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Introduction
Acute massive  Pulmonary  Embolism (PE) is a life-threatening 

emergency with a very high mortality [1]. The incidence of venous 
thrombo-embolism in India is 17. 46 per 10,000 hospital admissions and 
pulmonary embolism is diagnosed in 14. 9% of these patients with a 13. 
5% mortality rate [2]. Approximately two third of patients, who die of a 
pulmonary embolus, die within the first hour after presentation. Rapid 
evaluation, diagnosis and intervention are necessary to save the life of 
these patients. Definitive diagnosis is made on the basis of angiography, 
echocardiography and imaging studies (ventilation-perfusion 
scanning, Computed Tomographic (CT) pulmonary angiography 
[3]. Anticoagulation and thrombolysis are the primary methods 
of treatment of pulmonary embolism along with haemodynamic 
optimization [1]. Recently, open pulmonary embolectomy has been 
advocated as a safe and more effective therapy for massive pulmonary 
embolism with acceptable outcome [4,5]. 

Case Report
A 34 year old man, presented in our emergency department with 

complaints of NYHA class-III dyspnoea, cough, palpitation, and left 
sided chest pain radiating to the back . The patient gave a history 
of trauma to the medial side of right lower limb after a road traffic 
accident one year ago followed by recurrent deep vein thrombosis for 
which he was treated with low molecular weight heparin (enoxaparin). 
At the time of hospital admission, patient was conscious and well 
oriented with a heart rate 96/min and blood pressure 130/94 mmHg. 
On physical examination, there were bilateral crepitaions present with 
normal heart sounds and a pansystolic murmur in tricuspid area. ECG 
showed peaked p wave in lead II and S1Q3T3 pattern (Figure 1). Arterial 
Blood Gas (ABG) analysis on room air showed pH 7. 48, PaCO2 16.9 
mmHg, PaO2 47.7 mmHg, SaO2 87.7%, bicarbonate 12.9 mmol/L ,base 
excess , - 6.3, PaO2/FIO2 228 with normal haemogram and serum 
electrolytes. Chest radiography showed an opacity in left upper zone 
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(Figure 2). Transthoracic echocardiography revealed Right Atrial 
(RA) and Right Ventricular (RV) enlargement, moderate Tricuspid 
Regurgitation (TR) with gradient of 80 mmHg, RV dysfunction and 
normal Left Ventricular (LV) function without any intracardiac clot nor 
any thrombus could be visualized in proximal main pulmonary artery 
or right and left pulmonary arteries. Immediate supportive treatment 

Figure 1: Preoperative ECG.
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was started with oxygen via face-mask, propped-up position, heparin 
infusion and injection furosemide. CT angiography (Figures 3 and 4) 
revealed thrombi as filling defects in right and left pulmonary arteries 
extending into upper and lower segmental arteries and left apico-
posterior segmental infarcts with free main pulmonary artery and 
proximal part of right and left pulmonary arteries. 

Venous Doppler of right lower limb showed deep vein thrombosis in 
distal sapheno-femoral vein, with partial recanalization extending into 
proximal popliteal vein. After confirmation of diagnosis, inferior vena 
cava filter (Gunther Tulip) through right percutaneous transfemoral 

route was placed under monitored anaesthesia care before the patient 
underwent open surgical embolectomy. The heparin infusion was 
continued till 4 hour before surgery. The patient was premedicated 
with morphine 7 mg and promethazine 25 mg intramuscularly about 
30 minute before the start of surgery. The patient came to the operation 
theatre supported haemodynamically with a dobutamine infusion 
at 5 μg/kg/min. ECG and pulse oximeter were attached. He was 
comfortable on room air with SpO2 90%. A large bore IV access and 
radial arterial cannulation for pressure monitoring were established 
under local anaesthesia. The baseline BP was 141/98 mm Hg, heart 
rate 132/min and ABG showed pH 7.47, PaCO2-31.7 mmHg, PaO2-
56 mmHg, SaO2-91% on room air. After preoxygenation, anaesthetic 
induction was done with etomidate 0.2 mg/kg and fentanyl 5 μg/kg. The 
tracheal intubation was facilitated with rocuronium 0.9 mg/kg. During 
induction, there was fall in BP to 80/32 mm Hg which was managed 
with fluid boluses and norepinephrine boluses and continuing infusion 
dobutamine at 5 μg/kg/min. Anaesthesia was maintained with 50% 
oxygen in air, pancuronium, fentanyl and midazolam. Intraoperatively, 
Trans-Esophageal Echocardiography (TEE) confirmed the presence 
of massive pulmonary thrombi in both Right Pulmonary Artery 
(RPA) and Left Pulmonary Artery (LPA) with no thrombus in main 
pulmonary artery. The RA and RV were dilated with moderate to severe 
tricuspid regurgitation and moderate RV dysfunction. Right internal 
jugular venous cannulation was done with triple lumen catheter 
showing RA pressure of 20 mm Hg. The pulmonary artery catheter was 
not inserted because of concern regarding thrombus migration in the 
distal pulmonary circulation with difficulty in surgical removal. After 
midline sternotomy, Cardio Pulmonary Bypass (CPB) was started in 
standard fashion with aortic and bicaval cannulation. This was followed 
by thromboembolectomy on warm beating heart without aortic cross-
clamping or cardioplegia. Partially organized thrombi were removed 
from LPA, RPA and their distal branches. The patient was weaned 

