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Abstract

Background: Pain following surgery for cardiac disease is ubiquitous, and optimal management
is important. Despite this, there is large practice variation. To address this, the Paediatric Acute
Care Cardiology Collaborative undertook the effort to create this clinical practice guideline.
Methods: A panel of experts consisting of paediatric cardiologists, advanced practice practi-
tioners, pharmacists, a paediatric cardiothoracic surgeon, and a paediatric cardiac anaesthesi-
ologist was convened. The literature was searched for relevant articles and Collaborative sites
submitted centre-specific protocols for postoperative pain management. Using the modified
Delphi technique, recommendations were generated and put through iterative Delphi rounds
to achieve consensus Results: 60 recommendations achieved consensus and are included in this
guideline. They address guideline use, pain assessment, general considerations, preoperative
considerations, intraoperative considerations, regional anaesthesia, opioids, opioid-sparing,
non-opioidmedications, non-pharmaceutical painmanagement, and discharge considerations.
Conclusions: Postoperative pain among children following cardiac surgery is currently an area
of significant practice variability despite a large body of literature and the presence of centre-
specific protocols. Central to the recommendations included in this guideline is the concept that
ideal pain management begins with preoperative counselling and continues through to patient
discharge. Overall, the quality of evidence supporting recommendations is low. There is
ongoing need for research in this area, particularly in paediatric populations.

Surgery is integral to the management of CHD, and pain is an expected component of the post-
operative period. Pain exposure early in life can make children more susceptible to prolonged
pain following subsequent injuries.1,2 Pain also impacts haemodynamics through heart rate and
blood pressure changes, and adequate postoperative pain control reduces the risk of bleeding
and cardiac events.3 For these reasons, dedicated pain management strategies for children and
neonates are warranted. Despite the importance of pain management and the ubiquity of post-
operative pain, no national or society guidelines currently exist specific to pain in the CHD pop-
ulation. Efforts directed towards enhanced recovery after surgery have addressed pain
management, but are not comprehensive in their scope. While numerous review articles have
been published on pharmacotherapy strategies, they do not provide actionable guidance for
practitioners. 2–9 An international survey of 15 centres found significant practice variation in
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choice of analgesics and dosing.10 Furthermore, a national survey
of heart centres conducted by the Paediatric Acute Care Cardiology
Collaborative in 2021 revealed only 6 of 34 respondents reported
having an institutional written policy regarding pain management,
three reported standardised practice among providers but no writ-
ten policy, and the remaining 25 said there was no standardisation
among providers within their institution.

Challenges to creating management guidelines for children
with CHD include the current variability in practice, the relative
infrequency combined with wide heterogeneity of lesions, changes
in baseline physiology with different ages of childhood, and the
lack of consensus regarding meaningful endpoints in study design.
For pain, specifically, another challenge is presented by the inher-
ent impact of analgesic agents on haemodynamics. In the face of
these challenges, it has been suggested that collaborative learning
networks such as Paediatric Acute Care Cardiology Collaborative
are well suited to undertake the task of creating and disseminating
management guidelines.8 Clinical pathways and clinical practice
guidelines have been shown to reduce practice variation, facilitate
incorporation of up-to-date research into clinical practice, and
improve healthcare quality and outcomes.11–14 To confer these
benefits to children undergoing cardiac surgery, we aimed to create
an evidence-based clinical practice guidelines that could be utilised
broadly to improve quality of pain management among children
undergoing cardiac surgery and reduce practice variability.

Methods and results

Panel composition

Paediatric Acute Care Cardiology Collaborative convened a 19-
member panel with expertise in paediatric cardiology and

postoperative care including paediatric cardiologists, advanced
practice practitioners, pharmacists, a paediatric cardiothoracic sur-
geon, and a paediatric cardiac anaesthesiologist. This panel was
tasked with reviewing the literature and evidence as well as existing
site-specific pain management protocols and formulating
recommendations.

Target audience and scope

The intent of this clinical practice guidelines is to provide guidance
on management of routine postoperative pain among children
undergoing cardiac surgery. It is intended to address term gesta-
tional infants, children, and adolescents undergoing cardiac sur-
gery who are extubated within 24 hours of surgery. The
intended audience is any healthcare provider who manages pain
in such patients. Sedation, delirium, chronic pain, pain related
to cardiac procedures but not surgery such as catheterisation or
electrophysiology studies, habituation, and withdrawal are outside
of the scope of this clinical practice guidelines.

