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The management of pulmonary hypertension (PH), one of the most important perioperative risk
factors, is innately challenging to anesthesiologists owing to its life-threatening consequences.
The number of patients with PH has increased because of the development of more effective treatment and advanced hemodynamic monitoring, which consequently result in a longer
life-expectancy. By understanding the associated risk factors, utilizing therapies based on PH
classification, and performing careful perioperative anesthetic planning and management, we
can safely perform elective surgeries or procedures on these patients. In particular, the perioperative management of patients with PH requires a multidisciplinary approach, which is aimed
at carefully optimizing hemodynamics, minimizing risk factors, and aggressively treating complications. This review provides an evidence-based overview of the definition and classification of
and treatments for PH, while also focusing on the perioperative management and treatment of
patients with PH in non-cardiac and non-obstetric settings.
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INTRODUCTION

non-cardiac and non-obstetric surgeries, despite having a
considerably increased risk of morbidity and mortality.

Pulmonary hypertension (PH) is one of the most import-

The perioperative management of patients with PH re-

ant perioperative risk factors, which poses a significant

quires a multidisciplinary approach, which is aimed at

challenge to anesthesiologists. The number of patients with

carefully optimizing hemodynamics (right ventricular [RV]

PH has increased because of the increased understanding of

preload, afterload, and contractility), minimizing risk fac-

the disease, better diagnostic techniques, and improvement

tors, and aggressively treating complications [2]. However,

in the functional status owing to the development of more

there is lack of comprehensive evidence-based guidelines,

effective treatments and advanced hemodynamic monitor-

applicable risk assessment, and perioperative management

ing, which consequently result in a longer life-expectancy

of patients with PH with respect to anesthetic management

[1]. Therefore, we have been encountering increasing num-

[3,4]. In fact, most recommendations are based on expert

bers of patients with this complex condition presenting for

opinions or case series rather than well-designed random-
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ized controlled trials.
This review provides an evidence-based overview of the
definition and classification of and treatments for PH, while
also focusing on the perioperative management and treatment of patients with PH in non-cardiac and non-obstetric
settings.

DEFINITION
The hemodynamic definition of PH is a resting mean pulmonary arterial pressure (mPAP) ≥25 mmHg, and it is ≥30
mmHg during exercise [5,6]. Borderline PH is defined as a
mPAP between 20 and 24 mmHg [1].

CLASSIFICATIONS
PH is clinically classified into five categories on the basis of the similarities in pathophysiology and therapeutic
methods [7-9]. The most recently defined categories are
pulmonary arterial hypertension (PAH) (Group I), PH due to
left heart disease (Group II), PH due to chronic lung disease
and/or hypoxia (Group III), PH due to pulmonary artery
obstructions (Group IV), and PH due to unclear and/or multifactorial mechanisms (Group Ⅴ) (Table 1) [7,10].
PH can also be defined on the basis of the hemodynamic states as follows (Table 2): precapillary PH is mPAP≥
25 mmHg, pulmonary artery wedge pressure (PAWP)≤15
mmHg, and pulmonary vascular resistance (PVR)≥3 Wood
units (WUs) (groups I, III, IV, and Ⅴ); isolated postcapillary
PH is mPAP≥25 mmHg, PAWP>15 mmHg, and PVR≤3 WU

