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anesthetic management for total
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Abstract

Background: Chronic thromboembolic pulmonary hypertension (CTEPH) is a disease of obstructive pulmonary
artery remodeling as a consequence of major vessel thromboembolism. Balloon pulmonary angioplasty (BPA) is an
alternative treatment for patients with inoperable CTEPH. We report a case of CTEPH which improved following
preoperative BPA intervention, allowing total hysterectomy to be performed.

Case presentation: A 48-year-old woman was transferred to our hospital to undergo total hysterectomy for
endometrial cancer. She developed pulmonary embolism 7 months ago at another hospital, and a diagnosis of
CTEPH was made based on multiple pulmonary emboli and pulmonary hypertension at our institute. Two BPA
sessions for seven branches of the bilateral pulmonary arteries were conducted, resulting in a decrease of mean
pulmonary artery pressure from 54 to 33 mmHg. Total hysterectomy was successfully performed under general
anesthesia without any complications.

Conclusions: BPA could be effective for reducing PH in patients with CTEPH undergoing noncardiac surgery.
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Background
Chronic thromboembolic pulmonary hypertension
(CTEPH) is defined as the persistence of thrombi and
vascular remodeling in pulmonary circulation after an
embolic event associated with a mean pulmonary artery
pressure (mPAP) of ≥ 25mmHg [1, 2]. Pulmonary end-
arterectomy (PEA) is the only established treatment for
advanced CTEPH [2]. Recent reports have suggested

that balloon pulmonary angioplasty (BPA) is an alterna-
tive therapy for inoperable patients with CTEPH [3, 4].
However, there are few reports on the effectiveness of
preoperative BPA for CTEPH [5].
We present a patient with CTEPH who underwent

preoperative BPA to improve severe pulmonary hyper-
tension (PH) and thereby tolerated total hysterectomy
under general anesthesia.
Written informed consent was obtained from the pa-

tient’s guardian for publication of this case report and
accompanying images.
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Case presentation
A 48-year-old woman (height 165 cm, weight 67 kg) had
been hospitalized for schizophrenia in a psychiatric hos-
pital. She had been prescribed sultopride hydrochloride,
risperidone, and zotepine. Seven months prior to sur-
gery, she was found to have developed dyspnea and pal-
pitation on exertion, and lower leg edema. Computed
tomography (CT) revealed thrombi in the main trunk of
the left pulmonary artery as well as in the peripheries of
the bilateral pulmonary arteries, confirming the diagno-
sis of pulmonary embolism. Transthoracic echocardiog-
raphy showed a dilated right ventricle (RV) with
moderate tricuspid valve regurgitation (TR) and an esti-
mated mPAP of 43 mmHg, indicating PH (Table 1).
Anticoagulant therapy was started with apixaban.
Five months prior to surgery, anticoagulant therapy

was discontinued because of irregular genital bleeding,
but it was resumed 2 weeks subsequently because of the
reappearance of pulmonary embolism symptoms. Six
weeks prior to surgery, anticoagulant therapy was again
temporarily discontinued as a result of increased genital
bleeding. She was diagnosed with endometrial cancer,
and total hysterectomy was scheduled.
Two weeks prior to surgery, she was transferred to our

institution from the psychiatric hospital. Her vital pa-
rameters at admission were as follows: heart rate of 72
beats/min, blood pressure of 124/86 mmHg, and percu-
taneous oxygen saturation (SpO2) of 92% under oxygen
administration of 2 L/min. She had severe edema of the
lower extremities and jugular vein distention. Transtho-
racic echocardiography showed a dilated RV with flat-
tening of the interventricular septum and with moderate
TR, in addition to an estimated mPAP of 54 mmHg, sug-
gesting severe PH (Fig. 1a). The left ventricle (LV) ap-
peared D-shaped with preserved systolic function and
exhibited an ejection fraction of 66%. Although CT
showed no emboli in the pulmonary trunk (Fig. 2a),
multiple blood flow defects revealed by lung perfusion
scan suggested multiple emboli in the distal pulmonary

artery (Fig. 2b), leading to the diagnosis of CTEPH, and
promoted physicians to perform BPA in order to de-
crease mPAP before surgery.
Two BPA sessions were performed for bilateral pul-

monary arteries by interventional cardiologists in an-
other expert institution over a span of 6 days. The first
BPA for A1, A2, A3, and A9 was performed, and the
second BPA for A8b, A10a, and A10b was performed
under local anesthesia. After BPA, SpO2 increased from
86 to 91%. Transthoracic echocardiography performed 2
days after the second BPA showed an improvement in
the deformity of the LV and mild TR, and the estimated
mPAP decreased to 33mmHg (Fig. 1b). After the first
BPA, warfarin was started and stopped the day before
surgery, and preoperative bridging with heparin was ini-
tiated. We could not assess whether the subjective symp-
toms and exercise capacity of the patient improved after
BPA, since she had stayed in bed all day because of de-
pression in schizophrenia.
Total hysterectomy was performed 3 days after the

