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Abstract
We report a case of acute pulmonary embolism with hemodynamic instability 
diagnosed by a computed tomography pulmonary angiogram. The patient developed 
pulseless electrical activity during systemic thrombolytic therapy with recombinant 
tissue plasminogen activator. Successful return of spontaneous circulation was 
achieved after immediate cardiopulmonary resuscitation with chest compressions 
for 6  min. His electrocardiogram (ECG) on arrival in the emergency department 
displayed sinus tachycardia, an S wave in lead I, a Q wave in lead III, incomplete 
right bundle branch block (RBBB), T-wave inversion (TWI) in leads V1–V3, ST 
elevation in leads aVR and V1, and ST depression in leads I, II, III, aVF, and V4–
V6. These characteristic ECG changes might have prognostic value for clinical 
deterioration. He recovered after treatment. After discharge, the ECG showed 
resolution of TWI in leads V1–V3 and incomplete RBBB, suggesting recovery 
from right ventricular dysfunction, which was confirmed by an echocardiogram on 
follow in the outpatient department.
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may help clinicians in the rapid identification of high risk 
patients who can benefit from early thrombolytic therapy, 
surgical thrombectomy or catheter-directed removal and/
or lysis of the thrombus.

Thrombolytic therapy is very useful in treating an acute 
massive PE that causes hemodynamic instability [2]. 
However, its efficacy can be reduced by cardiac arrest 
which further promotes thrombosis and restricts access 
of thrombolytic agents. When hemodynamic collapse 
complicates an acute massive PE in a patient under 
thrombolytic therapy, immediate cardiopulmonary 
resuscitation (CPR) may improve the efficacy of the 
thrombolytic agent. Because the right ventricle (RV) is 
primarily a volume pump, it cannot respond effectively 
to acute, large occlusion of the pulmonary arteries 

Case Report

Introduction

Acute pulmonary embolism (PE) is a common 
clinical disease with very high mortality (52%) 

in patients who are hemodynamically unstable [1,2]. 
Prompt diagnosis and appropriate therapy for unstable 
patients may reduce the mortality of massive PE [1,2]. 
A  computed tomography pulmonary angiogram (CTPA) 
and bedside transthoracic echocardiogram (TTE) are 
often performed to confirm the diagnosis of PE. Classic 
electrocardiogram (ECG) changes in patients with acute 
PE include the S1Q3T3 pattern, T wave inversion (TWI) 
or ST deviation in the precordial or inferior leads [3] and 
right bundle branch block (RBBB), as a marker for a 
main pulmonary trunk embolus [4]. Recently, Zhong-Qun 
et al [5]. reported a new ECG pattern that was observed 
in three patients with acute PE during hemodynamic 
instability. The characteristic ECG changes of acute PE 
after clinical deterioration are ST elevation (STE) in lead 
aVR with concomitant ST depression (STD) in leads I 
and V4–V6. This ECG pattern in favor of unstable PE 
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respiratory failure and a dopamine infusion titrated to 
7–26 μg/kg/min to keep his BP around 100/70  mmHg. 
He was then admitted to our intensive care unit and 
given r-tPA 10  mg by IV bolus, followed by a 50  mg 
IV drip over 30 min and a 40 mg IV drip over 90 min. 
During the thrombolytic therapy, cardiac arrest with 
PEA occurred and CPR was performed immediately. 
Successful return of spontaneous circulation (ROSC) 
was achieved after manual chest compression 
for 6  min. The laboratory data showed his serum 
troponin I was 0.61 µg/L, D-dimer 4956  ng/mL, 
creatinine 2.0  mg/dL, glucose 213  mg/dL, aspartate 
aminotransferase 350  IU/ml, alanine aminotransferase 
78  IU/ml, lactic dehydrogenase 313  IU/L, and lactate 
4.6 mmol/L. Heparin was continued and overlapped 
with oral warfarin starting on the 6th  hospital day, when 
the vasopressor and ventilator were successfully weaned. 
Heparin was then discontinued when the prothrombin 
time international normalized ratio reached 2.5. He 
recovered and was discharged from the hospital on 
warfarin 5 mg and valsartan 80 mg daily.

