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On the Causes of Angina Pectoris  
in Patients with Pulmonary Embolism
Objective	 Compare the distance between the pulmonary artery (PA) and the left coronary artery (LCA) using 

pulmonary angiography and the rate of detection of the signs of left ventricular myocardial ischemia 
in the first electrocardiogram (ECG) in pulmonary embolism (PE) patients with or without angina 
to detect possible causes of angina pectoris.

Material and Methods	 Measurement of the minimum distance between the PA and LCA in multislice spiral computed 
tomography and analysis of the first ECG were performed in 55 PE patients. 15 (27.3%) patients had 
angina pectoris at the onset of the disease.

Results	 Angina pectoris was observed in 14 (93.3%) of 15 patients with the distance between the PA and 
LCA less than 4.3 mm, and in one (2.5%) of 40 patients with the distance between these vessels equal 
to or exceeding the specified value (p<0.001). In the first ECG, the ST elevation in the aVR lead was 
detected in 10 (66.7%) patients with angina pectoris, and only in 3 (7.5%) patients without angina 
pectoris (p<0.001).

Conclusions 	 The findings suggest that angina pectoris in acute pulmonary embolism may be caused by compression 
of the LCA by the dilated PA.
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Pulmonary embolism (PE) is often accompanied 
by substernal chest pain [1]  – that is, angina  – as, 

according to a majority of researchers, PE is caused by 
right ventricular (RV) ischemia, which develops when the 
pulmonary artery (PA) pressure surges [2, 3]. RV overload 
and limited blood supply associated with the increased 
pressure in the intramural vessels contribute to the 
development of ischemia [3]. PE causes a compensatory 
increase in RV systolic tension and, consequently, an 
increase in the pressure in the intramural vessels, 
which reduces systolic blood flow to the myocardium 
and, combined with the increased myocardial oxygen 
demand, causes the development of ischemia. If shock 
occurs, the systolic pressure gradient between the aorta 
and intramural vessels of the right ventricle can fall to 
near zero, contributing to an acute decrease in systolic 
coronary blood flow in the RV myocardium and the 
development of severe ischemic injury with a significant 
increase in blood troponin levels [4].

While the possibility of RV ischemia in PE is 
indisputable, it is recognized that some facts cannot 
be explained within this concept of the development 
of substernal chest pain. For instance, angina pectoris 
in PE is observed in about 15 % of cases [1], while the 
hemodynamic abnormalities that can cause RV overload 

and ischemia occur in 25 % of patients [2, 5], and an 
increase in the troponin levels, showing the development 
of ischemic injury, is registered in 50 % of patients [1, 6].

A discrepancy between the rate of angina pectoris and 
the detection rate of signs of RV ischemic injury in PE 
can have two explanations. First, we can assume that RV 
ischemia is often silent, and therefore the rate of angina 
pectoris in PE is lower than that of signs of RV ischemic 
injury. Second, it can be suggested that angina pectoris in 
PE is associated with left ventricular (LV) rather than RV 
ischemia.

Numerous clinical observations and the findings 
of several trials are found in the literature that show 
that angina attacks in patients with chronic pulmonary 
hypertension can be associated with compression of the 
main left coronary artery (LCA) by the dilated PA [7–
11]. We could not find studies of compression of the LCA 
by the pulmonary artert as a cause of angina in acute PE, 
which prompted us to perform this study.

The objective of the study was to compare the distance 
between the PA and the LCA (PA-LCA distance) using 
pulmonary angiography and the rate of detection of signs 
of LV myocardial ischemia in the first ECG in PE patients 
with or without angina to detect possible causes of angina 
pectoris.
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Material and Methods

We examined the medical records of 55 patients 
with PE who were hospitalized in Tver Regional 
Clinical Hospital in 2017–2018. Patients included 
in the study were selected according to the following 
criteria:
1)  Description of the complaints made it possible to 

explicitly conclude whether or not angina pectoris was 
present at the onset of the disease.

