
(BP), computed tomography (CT), and echocardiographic
evidence of right ventricular (RV) dysfunction, as well as
biomarker evidence of RV strain.' Using this strategy, PE
may be divided into low-risk, intermediate-low,
intermediate-high, and high-risk PE." Although anticoagula-
tion alone has been the mainstay treatment of normotensive
patients with acute PE,” there is less certainty regarding
which intermediate-risk subgroups may benefit from escala-
tion of therapy.>> Currently available risk stratification
models lack the positive predictive value needed to identify
specific patients who are at risk of early PE-related adverse
events.* It is thus clinically desirable to further risk-stratify
patients who present with intermediate-risk PE.

Acute RV failure with resultant decrease in cardiac index is
the primary cause of death in patients presenting with high risk
PE.! Therefore, having the ability to identify this high-risk
cohort with simple and reliable markers may aid in patient
selection for closer monitoring and potential escalation of ther-
apy. Given the widespread use of transthoracic echocardiogra-
phy (TTE) in risk assessment of acute PE, we sought to identify
the echocardiographic predictors of low cardiac index (CI) in
these patients.

Methods

This was a single-center retrospective analysis of all consecu-
tive patients included in our institutional Pulmonary Embolism
Response Team (PERT) registry between March 2016 and
December 2018. From this patient cohort, we selected all
patients who had intermediate risk PE—defined as acute PE,
systolic BP >90 mm Hg, and evidence of RV dysfunction by
TTE or CT, or evidence of elevation of troponin I and/or BNP
values (normal values: troponin I [<0.04 ng/mL], BNP [<100
pg/mL]). We also identified a subgroup of patients who under-
went catheter-based intervention and right heart catheterization
(RHC) during the study period. Patients were selected to
undergo catheter-based procedures based on PE risk assess-
ment, bleeding risk, and shared decision-making with the
patient. All of the included patients underwent a TTE prior to
catheter-based PE intervention. Finally, the patients were
divided into 2 categories based on CI: those with reduced CI
(<2.2 L/min/m?) and those with normal CI (>2.2 L/min/m?).’
The patient selection flow diagram is shown in Figure 1.

We collected baseline clinical characteristics, laboratory
data, and patient outcomes by reviewing the relevant electronic
medical records. Right heart catheterization was performed at
the time of catheter-based procedure and prior to any interven-
tion. We utilized 6F Swan-Ganz catheter (Edwards Life-
sciences, Irvine, California) and a fluid-filled transducer to
measure the right atrial (RA), RV, and pulmonary artery

pressures. Pulmonary capillary wedge pressure was not
obtained in the majority of cases. Cardiac output (CO) was
obtained using the assumed Fick method after determining the
mixed venous saturation. Cardiac output was indexed to body
surface area to obtain CI.

Patients in whom the initial TTE was performed after inter-
vention, was not performed at all, or was not available for
analysis for other reasons were excluded. Both RV and left
ventricular (LV) measurements on echocardiography were
obtained based on the current guidelines.®’ Right ventricular/
LV ratio was obtained using the RV and LV internal diameter
in diastole (1 cm apical to atrio-ventricular valves) from the
apical 4 chamber view. S prime (S") was assessed using tissue
Doppler velocity of the lateral tricuspid annulus in the apical 4
chamber view. Inferior vena cava (IVC) diameter was mea-
sured in millimeters from the subcostal window. Right atrial
pressure was estimated as 3 mm Hg, 8 mm Hg, or 15 mm Hg
based on IVC diameter and concomitant respiro-phasic
changes.® Pulmonary artery systolic pressure (PASP) was esti-
mated by modified Bernoulli principle utilizing the tricuspid
regurgitation velocity (4V?) and adding the estimate of RA
pressure. Systolic right ventricular outflow tract velocity time
integral (RVOT VTI) was obtained utilizing pulse wave dop-
pler at the level of the RVO immediately adjacent to the pul-
monic valve (parasternal short axis window), Figure 2. The
study was approved by the Institutional Review Board at
Loyola University Medical Center.

