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Abstract
AIM: To assess role of combined modality of mechani-
cal fragmentation and intralesional thrombolysis in 
patients with massive pulmonary embolism presenting 
subacutely.

METHODS: Eight of 70 patients presenting in tertiary 

care centre of North India with massive pulmonary 
embolism within 4 years had subacute presentation 
(symptom onset more than 2 wk). These patients were 
subjected to pulmonary angiography with intention to 
treat basis via  mechanical breakdown and intra lesional 
thrombolysis. Mechanical breakdown of embolus was 
accomplished with 5-F multipurpose catheter to re-
establish flow, followed by intralesional infusion of uro-
kinase (4400 IU/kg over 10 min followed by 4400 IU/kg 
per hour over 24 h).

RESULTS: Eight patients, mean age 47.77 ± 12.20 
years presented with subacute pulmonary embolism 
(mean duration of symptoms 2.4 wk). At presentation, 
mean heart rate, shock index, miller score and mean 
pulmonary pressures were 101.5 ± 15.2/min, 0.995 ± 
0.156, 23.87 ± 3.76 and 37.62 ± 6.67 mmHg which 
reduced to 91.5 ± 12.2/min (P  = 0.0325), 0.789 ± 
0.139 (P  = 0.0019), 5.87 ± 1.73 (P  = 0.0000004) and 
27.75 ± 8.66 mmHg (P  = 0.0003) post procedurally. 
Mean BP improved from 80.00 ± 3.09 mmHg to 90.58 
± 9.13 mmHg (P  = 0.0100) post procedurally. Minor 
complications in the form of local hematoma-minor 
hematoma in 1 (12.5%), and pseudoaneurysm (due 
to femoral artery puncture) in 1 (12.5 %) patient were 
seen. At 30 d and 6 mo follow up survival rate was 
100% and all the patients were asymptomatic and in 
New York Heart Association class 1.

CONCLUSION: Combined modality of mechanical 
fragmentation and intralesional thrombolysis appears 
to be a promising alternative to high risk surgical pro-
cedures in patients with subacute massive pulmonary 
embolism. 
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Core tip: Patients with massive pulmonary embolism 
presenting subacutely (> 2 wk) have high mortality 
and older clots in these patients may be less amenable 
to thrombolysis with increased likelihood of recurrence 
and thromboembolic pulmonary hypertension. Eight of 
70 patients with massive pulmonary embolism present-
ing subacutely were subjected to mechanical break-
down and intra lesional thrombolysis with urokinase 
(4400 IU/kg over 10 min followed by 4400 IU/kg per 
hour over 24 h). Post procedurally, patients document-
ed significant improvement in hemodynamic param-
eters with 100% survival at 30 d and 6 mo followup. 
This modality appears to be a promising alternative to 
high risk surgical procedures in such patients. 
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INTRODUCTION
Massive pulmonary embolism (PE) is a life-threatening 
condition with a high early mortality rate due to acute 
right ventricular failure and cardiogenic shock[1-3]. In addi-
tion to the rapid initiation of  anticoagulation therapy with 
intravenous (IV) unfractionated heparin, potentially life-
saving therapy includes thrombolysis, surgical embolec-
tomy, or catheter thrombectomy. The traditional window 
period for thrombolysis in patients presenting with acute 
massive pulmonary embolism is two weeks[4]. In the pres-
ent review we propose another subset of  patients with 
massive pulmonary embolism presenting subacutely (> 
2 wk) who appear to benefit maximally with mechanical 
breakdown and thrombolysis. These patients presenting 
subacutely have high mortality and may not respond to 
standard anticoagulant or thrombolytic therapy with high 
likelihood of  recurrence and development of  thrombo-
embolic pulmonary hypertension[5].

MATERIALS AND METHODS
The present study has been conducted as an open non 
comparative prospective trial in the department of  car-
diology of  our institution, a tertiary care centre in North 
India over a time span of  four years (2007-2011). Ap-
proval for the same was obtained from ethical committee 
of  the institute.

Eight of  the 70 patients presenting with massive 
pulmonary embolism had subacute presentation with 
presenting symptoms of  two to four weeks duration. 
Massive pulmonary embolism was defined as pulmonary 
arterial occlusion of  more than 50% as confirmed by 
pulmonary angiographic score (Miller Index) and/or 
presence of  hemodynamic impairment i.e., mean pulmo-

nary artery pressure > 25 mmHg and/or shock index > 1. 
Shock index equals heart rate divided by systolic systemic 
blood pressure.