2)  The patient had no history of clinical manifestations 
of coronary heart disease (myocardial infarction or 
exertional angina) and / or coronary interventions.

3) Records included an ECG performed at the first medical 
contact with the patient.

4)  Blood levels of high-sensitivity cardiac troponin I 
were measured at admission or after revealing PE 
using contrast-enhanced multislice spiral computed 
tomography (CT) of PA (CT pulmonary angiography).

5) RV dimensions, the amplitude of the tricuspid annular 
plane systolic excursion (TAPSE), and PA systolic 
pressure (PASP) were measured at echocardiography 
(EchoCG).

6)  Records included a CT pulmonary angiogram in 
DICOM format, available for additional analysis. The 
mean age of patients included in the study (30 male 
and 25 female) was 58 years (interquartile range: 46–65 
years). The majority of patients (n=50) had PE risk 
factors: hypertension (n=44), recent surgery or injury 
(n=20), age older than 64 years (n=15), history of 
venous thromboembolism (n=13), chronic pulmonary 
diseases with respiratory distress (n=8), type 2 diabetes 
mellitus (n=8), chronic heart failure (n=7), cancer 
(n=6).

Fifteen (27.3 %) of 55 patients included in the study 
had angina pectoris at the onset of the disease.

According to the criteria of the European Society 
of Cardiology [12], PE with a high risk of death was 
diagnosed in 14 (25.5 %) patients, with medium risk of 
death in 30 (54.5 %) patients and low risk of death in 11 
(20.0 %) patients.

T-wave inversion in leads V1–V4, ST-segment 
elevation ≥1 mm in leads aVR and V1, and ST-segment 
depression ≥1 mm in any lead were taken into account 
when analyzing the first ECG. T-wave inversion in the 
specified leads is included in the ECG score used to 
assess the probability of PE [13], but it can also be a sign 
of myocardial ischemia [14, 15]. ST-segment elevation in 
leads aVR and V1 is often observed in impaired coronary 
blood flow in LCA [16–18], and horizontal ST-segment 
depression is considered to be a rather sensitive and 
specific sign of subendocardial ischemia [19, 20].

CT pulmonary angiography, which was used to 
diagnose PE, was performed using the Phillips Brilliance 
system with the administration of Scanlux (1 mL / kg) 
and ECG synchronization with diastole. Direct 
angiographic criteria of acute PE were a central filling 
defect of the entire lumen (occlusion) and a central 
partial filling defect surrounded by contrast material on 
a cross-sectional or longitudinal imag; or a peripheral 
intraluminal filling defect forming an acute angle with the 
artery wall [21].

Additional analysis of the CT pulmonary angiogram 
included measuring the minimum distance between 
PA and LCA (Figure 1) and calculating the Qanadli 
obstruction index [22]. The obstruction index is expres
sed as a percentage of the maximum possible value 

CT, computed tomography; PE, pulmonary embolism.

Figure  1. Measuring the distance between the pulmonary artery and the left coronary artery  
in computed pulmonary angiography in a patient with pulmonary embolism without (A) and with (B) angina pectoris
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Table 1. Characteristics of PE patients with and without angina pectoris

Parameter
Angina pectoris

p
yes (n=15) no (n=40)

Age, years 53.7 (45.0 – 62.4) 55.6 (50.5 – 60.7) >0.05
Male 5 (33.3) 25 (62.5) >0.05
PE risk factors 14 (93.3) 36 (90) >0.05
Risk of early death 
• low 
• intermediate 
• high

 
3 (20) 

7 (46.7) 
5 (33.3)

 
8 (20) 

23 (57.5) 
9 (22.5)

