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Effects of aprepitant on
post-operative nausea and
vomiting in patients with
congenital heart disease
undergoing cardiac surgery or
catheterization procedures: a
retrospective study with subjects
as their own historical control
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Lori J. Silveira4 and Rachel G. Clopton2*
1University of Colorado School of Medicine, Aurora, CO, United States, 2Division of Pediatric
Anesthesiology, Department of Anesthesiology, University of Colorado School of Medicine, Aurora, CO,
United States, 3Pharmacy, Children’s Hospital Colorado, University of Colorado School of Medicine,
Aurora, CO, United States, 4Department of Pediatrics, University of Colorado School of Medicine, Aurora,
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Introduction: For patients undergoing cardiac surgery and catheterization
procedures, severe post-operative nausea and vomiting (PONV) can occur despite
standard anti-emetic interventions. Aprepitant, a neurokinin-1 (NK-1) receptor
blocker, is safe and effective at preventing PONV resistant to standard therapies.
Methods: Patients with a history of severe PONV presenting for cardiac surgery or
catheterization procedures from January 1, 2018 to January 6, 2021 were
identified. After pharmacist approval, patients received aprepitant pre-operatively
(Dose: 80 mg for weight >50 kg, 40 mg for weight 30–50 kg). A retrospective
chart review was performed. Primary outcomes of the incidence of PONV and
PONV-related complications were evaluated.
Results: Seventeen patients were included with a mean age of 16.0 years at the time
of their initial procedure, which acted as the “control” procedure, and 17.5 years
when they received aprepitant. After the control procedure 64.7% of patients
required rescue anti-emetics. When this group of patients received aprepitant pre-
operatively at their subsequent procedure, only 17.6% required rescue medication
(p=0.005). Similarly, 64.7% of patients suffered at least one PONV-related
complication after the control procedure. With aprepitant use pre-operatively,
5.9% of the same patients experienced a PONV-complication (p=0.0003).
Specifically, unplanned ICU admission due to severe PONV after catheterization
procedures decreased from 55.6% (5/9) in the control group to 0 after these
patients were treated pre-emptively with aprepitant (p=0.01). For surgical
patients, there were significant decreases in PONV-related complications including
delayed oral intake and delayed ambulation (p=0.04) in the aprepitant group
compared to the control group.
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Discussion: This small, retrospective study supports the conclusion that preoperative
aprepitant administration in patients undergoing cardiac catheterization or cardiac surgery
with a history of congenital heart disease and severe PONV significantly reduces the
incidence of PONV and PONV-related complications. Decreasing these complications will
likely improve the surgical experience for patients and families while also decreasing
hospital costs and improving efficiency.

KEYWORDS

PONV (postoperative nausea and vomiting), aprepitant, congenital heart disease, cardiac catheterization,

congenital cardiac surgery, congenital cardiac anesthesia
Introduction

Postoperative nausea and vomiting (PONV) remains a

common and distressing complication following surgery (1, 2).

When poorly controlled, PONV can lead to significant

dehydration, electrolyte derangements, declining mental status,

delayed ambulation, and subsequent delayed discharge (3). These

symptoms are a major reason for unplanned hospital admission,

increased hospital cost, and often make patients less willing to

seek treatment in the future (4). For a subset of patients with

congenital heart disease (CHD) undergoing cardiac surgery and

catheterization (cath) procedures, severe PONV occurs despite

intra-operative prophylaxis with dexamethasone and

ondansetron. The length of most cardiac surgeries combined

with intra-operative and postoperative narcotic requirements for

patients undergoing sternotomy can increase the risk of PONV

significantly, leading to delayed recovery. While narcotic

requirements are much less, cardiac cath is associated with

several unique PONV-related complications, such as bleeding

and hematoma formation at vascular access sites and prolonged

“flat time.” Thus, finding new antiemetic strategies for PONV in

this patient population is important in order to improve

postoperative morbidity and patient satisfaction.

