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Purpose: Pulmonary thromboendarterectomy (PTE) is a treatment option for patients with 
chronic thromboembolic pulmonary hypertension (CTEPH). The present systematic review 
was performed to assess the safety and efficacy of PTE for CTEPH.
Methods: A systematic review was performed, and six electronic databases were searched for 
published studies from January 1999 to February 2010. All articles that presented morbidity 
and mortality data, survival data or preoperative and postoperative pulmonary hemody-
namic indices were included. The primary outcome measures extracted were early morbidity 
and mortality, pulmonary hemodynamic and functional outcome indices prior to and after 
the operation, and survival data.
Results: Of the 654 publications retrieved, 19 relevant papers (total number of 2729 patients) 
representing the most recent and complete data set from each institute, were included for 
appraisal and data extraction. No randomized controlled trials or matched comparative 
studies were identified. Thirty-day mortality ranged from 1.3% to 24% (median 8%). Resid-
ual pulmonary hypertension was reported in 11%–35% of patients after PTE. Pulmonary 
artery pressure and pulmonary vascular resistance significantly decreased after PTE in all 
studies. Before PTE, 60%–100% of patients were in NYHA functional class III or IV. This 
percentage decreased to 0%–21% after PTE. Five-year survival ranged from 74% to 89%.
Conclusions: The current literature suggests that PTE for patients with CTEPH is associated 
with acceptable perioperative morbidity and mortality rates and improved hemodynamic 
indices and survival when viewed against the prognosis associated with historical controls 
using medical therapy.
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Introduction

Chronic thromboembolic pulmonary hypertension 
(CTEPH) is estimated to develop in 3.8% of patients who 
survive an acute pulmonary embolic event.1) CTEPH is 
characterized by intraluminal thrombus organization, 
fibrous stenosis of pulmonary artery, and subsequent vas-
cular remodeling in small unobstructed vessels resulting 
in pulmonary hypertension and progressive right heart 
failure.2) Riedel et al.3) followed a series of 26 patients for up 
to 15 years and showed that those with a mean pulmonary 
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artery pressure (mPAP) >50 mmHg had a 2-year survival 
of less than 20%. In another study, 90% of CTEPH 
patients with a mPAP of >30 mmHg who were only 
treated with anticoagulants died within three years of fol-
low-up.4) Pulmonary thromboendarterectomy (PTE) is a 
treatment option for patients with CTEPH.5) Optimal 
patient selection, adequate preoperative work-up, meticu-
lous surgical technique, and careful postoperative man-
agement are essential for the success of PTE.5, 6)

PTE is performed in several specialist centers around 
the world. The procedure can be associated with rela-
tively high morbidity and mortality, especially before the 
treating surgeons or centers overcome their initial learn-
ing curves. To date, there is a paucity of robust clinical 
data in the form of randomized controlled trials (RCTs) 
on the safety and efficacy of PTE. The last systematic 
review on the topic was reported in 2001 and included 
studies from 1996 to 2000.7) Within the last decade, some 
modifications to the surgical technique have been 
applied, and some longer-term follow-up results have 
become available. We performed the present systematic 
review to objectively assess the safety and efficacy of 
PTE for CTEPH based on the studies published from 
1999 to early 2010.

Materials and Methods

Literature search strategy
A systematic review was performed, and six electronic 

databases including MEDLINE, PubMed, EMBASE, 
Cochrane Central Register of Controlled Trials, Cochrane 
Database of Systemic Reviews, and Database of Abstracts 
of Review of Effectiveness were searched for original 
published studies from January 1999 to February 2010. 
Search keywords were “pulmonary” OR “lung” AND 
“thromboendarterectomy” OR “endarterectomy.” The 
reference lists of all relevant, retrieved studies were man-
ually search for further identification of potentially rele-
vant studies.

Selection criteria
Studies selected for appraisal were either retrospective 

or prospective, presenting results of PTE in CTEPH 
patients. All articles that presented morbidity and mortal-
ity data, survival data or preoperative and postoperative 
pulmonary hemodynamic indices were included. Case 
studies, editorials, review articles, and studies involving 
less than 20 operated patients were excluded to allow 
consistent results. Papers that presented data within 

defined subgroups of PTE patients were included only if 
they presented perioperative data for the whole study 
population. All studies selected were human trials and in 
the English language. When a paper separately presented 
data regarding isolated PTE and combined PTE with 
other heart operations, only data regarding isolated PTE 
was included.

