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Abstract

Background: Intermediate-risk acute pulmonary embolism (APE) patients are usually defined as hemodynami-
cally stable, comprehending a great therapeutic dilemma. Although anticoagulation therapy is sufficient for most
intermediate-risk APE patients, some patients can deteriorate and eventually require a systemic fibrinolytic agent or
thrombectomy. Hence, this study aimed to evaluate the predictive value of differences in clinical data for the short-
term prognosis of intermediate-risk APE patients.

Methods: A retrospective cohort of 74 intermediate-risk APE patients confirmed by computed tomography pulmo-
nary angiography was analyzed in the present study. Adverse clinical event outcomes included PE-related in-hospital
deaths, critical systolic blood pressure consistently under 90 mmHg, refractory to volume loading and vasopressor
infusion requirements, mechanical ventilation, and cardiopulmonary resuscitation. The APE patients were stratified
into two groups: adverse outcome (n=25) and control (n =49) groups. Then, the clinical data of the two groups were
compared. Receiver operating characteristic (ROC) curves were used to explore the predictive value of white blood
cell (WBC) counts and the right to left ventricular short-axis (RV/LV) ratio. Model calibration was assessed using the
Hosmer-Lemeshow goodness-of-fit statistic.

Results: The brain natriuretic peptide, WBC count, and the RV/LV ratio were higher in patients with adverse out-
comes compared to controls. The APE patients with adverse outcomes presented significantly higher rates of syn-
cope, Negative T waves (NTW) in V1-V3, intermediate-high risk, thrombolytic therapy, and low arterial oxygen satura-
tion (Sa0,) compared to controls. In the multivariate logistic regression analysis, the Sa0, < 90%, [odds ratio (OR) 5.343,
95% confidence interval (Cl) 1.241-23.008; p=0.024], RV/LV ratio (OR 7.429, 95% Cl| 1.145-48.209; p =0.036), Syncope
(OR 12309, 95% Cl 1.702-89.032; p=0.013), NTW in V1-V3 (OR 5.617, 95% Cl 1.228-25.683; p=0.026), and WBC count
(OR 1.212,95% CI 1.035-1.419; p=0.017) were independent predictors of in-hospital adverse outcomes among APE
patients. The ROC curve analysis indicated that the RV/LV ratio can be used to predict adverse outcomes (AUC=10.748,
p<0.01) and calibration (Hosmer-Lemeshow goodness of fit test, p=0.070). Moreover, an RV/LV ratio > 1.165 was
predictive of adverse outcomes with sensitivity and specificity of 88.00 and 59.20%, respectively. The WBC counts
were also able to predict adverse outcomes (AUC=0.752, p<0.01) and calibration (Hosmer-Lemeshow goodness of
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73.50%, respectively.

Negative T waves, White blood cell

fit test, p=0.251). AWBC count >9.05 was predictive of adverse outcomes with sensitivity and specificity of 68.00 and

Conclusion: Overall, a Sa0, <90%, RV/LV ratio, Syncope, NTW in V1-V3, and WBC counts could independently pre-
dict adverse outcomes in hospitalized intermediate-risk APE patients.

Keywords: Acute pulmonary embolism, Arterial oxygen saturation, Right to left ventricular short-axis ratio, Syncope,

Introduction

Acute pulmonary embolism (APE) is a clinical and patho-
physiological syndrome caused by the obstruction of pul-
monary circulation. This obstruction is promoted by the
blockage of the trunk and the branches of the pulmonary
artery by endogenous or exogenous emboli. APE is the
third most common acute vascular disease worldwide
with a mortality rate behind only myocardial infarction
and stroke. The European Union epidemiological model
estimates that about 34% of APE patients suddenly die
within hours before treatment even begins or becomes
effective.

