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Summary
While trials of systemic thrombolysis for submassive and 
massive pulmonary embolism (PE) report intracranial 
haemorrhage (ICH) rates of 2%–3%, the risk of ICH 
in patients with recent brain surgery or intracranial 
neoplasm is unknown since these patients were 
excluded from these trials. We report a case of massive 
PE treated with systemic thrombolysis in a patient with 
recent neurosurgery for an intracranial neoplasm. We 
discuss the risks and benefits of systemic thrombolysis 
for massive PE in the context of previous case reports, 
prior cohort studies and trials, and current guidelines. 
There may be times when the immediate risk of death 
from massive PE outweighs the risk of ICH from 
systemic thrombolysis, even when guideline-listed 
major contraindications exist. This case provides an 
example of how the haemodynamic benefit of systemic 
thrombolysis outweighed the impact of ICH in a patient 
who had undergone recent neurosurgical resection of a 
glioblastoma multiforme tumour.

Background
Massive pulmonary embolism (PE) is defined by 
systemic arterial hypotension and cardiogenic shock 
from right ventricular failure due to an obstruc-
tive embolism. Systemic arterial hypotension is 
defined as a systolic arterial pressure <90 mm 
Hg or a drop in systolic pressure >40 mm Hg 
for >15 min. Shock is defined by tissue hypoperfu-
sion, presenting as hypoxia, altered mental status, 
oliguria or cool extremities.1 In-hospital mortality 
in patients with massive PE ranges from 15% for 
those with arterial hypotension to 65% for those 
with cardiac arrest.2 In two separate meta-anal-
yses of randomised controlled trials that included 
patients with massive PE, systemic thrombolysis 
reduced the risk of in-hospital death by approxi-
mately 50%.3 4 However, this mortality benefit is 
offset by major bleeding in approximately 10% of 
patients, with 2%–3% having intracranial haem-
orrhage (ICH).5 6 The 2016 American College of 
Chest Physicians (ACCP) Guidelines and Expert 
Panel Report for Antithrombotic Therapy for VTE 
Disease lists structural intracranial disease, recent 
brain surgery, prior ICH and ischaemic stroke 
within 3 months as major contraindications for 
thrombolytic therapy due to an increased risk of 
ICH with systemic thrombolysis.7 The 2011 Amer-
ican Heart Association (AHA) Scientific Statement 

and 2013 American College of Cardiology Foun-
dation/AHA Task Force on Practice Guidelines list 
known malignant intracranial neoplasm and brain 
or spinal canal surgery within 2 months as absolute 
contraindications to thrombolysis for treatment 
of PE and ST-elevation myocardial infarction.8 9 
The Neurocritical Care Society does not provide 
guidelines for treatment of venous thromboembo-
lism (VTE). While the ACCP guidelines note that 
the more severe the hypotension, the more compel-
ling the indication for systemic thrombolysis, there 
are no specific recommendations to guide weighing 
the risks of ICH versus worsening circulatory shock 
in patients with massive PE and these major contra-
indications to thrombolysis. This is likely due to 
the fact that the risk of ICH in patients with these 
contraindications is unknown since they have tradi-
tionally been excluded from thrombolysis trials for 
acute PE and myocardial infarction.5 10 11 

caSe preSentation
A 54-year-old woman presented to the emergency 
department with acute-onset pleuritic chest pain 
for 2 days and a tight sensation in her left calf. One 
month prior to presentation, she underwent neuro-
surgical resection of a right frontal lobe glioblas-
toma multiforme (GBM), and had postoperative 
left-sided hemiparesis. She had been discharged 
to a subacute rehabilitation facility where she did 
not receive VTE prophylaxis. At presentation, she 
was tachycardic (110 beats/min), normotensive 
(118/60 mm Hg), tachypnoeic (26 breaths/min) and 
hypoxaemic (peripheral capillary oxygen saturation 
(SpO2) of 90% while breathing ambient air). The 
ECG showed sinus tachycardia and serum cardiac 
troponin-T was 0.1 ng/mL (upper limit of normal 
0.01 ng/mL). CT pulmonary angiography (CTPA) 
showed large emboli in the right pulmonary artery 
and the right segmental and subsegmental branches 
with additional small emboli in the left segmental 
pulmonary artery branches (figure 1A). She was 
started on anticoagulation for acute PE with an 
80 units/kg intravenous bolus of unfractionated 
heparin followed by an 18 units/kg/hour infusion, 
and was admitted to the hospital intermediate care 
unit.

