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Abstract

Codeine and tramadol are two commonly used opioids
for pediatric pain. However, death and severe respiratory
distress cases following codeine administration illustrated
there would be a significant heterogenous response to these
opioids depending on CYP2D6 phenotypes, leading to FDA
warning against pediatric use. Here we will comment on the
current status of pediatric pain management in the context
of codeine and tramadol.
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Introduction

Codeine had been the most popular analgesics
prescribed to children after tonsillectomy and/or
adenoidectomy for many vyears [1]. However, the
FDA identified total of 13 adverse events in children
associated with codeine dated from 1969 to 2012 in its
Adverse Event Reporting system [2]. 10 patients died
and 3 patients had severe respiratory depression due to
“overdose”. 8 cases involved adenotonsillectomy and 3
cases of codeine use were in the setting of respiratory
infection. In most of these cases, the children seemed
to receive appropriate doses of codeine. In some
cases, children had genetic polymorphisms, thus
high functioning converting enzyme from codeine to
morphine [3-6]. The information triggered the FDA to
release a black box warning against codeine in 2012.
However, the follow-up study in 2015 suggested that 1
out of 20 pediatric patients was still prescribed codeine
after adeno-tonsillectomy [7].

In 2017, the FDA implemented several labeling
changes to further restrict the use of codeine and
tramadol in pediatric patients: 1) Contraindication
against using codeine for pain or cough and tramadol
for pain in children under 12 years; 2) Contraindication
against using tramadol for pain in children under 18
years after tonsillectomy or adenoidectomy; 3) Warning
against using these drugs in adolescents (12-18 years)
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with obesity, obstructive sleep apnea, or severe lung
disease due to increased respiratory risk; and 4)
Strengthened warning advising against breastfeeding
while taking codeine or tramadol, as opioid metabolism
variability may cause severe neonatal respiratory
depression or death [8]. Here we will further follow
up the status of codeine and tramadol use in pediatric
cohort.

The Pharmacology of Codeine and Tramadol

Codeine is a prodrug and metabolized via three
major pathways. More than 70% of codeine is
metabolized by  UDP-glucuronosyltransferase-2B7
(UGT2B7) into active codeine-6-glucuronide, 10% is
metabolized by the cytochrome P450 (CYP) CYP2D6
into another active metabolite, morphine, and
5-10% is metabolized by CYP3A4. Codeine has been
approved for pain control and used off-label for cough
management in the US. Tramadol is a synthetic analog
of codeine and metabolized via two major pathways.
It is metabolized by CYP2D6 into its active metabolite,
O-desmethyltramadol, and metabolized by CYP3A4
into inactive N-desmethyltramadol. Both morphine and
O-desmethyltramadol have roughly 200-fold higher
affinity to the p-opioid receptor compared to their
parent compounds [9].

Hydrocodone and oxycodone, while they are
not included in the FDA warning in 2017, are other
opioids that depend on CYP2D6 to convert them to
their more potent compounds. They are converted
to hydromorphone and oxymorphone, respectively.
Hydromorphone and oxymorphone have roughly 10~30-
fold and 40-fold higher affinity to the p-opioid receptor
compared to their parent compounds, respectively [9].

Variation in CYP2D6 Enzymatic Activity

Variations in CYP2D6 alleles have been studied.
CYP2D6'1 is a wild-type with normal enzymatic activity.
But there are many variants with highly variable
enzymatic activity [10].
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About5-10% of people are consider poor metabolizers
as they have no functional CYP2D6 alleles, thereby its
enzymatic activity. In contrast, 1~2% are ultra-rapid
metabolizers with multiple copies of functional CYP2D6
alleles and increased enzymatic activity.

Follow-Up after the FDA Warning in 2017 and
Future Considerations

While the 2017 FDA warning did not completely omit
prescription to pediatric population, a significant decline
of codeine and tramadol usage was observed. Similarly,
a significant decline in the use of tramadol was observed
[11]. Similar restriction was instituted to other countries
with a significant reduction in their usage [12]. While
significant respiratory depression and subsequent death
is a major issue, poor metabolizers may experience
lack of responses. Codeine-6-glucuronide has analgesic
potency [13], but poor metabolizers have less analgesic
efficacy from codeine [14].

However, about 75% of children have normal CYP2D6
enzymatic function [15]. The Clinical Pharmacogenetics
Implementation Consortium proposed some guidelines to
use codeine based on CYP2D6 phenotype. In fact, CYP2D6
genotyping have been performed at multiple institutions
as part of clinical practice [16]. This in fact could potentially
help how we would treat pain for individual patients. Does
this have any perioperative implication? This approach was
examined in adult patients receiving total joint arthroplasty
with successful execution [17]. For this study, CYP2D6
phenotype-driven pain management arm received CYP2D6
phenotyping using their buccal samples preoperatively.
Once the result came back, a clinical pharmacist provided
a standardized consult note to communicate prescription
recommendations based on CYP2D6 phenotype. Poor
metabolizers, intermediate metabolizers and ultra-rapid
metabolizers were recommended to avoid codeine,
tramadol, hydrocodone and oxycodone and use to an
alternative opioid (e.g. morphine, hydromorphone) or
non-opioids (such as NSAID). For normal metabolizers,
tramadol was recommended as the preferred opioid
as its lower risk of misuse [18,19]. In the in-patient
setting, opioids are used under significant healthcare
provider observation for their effectiveness and safety.
However, with an increased number of day surgery
and early postoperative discharge cases, postoperative
pain management has been done more outside hospital
settings. Thus, adequate pain management without
significant risks is critical for successful healthcare delivery.
With still relatively limitation of outpatient short-acting
opioid selection, this kind of approach would possibly
create a better perioperative management of patients.