Data extraction and critical appraisal
Two reviewers (M.R. and T.D.Y.) independently 

appraised each included study, using a standard form, and 
extracted data on methodology, quality criteria, and out-
come measures. All data were extracted and tabulated 
from the relevant articles’ texts, tables, and figures. The 
quality of studies was assessed using criteria recom-
mended by the National Health Service Centre for 
Reviews and Dissemination case series quality assess-
ment criteria (University of York, Healington, United 
Kingdom).8)

Study population
All included patients had CTEPH and were considered 

suitable for PTE. Clinical guidelines from the American 
College of Chest Physicians recommend the following 
four criteria to be met: 1) New York Heart Association 
(NYHA) class III or IV symptoms, 2) preoperative pul-
monary vascular resistance (PVR) of >300 dynes-sec-
cm-5, 3) surgically accessible thrombus (in the main, 
lobar, or segmental pulmonary arteries), and 4) no signifi-
cant comorbidities.9) CTEPH patients may be classified as 
having Type 1 (fresh or organized clot in the main or 
lobar pulmonary artery), Type 2 (intimal thickening and 
fibrosis without visible thrombus proximal to the segmen-
tal arteries), Type 3 (fibrosis, intimal webbing and thick-
ening in segmental and subsegmental arteries only- no 
visible thrombus), or Type 4 (microscopic distal arteriolar 
vasculopathy- not directly related to pulmonary embo-
lism) disease.5, 10)

Interventions and outcome measures
The current common technique of PTE is pioneered 

by surgeons at the University of California, San Diego 
(UCSD). The procedure was well described by Jamieson 
and colleagues, who reported the largest surgical volume 
of PTE to date.5, 6) The major outcome measures extracted 
from selected studies were early (30-day; procedure-
related) morbidity and mortality, pulmonary hemody-
namic and functional outcome indices prior to and after 
the operation, and survival data.
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Results

Quantity of evidence
After removing duplicates, a total of 654 publications 

were retrieved for screening. Review of the title and 
abstract of these publications identified 74 potentially rele-
vant articles. Review of the reference lists of these 74 pub-
lications identified four additional relevant studies. When 
the inclusion and exclusion criteria were applied to these 
78 publications, 40 papers6, 10–48) were selected for evalua-
tion (Table 1). Serial publications reporting accumulating 
numbers of patients or increased length of follow-up were 
identified. Only the most recent publications with the most 
complete data set from each institute were retained. As a 
result, 19 studies6, 15, 21, 22, 25, 26, 29, 30, 33, 35, 36, 38, 40, 42–44, 46–48) 
with a total number of 2729 patients were included for 
appraisal and data extraction (Table 2).

Quality of evidence
There were no randomized controlled trials or matched 

comparative studies. Four prospective studies were identi-
fied,30, 38, 40, 46); other studies were either clearly retrospec-
tive6, 15, 22, 25, 29, 35, 42, 44, 47, 48) or not specified.21, 26, 33, 43) Two 
studies presented results in a series of CTEPH patients 
treated surgically and medically40, 47); others included only 
series of surgically treated patients. There was one retro-
spective study from Austria that compared hemodynamic 
indices between PTE and non-PTE patients with a 1-year 
follow-up, but could not be included in the current review 
due to insufficient data to meet the inclusion criteria.49) 
Criteria to consider PTE in CTEPH patients was explicitly 
stated in a few papers only.25, 29, 33, 42)

With the exception of one multicenter study from the 
UK40) and another study from Germany including two cen-
ters,36) other studies were from single tertiary referral cen-
ters.6, 15, 21, 22, 25, 26, 29, 30, 33, 35, 38, 42–44, 46–48) The largest series 
included 988 patients who underwent isolated PTE from 
1997 to 2007 at UCSD.6) Seven series had more than 100 
patients,6, 15, 25, 38, 40, 44, 47) five had between 50 and 100 
patients (range 50–88),22, 29, 30, 35, 43) and the other seven series 
had less than 50 patients each (range 23–41).21, 26, 33, 36, 42, 46, 48)  
The surgical technique was clearly described in one 
study,6) and some modifications to Jamieson’s technique 
were described in two studies.21, 36)

