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NAUSEA AND VOMITING

Nausea and vomiting are common symptoms in children caused by a wide variety of'pathology.such as acute
gastroenteritis, tonsillitis, AOM, UTI, DKA, bowel obstruction, perforation or ischemia, acute intracranial
pathology, seizures and chemotherapeutic and narcotic medications.

In the intensive care unit the most commonly encountered aetiologies are narcotic.induced nausea and
vomiting (NINV), post-operative nausea and vomiting (PONV), and anti-neoplastic induced nausea and
vomiting (AINV).

Several excellent national and international guidelines exist for the management of PONV,! 2 3 and AINV* > in
both children and adults.

NINV is a common problem that contributes to the cost of care.® There are no specific guidelines exist for
this issue, but management is presumed to be as for PONV.

In the discussion below it is important to note that in planning therapy one must distinguish between
prevention or prophylaxis of PONV and the treatment of PONV.

This guideline has been developed-to help avoid the common practice in the PICU of prescribing anti-nausea
medications that have been ineffective already, prescribing drugs regularly when a single prn dose and examination
of effectiveness is better, using higher doses of drugs than is known to be effective, and using combinations of drugs
that can be dangerous, especially in relation to prolongation of QTc.

UNIQUE ASPECTS OF DRUGS USED TO TREAT PONV

Ondansetron(5-HT3 antagonist) is the most commonly used and one of the most effective anti-emetic
medications. It interacts with tramadol (a non-formulary medication in Alberta) in the post-operative setting,
reducing the:analgesic property of tramadol.” The FDA has issues a warning about high dose (32 mg IV)
ondansetron causing LQTS and torsades. It may be no safer than droperidol in this respect.® ? VT has been
reportedly caused by ondasetron during anesthesia in a child with unrecognized LQTC and also receiving
dimenhydrinate.1° As well as its use in PONV and AINV, ondansetron is effective in reducing vomiting in
acute gastroenteritis.1?

Note that methadone is commonly used in the PICU and can also cause prolongation of QTc, so caution
should be exercised if the two drugs are used in combination.12
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Droperidol (a central dopaminergic blocker) is a recommended agent in at least one major PONV guideline,
but its use is associated with prolongation of QTc and death even with normal dosing and there is a FDA
warning in this respect.’® It should not be used in patients with known long QT syndrome (LQTS). Its use is
not recommended routinely in the context of PONV in Canada (although in Europe it is widely used and
thought to be safe), but if the potential benefit outweighs this risk and the drug is used then ECG monitoring
is required with regular QTc interval calculation at least daily.

Metoclopromide (another dopamine antagonist) has been studied in various clinical scenarios and is only
moderately effective, and less so than ondansetron, in many contexts including PONV.14 15 |t is known to
cause acute dystonic reaction that can be focal (glottic, mandibular dystonia or oculogyric crises) or
generalized. As such its use is cautioned against in the British National Formulary.1¢ The exact incidence/of
acute dystonia is unclear. It can be familial or dose related. However it has been used safely for > 15 years in
Australia (Royal Children’s Hospital PONV Guideline). It is not widely used in Canada.

Dimenhydrinate is a 50:50 mix of the antihistamine diphenhydramine and 8-chloretheophylline. The oral
form is an over the counter medication with a good safety profile for children:’A dose of 5 mg/kg delivers a
caffeine equivalency of % can Coke.'” Dimenhydrinate is not effective in the treatment of vomiting in acute
gastroenteritis in children.!® Very few RCTs have been conducted outside the context of PONV prevention,!?
though the drug is widely used to treat nausea and vomiting. One could make the case of substituting
dimenhydrinate (Gravol) with diphenhydramine (Benadryl). Interestingly standard dosing of diphenhydramine
(1-2 mg/kg IV, MAX 50 mg/dose, 300mg/day) delivers a 4-8 times higher.dose of antihistamine than
dimenhydrinate (0.5 mg/kg, MAX 25 mg).2°

It is not well known that midazolam or propofol, either-as a bolus dose, or low sub-hypnotic dose infusion is
effective in preventing PONV?2! 22 and midazolam.is a reasenable option if PONV occurs despite
prophylaxis.23 24

Alprepitant (neurokinin1, NK1 antagonist)is.a newer agent that may be more effective than andansetron in
PONV.2 |t is not yet widely used in this context, though is now widely used in AINV.4

PREVENTION STRATEGIES

Several guidelines exist. The ACH Pediatric Anesthesia Section members do not follow consistently a specific
guideline. Prevention options are noted in this PICU guideline so that the most responsible physician (MRP) is
aware of the relevant drugs a child may have been exposed to in the OR and PACU and why, as this strongly

dictates treatment'options for established PONV.