A combination of agents that block neurotransmitter activity

such as serotonin 5-HT3 receptor antagonists, dopamine receptor

antagonists, corticosteroids, and neurokinin-1 (NK1) receptor

antagonists are often employed to prevent the undesired nausea

and vomiting that results from anesthesia and chemotherapeutics

(5). More specifically, NK1 receptor antagonists have gained

traction as a viable way to preemptively treat PONV and PONV-

related symptoms due to their nonstandard mechanism of action

when compared to other available antiemetics. NK1 receptor

antagonists act by blocking the binding of Substance P to NK1

receptors in both the brainstem emetic center and in the GI

tract. Aprepitant, a high-affinity NK1 receptor antagonist, has

been used most commonly to prevent nausea and vomiting in

cancer patients undergoing highly emetogenic chemotherapy and

in non-cardiac surgical patients (6–8). Previous studies have

demonstrated a reduced incidence of PONV-related

complications following peri-procedure aprepitant administration

when compared to other conventional antiemetics (5, 8, 9).

Aprepitant is also a part of the most recent American Society of

Enhanced Recovery and Society for Ambulatory Anesthesia

Consensus Guidelines for the Management of Post-operative
02
Nausea and Vomiting, though the guidance regarding its use in

pediatric patients is much more vague than for adults (10).

However, the use of aprepitant for the prevention of PONV

and PONV-related complications in patients with CHD is not

well described. The purpose of this study is to evaluate the

incidence of PONV and PONV-related complications after

administration of pre-operative oral aprepitant to patients with

CHD and history of severe PONV undergoing cardiac surgery or

cath procedures. The authors hypothesized that patients

undergoing cardiac surgery or cath would experience significantly

less PONV and fewer PONV-related complications after

aprepitant treatment compared to their prior anesthetics.
Methods

This study was approved by our institutional review board

(COMIRB #21-4280). Patients presenting for cardiac surgery or

cardiac cath procedures between January 1, 2018 and January 6,

2021 with a history of severe PONV were identified either by

documentation in the electronic medical record or by self-

identification by the patient or the patient’s family. Oral

aprepitant was given pre-operatively with dosing of 40 mg for

weight 30–50 kg and 80 mg for weight >50 kg. Though choice of

maintenance anesthetic was left to the discretion of the attending

pediatric cardiac anesthesiologist, the practice of the group is

relatively uniform in this regard. Inhaled isofluorane,

dexmedetomidine infusion, and opioid boluses were used for

maintenance of anesthesia during cardiac surgery with standard

PONV prophylaxis of dexamethasone (0.1 mg/kg iv) and

ondenastron (0.1 mg/kg iv) given after separation from

cardiopulmonary bypass (CPB). An anesthetic consisting of

isoflurane combined with low dose propofol infusion (∼50 mcg/

kg/min), opioid boluses, and standard PONV prophylaxis was

used during cardiac cath procedures.

Data was collected both for the “control procedure” during

which severe PONV occurred and for the “aprepitant procedure”

prior to which the patient received aprepitant. The control

procedure for three patients (two cardiac surgeries and one

cardiac catheterization) occurred at an outside hospital.

Information was documented based on history obtained from the

patient and family but details including anesthetic drugs used,

narcotics received and procedural length were not available. The

following data were collected: patient age (years), patient weight
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(kg), diagnosis, procedure performed, procedure location, pre-op

sedation medications, aprepitant dose, length of procedure (min),

airway management technique (natural, LMA, endotracheal

tube), induction medications, anti-emetics given intraoperatively,

maintenance of anesthesia, documentation of PONV in notes,

anti-emetics given within first 24 h after extubation, narcotics

given post-operatively, and PONV-related complications. Primary

outcomes were presence of PONV and incidence of PONV-

related complications. Specific complications assessed in patients

who underwent cardiac catheterization included: hematoma,

bleeding from cath site, prolonged flat time, unplanned inpatient

admission and unplanned ICU admission, while complications

assessed in patients who underwent cardiac surgery included:

delayed oral intake, delayed extubation, delayed ambulation, and

prolonged ICU stay defined as PONV listed as primary

contributor to patient’s inability to leave ICU for home or lower

level of inpatient care for that calendar day.
Statistical analysis

Continuous variables are shown as median and interquartile

range while categorical groups are shown as counts (percents).

