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Abstract 

Aims Thrombolysis for normotensive patients with large clot burden pulmonary 

embolism remains debatable. We aim to document our current management of 

pulmonary embolism, examining determinants of therapy and outcomes. 

Method A retrospective chart-based review of all patients admitted with pulmonary 

embolism under Cardiology service in Christchurch Hospital between 2002–2007. All 

related CT pulmonary angiograms were also reviewed for quantification of clot 

burden and evidence of right ventricular strain. 

Results 120 patients were admitted during the audit period. Hypotensive patients had 

a significantly higher troponin level and Qanadli scores. RV/LV ratio >1 in CTPA 

was 80% sensitive and 57% specific in predicting RV strain on echocardiogram. 

Forty-six patients were thrombolysed, most with large clot burden and right 

ventricular strain. No treatment related death or intracranial haemorrhages occurred; 

however six patients required blood transfusion and six patients had persistent 

pulmonary hypertension at 6 months. There was a higher in-patient event rate in 

thrombolysed group, due to increased bleeding, compared to non-thrombolysed 

patients.  

Conclusion Thrombolysis was successfully performed with relatively low in-patient 

and 6-month event rate. Long term advantage over routine anticoagulation was not 

demonstrated. The role of thrombolysis in normotensive patients with large clot 

burden remains uncertain. CTPA markers of RV strain correlated well with 

echocardiography. 

Pulmonary embolism (PE) is a frequent cause for hospital admission and a significant 

proportion of cases are first diagnosed at autopsy.
1
 The in-patient or 30-day mortality 

is variable with a stepwise increase in mortality observed subject to the degree of 

haemodynamic instability, with a mortality of up to 65% for patients who require 

cardiopulmonary resuscitation.
2,3

  

Patients with right ventricular (RV) dysfunction have a higher mortality than those 

without in whom the mortality of acute PE is close to 0% with anticoagulation. 
2–4

 

Subsequent mortality is also high, the overall mortality at 3 months was reported 

between 10.5–15.3%,
2,5

 with the majority of patients dying of recurrent PE or cancer.
2
 

Multiple studies have demonstrated rapid resolution of vascular obstruction, reduced 

pulmonary hypertension and improved haemodynamics following treatment with a 

thrombolytic agent in acute PE.
6–8

 Thrombolysis has been incorporated into 

international guidelines for PE with haemodynamic instability with undisputable 
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mortality benefits.
1,9

 However for normotensive patients with large clot burden, the 

role of thrombolysis remains controversial.  

Meta-analyses of published trials show no mortality benefit from thrombolysis in 

normotensive patients even in the presence of RV dysfunction.
1,10–13

 Despite the 

controversy, thrombolysis has been liberally used in patients at Christchurch Hospital 

in the setting of acute PE with hypotension or evidence of RV strain, as per the 

managing clinician. 

In this report we describe our experience with PE for the 6 years from January 2002 

and December 2007. We aim to assess the safety, short and intermediate term 

outcomes with thrombolysis and to identify imaging and biochemical risk markers 

that can distinguish a higher risk subgroup who would benefit from thrombolysis.  

Method 

An audit of patients admitted with PE under Cardiology service between January 2002 and December 

2007 was performed. Patients were identified using International Statistical Classification of Diseases 

and Related Health Problem, Tenth Revision, Australian Modification (ICD-10-AM) code, I26.0 or 

I26.9 for pulmonary embolism with or without acute cor pulmonale. This included all patients treated 

with thrombolysis except those in the Intensive Care Unit as per hospital protocol.  

A chart-based review was carried out with data collected comprising basic demographics, clinical 

status, investigations, treatment received and outcomes both as in-patient and at 6 months. For patients 

who had no further contact with the hospital system, a questionnaire was sent out to their General 

Practitioner. Hypotension was defined as the lowest systolic blood pressure ≤90 mmHg. 

All computed tomography pulmonary angiograms (CTPA) were reviewed by both a radiology fellow 

and an experienced cardiothoracic radiologist for evidence of RV strain. RV strain was defined as 

RV/LV ratio on axial 4-chamber view ≥1, straightening or bowing to the left of the interventricular 

septum (IVS) or reflux of contrast into the inferior vena cava or hepatic veins.  

