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Abstract

Delirium, a form of acute cerebral dysfunction, is a common complication of postoperative cardiac surgery in children.
It is strongly associated with adverse outcomes, including prolonged hospitalization, increased mortality, and cogni-
tive dysfunction. This study aimed to identify risk factors and incidence of delirium after cardiac surgery in children

to facilitate early identification of delirium risk and provide a reference for the implementation of effective preven-
tion and management. A systematic literature search was conducted in PubMed, Web of Science, Embase, Cochrane
Library, Scopus, CNKI, Sinomed, and Wanfang for studies published in English or Chinese from the inception of each
database to November 2023. The PRISMA guidelines were followed in all phases of this systematic review. The Risk

of Bias Assessment for Nonrandomized Studies tool was used to assess methodological quality. A total of twelve
studies were included in the analysis, with four studies classified as overall low risk of bias, seven studies as moder-

ate risk of bias, and one study as high risk of bias. The studies reported 39 possible predictors of delirium, categorized
into four broad groups: intrinsic and parent-related factors, disease-related factors, surgery and treatment-related
factors, and clinical scores and laboratory parameters. By conducting qualitative synthesis and quantitative meta-
analysis, we identified two definite factors, four possible factors, and 32 unclear factors related to delirium. Definite risk
factors included age and mechanical ventilation duration. Possible factors included developmental delay, cyanotic
heart disease, cardiopulmonary bypass time, and pain score. With only a few high-quality studies currently available,
well-designed and more extensive prospective studies are still needed to investigate the risk factors affecting delirium
and explore delirium prevention strategies in high-risk children.
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Introduction

Congenital heart disease (CHD) is the commonest birth
defect worldwide, affecting millions of newborns annu-
ally [1-3]. The actual prevalence is difficult to deter-
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increasingly sophisticated, and the types of diseases
treated have gradually become more complex. Surgery
is still the most important and effective treatment for
children with CHD, which improves the survival rate
of children but may also bring a series of postopera-
tive complications [5]. Delirium is one of the common
postoperative complications, with an incidence rate of
9.8%-68% in children undergoing cardiac surgery [6-8].
It is currently receiving increasing attention from the
medical community.

Delirium is a manifestation of the acute cerebral dys-
function and is characterized by five features: (1) dis-
turbance in attention and awareness; (2) development
over a short period and fluctuating in severity through-
out the day; (3) additional disturbances in cognition,
such as memory deficit or disorientation; (4) the dis-
turbances in attention, awareness, and cognition not
being explained by a known or developing neurocog-
nitive disorder; and (5) history, physical examination,
or laboratory findings showing evidence of the distur-
bances being a direct physiological consequence of one
or more etiologies [9]. Despite its typically transient
nature, delirium is strongly associated with adverse out-
comes, including prolonged hospitalization, increasing
potential mortality, impact on prognosis, causing long-
term cognitive dysfunction, and differentially affect-
ing the quality of life of the child after discharge from
the hospital [10-13]. From an economic perspective,
the diagnosis of delirium in children increases medi-
cal and healthcare costs [14]. Therefore, prevention has
emerged as a pivotal focus of current clinical research.

Identifying risk factors for delirium is crucial for its
early identification and prevention, which can effec-
tively decrease its incidence in children. However, there
is limited research on delirium after cardiac surgery in
children, and the independent risk factors for delirium
varied in previous studies. The risk factors and preva-
lence of delirium have yet to be well established. There-
fore, this study aimed to determine the potential risk
factors and prevalence of delirium after cardiac surgery
in children, to provide a reference for the early clinical
identification of high-risk groups, and the implementa-
tion of effective prevention and management.