T h i r t y- d ay  mor t a l i t y  wa s  r ep o r t e d  by  a l l  
studies.6, 15, 21, 22, 25, 26, 29, 30, 33, 35, 36, 38, 40, 42–44, 46–48) Morbidity 
was reported in 12 series.6, 22, 25, 26, 29, 30, 36, 40, 44, 46–48) Scat-
tered surgical complications were reported from different 
series, making direct comparisons between studies 

impossible. The details of adverse events were presented 
in four articles.6, 22, 29, 44) Survival data was reported in 
eight articles.15, 22, 25, 29, 38, 40, 43, 47) One study presented sepa-
rate survival data for proximal and distal types of 
CTEPH,47) and another study presented hemodynamic 
results and mortality rate for each thromoembolic class.6) 
All series but three6, 33, 35) had a minimum follow-up of six 
months (range 6–130 months). Some studies analyzed 
risk factors for mortality22, 29, 35, 47) and hemodynamic out-
comes.15, 35)

Assessment of morbidity and mortality
Thirty-day mortality ranged from 1.3% to 24% (median 

8%) and does not appear to be associated with the number 
of patients operated on at each center (Table 2). The 
reported mortality from UCSD was 4% in a series of 988 
patients who underwent isolated PTE from 1997 to 
2007.6) This study reported a mortality rate of less than 
4% in the last 200 patients. A multicenter study from UK 
reported an overall mortality rate of 16%, with 11.5% in 
the subgroup diagnosed from 2003 and 5.4% for patients 
who underwent surgery in 2006.40) Another report from 
Japan showed a decrement of mortality from 15.3% 
before 2000 to 4.8% after 2000.22) Additionally, Bonder-
man et al.49) reported a gradual decline in mortality after 
PTE from 27% (1992–1995), to 15% (1996–1999), to 6% 
(2000–2004), and to 5% (2004–2006) over years of per-
forming the operation in a single center in Vienna. These 
data suggest that there is a significant learning curve 
associated with this procedure.

Residual pulmonary hypertension was reported in 
11.4%–35% of patients after PTE, although definition 
was not similar in all of the studies (Table 2).22, 26, 30, 40) 
Thirty-five percent of the 162 patients who survived PTE 
to discharge and had a repeat right heart catheter had per-
sistent pulmonary hypertension (mPAP ≥25 mmHg and 
PVR ≥240 dynes-sec-cm-5) in one multicenter study.40) In 
a series from Austria, persistent pulmonary hypertension 
occurred in 92% of patients who had comorbidities, com-
pared to just 20%for patients without comorbidities.49) 
Reperfusion edema was the single most frequent compli-
cation reported in 15.6% of PTE patients of the UCSD 
series.6) The incidence of respiratory failure or reperfu-
sion edema ranged from 5.5% to 19.3% (Table 2). Bleed-
ing requiring a reoperation was reported in 3.1%–4.5% of 
patients (Table 2).

Assessment of hemodynamic outcomes
Pulmonary artery pressure (PAP) and PVR significantly 
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decreased after PTE in all 17 studies that presented these 
indices (Table 3). Cardiac output, cardiac index, and/or 
arterial oxygenation improved significantly postopera-
tively (Table 3). In the largest series, Thistlethwaite et al.6) 
reported that systolic PAP dropped by 29 ± 20 mmHg 
and PVR by 567 ± 392 dynes-sec-cm-5 after PTE.

Menzel et al.33) assessed left and right ventricular per-
formance using Doppler-derived indices in a series of 24 
patients undergoing PTE. Both right ventricle (RV) and 
left ventricle (LV) myocardial performance indices 
improved after the operation. Two-dimensional 
echocardiography showed a decrease in end-diastolic and 
end-systolic RV sizes. Furthermore, the abnormally low 
LV end-diastolic chamber size enlarged after PTE. RV 
ejection fraction increased significantly after PTE in a 
series of 106 patients (21 ± 10 vs. 30 ± 8, p <0.0001).44) 
There was a mean decrease of 1.1 ± 0.8 M/s in tricuspid 
regurgitant velocity amongst 988 patients who underwent 
isolated PTE in the UCSD series.6)