Risk stratification is considered a critical step to select
APE treatment strategies during short-term prognosis
[1]. Usually, the PE severity index (PESI) and simplified
PESI scores are used to predict the 30-day mortality of
APE patients [2]. Two clinical prognostic scores are
used to identify patients with a low risk of death within
30 days of treatment. However, clinical treatments should
be based on broader results, such as cardiopulmonary
resuscitation, mechanical ventilation, as well as vaso-
pressor infusion requirement, not only on PE-related
deaths [3]. Hence, clinicians should pay special attention
and choose reperfusion treatment for PE patients with
hemodynamic instability and high risk. Partial or com-
plete outpatient treatments might be used for low-risk
APE patients based on their early complications [1]. In
the present study, we focused on intermediate-risk APE
patients, usually defined as hemodynamically stable,
comprehending a great therapeutic dilemma. According
to current guidelines, these patients should be rigorously
monitored for any sign of hemodynamic instability, since
some can deteriorate and eventually require reperfusion
therapy (systemic fibrinolytic agents or thrombectomy)
[4]. Therefore, better risk stratification strategies are
required. Herein, we evaluated the predictive values of
the differences in clinical data for the short-term progno-
sis of intermediate-risk APE patients.

Patients and methods
Clinical data collection
A total of 74 APE patients treated at the First Affiliated
Hospital of Wannan Medical College from January 2017
to December 2021 were enrolled in the present study.

The inclusion criteria were defined according to the 2019
ESC/ERS Guidelines for the Diagnosis and Management
of Acute Pulmonary Embolism [1]. All patients were veri-
fied by computed tomography pulmonary angiography
(CTPA) and underwent ECG examination, Venous blood
sampling, and cardiac ultrasound within 6 h before and
after PE diagnosis. Other clinical data, such as gender,
age, disease history, onset signs, D-dimer, Serum Creati-
nine, BNP, and troponin I were also recorded in detail.
Patients with chronic thromboembolic pulmonary hyper-
tension, acute coronary syndrome, valvular heart disease,
cardiomyopathy, myocarditis, pulmonary artery tumor,
electrolyte disturbance, clinical history, and incomplete
auxiliary examination data were excluded. Patients with
echocardiographic signs of right ventricular dysfunction
and/or positive biomarkers were classified with inter-
mediate risk according to the 2019 ESC/ERS Guidelines
for the Diagnosis and Management of Acute Pulmo-
nary Embolism [1]. All patients diagnosed with pulmo-
nary embolism were initially treated with low molecular
weight heparin in a weight-adjusted dose. In-hospital
deaths related to PE, hemodynamic instability, vasopres-
sor infusion requirements, mechanical ventilation, and
cardiopulmonary resuscitation were considered adverse
outcomes. After diagnosis, routine blood samples were
collected for blood cell analysis, and brain natriuretic
peptide (BNP), troponin I, and arterial blood gas analysis.

Electrocardiography and CTPA

The paper speed of conventional 12-lead ECG was
25 mm/s, and the standard voltage was 10 mV. ECG signs
were analyzed for right ventricular strain considering the
following features: (1) sinus tachycardia; (2) S1Q3T3;
(3) Complete or incomplete right bundle branch block
(RBBB); (4) supraventricular tachycardia; (5) prolonged
QTC interval; (6) Negative T waves (NTW) of lead V1-
V3; (7) V1 in Qr; and (8) Clock transposition. Sinus tach-
ycardia was defined as sinus heart rate>100 beats/min.
The S1Q3T3 was defined as an S wave in lead I>1.5 mm,
and Q in lead III > 1.5 mm associated with an NTW in
lead III [5]. The RBBB and clock transposition were con-
sistent with traditional diagnostic criteria [5, 6]. The V1
in Qr was defined as a Q wave amplitude >0.2 mV and
width <120 m s[7]. The NTW was defined as negative T
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wave amplitude >0.5 mV [8]. The QTC interval prolon-
gation was defined as QTC > 460 ms [9]. Finally, the car-
diac axial CT image was used to measure the RV and LV
short-axis diameters at their widest point [10, 11].