Methods

The review followed the PRISMA reporting guide-
lines, a 27-item list designed to improve the reporting
of systematic evaluations [15], and was registered with
PROSPERO (registration number: CRD42023475618).
All relevant analyses were based on previously pub-
lished studies and did not require ethical approval or
patient consent.
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Search strategy

A systematic literature search was conducted in Pub-
Med, Web of Science, Embase, Cochrane Library, Sco-
pus, China National Knowledge Infrastructure (CNKI),
Sinomed, and Wanfang for studies that were published
in English or Chinese from the inception of each data-
base to November 2023 using keywords, Medical Sub-
ject Headings (MeSH), and other index terms, as well
as combinations of these terms and appropriate syno-
nyms. The search terms focused on “cardiac surgical

procedures,” “thoracic surgical procedures,” “heart sur-
gery, “cardiac surgery, “delirium,” “agitation,” “emer-
gence delirium,” “postoperative delirium,” “child,

” o«

“pediatrics,” “children,” “neonate,” and their synonyms
(see the Supplementary Material for the complete
search strategy). Additionally, we manually searched
the reference lists of all selected studies for any further
relevant studies meeting our inclusion criteria.

Inclusion criteria

+ Pediatric cardiac surgery patients younger than 18
were the primary study population.

+ Postoperative delirium is the primary outcome
indicator, and risk factors for delirium are the pri-
mary research objective.

+ Reported at least one statistically significant risk
factor for postoperative delirium.

+ Published in English or Chinese.

Exclusion criteria

« Repeatedly published studies.

o Abstracts, clinical trial registries, and medical
record reports.

« Conference proceedings, review articles, letters,
and editorials.

« Animal or in vitro studies.

+ Incomplete data or inability to extract relevant
data.

+ The original article could not be found by any
means.

Data extraction

Two reviewers extracted the data using a pre-designed
Microsoft Excel 2019 spreadsheet. The extraction pro-
cedure was conducted independently, and disputes were
mediated by a third senior reviewer when necessary. Data
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were collected on the following characteristics for each
included study.

(1) Basic information: first author, country, year of pub-
lication, study duration, and study design.

(2) Demographic characteristics: study population,
sample size, number and rate of delirium.

(3) Delirium-related features: measurement method
and frequency.

(4) Potential risk factors for delirium: for each risk fac-
tor, adjusted or unadjusted odds ratios (OR) or rela-
tive risks (RR) were recorded when available. If not
explicitly reported, OR and 95% confidence inter-
val (CI) were calculated with a 2x 2 table using the
number of patients with and without a given risk
factor.

Quality assessment

Two reviewers independently assessed the study’s meth-
odological quality, and disagreements were settled by
consensus through a panel discussion. The risk of bias for
each included study was assessed using the Risk of Bias
Assessment for Nonrandomized Studies tool [16]. This
tool was selected because of the nonrandomized nature
of all included studies as well as its ability to evaluate six
domains of risk of bias, including 1) selection of partici-
pants, 2) confounding variables, 3) measurement of expo-
sure, 4) blinding of outcome assessments, 5) incomplete
outcome data, and 6) selective outcome reporting. If the
study received low risk ratings for each of the six evalu-
ated domains, the risk of bias would be low. If at least
one domain were rated to have an unclear risk (but no
domains were rated to have a high risk), the study would
be at moderate risk of bias, and if at least one domain
were rated as having a high risk, the study would be at
high risk of bias.

Table 1 Defining the strength of a risk factor
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A third reviewer extracted data from five randomly
selected studies and examined for methodological quality
and bias risk to ensure the correctness of the assessment.

Qualitative synthesis and quantitative meta-analysis

Each reported risk factor was synthesized qualitatively.
The total number of low and moderate risk of bias studies
and the percentage of studies showing positive correla-
tion were used to mark them as definite, likely, unclear,
or not a risk factor (Table 1). For risk factors with suffi-
ciently homogeneous definitions and reference ranges,
a quantitative meta-analysis of low and moderate risk of
bias studies was implemented to estimate a combined
OR.

Data analysis was performed using Revman5.4 software
provided by the Cochrane Collaboration Network. The
generic inverse variance method was used for the meta-
analysis of both risk factors and the incidence of delir-
ium after cardiac surgery in children [17]. This method
requires only effect estimates and their Standard Errors
(SEs). The SEs were estimated by back transforming the
95% confidence limits using the standard normal distri-
bution. The included studies were tested for heteroge-
neity (I test), if P>0.05 and I><50%, this indicated less
heterogeneity among studies and a fixed-effects model
was selected for statistical analysis of the data, while con-
versely P<0.05 or I?>50% indicated greater heterogene-
ity among studies and a random-effects model was used.

