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Acute Right Ventricular Failure after Pulmonary Hypertensive
Responses to Airway Instrumentation: Effect of Fentanyl Dose

Paul R. Hickey, M.D.," Susan M. Retzack, M.D.}

ACUTE right ventricular failure and hemodynamic col-
lapse are potential threats in patients with severe pul-
monary hypertension undergoing general anesthesia.
Pulmonary hypertension and pulmonary hypertensive
crises are a known risk factor for mortality in children
with congenital heart disease.'” In these patients, pul-
monary hypertensive responses as well as systemic hy-
pertensive responses need to be controlled to avoid
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acute increases in right ventricular afterload, subse-
quent right ventricular dysfunction, and possible acute
right ventricular failure secondary to ischemia.®’

Low-dose fentanyl (8 ug/kg) in combination with
thiopental (3 mg/kg) for induction of anesthesia has
been shown to blunt circulatory responses to tracheal
intubation,® but responses of the pulmonary circulation
to intubation after this regimen have not been reported.
Several studies document the effectiveness of higher-
dose fentanyl (25-100 ug/kg) in providing both sys-
temic and pulmonary hemodynamic stability in chil-
dren undergoing cardiac surgery and preventing pul-
monary hypertensive responses to airway stimula-
tion.”!° However, little is known about the minimal
dose of fentanyl or other opioids required to blunt pul-
monary vascular reactivity.

We present a case of documented acute right ven-
tricular failure secondary to a pulmonary hypertensive
crisis provoked by upper airway instrumentation. This
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occurred in a lightly anesthetized patient with known
pulmonary hypertension despite a supplemental dose
of fentanyl prior to airway instrumentation during the
course of an interventional cardiac catheterization. Af-
ter a larger dose of fentanyl, successful airway instru-
mentation and tracheal intubation were conducted
without further pulmonary artery hypertensive re-
sponses.

Case Report

A 3-yr-old, 10-kg girl with Shone’s syndrome (multiple left heart
obstructions: left ventricular inflow, left ventricular outflow, aorta)
presented with severe mitral stenosis and pulmonary hypertension
for cardiac catheterization and percutaneous balloon mitral valvu-
loplasty. She had a juxtaductal coarctation of the aorta repaired on
day 10 of life with no residual gradient. Subsequent follow-up dem-
onstrated progressive mitral valve stenosis with increased right-sided
pulmonary arterial pressures. These were 80-90% of systemic arterial
pressures by 2 yr of age when she underwent successful percutancous
balloon mitral valvuloplasty. This reduced the valvular gradient but
had no effect on the near systemic pulmonary artery pressures.

Approximately 1 yr later she returned with symptoms of decreased
exercise tolerance, tachypnea, and orthopnea. Her medication at this
time included 40 pug digoxin twice daily, 6.25 mg captopril three
times daily, 20 mg furosemide twice daily, and 6.25 mg spironolac-
tone as needed. Respiratory rate was 28 breaths/min, cuff blood
pressure was 100 mmHg (by palpation), and hemoglobin oxygen
saturation was 97% on room air as measured by pulse oximetry (Sp,).
The lungs were clear to auscultation, and a II/VI systolic ejection
murmur and a lI/VI diastolic rumble were heard at the cardiac apex.
Chest x-ray showed slight cardiomegaly and increased puimonary
vascularity. Electrocardiography showed sinus rhythm at 80 beats/
min with evidence of left atrial enlargement, right ventricular hy-
pertension with strain, incomplete right bundle branch block, and
right axis deviation. An echocardiogram showed a 16-mm mitral valve
anulus with an estimated mean transvalvar gradient of 18-22 mmHg

Table 1. Hemodynamics and Gas Measurements

and peak gradient of 25-30 mmHg. Right ventricular hypertension
with estimated peak pressures of 100 mmHg was found by echocar-
diography when simultancous upper extremity. systemic arterial
pressures were 86/43 mmHg, Systolic displacement of the intraven-
tricular septum to the left side indicated right ventricular pressures
greater than those in the left ventricle,