Table 1. Comprehensive clinical classification of pulmonary hypertension
[10]
Type 1: Pulmonary arterial hypertension
Idiopathic
Hereditary
Drug- and toxin-induced
Associated with
Connective tissue disease
Human immunodeficiency virus infection
Portal hypertension
Congenital heart diseases
Schistosomiasis
Pulmonary veno‑occlusive disease and/or pulmonary capillary
hemangiomatosis
Persistent pulmonary hypertension of the newborn
Type 2: Pulmonary hypertension due to left heart disease
Left ventricular systolic dysfunction
Left ventricular diastolic dysfunction
Valvular disease
Congenital/acquired left heart inflow/outflow tract obstruction and
cardiomyopathies
Type 3: Pulmonary hypertension due to lung diseases and/or hypoxia
Chronic obstructive pulmonary disease
Interstitial lung disease
Other pulmonary diseases with mixed restrictive and obstructive
patterns
Sleep‑disordered breathing
Alveolar hypoventilation disorders
Chronic exposure to high altitude
Developmental lung diseases
Type 4: Chronic thromboembolic pulmonary hypertension and other
pulmonary artery obstructions
Type 5: Pulmonary hypertension with unclear multifactorial mechanisms
Hematological disorders: Chronic hemolytic anemia, myeloproliferative
disorders, and splenectomy
Systemic disorders: Sarcoidosis, pulmonary histiocytosis, and
lymphangioleiomyomatosis
Metabolic disorders: Glycogen storage disease, Gaucher disease, and
thyroid disorders
Others: Tumoral obstruction, fibrosing mediastinitis, chronic renal failure,
and segmental pulmonary hypertension

(groups II and Ⅴ); and combined precapillary and postcapillary PH is mPAP≥25 mmHg, PAWP>15 mmHg, and PVR≥
Table 2. Hemodynamic definitions of pulmonary hypertension at resting [10]
Definition

Characteristic

Clinical group(s)

PH

mPAP≥25 mmHg

All

Precapillary PH

mPAP≥25 mmHg
PAWP≤15 mmHg

1. Pulmonary arterial hypertension
3. PH due to lung diseases
4. Chronic thromboembolic PH
5. PH with unclear and/or multifactorial mechanisms

Postcapillary PH

mPAP≥25 mmHg
PAWP>15 mmHg

2. PH due to left heart disease
5. PH with unclear and/or multifactorial mechanisms

Isolated postcapillary PH

DPG<7 mmHg and/or PVR≤3 WU

Combined precapillary and postcapillary PH

DPG≥7 mmHg and/or PVR>3 WU

PH: pulmonary hypertension, mPAP: mean pulmonary arterial pressure, PAWP: pulmonary arterial wedge pressure, DPG: diastolic pressure gradient (diastolic
PAP – mean PAWP), PVR: pulmonary vascular resistance, WU: Wood units (Wood units are preferred to dynes.s.cm-5).

32

www.embse.org

Med Biol Sci Eng Vol. 2, No. 2, 2019

3 WU (groups II and Ⅴ) [7,10].

patients who are not candidates for surgery. For patients in
Group V, the underlying disease can be directly managed.

GENERAL TREATMENTS
GENERAL OUTCOMES
PH is known to be related to reduced nitric oxide (NO)
and prostacyclin synthesis as well as to increased thrombox-

The elevated PAP results in an increased PVR, cardiac

ane production. From a pathophysiological perspective, all

output (CO), and/or PAWP, which is consequently asso-

patients with PH are in a state of reduced NO bioavailability,

ciated with the development of right heart failure as the

which has antiproliferative as well as vasodilatory proper-

major concern with PH. The RV in patients with chronic PH

ties, and increased phosphodiesterase-5 (PDE-5) expression

gradually dilates and fails, leading to a reduced RV stroke

in the endothelial smooth muscle cells and RV [11,12].

volume, RV ischemia, decreased left ventricle (LV) preload

However, the treatment modalities differ according to the

and CO, and hypotension. In patients with acute PH, the in-

PH groups [13]. Group I usually requires anticoagulation, di-

creased PAP can result in rapid RV failure because the RV is

uretics, oxygen therapy, calcium channel blockers, and di-

a low-pressure system.

goxin. According to the functional status and objective tests

Postoperative morbidity and mortality is 4-24% in patients

like the 6-m walking distance (6MWD), if patients have a

with PH, who are high-risk candidates based on the sever-

low risk, i.e., New York Heart Association (NYHA) functional

ity of disease and the surgical procedure [14]. In particular,

classes I-III, they may be treated using inhaled prostacyclins,

the mortality and morbidity for non-cardiac surgery ranged

oral endothelin receptor antagonists (ERAs; bosentan, am-

from 1-18% and 14-42%, respectively [4]. In addition, the

brisentan, and macitentan), oral PDE-5 inhibitors (sildenafil

cost-related outcomes are influenced by the presence of PH,

and tadalafil), or other newer drugs like riociguat (a new

which is related to a significantly longer length of stay in the

class of soluble guanylate cyclase stimulators) and selexipag

intensive care unit (ICU) and hospital, as well as a 2.4-fold

(an oral selective prostacyclin receptor agonist). If patients

increased risk of 1-month re-admission [15].