Results

A total of 5141 articles were identified through a litera-
ture search of the databases, of which 1623 duplicates
were removed. After screening the remaining 3518 arti-
cles for title and abstract, 46 were selected for full-text
retrieval. Following the eligibility assessment, 11 articles
were found to meet the inclusion criteria. The references
of the selected articles were also checked, and a full-text

Definite
All low and moderate risk of bias studies positive (at least three studies)

Majority (more than 50%) low and moderate risk of bias studies positive (at least five studies)

Likely
All low and moderate risk of bias studies positive (two studies)

Majority (more than 50%) low and moderate risk of bias studies positive (2-4 studies)

Unclear
All low and moderate risk of bias studies positive (one study)

Low and moderate risk of bias studies show mixed or conflicting results

A majority (more than 50%) of studies negative but at least one low or moderate risk of bias study positive

Not a risk factor
No low or moderate risk of bias studies positive
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search was performed on nine articles, including one
article that met the eligibility criteria. Ultimately, 12 arti-
cles were identified for article inclusion in this review,
with 11 studies contributing to qualitative synthesis and
quantitative meta-analysis. Study identification is sum-
marized in Fig. 1.

Of these studies, nine were prospective studies [6-8,
10, 18-22], and the remaining three studies were ret-
rospective [23—-25], with one being a multicenter stud-
ies [8] and 11 being single-center studies. The sample
size ranged from 18 to 470, with the two largest studies
including 470 children [20] and 327 children [7], respec-
tively. One of these studies constructed clinical predic-
tion models [20]. The basic characteristics of the included
literature are given in Table 1.

Incidence of delirium and measurement method

The combined incidence of delirium was 39.0% (95%
CIL: 28.6-50.2%). The heterogeneity was high (I>=95%).
The combined incidence of delirium was 40.8% (95% CI:
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27.0-56.9%; 12=92%) in female children and 45.1% (95%
CL 29.6-61.2%; *=94%) in male children. (Fig. S1-3 in
the Supplementary material).

Two studies used the Pediatric Anesthesia Emergence
Delirium (PAED) scale [26] to assess delirium in children.
The scale was developed by Sikich et al. in 2004 includes
five items: (1) The child makes eye contact with the car-
egiver, (2) the child’s actions are purposeful, (3) the child
is aware of his/her surroundings, (4) the child is restless,
and (5) the child is inconsolable. Items 1, 2, and 3 are
reverse-scored as follows: 4, not at all; 3, just a little; 2,
quite a bit; and 1, very much; 0, extremely. Items 4 and 5
are scored as follows: 0, not at all; 1, just a little; 2 quite
a bit; 3, very much; and 4, extremely. A total PAED scale
score was calculated by summing the scores of each item,
with higher scores indicating more severe delirium. Chil-
dren with a PAED score>10 were considered to have
emergence delirium.

Ten studies assessed delirium in children using the
Cornell Assessment of Pediatric Delirium (CAPD) scale,

Identification of studies via other methods. J

Records identified from:
Citation searching (n = 9)

Reports sought for retrieval Reports not retrieved

(n=9) > (n=3)

Reports excluded:
Wrong population (n = 2)
Wrong outcome (n = 3)

Reports assessed for eligibility
(n=6)

>

| Identification of via datab and reglsters
[ Records identified from:
Pubmed (n = 476)
- Web of science (n = 1221)
% CEm:ase (‘(" = 9547‘2) Records removed before
QehTane;n-= screening:
% chﬁll:(sl ((: - 17;:)34) Duplicate records removed
- n=1623
i Sinomed (n = 51) ( )
Wanfang (n = 69)
Total (n =5141)
Records screened Records excluded by titles or
(n = 3518) abstfracts
i (n = 3472)
Reports sought for retrieval Reports not retrieved
o (n = 46) (n =4) a4
1]
§ l Reports excluded:
Reports assessed for eligibility »| Wrong population (n = 9)
(n=42) Wrong oufcome (n = 8) l
Repeatedly published (n = 2)
Clinical trial registries (n = 3)
Meeting Abstract (n =7)
Non-English or Chinses (n = 2)
. ¥
Total studies included in
quantitative synthesis <
(n=12)
° Study included in qualitative
3 synthesis
Fi (n=11)
Study included in quantitative
synthesis(meta-analysis)
(n=11)