Wilcoxon rank sum tests are used to compare continuous variables

between the apretitant and control group and either Pearson chis-

square or Fisher’s exact tests are evaluated to examine differences

in proportions between groups. For pre-post analyses within the

apretitant group, we conducted Wilcoxon signed rank tests. All

analysis were two-sided and p-values <0.05 were considered

statistically significant Analyses were conducted using SAS 9.4

Copyright (c) 2002–2012 by SAS Institute Inc., Cary, NC, USA.
Results

Eighteen patients received aprepitant prior to cardiac procedures

between January 1, 2018 and January 6, 2021. One patient was

excluded who required cannulation onto ECMO at the conclusion

of cardiac surgery. Seventeen patients were included with a mean

age of 16.0 years (range, 8–27 years) at the time of “control
TABLE 1 Procedure characteristics.

Control n = 17
Patient age (yrs) 16.0 (8–27)

Patient weight (kg) 51.0 (27–67)

Patient sex

Female 10

Male 10

Procedure location

Other (MRI) 1 (5.9%)

CVOR (4) + non-CVOR (3) 7 (41.2%)

Cardiac cath lab 9 (52.9%)

Procedure Time (min) 204.0 (133.0–586.0

Intra-operative morphine equivalents 46.10 (4.17–169.83

Post-operative morphine equivalents (first 24 h) 5.95 (0.00–23.00)

Variables, except patient sex, are reported as mean (range). CVOR, cardiovascular ope
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procedure” and mean age of 17.5 years (range, 10–28 years) at the

time of “aprepitant procedure.” For the control procedure, four

patients underwent cardiac surgery, three underwent non-cardiac

surgery, one underwent general anesthesia for cardiac MRI, and

nine underwent cardiac catheterization. Three of the 17 patients

had their control procedure performed at an outside hospital. In

the “aprepitant group,” five patients received aprepitant prior to

cardiac surgery, while twelve patients received aprepitant prior to

cardiac catheterization. Cardiac diagnoses include (patients may

have multiple): history of heart transplantation (3), arrhythmia

including heart block (6), repaired tetralogy of fallot with

pulmonary valve and/or artery abnormality (3), aortic valve

stenosis/left ventricular outflow track obstruction/aorta

abnormalities (6), intramural coronary artery (1), pericardial

effusion (1). Procedural and patient characteristics, found in

Table 1, include: patient age, weight, and sex; procedure type and

length; narcotics received intra-operatively and narcotics received

in the first 24 h post operatively. No significant differences were

found in procedural variables between the “control group” and the

“aprepitant group.”

When patients served as their own controls, 94.1% of patients

experienced PONV with 64.7% requiring rescue anti-emetics after

the “control procedure.” The patient who did not experience

PONV had a history of severe chemotherapy-induced nausea and

vomiting prior to his “aprepitant procedure.” When this group of

patients received aprepitant pre-operatively prior to their

subsequent cardiac procedure, only 11.8% experienced PONV

(p = 0.0002) with 17.6% receiving rescue medication (p = 0.005).

64.7% of patients suffered at least one PONV-related

complication after the control procedure. With aprepitant use

pre-operatively, 5.9% of the same patients experienced a PONV

related complication (Table 2). Tables 3, 4 provide more detailed

breakdown of PONV complications.

The groups were then divided based on procedure into

“surgery” (cardiac and non-cardiac) and “cardiac catheterization”

groups and outcomes were compared again. Of note, for this

comparison, the patients were not necessarily their own controls.