Assessment of functional outcomes
There was a significant reduction in the percentage of 

patients who were classified as NYHA or World Health 
Organization (WHO) class III or IV after PTE. Com-
pared to 60%–100% of patients who were in NYHA/
WHO class of III or IV preoperatively, only 0%–21% 
remained in these functional classes after PTE, with the 
exception of reporting from one study (Table 4).15) Con-

gruently, significant improvement in the 6-min walk dis-
tance (6MWD) after PTE was observed in different series 
(Table 4). Major improvement in 6MWD results were 
observed during the first year after PTE with minimal 
change thereafter.25, 38, 40)

Matsuda et al.25) measured several respiratory function 
tests and showed that diffusing capacity of lung for car-
bon monoxide (DLCO) and percentage of vital capacity 
worsened one month after the operation, but returned to 
the baseline values one year after PTE. They observed 
significant improvements in 6MWD, peak oxygen uptake 
(VO2), and ventilator response to carbon dioxide produc-
tion (VE-VCO2) slope, as early as one month after PTE, 
which continued to improve during the first year postop-
eratively but reached a plateau thereafter. PTE resulted in 
a reduction in the percentage of patients requiring oxygen 
therapy from 94% preoperatively to 21% five years after 
the operation in one series,25) and from 100% to 41% in 
another series with a mean follow-up of 34 months.26)

Assessment of survival
Five-year survival ranged from 74% to 88.7% (Table 4). 

Gan et al.47) reported the longest survival data in a series of 
360 PTE patients and 144 non-surgically treated CTEPH 
patients from China. Separate actuarial survival data was 
presented for patients with proximal (thrombus found 
in the main or left or right pulmonary artery and their 
lobular branches on echocardiography, CT angiography 

Table 2　Perioperative morbidity and mortality

Study
	 Study 	 No. of 	 ICU stay, 	 Hospital 	 Early 	 Pericardial 	 Residual  	 Neurologic 	 Respiratory 	 Bleeding requiring

	 period6	 patients	 day	 stay, day	 mortality 	 condition*
	 pulmonary 	 dysfunction	 failure/reperf	 re-operation

							       hypertension			   usion edema

  6	 1997–2007	 988	 6.7	 13.6	    4%	 0.6%		  0.3%	 15.6%	 3.1%
15	 1994–2006	 157			   11.5%    					   
21	 2004–2007	   30			   6.6%					   
22	 1995–2004	   88	 5	 51**	 8.0%	 8.0%	 11.4%	 6.8%	    8.0%	 4.5%
25	 1995–2005	 102			   7.8%	 3.9%			      7.8%	 4.9%
26	 2002–2008	   23			   4.3%		     26%		     8.7%	
29	 1998–2007	   72			   6.9% 	  15%		      7%	    5.5%	
30		    54			   7.4%		  31.5%			 
33	 1996–1998	   24								      
35	 1995–2000	   69	 5.5 ± 3.2		   10.1% 					    
36	 2004–2005	   30	 6.6 ± 8.5		     3%			     10%		
38	 1997–2006	 229			   1.3%					   
40	 2001–2006	 236			    16%		     35%			 
42	 1999–2003	   40			    15%					   
43	 1994–2004	   50			    24%					   
44	 1995–2006	 106	 10.9 ± 13.6	 19 ± 15	 9.4%	 17.3%  		  4.8%	 18.3%	
46	 2008–2009	   41	 11.2		   12%				    19.3%	
47	 1989–2008	 360			   4.4%				      9.4%	
48	 1997–2005	   30						        10%		
* including pericarditis, pericardial effusion, cardiac tamponade
** included rehabilitation period
ICU: intensive care unit
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or MRI) and distal (no thrombus found in echocardio-
gram) types of the disease. In patients with proximal type 
CTEPH, the surgical group had a significantly higher 
10-year (94.6% vs. 81.4%) and 15-year (91.0% vs. 56.4%) 
survival when compared with the non-surgical group. 
However, for the distal type CTEPH, the results were not 
significantly different with a 10-year survival of 71.8% in 
the surgical group and 69.8% in the non-surgical group 
and a 15-year survival of 29.6% in the surgical group and 
32.6% in the non-surgical group. Condliffe et al.40) 
reported a 1-year and 3-year survival of 99% and 94% for 
those with and 98% and 93% for those without persistent 
pulmonary hypertension.