Fig. 1 Flow chart of the systematic literature search
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an instrument developed by Silver et al. for assessing
delirium in patients aged 0-21 years [27]. The CAPD
scale has eight items: (1) eye contact with the caregiver,
(2) purposeful actions, (3) awareness of surroundings, (4)
ability to communicate needs and wants, (5) restlessness,
(6) difficulty calming, (7) underactive, and (8) long time
to respond to interactions. Each item is scored on a scale
of 0 to 4, with the fewer symptoms and behaviors from
items 14, the higher the score. The more symptoms and
behaviors from items 5-8, the higher the score. A child
with a total score of > 9 points is diagnosed with delirium.

Quality of included studies

The included studies differed in their methodological
quality (Fig. 2, and Fig. S4 in the Supplementary mate-
rial). Four studies were classified as low risk in all six
domains and were considered to be at an overall low risk
of bias. One study was considered to be at overall high
risk of bias, associated with confounding variables. The
remaining seven studies had at least one unclear risk in
six domains and were categorized as having a moderate
risk of bias.

Risk factors of delirium in included studies
The 12 included studies describe 39 statistically sig-
nificant risk factors for delirium. These variables were
divided into four major categories: intrinsic and par-
ent-related factors (12.8%, 5/39); disease-related fac-
tors (18.0%, 7/39); surgery and treatment-related factors
(48.7, 19/39) and clinical scores and laboratory param-
eters (20.5%, 8/39). Details of the risk factors identified in
each study are presented in Table 2.

Two variables were found to be definite risk factors
for delirium, based on either all low and moderate risk
of bias studies showing a positive association (if at least

Selection of participants
Confounding variables
Measurement of exposure
Blinding of outcome assessments
Incomplete outcome data
Selective outcome reporting

Summary risk of bias

_
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three studies) or the majority of low and moderate risk of
bias studies showing a positive association (if at least five
studies). Definite risk factors included age and mechani-
cal ventilation duration. Four variables were considered
likely associated with delirium, and these included being
of developmental delay, cyanotic heart disease, cardio-
pulmonary bypass (CPB) time, and pain score. 32 vari-
ables that showed conflicting results in studies with low
and moderate risk of bias, or were positive in only one
study, that were considered to have an unclear associa-
tion with delirium (see Table 2 for specific variables). In
addition, sufentanil was considered a non-risk factor.

Meta-analysis was performed for risk factors with at
least two low or moderate risk of bias studies demon-
strating homogeneous risk factor definitions and refer-
ence ranges (Figs. 3, 4, 5 and 6).

Discussion

Our study was the first systematic review of risk factors
for delirium after cardiac surgery in children. Based on
the inclusion of 12 studies in the current meta-analysis,
involving a total of 1976 patients, the pooled prevalence
of delirium is 39.0%. By conducting a qualitative synthe-
sis of 39 predictors and a quantitative meta-analysis of 13
factors, we identified two definite factors, four possible
factors, and 32 unclear factors related to delirium. The
definite factors included age and mechanical ventilation
duration, while the possible factors included develop-
mental delay, cyanotic heart disease, CPB time, and pain
score. The results of our systematic review present an up-
to-date comprehensive summary of the latest evidence,
which can provide information for early identification
of high-risk delirium after pediatric cardiac surgery and
the development of interventions to reduce and prevent
delirium.