have a high risk, i.e., NYHA functional classes III or IV, they

Patients with PH also have some common risk factors

should be treated with intravenous or subcutaneous prosta-

(procedure-related and patient-related factors). They are

cyclins. These PH-targeting drug therapies are only licensed

major surgery, emergency surgery, surgery duration >3 h,

for patients in Group I [4]. Moreover, in the perioperative

high American Society of Anesthesiologists class, vasopres-

period, anesthesiologists usually encounter more patients

sor use, and concomitant cardiovascular disease [13,15-20].

belonging to Groups II and III (PH types 2 and 3) than to

In addition, hemodynamics (such as a right atrial pressure

Group I. In these patients, the management of PH usually

≥7 mmHg), NYHA functional class (>II), and 6MWD (<300

focuses on the direct correction of the main or underlying

m) were included as common risk factors, even though they

disease via surgical or pharmaceutical therapy. Patients in

were inconsistently observed [13,15,16]. In particular, the

Group II are managed using therapies for left heart failure.

mPAP was associated with perioperative morbidity, and

Unfortunately, pulmonary vasodilator therapy may deterio-

patients with isolated postcapillary PH had lesser morbid-

rate pulmonary edema by increasing the blood flow and ele-

ity and mortality than did patients with precapillary PH or

vating the left-sided filling pressures. ERAs and prostacyclins

combined precapillary and postcapillary PH [15].

should not be used except for some patients with intrinsic
pulmonary vascular disease, who may potentially benefit
from the use of PDE-5 inhibitors. Patients in Group III are

PERIOPERATIVE ANESTHETIC
MANAGEMENT

managed via the direct correction of the underlying lung
disease, and pulmonary vasodilator therapy is not beneficial

Preoperative evaluation and management

and may worsen ventilation-perfusion matching. Patients in

Thorough medical history taking (symptoms and signs)

Group IV can be potentially cured using thromboendarter-

and physical examination, assessment of the patient’s func-

ectomy. Pulmonary vasodilator therapy may be used in such

tional state, and determination of PH severity and suitable

www.embse.org
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surgical procedure are very important in a preoperative

owing to nothing-by-mouth status or the hospital’s formu-

evaluation. These should be performed considering all

lary restrictions. Warfarin should be bridged to low-mo-

potential factors, such as PH etiology, PH severity, type of

lecular-weight/unfractionated heparin before surgery [13].

surgery, urgency of the procedure, comorbid conditions,

If PH is diagnosed immediately before an urgent surgery,

functional state, and medication optimization.

treatment with PDE-5 inhibitors and L-arginine should be

Generally, the primary investigations include preoperative

started as soon as possible [14].

routine laboratory evaluations, echocardiography, pulmo-

A recent study suggested the formation of a compre-

nary function tests including blood gas analysis, and right

hensive multidisciplinary team of participating anesthe-

heart catheterization. In the laboratory evaluation, pro-brain

siologists, surgeons, and PH experts as an important tool

natriuretic peptide level is recommended as a predictor of

for perioperative PH management [25]. Such a team could

postoperative cardiac mortality after non-cardiac surgery

focus on designing individualized operative plans for each

[21]. Overall echocardiography should also be evaluated.

patient and on effectively mitigating perioperative morbidi-

2

The right atrial enlargement surface (>27 mm ), reduced

ty and mortality. This team would perform complete disease

tricuspid annular plane systolic excursion, and pericardial

phenotyping, medication review and optimization 2 weeks

effusion are poor prognostic predictors [22]. However, we

before surgery, clinical examination, 6MWD with/without

should consider that the mPAP calculated using echocar-

right heart catheterization within 2 weeks of surgical plan-

diography is often underestimated. Therefore, right heart

ning, and discuss ways to minimize operative time [3]. Both

catheterization is required for mPAP measurement and for

surgical length and type have an impact on hemodynamics

differentiating between precapillary and postcapillary PH,

and will influence anesthesia planning, which should be

but it should be performed very cautiously to avoid related

performed to minimize the risk for each individual patient.

complications [13].