Statistical Analysis

Patient demographics and clinical characteristics were pre-
sented using descriptive statistics and compared using indepen-
dent samples ¢ test for continuous and ” test for categorical
variables. A univariable linear regression analysis was used to
evaluate for potential echocardiographic predictors of low CI
within the cohort of intermediate-risk PE patients selected to
undergo catheter-based PE intervention (P value of <.10 was
used as a cutoff for statistical significance in selection of uni-
variate variables to include in the multivariable model). Pre-
dictive variables entered into the model included the following:
RVOT VTI, RV/LV ratio, IVC diameter, S’, and PASP. We
then developed a multivariable linear regression model to
adjust for relevant echocardiographic parameters. A receiver
operative characteristic (ROC) curve was constructed to illus-
trate the sensitivity and specificity of the predictor identified in
our analysis. The cohort was divided into normal and low CI,
using 2.2 L/min/m? as a cut point for the ROC analysis. Youden
J index was used to identify the optimum cut point to optimize
sensitivity and specificity of the test.®

Left ventricular outflow tract (LVOT) VTI was measured on
TTE, but not included in the regression model. Since LVOT
VTI and RVOT VTI are colinear variables that correlate highly
with each other (further discussion under Sensitivity Analysis
section of Results), inclusion of both in the regression model
may result in derivation of unreliable predictors.” We also
performed a sensitivity analysis to evaluate the effect of LVOT
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All patient evaluated by PERT
(n=295)

Excluded 18 patients

Patients undergoing full TTE
assessment
(n=277)

TTE not performed

Excluded 103 patients
76 were low risk

and/or elevation of BNP or Troponin)

(n =174)

Patients with Intermediate risk PE
(SBP >90mmHg, CT/TTE evidence or RV dysfunction

23 were hemodynamically unstable
4 hemodynamically stable patients
treated with surgical embolectomy

Excluded 133 patients

Patients referred for RHC and
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Low Cardiac Index
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Normal Cardiac Index
(C1>2.2 L/min/m2)

Cohort used to derive echocardiographic predictors of cardiac index

Treated with AC therapy alone

(n=22)

Figure |. Flow diagram of the methodology of the study.

Figure 2. A, Echocardiographic parasternal short axis view at the base of the heart with a pulse wave doppler at the level of the pulmonic valve
(PV; as demonstrated by illustrative white line) (B) representative example of the RVOT spectral doppler with low VTI. PA indicates pulmonary
artery; PV, pulmonic valve; RA, right atrium, TV, tricuspid valve, RVOT, right ventricular outflow tract, VTI, velocity time integral.

VTI on the regression model (LVOT VTI included and RVOT
VTI excluded from the model), Supplementary Table 1. Tri-
cuspid annular plane systolic excursion (TAPSE) variable was
not included in the regression model as it was not measured
reliably in our cohort (we did, however, include S’ which is a
tissue doppler-derived measurement of longitudinal excursion
of RV free wall similar to TAPSE)®

Kaplan Meier survival curves were constructed for the
entire cohort of PE patients (all patients included in PERT

database) to evaluate PE-related mortality as well as all-cause
mortality, utilizing the echocardiographic predictor as a dis-
criminator of the 2 groups. Log-rank test was used to ascertain
statistical significance. Pulmonary embolism-related mortal-
ity was defined as mortality directly resulting from RV fail-
ure, shock, and/or respiratory failure, as ascertained by
treating physician.

A P value of <.05 was considered to be statistically signif-
icant. Analyses were performed using IBM SPSS version 25
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Table I. Baseline Clinical Characteristics.

Table 2. Baseline Echocardiographic Parameters.

Intermediate-Risk
PE—Nonintervention P

Intermediate-Risk
PE—Intervention

Variable Cohort n = 41 (%) Cohortn = 133 (%) Value
Age (+SD) 59.7 + 132 63.5 + 157 .16
Female 19 (46.3) 70 (52.6) .30
Race

White 26 (63.6) 80 (60.2) 79

Black 13 (31.7) 42 (31.6)

Hispanic 2 (4.9) 8 (6)

Other 0 (0) 3(23)
BMI (kg/m? +SD) 38+ 10.9 325+ 95 .002
PESI score (+SD) I+ 38 118 + 48 .39
Hypertension 23 (56.1) 79 (61.7) 32
Diabetes 14 (34.1) 25 (20.2) .06
CKD 7(17.1) 13 (10.6) .20
Cancer 7(17.1) 52 (41.3) .003
CHF 4 (10) 27 (21.6) .08
CAD 2 (4.9) 26 (20.8) 12
COPD 2 (4.9) 13 (10.4) .23
Prior stroke 3(7.3) 16 (12.6) 27
Prior PE 8 (19.5) 16 (12.6) .19
Acute DVT 29 (70.7) 88 (67.7) 44

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CHF,
congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstruc-
tive pulmonary disease; DVT, deep vein thrombosis; PE, pulmonary embolism;
PESI, Pulmonary Embolism Severity Index.

