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Abstract. The clinical value of cardiac color ultrasound and 
cardiac troponin T (cTnT) combined with dynamic electrocar-
diogram in evaluating the treatment effect on acute pulmonary 
embolism (APE) was investigated. Ninety-eight patients with 
APE treated in Jinan Zhangqiu District Hospital of TCM from 
March 2016 to February 2017 were selected, and they were 
examined via the cardiac color ultrasound, cTnT and dynamic 
electrocardiogram to evaluate the clinical value in the treat-
ment of pulmonary embolism. Electrocardiogram showed 
that there was no significant difference in the poor prognosis 
rate between right ventricular strain group and non-right 
ventricular strain group (P>0.05); the poor prognosis rate in 
cTnT positive group was significantly higher than that in cTnT 
negative group (P<0.05). Moreover, the ultrasonic cardiogram 
revealed that the poor prognosis rate in right ventricular 
dysfunction group was significantly higher than that in non-
right ventricular dysfunction group (P<0.05). It was found in 
the receiver operating characteristic (ROC) curve analysis that 
the areas under the curve (AUC) of ROC detected via cardiac 
color ultrasound and cTnT were >0.9, while that detected 
via dynamic electrocardiogram was <0.7. Besides, logistic 
regression analysis showed that cTnT and right ventricular 
dysfunction were the risk factors affecting the poor prognosis 
of patients with APE (P<0.05). In conclusion, cardiac color 
ultrasound can predict the prognosis of patients with APE 
through monitoring the right ventricular function; cTnT can 
also evaluate the prognosis of APE; but the electrocardiogram 
has little significance in evaluating the prognosis of APE.

Introduction

Acute pulmonary embolism (APE) is one of the common acute 
cardiovascular diseases, which belongs to the severest venous 
thromboembolisms (1). APE is characterized by a high inci-
dence rate, high rates of missed diagnosis and misdiagnosis, 
and a high mortality rate, ranking third, following stroke 
and ischemic heart disease, in the cause of death due to the 
cardiovascular diseases (2). Computed tomographic pulmonary 
angiography (CTPA) and percutaneous pulmonary angiography 
are the main diagnostic means of APE, and the timely detection 
and appropriate treatment, such as thrombolysis and interven-
tional therapy, can save the lives of patients in time to reduce the 
mortality rate (3-5). Despite of the timely treatment, prognoses 
vary from patients to patients; the early assessment of prognosis 
of patients with APE and appropriate treatment according to 
the assessment results are of great significance in reducing 
the mortality rate of patients. In this study, 98 patients were 
examined via the cardiac color ultrasound, cTnT and dynamic 
electrocardiogram after treatment, so as to assess their clinical 
value in the treatment.

Materials and methods

General materials. Nighty-eight patients with APE treated in 
Jinan Zhangqiu District Hospital of TCM from March 2016 
to February 2017 were selected and retrospectively analyzed, 
and they were examined via the cardiac color ultrasound, cTnT 
and dynamic electrocardiogram. The study was approved by 
the Ethics Committee of the Jinan Zhangqiu District Hospital 
of TCM. Inclusion criteria: i) Patients diagnosed as APE via 
CTPA and percutaneous pulmonary angiography; ii) patients 
without specific congenital heart disease, heart failure and 
pulmonary heart disease in the past; iii) patients receiving 
anticoagulation, thrombolysis or interventional therapy; 
iv) patients who signed the informed consent. The general 
characteristics of patients are shown in Table I.

Methods
Treatment. After admission, all patients received anti-

coagulation, thrombolysis or interventional therapy. After 
the exclusion of contraindications for anticoagulation, 
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patients underwent anticoagulant therapy using enoxaparin 
(1  mg/kg, 2  times/day; manufacturer: Shenzhen Techdow 
Pharmaceutical  Co., Ltd., National Medicine Permission 
no.  H20056846) and the activated partial thromboplastin 
time  (APTT) was monitored and maintained at  1.5-2.5. 
Patients with severe APE underwent thrombolytic therapy first 
within 48 h after onset using urokinase (manufacturer: Livzon 
Pharmaceutical Factory, Livzon Group; National Medicine 
Permission no. H44020646) and the contraindications for 
thrombolysis were excluded. Usage: The loading dose of initial 
intravenous infusion was 4400 IU/kg within 10 min, followed 
by 4400 IU/kg/h intravenous drip for 12-24 h; APTT was 
detected once every 2-4 h after administration, and anticoagu-
lant therapy was given when APTT declined to 2 times that 
of the normal value. The patients with contraindications for 
thrombolysis received interventional therapy via percutaneous 
catheter and single catheter-directed thrombolysis.