PONV related complications after cardiac cath decreased from

55.6% in the control group to 0% in the aprepitant group

(p = 0.003). Most significantly unplanned ICU admission due to
Aprepitant n = 17 p-value
17.5 (10–28) 0.47

57.8 (44–71) 0.07

7

7

0.41

5 (29.4%)

12 (70.6%)

) 180.5 (123.0–293.5) 0.52

) 25.00 (0.00–109.17) 0.47

4.09 (0.00–17.80) 0.55

rating room; cath, catheterization.
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TABLE 3 Post-operative nausea and vomiting characteristics (cardiac
catheterization).

Control
n = 9

Aprepitant
n = 12

p-value

PONV-related
complications

5/9 (55.6%) 0/12 (0%) 0.003

Hematoma 2/9 (22.2%) 0/12 (0%) 0.09

Bleeding from cath site 2/9 (22.2%) 0/12 (0%) 0.09

Prolonged flat time 2/9 (22.2%) 0/12 (0%) 0.09

Unplanned non-ICU
admission

0/9 (0.0%) 0/12 (0%) –

Unplanned ICU admission 4/9 (44.4%) 0/12 (0%) 0.01

Prolonged admission 1/9 (11.1%) 0/12 (0%) 0.24

Characteristics below are isolated to only patients undergoing cardiac

catheterization. PONV, post-operative nausea and vomiting; ICU, intensive care

unit; cath, catheterization.

Bold indicate statistically significant differences between the groups regarding this

outcome (p-value < 0.05).

TABLE 4 Post-operative nausea and vomiting characteristics (surgery-
cardiac and non-cardiac).

Control
n = 7

Aprepitant
n = 5

p-value

PONV-related
complications

4/7 (57.1%) 0/5 (0%) 0.04

Delayed PO intake 4/7 (57.1%) 0/5 (0%) 0.04

Delayed ambulation 4/7 (57.1%) 0/5 (0%) 0.04

Prolonged ICU admission 1/7 (14.3%) 0/5 (0%) 0.38

Other 4/7 (57.1%) 0/5 (0%) 0.04

Characteristics below are isolated to only patients undergoing cardiac surgery.

PONV, post-operative nausea and vomiting; ICU, intensive care unit; PO, by mouth.

Bold indicate statistically significant differences between the groups regarding this

outcome (p-value < 0.05).

TABLE 2 Post-operative nausea and vomiting characteristics (own
control).

Control
n = 17

Aprepitant
n = 17

p-value

PONV 16/17 (94.1%) 2/17 (11.8%) 0.0002

Post-procedure antiemetic
requirement

11/17 (64.7%) 3/17 (17.6%) 0.005

PONV-related
complications

11/17 (64.7%) 1/17 (5.9%) 0.0003

For the following parameters, patients served as their own controls. PONV, post-

operative nausea and vomiting.

Bold indicate statistically significant differences between the groups regarding this

outcome (p-value < 0.05).
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severe PONV decreased from 44.4% in the control group to 0% in

the aprepitant group (p = 0.01, Table 3).

In patients undergoing surgical procedures, the incidence of

PONV related complications also decreased significantly from

57.1% to 0% (p = 0.04). Specifically, delayed oral intake and

delayed ambulation decreased from 57.1% to 0% (p = 0.04,

Table 4). Other complications experienced by patients in the

control group included work-up for ischemia as a cause of severe

PONV on POD 1 (echocardiogram, troponin) and 7 kg weight

loss in the post-operative period a patient with normal BMI due

to protracted PONV.
Frontiers in Anesthesiology 04
Discussion

The results of this study suggest that preoperative aprepitant

administration in patients with CHD and a history of severe

PONV undergoing either cardiac cath or surgery significantly

reduces the incidence of PONV-related complications and

decreases the need for a rescue antiemetic medications. These

results may be explained in part by the novel mechanism of

action of aprepitant.

There are a number of perioperative factors that can contribute

to the incidence of PONV including use of volatile anesthetics,

perioperative opioid administration, and prolonged length of

surgery. Patient-specific characteristics such as history of motion

sickness, history of PONV and female sex also increase risk for

PONV.