Figure 2: Chest x ray showing opacity in upper zone of left lung.
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Figure 4:    CT angiography showing filling defects representing thrombi in 
right and left pulmonary arteries extending into upper and lower segmental 
arteries.
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Figure 3: CT angiography showing that the MPA, proximal RPA and LPA are 
free of thrombi but showing  thrombi as filling defects in distal parts of RPA 
and LPA.
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successfully from CPB with inotropic support of epinephrine (0.025 
μg/kg/min), dobutamine (5 μg/kg/min) and nitroglycerine (0.25 μg/
kg/min). Total duration of CPB was 66 minutes. Heparin administered 
during CPB was not neutralized for maintaining postoperative 
anticoagulation. The postoperative pressures were LV- 93 mmHg, 
RV- 24 mmHg, RA-6 mmHg as measured by direct chamber pressure 
monitoring with a needle. Postoperative TEE revealed increased RV 
contraction and TR decreased to mild degree and no residual thrombus. 
The patient was shifted to the surgical ICU and electively ventilated for 
8 hours and was subsequently extubated. The inotropes were tapered 
and stopped on the 2nd postoperative day. Warfarin 2. 5 mg was started 
from the 1st postoperative day and the patient was discharged on the 5th 
postoperative day uneventfully. 

Discussion 
Massive pulmonary embolism is defined as an obstruction of the 

pulmonary artery exceeding 50% of its cross-sectional area. Pulmonary 
arterial obstruction causes elevation in Pulmonary Vascular Resistance 
(PVR), increase  in alveolar dead space and redistribution of blood 
flow impairing gas exchange. As right ventricular afterload increases, 
tension rises in the right ventricular wall and this may lead to dilatation, 
dysfunction,  and ischemia of the right ventricle [3]. For clinical 
purposes, massive PE is defined as pulmonary embolism with shock 
and submassive PE as haemodynamically stable pulmonary embolism 
with right ventricular dysfunction [6]. However, the outcome from 
PE depends on both the size of the embolus and the underlying 
cardiopulmonary function. A massive embolus in a patient with 
adequate cardiopulmonary reserve and a submassive embolus in a 
patient with prior cardiopulmonary disease and poor reserve may 
manifest similar haemodynamic and clinical outcomes. Also, the vast 
majority of patients with anatomically massive PEs do not present in 
shock as in our patient [3]. 

There is a narrow window for establishing a definitive diagnosis 
on the basis of the history and physical examination along with basic 
investigations, such as ECG, chest radiography, an ABG analysis and 
echocardiography. ECG may show either ST-segment abnormalities, 
T-wave inversion, pseudoinfarct pattern, right axis deviation, RBBB, 
an S1Q3T3 pattern, or pulmonale as signs of pulmonary embolism as 
in our patient. The chest radiograph, although nonspecific, contributes 
to the diagnostic assessment of massive PE by excluding diseases that 
mimic PE like pneumothorax. Echocardiography as a readily available 
and repeatable investigation is highly useful in the recognition and 
differentiation of PE. It can also assess the severity of the PE and 
the patient’s response to therapy. The echocardiographic evidence 
of PA obstruction (RV dysfunction, moderate-to-severe tricuspid 
regurgitation, leftward bowing of the interatrial septum) may be 
helpful in supporting a diagnosis of PE. CT pulmonary angiography 
is the diagnostic gold standard for pulmonary embolism, as it not 
only assesses clot burden but also helps to identify patients with right 
ventricular enlargement who are at increased risk of early death [3]. 
A delay in treatment in order to complete a lengthy and invasive 
diagnostic procedure is not justified. Treatment modalities for acute 
massive pulmonary thrombo-embolism include anticoagulation, 
thrombolysis, Inferior Vena Cava (IVC) filters and open surgical 
embolectomy. As soon as massive PE is suspected, anticoagulation with 
high-dose unfractionated heparin should be started with a bolus dose 
followed by infusion along with simultaneous haemodynamic support 
with fluid, inotropes, vasopressors etc . Thrombolytic agents such as 
alteplase, although, recommended as first-line treatment for massive 
PE, may cause major bleeding complications in 9. 1% of thrombolysis-

treated patients [1], so was not used in our pateint. In the International 
Cooperative Pulmonary Embolism Registry (ICOPER), thrombolytic 
agents did not reduce the rate of mortality or recurrent PE at 90 days 
but use of IVC filter did reduce the rate of mortality or recurrent PE at 
90 days. Use of preoperative Doppler venograpgy helps in detecting the 
source of embolus mainly from lower limbs and accurate location of the 
source can be done [7]. So in our patient we used it preoperatively. 1-year 
survival after surgical embolectomy can be as high as 86% [8]. Open 
surgical embolectomy is indicated in patients with contraindications 
to thrombolytic therapy, persistence of thrombi in the right heart or 
pulmonary arteries after pulmonary embolism, or severe hemodynamic 
or respiratory compromise with cardiovascular collapse [9]. 