In some cases, a more invasive approach may be preferred,

Unfortunately, we do not have strong supporting evidence

such as open surgery rather than laparoscopic surgery,

on any specific preoperative test to predict the postoper-

considering the effects of pneumoperitoneum with high

ative outcomes of non-cardiac surgery. In case of inade-

abdominal insufflation pressures (hypoxia, hypercarbia, and

quately categorized PH, we must postpone elective surgery

emboli) on PVR and RV preload/afterload [4,26,27].

and should consider consultation with experts in cardiology,

In addition, this team should address several major ques-

respiratory medicine, and imaging for disease classification,

tions [3]. 1) Do the benefits of the surgery outweigh the

assessment of functional status/exercise capacity (6MWD),

PH-associated risks? 2) Is the patient medically optimized?

and additional hemodynamic measurements. In case of

3) What is the best perioperative PH medication plan? 4)

known and well-categorized PH, we should evaluate the

Which type of procedure or surgery is better to mitigate the

optimization of medical therapies, functional status/6MWD,

PH-associated risk? 5) Should the procedure or surgery be

and hemodynamics. However, we should remember that a

moved from its usual location? 6) Who is the best anesthe-

procedure or surgery may be delayed because of these eval-

siologist to deal with the patient with PH? 7) Which is the

uations and for the optimization of PH treatment.

optimal postoperative care location? 8) Is extracorporeal

We need to perform optimal individualized medication

membrane oxygenation (ECMO) required (this decision

planning. All PH medications, such as pulmonary vasodi-

mandates discussion prior to the surgery and not on an

lators (intravenous or inhaled), digoxin, diuretics, calcium

emergency basis)? 9) Is additional expert input required?

channel blockers, ERAs, and PDE-5 inhibitors, as well as
oxygen therapy, should be continued until the day of sur-

Intraoperative management

gery [13,14,23,24]. This is because the abrupt discontinu-

Intraoperative management should focus on the preven-

ation of pulmonary vasodilators can result in rebound PH

tion of PH crisis and RV failure, aggressive control of PH

and hemodynamic instability, and can be life-threatening.

triggers, adequate systemic perfusion and RV preload, and

However, preoperative oral pulmonary vasodilator therapy

optimal contractility [24]. An individualized plan based on

may have to be converted to intravenous or inhaled therapy

the pathophysiology and comorbidities is very important to
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avoid events causing pulmonary vasoconstriction or system-

and fixed, elevated PVR, propofol may aggravate oxygen

ic hypotension, as well as to maintain RV function.

desaturation because of the decreased SVR caused by the

Various anesthetic agents can be used to accomplish

augmentation of the right-to-left shunt [29]. However, while

these hemodynamic goals, even though there is no proven

propofol has no effect on NO-induced pulmonary vaso-

superiority [28]. For patients with PH, it is best to select op-

dilatation and the basal pulmonary vascular tone, it can

tions that can minimize the intraoperative increase in PVR

increase the pulmonary response to vasoconstrictors [14].

and depression of myocardial function with adequate anes-

Etomidate can also be used in patients with RV dysfunction,

thesia and analgesia.

but it causes a mild elevation of PVR [4,29]. The use of ket-

Traditionally, volatile anesthetics have been known to

amine in patients with PH is controversial, and we cannot

attenuate hypoxic pulmonary vasoconstriction, thereby de-

ignore its effect on increasing PVR or PAP. Ketamine-relat-

creasing ventilation-perfusion matching [29]. In addition,

ed catecholamine release, which constricts the pulmonary

volatile anesthetics can be used up to 1 minimum alveolar

vasculature, can be minimized by the co-administration of

concentration without any negative effect on the pulmo-

benzodiazepines or pulmonary vasodilating drugs, or by

nary vasculature [13]. Isoflurane and enflurane have effects

enriching the inspiratory oxygen concentration (FiO2) [31].