Eight hours later, she acutely developed hypo-
tension to 50/30 mm Hg and worse hypoxaemia 
(SpO2 70% on supplemental oxygen at 15 L/min 
delivered through a non-rebreather facemask). Her 
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ECG showed new ST elevation in aVR and V1, and ST depres-
sions in I, aVL and V5–V6. Bedside echocardiography revealed a 
markedly dilated, severely hypokinetic right ventricle with apical 
sparing, interventricular septal bowing into the left ventricle, and 
a single thrombus moving between the right atrium and the right 
ventricle (figure 2A–C). Norepinephrine infusion was started at 
5 mcg/min and rapidly titrated to 40 mcg/min, the maximum 
dose permitted at our institution. She remained in refractory 
circulatory shock with a blood pressure of 85/60 mm Hg.

After consulting with specialists from cardiothoracic surgery, 
pulmonary critical care, interventional cardiology and neuro-
surgery, we administered 10 mg of alteplase, tissue plasminogen 
activator (t-PA), intravenously over 1 min followed by a 90 mg 

infusion over 2 hours and transferred the patient to the intensive 
care unit. Within 3 hours, her circulatory shock resolved, norepi-
nephrine was weaned off, and her SpO2 improved to 98% on 
nasal cannula at 2 L/min. A head CT obtained 3 hours after t-PA 
initiation revealed an acute 3×1.4 cm right frontal lobe haem-
orrhage within the resection cavity with a 4 mm midline shift 
(figure 3A) (a postoperative head CT from 1 month prior had a 
3 mm midline shift).

 Unfractionated heparin infusion was discontinued upon initi-
ating t-PA and was not resumed due to acute ICH. An inferior 
vena cava (IVC) filter was placed after a distal left popliteal occlu-
sive thrombus was visualised by ultrasonography with Doppler. 
Repeat head CT after 3 days showed no further ICH nor midline 
shift (figure 3B). She did not develop any new neurological defi-
cits at any time. One day after thrombolysis, echocardiography 
demonstrated normal right ventricular function and no evidence 
of intracardiac thrombus. Four days later, CTPA showed near 
complete resolution of the large pulmonary emboli with residual 
small emboli in the right upper and left lower lobar arteries 
(figure 1B). She was discharged to a postacute care facility 6 days 
later without a need for supplemental oxygen. The IVC filter 
was left in situ. Two weeks later, a head CT showed resolution of 
the haemorrhage, and she was started on therapeutic enoxaparin 
at 1 mg/kg subcutaneously every 12 hours.

Medical history: GBM complicated by left hemiparesis and 
seizures status post-tumour resection 1 month prior to presenta-
tion, obesity, hypertension, left breast cyst removal and vaginal 
cyst removal.

Social history: Since being discharged from the hospital after 
brain surgery, she resided at a rehabilitation facility learning how 
to cope with her left hemiparesis and basic activity of daily living 

Figure 1 CT pulmonary angiography (CTPA) demonstrating 
pulmonary embolism (PE). (A) CTPA prior to thrombolysis demonstrating 
large right main pulmonary embolus extending into the segmental 
branches (red arrow). (B) CTPA demonstrating resolution of pulmonary 
emboli 4 days after thrombolysis.

Figure 2 Transthoracic echocardiogram (apical four-chamber 
view). (A) Thrombus in right atrium (red arrow). (B) Thrombus in right 
atrium superior to tricuspid valve. (C) Thrombus in right ventricle; 
IVS bowing intoleft ventricle. Red arrows denote thrombus. IVS, 
interventricular septum; LA, left atrium; LV, left ventricle; RA, right 
atrium; RV, right ventricle.

Figure 3 CT of head demonstrating haemorrhage into resection 
site. (A) Intracranial haemorrhage into resection cavity (red arrow) 
3 hours after thrombolysis. (B) Evolution of haemorrhage stable on 
follow-up without neurosurgical intervention 3 days after intracranial 
haemorrhage was diagnosed. (C) Follow-up CT 6 months after discharge 
demonstrating glioblastoma multiforme (GBM) progression (red arrow) 
and midline shift (green line) with resolution of haemorrhage.
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dependence. She is unemployed and has a 42 pack-year smoking 
history without any illicit drug or supplement use.