After obtaining bed side transthoracic echocardiog-
raphy to confirm the suspicion of  pulmonary embolism, 
to estimate pulmonary arterial pressure and to exclude 
right atrial or ventricular thrombi, patients underwent 
emergent right heart catheterization and pulmonary 
angiography. Patients who showed a rapid deterioration 
of  their cardiopulmonary condition were put on oxygen 
supplementation with noninvasive pressure support or 
intubation. Positive inotropic and vasoactive support with 
catecholamines was supplemented according to the pa-
tient’s hemodynamic condition prior to right heart cath-
eterization and pulmonary angiography.

The criteria for inclusion were patients who received 
emergency catheter directed intervention due to angio-
graphically confirmed subacute massive PE (miller index 
> 0.6) with involvement of  central pulmonary artery and 
hemodynamic shock defined as shock index (i.e., heart 
rate/systolic blood pressure) score of  > 0.8. Patients with 
acute presentation (< 2 wk) and those who were hemo-
dynamically stable (shock index < 0.8) and sub massive 
PE (Miller index of  < 0.6 and central pulmonary artery 
not involved) were excluded. Echocardiographic criteria 
for diagnosis of  subacute PE were right ventricular (RV) 
wall thickness > 5 mm; tricuspid regurgitant jet velocity 
> 3.7 m/s; the occurrence of  both a dilated RV cavity 
with normal interventricular septal motion; an inspiratory 
collapse of  the inferior vena cava[6].

Informed, written consent was obtained. Under local 
anaesthesia, 5F femoral sheath was introduced in femoral 
vein for procedure. Initially with 5F multipurpose cath-
eter, right heart study was performed and pulmonary 
artery pressure recorded. Subsequently, 5F multipurpose 
(cordis) catheter was used to obtain pulmonary angio-
gram after injecting 10-15 mL non ionic contrast dye with 
hand injection (Figure 1A). After confirming the diagnos-
tic criteria, mechanical fragmentation was initiated; 0.35” 
guide wire was passed; multiple rotatory movements were 
given in embolus. Further mechanical breakdown was 
done with 5F multipurpose catheter and pig tail catheter 
(Figure 1B). The pig tail was kept inside the large signifi-
cant embolus for urokinase therapy. 

After ensuring flow across pulmonary artery; uroki-
nase in dosage of  4400 IU/Kg body weight was given in-
tralesional over 10 min and 4400 IU/kg per hour for 24 h 
through pig tail catheter kept in pulmonary artery. Follow 
up angiogram was done 24 h post procedure (Figure 1C). 
Patient’s blood pressure and heart rate were monitored 
every hour. Clinical follow up and simultaneous hemo-
dynamic data was obtained. Shock index was calculated 
on hourly basis. Technical success was defined as reduc-
tion in baseline miller index following treatment. Clinical 
success was defined as stabilization of  hemodynamic pa-
rameters, resolution of  shock, complete weaning off  of  
inotropic support and survival until discharge from the 
hospital.
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Miller index was used to calculate the angiographic 
scores for the degree of  pulmonary embolism[7]. The 
Miller score is composed of  an objective score for arte-
rial obstruction and a subjectively determined score for 
reduction of  peripheral perfusion. The right pulmonary 
artery is assigned 9 and the left is assigned 7 segmental 
arteries. Partial or complete occlusion of  a segmental 
artery receives a point score of  1. Proximal pulmonary 
embolism is scored equal to the number of  segmental 
arteries arising distally according to the anatomic subdivi-
sions. The maximal score for obstruction is 16. Reduc-
tion of  peripheral perfusion is scored by dividing each 
lung into upper, middle and lower zones and using a four 
point scale. Maximal score of  reduced perfusion in both 
lungs is 18. The maximal Miller score for both lungs is 
34. A Miller score of  17 or more indicates a greater than 
50% obstruction of  pulmonary vascular bed and forms 
an angiographic definition of  a massive PE. The Miller 
index is Miller score divided by 34 (range 0.0 to 1.0)[8]. 