0%

| |
+—

25% 50% 75%  100%

.Low risk of bias

E]Unclearrisk of bias

Bl Hioh risk of bias

Fig. 2 Summary of risk of bias in the included studies
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Odds Ratio Odds Ratio
Study log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
gender (male VS female)
Alvarez 2018 0.4343 0.1855 146% 1.54 [1.07,2.22) =
Gregory 2021 0.1076 0.3989 6.1% 1.11[0.51, 2.43) N
Koditz 2023 -0.0895 0.1428 17.3% 0.91 [0.69, 1.21) =
Liu 2023 -0.4943 0.7888 1.9% 0.61[0.13, 2.86) R
Lyu 2022 0.7547 0.384 6.4% 2.13[1.00, 4.51) —
Mao 2023 04869 0194 141% 1.63[1.11, 2.38) i
Patel 2017 -0.1641 01457 171% 085([0.64,1.13] -7
Staveski 2021 -0.1375 0181 14.9% 0.87[0.61,1.24) -
Yang 2021 0.0273 0.342 7.6% 1.03[0.53, 2.01) =1
Total (95% Cl) 100.0% 1.12[0.90, 1.40]
Heterogeneity: Tau*=0.05; Chi*=17.35, df=8 (P=0.03), F=54%
Test for overall effect: Z=1.01 (P=0.31) } ' ' 1
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Odds Ratio Odds Ratio
Study log[Odds Ratio] SE _Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
age (<1 year old)
Alvarez 2018 0.7344 01926 749% 2.08](1.43,3.04] . 5
Yang 2021 1.018 03326 251% 2.77[1.44,5.31] —
Total (95% CI) 100.0% 2.24[1.61,3.10] <
Heterogeneity: Chi*=0.54, df=1 (P =0.46), F=0%
Test for overall effect: Z= 483 (P <0.00001) ; ' ; |
0.01 0.1 1 10 100
Odds Ratio Odds Ratio
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Fig. 3 Meta-analysis of intrinsic factors. Forest plots of odds ratios (ORs) that were included in the quantitative meta-analysis and the associated
overall ORs. For each OR, the size of the red square region is proportional to the corresponding study weight. Diamond shapes intervals represent
the overall ORs. I represents the fraction of variability among the individual ORs that cannot be explained by sampling variability

The pathophysiology of delirium is not fully under- etiologic factors include brain changes revealed by neu-
stood, but several theories have been put forth to roimaging, sepsis-related inflammation, genetics, bio-
explain the neuropsychiatric disturbances. Possible  markers, and neurotransmitters [28—30]. The incidence
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Fig. 4 Meta-analysis of disease-related factors

of delirium in children after cardiac surgery is gener-
ally higher than in the group of nonsurgical children
in the intensive care unit, which may be attributed to
the correlation between the severity of the disease and
delirium in children [31]. In comparison to nonsurgical
critically ill children, children who undergo cardiac sur-
gery exhibit more pronounced characteristics of criti-
cal illness, including specific risks such as preoperative
hypoxemia, neurodevelopmental abnormalities, fluid
overload, electrolyte disorders, and hypothermia [32].
Additionally, the extracorporeal circulation techniques
commonly employed in pediatric cardiac surgery may
induce extensive endothelial cell activation, systemic
inflammatory response, and thromboembolic events
[33], which in turn lead to brain damage and inflamma-
tion, hence the higher incidence of delirium in children
after cardiac surgery [10, 22, 34]. Delirium can lead to
prolongation of hospitalization, increased healthcare
costs, impaired cognitive function, and higher mortal-
ity, causing immediate and long-term harm to patients.
Hence, early identification of delirium helps healthcare

professionals to take preventive and therapeutic meas-
ures as early as possible to reduce the adverse effects of
delirium.

