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An increasing prevalence of pulmonary hypertension (PH)

and a recent change in the definition of PH contribute to a

growing population of patients receiving this diagnosis.1 The

modification of the definition of PH in 2019 involved lowering

the classification threshold of mean pulmonary artery pressure

from 25 mmHg to 20 mmHg, the inflection point for poorer

patient outcomes.2 PH is a risk factor for patients undergoing

noncardiac surgery. Underlying PH has been independently

associated with increased rates of postoperative heart failure,

hemodynamic instability, respiratory failure, delayed extuba-

tion, prolonged intensive care stay, in-hospital death, and 30-

day hospital readmission.3,4 The perioperative setting can be

especially challenging in controlling the increase in pulmonary

vascular resistance and the consequential afterload burden that

can precipitate right ventricular failure. Surprisingly, despite

the association of PH with significant morbidity and mortality,

there are no practice guidelines advising the optimal anesthetic

approach for patients with this condition. Therefore, it is worth

discussing the commonly used but different and polarizing

anesthetic techniques for this patient population—regional

anesthesia (RA) versus general anesthesia (GA). This side of

the discussion will focus on the merits of GA.

The World Health Organization has identified five groups of

PH based on etiology (Table 1).1,2 However, regardless of type,

there are general tenets that apply to the perioperative
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management of all patients with PH. Efforts to prevent additional

increases in pulmonary vascular resistance include the avoidance

of anxiety, pain, hypoxemia, hypercarbia, acidosis, hypothermia,

high airway pressures, and patient Valsalva and the maintenance

of coronary blood flow and normal sinus rhythm. Furthermore,

efforts to actively decrease pulmonary vascular resistance include

hyperventilation and the delivery of either systemic or inhaled

pulmonary vasodilators. Appropriate monitoring, including prein-

duction arterial waveform analysis and echocardiography, are

important tools for the anesthesiologist and can enable early

detection and diagnosis of declining cardiac function.5-7
The Benefits of GA

The primary motivation for choosing GA for patients with

significant PH is to achieve strict control over oxygenation and

ventilation during surgery through the use of a secure airway

and mechanical ventilation. The application of additional peak

end-expiratory pressure, only possible with GA, has been

shown to reduce atelectasis, reduce pulmonary shunt fraction,

and manage hypoxemia.8 Improved matching of ventilation

and perfusion also reduces hypoxic pulmonary vasoconstric-

tion, thereby directly lowering pulmonary vascular resistance.

Adequate ventilation prevents hypercapnia and respiratory aci-

dosis, both factors that have been independently associated

with increased pulmonary vascular resistance, depressed myo-

cardial contractility, and increased myocardial stroke work.9

A stenting airway device ensures the patency for air move-

ment and enables the use of bronchoscopy and catheters to
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Table 1

World Health Organization Classification of Pulmonary Hypertension

Group Etiology % of Total PH Cases*

1 Primary arterial hypertension 15.6

2 Congestive left-sided heart disease 66.8

3 Chronic lung disease/hypoxemia 45.9

4 Chronic thromboemboli 8.8

5 Miscellaneous y

Abbreviation: PH, pulmonary hypertension.

* Sum exceeds 100% due to the multifactorial etiology in some patients.

yDifficult to study because of the heterogenous composition of the group.
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aspirate airway secretions, which are critical to avoid ventila-

tion/perfusion mismatch. In addition, the presence of an endo-

tracheal tube or laryngeal mask airway enables precise control

of the composition of inhaled gases, such as delivery of up to

100% oxygen; the use of volatile agents; and the use of inhaled

pulmonary vasodilating agents.10 Inhaled pulmonary vasodila-

tors selectively lower the resistance of pulmonary vessels

while sparing systemic vessels. Unlike pulmonary dilators

administered intravenously, they can be useful in managing a

hypotensive patient with a dysfunctional right ventricle.

Inhaled agents also function to further improve matching of

ventilation and perfusion, again in contrast to systemically

delivered medical therapies, by selectively increasing blood

flow more to pulmonary alveoli that are better ventilated.