The anesthetic management of patients undergoing open surgical 
pulmonary embolectomy has usually been a challenging job for 
anesthesiologist due to frequent occurrence of haemodynamic instability. 
These patients have systemic blood pressure predominantly dependent 
on compensatory increases in Systemic Vascular Resistance (SVR) and 
heart rate. The high risk of massive intraoperative haemorrhage and 
fluid shift necessitates the insertion of at least two large-bore peripheral 
IV lines. Intraoperative monitoring of such patients should include 
an intra-arterial catheter, ECG, pulse oximeter, capnograph, central 
venous catheter, Trans Esophageal Echocardiography (TEE). These 
monitoring guide the management of right ventricular dysfunction, 
postembolectomy pulmonary haemorrhage and hypotension, increased 
Pulmonary Vascular Resistance (PVR), low cardiac output, blood loss 
and fluid shifts [10]. Intraoperative TEE is extremely helpful during 
pulmonary embolectomy to locate the pulmonary thrombi, detect 
residual emboli immediately after the initial procedure, and monitor 
cardiac performance [11]. We used it in our patient. 

Induction of anesthesia is a very hazardous period in the presence 
of massive pulmonary embolism and RV dysfunction as it can lead to 
sudden hemodynamic collapse in up to 19% of cases. Hence, a cardiac 
surgical team should be present in the OR starting preparation and 
draping before anesthetic induction and to be ready to initiate CPB, if 
hemodynamic collapse occurs [12]. As these patients are acidotic and 
hypoxic with markedly elevated PVR, right ventricular dysfunction, 
and a fixed cardiac output, are vulnerable to decreases in SVR and 
myocardial depression as caused by many anesthetic agents [10]. The 
selection of anesthetic induction agent is crucial. An agent that does 
not increase PVR but preserves hemodynamics should be preferred. 
Etomidate was preferred along with fentanyl in our patient because 
this combination has been found to provide haemodynamic stability 
during both induction of anesthesia and tracheal intubation in cardiac 
surgical patients [13]. Etomidate has been shown to be devoid of 
adverse cardiovascular effects when used as an induction agent in 
patients with preexisting cardiovascular disease [14]. Rocuronium as a 
muscle relaxant for laryngoscopy and intubation was preferred in this 
case because of its rapid onset and minimal cardiovascular side effects 
even in ASA class 3 and 4 patients undergoing cardiac surgery [15]. It 
is extremely important to avoid and correct factors increasing PVR like 
hypoxia, hypercarbia, acidosis, high airway pressure etc. [16]. 

Inotropes may be required both before induction as well as after 
weaning from CPB due to frequent presence of RV dysfunction in these 
patients. Norepinephrine (NE) is the inotrope of choice for patients 
with RV dysfunction. NE, by direct inotropic effect and maintenance 
of RV perfusion, increases mean arterial pressure, cardiac output, 
stroke volume and RV performance without significant increase in 
PVR. Dobutamine in patients with massive pulmonary embolism 
causes increase in cardiac index and mixed venous oxygen content and 
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decrease in PVR, whereas dopamine causes increase cardiac output 
but at the cost of increase in PA pressure. Epinephrine can also be 
useful agent in patients with massive pulmonary embolism because 
it combines the beneficial properties of NE (vasoconstriction with 
increased RV perfusion, positive inotropy) and dobutamine (positive 
inotropy) without the vasodilatory effect of latter. Isoproterenol, 
amrinone, and milrinone have been investigated in animal models, 
but are not recommended for hypotension due to PE. Vasodilators 
through afterload reduction and improved coronary perfusion have 
improved myocardial function in experimental PE suggesting their role 
in massive PE with RV dysfunction [17]. 

Rapid institution of CPB by femoral cannulation percutaneously 
may be life-saving in patients with sudden haemodynamic collapse 
following anaesthetic induction [18]. Pulmonary embolectomy is 
usually performed on CPB on warm beating heart without aortic cross-
clamping and cardioplegia delivery to avoid ischemic injury. During 
CPB, higher perfusion pressure should be maintained to reduce RV 
stunning [19]. Pulmonary embolectomy may be followed by life- 
threatening complications like right or left ventricular failure, high-
pressure pulmonary oedema, pneumothorax, pulmonary infection, 
phrenic nerve injury, haemothorax and pulmonary infarction, and 
massive haemorrhagic pulmonary oedema secondary to reperfusion 
of the ischaemic and infarcted lung [10]. Massive endobronchial 
haemorrhage is a lethal complication in pulmonary embolectomy. Large 
amount of blood may be aspirated from endotracheal tube, as massive 
haemorrhage can occur due to intraoperative pulmonary artery injury 
and reperfusion [20]. 

Management of a patient with acute pulmonary embolism can be 
very challenging, because of the emergency nature. It tests the skills 
of the anaesthetist with respect to rapid haemodynamic management, 
management during CPB and difficulty in weaning successfully off 
CPB, using appropriate combination of inotropes and vasodilators.
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