Cardiac color ultrasound. After treatment, patients 
underwent color Doppler echocardiography; the left and right 
ventricular end-diastolic diameters of patients were detected 
transthoracically using the SONOS-5500 color Doppler 
instrument (Philips, Amsterdam, The Netherlands; probe 
frequency, 3.0-4.0 MHz); the ventricular septum motion and 
peak velocity of blood reflux of tricuspid valve were observed 
and the pulmonary artery pressure was detected.

Dynamic electrocardiogram. Patients underwent dynamic 
electrocardiography (voltage, 1  mV/10  mm; chart speed, 
25 mm/sec), and the results were independently analyzed by 
two experienced physicians using the double-blind method 
without knowing the specific clinical conditions. Agreement 
was reached by negotiation when the results were not consistent.

cTnT detection. After treatment, 3 ml venous blood was 
drawn from patients, and cTnT concentration was detected 
using the immunoturbidimetric method. Relevant kits and 
COBAS INTEGRA 800 full automatic biochemical analyzer 
(both from Roche Diagnostics GmbH, Mannheim, Germany) 
were used for analysis.

Evaluation criteria
The right ventricular dysfunction was detected via cardiac 

color ultrasound. Evaluation criteria: i)  ratio of right/left 
ventricular end-diastolic diameter >0.6; ii) pulmonary arterial 
systolic pressure >30 mmHg; iii) left motion of ventricular 
septum, paradoxical motion of systolic ventricular septum; 
iv) decreased motor function of right ventricular free wall. 
Patients meeting any one of the above criteria were diagnosed 
as the right ventricular dysfunction (6).

Evaluation of right ventricular strain via dynamic elec-
trocardiogram. Diagnostic criteria: SIQIIITIII  and  T wave 
inversion, complete right bundle branch block and right axis 
deviation  (7); the poor prognosis of patients was observed, 
including thrombosis relapse, mechanical ventilation and 
cardiopulmonary-cerebral resuscitation, after treatment; the 
cTnT concentration was detected using the immunoturbidimetric 
method; cTnT concentration <0.01 ng/ml indicated the negative, 
while cTnT concentration ≥0.01 ng/ml indicated the positive (8).

Statistical analysis. SPSS  19.0 (SPSS Inc., Chicago, IL, 
USA) was used for data processing. Measurement data were 
presented as ratio and Chi-square test was used; and the 

receiver operating characteristic (ROC) curve analysis was 
used for prognostic prediction. Logistic regression analysis 
was performed for the influencing factors of poor prognosis. 
P<0.05 suggested that the difference was statistically signifi-
cant.

Results

Comparison of poor prognosis of patients. Electrocardiogram 
showed that there was no significant difference in the poor 
prognosis rate between right ventricular strain group and non-
right ventricular strain group (P>0.05) (Table II).

Comparison of poor prognosis of patients via cardiac color 
ultrasound. The ultrasonic cardiogram revealed that the poor 
prognosis rate in right ventricular dysfunction group was 
significantly higher than that in non-right ventricular dysfunc-
tion group (P<0.05) (Table III).

Comparison of poor prognosis between cTnT positive patients 
and cTnT negative patients. The poor prognosis rate in cTnT 
positive group was significantly higher than that in cTnT nega-
tive group (P<0.05) (Table IV).

Analyses of influencing factors of poor prognosis of APE 
patients. Logistic regression analysis, with the poor prognosis 
as the dependent variable and with the patient's age, sex, 
educational level, cTnT, right ventricular dysfunction and right 
ventricular strain as the independent variables, showed that 
cTnT, cTnT, right ventricular dysfunction and right ventricular 
strain were used as independent variables. Logistic regression 
analysis showed that cTnT [odds ratio (OR)=1.938, P=0.008] 
and right ventricular dysfunction (OR=1.846, P=0.012) were 
the independent risk factors affecting the poor prognosis of 
patients (P<0.05) (Table V).

Prognostic prediction of APE. The area under the 
curve (AUC) of ROC detected via cTnT was 0.953, the sensi-
tivity was 95.2% and the specificity was 96.7%; the AUC 
detected via cardiac color ultrasound was 0.925, the sensitivity 
was 90.6% and the specificity was 92.5%; the AUC detected 
via dynamic electrocardiography was 0.684, the sensitivity 
was 70.6% and the specificity was 62.5% (Fig. 1).