Evidence review

The panel collectively determined the scope and key questions as
well as inclusion criteria to guide the evidence review. The litera-
ture was searched using PubMed, SCOPUS, EMBASE, and the
Agency for Healthcare Research and Quality (formerly National
Guideline Clearinghouse) (Supplemental Table). Articles were
excluded if they were published prior to the year 2000 or not avail-
able in English. Case reports, editorials, letters, and commentaries
were also excluded. Search results and article retrieval are detailed
in Figure 1. Searches were conducted on 9/18/21 and 9/28/21.
References from searched articles were also considered and
included if they met above criteria. Search criteria included terms

Figure 1 Results of literature search. Dates of searches: PubMed 9/18/21, EMBASE and SCOPUS 9/28/21.
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related to the paediatric population but adult data were included if
the studies offered reliable, robust data, and strength of recommen-
dation was downgraded if based on adult data exclusively. Articles
were categorised by broad topics and each article was reviewed by
two-panel members from different centres. If the two-panel mem-
bers disagreed about the quality of the evidence or strength of rec-
ommendation to be generated from the article, a third-panel
member from a third centre also read the article and adjudicated
the decision.

Searching of the databases resulted in 1196 articles, 531 of
which were duplicates. Further screening resulted in 113 eligible
articles which were reviewed in full for inclusion. Articles address-
ing preoperative and intraoperative topics were included if they
also studied impact of interventions on postoperative pain.

In addition to review of the published literature, Paediatric
Acute Care Cardiology Collaborative sites were contacted and
asked to share any existing site-specific protocols. These were
reviewed after completion of the literature review and panel mem-
bers had the opportunity to generate recommendations based on
expert opinion of these protocols if not otherwise addressed in the
literature.

Grading of the evidence and recommendations

The panel rated the quality of the evidence and strength of recom-
mendation using methods described by the Grading of
Recommendations Assessment, Development, and Evaluation)
Working Group. 15–17 The quality of the evidence was rated as high,
moderate, low, or very low, and the strength of recommendation
was rated as strong or weak. Generally, quality of the evidence
assessment is based on the study design, study limitations, and
criticality of outcomes. Recommendations based on high-quality
evidence are unlikely to change in the future, even if new research
is published. In contrast, recommendations based on low- or very
low-quality evidence have a high likelihood of changing in the
future based on new evidence. The strength of recommendation
is largely based on how clearly the potential benefits of following
the recommendation outweigh the potential risks or harms of not
following the recommendation. For weak recommendations,
choosing whether to follow it must be based on consideration of
individual circumstances including personal preferences and val-
ues of patients and clinicians. A strong strength of

recommendation does not necessarily correlate with high quality
of the evidence and vice versa. If a recommendation is supported
by multiple articles with differing levels of quality of the evidence
or strength of recommendation, the highest quality of the evidence
and strength of recommendation are reported. For recommenda-
tions based on expert opinion, on which there is no available peer-
reviewed literature, quality of the evidence is denoted as not appli-
cable (N/A) and strength of recommendation is based on the panel
consensus. Specific age ranges in recommendations reflect the
populations in the supporting studies.

Guideline development process

The panel met virtually in September 2021. The scope and key def-
initions were agreed upon during that meeting. A modified Delphi
technique was then employed. 18 For Round 1 of the Delphi, panel
members reviewed a subset of the identified literature (as described
above) and created an initial set of potential recommendations. Of
the 113 included articles (8 included adult data), 110 served as the
basis for potential recommendations which were voted on in
Delphi Round 2. After analysis of the results of Delphi Round 2,
site-specific protocols were distributed to panel members who then
had the opportunity to submit recommendations based on expert
opinion addressing any topics for which peer-reviewed literature
was unavailable. This was intentionally completed after evidence
review to limit bias when assessing the literature. Round 3 of
the Delphi was focused on these expert recommendations, as well
as literature-based recommendations which had not previously
achieved consensus. In total, 4 Delphi rounds were completed
and 63 recommendations were accepted (Fig 2). Two recommen-
dations were based solely on adult data. In subsequent review, 3
recommendations were felt to be repetitive or non-contributory
and were removed. For all Delphi rounds subsequent to Round
1, consensus was defined as greater than two-thirds majority
and was required for approval or rejection of recommendations,
but the panel aimed for unanimity or near unanimity. Except in
one specific case, there were no reported conflicts of interest,
and all panellists voted on all recommendations. One panellist
reported a conflict of interest related to review of an article they
had authored and therefore recused themselves from voting on
that specific recommendation.

Figure 2 Results of Delphi Rounds. Three recommendations were removed after completion of the Delphi rounds as they were felt to be repetitive or non-contributory.
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The panel finalised the recommendations in April 2022. Once
recommendations were finalised, a guideline was drafted and
reviewed by all panellists for editing. Once panellists agreed upon
the written guideline, it was shared with the Paediatric Acute Care
Cardiology Collaborative Executive Committee, comprised of 30
members from 16 centres in North America plus two patient fam-
ily representatives, for peer review. After another round of revi-
sions among the clinical practice guidelines panel, the guideline
was finalised and submitted for external peer review.