(IBM Corp. Released 2017. IBM SPSS Statistics for Macin-
tosh, Version 25.0, Armonk, New York: IBM Corp).

Results

Of 295 patients available for this study, 174 (59%) patients
were deemed to have intermediate risk PE (Figure 1). Within
the intermediate risk PE cohort, 41 patients were referred for
catheter-based PE intervention and had a complete RHC and
TTE assessment. Baseline clinical characteristics of patients
with intermediate risk PE who underwent intervention or were
treated with anticoagulation therapy alone are presented in
Table 1. Patients who underwent catheter intervention had
higher BMI (38 vs 32.5, P = .002) and lower incidence of
cancer (17.1% vs 41.3%, P = .003) when compared to patients
treated with anticoagulation therapy alone. Echocardiographi-
cally, patients undergoing intervention had higher RV/LV ratio
(1.4vs0.99, P<.001), lower RVOT VTI (10 vs 13.8, P <.001),
lower S’ (10.8 vs 13.5, P =.02), and higher PASP (56.8 mm Hg
vs 49.7 mm Hg, P = .03), compared to patients treated with
anticoagulation alone (Table 2).

Among patients who underwent intervention, 46.3% had a
low CI (CI < 2.2 L/min/m?). The average CI in patients with
low CI (low CI group) was 1.8 L/min/m? as compared to CI of
2.9 L/min/m? in the normal CI group (P < .001). Patients with
low CI had higher BNP levels (776 vs 260 pg/mL, P = .021),
but similar lactate (2.5 vs 1.7 mmol/L, P = .10), and troponin
(1.04 vs 0.50 ng/mL, P = .13) levels. Mean arterial pressure

Intermediate- Intermediate-

Risk PE Risk PE
INTERVENTION  Nonintervention

Echocardiographic Cohort Cohort
Variable n =4l (SD) n= 133 (SD) P Value
LVIDD (mm) 36.4 (7.5) 42.6 (6.7) <.001
RVIDD (mm) 49.3 (6.9) 41.4 (8.5) <.001
RV/LV ratio 1.4 (0.33) 0.99 (0.27) <.001
RVOT VTI (cm) 10 (3.6) 13.8 (4.8) <.001
LVOT VTI (cm) 15.9 (4.7) 18.6 (5.9) .0l
IVC diameter (mm) 19.8 (5.6) 17.8 (6.6) 1
S’ (cm/s) 10.8 (3.7) 13.5 (4.4) .02
PASP (mm Hg) 56.8 (16.6) 49.7 (15.4) .03
LVEF (%) 58.7 (9.4) 56 (10.7) .18

Abbreviations: IVC, inferior vena cava; LVIDD, left ventricular internal diastolic
diameter; LVEF, left ventricular ejection fraction; LVOT VTI, left ventricular
outflow tract velocity time integral; RVIDD, right ventricular internal diastolic
diameter; RV/LV, right ventricular to left ventricular ratio; RVOT VTI, right
ventricular outflow tract velocity time integral; S, tissue velocity of lateral
tricuspid anulus; PASP, pulmonary artery systolic pressure.

was similar between the 2 groups 83.4 mm Hg versus 82.1 mm
Hg, P = .74.

Univariable linear regression analysis identified RVOT
VTI, RV/LV ratio, S, IVC diameter, and PASP as potentially
significant predictors of low CI, Table 3. Multivariable linear
regression analysis identified RVOT VTI as the only signifi-
cant predictor of low CI (B coefficient 0.124 95% confidence
interval [CI]: 0.01-0.24, P = .034). Right ventricular outflow
tract velocity time integral cutoff value of 9.5 cm was associ-
ated with sensitivity of 74% and specificity of 79% for identi-
fying patients with low CI. Area under the curve (AUC) was
0.78 (95% CI: 0.62-0.94), P = .006, Figure 3. Mean CI was
2.99 L/min/m” for RVOT VTI >9.5 cm, and 1.99 L/min/m” for
low RVOT VTI <9.5 cm (P = .003).