A percutancous balloon mitral valve dilation was planned, and the
patient was premedicated with 2.5 mg diazepam orally approximately
1 h before the procedure. Monitoring included a five-lead clectro-
cardiograph, pulse oximetry, automated blood pressure cuff, and
capnography. Light general anesthesia for the initial hemodynamic
catheterization study was obtained with an initial dosc of intravenous
ketamine (1 mg/kg) and midazolam (0.15 mg/kg) given in divided
doses over 5 min and maintained with a continuous infusion of ke-
tamine and midazolam ata rate of 1-1.5mg- kg™ +h™'and 0.1-0.15
mg - kg™ -h7', respectively.'! No substantial cardiovascular changes
of heart rate or blood pressure were noted with the initial dose of
ketamine. The patient was spontancously breathing room air
throughout the hemodynamic study, and an arterial blood gas mea-
surement showed pH 7.42, Paco, 36.6, Pag, 86.5, Hct 28, whereas
pressure measurements revealed a peak right ventricular pressure of
120-130 mmHg, right pulmonary artery systolic pressure of 125
mmHg (mean 94), pulmonary capillary wedge pressure of 32 mmHg,
pulmonary artery diastolic to left ventricular end diastolic pressure
gradient of 14-18 mmHg, and aortic systolic pressure of 94 mmHg
(mean 64) as shown in table 1.

After the hemodynamic study was completed, elective tracheal
intubation with muscle relaxation was planned for greater control
of airway, level of ventilation, and patient movement to facilitate
percutaneous balloon dilation of the stenotic mitral valve. At this
point, the patient had received a total of approximately 5 mg/kg
ketamine and 0.7 mg/kg midazolam over 2 h and was minimally
responsive. While the patient breathed 100% oxygen, anesthesia was
supplemented with 10 ug/kg fentanyl and muscle relaxation was
obtained using 0.1 mg/kg pancuronium without substantial change
in heart rate or blood pressure. Ventilation was controlled for 5 min

after the fentanyl and pancuronium were given (end tidal CO, 25

mmHg), and pulmonary artery systolic pressures decreased to less
than aortic pressures (table 1).

15 ug/kg Fentanyl

Light GA 10 ng/kg Fentanyl Hyperventilation
Spontaneous Controlled First Insertion ~ After Removal  and Nasotracheal 10 min after
Respiration Ventilation Nasal ETT Nasal ETT Intubation Intubation

Pressures

Pulmonary arterial systolic pressure (mmHg) 125 85 160 155 75 60

Aortic systolic pressure (mmHg) 94 95 50 - 95 ‘ 98 95

ETco, (MMHg) 18-24 23-25 25 25 25 32

Pago, (MmHg) 37 - 36 37 37 41
Arterial blood gases

pH 7.24 — 7.39 7.42 7.41 7.34

Po, (mmHg) : 87 - 86 71 71 475

Pco, (MMHQ) ) 37 _ 36 37 37 41

Flo, (mmHg) 0.21 1.0 1.0 1.0 1.0 1.0

GA = general anesthesia; ETT = endotracheal tube; ET¢o, = end-tidal CO;.
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Five minutes after these drugs were given, an attempt to pass a
lubricated, uncuffed 5.0-mm cndotracheal tube nasally was met with
resistance at 1-1.5 cm depth, and pulmonary artery systolic blood
pressure abruptly increased from 85 to 160 mmHg with a resultant
decrease in systemic systolic blood pressure from 95 to 50 mmHg
and an increase in heart rate from 100 to 120 beats/min (table 1).
The endotracheal tube was withdrawn immediately, the lungs ven-
tilated with 100% oxygen, and an additional 15 ug/kg fentanyl was
administered. The systemic hypotension rapidly resolved, and sys-
temic arterial pressures returned to bascline, although the pulmonary
arterial hypertension persisted for several minutes (table 1).

Once pulmonary arterial pressures decreased to systemic levels,
nasotracheal intubation was accomplished uneventfully using a 4.5-
mm endotracheal tube, No further increases in pulmonary arterial
pressure or decreases in systemic arterial blood pressure occurred,
and within several minutes after tracheal intubation, pulmonary ar-
terial pressure had decreased to less than systemic arterial pressure
(table 1). By 10 min after the second opioid dose, intubation, and
mechanical ventilation, pulmonary arterial pressure was less than
two-thirds the systemic arterial pressure. This was the lowest recorded
pulmonary arterial pressure at any time during the procedure (ta-
ble 1).