The Miller index was recorded in our study at the 
time of  initial pulmonary angiogram and after 24 h of  
urokinase infusion. Major procedural complications were 
defined as: hemorrhage requiring transfusion, perforation 
of  cardiopulmonary structures, anaphylaxis from contrast 
injection, arrhythmias with hemodynamic decompensa-
tion (blocks), worsening pulmonary artery hypertension, 

hypoxia or shock and/or death during the procedure. 
Minor complications were defined as transient cathe-

ter-induced arrhythmia, mild contrast reactions, catheter-
related infection and small hematomas not requiring 
transfusion. Major hematoma was defined as hematoma 
requiring one or more blood transfusion. Minor hema-
toma was defined as spontaneously resolving hematoma 
not requiring blood transfusion. The data was analyzed 
using students t test for comparison of  paired samples. 
A P value of  < 0.05 was considered to be statistically sig-
nificant.

RESULTS
Over the span of  four years, 70 patients presented with 
massive pulmonary embolism of  whom 8 (11.43%) 
presented subacutely (2-4 wk). There were 6 males and 
2 females and the average age of  patients was 47.77 ± 
12.20 years. The average duration of  symptoms prior to 
presentation in emergency was 2.4 wk (range: 2-4 wk). All 
the patients had tachycardia (heart rate > 100/min) and 
tachypnoea at the time of  presentation (Table 1). 

Catheter directed mechanical breakdown combined 
with intraembolus thrombolysis with urokinase was per-
formed in all cases with subacute massive PE. There was 
a statistically highly significant fall in mean pulmonary 
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Figure 1  Pulmonary angiography. A: Total cut off of right pulmonary artery; B: Mechanical breakdown and intra pulmonary urokinase administration; C: Post proce-
dural pulmonary angiography revealing restoration of pulmonary flow in right pulmonary artery and its branches.

Table 1  Clinical profile and hemodynamic data of patients with subacute pulmonary embolism at presentation

No. Duration PA involved PAP Mean PAP Heart rate BP Mean BP SI Miller score

Before After Before After Before After Before After Before After Before After Before After

1 2 wk RPA 88/26/48 58/18 46      30.66   84   72 100/70 130/70 80 90   0.84 0.55 22 3
2 15 d Both PA 46/24/34 28/12      31.33      17.33 102   90 106/72 110/80      83.33 90   0.96 0.81 26 8
3 15 d RPA occlusion 70/30 60/30      43.33 40 102 110 110/70 120/80      83.33      93.33   0.92 0.91 22 5
4 15 d B/L PE (TB) 50/24 40/14      32.66      22.66   98   94 100/70 130/90 80    103.33   0.98 0.72 25 5
5 4 wk B/L PTE 89/20 68/20 43 36 122   96 100/70 100/70 80 80   1.22 0.96 26 8
6 3 wk Clot at MPA 50/70 28/10 30 16 102   90 100/70 130/90 80    103.33   1.02 0.69 25 7
7 2 wk B/L main segment 78/25 50/24      42.66      32.66 122 102 100/70 110/70 80      83.33   1.22 0.92 28 6
8 2 wk B/L 56/20 50/15 32      26.66   80   78 100/60 104/70 73.33      81.33 0.8 0.75 25 5

PA: Pulmonary artery; MPA: Main pulmonary artery; RPA: Right pulmonary artery; PAP: Pulmonary arterial pressure; Mean PAP: Mean pulmonary 
arterial pressure; BP: Blood pressure; Mean BP: Mean blood pressure; SI: Shock index; PE: Pulmonary embolism; B/L: Bilateral; PTE: Pulmonary 
thromboembolism; TB: Tuberculosis.
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DISCUSSION
Pulmonary embolic disease can present in many ways 
ranging from mild pleuritic pain to sudden fatal collapse. 
Since the presentation is so varied, classification of  these 
patients into different clinical subgroups using the his-
tory, echocardiography and pulmonary angiographic 
findings is needed before possible differences in clinical 
course, response to treatment, and late prognosis can be 
considered[9]. 