Statistical analyses

The SPSS 18.0 statistical software was used to process
the data. Data with normal distribution are presented as
X £ s. Comparisons between two groups were conducted
using t-tests. Data with non-normal distribution are pre-
sented as M (P25; P75) and were compared using Mann—
Whitney U rank tests. Fisher’s exact and x* tests were
used to evaluate categorical variables. To identify the
markers used to predict and estimate in-hospital adverse
outcomes, we conducted a multivariate logistic regres-
sion analysis. Then, ROC curves and Hosmer—Lemeshow
were used to confirm the value of continuous data to pre-
dict adverse outcomes. A p <0.05 was considered statisti-
cally significant.

Results

A total of 49 (66.2%) controls and 25 (33.8%) adverse
outcome APE patients were enrolled in this study. The
laboratory findings, predisposing factors, and baseline
demographic characteristics are presented in Table 1. The
brain natriuretic peptide, WBC count, and RV/LV ratio
were significantly higher in patients with adverse out-
comes compared to control APE patients. The patients
with adverse outcomes also presented higher Syncope,
NTW in V1-V3, intermediate high risk, and thrombo-
lytic therapy rates. On the other hand, these patients pre-
sented lower SaO, compared to controls (Table 2).

Next, a binary logistic regression analysis was carried
out with all patients to determine the independent fac-
tors to predict in-hospital adverse outcomes. Accord-
ing to the univariate analysis, a SaO,<90%, RV/LV ratio,
Syncope, NTW in V1-V3, intermediate high-risk, BNP,
and WBC count were considered potential independ-
ent predictors of adverse outcomes among APE patients.
After the multivariate logistic regression, a SaO,<90%,
(OR 5.343, 95% CI 1.241-23.008; p =0.024), RV/LV ratio
(OR 7.429, 95% CI 1.145-48.209; p=0.036), Syncope
(OR 12.309, 95% CI 1.702-89.032; p=0.013), NTW in
V1-V3 (OR 5.617, 95% CI 1.228-25.683; p =0.026), and
WBC count (OR 1.212, 95% CI 1.035-1.419; p=0.017)
remained as independent predictors of in-hospital
adverse outcomes (Table 2). Consistently, the predic-
tive value of the RV/LV ratio was confirmed by its ROC
curve (AUC=0.748, p<0.01; Fig. 1A) and calibration
(Hosmer—Lemeshow goodness of fit test, p=0.070). An
RV/LV ratio >1.165 was predictive for adverse outcomes
with sensitivity and specificity of 88.00 and 59.20%,
respectively. The predictive value of WBC counts was
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also confirmed by its ROC curve (AUC=0.752, p<0.01;
Fig. 1B) and calibration (Hosmer—Lemeshow goodness of
fit test, p=10.251). A WBC count >9.05 was predictive for
adverse outcomes with sensitivity and specificity of 68.00
and 73.50%, respectively.

Discussion

In this retrospective study, we identified the differences
in the clinical data and electrocardiography between con-
trol and adverse outcome intermediate-risk APE patients.
We showed that the NTW in V1-V3, Syncope, and a
Sa0,<90% were more common in patients with adverse
outcomes. Increased BNP, WBC count, and RV/LV ratio
were also observed in the adverse outcome group com-
pared to controls. The regression analysis showed that a
Sa0,<90%, RV/LV ratio, Syncope, NTW in V1-V3, and
WBC count were independent predictors of in-hospital
adverse outcomes among the APE patients enrolled.