Challenges in Pediatric Pain Management

The strict use of tramadol and codeine in pediatric
populations comes with significant challenges in some

countries. In many settings outside the US where access
to stronger opioids like oxycodone is limited, tramadol
and codeine are sometimes used for non-cancer pain
in children when acetaminophen is not enough and
stronger opioids like morphine are unnecessary.

For children with chronic pain, morphine syrup
may sometimes be required for effective pain relief,
but its use introduces additional social and logistical
difficulties. For instance, administering morphine
during school hours may raise concerns among teachers
or school staff about potential side effects, such as
sedation or respiratory depression. There is also a
risk of the medication being misplaced, stolen, or
accidentally taken by other children, leading to serious
complications. Additionally, there is often a perception
among school staff that a child receiving morphine is
severely ill and should no longer attend school, resulting
in recommendations for termination of the child's
schooling. In contrast, weak opioids such as tramadol
or codeine are often more acceptable in the school
environment. Staff in the school's nursing room are
usually more comfortable handling these medications,
storing, and administering them to child when needed.
These factors made tramadol and codeine more
practical options for managing pain in children in non-
hospital settings.

Given the practical challenges of pediatric pain
management, decisions around tramadol or codeine
oftenemphasize practicality and affordability rather than
pharmacogenetic factors. From safety standpoint, they
should notbe usedin patients who show hyper-sensitivity
to codeine and tramadol (i.e. ultrametabolizers). While
understanding these CYP450 enzyme variations is
important for assessing drug metabolism and risks,
these considerations might have been secondary
in clinical practice. Many clinicians prescribe these
medications while monitoring their effects closely, even
in cases where regulatory guidelines advise against
their use. This pragmatic approach reflects the need to
balance effective pain relief with the limitations of real-
world healthcare system, ensuring that children receive
adequate care despite these challenges.

In conclusion, codeine and tramadol had been very
favorable drugs of choice in pediatric pain management
for a long time. With a significant heterogeneity of
codeine and tramadol responses based on CPY2D6
phenotype, pharmacogenetics approach provides some
solution in resourceful healthcare setting. However,
in countries where resources are rather limited, other
reasonable approach may need to be developed for
pediatric pain management as opioid selection is rather
limited.

Funding
In part supported by R0O1GM127600 (K.Y.).

Transl Perioper Pain Med 2025; 12 (1)

DOI: 10.31480/2330-4871/198 e Page 695 e



DOI: 10.31480/2330-4871/198

Conflict of Interest

None.

References

1.

10.

1.

12.

13.

MacDonald N, MacLeod SM. Has the time come to phase
out codeine? CMAJ (2010); 182:1825. doi:10.1503/
cmaj.101411.

Communicatons, U. S. F. a. D. A.-D. s. Safety review
update of codeine use in children: New Boxed warning
and communication on use after tonsillectomy and/or
adenoidectomy. (2012).

Kelly LE, Michael Rieder M, van den Anker J, Malkin B,
Ross C, et al. More codeine fatalities after tonsillectomy
in North American children. Pediatrics (2012); 129:e1343-
1347. doi:10.1542/peds.2011-2538.

Voronov P, Przybylo HJ, Jagannathan N. Apnea in a
child after oral codeine: a genetic variant - an ultra-rapid
metabolizer. Paediatr Anaesth (2007); 17:684-687.
doi:10.1111/j.1460-9592.2006.02182.x.

Ciszkowski C, Madadi P, Phillips MS, Lauwers AE,
Koren G. Codeine, ultrarapid-metabolism genotype, and
postoperative death. N Engl J Med (2009); 361:827-828.
doi:10.1056/NEJMc0904266.

Hermanns-Clausen M, Weinmann W, Auwarter V, Ferreirés
N, Trittler R, et al. Drug dosing error with drops: severe
clinical course of codeine intoxication in twins. Eur J Pediatr
(2009); 168:819-824. doi:10.1007/s00431-008-0842-7.

Chua KP, Shrime MG, Conti RM. Effect of FDA Investigation
on Opioid Prescribing to Children After Tonsillectomy/
Adenoidectomy. Pediatrics (2017); 140:e20171765.
doi:10.1542/peds.2017-1765.