Clot burden was quantified using the Qanadli score.
14

 The Qanadli score is the sum of the presence of 

clot to each segmental artery, 0 for no clot, 1 for partial occlusion and 2 for total occlusion. A clot 

proximal to the segmental artery is scored as the sum of affected segmental arteries arising distally. The 

maximum score is 40. A score of ≥16 is regarded as severe as it indicates ≥40% of pulmonary 

circulation is involved. Superior vena cava, azygous vein and main pulmonary artery sizes were also 

measured.  

Evidence of RV strain on echocardiogram was defined as dilated RV, RV hypokinesis, abnormal 

interventricular septal motion or estimated right ventricular systolic pressure ≥30 mmHg using 

Doppler.  

Statistical analysis was performed with GraphPad Prism version 5. Continuous variables were 

expressed as mean ± standard error. Two- tailed unpaired t-test for difference between two groups, 

Fisher’s exact test for contingency and Pearson’s coefficient for correlation were used. A p-value of 

less than 0.05 was considered statistically significant. 

Results 

During the audit period 120 patients, age 22–87 years, mean 63 ± 1.3 years, with PE 

were admitted under the Cardiology service at Christchurch Hospital. (Table 1) 

Patients had PE confirmed on CTPA or ventilation-perfusion scan (4), except one PE 

diagnosed at post mortem. Apart from this patient, all but one patient who had a 

concurrent diagnosis of type B aortic dissection, received heparin or low molecular 

weight heparin and 46 patients received thrombolysis.  

Bleeding problems occurred in 17 patients, seven (six in the thrombolysed group) of 

which required a blood transfusion. There were two deaths during admission, one 
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from untreated PE diagnosed at post-mortem and one from an unrelated cause. 

Follow-up data to 6 months was available in 111 patients, 7 patients were lost to 

follow-up. There were three recurrences during the follow-up period, one resulting in 

death. Two more patients died during the follow-up period, one from cancer and the 

other from heart failure following bone marrow transplant. 

 

Table 1. Patient characteristics of all patients and thrombolysed patients 
 

 

 

Relationship of biomarkers and haemodynamics—Peak troponin levels were 

significantly higher in the hypotensive patients compared with the normotensive 

patients, (1.13 ± 0.67 vs 0.13 ± 0.02 µg/L (p=0.0035)). Eight of 22 hypotensive and 

33 of 98 normotensive patients had brain natriuretic peptide (BNP) levels measured. 

There was no significant difference for BNP between normotensive and hypotensive 

groups with range between 22 to 899pmol/L and 6 to 1241pmol/L respectively.  

Imaging markers— 

Right ventricular strain—Echocardiogram was predominantly performed in those 

with or suspected of having large clot burden but was not routinely performed on all 

patients. Seventy nine patients had an echocardiogram during the admission. Forty out 

of 62 patients in the normotensive group and 14 out of 17 patients in the hypotensive 

group had evidence of RV strain (p= NS).  
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Seventy-eight patients had both CTPA and echocardiography. Of 54 patients with 

evidence of RV strain on echocardiogram, 44 had an RV/LV ratio ≥1 on CTPA (p= 

0.027). The sensitivity of CTPA detecting RV strain using RV/LV ratio was 80% 

(95% CI 67–89.6%), specificity 57% (95% CI 35–77%), positive predictive value 

82% (95% CI 69–91%) and negative predictive value 54% (95% CI 43–75%). 

Clot burden—Clot burden in the pulmonary circulation, as assessed by Qanadli 

scores, was significantly higher for those in the hypotensive group, 21.3 ±2.2 vs 15.6 

± 1.1 (p= 0.03). Qanadli score had a positive correlation with CTPA RV/LV ratio, r= 

0.53 (p< 0.0001) and a weak positive correlation with pulmonary pressures, r= 0.42 

(p< 0.001). It also had a weak negative correlation with the worst blood pressure 

during admission r= -0.19 (p=0.045) but no correlation with troponin levels.  