The integration of independent predictors, such as
echocardiographic RV dysfunction or CT, blood bio-
markers, as well as clinical prediction scores, has been
previously used to obtain PE risk-stratification criteria
[1]. Nevertheless, a SaO0,<90%, RV/LV ratio, Syncope,
NTW in V1-V3, WBC count, and ECG findings have
not been previously incorporated in the guidelines of PE
risk-stratification criteria. The PESI and simplified PESI
scores are the most frequent and validated scores used
to predict the 30-days mortality of PE patients [2]. How-
ever, besides mortality, short-term adverse outcomes can
not be predicted by these indicators. Hence, PE patients
need additional measures to predict the incidence of
adverse outcomes besides mortality. Intermediate-risk PE
patients are more likely to deteriorate and would benefit
from more intensive monitoring, as well as more aggres-
sive therapeutic approaches, including thrombolysis and/
or mechanical thrombectomy [4, 12, 13].

Subramanian et al. [14] have found that hypoxia is
an independent predictor of adverse outcomes in PE
patients, similar to our current results. Among the pos-
sible mechanisms of arterial hypoxia in APE patients,
previous studies have considered that impaired oxygen
transfer is caused by the mismatch of perfusion and ven-
tilation. Other mechanisms, such as diffusion impair-
ment, low cardiac output (as a result of RV dysfunction),
as well as right-to-left shunt, can also be involved [15].

In PE patients, RV dysfunction is indicated by ECG
findings, including the RBBB, S1Q3T3, and NTW in
V1-V3. For example, Choi and Park have shown that
the NTW in the precordial leads was the strongest
independent predictor of right ventricular dysfunction
in APE patients [16]. However, the pathophysiologi-
cal mechanisms of the NTW in V1-V3 of APE patients
remain unclear. This can be mainly explained by acute
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Table1 Clinical, electrocardiographic, laboratory, and computed tomographic findings

Variables Control (n=49) Adverse outcome (n=25) p

Age, y, mean 67.98+12.02 61.80+14.94 0.058°
Gender, male 29(59.2) 18(72.0) 0318°
Prior DVT 5(10.2) 4(16.0) 0476°
Previous surgery/trauma 9(18.4) 9(36.0) 0.151°
Previous tumour 3(6.12) 1(4.0) 0.703°
Smoking 9(18.4) 6(24.0) 0.559°
Previous COPD 6(12.2) 1(4.0) 0411°
Hypertension 24(49.0) 13(52.0) 0.806°
Diabetes mellitus 6(12.2) 5(20.0) 0492°
Previous CAD 9(184) 2(8.0) 0314°
Bp(systolic) < 100 mmHg 5(10.2) 6(24.0) 0.167°
Sa0, <90% 8(16.3) 10(40.0) 0.043°
Thrombolytic therapy 6(12.2) 14(56.0) <0.010°
Major bleeding requiring transfusion 0(0) 2(8.0) 0111¢°
RV/LV ratio 1174048 1514052 0.006°
Syncope 4(8.2) 7(28.0) 0.039°
Intermediate high risk 25(51.0) 20(80.0) 0.023°
Tachycardia 22(44.9) 16(64.0) 0.145 °
S1Q3T3 10(20.4) 8(32.0) 0.39°
RBBB 10(20.4) 3(12.0) 0.523°
Atrial fibrillation or flutter 3(6.12) 1(4.0) 0.703°
QrinV1 5(10.2) 2(8.0) 0.759°
NTW inV1-V3 8(16.3) 12(48.0) 0.006°
QTc prolongation 16(32.7) 13(52.0) 0.134°
Clockwise rotation 4(8.2) 6(24.0) 0.078°
WBC, x 109/L 7.60(5.85-8.95) 10.30(8.30-13.30) 0.000 ¢
Haemoglobin, g/L 126.08+19.10 123.48.10+22.52 0.604°
BNP, pg/mL 393.254+374.87 648.66+478.70 0.014°
D-dimer,ug/mL 4.90(3.35-7.16) 6.08(4.13-17.11) 0315°¢
Troponin | positive 44(89.7) 22(88.0) 0.814°
Serum Creatinine, umol/L 70.6(62.80-97.90) 66.0(55.70-77.25) 0177°¢
Length of hospital stay, days 11(9-13) 12(9.5-13.5) 0.094 ¢