Discussion

The present systematic review included 19 most com-
plete studies from different specialist centers around the 
world. All studies analyzed were based on observational 
cohorts. However, it should be acknowledged the difficul-
ties of performing RCTs given the collective evidence on 
the efficacy of PTE in selected CTEPH patients. The 
current review revealed homogenous data across different 
studies on the efficacy of PTE in terms of lowering pul-
monary artery pressure and PVR and thus improving 
cardiac output, arterial oxygenation, and functional status 
of CTEPH patients. In experienced centers, hospital mor-

tality was less than 5% with 1- and 5-year survival of 
95% and 85%, respectively. Persistent pulmonary hyper-
tension after the operation was observed in as high as 
35% of patients in a multicenter study. However, even 
these patients had a reasonable improvement in their 
functional status (i.e. proportion in WHO class I/II 
increased from 4% to 82% at 3 months and 1- and 3-year 
survival of those with or without persistent pulmonary 
hypertension were not significantly different.40) Medical 
management in patients with surgically ‘accessible’ dis-
ease resulted in a higher mortality49) and was associated 
with a markedly reduced long-term survival.47) In a multi-
center study, nonsurgical patients had a 1-year and 3-year 
survival of 82% and 70% from the date of diagnosis 
which were significantly lower than those treated with 
PTE (1-year survival 88%, 3-year survival 76%, log-rank 
test p = 0.023).40) 

Jamieson’s technique is followed in many centers. 
Insertion of the inferior vena cava filter preoperatively, a 
median sternotomy approach, cardiopulmonary bypass, 
deep hypothermia, cold cardioplegia while not in circula-
tory arrest, right followed by left PTE, institution of cir-
culatory arrest when bronchial back bleeding obscures 
visualization, limitation of circulatory arrest to 20-minute 
intervals, and performance of additional procedures during 
the rewarming period are standard in this technique.10) Hagl 
et al.37) introduced some modification to this technique. 

Table 4　Functional outcomes and survival data

Study 	 No. of 
	

NYHA/WHO class III-IV	 6MWD, m	 Survival
reference	 patients
		  Preop	 Postop	 Preop	 Postop	 1-year	 3-year	 5-year	 10-year	 15-year

  6	 988	   88%	 18%							     
15	 157	   97%	 85%	 95 ± 148	 342 ± 276	 96%		  88%		
21	   30	 100%		  371 ± 109	 483 ± 114***					   
22	   88	   97%	   1%				    90.7%	 86.4%		
25	 102			   358 ± 102	 433 ± 105		  90.9%	 84.0%		
26	   23	   60%	 14%							     
29	   72	   97%		  359 ± 124	 518 ± 117	 93.1%	 91.2%	 88.7%		
30	   54			   401 ± 120	 506 ± 98					   
33	   24	   79%	 12%							     
35	   69									       
36	   30	 100%	   0%							     
38	 229	   88%	 13%	 269 ± 123	 375 ± 104		  74.6%	 72.7%	 69.3%	
40	 236	   88%	 12%	 275 ± 125	 380 ± 103	 98%–99%*	 93%–94%*

42	   40									       
43	   50	 100%	 21%					     74%		
44	 106									       
46	   41	   61%								      
47	 360	 100%							       71.8–94.6**	 29.6–91.0**

48	   30	 100%	   4%							     
* First and second presented rates represent survival among patients with and without persistent pulmonary hypertension, respectively
** range represent survival for the distal and proximal types of CTEPH, respectively
*** results from 6-month follow-up
NYHA: New York Heart Association; WHO: World Health Organization; 6MWD: 6-minute walk distance
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They inserted an aortic balloon catheter into the ascend-
ing aorta and directed it to the descending aorta beyond 
the left subclavian artery to reach the level of the previ-
ously CT established takeoff of the bronchial artery (ies) 
inflated when back-bleeding from these arteries obscures 
visualization. Cross-clamping Boyden artery on the right 
side and postponing its endarterectomy to the end to 
avoid back-bleeding, complete transection of the proximal 
left pulmonary artery from the pulmonary trunk, left 
lung hyperinflation, and end-to-end anastomosis after left 
PTE were other modifications introduced. Early mortal-
ity in this series was 10% (3/30).37) Mikus et al.21) per-
formed PTE with some modifications aiming to avoid 
deep hypothermia and subsequent circulatory arrest by 
using moderate hypothermia at 26°C. They attempted to 
minimize bronchial back-bleeding by placing a 18 F can-
nula in the left ventricle through the right upper pulmo-
nary vein which is then connected to a reservoir inside 
which a negative pressure is created by a vacuum device. 
The cardiopulmonary bypass pump flow was adjusted to 
the lowest rate, able to maintain a mixed venous oxygen 
saturation of 65% or above and endarterectomy of the 
Boyden branch was selectively done last. Early mortality 
was 6.6% in this series.21)

