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Abstract: Various factors may be responsible for blood pressure alterations during perioperative
care. When these physiologic alterations require treatment, several therapeutic options are available.
Clevidipine is an ultrashort-acting, intravenous L-type calcium channel antagonist of the dihydro-
pyridine class. Anecdotal experience has demonstrated its efficacy in various clinical scenarios in
the pediatric population. We report apparent resistance to the vasodilatory effects of clevidipine
in a 13-year-old girl who presented for anesthetic care during posterior spinal fusion for neuro-
muscular scoliosis whose chronic medication regimen included aripiprazole and methylphenidate
for the treatment of depression and attention-deficit/hyperactivity disorder. We discuss the potential
interaction of aripiprazole and methylphenidate with the calcium channel antagonists and cellular
mechanisms responsible for the resistance to the vasodilatory effects of clevidipine.
Keywords: clevidipine, blood pressure, calcium channel antagonist, controlled hypotension,
aripiprazole, posterior spinal fusion, labetalol

Introduction

Clevidipine (Cleviprex®, The Medicines Company, Parsippany, NJ, USA) is an
ultrashort-acting, intravenous calcium channel antagonist approved for the control of
blood pressure (BP) in adult patients when oral therapy is neither feasible nor desirable.
Like nicardipine, it is a member of the dihydropyridine class. Clevidipine undergoes rapid
metabolism by nonspecific blood and tissue esterases, resulting in a context-insensitive
half-life of approximately 1 minute. Clinical trials in adult surgical and nonsurgical
populations have demonstrated its efficacy in rapidly controlling BP in various clinical
scenarios with a favorable adverse effect profile.'* Anecdotal experience in the pediat-
ric population has further demonstrated its efficacy in various clinical scenarios.** We
reporta 13-year-old girl with neuromuscular scoliosis who presented for anesthetic care
during posterior spinal fusion with the plan to use clevidipine for controlled hypotension
to limit intraoperative blood loss. Her chronic medication regimen included aripiprazole
(Abilify®, Bristol-Myers Squibb, New York, N'Y, USA) and methylphenidate (Concerta®,
Janssen Pharmaceuticals, Titusville, NJ, USA) for the treatment of depression and
attention-deficit/hyperactivity disorder (ADHD). Despite increasing the infusion rate to
amaximum of 5 pg/kg/min, no response was noted. We discuss the potential interactions
of aripiprazole and methylphenidate with the calcium channel antagonists and cellular
mechanisms responsible for the resistance to the vasodilatory effects of clevidipine.

Case report
Institutional Review Board approval is not required for single case reports at
Nationwide Children’s Hospital (Columbus, OH, USA). The patient was a 13-year-old,
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51.3 kg female who presented for posterior spinal fusion for
correction of neuromuscular scoliosis. Her past medical his-
tory was significant for progressive scoliosis unresponsive
to conservative treatment, including bracing. Additional
comorbid conditions included ADHD and depression.
Pertinent past surgical history included laminectomy with
release of a tethered spinal cord at age 11 years. Current
medications included methylphenidate (36 mg once a day)
and aripiprazole (10 mg once a day). Preoperative labora-
tory data including complete blood count, platelet count,
and coagulation function were within normal limits. The
patient was held nil per os for solids for 8 hours and clear
liquids for 2 hours. In the perioperative surgical unit her BP
was 123/69 mmHg, heart rate was 120 beats/minute, oxygen
saturation was 99% while breathing room air, and body tem-
perature was 36.6°C. The patient was brought to the operating
room and standard American Society of Anesthesiologists
monitors were placed. Anesthesia was induced via inhala-
tion of sevoflurane in oxygen/nitrous oxide, and peripheral
intravenous access was achieved. Fentanyl (100 pg) and
propofol (1 mg/kg) were then administered and neuromus-
cular blockade was provided by rocuronium (0.6 mg/kg).
Direct laryngoscopy was performed and a 6.0 mm cuffed
endotracheal tube was placed. After anesthetic induction,
a second large bore peripheral intravenous cannula and a
radial arterial catheter were placed. Maintenance anesthesia
consisted of desflurane in air/oxygen titrated to maintain the
bispectral index at 40—-60 and a remifentanil infusion adjusted
from 0.05 pg/kg/min up to 0.3 pg/kg/min to maintain the
mean arterial pressure (MAP) at 55-65 mmHg. The patient
was positioned prone on a Jackson table. Normothermia was
maintained using forced air warming. Per our usual routine,
controlled hypotension using clevidipine was planned as
part of the anesthetic technique to limit blood loss and the
need for allogeneic blood products. The clevidipine infusion
is initiated if the MAP cannot be maintained at <65 mmHg
despite a remifentanil infusion of 0.3 pg/kg/min. Additional
techniques to limit intraoperative blood loss and the need
for allogeneic transfusions included the administration of
tranexamic acid and intraoperative cell salvage. Motor and
somatosensory evoked potentials were monitored intra-
operatively throughout the surgery. During the procedure,
despite a remifentanil infusion at 0.3 pg/kg/min, the MAP
was =65 mmHg and clevidipine was added in an attempt
to further decrease the MAP to 55-65 mmHg. The infusion
was started at 1 (g/kg/min and increased every 2 minutes
by 1 ug/kg/min. Despite the maximum suggested labeled
clevidipine infusion of 5 pg/kg/min, the MAP remained at