on pulmonary vasodilation and endothelium-dependent

If ketamine does not increase PVR, it offers several potential

relaxation inhibition but no effects on the baseline pulmo-

benefits (preservation of coronary blood flow and main-

nary circulation tone. However, desflurane potentiates the

tenance of the ratio of pulmonary to systemic blood flow)

pulmonary vasoconstriction response [29]. Sevoflurane also

by maintaining blood pressure and SVR [29]. In addition,

has a pulmonary vasodilation effect like isoflurane, but it

dexmedetomidine, an alpha-2 agonist, may have beneficial

does not inhibit endothelium-dependent relaxation [29].

effects on central sympathetic outflow reduction, sedation,

Accordingly, isoflurane and sevoflurane are accepted for

and analgesia in patients with PH [24].

anesthetic induction and maintenance, and sevoflurane may

No single anesthetic agent has been shown to be ideal

be preferable to isoflurane in patients with PH. However,

for patients with PH, and many different techniques can be

we should consider that volatile agents can lead to dose-de-

safely employed. After premedication with midazolam, an-

pendent problematic depression of RV contractility and the

esthetic induction and maintenance may be performed with

reduction of systemic vascular resistance (SVR). Nitrous ox-

the co-administration of benzodiazepines, opioids, ket-

ide should be avoided, because it significantly elevates PVR

amine, a small dose of propofol, and/or a low concentration

despite having little effect on pulmonary hemodynamics [29].

of volatile anesthetics (such as isoflurane and sevoflurane)

Opioids have a minimal effect on the pulmonary vas-

[29].

culature, and they can be used to attenuate the noxious

Despite airway and ventilatory problems during sedation

stimulus-related pulmonary vascular response [14,30]. How-

or anesthesia, the incidence of complications in patients

ever, opioid-induced bradycardia may cause an undesired

with PH undergoing non-cardiac surgery are independent

decrease in the CO, even though it can be easily controlled

of the method of airway management [29]. Laryngoscopy

with atropine or another chronotropic drug.

and intubation are known to cause pulmonary hypertensive

We can use benzodiazepines, which have minimal he-

crisis and even death in patients with severe PH [32,33];

modynamic effects and cause non-significant respiratory

therefore, careful airway management is required to prevent

depression, but they should be used carefully in patients

these critical complications by administering adequate an-

with PH and upper airway disease [29]. Although thiopental

esthesia and analgesia or by avoiding intubation when pos-

does not affect PVR, it is less desirable because it can induce

sible. Extubation should be considered when patients have

myocardial depression (reduced RV contractility) and sys-

appropriate ventilation on minimal ventilator settings with

temic hypotension (reduced SVR) [4,29]. Propofol has been

an FiO2 ratio≤0.4 [24]. Furthermore, deep extubation or

known to trigger an increase in either PVR or pulmonary

early extubation can decrease the exposure to noxious air-

vasodilation [14] and to decrease SVR significantly and car-

way stimulation [29]. End-tidal CO2 should be monitored for

diac contractility mildly [29]. In patients with cardiac shunt

rapid intervention in patients under sedation without airway

www.embse.org
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devices [34].

available, to prevent hypothermia. Pulmonary artery cath-

In view of adequate oxygenation and controlled ventila-

eterization has a relatively high complication rate (transient

tion, general anesthesia is preferred in patients with PH [13].

ventricular arrhythmia or pulmonary artery rupture) and

Nevertheless, general anesthesia may expose the patient to

should be performed much less frequently because of its

apnea and hypoventilation, hypoxemia, hypothermia, hy-

inconsistent results related to improved outcomes [13,39,40].

potension, intense sympathetic stimulation, rapid fluid shift,

Therefore, we should carefully weigh the risks and benefits

and a change in cardiac preload [35]. In addition, RV after-

of this procedure. Transesophageal echocardiography can

load and pulmonary hypertensive crisis may be significantly

provide direct visualization of the cardiac anatomy and

increased by positive pressure ventilation with/without

functional status, especially pulmonary arterial pressures,

positive end-expiratory pressure (PEEP) [4]. However, gen-

valvular regurgitation, CO, and regional wall motion abnor-

eral anesthesia also has beneficial effects such as reducing

mality [13]. Central venous oxygen saturation monitoring

the RV ischemia due to anesthetic-related hypotension and

can also be used as a marker of global tissue perfusion [13].

the mechanical ventilation-induced elevation of PVR [6].