Ogino et al.22) performed a multivariate analysis and 
showed that age greater than 60 years was the only sig-
nificant independent risk factor for hospital mortality 
(odds ratio, 22.6; 95% CI, 2.1–243.1). Mortality was 
higher in patients who underwent concomitant PTE and 
valve surgery (16.7%) or PTE and coronary artery bypass 
grafting (9.6%) compared to isolated PTE (4.0%) for 
patients in the UCSD series. More distal disease was 
shown to be associated with a higher mortality (16.7% in 
Type 4, 6.3% in Type 3, 4.7% in Type 2, and 3.9% in 
Type 1 CTEPH).6) In another study, higher baseline PVR 
was the only factor associated with increased risk of 
death.29) Tscholl et al.35) demonstrated that right atrial 
pressure (odds ratio, 1.34 /mmHg, p = 0.002) and female 
gender (odds ratio, 5.54, p = 0.007) were independent 
risk factors for inadequate hemodynamic improvement 
(PVR ≥500 dynes-sec-cm-5) after PTE.

Distal type of CTEPH (odds ratio, 3.57; 95% CI, 1.19-
11.91), no usage of deep hypothermic circulatory arrest 
(DHCA) (odds ratio, 5.23; 95% CI, 1.78–17.62), PVR >15 
wood (odds ratio, 4.42; 95% CI, 1.34–13.51) and systemic 
SaO2 <85% (odds ratio, 3.87; 95% CI, 1.19–13.28) were 
independent risk factors for in-hospital mortality obtained 
from multivariate analysis in a series from China.47) Non-
surgical therapy (odds ratio, 9.35; 95% CI, 4.12–31.36), 

distal type of CTEPH (odds ratio, 4.83; 95% CI, 1.49–
15.96), and no usage of DHCA (odds ratio, 3.83; 95% CI, 
1.32–11.45) were independent risk factors for late death in 
the same series.47) Bonderman et al.49) showed that PTE 
surgery (hazard ratio, 0.14; 95% CI, 0.05–0.41), comor-
bidities (hazard ratio, 3.17; 95% CI, 1.70–5.92), and base-
line PVR (hazard ratio, 1.02; 95% CI, 1.00–1.04) were 
predictors of survival in CTEPH patients.

Selection criteria for PTE have been published by the 
American College of Chest Physicians.9) In centers like 
UCSD with the largest reported PTE experience, patients 
were not deemed illegible for the operation based on the 
severity of pulmonary hypertension or age.6) Higher base-
line PVR was an independent risk factor for mortality in 
several studies.29, 47, 49) Jamieson et al.10) in an earlier report 
from UCSD reported a mortality rate of 10.1% (18/179) in 
patients with preoperative PVR >1000 dynes-sec-cm-5 
and 1.3% (4/309) in those with baseline PVR <1000 
dynes-sec-cm-5 (p <0.0001). Dartevelle et al.50) reported a 
series of 275 patients underwent PTE at a center in 
France from 1996 to 2003. The mortality rate was 4% 
when preoperative PVR was less than 900 dynes-sec-
cm-5 but increased to 10% in those with PVR between 
900 and 1,200 dynes-sec-cm-5 and to 20% in those with a 
higher PVR. The risk of mortality was high only in those 
with a very high PVR and a low anatomic obstruction, 
but was low in patients with similarly high PVR and with 
proximal anatomic obstruction.50) A high PVR, out of 
proportion to the angiographic findings, signifies second-
ary vasculopathy probably at the arteriolar-capillary bed 
level. This is a pre-terminal condition and PTE may not 
benefit these patients.10) Further improvements in pulmo-
nary wave-form analysis, MRI and CT scan could help 
identify patients with secondary vasculopathic changes 
and thus exclude them from surgery.6, 51, 52) Some investi-
gators withheld surgery when PVR exceeded 1,100 
dynes-sec-cm-5.49) However, Puis et al.42) reported an early 
mortality rate of 15% after PTE in patients with mean 
preoperative PVR of 1,246 ± 482 dynes-sec-cm-5. 
Although a high PVR (i.e. >1000 dynes-sec-cm-5) is not 
an absolute contraindication for PTE, it should be consid-
ered as a relative contraindication in the presence of a 
high suspicion for secondary vasculopathic changes.

