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To date, the standard treatment for chronic thromboembolic pulmonary hypertension (CTEPH) has been
surgical pulmonary endarterectomy (PEA) followed by life-time anticoagulation therapy [1]. However,
excellent results with PEA have been limited to select centres with experience and expertise; many patients
who are possible candidates for PEA at expert centres would be considered ineligible in many countries
[2]. Medical treatment has shown little or no improvement in haemodynamic parameters in patients with
CTEPH who are ineligible for PEA [3, 4]. Thus, despite partial success of balloon pulmonary angioplasty
(BPA) in the USA [5], attempts to treat patients with CTEPH by BPA have increased in several countries
where PEA is not widely performed [6–8]. Before starting a BPA programme, two main problems in the
initial report [5] need to be resolved: its low efficacy and high incidence of complication.

First, to improve the efficacy of BPA, it is necessary for it to have the same treatment goal as PEA:
complete removal of obstructive intraluminal debris from the entire pulmonary arterial circulation [9].
Thus, during our initial BPA experience, we tried to completely dilate as many stenotic or obstructive
lesions as possible. As expected, the decrease in mean pulmonary arterial pressure correlated with the
number of treated segments [6]. An average of 12 segments was treated in each patient [6], which was
double the number in the initial report from the USA [5]. Accordingly, the reduction in mean pulmonary
arterial pressure was also double [6] that in the initial report [5]. Meanwhile, recent reports have failed to
decrease the occurrence of complication, i.e. pulmonary injury, after BPA [6–8]. The main cause of
pulmonary injury was initially believed to be reperfusion oedema, but attempts to prevent the occurrence
of pulmonary oedema by using steroid treatment or positive airway pressure were ineffective in preventing
pulmonary injury after BPA [6]. However, there was a learning curve in preventing pulmonary injury after
BPA [6], indicating that the main cause of pulmonary injury after BPA is not the same as that of
reperfusion oedema after PEA. We evaluated the initial 500 procedures and found that angiographically
apparent vascular injury was observed in 107 out of 130 procedures leading to pulmonary injury after BPA
[10]. The leading cause of complication was distal vascular injury to the lesion caused by the tip of the
guidewire, and most of the other causes were due to overdilation of the lesion. It seems clear that the main
cause of pulmonary injury after BPA is not reperfusion oedema but haemorrhage caused by iatrogenic
vascular injury.
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In this issue of the European Respiratory Journal, OLSSON et al. [11] report the first German experience
with BPA, and confirm that the most common complications after BPA were pulmonary vascular injury
and consecutive pulmonary bleeding. Compared with initial reports [6, 7], they succeeded in reducing the
occurrence of complication, which was probably the result of careful manipulation of the guidewire and
the selection of undersized balloons [11]. The complication rate in Bad Nauheim, Germany, where the
intervention was guided only with conventional fluoroscopy, was similar to that in Hanover, Germany,
where selective C-arm computed tomography (CT) was used to select a target lesion. Special diagnostic
tools, such as selective C-arm CT are ineffective in reducing complications, thus simple pulmonary
angiography may be sufficient for starting a BPA programme.

Unfortunately, haemodynamic improvement was not pronounced in the reported study. The authors
discuss reasons for the low efficacy of their BPA procedures compared with that of initial reports, and
suggest that differences in patient population and disease duration caused their low efficacy [11]. Their
cohort of inoperable patients had a different background from the previous cohort treated with PEA at the
same centre [12], e.g. patients were more than 10 years older and predominantly women. However, the
patients’ demographic characteristics were very similar to that of the Japanese cohort of inoperable patients
[6, 7], even though this cohorts might have included some patients who would be deemed operable in
Germany. Although OLSSON et al. [11] stated that their patients had a relatively long disease duration, the
average interval between the CTEPH diagnosis and first BPA was 3.2 years in the initial report from Japan
[6], which is not shorter than that in the current report. The reason for the small haemodynamic
improvement may be that OLSSON et al. [11] tried to reduce the complication rate only by using undersized
balloons, which may diminish the effect of BPA. Therefore, the use of undersized balloons with the other
strategies being unchanged would diminish the efficacy of the entire procedure.

Compared with medical treatment, BPA requires expensive devices and repeated admission and it is also
an invasive procedure with radiation. Therefore, normalisation of haemodynamic parameters should be the
minimum aim when performing BPA, otherwise, there is no advantage of BPA over medical treatment
[13]. Then, how can BPA operators improve the efficacy of BPA while maintaining safety? One solution
for this conflicting issue may be dilating the same lesions that have already been treated with undersized
balloons a second time, and increasing repetition of the procedures. This would normalise blood flow in
the treated segments by dilating the lesion to the optimal diameter. However, it would not increase the
number of treated lesions. Another solution would be to increase the number of treated segments by
increasing the repetition of procedures with undersized balloons. However, undersized dilatation would
not normalise blood flow in treated segments. Moreover, both possible solutions require a higher cost and
increase the risk of radiation. Increasing the number of lesions treated in a single procedure would be the
only feasible solution. To improve the efficacy of BPA, increasing the number of treated segments and
treating difficult lesions are important. Although obstructive lesions are difficult to treat and it is easy to
cause vascular injury [10], the haemodynamic improvement achieved by treating obstructive lesions, if
possible, is expected to be larger than that achieved by targeting stenotic lesions.

Treating many lesions, including difficult lesions, within a limited time without causing complications will
not be particularly easy, but it is possible. In the initial 255 procedures performed at our institution, a
median of three vessels per procedure were treated [6], and this increased to four vessels per procedure
after experience with 500 procedures [10]. After experience with more than 1000 procedures, this number
further increased to achieve our current treatment goal of a mean pulmonary artery pressure of
<25 mmHg and oxygen saturation >95% without using any vasodilators or oxygen [13]. Of note, no
serious complications after BPA were seen during the most recent 700 procedures. As is the case with
PEA, an excellent result with catheter-based BPA seems limited to select centres with experience and
expertise. Although OLSSON et al. [11] state that their experience is sufficient, the number of procedures at
each centre was only about half of the number of experienced procedures in the initial report [6]. MADANI

et al. [14] demonstrated that haemodynamic improvements in the initial cases with PEA were less than
those of the recent cases. The accumulation of experience and knowledge regarding BPA for CTEPH is
needed after the initial experience. The accumulation of experience of BPA can be expected at European
pulmonary hypertension centres, unlike in Japan, where regulation does not exist and more than 70
hospitals are performing BPA. In the near future, the experience and technique of European BPA
operators will catch up to those of Japanese operators. This will be the time to start a prospective,
international, multicentre study of BPA to elucidate its safety and efficacy and the long-term survival of
patients.
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