FDA Drug Safety Communication: FDA restricts use
of prescription codeine pain and cough medicines and
tramadol pain medicines in children; recommends against
use in breastfeeding women. (2017). https://www.fda.
gov/drugs/drug-safety-and-availability/fda-drug-safety-
communication-fda-restricts-use-prescription-codeine-
pain-and-cough-medicines-and.

Crews KR, Gaedigk A, Dunnenberger HM, Leeder JS,
Klein TE, et al. Clinical Pharmacogenetics Implementation
Consortium guidelines for cytochrome P450 2D6 genotype
and codeine therapy: 2014 update. Clin Pharmacol Ther
(2014); 95:376-382. doi:10.1038/clpt.2013.254.

Je Silva L, Anderson J, Bellolio F, Campbell R, Jeffery M.
Codeine dispensing for privately insured children in the
USA: A retrospective database study. BMJ Paediatrics
Open (2021); 5:e001321.

Chen SY, Ourshalimian S, Kim E, Russell CJ, Kelley-Quon
LI. Tramadol use in pediatric surgery: Trends after the food
and drug administration black-box warning. J Surg Res
(2022); 280:10-18. doi:10.1016/j.jss.2022.07.008.

Sakakibara Y, Ogino Y, Hasegawa M, Sakaguchi M, Narii N.
Impacts of Labelling revisions on pediatric use of codeine:
interrupted time-series analysis using the Japanese
nationwide claims database. Drugs Therapy Persp (2024);
40:406-416.

Srinivasan V, Wielbo D, Tebbett IR. Analgesic effects of
codeine-6-glucuronide after intravenous administration.
Eur J Pain (1997); 1:185-190. doi:10.1016/s1090-
3801(97)90103-8.

Transl Perioper Pain Med 2025; 12 (1)

14.

15.

16.

17.

18.

19.

Lotsch J, Skarke C, Schmidt H, Rohrbacher M, Hofmann U,
et al. Evidence for morphine-independent central nervous
opioid effects after administration of codeine: Contribution
of other codeine metabolites. Clin Pharmacol Ther (2006);
79:35-48. doi:10.1016/j.clpt.2005.09.005.

Gammal RS, Caudle KE, Quinn CT, Wang WC, Gaedigk A,
et al. The case for pharmacogenetics-guided prescribing of
codeine in children. Clin Pharmacol Ther (2019); 105:1300-
1302. doi:10.1002/cpt.1260.

Cavallari LH, Van Driest SL, Prows CA, Bishop JR, Limdi
NA, et al. Multi-site investigation of strategies for the clinical
implementation of CYP2D6 genotyping to guide drug
prescribing. Genet Med (2019); 21:2255-2263. doi:10.1038/
s$41436-019-0484-3.

Thomas CD, Parvataneni HK, Gray CF, Deen JT, Prieto HA,
et al. A hybrid implementation-effectiveness randomized
trial of CYP2D6-guided postoperative pain management.
Genet Med (2021); 23:621-628. doi:10.1038/s41436-020-
01050-4.

Adams EH, Breiner S, Cicero TJ, Geller A, Inciardi JA,
et al. A comparison of the abuse liability of tramadol,
NSAIDs, and hydrocodone in patients with chronic pain. J
Pain Symptom Manage (2006); 31:465-476. doi:10.1016/j.
jpainsymman.2005.10.006.

Preston KL, Jasinski DR, Testa M. Abuse potential and
pharmacological comparison of tramadol and morphine.
Drug Alcohol Depend (1991); 27:7-17. doi:10.1016/0376-
8716(91)90081-9.

Citation: Maisat W, Koichi Yuki K. The Perioperative Use
of Codeine and Tramadol in Pediatric Population. Transl|
Perioper Pain Med 2025; 12(1):694-696

Copyright: © 2025 Maisat W, et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

*Corresponding Author: Koichi Yuki, MD, Division of
Cardiac Anesthesia, Department of Anesthesiology,
Critical Care and Pain Medicine, Boston Children’s
Hospital, USA, Tel: 1-617-355-6225, E-mail: Koichi.
yuki@childrens.harvard.edu

Editor: Renyu Liu, MD; PhD; Professor, Department of
Anesthesiology and Critical Care, Perelman School of
Medicine at the University of Pennsylvania, Center of
Penn Global Health Scholar, 336 John Morgan building,
3620 Hamilton Walk, Philadelphia, PA 19104, USA, Fax:
2153495078, E-mail: RenYu.Liu@pennmedicine.upenn.edu

Additional publication details

Journal short name: Transl| Perioper Pain Med
Received Date: January 09, 2025

Accepted Date: February 09, 2025

Published Date: February 10, 2025

DOI: 10.31480/2330-4871/198 e Page 696 e


mailto:Koichi.yuki@childrens.harvard.edu
mailto:Koichi.yuki@childrens.harvard.edu

	Title
	Abstract
	Keywords
	Introduction
	The Pharmacology of Codeine and Tramadol 
	Variation in CYP2D6 Enzymatic Activity 
	Follow-Up after the FDA Warning in 2017 and Future Considerations 
	Challenges in Pediatric Pain Management 
	Funding
	Conflict of Interest 
	References