>0.05

PA obstruction index, % 43.5 (30.1 – 56.9) 39.4 (32.9 – 45.9) >0.05

PA diameter, cm 3.10 (2.80 – 3.40) 3.29 (3.05 – 3.53) >0.05
PA-LCA distance, mm 2.85 (2.28 – 3.42) 7.78 (7.07 – 8.49) <0.001
Troponin I, pg/L 98.3 (27.4 – 169.2) 81.6 (46.6 – 116.6) >0.05
PASP, mm Hg 51.5 (40.9 – 62.1) 52.5 (46.5 – 58.5) >0.05
RV dimension, cm 3.27 (3.00 – 3.54) 3.44 (3.22 – 3.66) >0.05
TAPSE, cm 1.71(1.50 – 1.92) 1.70 (1.53 – 1.87) >0.05
TV1 – V4 inversion 10 (66.7) 18 (45) >0.05
STaVR elevation 10 (66.7) 3 (7.5) <0.001
STV1 elevation 5 (33.3) 1 (2.5) <0.02
ST depression 7 (46.7) 4 (10) <0.02

Data are presented as the arithmetic mean (M) and 95% confidence interval CI), or as the absolute and relative values – abs (%).  
PE, pulmonary embolism; PA, pulmonary artery; LCA, left coronary artery; PASP, pulmonary artery systolic pressure;  
RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion.

Table 2. Characteristics of PE patients according to risk of early death

Parameter
Risk of early death

High (n=14) Intermediate (n=30) Low, (n=11)
Age, years 56.7 (46.5 – 66.9) 56.9 (51.7 – 62.1) 48.1 (36.7 – 59.5)
Male, n (%) 8 (57.1) 16 (53.3) 6 (54.5)
PE risk factors, n (%) 14 (100) 27 (90) 9 (81.8)
Angina pectoris, n (%) 4 (28.6) 6 (20.0) 3 (27.3)

PA obstruction index, % 52.7 (40.5 – 64.8) 43.8 (37.1 – 50.3) 16.4 (10.2 – 22.5) 
p1<0.01; p2<0.01

PA diameter, cm 3.36 (3.06 – 3.66) 3.41 (3.14 – 3.68) 2.62 (2.23 – 3.01)
р1<0.01; p2<0.01

PA-LCA distance, mm 5.59(3.80 – 7.38) 6.88 (5.83 – 7.93) 6.28 (от 4.13 до 8.43)

Troponin I, pg/L 181 (110 – 253) 71.9 (34,1 – 110) 
p1<0,01

8.7 (от 0.60 до 16.8) 
p1<0.01; p2<0.01

PASP, mm Hg 57.7 (52.1 – 63.3) 56.9 (49.5 – 64.3) 32.5 (от 25.9 до 39.1) 
p1<0.01; p2<0.01

RV dimension, cm 3.79 (3.51 – 4.08) 3.48 (3.27 – 3.69) 2,66 (от 2.41 до 2.91) 
p1<0.01; p2<0.01

TAPSE, cm 1.38 (1.17 – 1.58) 1.72 (1,54 – 1.90) 
p1<0,05

2,08 (от 1.84 до 2.31) 
p1<0.01; p2<0.05

TV1 – V4 inversion 12 (85.7) 14 (46.7) 
p1<0.05

2 (18.2) 
p1<0.005

STaVR elevation 4 (28.6) 7 (23.3) 2 (18.2)
STV1 elevation 3 (21.4) 2 (6.7) 1 (9.1)
ST depression 4 (28.6) 6 (20) 1 (9.1)
Data are presented as the arithmetic mean and 95% confidence interval – M (95% CI), or as the absolute and relative values – abs (%);  
p1 – a difference with the group of patients at high risk of early death; p2 – a difference with the group of patients at intermediate risk.  
PE, pulmonary embolism; PA, pulmonary artery; LCA, left coronary artery; PASP, pulmonary artery systolic pressure;  
RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion.
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(i.e., 40  points), which corresponds to complete occlusion 
of the main PA or both branches [22].

