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Abstract 

Background Methamphetamine abuse is a serious public health concern and causes various life-threatening 
disorders including pulmonary arterial hypertension (PAH). Herein, we present the first case report describing the 
anesthetic management of a patient with methamphetamine-associated PAH (M-A PAH) undergoing laparoscopic 
cholecystectomy.

Case presentation A 34-year-old female with M-A PAH suffered from deterioration of right ventricular (RV) heart 
failure due to recurrent cholecystitis and was scheduled for laparoscopic cholecystectomy. Preoperative assessment 
of PA pressure showed 82/32 (mean, 50) mmHg, and transthoracic echocardiology revealed a slight reduction of RV 
function. General anesthesia was induced and maintained by thiopental, remifentanil, sevoflurane, and rocuronium. 
PA pressure gradually increased after peritoneal insufflation; therefore, we administered dobutamine and nitroglycerin 
to decrease pulmonary vascular resistance (PVR). The patient emerged from anesthesia smoothly.

Conclusions Avoiding increased PVR by appropriate anesthesia and medical hemodynamic support is an important 
consideration for patients with M-A PAH.
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Background
Methamphetamine is a highly addictive drug, which 
releases neurotransmitters, such as serotonin, norepi-
nephrine, and dopamine, in the brain, resulting in psy-
chokinetic change [1]. Chronic methamphetamine abuse 
affects the systemic organ system, leading to psychosis, 
cerebral stroke, and cardiovascular complications, espe-
cially pulmonary arterial hypertension (PAH) [2, 3]. To 

the best of our knowledge, there are no reports describ-
ing the anesthetic management of patients with metham-
phetamine-associated (M-A) PAH because the incidence 
of this disease is very low. Herein, we present the first 
case report describing the anesthetic management 
of a patient with M-A PAH undergoing laparoscopic 
cholecystectomy.

Case presentation
A 34-year-old woman (height 155 cm, weight 89 kg) suf-
fered from recurrent cholecystitis and was scheduled to 
undergo laparoscopic cholecystectomy under general 
anesthesia. She had PAH that was induced by abuse of 
various drugs, particularly methamphetamine. She had 
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long-term, repeated exposure to methamphetamine and 
toluene from 17 to 28 years old. When she was 31 years 
old, she developed whole-body edema and dyspnea and 
was diagnosed with right ventricular (RV) heart failure 
due to M-A PAH based on sufficient exposure to meth-
amphetamine and exclusion of other common cases of 
PAH. Pulmonary vascular resistance (PVR) decreased 
after the administration of epoprostenol (prostaglandin 
I2); however, alveolar hemorrhage induced by high pul-
monary perfusion occurred. She developed hemoptysis 
and respiratory failure, which required mechanical ven-
tilation. At that point, we observed tolerance to the seda-
tive effect of propofol.

Preoperative assessment of pulmonary arterial cath-
eterization revealed that pulmonary arterial pressure 
(PAP) and PVR were 82/32 (mean, 50) mmHg and 460 
dynes･s/cm5, respectively, with a normal cardiac index of 
3.6 L/min/m2. She was receiving multiple PAH-specific 
medicines, including macitentan 10 mg, tadalafil 40 mg, 
selexipag 3.2 mg, and sildenafil citrate 60 mg, and several 
benzodiazepines and antidepressants for the treatment of 
sleep impairment. Her activated partial thromboplastin 
clotting time was 47.1  s. The cardiologist and anesthe-
siologist assessed that her intraoperative risk was very 
high in accordance with previous reports showing higher 
mean PAP as a risk factor for increased mortality [4–6]. 
We obtained informed consent for cardiorespiratory 
resuscitation and extracorporeal membrane oxygenation 
if critical complications occurred.

On arrival in the operating room, we used the standard 
monitors, including a pulse oximeter, electrocardiograph, 
capnometer, and bispectral index (BIS) monitor, and 
monitored the artery blood pressure via a radial artery. 
In addition, we placed a pulmonary arterial catheter and 
performed transesophageal echocardiography (TEE) 
after induction of anesthesia and intubation. Anesthesia 
was induced with thiopental, rocuronium, and remifen-
tanil and maintained by sevoflurane, remifentanil, fen-
tanyl, and rocuronium. After intubation, we performed 
a transverse abdominal plane block for postoperative 
pain control. The ventilation settings were a tidal volume 
of 5 ml/kg (450 ml), positive end-expiratory pressure of 
5  cmH2O, and ventilation rate of 12/min. The BIS value 
was between 47 and 60 during the operation. As shown 
in Fig.  1, the mean PAP and the ratio of mean PAP to 
mean artery pressure were gradually elevated from 28 
to 40 mmHg and 0.36 to 0.58, respectively, after perito-
neal insufflation was initiated at 8 mmHg. We regulated 
the dosage of dobutamine and nitroglycerin, and the tar-
get range of endo-tidal  CO2 was set around 35  mmHg 
to decrease PVR. Intraoperative TEE demonstrated RV 
dilation without significant change after peritoneal insuf-
flation. Cholecystectomy was uneventfully performed, 

followed by the replacement of the tracheal tube with 
the i-gel (Intersurgical Ltd., UK) and discontinuation of 
anesthesia.