Overall mortality among the 295 patients within our
PERT registry was 20% (59/295) over the study period of
33 months, with a median follow-up of 276 days. Pulmon-
ary embolism-related mortality was 3.3% (10/295). The
mortality rate of the cohort of patients with intermediate-
risk PE was 26.4% (46/174): 17% (7/41) of patients died
within the intervention group and 29.3% (39/133) of
patients died in the anticoagulation alone group. Pulmonary
embolism-related mortality in the intermediate-risk PE
group was 1.7% (3/174). The cause of death of all patients
is included in Supplementary Table 1.

Kaplan-Meier analysis of the entire PERT registry cohort
demonstrated that RVOT VTI of < 9.5 cm had an association
with increased PE-related mortality as compared to patients
with RVOT VTI values > 9.5, P < 0.01 Figure 4. Among the
patients who had adequate RVOT VTI measurement, 13.6%
(6/44) had PE-related mortality in the low RVOT VTI group as
compared to 1.28% (2/156) in the normal RVOT VTI group
(P = .002). There was no significant difference in all-cause
mortality between the 2 groups, Figure 1A in Online Appendix.
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Table 3. Univariable and Multivariable Linear Regression Model to Identify Predictors of Cardiac Index.

Risk Factor Unadjusted B Coefficient (95% ClI) P Value Adjusted B Coefficient (95% ClI) P Value
RVOT VTI 0.13 (0.06 to 0.19) <.0l 0.124 (0.01 to 0.24) .03
RV/LV ratio —0.98 (—1.73 to —0.22) .0l —0.79 (—1.7 t0 0.12) .08
IVC diameter —0.05 (—0.11 to —0.001) .05 —0.024 (—0.09 to 0.042) 45
s 0.07 (0.0l to 0.14) .08 0.006 (—0.11 to 0.12) .92
PASP —0.02 (—0.03 to —0.002) .03 —0.013 (—0.034 to 0.009) 23

Abbreviations: Cl, confidence interval; PASP, PASP, pulmonary artery systolic pressure; RV/LV, right ventricular to left ventricular ratio; RVOT VTI, right

ventricular outflow tract velocity time integral.

ROC Curve

Sensitivity

0.0 0.2 04 0.6 0.8 1.0

1 - Specificity

Figure 3. Receiver operating characteristic (ROC) curve for RVOT
VTI for the diagnosis of low cardiac index (CI < 2.2 L/min/m?). Area
under the curve (AUC) is 0.78, P = .006 Cutoff RVOT VTI (right
ventricular outflow tract velocity time integral) of 9.5 cm provides
sensitivity of 74% and specificity of 77%.

Kaplan Meier - PE-related Mortality
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Figure 4. Kaplan-Meier curve of PE-related mortality. Right ventri-
cular outflow tract velocity time integral of 9.5 cm serves as a dis-
criminator between the 2 groups. Right ventricular outflow tract
velocity time integral indicates right ventricular outflow tract velocity
time integral.

Sensitivity Analyses

Right ventricular outflow tract velocity time integral
and LVOT VTI correlated significantly with each other
(r = 0.71, P < .01). Therefore, only one of these 2 variables
(RVOT VTI or LVOT VTI) can be included in the final
multivariable model as to avoid collinearity.

Receiver operative characteristic analysis evaluating the
association between LVOT VTI and CI yielded AUC of 0.73
(95% CI: 0.6-0.9, P = .02), Supplementary Figure 3A. LVOT
VTI < 18.3 cm was associated with 50% sensitivity and 88%
specificity to detect low CI. By contrast, ROC analysis evalu-
ating the associated between RVOT VTI and low CI yielded a
better AUC of 0.78 (95% CI: 0.62-0.94), P = .006, Figure 3.
Right ventricular outflow tract velocity time integral cutoff
<9.5 cm was associated with sensitivity of 74% and specificity
of 79% for detecting patients with low CI. Right ventricular
outflow tract velocity time integral was therefore included in
the final multivariable regression model. Furthermore, when
LVOT VTI is used in the multivariable regression analysis
instead of RVOT VTI, the LVOT VTI was not found to be a
significant predictor of low CI (Supplementary Table 1A).

Discussion

We found that a substantial proportion of patients who were
selected to undergo advanced therapies for management of
acute PE had low CI despite normotension. Echocardiographic
assessment of RVOT VTI appears to be a significant predictor
of low CI. Furthermore, decreased RVOT VTI may also have a
role in identifying those patients who are more likely to die
from an acute PE.