EchoCG was carried out in PE patients under 
medium or low risk of early death on the same day as CT 
pulmonary angiography, which allowed us to compare 
the data obtained in these examinations. PE patients at 
high risk of early death underwent EchoCG after they 
had been brought out of shock, (i.e., after thrombolytic 
therapy). Thus, the data obtained using EchoCG during 
CT pulmonary angiography could be compared with the 
PA obstruction indices and PA diameters.

Statistical analysis of data was performed using SPSS 
Statistics version 15.0. Statistical analysis of the collected 
data involved the comparison of patients with and without 
angina pectoris, and the comparison of PE patients at 
high, medium, and low risk of early death. In patients 
at high risk, the statistical significance of the intergroup 
differences of the quantitative means was assessed with 
the Student’s t-test (normal distribution) and the Mann-
Whitney U-test (displaced distribution). In patients 
at low risk of early death, one-way analysis of variance 
(ANOVA) with assessment of intergroup differences was 
performed by Newman-Keuls test (normal distribution), 
and the nonparametric Kruskal-Wallis test with the 
assessment of the intergroup differences by Dunn’s 
test (displaced distribution). The data are presented as 
the arithmetic mean (M) and 95 % confidence interval 
(CI). Frequency analysis was performed using the χ2 
test or the Fisher’s exact test and Bonferroni correction 
in the case of multiple intergroup comparisons. Receiver 
operating characteristic curve (ROC) analysis was 
also performed, allowing us to determine the value of a 
quantitative characteristic, dividing study subjects into 
two qualitatively different groups.

The objective of this analysis was to determine the PA-
LCA distance, which makes it possible to differentiate PE 
patients with and without angina pectoris.

Results
Groups of patients with and without angina pectoris 

were comparable in age, sex, and prevalence of PE risk 
factors (Table 1). There were no intergroup differences or 
differences in the distribution of patients in terms of the 
risk of early death, PA obstruction index and PA diameter, 
troponin levels, pressure in PA, and condition of the right 
ventricle.

The difference in the mean distance between PA and 
LCA (PA-LCA distance) was significant and strongly 
pronounced.

The mean value of PA-LCA distance in patients with 
angina pectoris was 2.5 times higher than in the control 
patients. ROC-analysis showed that the PA-LCA distance 

equal to 4.3 mm is a cutoff point between PE patients with 
and without angina pectoris (sensitivity, 98 %; specificity, 
93 %; area under the ROC curve, 97.4 %).

The T-wave inversion in leads V1–V4 was observed in 
PE patients with and without angina pectoris at an equal 
rate. However, both ST-segment depression and elevation 
in leads aVR and V1 occurred in PE patients with angina 
pectoris at a much higher rate than in the control group.

The groups of PE patients at high, medium, and low 
risk of early death were comparable in terms of age, sex, 
prevalence of PE risk factors, proportion with angina 
pectoris at the onset of PE, mean PA-LCA distance, and 
rate of ST-segment deviations (Table 2).

The difference between PE patients at low risk of 
early death and the high- and medium-risk patients was 
significant in terms of other relevant characteristics: PE 
patients at low risk of early death had significantly lower 
mean values of PA obstruction index, PA diameter, blood 
troponin levels, PA pressure, and RV dimension. In 
addition, mean TAPSE indicative of the global systolic RV 
function in PE patients at low risk of early death exceeded 
that of the high- and medium-risk patients. T-wave 
inversion in the chest leads occurred in PE patients at low 
risk of early death at rates significantly lower than in the 
high- and medium-risk patients.

PE patients at high and medium risk of early death 
did not differ in terms of PA obstruction index, PA 
diameter, PA-LCA distance, PA pressure, RV dimensions, 
or the rate of the ST-segment depression and elevation. 
However, blood troponin levels in PE patients at high risk 
of early death were 2.5 times higher than in the medium-
risk patients, while the mean TAPSE value in the high-
risk patients was 0.35 (0.34–0.36) cm less than in the 
medium-risk patients. The rate of T-wave inversion in 
leads V1–V4 in PE patients at high risk of early was almost 
two times higher than in the medium-risk patients.