Based on the specific mechanism of underlying PH, GA has

the potential to optimize cardiopulmonary function. Group II

PH accounts for up to 65% to 80% of all cases as a result of

congestive diseases involving the left side of the heart that

lead to the upstream transmittance of pressure across pulmo-

nary capillary beds.2,11 For patients with left ventricular fail-

ure, the increased external pressure on cardiac structures

induced by positive-pressure ventilation and peak end-expira-

tory pressure has been shown to reduce left ventricular after-

load by reducing the force generation necessary to overcome

the downstream forces resisting systolic ejection. Indeed, this

ventilatory strategy has been shown to improve overall cardiac

output in patients with reduced ejection fraction.12 Chronic

pulmonary disease leading to hypoxic pulmonary vasocon-

striction is responsible for group III PH. Nearly half of all

patients with PH have some degree of group III disease con-

tributing to their pathophysiology, either acting alone or in

combination with other groups of PH.2 For these patients, opti-

mization of ventilatory mechanics is an important part of peri-

operative management. Taken together, groups II and III

comprise the majority of all PH patients and are associated

with the highest rates of mortality.2

An important requirement for surgical success, in terms of

both technical feasibility and safety, is patient immobility. The

depth of sedation and the ability to provide neuromuscular

blockade afforded by GA are the only ways to ensure a motion-

less surgical field. Patients under RA/sedation potentially might

move in response to surgical stimulation, discomfort from posi-

tioning, difficulty in breathing, or spinal reflexes. Optimal posi-

tioning can also be enhanced with GA to create ideal surgical
exposure, including positions where the patient’s upper body is

reclined that can lead to ventilatory obstruction and orthopnea.

This is especially concerning in patients with underlying

obstructive sleep apnea, chronic lung disease, or congestive

heart failure—conditions all likely to exacerbate PH in the set-

ting of any additional compromise to their cardiopulmonary

function. GA also has been shown to attenuate the physiologic

response to pain, which can prevent the reactive release of cate-

cholamines that would further increase pulmonary vascular

resistance.13

Finally, GA attenuates the gag reflex sufficiently to permit

the insertion of esophageal devices such as temperature

probes, gastric aspiration catheters, and probes to perform

transesophageal echocardiography. The ability to perform

echocardiography by the esophageal route enables imaging of

superior quality and reliability, especially given sterile fields

or poor transthoracic ultrasonographic windows that often are

imposed by unfavorable body habitus. This is especially

important with the ever-increasing obesity epidemic.

Unsubstantiated Arguments Against the Use of GA

Given the increased demand and higher chamber pressures of a

hypertrophied right ventricle, higher systemic pressures are nec-

essary to maintain adequate perfusion to the vulnerable myocar-

dium to prevent ischemia-related injury. GA opponents may

argue that GA leads to lower systemic blood pressures compared

with RA; however, this is not necessarily true. Well-selected and

expertly titrated anesthetic medications can be used to achieve a

hemodynamically stable induction of anesthesia.14,15 On the other

hand, neuraxial anesthesia with or without sedation may cause a

sympathectomy, leading to a reduction in systemic vascular resis-

tance and refractory hypotension.16 Similarly, patchy RA that

requires an emergency conversion to GA typically involves larger

doses of hurriedly administered medications, leading to risky

hemodynamic swings.

There might be concern that GA increases pulmonary vascular

resistance. It is believed that the use of positive-pressure ventila-

tion can lead to increased intrathoracic pressure, thereby com-

pressing pulmonary vasculature. Although this mechanism does

occur, the net effect of increased intrathoracic pressure on all cen-

tral cardiovascular structures is complex—as previously dis-

cussed, describing its favorable effects on left ventricular

afterload and atelectasis.8 That being said, GA does provide the

versatility whereby it also can be performed with the preservation

of spontaneous ventilation if necessary. This can be accomplished

through carefully titrated anesthetics with the avoidance of neuro-

muscular blocking agents and the option of local anesthetic appli-

cation to the airway mucosa before intubation.17 Finally,

propofol and ketamine, which can be used as alternatives to vola-

tile agents for GA, have been shown to directly lower pulmonary

vascular resistance in rat models.18

Unfortunately, studies comparing GA and RA have been

small and observational. Moreover, no studies have assessed

these two techniques for patients specifically with PH. Reports

that have suggested that RA was associated with fewer airway

complications than GA have been based on faulty study



Fig 1. Mechanisms by which either undersedation or oversedation can trigger a complex downward spiral in patients with pulmonary hypertension. CO, cardiac

output; GETA, general endotracheal anesthesia; HPV, hypoxic pulmonary vasoconstriction; IVS, interventricular septum; LV, left ventricle; LVEDV, left ventric-

ular end-diastolic volume; MOF, multiorgan failure; PVR, pulmonary vascular resistance; RV, right ventricle; RVEDP, right ventricular end-diastolic pressure;

RVEDV, right ventricular end-diastolic volume; RVH, right ventricular hypertrophy; TR, tricuspid regurgitation.
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design. For example, in some of these studies, patients under

RA who experienced adverse outcomes necessitating emer-

gency conversions to GA, were included in the GA group.19,20

This would seem to establish an unfair comparison because

the very patients who require conversion to GA are presum-

ably at higher risk of poor outcomes than those who were suc-

cessfully managed without conversion.