When all procedures had been performed, anesthesia 
was discontinued. The patient was extubated after con-
firming smooth emergence. The patient was transferred 
to an intensive care unit, and the mean PAP was around 
40  mmHg during the intensive care unit stay. Three 
days after the operation, she was discharged without 
complication.

Discussion
We experienced the anesthetic management of the case 
with M-A PAH who underwent laparoscopic cholecys-
tectomy. Although the 2018 World Symposium on Pul-
monary Hypertension categorized methamphetamine 
use as a definite cause of PAH [3], anesthetic manage-
ment for patients with M-A PAH is not well established 
because of the rarity of the disease. The present case 
report firstly describes the anesthetic management for an 
M-A PAH patient, based on preventing increased PVR 
during anesthesia.

Evidence supporting the association between metham-
phetamine and PAH has been accumulated. A previous 
study demonstrated that rates of prior methampheta-
mine use in patients with idiopathic PAH were 8–10 
times higher compared with other forms of PAH [7]; 
thus, this suggests that there are many patients with M-A 
PAH that have not been diagnosed with it. Although the 
mechanism of PAH induced by methamphetamine abuse 
is not fully understood, the proliferation of pulmonary 
vascular smooth muscle cells by serotonin released by 
methamphetamine would lead to the thickening of the 
pulmonary vessel walls [8]. However, not every patient 
with a history of methamphetamine use develops PAH, 
suggesting that susceptibility to methamphetamine-
related vascular injury by genetic potential may be 
involved in M-A PAH. In a previous study, bone mor-
phogenetic protein receptor type II gene mutations were 
reported in 30% of patients with PAH [9]. So far, whether 
M-A PAH is reversible with cessation of methampheta-
mine and how much methamphetamine use develops a 
risk of M-A PAH remain to be elucidated. Further studies 
are necessary.

Anesthetic management of patients with M-A PAH 
needs to be performed more carefully than of those 
with idiopathic PAH patients, because M-A PAH 
patients show higher right atrial pressure, lower cardiac 
index and excise tolerance, and more dysfunctional RV 
than patients with idiopathic PAH [10]. Furthermore, a 
previous study reported that the 10-year prognosis of 
patients with M-A PAH was significantly poorer than 
those with idiopathic PAH (25% vs. 45.7%, respectively) 



Page 3 of 4Oshita et al. JA Clinical Reports            (2023) 9:10  

[8]. We performed transversus abdominis plane block 
for postoperative analgesia and replaced the tracheal 
tube with a supraglottic airway after surgery in order 
to reduce noxious stimulation and prevent reflection 
to cough reflex or airway stimulation leading to wors-
ening pulmonary hypertension. Peritoneal insufflation 
may deteriorate pulmonary hypertension by induc-
ing hypercapnia. Although we administered nitroglyc-
erin and dobutamine for controlling PAP, conversion 
from laparoscopic to open surgery might have been 
required. Judicious selection of anesthetic induction 
and maintenance agents is crucial in patients with 
PAH. There were two reasons why we selected thio-
pental as an induction agent in the present case. First, 
thiopental has the advantage of less impact on RV con-
tractility and systemic vascular resistance compared to 
propofol. Second, the patient had been taking various 
antipsychotic medicines including benzodiazepines 
and antidepressants for sleep impairment and may 
have developed tolerance to benzodiazepine. Whereas 
propofol and volatile anesthesia markedly decrease RV 

contractility, opioid has minimal effects on pulmonary 
hemodynamics [4]. Therefore, we selected balanced 
anesthesia maintenance with sevoflurane and opioid. 
The agent to use as medication support for patients 
with PAH is still controversial. A previous study 
reported that noradrenaline and vasopressin are pref-
erable to phenylephrine [11]. Furthermore, nitric oxide 
may be useful, as it reduces PVR without decreased sys-
temic vascular resistance. In the present case, we did 
not use nitric oxide because its usage in patients under-
going non-cardiac surgery is not accepted under the 
Japanese health insurance system. In addition, patients 
that abuse methamphetamine have altered anesthetic 
requirements [12]; thus, it is necessary to use a BIS 
monitor to monitor the depth of anesthesia.

