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Editorial 

Chronic thromboembolic pulmonary hypertension (CTEPH) 
is a rare disease included in group 4 of the pulmonary 
hypertension (PH) clinical classification system (1). CTEPH 
is characterized by the presence of obstructed pulmonary 
arteries by thromboembolic material and the remodeling 
of the remaining patent vessels (2). These vascular changes 
lead to PH, decreased right ventricular function and 
subsequent right heart failure, clinical deterioration and 
premature mortality (3). Although the actual incidence of 
CTEPH is unknown, a cumulative incidence of 0.1–9.1% 
within the first two years after a symptomatic pulmonary 
embolism event, has been reported (2).

Pulmonary endarterectomy (PEA) is the gold standard 
treatment for patients with CTEPH. In expert centers, 
it is a low-risk procedure with in-hospital mortality rates 
<5%, closely associated with the surgeon’s experience (3,4). 
Additionally, the long-term results are excellent. Survival 
rates of 86% at 1-year, 79% at 5-year and 72% at 10-year 
have been reported and are significantly better than those 
who have not undergone PEA (4). PEA is curative in most 
cases, with normalization of pulmonary pressures and 
clinical improvement (5).

The surgical technique of PEA, which was introduced by 
the San Diego group more than forty years ago, has changed 
slightly over the years (5,6). Our center has progressively 
modified the original San Diego surgical technique starting 
in 2003, with the use of moderate hypothermia (24 ℃) 
instead of deep hypothermia (18 ℃) and intermittent 
short periods of circulatory arrest (≈7–10 minutes)  

followed by short periods of reperfusion (≈5–7 minutes) 
instead of a single period of circulatory arrest (20 minutes) 
for each lung (with a maximum of a third period of 
circulatory arrest in complicated and challenging cases). 
Other differences in the technique we currently use are 
avoidance of aortic clamping and cardioplegia infusion. 
Myocardial protection is obtained in addition to moderate 
hypothermia by ventricular fibrillation and left ventricle 
venting. Routinely, we also use NIRS (near infrared 
spectroscopy) to check cerebral oxygenation during 
both circulatory arrest and reperfusion periods, with the 
possibility of tailoring the duration of each period. These 
modifications give us the possibility of a safe, longer 
cumulative circulatory arrest time (CCAT). In our hands, 
longer CCAT allows us to be more accurate and precise 
in the treatment of chronic thromboembolic material, 
since we can reach even the most distal lesions and explore 
the majority of the pulmonary arteries even in those 
without apparent chronic thromboembolic material at 
computed tomography (CT) scan. Another advantage of 
multiple repeated reperfusion periods is to avoid ischemic 
phenomena in all organs, especially in the abdomen.

We found that the new protocol was associated 
with an improvement in postoperative respiratory 
function, a reduction in days of mechanical ventilation, 
a reduction of postoperative infections and a significant 
improvement in post-operative courses without adverse 
events.  We also demonstrated an improvement in 
hemodynamic and functional results (7). PEA with 
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repeated short periods of circulatory arrest, moderate 
hypothermia and longer CCAT did not result in any 
neuropsychological complications and may even lead 
to post-surgical  psychological  improvements (8) .  
This technique, with more safe time in our hands, has 
allowed us to perform a more accurate dissection of 
all branches, even in case of distal lesions (9). Another 
advantage of these repeated periods of reperfusion could 
be, especially in the elderly patients where the whole 
microvascular diseases are more frequent, to avoid 
dangerous prolonged periods of ischemia (10).

Since April 1994 to October 2021, 1,108 patients 
underwent PEA at our center. More than 850 of them 
(first case October 2009 case #245) were treated using our 
modified protocol (Pavia technique for PEA). In these 
patients the mean CCAT was 93±27 minutes. We have also 
started to count the number of treated branches (NTB) 
(first case February 2010 case #271). The thromboembolic 
material is reconstructed on the bench, photographed and 
the treated branches counted by two different operators. In 
these patients the mean NTB was 40±16. The CCAT was 
correlated with the NTB: more NTB, longer CCAT.

We have observed a strong correlation between the 
NTB and the hemodynamic and functional results. This 
correlation (that is, the greater the number of treated 
branches the better the hemodynamic results) was 
statistically evident already at the three-month follow-up 
control and was maintained at the twelve-month follow-
up control. This data shows that the treatment of multiple 
branches during PEA, even with a longer period of CCAT, 
does not impact the risk of PEA. Our mortality rate is 
comparable to the mortality rate in the International 
Registry, when adjusted for the WHO functional class (3).

Between January 2020 and October 2021, in the months 
with the highest peak of Covid-19, restrictions in Italy 
allowed us to perform PEA only in advanced patients with 
functional class III and IV. Throughout this period, we 
performed 131 PEA with a functional class distribution of 
16 patients in WHO functional class II (12.2%), 65 patients 
in WHO functional class III (49.6%) and 50 patients in 
WHO functional class IV (38.2%) with an in-hospital 
mortality of 2.3% (three deaths).

In conclusion, these results support our decision to use 
moderate hypothermia with short periods of circulatory arrest, 
alternating to short periods of reperfusion. This technique 
allows more safe time to explore the pulmonary arteries and to 
remove even the most distal lesions. This technique guarantees 
patients a safe protocol and excellent results.
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