Thus, PE patients with or without angina pectoris 
included in this study differed only in the mean PA-LCA 
distance and rate of ST-segment deviations in ECG. PE 
patients at high and medium risk of early death differed 
in terms of troponin levels, LV systolic function, and the 
rate of T-wave inversion in leads V1–V4.

Discussion
Discussion of study results may appropriately start 

with analysis of the comparative data of PE patients 
of high, medium, and low risk of early death. The 
pronounced difference in these characteristics on the 
part of patients with a low risk of pulmonary embolism 
compared to those patients designated as of high and 
medium risk is explained by the inclusion in the latter 
groups of patients without pancreatic overload or an 



32 ISSN 0022-9040. Kardiologiia. 2020;60(1). DOI: 10.18087/cardio.2020.1.n729

ORIGINAL ARTICLE | PULMONARY EMBOLISM§
increase in the level of troponins in the blood. The 
apparent reason for these differences is a significantly less 
severe thromboembolic obstruction of the pulmonary 
arterial bed, and correspondingly near-normal PA 
pressure. Thus, PE patients at low risk of early death had 
neither hemodynamic prerequisites for the development 
of RV ischemia nor objective evidence of ischemic 
injury. However, one in four of these patients had angina 
pectoris at the onset of the disease, which given the above, 
cannot be explained by RV ischemia.

PE patients at high or medium risk of early death were 
comparable in mean obstruction index and PA diameter – 
that is, hemodynamic overload of RV at the onset of the 
disease is almost equal. However, troponin levels in PE 
patients at high risk of early death was 2.5 times higher 
on average than in the medium-risk patients. More severe 
RV injury in PE patients, causing the development of 
obstructive shock, can be associated with impaired RV 
blood supply during systole due to the pressure drop in 
the aorta.

When PE patients at high risk of early death were 
brought out of shock, the PA pressure level was 
comparable to the pressure levels in the medium-risk 
patients. There were no statistically significant differences 
in RV dimensions. However, mean TAPSE indicative 
of the global systolic RV function in PE patients at high 
risk of early death was significantly lower than that 
in the medium-risk patients. More severe RV systolic 
dysfunction in PE patients at high risk of early death 
can be associated with more severe myocardial ischemic 
injury in the acute phase of the disease.

The rate of T-wave inversion in the chest leads was 
significantly higher in PE patients at high risk of early 
death than in medium-risk patients. Taking the foregoing 
into account, it can be suggested that T-wave inversion 
in the right chest leads is associated with RV ischemia. 
Several researchers [14, 23–25] share this opinion; 
however, generally, the causes of this phenomenon 
remain a subject of dispute [15].

Thus, PE patients at medium and, especially, high risk 
of early death had hemodynamic prerequisites for the 
development of RV ischemia and objective evidence of 
RV ischemic injury. However, the rate of angina pectoris 
in these patients was not higher than in PE patients at low 
risk of early death. This means that no evidence showing 
that angina pectoris in PE patients is associated with RV 
ischemia was obtained in this study.

PE patients with and without angina pectoris at the 
onset of the disease were comparable in terms of most 
relevant symptoms, but PA-LCA distance in patients 
with angina pectoris was 2.5 times less on average than in 
patients without angina pectoris. ROC analysis showed 

that a cutoff point between these patients is PA-LCA 
distance =4.3 mm. Angina pectoris was observed in 14 
(93.3 %) of 15 patients who had a PA-LCA distance of 
less than 4.3 mm, and in one (2.5 %) of 40 patients with 
this distance equal to or exceeding the specified value. 
This patient had a PA-LCA distance equal to 5.4 mm (i.e., 
not significantly exceeding the cutoff point).