Major pulmonary embolism occurring insidiously 
over several weeks (subacute massive pulmonary em-
bolism) has a high mortality and may not respond well 
to standard anticoagulant or thrombolytic treatment[5]. 
Treated acute massive pulmonary embolism has a good 
long-term prognosis[3,10-12], and recurrent pulmonary em-
bolism, poor resolution of  pulmonary artery obstruction, 
and the development of  pulmonary hypertension are 
extremely rare[13,14]. This is not surprising since most of  
these patients have welldefined and often temporary fac-
tors predisposing to embolism, the embolus is of  recent 
formation, and it is susceptible to both therapeutic and 
natural lysis. In contrast, in subacute massive pulmonary 
embolism the predisposing factor is often unknown and 
potentially might continue to operate after initial treat-
ment, causing recurrence of  emboli. Furthermore, older 
clot, accumulated in the pulmonary circulation over a 
period of  weeks, might be expected to lyse less easily. If  
so, thromboembolic pulmonary hypertension ought to 
be more likely to develop in subacute rather than in acute 
massive pulmonary embolism. Henceforth in this subset 
of  patients presenting subacutely, mechanical breakdown 
and intrapulmonary thrombolysis might be more effective 
than usual intravenous thrombolysis or anticoagulation. 
In patients with subacute PE, with hypotension and bor-
derline hemodynamics, systemic thrombolysis might not 
be possible making local thrombolysis with mechanical 
breakdown an attractive possibility. Moreover, mechanical 
breakdown might be less invasive and score over the tra-
ditional surgical approach (thromboendarterectomy) for 
these patients. 

The thrombolytic employed in our study, urokinase 
(UK), specifically catalyzes the cleavage of  the Arg-Val 
bond in plasminogen to form plasmin which breaks 
down the fibrin polymers of  blood clots. Among the 
plasminogen activators, UK provides a superior alter-
native for the simple reasons of  it being more potent 

artery pressure from 37.62 ± 6.67 to 27.75 ± 8.66 mmHg 
(P = 0.0003) 24 h post procedure, Mean systemic blood 
pressure rose significantly from 80.00 ± 3.09 mmHg to 
90.58 ± 9.13 mmHg post procedure (P = 0.0100), The 
arterial oxygen saturation showed significant rise from 
base line levels 88.5% ± 2.8% to 98.6% ± 2.07% (P 
< 0.001). The mean heart rate prior to procedure was 
101.5 ± 15.2 beats per minute. Twenty-four hours post 
procedure it showed a significant decrease to 91.5 ± 12.2 
bpm (P = 0.0325). There was a highly significant fall in 
mean shock index from 0.995 ± 0.156 prior to procedure 
to 0.789 ± 0.139 (P = 0.0019) post procedurally. The 2 
hourly change in shock index was also recorded. It was 
found that shock index continued to decrease up to 24 h 
with significant abrupt fall within first 8 h. The decrease 
in Miller score was highly significant when check pulmo-
nary angiography was performed after 24 h [23.87 ± 3.76 
to 5.87 ± 1.73 pre procedure (P = 0.0000004)] after 24 h 
(Table 2 and Figure 2).

Minor complications in the form of  local hematoma-
minor hematoma in 1 (12.5%), and pseudoaneurysm (due 
to femoral artery puncture) in 1 (12.5%) patient were 
seen.

All the patients were discharged on oral anticoagu-
lants. At 30 d and 6 mo of  follow up survival rate was 
100% and all the patients were asymptomatic and in New 
York Heart Association class 1.
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Table 2  Statistical analysis of hemodynamic parameters of patients

PAP HR BP SI Miller score

Before After Before After Before After Before After Before After

mean ± SD   37.62 ± 6.67   27.75 ± 8.66   101.5 ± 15.2   91.5 ± 12.2   80.00 ± 3.09   90.58 ± 9.13 0.995 ± 0.156 0.789 ± 0.139   23.87 ± 3.76   5.87 ± 10.73
mean ± SE 37.62 ± 2.4 27.75 ± 3.1 101.5 ± 5.4 91.5 ± 4.3 80.00 ± 1.1 90.58 ± 3.2 0.995 ± 0.055 0.789 ± 0.049 23.87 ± 1.3 5.87 ± 0.61
t 6.346 2.659 3.499 4.809 17.686
P 0.0003 0.0325 0.0100 0.0019 0.000000
df 7 (highly significant) 7 (significant) 7 (significant) 7 (highly significant) 7 (highly significant)

PAP: Pulmonary arterial pressure; BP: Blood pressure; SI: Shock index; HR: Heart ratio. 