DVT, deep venous thrombosis,COPD,chronic obstructive pulmonary disease,CAD,coronary artery disease,Bp,Blood pressure, SaO,,arterial oxygen saturation, BNP,brain
natriuretic peptide, RV/LV,right ventricular short-axis to left ventricular shor-taxis, NTW,Negative T waves.WBC,white blood cell

p <0.05 indicates statistical significance and was shown in bold characters
@ Chi-squared

b independent-samples t test

€ Mann-Whitney U test

cor pulmonale due to RV dilatation followed by rapid
RV pressure overload, besides RV dysfunction induc-
ing the NTW, impairing myocardial perfusion, as well
as reducing the left ventricle preload. Moreover, cellular
ischemia caused by chemical mediators, including his-
tamine and catecholamine, is also associated with NTW
development [8]. In recent studies, the RBBB, S1Q3T3,
and NTW in V1-V3 are frequently observed in adverse
outcome groups compared to controls, regardless of the
APE risk-stratification criteria. Since these indicators are

surrogate markers for short-term prognosis, they have
been used to predict adverse outcomes [2]. In the present
study, the NTW in V1-V3 was an independent predictor
of in-hospital adverse outcomes among intermediate-risk
APE patients. However, the SIQ3T3 and RBBB were not
significantly more frequent in the adverse outcome group
than in controls.

Recently, the WBC count was considered an independ-
ent predictor for hospital readmission and short-term
mortality of APE patients [17]. Consistent with previous
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Table 2 Univariate and multivariate analysis for in-hospital Adverse outcome in patients with intermediate risk pulmonary embolism

Univariate analysis p OR (95% Cl) Multivariate analysis p OR (95% Cl)

Sa02 < 90% 0.029 1.135(1.135-10.283) Sa0, < 90% 0.024 5.343(1.241-23.008)
RV/LV ratio 0.015 4.133 (1.323-12.909) RV/LV ratio 0.036 7429 (1.145-48.209)
Syncope 0.031 4375 (1.140-16.785) Syncope 0.013 12.309(1.702-89.032)
NTW inV1-V3 0.005 4.731 (1.590-14.080) NTW inV1-V3 0.026 5617 (1.228-25.683)
Intermediate high risk 0.019 3.840 (1.242-11.873)

BNP 0.022 1.001 (1.000-1.003)

WBC, x 10%/L 0.020 1.145 (1.022-1.282) WBC, x 107/L 0.017 1.212(1.035-1.419)

RV/LV,right ventricular short-axis to left ventricular short-axis, BNP,brain natriuretic peptide, NTW,Negative T waves, WBC,white blood cell, SaO,,arterial oxygen

saturation

p <0.05 indicates statistical significance and was shown in bold characters
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Fig. 1 Receiver operator characteristic curves of RV/LV ratio (A) and WBC count B according to adverse outcome in intermediate-risk APE patients

reports, we also found that the WBC count can be used
as an independent predictor for short-term adverse out-
comes. The ROC curve (AUC=0.752, p<0.01) analysis
showed that the WBC count has a high accuracy to assess
adverse outcomes with a cut-off value of 9.05 in inter-
mediate-risk APE patients. Right heart dysfunction is a
known predictive factor for adverse prognosis and might
be indicated by elevated WBC counts in APE patients.
The correlations between the levels of factors VIII and
VII, as well as fibrinogen and WBC count, have been pre-
viously observed. Therefore, elevated WBC counts can be
used as a marker of hypercoagulability that might lead to
worse prognoses [18, 19].