Recommendations

Clinical practice guidelines use and general information

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Because of significant practice
variation, difficulty in studying rare
diseases, lack of consensus
surrounding meaningful endpoints,
and lack of consensus surrounding
inclusion/exclusion criteria for trials
in CHD, collaboratives such as the
Paediatric Cardiac Critical Care
Consortium and Paediatric Acute
Care Cardiology Collaborative are
well positioned to create common
protocols that could then be used as
the basis for trials. 19

High Strong

Clinical judgement should be used
when applying clinical practice
guidelines, particularly with high-risk
populations such as patients with
pulmonary hypertension, systemic
hypertension, residual lesions,
haemodynamic compromise
(arrhythmias, bleeding), and others. 3

Moderate Strong

Multimodal analgesia should be
considered as medications may act
synergistically and allow for lower
doses of individual drugs thereby
potentially avoiding certain side
effects such as constipation from
opioids. 20

Low Weak

Implementation of new protocols or
practices for postoperative patients
should involve a multidisciplinary
approach with representation of all
staff involved in patient care. 21

Low Strong

It is reasonable to invest in
education for nurses regarding
standardised approaches to pain and
sedation management as adherence
to such programmes may decrease
overall exposure to opioid and
benzodiazepine agents. 22–24

Moderate Strong

One challenge to developing protocols and clinical practice
guidelines in paediatric cardiology is the significant heterogeneity
of disease. When addressing postoperative pain management, the
wide variety of underlying disease and various surgical options
challenges the ability to decrease practice variability.
Collaboratives offer the opportunity to amass multi-centre data
and experiences, thereby increasing understanding of a given topic,
such as postoperative pain management. 19 While clinical practice
guidelines are helpful in providing guidance to clinicians, it is

important to recognise that they cannot address all patient popu-
lations and judgement must be used when applying them.
Individual patients and high-risk populations may not benefit
from application of clinical practice guidelines. 3 Involvement of
all stakeholders and participants in clinical care is important when
developing protocols. Bedside nurses, in particular, are well posi-
tioned to improve associated processes as they frequently assess
and treat pain. 21–24

Pain assessment

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Pain should be assessed using
validated, age-appropriate tools,
response to intervention should be
regularly assessed, and management
of pain requires acknowledgement of
underlying cardiac disease and
selection of appropriate agents. 6,7

Moderate Strong

There is insufficient evidence to
suggest superiority of any of the
multiple validated scoring tools to
assess pain in infants and children.
However, medical units should select
a specific tool and use it
consistently, so providers are best
able to interpret pain scores.
Providers within a unit should be
trained to use the same tool among
themselves to promote consistency.
6,7,25–27

Moderate Strong

As novel approaches to objective
pain assessment are developed,
including machine learning,
Analgesia Nociception Index, and
Nociception Level Index, plans to
study these tools in infants and
children should be developed so this
population may also benefit from the
objective assessment of pain.
Strategies should also be considered
for development of less costly
objective pain assessment tools. 5

Very low Strong

Children’s individual coping
mechanisms and cultural
backgrounds may influence pain
perception and reporting therefore
providers may consider these factors
while managing pain. 6,28

Very low Strong

It is possible underlying genetic
variants such as COMT are
responsible for differential
propensity for pain among
individuals. Pain management
should be adjusted for individual
experience of pain and reaction to
interventions including
undertreatment and overtreatment. 5

Moderate Strong

Parents/caregivers’ assessments of
their child’s pain should be taken
into consideration, most importantly
for children who are developmentally
unable to express their own pain
level. 29

Low Strong
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Undertreatment or reluctance to treat pain among children
with cardiac disease is likely common and often related to concerns
that analgesics may have unfavourable haemodynamic effects.
However, undertreatment may negatively result in increased stress
response which may have negative long- and short-term conse-
quences. 6,7 A variety of tools have been developed to assess pain
in infants and children, utilising both subjective and objective
information. There is insufficient evidence to suggest that any of
these tools is superior, however consistent use and unit-wide
acceptance of a given tool improves consistency of pain assessment
and subsequent treatment. 6,7,25–27 Pain assessment among infants
and children, particularly those who are non-verbal, relies on a
combination of factors including objective data such as vital sign
changes and subjective information such as patient-reported
symptoms or family assessment. 29 There are currently efforts to
develop additional tools to objectively measure pain; however,
these efforts have been primarily limited to adult populations. 5

Children would benefit from such tools, especially non-verbal chil-
dren or children who are developmentally unable to express their
pain. It is important to recognise that social and cultural factors
may influence the experience of pain and treatment should be
adjusted based on individual response. 5,6,28 Though we did not
identify literature examining the impact of implicit bias or racism
on the treatment of pain among children undergoing congenital
heart surgery, this is a known problem in medicine30–32 and pain
should never be managed differentially based solely on a patient’s
race or ethnicity.

General principles

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Thoracotomies may be more painful
than sternotomies and may require
additional consideration for
analgesia. 33

Very low Weak

While chest tubes remain in place,
patients may require higher levels of
analgesia so it is reasonable to
continue use of scheduled
analgesics.

N/A Strong

As patients progress postoperatively,
is it appropriate to reduce the
frequency or amount of scheduled
analgesics and transition analgesia
to be used as needed. It is
reasonable to continue medications
with the lowest side effect profiles as
scheduled for the longest period of
time and to first transition those
with higher side effect profiles, such
as opioids, to as needed.