Table I. General characteristics of the patients.

	 Subject 
Item	 (n=98)

Average age (years)	 56.78±5.54
Sex (male/female)	 48/50
Dyspnea, n (%)	 72 (73.69)
Chest pain, n (%)	 58 (59.18)
Hemoptysis, n (%)	 13 (13.27)
Educational level, n (%)
Junior high school and below	 19 (19.38)
Senior high school and technical	 41 (41.84)
secondary school
Junior college and below	 38 (38.78)
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Discussion

APE is a general term for clinical syndrome of pulmonary 
arterial embolization, including the fat embolism syndrome, 
pulmonary thromboembolism, air embolism and amniotic fluid 
embolism, among which pulmonary thromboembolism is the 
most common one, causing respiratory dysfunction and pulmo-
nary circulation disorders (9,10). The clinical manifestations 

of APE are atypical, and there is often no symptom, but it is 
similar to the symptoms of acute heart failure, pleurisy, pneu-
monia and chronic obstructive pulmonary disease, manifested 
as shortness of breath, dyspnea, angina, pleural inflammatory 
pain, hemoptysis, cardiogenic shock or sudden death; some 
patients will suffer from dyspnea, hemoptysis and chest pain, 
thus easily leading to missed diagnosis or misdiagnosis of 
APE, and challenging the timely treatment (11,12). Studies 

Table II. Poor prognoses in right ventricular strain group and non-right ventricular strain group [n (%)].

		  Thrombosis	 Mechanical	 Cardiopulmonary-	 Poor prognosis
Group	 n	 relapse	 ventilation	 cerebral resuscitation	 rate

Right ventricular strain group	 46	 7 (15.22)	 13 (28.26)	   9 (19.57)	 29 (63.04)
Non-right ventricular strain group	 52	 8 (15.38)	 15 (28.84)	 11 (21.15)	 34 (65.38)
χ2					     0.001
P-value					     0.975

Table III. Poor prognoses in right ventricular dysfunction group and non-right ventricular dysfunction group [n (%)].

		  Thrombosis	 Mechanical	 Cardiopulmonary-cerebral	 Poor prognosis
Group	 n	 relapse	 ventilation	 resuscitation	 rate

Right ventricular dysfunction group	 50	 11 (22.00)	 18 (36.00)	 15 (30.00)	 44 (88.00)
Non-right ventricular dysfunction group	 48	 4 (5.73)	 10 (20.83)	   5 (10.42)	 19 (39.58)
χ2					     22.940
P-value					     <0.001

Table IV. Poor prognoses in cTnT positive group and cTnT negative group [n (%)].

		  Thrombosis	 Mechanical	 Cardiopulmonary-cerebral	 Poor prognosis
Group	 n	 relapse	 ventilation	 resuscitation	 rate

cTnT positive	 51	 12 (23.53)	 20 (39.22)	 13 (25.49)	 45 (88.24)
cTnT negative	 47	 3 (6.38)	   8 (17.02)	   7 (14.89)	 18 (38.30)
χ2					     24.436
P-value					     <0.001

cTnT, cardiac troponin T.

Table V. Logistic regression analysis of influencing factors of poor prognosis of APE patients.

Factor	 β	 SE	 Wald	 OR	 95% confidence interval (CI)	 P-value

Age (years)	 0.336	 0.408	 3.705	 0.732	 0.373-0.872	 0.218
Sex	 0.417	 0.507	 4.152	 0.346	 0.124-0.789	 0.312
Educational level	 0.269	 0.608	 5.027	 0.273	 0.156-0.658	 0.174
cTnT	 0.915	 0.804	 6.495	 1.938	 1.196-3.516	 0.008
Right ventricular strain	 0.426	 0.649	 5.757	 0.817	 0.475-0.952	 0.104
Right ventricular dysfunction	 1.103	 0.717	 8.024	 1.846	 1.113-2.347	 0.012

cTnT, cardiac troponin ; APE, acute pulmonary embolism.
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have shown that the mortality rate of APE patients without 
treatment will be >30% (13). Timely treatment of APE and 
evaluation of its treatment via appropriate methods have a 
great guiding significance in the prognosis of APE.