We monitored PAP using a pulmonary artery catheter, 
although its intraoperative use remains controversial 
[13]. We considered continuous monitoring of the mean 
PAP, systemic resistance, and cardiac index valuable for 
controlling the volume and administration of vasodilator 
and inotropic medication. Moreover, during peritoneal 

Fig. 1 Anesthesia record. The ratio of mean pulmonary artery pressure to mean artery pressure (Pp/Ps) was increased from 0.36 to 0.58 after 
peritoneal insufflation, requiring an increase in the infusion rate of nitroglycerine. X: start and end of anesthesia; ◎: start and end of the operation. 
ABP, arterial blood pressure; HR, heart rate; PAP, pulmonary arterial pressure; Pp/Ps, the ratio of mean pulmonary artery pressure to mean artery 
pressure
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insufflation, the mean PAP encouraged the administra-
tion of a vasodilator.

Patients with long-term exposure to methampheta-
mine have high risks during the intraoperative period due 
to PAH. We successfully anesthetized a patient with M-A 
PAH by monitoring RV function and avoided increased 
pulmonary arterial resistance with appropriate anesthe-
sia and medical hemodynamic support.

Abbreviations
M-A PAH  Methamphetamine-associated pulmonary arterial hypertension
PVR  Pulmonary vascular resistance
RV  Right ventricular
PAP  Pulmonary arterial pressure
BIS  Bispectral index
TEE  Transesophageal echocardiography

Acknowledgements
None.

Authors’ contributions
KO and ST mainly cared for the patient and wrote and revised the manuscript. 
TH, SJ, and MY discussed the case and supervised the writing of the manu-
script. The authors read and approved the final manuscript.

Funding
The authors declare that they received no funding.

Availability of data and materials
The datasets used and/or analyzed during the present study are available 
upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for the publication 
of this report.

Competing interests
The authors declare that they have no competing interests.

Received: 21 November 2022   Revised: 9 February 2023   Accepted: 10 
February 2023

References
 1. Kish SJ. Pharmacologic mechanisms of crystal meth. CMAJ. 

2008;178:1679–82.
 2. Paratz ED, Cunningham NJ, MacIsaac AI. The cardiac complications of 

methamphetamines. Heart Lung Circ. 2016;25:325–32.
 3. Xu R, Zhao SX. Current state and understanding of methampheta-

mine-associated pulmonary arterial hypertension. Eur J Respir Med. 
2021;3(1):167–71.

 4. Pilkington SA, Taboada D, Martinez G. Pulmonary hypertension and its 
management in patients undergoing non-cardiac surgery. Anesthesia. 
2015;70:56–70.

 5. Minai OA, Yared JP, Kaw R, Subramaniam K, Hill NS. Perioperative risk 
and management in patients with pulmonary hypertension. Chest. 
2013;144:329–40.

 6. Meyer S, McLaughlin VV, Seyfarth HJ, Bull TM, Vizza CD, Gomberg-
Maitland M, et al. Outcome of noncardiac, nonobestertic surgery in 
patients with PAH: an international prospective survey. Eur Respir J. 
2013;41:1302–7.

 7. Chin KM, Channick RN, Rubin LJ. Is methamphetamine use asso-
ciated with idiopathic pulmonary arterial hypertension? Chest. 
2006;130:1657–63.

 8. Ramirez RL, de Jesus PV, Zamanian RT. Stimulants and pulmonary arterial 
hypertension: an update. Adv Pulm Hypertens. 2018;17:49–54.

 9. Thomson JR, Machado RD, Pauciulo MW, Morgan NV, Humbert M, Elliot 
GC, et al. Sporadic primary pulmonary hypertension is associated with 
germline mutations of the gene encoding BMPR-II, a receptor member of 
the TGF-beta family. J Med Genet. 2000;37:741–5.

 10. Kolaitis NA, Zamanian RT, de Jesus Perez VA, Badesch DB, Benza RL, 
Burger CD, et al. Clinical differences and outcomes between metham-
phetamine-associated and idiopathic pulmonary arterial hypertension 
in the pulmonary hypertension association registry. Ann Am Thorac Soc. 
2021;18:613–22.

 11. Kwak YL, Lee CS, Park YH, Hong YW. The effect of phenylephrine and 
norepinephrine in patients with chronic pulmonary hypertension. Anaes-
thesia. 2002;57:9–14.

 12. Harbell MW, Dumitrascu C, Bettini L, Yu S, Thiele CM, Koyyalamudi V. 
Anesthetic considerations for patients on psychotropic drug therapies. 
Neurol Int. 2021;13:640–58.

 13. Senoner T, Velik-Salchner C, Tauber H. The pulmonary artery catheter in 
the perioperative setting: should it still be used? Diagnostics. 2022;12:177.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Anesthetic management of a patient with methamphetamine-associated pulmonary arterial hypertension undergoing laparoscopic cholecystectomy
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion
	Acknowledgements
	References