Figure 2  Hemodyamic parameters of 8 patients with subacute pulmo-
nary embolism at presentation and 24 h post procedure. Highly significant 
improvement in mean pulmonary artery pressure (PAP), stroke index (SI) and 
millers index and significant improvement in heart rate (HR) and blood pressure 
(BP) post procedure. 
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as compared to tissue-plasminogen activator and non-
antigenic by virtue of  its human origin unlike streptoki-
nase[15]. Weitz et al[16] in a study found that UK has direct 
catalytic activity against fibrinogen and renders it less 
clottable by thrombin by releasing fibrinopeptide B, a 
potent chemoattractant. Henceforth they concluded that 
urokinase may participate in processes extending beyond 
fibrinolysis, a property which might especially be relevant 
in our patients with subacute PE and relatively older 
thrombus in process of  organization. Moreover in a ran-
domized controlled multicenter trial of  recombinant tis-
sue plasminogen activator[17] (rt-PA) versus urokinase in 
the treatment of  acute pulmonary embolism, Goldhaber 
et al[3] found that despite rapid clot lysis at 2 h by rt-PA; 
at 24 h both drug regimens had produced equally good 
reperfusion. Also, in terms of  cost and availability in de-
veloping nations UK might be a preferred option.

In our study significant reduction in shock index, 
Miller index and mean pulmonary artery pressure was 
recorded in 8 patients 24 h post procedure. The hemo-
dynamic improvement recorded was maximum in first 8 
h after procedure, though the improvement continued to 
occur over period of  24 h. At 6 mo of  follow up survival 
rate was 100% and all the 8 patients were asymptomatic. 
The proposed mechanisms of  early rapid hemodynamic 
improvements in our patients could be increased expo-
sure of  fibrin on clot surfaces caused by fragmentation 
accelerating the thrombolytic action. Also when there 
is total occlusion of  pulmonary artery occlusion by an 
embolus, any fluid infused will theoretically make only 
evanescent contact with thrombus and be washed into 
the non occluded ipsilateral and contralateral pulmonary 
artery. After fragmentation, infused thrombolytics will 
have greater contact with the distal thrombus throughout 
the pulmonary arterial tree. This especially could be help-
ful in patients with subacute PE in whom older clot, ac-
cumulated in the pulmonary circulation over a period of  
weeks, might be expected to lyse less easily. Moreover 5F 
multipurpose and then pigtail catheter was employed in 
our study for mechanical fragmentation of  this organiz-
ing old clot, which could be an added advantage[18-21].

The consensus statement recommends IV fibrinolytic 
therapy for patients with massive PE with low risk of  
bleeding complications (class IIa; level of  evidence B) 
and for patients with submassive PE judged to have clini-
cal evidence of  adverse prognosis (new hemodynamic 
instability, worsening respiratory insufficiency, severe RV 
dysfunction, or major myocardial necrosis) and low risk 
of  bleeding complications (class IIb; level of  evidence C). 
Fragmentation of  clot in the main or lobar pulmonary 
arteries to restore pulmonary perfusion alone or followed 
by local thrombolysis is an alternative for patients with 
massive PE and contraindications to fibrinolysis or who 
remain unstable after receiving fibrinolysis (class IIa; level 
of  evidence C) and emergency surgical thrombectomy is 
unavailable or not preferred[22]. 

Patients presenting with systolic pulmonary artery 
pressures ≥ 50 mmHg at the time of  acute pulmonary 

embolism are very likely to suffer from chronic thrombo-
embolic pulmonary hypertension (CTEPH) even if  the 
diagnosis has not been established earlier. Beyond 2 wk, 
patients with subacute massive pulmonary embolism 
are no longer candidates for traditional thrombolytic 
therapy and in presence of  massive PE the modality 
of  treatment for is pulmonary endarterectomy (PEA). 
When performed in experienced centers and in carefully 
selected patients, PEA in patients with CTEPH provides 
remarkable results with a periprocedural mortality rate 
of  < 5% to 11%, nearly normalized hemodynamics, 
and substantial improvement in clinical symptoms[23-25]. 
In a comprehensive review of  1500 PEA procedures 
performed at a center in California, there was an almost 
linear relationship between preoperative pulmonary vas-
cular resistance and perioperative mortality. In a series 
from France[25], the mortality rate was 4% when the pre-
operative pulmonary vascular resistance was < 900 dyne.
s/cm5 but increased to 10% in patients with resistances 
between 900 and 1200 dyne.s/cm5and to 20% for higher 
resistances[25]. Postoperative residual pulmonary hyperten-
sion has been identified as the most important predictor 
of  death. In the largest series published thus far, patients 
with a postoperative pulmonary vascular resistance > 
500 dyne.s/cm5 had a mortality rate of  30.6% (15 of  49 
patients), whereas those with a postoperative resistance 
< 500 dyne.s/cm5 had a mortality rate of  0.9% (4 of  434 
patients)[24]. Taken together, these data suggest that tech-
nical operability must not necessarily confer a benefit to 
every patient with CTEPH. Dartevelle et al[25] have sug-
gested that patients should be selected for PEA only if  a 
reduction in pulmonary vascular resistance by > 50% can 
be predicted. 