Here, significantly more prominent parameters that
indicate RV dilatation and dysfunction were observed
in the population with adverse outcomes compared to

controls. The ROC curve (AUC=0.748, p<0.01) analy-
sis showed that the RV/LV ratio has a high accuracy to
assess adverse outcomes with a cut-off value of 1.165 in
intermediate-risk APE patients. The RV enlargement,
characterized by an RV/LV ratio> 0.9, has been previ-
ously reported as an independent predictor of adverse
in-hospital outcomes, both in the overall PE population
and in hemodynamically stable patients [10]. Moreover, a
meta-analysis, including 49 studies and more than 13,000
PE patients, has found positive correlations between
a five-fold risk of PE-related mortality and/or 2.5-fold
increased risk for all-cause mortality and increased RV/
LV ratio> 1.0 on CT [20]. In the present study, the RV/LV
ratio was measured by the short axial views rather than
the four-chamber reconstruction. A previous study has
shown that the RV/LV ratio obtained from four-chamber
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views is superior to the axial views for identifying high-
risk PE patients [21]. However, compared to short axial
views, this method is more time-consuming and requires
specific software tools, which is disadvantageous in
emergencies.

Although the detailed mechanism of syncopes in APE
patients is not completely understood, it is considered a
concerning feature in these patients. Neurogenic synco-
pes and associated dysrhythmias derived from Bezold—
Jarisch type vasovagal reflexes, as well as acute right
ventricular failure, are considered the main mechanisms
to explain PE-related syncopes. However, perfusion or
ventilation abnormalities caused by hypoxemia might
be significantly involved in the development of syn-
copes. Due to transient depressions in cardiac output,
main pulmonary or lobar artery obstructions can also
be associated with syncope [22, 23]. In intermediate-risk
PE patients with right ventricular involvement, the pres-
ence of syncopes is associated with a more complicated
in-hospital course [4]. Similar to previous reports, we
demonstrated that intermediate-risk APE patients with
syncope have a higher risk of clinical deterioration during
hospitalization compared to patients without syncope.
Although syncope has been suggested as a marker for
adverse outcomes in these patients, data remain scarce.
Finally, intermediate-risk PE patients are a heterogeneous

group.

Study limitations

Our current study was limited by its retrospective
design. Hence, selection bias was inevitable, and can
only be addressed as hypothesis-generating. Further
prospective randomized studies are required to evalu-
ate whether more aggressive therapeutic approaches in
APE patients are warranted. Additionally, only a small
number of patients were enrolled at a single center.
Thus, our current results need to be validated on a
larger, multi-center cohort. Moreover, Giilay Gok et al.
[24] have found that heart rate and blood urea nitrogen
are independent predictors of in-hospital mortality, and
the presence of low albumin levels, dementia, and con-
gestive heart failure are associated with higher 30-day
mortality. Oz A and Hayiroglu MI et al. [25, 26] have
found that the levels of plasma osmolality and prognos-
tic Nutritional Index can have a predictive value for in-
hospital mortality of APE patients. Herein, we selected
patients with intermediate-risk PE, and only the
changes in their conditions during hospitalization were
observed. Due to the small number of deaths in the
sample, no clinical data affecting the 30-day mortality
were detected. Moreover, Cagdas and Rencuzogullari
et al. [27, 28] have found that the QRS and S zswave
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variations can be useful electrocardiographic signs for
the diagnosis of APE. However, these indicators were
not included in the current study. Finally, whether QRS
and S wave variations are associated with the progno-
sis of PE remains unknown and should be explored in
future studies.

Conclusions

Although anticoagulation therapy is sufficient for most
intermediate-risk PE patients, some patients can pre-
sent a poorer prognosis in the acute phase, thereby
requiring advanced and reperfusion therapies (systemic
fibrinolytic agents or thrombectomy) compared to
their low-risk PE counterparts. In the present study, we
showed that a SaO, <90%, RV/LV ratio, Syncope, NTW
in V1-V3, and WBC count can independently predict
adverse outcomes of hospitalized intermediate-risk
APE patients. Therefore, these patients might benefit
from interim intensive surveillance, including continu-
ous monitoring and ongoing assessment to select treat-
ment strategies beyond anticoagulation.
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