N/A Strong

Additional medications should be
used to mitigate known, common
side effects of analgesics such as
bowel regimen medications for
patients taking opiates. It is
reasonable to consider H2 blockers
or proton-pump inhibitors for
patients taking NSAIDs, particularly if
enteral intake is limited or poor.

N/A Strong

To reduce reliance on individual
bedside providers' perception of
pain, concrete parameters, such as

N/A Strong

ranges of validated pain scores,
should be used to determine when
to administer medications which are
prescribed to be given as needed.

Pain inconsistent in location or
intensity with surgery or
postoperative time course, or
associated with vital sign changes,
respiratory distress, or fever should
prompt evaluation and consideration
of new diagnoses such as wound
dehiscence, sepsis, tight dressings,
ileus, and more.

N/A Strong

Discrepancy between self or family-
reported pain and provider
observations of pain should be
addressed with further evaluation.

N/A Strong

Painful procedures in the
postoperative period should be
addressed with additional analgesia
and non-pharmaceutical
interventions. It is reasonable to
consider use of anxiolytics for painful
procedures.

N/A Strong

Pain in the postoperative period should be considered in the
context of the individual patient and their risk factors for ongoing
pain. Specifically, the incision type and presence of chest tubes may
predispose patients to ongoing pain, requiring additional anal-
gesia.33 Additionally, timing within a hospitalisation should be
taken into account given the temporally associated reduction of
pain as patients' progress from their surgery. As patients’ pain
improves and their need for analgesia diminishes, it is most appro-
priate to first discontinue or reduce frequency of administration of
medications with the highest risk for side effects and continue
those medications which have fewer side effects. It is appropriate
to utilise additional medications to treat known and common side
effects of commonly used analgesics. In particular, a bowel regimen
should be implemented for patients taking opioid medications as
opioids are associated with constipation.

Pain that does not follow the anticipated course over time, or
that is inconsistent in type or location, or is associated with other
signs and symptoms such as vital sign changes or respiratory dis-
tress is cause for rapid and thorough evaluation for other causes.
Similarly, additional evaluation is needed when patient or family
reports of pain are discrepant from provider’s assessment of pain.

Preoperative considerations

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Standardised education with
preoperative counselling for parents/
patients on postoperative pain
management, including realistic
expectations and measurable goals
for pain management, may improve
alignment of the care team and the
family and may improve nurse/
parent collaboration. 29,34

Very low Strong

Provide developmentally appropriate
toys and video games to patients in
the preoperative setting to help
reduce stress and anxiety. 35

Low Strong
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Families and providers often have discrepant expectations for
postoperative pain level and management which can challenge
the therapeutic relationship needed to assist children in their
recovery. Preoperative counselling should therefore address realis-
tic expectations for postoperative pain and aim to establish under-
standing with families regarding what their child may experience
and how it will be addressed. 29,34 Discussions related to goals of
pain management should emphasise functionality rather than
complete elimination of pain. Additionally, management of stress
and anxiety in the preoperative setting has been associated with
reduced postoperative pain. 35

Intraoperative considerations

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Intraoperative multimodal pain
management may be used to
reduce intraoperative opioids
need. 4

Very low Weak

It has been suggested thatmultimodal painmanagement during
surgery, including use of acetaminophen, local anaesthesia and
postoperative nausea and vomiting treatments, may reduce the
need for intraoperative opioids and improve postoperative pain
outcomes. 4 There have been a number of studies examining the
use of intraoperative methadone and its impact on postoperative
pain but based on the current evidence, this panel does not cur-
rently have a recommendation related to its use. 36–38

Regional anaesthesia

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Transversus thoracis muscle plane
block should be used in children 2–
12 years old undergoing sternotomy.
39–41

High Strong

Paravertebral block may be
considered for patients undergoing
cardiac surgery but there is
insufficient evidence to recommend
it uniformly. 42,43

Moderate Weak

It is reasonable to consider
continuous infusion catheters such
as erector spinae plane blocks or use
of parasternal intercostal blocks but
there is insufficient evidence to
recommend it uniformly. Lidocaine
may be used safely in such infusions,
even among patients who require
cardiopulmonary bypass. Lidocaine,
bupivacaine, and ropivacaine have
been studied but there is insufficient
evidence to support any specific
agent. 44–51

High Weak

Caudal analgesia is a safe
intervention for children undergoing
cardiac surgery in that adverse
events or effects are rare, however
there is conflicting evidence
regarding whether it improves
postoperative pain outcomes. Caudal

Moderate Weak

analgesia may be considered as the
evidence suggests minimal harm but
further research is needed to
demonstrate benefits. 52–56

It is reasonable to use spinal
anaesthesia as it may decrease
postoperative opiate requirement in
uncomplicated cardiac surgery. 57