The balloon valvuloplasty of the mitral valve then proceeded,
complicated by transient episodes of varying degrees of atrioven-
tricular conduction block and three episodes of asystole, coinciding
with balloon dilation attempts. The patient responded well to re-
suscitation measures and medications during the periods of asystole.
Postdilation measurements showed left atrial pressures of 24/14/21
(systolic/diastolic/mean), and a left ventricular end-diastolic pressure
of 14 mmHg, while in 2:1 block. Angiography showed moderate-to-
severe mitral regurgitation. The patient was taken to the cardiac in-
tensive care unit, where her course was complicated by fever, right
lower lobe pneumonia, and pulmonary artery pressures at systemic
levels. She recovered, but remained somewhat listless and irritable.
She was discharged to home on the 15th hospital day.

Discussion

Pulmonary hypertension, particularly that seen with
some forms of congenital heart disease and with mitral
stenosis, remains a poorly understood management
problem during anesthesia. Several authors have noted
the effective use of ketamine sedation and light general
anesthesia in pediatric patients undergoing cardiac
catheterization.''"'? Although ketamine has been as-
sociated with increased pulmonary vascular resistance
in adults, induction doses of ketamine (2 mg/kg) given
as a bolus have been shown in several studies to have
little effect on pulmonary vascular resistance in infants
and children with normal or elevated baseline pul-
monary vascular resistance when effects on the airway
and ventilation are controlled,'*'® although a single
report disputes this.'® When smaller doses of ketamine
are given over a prolonged period of time, as in this
child, increased pulmonary vascular resistance is un-
likely.
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Our patient had severe mitral stenosis and pulmonary
arterial and right ventricular hypertension documented
by echocardiography and previous cardiac catheteriza-
tions. During the initial period of light general anes-
thesia with ketamine and midazolam, while sponta-
neously breathing she showed no signs of airway com-
promise, acidosis, hypercarbia, or hypoxia, and
pulmonary arterial pressures were slightly suprasys-
temic (table 1). These measurements were consistent
with the echocardiographic evidence of suprasystemic
pulmonary arterial pressures (systolic deviation of the

ventricular septum to the left) while the patient was -

awake before the catheterization and show that pul-
monary artery pressures were not increased to supra-
systemic levels by the ketamine. Furthermore, no clin-
ically significant cardiovascular stimulation was noted
when the ketamine was given initially.

After supplementing the anesthesia with the initial
dose of fentanyl (10 ug/kg) and pancuronium, venti-
lation was controlled for 5 min immediately prior to
the pulmonary hypertensive event. Neither the heart
rate nor the arterial blood pressure increased during
this period as a result of the pancuronium, and the
pulmonary arterial pressures became slightly subsys-
temic for the first time during the case (table 1). In-
strumentation of the upper airway then provoked se-
vere pulmonary hypertension and systemic hypotension
indicative of acute right heart failure. Upon withdrawal
of the stimulus, hyperventilation, and increase of the
total dose of fentanyl to 25 ug/kg, this resolved. Passage
of the smaller nasotracheal tube through the upper air-
way with subsequent laryngoscopy and endotracheal
intubation was then accomplished without another ep-
isode of suprasystemic pulmonary hypertension and
acute right ventricular failure. In fact, shortly after these
events, the pulmonary arterial pressures had decreased
to the lowest levels recorded during the catheterization.

It is likely that the dose of fentany! required to blunt
the sympathetic response to instrumentation of the up-
per airway was underestimated. Low-dose fentanyl (8
ug/kg) when combined with thiopental (3 mg/kg) in
adults has been shown to blunt the cardiovascular re-
sponse to laryngoscopy and tracheal intubation.®
Higher-dose fentanyl (50-100 pg/kg) appears to be
effective in children and adults for blunting vascular
responses to surgical stimulation.'” Doses of 25 ug/kg
fentanyl provide stability of both the systemic and pul-
monary circulations in infants who have undergone
cardiac surgery '° or are undergoing bronchocarinal
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stimulation via endotracheal tube suctioning.'' After
a total dose of 25 ug/kg fentanyl had been given, the
airway could be instrumented in this patient without
a hypertensive reaction in the pulmonary arterial bed.
However, because we did not test the reactiveness of
the pulmonary vascular bed after intermédiate doses
of fentanyl, we cannot comment on the minimal dose
required to blunt preliminary vascular reactivity in this
patient.