Family history: There is no significant family history.

outcome and Follow-up
The patient survived and was discharged 6 days after decom-
pensation without any new neurological deficits. She remained 
clinically stable until 6 months later when she presented with 
altered mental status and was found to have recurrence of the 
GBM (figure 3C). She was discharged to inpatient hospice and 
died 8 months after being treated for her massive PE.

diScuSSion
This case demonstrates that it is reasonable to consider throm-
bolysis as a therapeutic option for massive PE, even in a patient 
with recent neurosurgical resection of an intracranial tumour. 
We considered emergent surgical pulmonary embolectomy and 
catheter-directed thrombolysis, but decided to administer intra-
venous t-PA at the bedside for several reasons. Most importantly, 
we wanted to minimise time to treatment. We were concerned 
that if the thrombus in the right atrium and right ventricle embo-
lised to the pulmonary artery, the patient might suffer a cardiac 
arrest since she was already in refractory circulatory shock in 
spite of a high dose of norepinephrine therapy. Second, her 
pre-existing left-sided hemiparesis would make rehabilitation 
from embolectomy surgery that involves a median sternotomy 
and cardiopulmonary bypass challenging. We also opted not 
to pursue catheter-directed thrombolysis or surgery because it 
would have delayed time to treatment. Third, we hypothesised 
that the patient’s resection cavity could potentially act as a reser-
voir for haemorrhage and minimise cerebral swelling or midline 
shift. We could have, but did not consider, half-dose thrombol-
ysis, which has been shown to be associated with less bleeding 
and comparable efficacy for treatment of PE in a retrospective 
cohort study and phase II trial.12–14

The patient developed an ICH into the resection cavity but 
never developed any symptoms or new neurological deficits. 
The head CT showed a midline shift of 4 mm, which was only 
1 mm greater than her baseline shift of 3 mm on a head CT from 
1 month prior. There is a validated ICH risk score based on 
Glasgow Coma Scale, age, infratentorial versus supratentorial 
origin, and presence of intraventricular haemorrhage that ranges 
from 0 to 6, with increasing scores predicting a higher risk of 
30-day mortality and functional deficit at 12 months.15–17 The 
patient had an ICH risk score of 0, which predicted a <3% risk 
of 30-day mortality and none-to-mild functional deficit at 12 
months. In a retrospective population-based study of Finnish 
patients with ICH, those with midline shifts of 1–5 mm and 

6–24 mm had a 2.7 and 13.5 greater odds of 30-day mortality 
compared with patients with ICH without midline shift, respec-
tively.18 While the generalisability of these data to this patient 
who haemorrhaged into a postsurgical frontal lobe resection 
cavity in the setting of thrombolysis is arguable, the minimal 
new midline shift, lack of new neurological sequelae and survival 
to hospital discharge are consistent with clinical outcomes in 
patients with de novo ICH.

Thrombolytic safety concerns first arose after the Gruppo 
Italiano per lo Studio della Streptochinasi nell'Infarto Miocar-
dico (GISSI) trial showed that streptokinase reduced in-hospital 
mortality from acute myocardial infarction by 18%.19 From the 
1986 GISSI trial through the 2014 Pulmonary Embolism Throm-
bolysis (PEITHO) trial that showed tenecteplase for treatment of 
intermediate-risk PE increased the risk of major haemorrhage 
and stroke without improving mortality, no patients with recent 
brain surgery, prior ICH or ischaemic stroke within 3 months have 
been included in any major thrombolytic therapy trials.2 4 5 10 11 20 
There are unlikely to be any future trials of systemic thrombol-
ysis for massive PE in patients with these major contraindica-
tions to thrombolysis for several reasons. First, patients with 
massive PE and major contraindications to thrombolysis are rare 
and difficult to identify. Accordingly, recruiting enough patients 
to evaluate the potential benefit versus harm of thrombolysis 
would require a large multicentre study with intensive screening 
over a long period of time. Second, obtaining informed consent 
in a timely fashion that would not potentially cause harm due 
to delay in treatment would be difficult given that surrogate 
consent would most likely be needed since patients would lack 
capacity to provide consent in the setting of hypotension, shock 
or cardiac arrest. Lastly, there is an arguable lack of clinical equi-
poise for such a trial given the plausible increased risk of ICH 
with systemic thrombolysis in these patients with pre-existing 
intracranial pathology.