Society for Ambulatory Anesthesia (SAMBA) Guideline:

Risk scoring
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Alberta Children’s Hospital

Table 1. Risk Factors for Postoperative Nausea and Vomiting
(PONV) in Adults

Patient-specific risk factors (3,9,10-14)
The most important being:
Female gender (RCT)
MNonsmoking status (RCT)
History of PONV /motion sickness (RCT)

Anesthetic risk factors (3,12-20)

The most important being:

Use of volatile anesthetics (RCT)

Nitrous oxide systematic review (SR)

Use of intraoperative (SR} and postoperative opioids
(RCT)

Surgical risk factors (11,12,14)

Dwuration of surgery (each 30-min increase in duration
increases PONV risk by 60%, so that a baseline risk
of 10% is increased by 16% after 30 min)
(Prospective observational study)

Type of surgery (laparoscopy, laparotomy, breast,
strabismus, plastic surgery, maxillofacial,
gynecological, abdominal, neurologic,
ophthalmologic, urclogic) (Prospective observational
study)

RCT = randomized controlled tnzl; SR = systamatic review.
1007
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Figure 1. Simplified risk score for PONV in adults (3).
Simplified risk score from Apfel et al. (3) to predict the
patients risk for PONV. When 0, 1, 2, 3, or 4 of the depicted
independent predictors are present, the corresponding risk
for PONV is approximately 10%, 20%, 40%, 60%, or 80%.
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Figure 2. Simplified risk score for POV in children (39).
Simplified risk score from Eberhart et al. (39) to predict the
risk for POV in children. When 0, 1, 2, 3, or 4 of the depicted
independent predictors are present, the corresponding risk
for PONV is approximately 10%, 10%, 30%, 55%, or 70%.
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Table 6. Risk-Adapted PONV-Prevention Algorithm (With No Prevention In Low-Risk Patients)
Estimated risk for PONV, for example, as determined by a risk score

Low Medium High
Interventions  No prevention (“walt and see”) Drug A + Drug B or TIVA Drug A + Drug B + TIVA
for On a case-bycase decision: further
prophylaxis Interventions
Interventions 1.0ngB 1.DngcC 1.DrugC
for treatment 2. Drug C (In case of ineffectiveness of 2. Drug D (in case of ineffectiveness of 2. Drug D (in case of ineffectiveness of
treatment in stage 1) (L.e., Drug B) treatment in stage 1) (L.e., Drug C) treatment in stage 1) (L.e., Drug C)

Example interventions: Drug A = Dexamethasone 4 mg iIn adults/0.15 mg/kg of body weight in children; Drug B = Ondansetron 4 mg in adults/0.1 mg/kg of
body weight in children; Drug C = Droperidol 1 mg in adults/10 10 15 pg/kg of body weight in children; Substance D = Dimenhydrinate 1 mg/kg of body waight
In aduits/0.5 10 1.0 mg/kg of body weight in children. Given drug examples are used 10 llustrate how the algorthm may be actually implemented but may
not represent the most favorable approach. The latter may be context-sensitive (children, adults, or other issues). In the event of treatment fallure, a timoly
assessment and alternative antiemetics should be used. A multimodal treatment approach may be appropriate 10 increase the likelihood of success

TIVA = total intravenous anesthesia, that is, propofol induction and maintenance, no nitrous oxide.

Table 7. PONV-Prevention Algorithm In All Patients Including Low-Risk Patients Plus Additional
Interventions for High-Risk Patients

Estimated risk for PONV, for example, as determined by a risk score

Low Medium High
Interventions for Drug A + (Drug B or TIVA) Drug A + (Drug B or TIVA) Drug A + drug B + TIVA
prophylaxis On a casebycase decision: further
interventions
Interventions for 1.0ngcC 1.DngcC 1.DngC
treatment 2. Drug D (in case of ineffectiveness of 2. Drug D (in case of ineffectiveness of 2. Drug D (in case of ineffectiveness of
treatment In stage 1) (Le., Drug C) treatment in stage 1) (Le., Drug C) treatment in stage 1) (Le., Drug C)

Example interventions: Drug A = Dexamethasone 4 mg in adults/0.15 mg/kg of body weight in children; Drug B = Ondansetron 4 mg in adults/0.1 mg/kg of body
weight in children; Drug C = Droperidol 1 mg in adults/ 10 10 15 mog/kg of body weight in children; Drug D = Dimenhydrinate 1 mg/kg of body weight in adults/0.5
1o 1.0 mg/kg of body weight in children. Given drug examples are used to llustrate how the algorithm may be actually implemented but may not represent
the most favorable approach. The latter may be context-sensitive (children, adults or other issues). In the event of treatment fallure, a timely assessment and
altemative antiemetics should be used. A multimodal treatment approach may be appropriate 10 increase the likelhood of sSuccess.