Although most studies investigating the ability of a
particular anesthetic agent to blunt the circulatory re-
sponses to tracheal intubation focus on the stress of
laryngoscopy, tracheal intubation, and the systemic
circulatory responses, in this case a severe pulmonary
response occurred with instrumentation of the upper
airway in the nasopharynx. The only part of the airway
stimulated at that point was the nasal mucosa, whose
innervation is supplied by two branches of the trigem-
inal nerve (anterior ethmoidal nerve and nasopalatine
nerve) and the sympathetic nervous system. Our initial
attempts to supplement the level of general anesthesia
with fentanyl (10 ug/kg) were inadequate to blunt the
sympathetic response to noxious nasal mucosal stim-
ulation. This led to subsequent severe suprasystemic
pulmonary artery pressures, acute right ventricular
failure, and systemic hypotension. Monitoring the pul-
monary artery and aortic pressures enabled us to iden-
tify the problem immediately and to document its res-
olution as stimulus withdrawal, hyperventilation, and
an additional 15 ug/kg fentanyl returned pulmonary
and aortic arterial blood pressures to baseline. After a
total dose of 25 ug/kg fentanyl, no additional pulmo-
nary hypertensive events occurred when nasal intu-
bation, laryngoscopy, and tracheal intubation pro-
ceeded 5 min later.

Pulmonary hypertensive crises occurring at various
times, including intraoperatively during anesthesia
with instrumentation of the airway, postoperatively in
the intensive care unit with suctioning of the trachea,
or other noxious stimulation, continues to be a man-
agement problem for the clinician.'~® Some centers use
continued postoperative opioid infusions to decrease
pulmonary hypertensive and other stress responses in
children who have undergone cardiac surgery.'® Al-
though this is often effective, it is not necessarily con-
sistent with the anesthetic goals for cardiac catheter-
ization procedures, f.e., a short recovery period and
minimal hospital stay. Perhaps a shorter-acting opioid
such as alfentanil would be useful in this situation.
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However, dose-response studies of opiates and pul-
monary vascular reactivity to noxious stimulation have
not been determined in children or adults.

Alternative approaches to prevention of such pul-
monary hypertensive events might include local, top-
ical, or regional blockade of upper and lower airway
afferent input to the sympathetic vasomotor centers and
blockade of the sympathetic efferents to the pulmonary
circulation at the level of the stellate ganglion, although
these approaches have not been reported in patients.
Once pulmonary hypertensive crises have occurred,
treatment sometimes requires pressor support to in-
crease perfusion pressure in the coronary arteries sup-
plying the right ventricle to reverse right ventricular
ischemia and cardiovascular collapse,” although this
was not required in our patient. Additional tréatments
for pulmonary. hypertensive crises are directed at se-
lectively decreasing pulmonary vasoconstriction with-
out decreasing systemic perfusion pressure. The use of
prostaglandin E1 infusions'® as well as experimental
clinical trials utilizing inhaled nitric oxide?*?' have
met with some success.

This case report illustrates the importance. of ade-
quate levels of anesthesia in the prevention of pul-
monary hypertensive crises in patients with a reactive
pulmonary vasculature. Patients at risk for these prob-
lems include those with pulmonary artery pressures
approximating 75% or greater of systemic arterial pres-
sures. The mechanism by which anesthesia prevents
pulmonary hypertensive crises in these patients is
poorly understood, because control of the reactive
pulmonary circulation remains to be elucidated. How-
ever, for clinicians, this demonstration of the effec-
tiveness of opioids in blunting these responses provides
at least one technique for the anesthetic management
of such patients.
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PACEMAKER dysfunctions commonly reported during
the perioperative period include pulse generator in-
hibition or reprogramming induced by electromagnetic
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interference emitted by electrosurgical diathermy
units.”* However, more complex or specific compli-
cations, such as pacemaker-mediated tachycardia
(PMT), may be observed with recently designed dual-
chamber pacemakers.** In this report, we describe an
unusually sustained PMT that occurred intraoperatively
in a patient with an atrioventricular sequential pace-
maker.

Case Report

A 71-yr-old, 110-kg man was admitted for elective total knee re-
placement in October 1990. In January 1989, evaluation of several
syncopal episodes had revealed intermittent complete heart block.
Consequently, a Telectronics (model Aurora 6291, Sydney, Australia)
atrioventricular sequential programmable pacemaker was inserted
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