Our findings align with previous research indicating
that age is the most critical risk factor affecting delirium
[6, 7, 10, 19, 20, 22]. The younger the age, the higher the
likelihood of delirium. Maldonado proposed a related
neuropathological hypothesis known as neuronal aging
[35], whereby changes in intracellular signaling, stress-
regulated neurotransmitters, and cerebral blood flow all
lead to neuronal loss. The hypothesis may have a coun-
terpart at the other extreme of age, a fragile immaturity
hypothesis. Considering the infant brain, continuous
central nervous system (CNS) regional development,
neurogenesis, migration, synaptogenesis, and myelina-
tion reflect the immaturity of the CNS. These developing
brains may exhibit heightened vulnerability to delirium
due to the impact of stress and disease. Further research
is still needed to explore the pathophysiology of delirium
in young children and the impact of delirium on their
long-term neuropsychiatric health.
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Fig.5 Meta-analysis of surgery and treatment-related factors

Developmental delay was identified as a possible risk
factor for delirium. Children with developmental delay
in the CNS are more susceptible to the effects of car-
diac bypass, anesthesia, and surgery [22]. Furthermore,
due to the challenge faced by evaluators in determin-
ing whether the level of consciousness and cognition
of children with developmental delays is altered com-
pared to their baseline conditions, more precise tools
are needed to assess the interaction between devel-
opmental delay and delirium. Lyu et al. [19]. demon-
strated that the risk of delirium in male children was
2.127 times higher than in female children. Similarly, a
study by Alvarez et al. [10] indicated a higher probabil-
ity of delirium in male children. However, other studies
have not found a significant association between gen-
der and the occurrence of delirium [6, 8, 18, 22, 24].
Moreover, the European Society of Anesthesiology evi-
dence-based and consensus guidelines on postoperative
delirium do not recommend gender as a risk factor for
delirium [36]. Therefore, further research is warranted
to expand the scope of studies and explore the relation-
ship between gender and delirium.

Diseases and adverse conditions are not only the
major cause of prolonged hospitalization and even death
in children but may also be important risk factors for
delirium. The increased risk of delirium in children with
cyanotic heart disease may be due to the effects of pro-
longed chronic hypoxia, oxidative stress, blood trans-
fusions, and poor nutritional status, all of which may
independently act as predisposing factors for delirium
[37, 38]. The majority of patients admitted to the pedi-
atric cardiac intensive care unit (PCICU) after cardiac
surgery are under 3 years of age [39], an age when neu-
rocognitive development is rapid and healthy sleep is
critical. Sleep disturbances are recognized as a potential
risk factor for the development of delirium, and children
with delirium frequently exhibit disrupted sleep pat-
terns. Data from a study by Gregory et al. suggested that
the majority of children in the PCICU had severe sleep
disturbances [18]. It is necessary to further explore the
importance of improving postoperative sleep status in
children undergoing cardiac surgery, as well as the feasi-
bility of continuous dynamic monitoring of sleep in the
ICU environment. In addition, one study showed that
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Fig. 6 Meta-analysis of clinical scores and laboratory parameters

preoperative lung infections and postoperative complica-
tions were risk factors for delirium [7], with the possible
explanation of these exacerbating the severity of the dis-
ease. The more severe the patient’s condition, the higher
the risk of postoperative delirium [40]. Therefore, it is
important to promptly treat preoperative infections and
minimize the risk of complications, as this may help pre-
vent delirium.

CPB is a form of assisted circulation specific to car-
diac surgery, but this process is non-physiological.
Non-pulsatile blood flow affects cerebrovascular autoreg-
ulation and interferes with matching cerebral blood flow
to metabolism. Hypothermia during CPB is unfavora-
ble for oxygen release. During the warming period, the
metabolism of the brain accelerates and the demand for
oxygen in the brain increases [41, 42]. Alvarez’s study
found that children with delirium had longer CPB dura-
tions [10], which aligns with the findings of Yang et al.
[7]. In addition, pediatric cardiac surgery patients often
require postoperative mechanical ventilation, prolonged
analgesia, and sedation to improve the safety of tra-
cheal intubation. However, prolonged and continuous

1.31[0.74, 2.32]
Heterogeneity: Tau*=0.14;, Chi*=6.43,df=1 (P=0.01); F=84%

0.01 0.1 1 10 100

mechanical ventilation increases the risk of low cardiac
output syndrome, respiratory failure, and severe insuffi-
ciency of cerebral blood supply in children [43], resulting
in a greater susceptibility to delirium. This suggests that
we should make adequate preoperative preparations for
children undergoing CPB to minimize the CPB time, the
duration of mechanical ventilation, and the occurrence of
various complications.