Arguments Against RA

Even though RA offers many advantages in the general pop-

ulation, there are several mechanisms by which it may be espe-

cially harmful in patients with PH. Most patients managed

with monitored anesthesia care require titrated doses of intra-

venous anesthetic for patient comfort. These agents provide

anxiolysis, improved patient satisfaction, and can ameliorate

agitation and patient movement to enable safe completion of

surgery. It can be difficult, however, to strike the fine balance

between achieving adequate sedation while avoiding overdose.

Given individual patient needs and sensitivities, it may be dif-

ficult to predict how to best titrate these medications while

avoiding attenuation of the respiratory drive, airway protective

reflexes, and airway patency. Pharmacologically-induced
hypoventilation can lead to hypoxemia, hypercarbia, and respi-

ratory acidosis—all of which can increase pulmonary vascular

resistance.21 Although hypoxic pulmonary vasoconstriction

can serve an important role to optimize local matching of ven-

tilation and perfusion, hypoventilation activates this mecha-

nism globally, with devastating consequences in patients with

PH. In addition, patients with PH are at increased risk of not

being able to tolerate prolonged supine positioning because of

underlying heart failure. Loss of airway-protective reflexes in

the setting of an unprotected airway increases the risk of pul-

monary aspiration of refluxed gastric contents, leading to sub-

sequent complications related to compromised ventilation and

oxygenation. Even though healthier patients might recover

easily from a small amount of pulmonary aspiration, this could

lead to a rapid downward spiral for patients with PH. Unfortu-

nately, however, on the other end of the spectrum of overseda-

tion is undersedation. Patients with inadequate anesthesia may

experience surgical pain and/or positional discomfort, progres-

sively becoming more anxious and agitated, all of which can

increase pulmonary vascular resistance.5,7 The complex mech-

anisms outlining how either undersedation or oversedation can

trigger the downward spiral in patients with PH are illustrated

in Figure 1. For some patients, a moderate amount of sedation
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paradoxically can make them uninhibited, leading to excessive

purposeless movement.

RA cannot guarantee surgical anesthesia in all patients.

In the event of either inadequate nerve block depth or dura-

tion or respiratory depression as a result of oversedation,

emergency conversion to GA might become necessary.22

When this happens in the middle of a procedure, conditions

often are not optimal, as with a planned general anesthetic.

Complicating factors include nonsupine positioning, rota-

tion of the operating room table away from the anesthesia

machine, sterile draping obstructing the view, patient agita-

tion, inability to adequately preoxygenate as a result of

hypoventilation and airway obstruction, and the lack of

immediately available expert assistance. Both emergency

intubations and intubations under suboptimal conditions

have been shown to be risk factors for difficult intubation.23

A closed-claims database analysis of anesthesia-related

injuries revealed that difficult intubations are associated

with an increased risk of airway injury, permanent brain

injury, and death.24 Although there are no studies or guide-

lines on how to manage a difficult airway for someone with

PH, failed attempts with delays in gas exchange are

expected to be especially detrimental in this vulnerable

population.

Neuraxial or paraspinal anesthesia procedures may be more

likely to be contraindicated in patients with PH because of the

increased risk of hematoma formation that compresses the spi-

nal cord.5 Many patients with PH may be receiving prophylac-

tic or therapeutic anticoagulation for an associated

comorbidity or have baseline thrombocytopenia or coagulop-

athy from related processes, such as dilutional fluid retention

or congestive hepatopathy. In addition, neuraxial anesthesia

has the potential to block cardioaccelerator fibers, further

resulting in deleterious bradycardia.16

Future Direction

Currently, there are no existing prospective studies comparing

GA with RA for patients with PH nor are there any registered on

ClinicalTrials.gov. Until such head-to-head comparison studies

take place, the controversy over which method is best likely will

continue. It is important to consider the mechanisms that might

aggravate a potentially lethal underlying condition such as PH.

There likely are individual procedure and patient factors identifi-

able on preoperative evaluation that might suggest one method to

be safer than the other. For the vast majority of situations, how-

ever, the overwhelming mechanisms of potential benefit and risk

attenuation seem to favor GA.
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