Qanadli score was associated with echocardiographic measures of RV strain; of 54 

patients with evidence of RV strain on echocardiogram, 45 had a Qanadli score ≥16. 

Patients with Qanadli score ≥16 were 1.87 times more likely to have RV/LV ratio ≥1, 

1.95 times more likely to have straightening of the IVS, 1.73 times more likely to 

have reflux of contrast into IVC and/or hepatic veins and 2.76 times more likely to 

have evidence of RV strain on echocardiogram. (Table 2)  

When using CTPA RV/LV ratio ≥1 as a marker of RV strain, there was a weak 

correlation of SVC size to RV strain but no significant correlation with azygous 

diameter or main pulmonary artery diameter on CT.  

The clinical event rate was too low to have any meaningful assessment of risk 

markers and their association with clinical outcomes. 

 

Table 2. RV, right ventricle. LV, left ventricle. IVS, interventricular septum. 

IVC, inferior vena cava. 
 

Imaging markers of RV strain Likelihood ratio if Qanadli score ≥≥≥≥16 

RV/LV ratio ≥ 1 on CTPA 

Straightening of IVS on CTPA 

Reflux of contrast into IVC and/or hepatic veins on CTPA 

RV strain on echocardiogram 

1.87× 

1.95× 

1.73× 

2.76× 

 

Thrombolysis group— 

Forty-six patients, age 22–87 years, mean 60.2 ± 2.2 years had thrombolysis with 

alteplase or tenecteplase using the standard protocols for thrombolysis for acute ST 

segment elevation myocardial infarction. Thirty four patients were normotensive, 12 

hypotensive, whilst one patient had a cardiac arrest. Forty two patients had large clot 

burden reported on the original CTPA report (clot seen in pulmonary artery or more 

than three lobar arteries involved). For the rest, one patient received empiric 

thrombolysis after a community cardiac arrest coming off a long haul flight, with a 

subsequent CTPA confirming the diagnosis of PE. One patient had a V/Q scan but not 

a CTPA due to end-stage renal failure from polycystic kidney disease. In the 

remaining two patients thrombolysis was administered following clinical 

deterioration, though the initial CTPA did not show a large clot burden.  
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Thirty-one patients in the thrombolysis group had an echocardiogram prior to 

thrombolysis, all had evidence of RV strain whilst 85% of all patients and 100% of 

hypotensive patients had evidence of RV strain on CTPA. There was a high 

concordance in the assessment of RV strain in the thrombolysed group, with 28 out of 

31 patients showing RV strain on both CTPA and echocardiogram. 

Most thrombolysed patients had a relatively uneventful hospital stay. (Figure 1) One 

patient died during admission due to an unrelated cause, not from PE or thrombolysis. 

No intracranial haemorrhage occurred. Transfusion was required in 6 patients for 

bleeding following thrombolysis. Of these patients requiring transfusion, three had a 

history of orthopaedics surgery within the preceding 2 weeks, two of whom were 

thrombolysed within 72 hours of surgery, one had ongoing wound ooze. Six patients 

had minor bleeding not requiring transfusion.  

Of the surviving 45 patients followed at 6 months, three overseas patients were lost to 

follow-up. Two PE recurrences occurred during this period, one resulting in death, the 

other was due to sub-therapeutic anticoagulation. Persistent pulmonary hypertension 

was present in six patients, two of whom had symptomatic heart failure. (Figure 2). 

 

Figure 1. In-patient outcome for thrombolysed patients 
 

 

 

Figure 2. Six-month outcome for thrombolysed patients. HF, heart failure. PHT, 

pulmonary hypertension 
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Large clot burden without thrombolysis group (Table 3)— 

Vascular obstruction on CTPA of ≥40% (Qanadli score ≥16) was present in 28 

patients who did not receive thrombolysis. In this group, 5 were hypotensive at some 

stage. None died of PE during their hospital stay, 2 patients had minor bleeds. Six-

month follow-up data was available in 26 patients. No recurrences occurred during 

the follow-up period, whilst two patients had persistent pulmonary hypertension. 