Moderate Weak

Continuous incision infusions of local
anaesthetic should be considered to
enhance analgesia after congenital
heart surgery. 54,58,59

Moderate Weak

The use of regional anaesthesia has gained interest and accep-
tance as a means of reducing intraoperative and postoperative
opioid requirements. Currently, centre-specific considerations
are required for use of regional anaesthesia-based experience of
anaesthesiologists and availability of providers to manage such
modalities outside of the operating room such as consultative pain
services. Multiple studies have examined specific types of regional
anaesthesia in the context of paediatric congenital heart surgery
and it has widely been found to be safe. Specifically for transversus
thoracis plane blocks, studies have shown improved pain scores,
decreased intraoperative and postoperative opioid requirements,
shorter time to extubation and shorter ICU length of stay com-
pared to patients not receiving nerve blocks. 39–41 Similar endpoints
have been used in studies of paravertebral block and have shown
promise though the body of evidence is insufficient currently to
uniformly recommend paravertebral block. 42,43 Additionally, erec-
tor spinae plane blocks and parasternal intercostal blocks using
continuous infusions shown to be safe but there is inconclusive evi-
dence to suggest uniform adoption of such approaches. 45–51 No
specific anaesthetic agent has shown superiority in these studies.
Caudal analgesia has been shown to be safe with minimal harm.
However, there is controversy regarding its impact on postopera-
tive pain as studies comparing use of caudal analgesia to children
not receiving regional anaesthesia have not consistently demon-
strated improved outcomes; therefore it is reasonable to consider
caudal analgesia but as it does not have clear benefits, it is not uni-
formly recommended. 52–56 Spinal anaesthesia may improve pain
scores and reduce postoperative opioid requirement however only
one study with a small sample size of 20 patients has demonstrated
this. 57 While many forms of regional anaesthesia have conflicting
evidence, continuous infusion of local anaesthetic at incision sites
has been shown to reduce postoperative pain scores and opioid
requirements and should be considered, though some evidence
to support this comes from adult studies. 54,58,59 Further research
is needed to explore the efficacy of these various regional anaes-
thetic techniques in order to identify which patients might benefit
from regional anaesthesia.

Opioids

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

For children receiving weight-based
dosing, morphine doses should not
exceed 0.2 mg/kg as doses>0.2 mg/
kg are not incrementally effective in
increasing effective analgesia.60

Moderate Strong

Patients with preoperative cyanosis
due to CHD do not have differing

Moderate Strong
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opioid sensitivity or pain scores
compared to acyanotic patients and
should be prescribed normal doses
of opioids for analgesia.61

Patient-controlled analgesia should
be considered for developmentally
appropriate patients who require IV
opioid administration as they may
improve patient satisfaction with
pain management while reducing
overall opioid exposure. There is
insufficient evidence to recommend
for or against continuous infusion
with patient-controlled analgesia.62,63

Moderate Weak

Children with Trisomy 21 and CHD
show no difference in morphine
metabolism compared to those
without Down syndrome and
therefore should receive the same
approach to opioid-based
analgesia.64–67

Moderate Strong

Patients with CHD do not metabolise
morphine differently than the
general population and should
therefore receive the same doses as
individuals without CHD.68

Low Weak

It is reasonable to consider limiting
morphine use in patients with renal
dysfunction due to risk of
accumulation of toxic metabolites.68

Low Weak

Despite side effects and risk for habituation, opioids remain a
mainstay of postoperative pain management and offer effective
analgesia.69 There are some specific considerations regarding
opioid use among children undergoing cardiothoracic surgery.
In animal studies, chronic hypoxaemia has been associated with
increased sensitivity to opioidmedications. Studies among humans
with obstructive sleep apnoea and chronic hypoxaemia have
shown similar results prompting consideration of whether chil-
dren with cyanotic CHD may also have variable sensitivity to
opioids. When studied, however, children with cyanotic lesions
were not found to have differing sensitivity to opioids and therefore
should be prescribed typical doses.61

Another specific consideration relates to children with Trisomy
21 and CHD. Previous reports have suggested possible altered
pharmacokinetics or pharmacodynamics among children with
Trisomy 21; however, multiple studies have found no difference
among children with and without Trisomy 21, and these children
should therefore receive opioids at typical doses.64–67

There have been limited published reports related to decreased
opioid clearance among individuals with decreased systemic blood
flow prompting consideration for need to dose opioids differen-
tially among individuals with CHD.68,70 Despite these reports,
modelling of pharmacokinetics has shown that children with
CHD do not metabolise morphine significantly differently from
children without CHD and should therefore be treated with con-
ventional doses.68 Patients with renal dysfunction, a common issue
following cardiac surgery, are at risk for toxic accumulation of
metabolites of morphine.68

Among certain populations, patient-controlled analgesias have
been shown to have increased effectiveness of analgesia compared
to provider-initiated intermittent boluses.69 Limited studies among
children undergoing cardiac surgery have shown similar find-
ings.62,63 Because of the potential for better analgesia, higher satis-
faction, and overall reduction in opioid exposure, patient-

controlled analgesias should be considered for children who
require intravenous opioids and are developmentally appropriate.