70-75 mmHg. While continuing the clevidipine infusion,
labetalol (incremental doses of 0.1 mg/kg) were required
to achieve the target MAP of 55-65 mmHg. Following
the second dose of labetalol (total of 0.2 mg/kg), the MAP
decreased from 75-80 mmHg to 60—65 mmHg. Three more
doses of labetalol (0.1 mg/kg) were administered over the
next 75 minutes to maintain the MAP at 55-65 mmHg.
Following completion of the surgical procedure, the patient’s
trachea was extubated and she was transferred to the pos-
tanesthesia care unit in a stable condition. Postoperative
analgesia was provided by hydromorphone administered
by a patient-controlled analgesia device. She was admitted
to the inpatient ward. The remainder of her postoperative
course was unremarkable and she was discharged home on
postoperative day 4.

Discussion

The administration of allogeneic blood products has been
shown to have a negative impact on postoperative outcome
following major surgical procedures.” Given these concerns,
several techniques are generally employed to limit intraopera-
tive blood loss and therefore the need for allogeneic blood
products. These techniques include appropriate position-
ing on the Jackson table to limit pressure on the abdomen
and the engorgement of epidural veins, maintenance of
normothermia, controlled hypotension, the administration
of antifibrinolytic agents, and intraoperative cell salvage.’
Controlled hypotension, a technique commonly employed
during major orthopedic surgery, involves the deliberate
lowering of the MAP to 55-65 mmHg. Although several phar-
macologic agents may be used for this purpose, our current
clinical preference is the ultrashort-acting calcium channel
antagonist clevidipine.®’ In a previous retrospective report,
clevidipine was shown to effectively provide controlled
hypotension during spinal fusion in a cohort of 20 adoles-
cents ranging in age from 14 years to 18 years and in weight
from 46 kg to 96 kg.® To maintain the MAP at 55-65 mmHg,
the maintenance infusion rate of clevidipine varied from
1 ug/kg/min to 5 pg/kg/min, with an average infusion rate
0f 2.940.7 ug/kg/min. According to the clevidipine package
insert, this dose is in the middle of the linear dose response
range for the drug in adult patients. In this retrospective
review and a more recent prospective trial, the patient in this
report represents the only failure in a pediatric population.®®
The patient whom we report was enrolled in an open-label,
observational study focusing on the use of clevidipine for
controlled hypotension during posterior spinal fusion for
neuromuscular scoliosis. The outcome of that trial has been
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published previously, including mention of this patient who
represented the only failure of clevidipine in that cohort of
50 patients.” As noted in the current case report, there was
no change in our patient’s MAP despite a clevidipine infu-
sion that had been increased up to 5 pg/kg/min. The MAP
remained at 70—75 mmHg. Control of the MAP was eventu-
ally achieved with the intermittent administration of labetalol
during the remainder of the procedure. This being the only
case to date representing a clinical failure of clevidipine in
our clinical experience of approximately 200 patients over
a 10-year period, it led us to consider possible drug—drug
interactions with the patient’s current medications, including
aripiprazole and methylphenidate.