Stroke volume variability is helpful for intraoperative fluid

Therefore, perioperative hemodynamic control is suggested

management as an appropriate method for evaluating vol-

to maintain a systolic pressure>90 mmHg, mean arterial

ume responsiveness [38,41].

pressure>65 mmHg, mPAP<35, PVR/SVR ratio<0.5, and
2

The most important requirement for the management

cardiac index>2.2 L/min/m [4]. Epidural anesthesia using a

of pulmonary hypertensive crisis (intraoperative increased

low dose and slow titration is also well tolerated, but spinal

PAP) is to avoid anything that could increase RV afterload

anesthesia should be avoided [24]. Regional anesthesia also

or decrease RV contractility [38,42]. Hence, we should try

has advantages such as the avoidance of elevated pulmo-

to treat and prevent hypoxia, hypoxemia, hypercarbia (due

nary arterial pressures caused by mechanical ventilation and

to sedation, analgesia, poor mask seal, and delayed intu-

a non-significant influence on PVR and oxygenation [36,37].

bation), acidosis (secondary to hypovolemia, infection, and

It can be used for postoperative analgesic therapy. Howev-

decreased CO), hypothermia, atelectasis, hyperinflation (due

er, regional anesthesia can decrease SVR, and this should be

to inadequate tidal volume or PEEP), and catecholamine

carefully considered in patients with advanced PH who can-

release (due to pain, inadequate anesthesia, anxiety, and

not lie down for a long time, as well as in patients receiving

histamine release drugs) [3].

anticoagulants. Hence, in patients with PH, a balanced

High FiO2 (0.6-1.0) should be used, and a tidal volume

technique involving the use of higher doses of opioids and

of 6-8 mL/kg ideal body weight is recommended to set the

low-dose volatile anesthetics, or a combined anesthesia

peak pressures as low as possible to avoid alveolar over-

technique with volatile anesthetics and regional or neuraxial

inflation [38]. The respiratory rate should be controlled to

anesthesia, is preferable [38]. However, histamine-releasing

maintain a partial pressure of CO2 of 30-35 mmHg [38].

neuromuscular blockers, such as atracurium and cisatracu-

Large-volume fluid infusion, especially of cold fluids, should

rium, should be avoided because they cause an increase in

be avoided because it can result in hypothermia and in-

PVR [6]. Rocuronium and vecuronium are also preferable as

crease RV oxygen consumption. Therefore, fluid infusion

neuromuscular blockers [29].

should be restricted as far as possible, and when required,

The requirement for intraoperative monitoring is mainly

the fluid should be warmed using fluid warmers.

dictated by the severity of PH, comorbidities, exercise toler-

Permissive hypotension is not applicable to patients with

ance, and surgical procedure. In addition to standard mon-

high-risk PH. Pure alpha agonists such as phenylephrine

itoring, invasive arterial blood pressure and central venous

and clonidine should be avoided, and norepinephrine or

pressure monitoring are required to obtain information on

vasopressin is preferable as a vasopressor to maintain blood

immediate hemodynamic changes and early warning signs

pressure [43-46]. Indeed, low-dose vasopressin (0.04 U/min)

of cardiovascular decompensation [13]. Temperature should
also be monitored [13], and air-forced warming blankets

and dobutamine (2-5 mg/kg/min) restore coronary blood
flow to the RV by increasing SVR [3,47]. However, dobuta-

as well as intravenous fluid warmers should be applied, if

mine, being an inotrope, exacerbates systemic hypotension

36
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due to anesthetic (inhaled or intravenous)-induced systemic