More distal types of CTEPH were associated with a 
higher mortality.6, 47) Long-term survival of patients with 
distal type CTEPH was similar in surgical and non-surgical 
groups in one study.47) Surgical accessibility was a selection 
criterion, and it usually indicates the presence of thrombus 
in the main, lobar, segmental pulmonary arteries,9) and 
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subsegmental pulmonary arteries with advanced endart-
erectomy techniques.6) Although some investigators sug-
gested re-evaluating the relative merit between the surgi-
cal and medical management for distal type CTEPH,47) 
others do not consider any patients as having surgically 
inaccessible disease, if the embolism is the origin of pul-
monary hypertension.6) However, the latter group admits 
that patients with Type 4 disease and evidence of arterio-
lar-capillary vasculopathy do not benefit from the opera-
tion and thus should be excluded.6) Only one study identi-
fied age as an independent risk factor for mortality.22) 
Older age may be associated with significant comorbidities 
but has not been recognized as a significant independent 
risk factor for mortality in a number of studies.29, 35, 47, 49)

The American College of Chest Physicians suggested 
that PTE should be offered to CTEPH patients who have 
1) NYHA class III or IV symptoms, 2) preoperative PVR 
of >300 dynes-sec-cm-5, 3) surgically accessible thrombus 
(in the main, lobar, or segmental pulmonary arteries) and 
4) no significant comorbidities. Based on the collective 
evidence in this systematic review, PTE can still be con-
sidered for CTEPH patients with PVR >1000 dynes-sec-
cm-5, provided there is no evidence suggesting arteriolar-
capillary vasculopathy. The decision should be individu-
alized considering comorbidities, age, level of surgical 
expertise available, and the patient’s and surgeon’s prefer-
ences. Lung transplantation can be considered in patients 
with advanced small vessel disease. Three potential 
options can be considered in patients who are deemed 
nonsurgical or high-risk surgical candidates: medical 
therapy, balloon pulmonary angioplasty, and long trans-
plantation.9)

PTE requires a high level of training and expertise to 
optimize safety and long-term outcome for patients. It is 
important to realize that the results achieved by surgical 
specialists may not be replicated in routine clinical prac-
tice and concentration of the services may improve the 
outcome for these patients. High quality prospective 
observational data collection will be extremely important, 
as it may offer more accurate estimates of safety and effi-
cacy for the procedure, in addition to information on 
potential prognostic factors associated with favorable out-
comes. More importantly, outcomes must be recorded on 
an intention-to-treat basis. Many centers report outcomes 
only in patients who received PTE. Although this may be 
predictive of outcome, it only applies to selected patients, 
usually with favorable prognostic features. This is not 
useful in terms of patient selection. Ideally, establishment 
of a multi-institutional registry requiring a minimum data 

set for all patients and recording treatment outcomes 
regardless of the intervention they received would provide 
more reliable estimates of outcomes for patients receiving 
different therapies over a longer term. It is possible that 
this approach to observational data collection may also 
provide some information on prognostically similar 
patients undergoing different management pathways, 
thereby providing more robust evidence for a comparison 
between different treatment options. The UCSD has the 
largest single center experience and demonstrated excel-
lent clinical results. Such a centralized system is impor-
tant, as it allows a specialist treatment center to maintain 
expertise and is likely to have a safety advantage. In addi-
tion, this may provide efficiencies in terms of staff skills 
and costs and provide a center for further data collection 
to address uncertainties regarding the effectiveness, 
safety and harm of the procedure.

In conclusion, this systematic review evaluated 19 
most recent observational studies. To date, no RCTs have 
been completed. The current literature suggests that PTE 
for patients with CTEPH is associated with acceptable 
perioperative morbidity and mortality rates and improved 
hemodynamic indices and survival when viewed against 
the prognosis associated with historical controls using 
medical therapy.
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