A subsequent ECG in our outpatient department 
(OPD) showed resolution of TWI in leads V1–V3 
and incomplete RBBB [Figure 1b]. A  lung scan and 

(PAs). Vigorous manual chest compression may support 
the circulation during the initial critical state when the 
thrombolytic agent has been administered but has not 
yet taken effect. Recently, Nobre et al [6]. reported that 
4 of 6  patients with in-hospital cardiac arrest during 
thrombolytic therapy for acute massive PE survived 
after CPR with prolonged manual chest compressions. 
It was emphasized that vigorous chest compression 
could improve systemic perfusion, counteract the 
prothrombotic state associated with cardiac arrest, and 
give the thrombolytic agent time to act.

In this paper, we reported a patient with acute 
hemodynamically unstable PE who presented with 
characteristic ECG findings, developed pulseless 
electivity activity (PEA) during systemic thrombolytic 
therapy with recombinant tissue plasminogen activator 
(r-tPA), survived after immediate CPR with 6  min of 
manual chest compression, recovered well, and finally 
showed resolution of these ECG changes, suggesting 
recovery of RV dysfunction, on follow-up after discharge 
from the hospital.

Case report
A 65-year-old man who had a history of hypertension, 
smoking and drinking alcohol, complained of a sudden 
onset of dyspnea, chest pain, dizziness, cold sweating, 
watery diarrhea, and general weakness after playing 
mahjong for 4 h in the morning. He immediately 
called for help on his mobile phone and was sent to 
a local hospital, where his blood pressure (BP) was 
only 82/41  mmHg. Acute coronary syndrome was first 
considered, so aspirin 300  mg and clopidogrel 300  mg 
were prescribed. He was transferred to our emergency 
department, where his BP was 103/80  mmHg, pulse 
rate 102/min and respiratory rate 24/min. There were no 
physical signs of deep vein thrombosis in his legs. His 
ECG showed sinus tachycardia, left atrial enlargement, 
an S wave in lead I, a Q wave in lead III, incomplete 
RBBB, TWI in leads V1–V3, STE in leads aVR and V1, 
and STD in leads I, II, III, aVF, and V4–V6, [Figure 1a]. 
Bedside TTE disclosed dilatation of the RV and right 
atrium. A  chest radiograph showed no widening of the 
aorta or pulmonary edema.

Based on the symptoms, ECG, chest radiography and 
bedside TTE findings, acute massive PE was highly 
suspected. CTPA confirmed massive emboli in the 
left and right PAs [Figure 2a] and showed the RV/left 
ventricle (LV) diameter ratio was abnormally increased 
to 1.22 [Figure 2b]. Within 40  min after arrival in our 
ED and initiation of intravenous (IV) heparin, his BP 
dropped to 61/40  mmHg and he lost consciousness. He 
received emergency endotracheal tube intubation for 

Figure 1: The electrocardiogram on arrival shows sinus tachycardia, 
incomplete right bundle branch block, left atrial enlargement, an S wave 
in lead I and a Q wave in lead III, T wave inversion in leads V1–V3, 
ST elevation in leads aVR and V1, and ST depression in leads I, II, III, 
aVF, and V4–V6, indicating hemodynamic instability from an acute 
pulmonary embolism (a). The electrocardiogram after hospital discharge 
reveals resolution of T wave inversion in leads V1–V3 and incomplete 
right bundle branch block, suggesting recovery from the right ventricular 
dysfunction (b)

b

a
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echocardiogram at 32  days revealed mild heterogenous 
distribution of radioactivity in the bilateral lung fields 
and normal RV chamber size (2.1  cm) with fair RV 
systolic function based on tricuspid annular plane 
systolic excursion (2.5  cm) and RV fractional area 
change (45%). The estimated systolic pulmonary 
arterial pressure (SPAP) was 37  mmHg. There were no 
further complications such as chronic thromboembolic 
pulmonary hypertension, after 18  months follow-up in 
the OPD with oral warfarin therapy.