TIVA = total intravenous anesthesia, that is, propofol induction and maintenance, no nitrous oxide,

Association of Pediatric Anesthetists of Great Britain and Ireland (APA) Guideline:

4. Summary of Findings & Recommendations

Patient Factors associated with a high risk of POV:

Children at High Risk of POV

Findings:
[ POV risk T markedly > 3 yrs old
B & continues to rise throughout early childhood
into adolescence

Previous history of motion sickness likely an
independent risk factor of subsequent POV

Previous history POV an independent risk
factor of subsequent POV in children

D Post-pubertal girls have ‘T incidence POV
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Surgical procedures associated with a high risk of POV:

Findings:
A | Strabismus Surgery %
A  Tonsillectomy + Adenoidectomy )

Surgical Procedures > 30 mins duration

RO Rugd

Anaesthetic factors affecting the incidence of POV in children:

Volatile anaesthesia associated with T POV risk
particularly in children with other risk factors.

Opioids associated with 1 POV risk particularly
if longer-acting agents used postoperatively

A
. Mandating oral fluids may be associated with T POV
D

risk. Intraoperative IV fluids may reduce POV risk.

N,O not associated with a high risk of POV

Anticholinesterases may be associated with T POV risk
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Summary of recommendations for prevention of POV in Children:

Children at increased risk of POV should be

A . given IV ondansetron 0.15 mg.kg* prophylactically
e—

'

Children at high risk of POV should be given

A | prophylactically IV ondansetron 0.05 mg.kg* and IV
dexamethasone 0.15mg.kg*

= Adenotonsillectomy or Strabismus surgery

Consider intravenous anaesthesia and alternatives to
opioid analgesia in children at high risk of POV

=

Summary of recommendations for treatment of established POV in Children:

IV ondansetron 0.15 mg.kg* should be given to
children who have not already been given
ondansetron for prophylaxis of POV

For children who have already been given
D ondansetron a second antiemetic from another class
should be given, such as IV dexamethasone 0.15

\ mg.kg! injected slowly

o

IF NAUSEA AND VOMITING OCCUR DESPITE PROPHYLAXIS

General Principles:
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If vomiting occurs in the post-anesthesia recovery unit (PACU), the recurrence rate is high.26

If a child has received intra-operative ondansetron and PONV is present, there is minimal benefit in repeating
the dose.?’” An antihistamine is more effective.?8

In adults, there is no evidence for a dose response relationship for ondansetron in this context. The lowest
effective treatment dose of ondansetron is a quarter of the preventative dose, so 0.025 mg/kg, MAX 1mg.2?
But a low dose regime has not been studied in children. Normal and low dose regimes are listed as options in
the drug selection section below. One should consider using the low dose option, for example, in children on
methadone which can cause LQTC.

Similarly after droperidol, another agent, such as dimenhydrinate, is better than using the’'same agent to
prevent further episodes.?

There is little evidence that droperidol or metoclopramide are effective in the context of preventing further
episodes, once post-operative nausea and vomiting has occurred.2

Thus, the primary principle is to use an alternative agent if PONV occurs after prophylaxis and/or treatment.

Drug Selection and Dosing:
Ondansetron
o LOW DOSE OPTION 0.025 mg/kg, MAX 1 mg IV.
o REGULAR DOSE OPTION 0.1 mg/kg, MAX 4 mg IV

o Continue q8h if effective - do not use.if given in OR, continue only if effective.*

Dexamethasone < 0.15 mg/kg, MAX5=8:mg [V.q24h Day 1 - if not given in OR - can be repeated Day
2.30

« Dimenhydrinate 0.5 mg/kg IV, MAX 25 mg; continue g6h if effective.*

»  Midazolam 25 - 50 mcg/kgdV + infusion 15-30 mcg/kg/hr.

*Judging effectiveness is difficult. For example if a child vomits after an antiemetic dose, then likely the drug
was ineffective and the next alternative agent should be used. If the child’s vomiting frequency and degree of

nausea is substantially reduced afterone agent, then repeating a dose of the same antiemetic may be
appropriate.

GUIDELINE FOR AINV

See the excellent POGO Guideline* and discuss with Oncology Team.

POGO summary document here.

RELATIVE DRUG PRICING

Drug Cost per Dose
Ondansetron IV $$
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Ondansetron PO $

Dexamethasone IV $%%

Dexamethasone PO $

Dimenhydrinate IV $$

Dimenhydrinate PO $

Droperidol $$$$

Midazolam $%%

Propofol $$

$- <$0.50, $$-$0.50-1.00, $$%$-$1-5, $$$%$->$5 per dose
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