Clinically, APE patients are treated with anticoagulation, 
thrombolysis or interventional therapy (14). Once suspected 
as APE, patients can receive anticoagulant therapy before the 
definite diagnosis; in particular, conservative anticoagulant 
therapy can be given for those low-risk and intermediate-
risk APE patients with triad syndrome. However, some 
patients with right ventricular dysfunction need to undergo 
thrombolytic therapy, so as to reduce the arterial pressure 
and reverse the right heart failure, effectively improving 
the hemodynamics  (15). Those patients receiving failed 
thrombolysis or high-risk APE patients with thrombolytic 
contraindications can receive an alternative approach of 
interventional therapy, so as to reverse the cardiac shock or 
right heart failure (16).

The dynamic electrocardiogram monitoring of APE 
patients shows that the right ventricular strain is complicated, 
because the pulmonary embolism involves the pulmonary 
artery and right ventricle, which is manifested as SIQIIITIII, T 
wave inversion, complete right bundle branch block and right 
axis deviation in the electrocardiogram (17). In this study, 
electrocardiogram showed that there was no significant differ-
ence in the poor prognosis rate between right ventricular strain 
group and non-right ventricular strain group (P>0.05). Logistic 
regression analysis showed that the right ventricular strain 
was not an independent risk factor affecting the prognosis 
of patients; at the same time, the AUC detected via dynamic 
electrocardiogram was <0.7 (0.684), indicating that its sensi-
tivity is lower in predicting the prognosis of patients, which 
may be related to the lower specificity of electrocardiogram in 
predicting the increased right ventricular load.

Ultrasonic cardiogram can directly detect the right and 
left ventricular end-diastolic diameters of APE patients, and 
observe the pulmonary artery pressure, ventricular septum 
motion and peak velocity of blood reflux of tricuspid valve, 
so as to know whether the patients are complicated with right 
ventricular dysfunction. In this study, the ultrasonic cardio-
gram revealed that the poor prognosis rate in right ventricular 

dysfunction group was significantly higher than that in non-
right ventricular dysfunction group (P<0.05). This is because 
the thrombosis in patients with APE leads to the increased 
pulmonary circulation resistance and high pulmonary artery 
pressure. It can be observed through ultrasonic cardiogram that 
the right ventricular afterload of patients with right ventricular 
dysfunction is increased, the right ventricular wall tension is 
also increased, and the right ventricle is enlarged, thus leading 
to left motion of ventricular septum and decreased cardiac 
output, such patients are prone to myocardial infarction, 
cardiac shock or sudden death, which results in a higher inci-
dence rate of poor prognosis (18). Logistic regression analysis 
revealed that right ventricular dysfunction (OR=1.846) was 
an independent risk factor affecting the poor prognosis of 
patients, and the AUC detected via cardiac color ultrasound 
was >0.8 (0.925), indicating that it has a high sensitivity in 
prediction, which may be related to the fact that ultrasonic 
cardiogram can accurately and quickly detect the patient's 
myocardial damage and cardiac overload, thereby accurately 
determining whether the right ventricular dysfunction occurs.

cTnT is the main component of actin, a marker that can 
reflect the cell damage mainly existing in the myofibril thin 
filament. When the myocardial cells are damaged, the cell 
membrane permeability will be increased, so that cTnT is 
released into the blood and can be detected (19). In this study, 
the poor prognosis rate in cTnT positive group was signifi-
cantly higher than that in cTnT negative group (P<0.05), which 
may be because the decreased cardiac output in patients with 
APE leads to the decreased coronary artery perfusion, so the 
coronary artery contraction and spasm will cause myocardial 
ischemic necrosis, thus resulting in the increased cTnT concen-
tration; moreover, with the timely and effective treatment, 
myocardial cells will be gradually restored, so as to reduce the 
cTnT concentration and improve the prognosis of patients (20). 
Logistic regression analysis showed that cTnT (OR=1.938) 
was an independent risk factor affecting the poor prognosis 
of patients, and the AUC detected via cTnT was >0.8 (0.953), 
suggesting that the sensitivity and specificity of cTnT are 
higher in the attack and treatment of APE, and cTnT can be 
used as a predictor of APE prognosis with important clinical 
value in APE treatment.

Figure 1. Prognostic prediction of acute pulmonary embolism (APE) via cardiac troponin T (cTnT), cardiac color ultrasound and dynamic electrocardiogram. 
receiver operating characteristic (ROC) curve analysis shows that the areas under the curve (AUC) detected via cardiac color ultrasound and cTnT are >0.9, 
while that detected via dynamic electrocardiogram is <0.7.
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In conclusion, electrocardiogram has little significance in 
the prognosis of APE, while cardiac color ultrasound and cTnT 
detection have important clinical value in APE treatment, with 
great guiding significance in prognosis of APE.
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