Discussion
Our patient had only weak risk factors for venous 
thromboembolism, including immobilization due to 
prolonged sitting, hypertension, increased age and 
smoking [1], and no physical signs of deep vein 
thrombosis. Acute massive PE was suspected by bedside 
TTE showing a dilated RV and further confirmed by 
CTPA with large thrombi in the bilateral PAs. His 
ECG displayed characteristic changes suggesting 

hemodynamic instability and a high risk of mortality. 
In acute PE, the ECG is often abnormal and findings 
are neither specific nor sensitive, limiting its diagnostic 
value [7]. However, these ECG changes can help 
stratify risk and determine prognosis once the diagnosis 
is made. In 2001, Daniel et  al [8]. created a 21-point 
ECG scoring system whereby points are assigned for the 
following changes (number of points in parentheses): 
sinus tachycardia (2), incomplete RBBB (2), complete 
RBBB (3), TWI in leads V1–V4  (0–12), an S wave in 
lead I (0), a Q wave in lead III (1), inverted T wave 
in lead III (1), and entire S1Q3T3 complex (2). With 
cardiac compensation, the ECG score is low if the 
thrombus occluding the PA is small. Without cardiac 
compensation, the ECG score is high if the thrombi are 
large [7]. The scoring system has shown a significant 
positive correlation with SPAP in acute PE. A high ECG 
score is a useful marker in predicting RV dysfunction. 
At a cut-off of 10 points, the ECG score is 98% specific 
for the recognition of SPAP >50  mmHg. A  score less 
than 4 points can exclude RV dysfunction and resolution 
of TWI in leads V1–V3 may indicate recovery from RV 
dysfunction [9].

In recent years, several ECG abnormalities not included 
in the historical 21-point ECG score have gained attention 
for prognostic potential in acute PE, including STE in 
leads III, V1 and aVR and STD in leads I, aVL, and 
V4–V6. In 2013, Zhong-Qun et al [5]. found that several 
combinations of ECG findings, including “STE in lead 
aVR with concomitant STD in leads I and V4–V6” and 
“STE in leads III and/or V1/V2 with concomitant STD in 
leads V4–V6,” predicted development of hemodynamic 
instability. In 2014, Kukla et  al [10]. reported that STE 
in at least one of leads III, aVR and V1–V4 or STD in 
at least two lateral leads was associated with mortality in 
acute PE. These ECG changes in acute PE are probably 
induced by rapid pressure overload, dilatation, and 
dysfunction of the RV due to occlusion of the PA by 
massive emboli, resulting in decreased RV outflow and 
reduced LV preload. Ischemia of the RV, myocardium 
and conduction system, hypoxemia, and the effects of 
catecholamines and histamine are also related to the 
ECG changes [11]. In our case, the ECG showed STE 
in leads aVR and V1 and STD in leads I, II, III, aVF, 
and V4–V6, in addition to a 14 point ECG score (sinus 
tachycardia, incomplete RBBB, a Q in III, TWI in leads 
V1–V3), indicating high SPAP and RV dysfunction with 
a great risk of clinical deterioration due to respiratory 
failure and progressive shock.

Thrombolytic therapy with r-tPA 100  mg IV infusion 
for 2 h is advised for patients with persistent 
hypotension due to massive PE or recurrent PE despite 

Figure 2: Computed tomography pulmonary angiography discloses large 
emboli in the left and right pulmonary arteries (a) and the right ventricle/
left ventricle diameter ratio is abnormally increased to 1.22 (b), confirming 
the diagnosis of acute massive pulmonary embolism

b
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thrombolytic therapy for unstable PE, but successful 
ROSC was achieved after immediate CPR with 6 min of 
chest compressions aiding thrombolysis. The resolution 
of TWI in leads V1–V3 and incomplete RBBB on ECG 
after hospital leads discharge suggested recovery from 
RV dysfunction, which was further confirmed by an 
echocardiogram on follow up in our OPD.

Conclusion
We described a patient with acute massive PE 
demonstrating characteristic ECG changes that might 
have prognostic value for hemodynamic instability and 
clinical deterioration. For patients with unstable PE and 
cardiac arrest with PEA during thrombolytic therapy, 
immediate CPR with chest compressions could be 
beneficial for augmentation of thrombolysis and ROSC.
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