second BPA. General anesthesia was selected because of
the patient’s unstable mental status and perioperative
anticoagulant therapy. Upon entering the operating
room, her heart rate was 66 beats/min, blood pressure
was 128/82mmHg, and SpO2 was 92% under oxygen ad-
ministration of 2 L/min. General anesthesia was induced
using midazolam 3mg, continuous infusion of remifen-
tanil 0.1 μg/kg/min, and fentanyl 200 μg. After adminis-
tration of rocuronium 40mg, tracheal intubation was
performed. Anesthesia was maintained using desflurane
3–4% in a 45% oxygen–air mixture with continuous in-
fusion of remifentanil 0.1–0.2 μg/kg/min. A pulmonary
artery catheter (PAC) was inserted in the right internal
jugular vein. Transesophageal echocardiography (TEE)
showed RV enlargement with mild TR and shape distor-
tion of the interventricular septum during systole.
Introducer sheaths were placed in the right femoral ar-

tery and vein to allow for venoarterial extracorporeal
membrane oxygenation in preparation for pulmonary

Table 1 Data from transthoracic echocardiography studies
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hypertensive crisis. Hypoxia, hypercapnia, acidosis,
hypothermia, and inadequate analgesia were avoided to
prevent increase of pulmonary vascular resistance [6]. At
10 min after hysterectomy, the patient’s blood pressure
decreased to 58/35 mmHg, with a pulmonary artery
pressure (PAP) of 28/19 mmHg. TEE indicated that
there was no observable change in the size of the RV
and LV cavity with mild TR; therefore, we determined
that the patient was not in a pulmonary hypertensive cri-
sis. The cause of the temporary hypotension was un-
clear; however, it was restored rapidly after
administration of a total of 12 mg ephedrine. Thereafter,
values ranged 90–120/50–60 mmHg for blood pressure,
30–40mmHg for mPAP, and 1.9–2.4 L/min/m2 for car-
diac index.
No vasopressor other than ephedrine was required.

The operation time was 1 h and 36 min and blood loss
was 88 g. Because of concerns about postoperative rest-
lessness, the TEE probe, PAC, and introducer sheaths
were removed before awakening. The patient was
promptly awakened and the endotracheal tube was re-
moved. Effective postoperative analgesia was achieved
with intravenous patient-controlled analgesia using fen-
tanyl. Postoperatively, the patient was managed in the
general gynecology ward. On the fifth day after surgery,
anticoagulant therapy was restarted with apixaban.

Transthoracic echocardiography showed mild TR, with
an estimated mPAP of 28 mmHg and no worsening of
PH (Table 1). The patient was transferred to the psychi-
atric hospital on the 19th day after surgery.

Discussion
CTEPH is a class of PH characterized by chronic ob-
struction of pulmonary arteries due to the formation of
thrombi. Apart from other types of PH, PEA is the only
established and potentially curative treatment for CTEP
H [2]. BPA is an alternative therapy for those ineligible
for PEA because of comorbidities, surgically inaccessible
lesions, and residual or recurrent PH after PEA [3, 4, 7,
8]. BPA is usually performed by a catheter inserted from
the right jugular or femoral vein under local anesthesia.
Intraprocedural complications are perforation, dissection
of the pulmonary artery, and pneumothorax related to
jugular vein injury. Notably, we should be careful of re-
perfusion pulmonary injury occurring within 48 h after
BPA with an incidence of 0.3–7% [9–13], resulting from
mechanical injury caused by perforation of the pulmon-
ary artery [7]. Although BPA is effective for decreasing
mPAP by approximately 20 mmHg, and if successful, to
below 30mmHg [3, 4, 7], repeated procedures, usually
for 3–6 times, are required [4, 7, 8]. Therefore, BPA is
not an appropriate preoperative intervention for

Fig. 1 Transthoracic echocardiography before (a) and after (b) balloon pulmonary angioplasty. Flattening interventricular septum (arrow) was
improved after balloon pulmonary angioplasty

Fig. 2 Pre-balloon pulmonary angioplasty images. a Contrast-enhanced computed tomography showed no emboli in the pulmonary arteries. b
Lung perfusion scan showed multiple blood flow defects
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emergency operations. Patients with contrast medium al-
lergy or severe renal failure are not eligible. After BPA,
mPAP was below 30 mmHg at follow-up of 425 days [3].
Our patient was not suitable for PEA because of the
presence of lesion in the distal pulmonary arteries. After
BPA, mPAP reduced from 54 to 33 mmHg and total hys-
terectomy was performed under general anesthesia with-
out an increase of PAP.
BPA is an emerging alternative therapy that has been

mainly developed in Japan and performed in specialized
major centers; therefore, BPA is not yet widely known.
Anesthesiologists should have better knowledge of BPA
as a preoperative intervention for CTEPH, and they
should recommend BPA to patients and surgeons as a
preoperative option based on the patient’s condition and
surgical procedure. The prognosis of CTEPH has been
reported to be poor when mPAP is over 30 mmHg [14].
Although the degree of PH tolerable for surgery under
general anesthesia is unknown, noncardiac surgery could
be performed without any complications by reducing
mPAP to 30mmHg using BPA, which could in turn im-
prove postoperative outcomes.
In conclusion, BPA has become a promising technique

for the treatment of patients with CTEPH who are ineli-
gible for PEA. BPA could be an effective preoperative
option for reducing PH in patients with CTEPH under-
going noncardiac surgery.
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