Opioid-sparing

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Opioid exposure should be
minimised as reduced opioid
exposure may enhance
postoperative recovery and facilitate
"fast-track" recovery. 71

High Strong

Standard pain management
protocols should be used as they are
safe and effective and can facilitate
an opioid-sparing approach to
postop pain management. 71

High Strong

Multimodal pain management
including consideration of regional
anaesthesia, acetaminophen, and
NSAIDs should be used to reduce
need for opioid medications. 71

High Strong

For patients with anticipated
extubation within 3 hours of ICU
admission, continuous infusions of
opioids and/or benzodiazepines
should be avoided and instead
scheduled acetaminophen and IV
ketorolac may be used. 72

Moderate Strong

Due to increased awareness of risks associated with opioidmed-
ications including habituation, withdrawal, and side effects includ-
ing constipation and respiratory depression, as well as evidence
that opioid-sparing approaches may facilitate postoperative recov-
ery, there is significant interest in developing protocols and
approaches to postoperative pain management which minimise
opioid exposure.69,71 Multimodal pain management has been uti-
lised successfully to reduce opioid exposure postoperatively.4

Additionally, increased awareness of the likely trajectory of
patients in the immediate postoperative period, particularly those
who are likely to tolerate extubation soon after arrival in the ICU,
has facilitated opioid-sparing approaches.71 In a randomised con-
trolled trial of children recovering from cardiothoracic surgery,
there was no difference in pain control among those who received
continuous versus intermittent opioids but use of continuous infu-
sions resulted higher total doses of opioids and longer length of
stay. 72 Increased examination of whether continuous infusions
are needed for individual patients may result in decreased reflexive
use of them and improved patient outcomes.

Non-opioid medications

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Non-steroidal anti-inflammatory
drugs (NSAIDs) should be considered
in patients>28 days old, including
those with complex CHD, as NSAIDs
may reduce overall opioid exposure
and may not be associated with
significant adverse effects such as
bleeding or acute kidney injury in

Moderate Strong
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patients without additional risk
factors. 72–78

NSAIDs should routinely be utilised
for pain management in patients >6
months as this may reduce opioid
exposure and may not be associated
with significant adverse effects such
as bleeding or acute kidney injury in
patients without additional risk
factors. 73,74,77–81

Moderate Strong

Acetaminophen should be used early
in the postoperative period to
facilitate pain management and
reduce overall opioid exposure.
There is no clear clinical advantage
to use of IV acetaminophen over
enteral administration though there
is increased cost to IV
administration. 82–85

Moderate Strong

Acetaminophen may be used but
with caution in patients undergoing
surgery for CHD with impaired
hepatic metabolism given reduced
clearance. 86

Moderate Weak

Prospective studies and randomised
controlled trials are needed to
improve understanding of the
efficacy and adverse effects related
to acetaminophen and NSAIDs in
neonatal and paediatric cardiac
populations. Studies should include
consideration of renal and/or hepatic
function and focus on paediatric
populations, ideally with the full age
spectrum and with all types of CHD
represented. 74,81 Multi-centre studies
should also address any associated
reduction in opiate use. 87

High Strong

While NSAIDs may not be associated
with clinical bleeding in patients
without other risk factors, they may
impact platelet function and
research is needed to better
understand the impact of NSAID-
mediated platelet inhibition in
children. 73,75,88

Moderate Weak

The effect of magnesium on
postoperative pain in infants,
children and neonates should be
studied as it has been shown to have
positive effect among adults with
minimal adverse effects. It is
reasonable to ensure serum
magnesium levels are within normal
range in the postoperative period. 5

Very low Weak

Research is needed regarding safety
and efficacy of gabapentinoids in
infants and children. Caution will be
needed when studying these
medications among patients with
heart failure. 5

Very low Strong

It is reasonable to consider use of
muscle relaxants such as
cyclobenzaprine, diazepam, and
methocarbamol as adjunctive
options for pain management,
particularly in children older than 12
years of age. Research is needed
regarding the utility of muscle
relaxants in postoperative patients.

N/A Weak

Multimodal pain management relies largely, though not
exclusively, upon NSAIDs and acetaminophen. While
NSAIDs are used in neonates and infants for indications such
as closure of the patent ductus arteriosus, retinopathy of prema-
turity, and prevention of intraventricular haemorrhage, there
has been reluctance to use NSAIDs as a primary means of anal-
gesia among infants less than 6 months of age.89,90 Additionally,
there is significant variation in practice related to NSAID and
acetaminophen or paracetamol use in children. A systematic
review of guidelines for anti-pyresis among children identified
55 guidelines addressing use of ibuprofen and 69 addressing
use of paracetamol. There was minimal agreement between
guidelines regarding appropriate population, dosing, frequency,
duration of treatment, or conditions in which to avoid or
use caution prior to initiating the drug.91 Additionally, for
many of the age-based recommendations against use of
NSAIDs or acetaminophen in young children, there was either
no published evidence or low quality of evidence to support
those recommendations.91 More recent publications have exam-
ined use of NSAIDs in younger children and found them to be
safe.90