Forty-six percent of all acute intermediate risk PE patients
who were referred for interventional therapies in our study had
a reduced baseline CI. Prior studies in which patients with
intermediate risk PE underwent baseline invasive hemody-
namic assessment, have not specifically stratified patients by
CL'%!'? Therefore, comparative outcomes of this patient sub-
group are not currently known. Nevertheless, reduced CI has
been associated with worse prognosis in patients with pulmon-
ary arterial hypertension'® and may thus portend a worse out-
come in the setting of acute PE. Currently available risk
stratification models for patients with acute intermediate risk
PE, rely on factors such as Pulmonary Embolism Severity
Index, elevation of cardiac biomarkers, RV dysfunction, and
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presence of concomitant lower extremity deep vein thrombosis.
However, even when considered together, these factors had a
positive predictive value of only 21.2% for predicting death
from any cause, hemodynamic collapse or recurrent PE at 30
days.* Future studies will be necessary to determine whether
consideration of baseline CI as part of the initial risk stratifica-
tion, will improve the accuracy of the currently available
models.

Echocardiographic RVOT VTI analysis was identified as a
significant predictor of low CI. Right ventricular outflow tract
velocity time integral is identified on TTE from the RV outflow
view and can be used to estimate the RV stroke volume when
used in combination with the RVOT diameter'* (Figure 2).

Although echocardiography-derived CO using LVOT VTI
has been previously shown to correlate well with invasive CO
in other patient populations,'® in our cohort of patients with
intermediate risk PE, RVOT VTI was the only significant
predictor of low CI. Whereas the traditional assessment of
CI requires RHC, performance of an invasive hemodynamic
study is not feasible in most patients presenting with PE.
Transthoracic echocardiography on the other hand is a much
more readily available modality which can be performed early
in the hospital course. In fact, out of the 36 000 patients with
acute PE enrolled in the Registro Informatizado de Enferme-
dad TromboEmbdlica (RIETE Registry), 42.8% of patients
underwent an early TTE assessment.'® Although RVOT VTI
was not assessed in the RIETE registry, this measurement was
successfully obtained in 88% of all patients within our study
cohort.

We found that reduced RVOT VTI (<9.5 cm) had an asso-
ciation with increased PE-related mortality (Figure 4). Right
ventricular outflow tract velocity time integral is a surrogate
echocardiographic marker of RV stroke volume. Given that
acute RV failure with subsequent decrease in cardiac index is
the primary cause of death in patients with acute PE, identify-
ing patients with reduced RVOT VTI may aid in early risk
stratification in acute PE by identifying patients at high risk
of PE-related mortality. Although our study is not powered to
evaluate the role of RVOT VTI as an independent predictor of
PE-related mortality, nonetheless, this is a novel finding which
will need to be explored in future studies.

Limitations

Our study has several limitations. (1) Evaluation of the hemo-
dynamic and echocardiographic parameters were performed
exclusively within the smaller intervention cohort. Ideally
invasive and noninvasive measurements should be performed
in all PE patients; however, this is not feasible from clinical or
ethical standpoint. However, when stratifying all patients
within our PERT database by RVOT VTI, there is a stepwise
progression of VTI values from the highest in low-risk PE
cohort to lowest in high-risk PE cohort, Figure 2A in Online
Appendix. This finding gives further support to the use of
RVOT VTI in a broader PE population. (2) Echocardiography
and RHC were not performed at the same time. The mean delay

between TTE and RHC was 1.2 days (range 1-6 days). Never-
theless, 87.5% of all TTEs were performed within 2 days of
RHC. Furthermore, TTE assessment was performed prior to
RHC in all patients. (3) Finally, there is always a potential for
selection bias in the intervention group and for measured and
unmeasured confounders in relation to outcome.

Conclusion

A substantial proportion of patients with acute intermediate
risk PE that are selected to undergo invasive therapies had low
CI despite normotension. Echocardiographic assessment of
RVOT VTI is a significant predictor of low CI which is also
associated with increased PE-related mortality. Measuring the
RVOT VTI may thus identify patients that will benefit from
advanced therapies. Further studies are required to prospec-
tively ascertain the true utility of RVOT VTI and validate our
findings in the general intermediate risk PE patient population.
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