Multiple neurotransmitters, including serotonin, dopamine,

and substance P, play a role in the pathophysiology of nausea

and vomiting. Serotonin is released by enterochromaffin cells in

the GI tract in response to physiologic abnormalities. It binds to

5-HT3 peripheral receptors located on vagal afferents and to

central receptors in the chemoreceptor trigger zone (CTZ) within

the area postrema located at the floor of the fourth ventricle, an

area outside the blood-brain barrier. Activation of these central

chemoreceptors appears to play an important role in initiation of

the vomiting reflex (11). Opioids administration also results in

dopamine release and subsequent activation of the CTZ via

dopamine-2 (D2) receptors. Similarly, the antiemetic properties

in glucocorticoids, though incompletely understood, may be due

to interactions with serotonin, blocking inflammation which

triggers stimulation of vagal afferents or by direct central action

at the nucleus tractus solitaries (12, 13). These processes help us

understand how the most commonly employed antiemetics work

including: 5-HT3 receptor antagonists (ondansetron), dopamine

receptor antagonists (metoclopramide), and corticosteroids

(dexamethasone). However, the neurokinin-1 receptor blocker

aprepitant acts by blocking the binding of Substance P to NK1

receptors in the brainstem emetic center and the GI tract, which

may be more effective as prophylaxis against PONV when

compared to other available antiemetics (6–8).

This study looked at aprepitant use in a specific population:

patients with CHD and a history of severe PONV undergoing

cardiac procedures. In this group of patients at extremely high

risk for PONV, the use of aprepitant was associated with

significant reductions in all PONV-related parameters: incidence

of PONV, use of rescue medications, and complications

regardless of whether the patients were grouped so that

procedure type was matched (patients were not necessarily their

own controls though all patients shared history of severe PONV)

or with patients serving as their own controls (in this case,

procedure type does not necessarily match).

Analysis of patients when divided into groups based on

procedure type revealed that no patients undergoing cardiac

catheterization experienced any PONV-related complication after

their “aprepitant procedure” when compared to 55.6% of patients

following their control procedure (p = 0.003). When specific

complications were analyzed separately, there was a significant
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https://doi.org/10.3389/fanes.2023.1190383
https://www.frontiersin.org/journals/anesthesiology
https://www.frontiersin.org/


Belk et al. 10.3389/fanes.2023.1190383
decrease in unplanned ICU admissions in the aprepitant group

(p = 0.01). Similarly, a significant decrease in complications was

also observed in the cardiac surgery patients with no patients

experiencing a PONV-related complication (delayed ambulation

and delayed po intake) after their “aprepitant procedure”

compared to 57.1% of patients following their control procedure

(p = 0.04) (Table 3).

Analysis of PONV incidence and complication rates when

patients served as their own controls yielded similar results.

Pre-operative aprepitant administration was associated with

statistically significant decreases in incidence of PONV, post

procedure antiemetic requirement and incidence of PONV-

related complications (Table 2). While many factors beyond the

administration of aprepitant have the potential to impact

PONV incidence, such as procedure type, procedure length, and

intraoperative/postoperative narcotic administration, no

significant differences were found in any of these variables

between the control and aprepitant groups in this study (Table 1).

Given that ERAS (Enhanced Recovery After Surgery) protocols

designed to “fast track” patients post-operatively have been shown

to improve outcomes in adult and pediatric subspecialties (14, 15),

there is a strong desire to develop such protocols for the pediatric

cardiac surgical population (16). As pediatric cardiac centers work

to develop ERAS, aprepitant should be considered as a useful part

of these protocols for patients at high risk for PONV.

Cost is also an important parameter to consider, as is hospital

efficiency in the era of increasingly common staffing shortages. Per

Children’s Hospital Colorado chargemaster, the “self-pay” charge

for aprepitant is between $400-$450, depending on dose.