Accurate selection and evaluation of the appropriate
dosage of sedative and analgesic medications are particu-
larly crucial in children at high risk for delirium [42]. A
planned sedation and analgesia regimen can reduce the
likelihood of delirium to some extent. In recent years,
dexmedetomidine (Dex) has been increasingly used in
children [23, 44, 45]. Dex, a selective alpha-2-adrenergic
receptor agonist with sedative, anxiolytic, and analgesic
effects without causing significant respiratory depres-
sion, has been recommended by the Society of Critical
Care Medicine as the primary sedative for critically ill
pediatric postoperative cardiac surgical patients [46]. A
growing body of research supports that Dex is less likely
to induce delirium compared to benzodiazepines [23,
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47-49]. However, intravenous infusion of Dex may lead
to dose-dependent hypotension and bradycardia due to
its potential sympathetic activity [50]. In addition, given
the limited high-quality evidence available, there is an
urgent need for more high-quality randomized controlled
trials (RCTs) to further define the short- and long-term
safety and feasibility of Dex for pediatric cardiac surgery.

Pain score is recognized as a possible risk factor. Lyu
et al’s study demonstrated that the risk of delirium in
children with moderate to severe postoperative pain was
5.856 times higher than that of children with no pain and
mild pain [19]. Previous studies have also indicated that
relieving postoperative pain can effectively prevent and
treat delirium during postoperative awakening in pedi-
atric patients [51, 52]. The mechanism remains unclear
and may be related to the fact that the pain-induced
stress response produces persistently high levels of cor-
tisol, which impairs the function of the central nervous
system and thus causes delirium [53]. Disease severity
also directly affects the incidence of delirium and serves
as an independent risk factor [12, 54-56]. There are
many measures of disease severity in children, and com-
monly used ones include the Risk Adjustment in Con-
genital Heart Surgery-1 (RACHS-1) score, the Society
of Thoracic Surgeons and the European Association for
Cardiothoracic Surgery Congenital Heart Surgery Mor-
tality (STS-EACTS) Score and Pediatric Risk of Mortal-
ity (PRISM) IIL In the study by Patal et al., children with
a RACHS-1 score of 2 accounted for 40% of the total
number of children with delirium and were usually asso-
ciated with multiorgan dysfunction [22]. Similarly, Mao
et al. utilized (PRISM) III to assess the severity of a child’s
condition and observed a positive correlation between
higher scores and an increased likelihood of developing
delirium [20].

The strengths of this systematic review include the
systematic approach to identifying all publications con-
taining risk factors for delirium after pediatric cardiac
surgery and the division of risk factors into four major
categories to provide a logical progression of possible
factors of delirium. Nevertheless, the results of this sys-
tematic review and meta-analysis must take into account
several limitations. First, the vast majority of studies
were single-center studies, and most were conducted in
the United States and China, which may limit their gen-
eralizability. Second, there is a lack of standardization in
screening for delirium, and the CAPD is usually done by
day shift nurses. Consequently, children with nighttime-
only delirium may go undetected, which may lead to an
underestimate of the true incidence and duration of delir-
ium. Furthermore, despite the comprehensive and rigor-
ous search strategy employed, it is possible that some
studies may have been inadvertently overlooked. Lastly,

Page 14 of 16

and most importantly, our pooled analyses describe asso-
ciations between specific factors and the odds of devel-
oping delirium, but these observations do not establish
causality.

Conclusions

In summary, we identified several of the most critical fac-
tors affecting delirium in our published studies, includ-
ing age, mechanical ventilation duration, developmental
delay, cyanotic heart disease, CPB time, and pain score.
However, none of the included studies considered the
impact of sociodemographic factors (e.g., family income),
skill level of the intensive care unit team, and level of
environmental management (e.g., light and sound expo-
sure) on delirium. Therefore, future research should
focus on well-designed and extensive prospective stud-
ies to investigate the risk factors associated with delirium
and explore prevention strategies for high-risk children.
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