Large clot burden group— 

A total 68 patients were identified with large PEs (Qanadli score ≥16), of which 40 

were thrombolysed. There was no significant difference in mean troponin or BNP 

levels, but there was a significantly higher in-patient event rate (death one, bleed with 

or without transfusion 12, heart failure four) in the thrombolysed group, 17/40 

thrombolysed vs 4/28 not thrombolysed (p=0.02), with the main difference being 

bleeding.  

No significant difference of events (death, recurrences, pulmonary hypertension) was 

observed at 6 months, 11/37 thrombolysed vs 2/26 not thrombolysed (p=NS). 

 

Table 3. Patient characteristics in the large clot burden (Qanadli score ≥16) 

group 
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Discussion 

We document our experience with thrombolysis for PE with evidence of right heart 

strain, irrespective of the blood pressure status. Overall clinical outcomes were good, 

but we could not demonstrate an advantage for thrombolysis, and bleeding rates were 

increased with thrombolysis.  

While our major bleeding complication rate was similar to published data from 

randomised trials at 13%, 
1
 half of the patients experiencing bleeding in our series had 

a history of recent surgery so the drop in haemoglobin was at least in part explainable 

by perioperative blood lost. The lack of an advantage in clinical outcome in the 

thrombolysed group in our study should be interpreted with caution.  

This study was a retrospective review, with treatment being determined by the 

managing clinician. The thrombolysed group had a greater clot burden, all had RV 

strain or circulatory compromise. Indeed, the thrombolysed group had similar clinical 

outcomes to the nonthrombolysed group despite having more severe PE suggested 

that thrombolysis may have favourably affected outcomes.  

Persistent pulmonary hypertension and right heart failure occur in approximately 4% 

of patients after PE. 
15

 Some older, small or non-randomised trials showed a reduction 

of chronic pulmonary hypertension development in thrombolysed patients. 
16–18

 While 

a recent small prospective cohort showed a higher likelihood of a subgroup of 

haemodynamically stable patients with large PE of developing chronic symptomatic 

pulmonary hypertension with heparin only compared to thrombolysed patients, 
19

 

more recent randomised controlled trials have focused on short term analysis only and 

longer term outcomes are lacking.  

In our series we did not find any evidence that thrombolysis reduced the incidence of 

persisting pulmonary hypertension, however our numbers are small. 

RV dysfunction is a well recognised marker for worse outcome in PE regardless of 

blood pressure. 
20, 21

 However, echocardiography, the gold standard for right heart 

dysfunction, is not always readily available. A previous study showed raised RV/LV 

ratio on CTPA to be associated with >four-fold increase in mortality 
22, 23

 thus a raised 

RV/LV ratio identifies a higher risk group and closer observation or more aggressive 

therapy should be considered.
24, 25

  

Our study confirmed good predictive value of CTPA for RV strain using the RV/LV 

ratio or a high Qanadli score of ≥16. Therefore CTPA is a good initial test in 

suspected PE, as it provides important information on clot burden and right heart 

strain in addition to its diagnostic utility and is readily available in most hospitals. 

The elevation of biomarkers for myocardial strain or injury in acute PE is a reflection 

of RV involvement, as a result of sudden development of pulmonary hypertension.
26–

29
 It is associated with increased mortality even in normotensive patients. 

30
 More 

recent meta-analysis suggested combined raised troponin and BNP reflected higher 

risk. 
31

  

Unfortunately, our study is heavily limited by its retrospective design with no 

standardised management plan of all patients and the overall low event rate, we are 

unable to draw any meaningful conclusions with biomarkers. The question would be 

better answered by a prospective cohort. 
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Conclusion 

We document our experience with PE over the last 6 years. Our study confirmed clot 

burden and RV strain on CTPA were good predictors for RV strain on 

echocardiography. The role of thrombolysis in normotensive patients with large clot 

burden remains uncertain. However, our experience shows that thrombolysis can be 

used, albeit with a modest risk of bleeding complication but with otherwise good 

clinical outcome. 
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