However, this is substantially less than the cost of 1 h of “Phase

1 Recovery” ($1,014) or room/board for an unplanned

admission: ∼$5,600 for inpatient admission and $6,800 for ICU

admission (17) (Table 5). Even though these numbers are gross

overestimates due to insurance contracts paying ∼20%–30% of

the price list cost, the relative percentages are the same. These

costs also do not include physician billing, medications, and

laboratory tests. The economic effect of PONV in CHD patients

may also be confounded by bundled payments and this warrants

further study. However, monetary cost does not take into

account decreased staffing burden, increased hospital efficiency,

increased patient comfort, and alignment with the hospital’s

commitment to provide the best care possible provided by

effective PONV prophylaxis.
TABLE 5 Children’s hospital Colorado costs (17).

Charge Self-Pay cost
Room/board cardiac progressive care unit (CPCU) per day $5,642.65

Room/board cardiac intensive care unit (CICU) per day $6,831.50

IV hydration per hour $152.10

Phase 1 recovery per hour $1,014.00

Phase 2 recovery per hour $1,014.00

Extended recovery per hour $323.70

Aprepitant 40 mg capsule $444.74

Aprepitant 80 mg capsule $412.52

Ondansetron HCl 4 mg/2 ml inj solution $22.60
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There are two important drug interactions associated with

aprepitant that must be noted. First, aprepitant use may result in

decreased INR in patients anticoagulated with coumadin via

CYP2C9 interactions. Aprepitant may also decrease the

effectiveness of hormonal contraceptives for up to 28 days

following the last dose (18). Therefore, women using hormonal

contraceptives should be advised to use alternative methods of

contraception following treatment with aprepitant.
Limitations

This small, retrospective study has several limitations. First,

when the patients were their own controls, the control procedure

did not necessarily match the aprepitant procedure. Some

patients who underwent cardiac catheterization as their control

procedure went on to undergo cardiac surgery for their

aprepitant procedure, and vice versa. Though we identified no

significant differences between procedural times and narcotic

administration between the groups the inherent differences

between these two types of procedures (amount of anesthesia

required, invasiveness) that cannot be controlled for could

impact the incidence of PONV and PONV-related complications.

Additionally, these data points from three patients whose control

procedure occurred at an outside hospital were not available and

history provided by patient and family was used to categorize

complications. This is especially important when comparing

narcotic administration as two of these three patients underwent

cardiac surgery at an OSH as their control procedure and likely

received a substantial amount of opioids. The overall small study

sample size combined with the large variance in opioid exposure

among patients creates the possibility of a Type 2 error. The

nature of the OSH control procedures only amplifies this. Thus,

there could be a difference in opioid use between the groups that

was not detected.

Additionally, for the sub-analysis where groups were formed

based on procedure type, patients did not serve as their own

controls if the control procedure type differed from the

“aprepitant procedure.” The specific timing of PONV in the early

postoperative period was also not assessed.

Lack of availability of the liquid preparation of aprepitant at

our institution at the time of the study also limited the weight

range of eligible patients. Aprepitant is approved for use in

children over 6 months of age. Our study population was limited

to patients weighing more than 30 kg because a 40 mg tablet was

the lowest available dose. However, the study population of

adolescents and young adults does include two high risk

populations for PONV based on age.

Finally, the study was limited in its ability to assess the effect of

aprepitant use on PACU time and “time to discharge” for same-day

procedures, such as cardiac catheterization for transplant

surveillance or electrophysiology studies. Patients have a

mandatory “flat time” of either two or four hours following these

procedures followed by a mandatory two-hour observation

period. Thus, PACU time for this group of patients may not

reflect how PONV, or lack thereof, affected their recovery time.
frontiersin.org

https://doi.org/10.3389/fanes.2023.1190383
https://www.frontiersin.org/journals/anesthesiology
https://www.frontiersin.org/


Belk et al. 10.3389/fanes.2023.1190383
Conclusion

Though our study is small and has many limitations

its results are clearly in favour of pre-operative aprepitant use

in pediatric patients undergoing cardiac catheterization or

cardiac surgery with a history of congenital heart disease and

severe PONV. The incidence of PONV and PONV-related

complications were significantly reduced and. decreasing these

complications will likely improve the surgical experience for

patients and families while also decreasing hospital costs and

improving efficiency.
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