Clevidipine is an intravenous ultrashort-acting, L-type
calcium channel antagonist that directly and selectively acts
on peripheral vascular smooth muscle to dilate resistance
arterioles. As a third-generation dihydropyridine calcium
channel antagonist, it acts to rapidly decrease and stabilize BP.
Although it has no direct effects on cardiac function, its vaso-
dilatory properties may lead to reflex tachycardia and, poten-
tially, stimulation of the sympathetic nervous system. These
effects, although present, have been shown to be less with the
dihydropyridine calcium channel antagonists (nicardipine and
clevidipine) than with other direct-acting vasodilators such as
sodium nitroprusside.'* However, our clinical experience has
suggested that reflex tachycardia may be more common with
clevidipine than with nicardipine.* %!

L-type calcium channel antagonists work at the terminal
effect site for the sympathetic nervous system. Elevated
sympathetic outflow eventually results in the release of
norepinephrine, which binds to o-adrenergic receptors on
vascular smooth muscle, resulting in membrane depolariza-
tion and opening of voltage gated L-type calcium channels.
These channels allow calcium to enter the muscle cell,
eventually resulting in vascular smooth muscle contraction.
The dose response curves for clevidipine (and other L-type
dihydropyridine calcium channel antagonists) depend on the
level of sympathetic tone.'? In adults with severe intracranial
hemorrhage or subarachnoid bleeding, significant rightward
shifts in the dose response relationship for clevidipine have
been noted (The Medicines Company, data on file). These
patients are experiencing a powerful neutrally mediated
vasopressor response and have elevated levels of plasma
catecholamines.” We postulate that chronic stimulation of
the sympathetic nervous system in a patient taking medica-
tions such as aripiprazole and methylphenidate may be one
plausible mechanism for the resistance to clevidipine that
we observed in our patient.

Aripiprazole is an atypical quinolinone antipsychotic with
approved use in the treatment of major depressive and psy-
chotic disorders. It is a partial agonist at dopamine receptors
(D,/D,) and a partial agonist at serotonin receptors (5-HT1A),
thereby making it an aminergic agonist.'* Furthermore,
aripiprazole has moderate affinity at other sites, including
dopamine (D,), serotonin (5-HT2C, 5-HT7), o, -adrenergic,
and H, receptors. Previous anecdotal reports have docu-
mented the occurrence of hypertension during therapy with
aripiprazole and resolution following its discontinuation.'> '8
While none of these reports has conclusively demonstrated
the mechanism for this hypertension, Borras and Constant!®
noted successful treatment with propranolol, suggesting that
the sympathetic nervous system with adrenergic hyperactiv-
ity was the primary mechanism for the alterations in BP.

Our patient was also receiving methylphenidate as part
of her chronic medication regimen. Alterations in BP have
also been noted with methylphenidate, with the primary
mechanism postulated to be the result of increased central and
peripheral concentrations of dopamine, norepinephrine, and
epinephrine.!* We would postulate that the combined effects
of these two medications (aripiprazole and methylphenidate)
may augment the normal surgical stress response that is medi-
ated by the sympathetic nervous system. This sympathetic
release of endogenous catecholamines, including norepineph-
rine and epinephrine, modulates perioperative alterations in
BP, an effect appreciated even in patients without a prior
history of hypertension.?” While an exact mechanism cannot
be determined for the resistance to clevidipine noted in our
patient, we would postulate that the combination of medica-
tions either increased the normal sympathetic response to
surgery or potentiated the response at the level of the vascular
smooth muscle. The involvement of the sympathetic nervous
system is further supported by our patient’s response to
labetalol, a mixed o~ and B-adrenergic antagonist.

In summary, we present anecdotal evidence for resistance
to the direct vasodilatory effects of clevidipine in a patient
chronically receiving methylphenidate and aripiprazole. We
would postulate that the mechanism involves the sympathetic
nervous system with either increased release of endogenous
catecholamines or an augmented effect of these agents on the
smooth muscle of the vasculature. In such clinical scenarios,
medications that act primarily through blocking the sympa-
thetic nervous system or its peripheral effects, such as with
labetalol, appear to be a logical choice for BP control.
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