Multiple studies have examined use of ibuprofen or ketorolac
in postoperative infants and children, some as young as 28 days.
In addition to focusing on achieving analgesia, these studies have
largely used creatinine or blood urea nitrogen as endpoints.74–76

These are known to be imperfect markers of true renal function
and, while they were found to be increased among patients receiv-
ing NSAIDs, the clinical implication of that rise is unclear, par-
ticularly as the values did not always fall outside of the range of
normal. Acute kidney injury following cardiac surgery is
common but is multifactorial in aetiology and not directly related
to nephrotoxin exposure, including ibuprofen and ketorolac.92

Additionally, studies examining the risk of bleeding and changes
to platelet function while receiving NSAIDs have found platelet
function is altered but there is no increase in clinically significant
bleeding.73–76,79,88 It is unclear what the implication of changed
platelet function is, and this warrants further research, particu-
larly considering the additional risk factors in this population
including cardiopulmonary bypass, presence of chest tubes,
and surgical wounds.

In addition to NSAIDs and acetaminophen, there have been a
few studies examining use of other non-opioid analgesics among
adults and there have been suggestions to study these among
children. Perioperative administration of magnesium has been
shown to decrease postoperative pain and opioid consumption
among adults.5 While there are no data, to our knowledge,
among children, it is a worthwhile consideration given the
relative ease of monitoring magnesium levels (something that
is often already occurring in postoperative patients) and the
low risk of side effects when administered enterally or slowly
if parenterally. Additionally, gabapentinoids have been identi-
fied as potentially useful in children recovering from cardiac
surgery. Pregabalin, in particular, appears to be effective for
acute pain and has been studied among adults recovering from
cardiac surgery.5 We could not identify any data related to spas-
molytic medications but in practice, these are commonly uti-
lised after CHD surgery, particularly in adolescents and
young adults. Further research is warranted to explore these,
and other, non-opioid medications for treatment of pain in
children.
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Non-pharmaceutical pain management

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Non-pharmacologic methods of pain
management may be areas of
weakness for clinicians and pain
management protocols should
incorporate such methods as a
component of developmental care of
infants and children undergoing
cardiac surgery as this
developmental care may have long-
term impact on neurodevelopmental
outcomes. 93

Very low Strong

Music, music videos, and music
therapy, when available, should be
used in the postoperative period to
reduce pain, anxiety and distress. 93–
97

Low Strong

Massage therapy should be used in
the postoperative period to reduce
anxiety and distress and improve
patient and family satisfaction. There
is insufficient evidence regarding
impact of massage therapy on opioid
use but it has been shown to reduce
benzodiazepine requirements. 98–100

Moderate Strong

Physical therapy should be utilised
for patients after cardiac surgery as
it is associated with decreased
overall pain. 101

Very low Strong

Children should be offered age and
developmentally appropriate toys
and educational materials in the
postoperative period once they are
awake and alert. 102

Very low Strong

When available, Paediatric
Integrative Medicine services,
including complementary therapies
such as Reiki, massage therapy, and
acupuncture, should be offered to
children in the postoperative period.
103

Very low Strong

Skin-to-skin care for infants should
be considered when feasible in the
postoperative period. 104

Low Strong

The physical environment of
postoperative patients should be
optimised with consideration of
sound and music as well as lighting
and having caregivers at bedside. 6

Very low Strong

Non-pharmacologic approaches to analgesia are widely
accepted as an important component of postoperative care, but
may be underutilised among children undergoing and recovering
from cardiac surgery. 69,93 Reasons for underutilisation include lack
of resources and inadequate awareness of benefits but services such
as music therapy, massage therapy, acupuncture, and others have
been shown to improve postoperative pain scores in this popula-
tion. 93–95,97–100,103 Additionally, not all non-pharmacologic
approaches are resource intensive – indeed, skin-to-skin contact
has been shown to improve comfort among infants undergoing
cardiac surgery and increase physiologic stability. 104 Other inter-
ventions as simple as providing developmentally appropriate toys
and optimising environmental factors such as lighting and noise

can also improve postoperative outcomes related to pain. 6,102

Other non-pharmacologic analgesia modalities have been shown
to be effective among adults undergoing thoracic surgery, chiefly
transcutaneous electrical nerve stimulation. 69 Transcutaneous
electrical nerve stimulation has also been shown to be effective
in reducing procedural pain for children. 105 Efforts should be
made to determine if transcutaneous electrical nerve stimulation
is effective among children undergoing cardiac surgery, particu-
larly considering the lack of side effects and ease of use.
Importantly, there is minimal risk associated with these non-phar-
macologic modalities.