There are four prior published case reports of successful 
systemic thrombolysis for massive PE without ICH in patients 
with major contraindications due to intracranial pathology 
(table 1). Two cases had prior haemorrhagic strokes,21 22 one case 
had a GBM,23 and one case had recent neurosurgery for resec-
tion of a GBM.24 In all but one case, the patients had cardiac 
arrest from massive PE, which makes the decision to administer 
systemic thrombolysis easier since the risk of death without such 
therapy after cardiac arrest is so high. Our case is a notable addi-
tion to the literature insofar as our patient had not yet arrested 
when thrombolysis was administered, and our patient remained 
asymptomatic from ICH due to the fact that the blood accu-
mulated in the pre-existing frontal lobe resection cavity. These 
cases, while potentially susceptible to positive result publication 

table 1 Case reports of thrombolysis with t-PA in massive PE despite intracranial guideline contraindication

author reference
publication 
year

t-pa 
indication contraindication clinical scenario

patient age
(years) thrombolytic dose patient outcomes*

Han et al23 2006 PE GBM Hypotension/hypoxia 72 100 mg alteplase over 
2 hours

GI bleed on warfarin

Koroneos et al21 2007 PE Haemorrhagic CVA Cardiac arrest 53 50 mg alteplase bolus 
given twice

No adverse events

Bottinor et al22 2014 PE Haemorrhagic CVA Cardiac arrest 60 100 mg alteplase over 
2 hours

Rectal, vaginal and line-site 
haemorrhage

Bayram et al24 2014 PE GBM and intracranial 
surgery

Cardiac arrest 63 50 mg alteplase bolus No adverse events

*All patients survived without any documented neurological or new functional deficits.
CVA, cerebrovascular accident; GBM, glioblastoma multiforme; GI, gastrointestinal; PE, pulmonary embolism; t-PA, tissue plasminogen activator. 
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bias, suggest that thrombolytic therapy could be considered 
on a case-by-case basis in patients with massive PE and major 
contraindications due to intracranial pathology, and in whom 
cardiac arrest has occurred or seems imminent. In a registry 
study of 1001 patients from 204 medical centres with acute PE 
with overt or impending right heart failure, and where thrombo-
lytic therapy was used in 48% of patients, in-hospital mortality 
ranged from 8% for those with right ventricular dysfunction, to 
15% with arterial hypotension, to 25% with circulatory shock, 
to 65% with cardiac arrest.2 These data suggest that as hypoten-
sion progresses to circulatory shock or cardiac arrest, the imme-
diate risk of death from not treating a PE with thrombolysis may 
become so high as to outweigh the risk of disability or death 
from ICH in patients with pre-existing intracranial pathology.2 
These mortality data highlight a potential shifting of risk in 
regard to thrombolytic therapy for patients with massive PE and 
major contraindications. As hypotension progresses to circula-
tory shock or cardiac arrest, the risk of death or disability from 
ICH must be weighed against the immediate risk of death and 
need to administer prompt treatment.

In conclusion, this case provides an example of how the 
haemodynamic benefit of systemic thrombolysis outweighed 
the risk of clinical sequelae due to ICH in a patient who had 
undergone recent neurosurgical resection of a GBM. This case 
adds to prior similar cases that when taken together, suggest that 
thrombolysis for massive PE might be considered in patients 
with contraindicating intracranial pathology if cardiac arrest 
from circulatory shock has occurred or appears imminent.

learning points

 ► In a patient with circulatory shock from massive pulmonary 
embolism (PE) and recent brain surgery, the haemodynamic 
benefit of systemic thrombolysis outweighed the potential 
adverse consequences of intracranial haemorrhage (ICH).

 ► The resection cavity in this patient accommodated an ICH and 
may have obviated the need for neurosurgical decompression 
by decreasing midline shift.

 ► Future randomised controlled trials of thrombolysis in 
patients with massive PE and pre-existing intracranial 
pathology are unlikely to ever be conducted due to challenges 
with patient enrolment and clinical equipoise.

 ► Mortality increases substantially as patients with massive PE 
progress from hypotension, to circulatory shock, to cardiac 
arrest. It is therefore important to weigh the imminent risk 
of death from circulatory shock or cardiac arrest against 
the risk of death or disability from ICH when considering 
possible thrombolysis for those with pre-existing intracranial 
pathology.
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