However, we should consider that volume loading may

vasodilation [3]. Therefore, norepinephrine, which has both

paradoxically lead to a reduction in LV preload and worsen

vasopressor and inotropic properties, is frequently preferred

hypotension [24]. All precautions should be taken to avoid

for intraoperative administration in patients with acute RV

hypoxemia, hypotension, and hypovolemia. However, if pri-

failure due to PH [26,48].

or therapies fail, we can consider mechanical support such

Intravenous vasodilators such as milrinone (25-50 mg/kg
bolus, followed by 0.5-0.75 mg/kg/min) and enoximone can

as ECMO [24]. Moreover, mechanical support should be pro-

be used [13]. Prostacyclin (4-10 ng/kg/min), iloprost (1-3

The plan for postoperative management based on the

ng/kg/min), sildenafil (0.25-0.5 mg/kg, every 4-8 h per oral,

severity of PH and the complexity of the surgery should be

or 1.6 mg/kg/day intravenously), nitroglycerine (2-10 mg/
kg/min), or sodium nitroprusside (0.2-0.3 mg/kg/min) can

established during the preoperative evaluation. The most

also be used for PH treatment [13]. Calcium channel block-

cedure or surgery, especially in patients with precapillary

ers, such as diltiazem, nifedipine, and amlodipine, may be

PH or PAH [15-17]. These complications commonly develop

harmful to patients experiencing pulmonary hypertensive

via a progressive increase in the heightened sympathetic

crisis and those with non-reactive, fixed PH because the de-

tone, cardiac arrhythmia, pulmonary thromboembolism,

creased SVR and CO can result in myocardial ischemia due

pulmonary vascular tone, acute pulmonary vasospasm, and

to decreased coronary blood flow [29].

fluid shifts [14].

vided before intubation to avoid hemodynamic instability.

critical complications often occur within 48 h after the pro-

Inhaled NO (5-40 ppm continuously), prostacyclin (25-

Adequate postoperative analgesia should be provided

50 mg, nebulized over 15 min, every hour), iloprost (5-10
mg, nebulized over 10 min, every 2-4 h), milrinone (2-5 mg,

with regional analgesia and non-opioid (oral or intravenous)

for 10-15 min), or epoprostenol (10-50 ng/kg/min continuously) can be administered to quickly lower RV afterload

ed using amiodarone rather than b lockers because of the
former drug’s intolerability; moreover, digoxin should be

in patients with severe or acute decompensated PH [13,26].

administered for rate control [13]. Intraoperative vasodilator

Epoprostenol infusion should be performed uninterrupted

therapies must be continued and slowly switched over to the

because of the extremely short half-life of the drug [29].

preoperative regimen [13].

medications [13]. Postoperative arrhythmia should be treat-

These pulmonary vasodilators should be carefully used in
patients with PH because of downstream obstructions, such

CONCLUSIONS

as pulmonary vein stenosis, pulmonary veno-occlusive disease, and left atrial hypertension, because their use prior to

Anesthetic management is dependent on an understand-

the relief of the obstruction can lead to acute, life-threat-

ing of the pathophysiology and avoidance of a pulmonary

ening pulmonary edema [29]. Studies recommend that PAP

hypertensive crisis. In order to diminish risk and improve

be controlled within 15% fluctuation from the initial values

outcomes, successful perioperative anesthetic planning and

measured during preoperative evaluation [14].

management require a multidisciplinary approach, which
can be applied to coordinate preoperative evaluation, intra-

Postoperative management

operative management, and postoperative care. Advanced

Patients with severe compensated PH might undergo mi-

intraoperative and postoperative monitoring, pulmonary

nor surgery on an outpatient basis, while those undergoing

vasodilator therapies, and adequate anesthesia and analge-

major surgery should be cared for in an ICU by staff experi-

sia should be available and performed when necessary for

enced in managing postoperative PH [3,16,49]. However, the

patients with PH.

general principle for postoperative management is that the
patient should be fully monitored in the ICU and pressures
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