Discharge considerations

Recommendation

Quality of
the evi-
dence

Strength of rec-
ommendation

Acetaminophen and NSAIDs should
be strongly considered as first-line
pain management agents at time of
discharge. 71

Low Strong

It is reasonable to limit the number
of opiate doses prescribed at
discharge to 5–10. 106,107

Moderate Weak

Some diagnoses, such as atrial
septal defects, may not require
prescription of opiates at time of
discharge. 107

Moderate Weak

Due to significant variation related to
hospital/practice and not patient-
specific factors demonstrated among
adult patients, research is needed to
better understand best practices
surrounding opioid prescription at
time of discharge for children after
cardiac surgery. 108

Low Weak

Exposure to and awareness of
guidelines can decrease number of
opioid doses prescribed at time of
discharge and help standardise
prescribing practices. 106

Low Weak

Children are likely to need ongoing analgesia after discharge
home following cardiac surgery. Discharge teaching may even
include consideration that pain can transiently worsen as children
becomemoremobile in their home environments. Acetaminophen
and NSAIDs should be used as the first-line medications for treat-
ment of pain in the home environment – children still requiring
frequent administration of opioids may not yet be ready for dis-
charge. 71 To that end, Monitto et al studied the effectiveness of
analgesia following discharge for a variety of paediatric surgeries
including cardiac surgery and found that despite low levels of
use of opioids at home, analgesia was largely good or excellent
at 1–2 days following discharge and 10–14 days following dis-
charge. 107 Because so few patients require frequent opioid admin-
istration at home and the majority of prescribed doses are unused,
it is reasonable to limit the number of prescribed doses and some
patients may not require opioids at all. 106,107 In this study, atrial
septal defects made up the majority of included patients making
it easiest to apply their findings clinically to that population.
However, it should be noted that much of the postoperative pain
experienced by patients is related to incision sites (sternotomy,
thoracotomy, chest tubes when in place) rather than the heart itself
and therefore the specific form of CHD likely has little impact on
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postoperative pain and rather the extent of the incision, first time
versus redo incision, incision healing, and features such as delayed
sternal closure play heavily into the experience of pain.

Studies of opioid prescription at discharge among adults under-
going cardiac surgery have shown that the greatest predictor of
amount of opioid prescribed is hospital, not patient or surgery-spe-
cific factors. 108 There remains a need for research to better under-
stand best practices surrounding opioid prescription at time of
discharge for children undergoing cardiac surgery, particularly
given the risks of undertreating pain in the home environment rel-
ative to the risks of overuse or misuse of opioid medications.
Studies targeting opioid prescription variability for postoperative
children have shown that institutional guidelines available to pre-
scribing physicians can reduce variability and decrease overall
opioid prescription at time of discharge, though these results have
not been reproduced among children undergoing cardiac sur-
gery. 106

Limitations

In aiming to address postoperative pain management, this guide-
line does not address sedation or delirium. It also does not address
habituation or withdrawal for patients who may require prolonged
infusions of narcotics. Agents such as dexmedetomidine, propofol,
ketamine, and others often play an important role in postoperative
pain management in the ICU setting but were not addressed in this
guideline due to the lack of literature providing data on their use in
extubated children. Additionally, because the scope of this work
was limited to patients who extubate early, there are no intensive
care providers on our panel. The panel was intentionally com-
prised of individuals from a large variety of centres geographically
and with a variety of programme styles; however, recruitment did
occur via Paediatric Acute Care Cardiology Collaborative which
may introduce some bias. Panellists were not required to have
recently published articles related to pain management and there-
fore may not be considered the most expert; however, this also may
have limited bias in that no panellists were reviewing their own
research.

Conclusions

Postoperative pain among children following cardiac surgery is
currently an area of significant practice variability despite a large
body of literature and the presence of centre-specific protocols.
After a review of the evidence and these protocols, a panel of
experts convened by Paediatric Acute Care Cardiology
Collaborative created these recommendations, which were sub-
sequently approved by the Paediatric Acute Care Cardiology
Collaborative executive committee. Central to the recommenda-
tions is the concept that ideal pain management begins with pre-
operative counselling and continues through to patient discharge.
While general principles may be applied, pain management must
be tailored to individual patient experience and response to inter-
vention. Standardised approaches to assessing and addressing pain
are needed. Opioid medications remain a mainstay of pain man-
agement but multimodal approaches, non-opioid medications,
and non-pharmacologic interventions are effective in minimising
opioid exposure and improving postoperative pain measures.

The panel identified numerous gaps in the available evidence
and found that the quality of existing evidence was overall low –
only 9 of the 63 recommendations have a high quality of the evi-
dence and many have a low or very low quality of the evidence.

There is ongoing need for research, particularly in children, related
to objective methods of pain assessment, the utility of regional
anaesthesia, intraoperative pain management strategies, and
non-opioid analgesics. The aim of this clinical practice guidelines
is to address this variability and support providers in their develop-
ment of more standard approaches to postoperative pain
management.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951122003559
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