The 8 patients with massive PE presenting sub acutely 
who underwent mechanical breakdown and thrombolysis 
had significant immediate, 30 d and 6 mo improvement 
in hemodynamics and clinical profile. This technique is 
less invasive, inexpensive with probably similar if  not 
more mortality benefits than surgical procedure (100% 
survival at 6 mo in this study). Moreover, it may prevent 
development of  CTEPH in patients presenting with 
subacute massive pulmonary embolism in whom window 
period for traditional systemic thrombolysis is over and 
thrombus is in process of  organizing. Larger, multicenter 
and randomised trials should be performed to further 
study the role of  mechanical breakdown and intrapulmo-
nary thrombolysis in this subset of  patients[26,27].

In conclusion, subacute massive pulmonary embolism 
has a high mortality and may not respond well to stan-
dard anticoagulant or thrombolytic treatment, as older 
clot accumulated in the pulmonary circulation over a pe-
riod of  weeks might be expected to lyse less easily. With 
survival rate of  100%, improved hemodynamics and clin-
ical profile at 6 mo, in this subset of  patients, mechanical 
breakdown followed by intrapulmonary thrombolysis 
appears to be an attractive option. Larger, multicenter 
and randomised trials with longer follow up are required 
to study the role of  this less invasive and inexpensive 
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technique in terms of  immediate mortality benefits and 
prevention of  recurrent PE/progression to CTEPH.

COMMENTS
Background
In subacute massive pulmonary embolism older clots accumulated over period 
of weeks may be less amenable to thrombolysis with increased likelihood of 
recurrence and development of thromboembolic pulmonary hypertension. 
In these patients mechanical breakdown of thrombus followed by urokinase 
infusion may be cost-effective, minimally invasive, and potentially life-saving 
procedure by accelerating velocity of thrombolysis and increasing surface area 
of clot being lysed. Moreover, combined modality of mechanical fragmentation 
and intralesional thrombolysis appears to be a promising alternative to high risk 
surgical procedures in patients with subacute massive pulmonary embolism. 
Research frontiers
Though not many areas are involved in studying the combined modality of 
mechanical breakdown and intralesional thrombolysis in patients with subacute 
massive pulmonary embolism; Kuo et al, based on a recent meta-analysis of 
594 patients from 35 nonrandomized studies (six prospective with 94 patients, 
29 retrospective with 500 patients) reported pooled clinical success rate from 
catheter based therapy to be 86.5% (95%CI: 82.2-90.2) in patients with mas-
sive pulmonary embolism. Moreover, pulmonary endarteractomy is being 
performed in patients with chronic thromboembolic pulmonary hypertension at 
specialized centers in California and France and have reported an almost linear 
relationship between preoperative pulmonary vascular resistance and periop-
erative mortality. 
Innovations and breakthroughs
This is the first study conducted in the patients of subacute massive pulmo-
nary embolism with mechanical breakdown and thrombolysis as a method of 
treatment. Prior studies on combined modality of mechanical breakdown and 
intralesional thrombolysis have involved patients with acute massive pulmonary 
embolism. Moreover at our tertiary care centre in North India, authors have 
reported excellent outcomes when this modality was employed in patients with 
failed thrombolysis as published in JOIC. 
Applications
The study highlights the role of combined modality of mechanical breakdown 
and intralesional thrombolysis in patients with subacute massive pulmonary 
embolism. This modality is an attractive, less invasive alternative and might 
help to avoid surgical management (pulmonary endarterectomy) with excellent 
long term results in these patients. Moreover, in developing nations where cost 
is an important issue, this technique appears to be cost effective. 
Terminology
Subacute pulmonary embolism: Patients with massive pulmonary embolism 
presenting subacutely i.e., more than 2 wk from symptom onset. Massive pul-
monary embolism: Defined as pulmonary arterial occlusion of more than 50% 
as confirmed by pulmonary angiographic score (miller index) and/or presence 
of hemodynamic impairment i.e., mean pulmonary artery pressure > 25 mmHg 
and/or shock index > 1. Shock index equals heart rate divided by systolic sys-
temic blood pressure.
Peer review
The paper is interesting and well written, my major comment refers to overall 
presentation of data: this paper is a report of 8 cases and should be presented 
as is. 
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