Results presented suggest that anatomic proximity 
of PA to LCA may be a prerequisite for the occurrence 
of angina pectoris in pulmonary embolism due to 
compression of LCA by dilated PA. This suggestion 
is supported by the fact that PE patients with angina 
pectoris at the onset of the disease often had ECG signs 
of LV ischemia, including those characteristic of impaired 
blood flow in LCA.

It should be recalled that in the first ECG, ST-segment 
depression, including in the left chest leads, was observed 
in 50 % of patients with angina pectoris at the onset of 
the disease and in only 1 of 10 control patients. However, 
according to the majority of researchers [15, 19, 26], ST-
segment depression in the left chest leads in PE patients 
is associated with the development of LV ischemia.

The rate of ST-segment elevation in V1 in patients with 
angina pectoris was 13 times higher and 9 times higher 
in aVR than in control patients. These ECG changes 
may occur in both RV ischemia and anterior LV wall 
ischemia associated with injuries of the orifice of the 
left anterior descending artery or the left main coronary 
artery. However, in RV ischemia, ST-segment elevation in 
V1 and / or aVR is combined with ST-segment elevation 
in lead III, which reflects the distribution of ischemia to 
both the anterior and inferior RV walls [20, 26, 27]. In 
our study, no cases of the combination of ST-segment 
elevation in leads V1 or aVR with ST-segment elevation 
in lead III were reported, which allows considering the 
ECG changes to be a manifestation of LV ischemia.

The absence of difference in the troponin levels in PE 
patients with and without angina pectoris is an indirect 
confirmation of the left ventricular origin of angina 
pectoris, as severe impairment of blood flow in LCA, 
which may cause a severe increase in the troponin levels, 
is usually not compatible with life.

Because coronary angiography is not a standard 
examination in PE patients we were not able to obtain 
direct evidence of LCA compression by PA in this study. 
Moreover, the lack of such results in the study allows 
suggesting that LV ischemia is a consequence of coronary 
atherosclerosis, which, being asymptomatic in normal 
life conditions, is hemodynamically significant in PE. 
Since half of the individual subjectswere older than 58 
years, it is reasonable to assume the presence of coronary 
atherosclerosis.
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However, if the LV ischemia is caused by coronary 

atherosclerosis, angina pectoris and ECG signs of 
myocardial ischemia are manifest mostly in cases where 
the increase in myocardial oxygen demand due to higher 
heart rate is combined with the reduction in perfusion 
pressure in the coronary arteries – that is, in PE patients 
at high risk of early death. In PE patients at low risk of 
early death, who have no significant hemodynamic 
disorders, the rate of myocardial ischemia should, on the 
contrary, be very low. However, in this study, the rate of 
angina pectoris and ECG signs of myocardial ischemia 
in PE patients at high, medium, and low risk of early 
death was nearly equal, contradicting the hypothesis 
that the leading cause of LV ischemia in PE is coronary 
atherosclerosis.

Thus, the general finding of this study is consistent 
with the conclusion made by Galie et al. [11]: LCA 
compression by dilated PA may cause LV ischemia 
and the occurrence of angina pectoris. In patients with 
chronic pulmonary hypertension, LCA compression 
occurs in chronic dilation of PA of more than 40 mm 
[9, 11]. In this case, as in atherosclerotic stenosis of 

LCA, ischemia occurs with increasing LV load and is 
manifested by exertional angina attacks. The anatomic 
proximity of PA and LCA (i.e., the distance between 
these arteries not exceeding 4.3 mm) is a prerequisite for 
the development of compression in PE. In this case, acute 
dilation of PA can cause LCA compression, LV ischemia, 
and angina pectoris. Reducing pressure in PA leads to a 
decrease in dilation, the disappearance of compression, 
and relief of pain.

Conclusions
The findings of this study suggest that angina pectoris 

in pulmonary embolism can be caused by compression 
of the left main coronary artery by a dilated pulmonary 
artery, and that the anatomic proximity of the left 
coronary artery to the pulmonary artery is a prerequisite 
for the development of its compression.
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