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Abstract
Background Down syndrome (DS), or Trisomy 21, is defined by the existence of an additional chromosome 21. 
Various physiological considerations in DS patients might lead to challenges in adequate pain management and 
sedation after surgery. The aim of this systematic review and meta-analysis is to evaluate the variations of the 
requirement needed for pain management and sedation in patients with DS who have undergone surgery compared 
to patients without DS.

Methods A systematic review and meta-analysis of studies were conducted, focusing on critically ill patients with 
DS who were admitted to Intensive care units (ICUs) post-surgery and received opioids and/or benzodiazepines. 
Searches were conducted in four databases from their inception to November 18, 2023 (Pubmed, Scopus, Cochrane 
Library, and Web of Science). The primary outcome measured was the dosage of Oral Morphine Equivalent (OME) 
administered in the days following surgery. Fixed-effect models were used, an approach advisable when only a 
limited number of studies are available.

Results  Out of the 992 studies initially screened, the systematic review included ten studies, encompassing 730 
patients, while the meta-analysis consisted of seven studies, encompassing 533 patients. Of the seven studies 
included in the analysis, 298 patients were identified to have DS, and 235 patients served as controls. Patients with 
DS showed a slight increase in OME needs on the first day, but this increase was not statistically significant (mean 
difference [MD] = 0.09; 95% Confidence Interval [CI]: [-0.02, 0.20]; P = 0.11). There was also no significant difference in 
the requirement for Midazolam on the first day among DS patients (MD = 0.01; CI [-0.16, 0.19]; P = 0.88). In addition, 
the duration of mechanical ventilation was not statistically significant in patients with DS compared with the control 
group (MD = -1.46 hours; 95% CI [-9.74, 6.82]; P = 0.73).
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Introduction
Down syndrome (DS) is a genetic disorder characterized 
by an additional chromosomal copy 21, resulting in the 
DS-associated phenotypic manifestation [1]. According 
to one study, up to 6,000 children are diagnosed annu-
ally with DS in the United States [2]. Children with DS 
carry a higher risk of having various congenital abnor-
malities, especially congenital heart disease, in up to 60% 
of DS patients [3]. Consequently, cardiac repair surgeries 
are typically required in infancy for these patients, and 
recovery in the intensive care unit (ICU) is necessary [4]. 
Additionally, individuals with DS are susceptible to other 
comorbidities, including blood disorders and frequent 
infections that necessitate painful and invasive interven-
tions [5].

Achieving optimal sedation and analgesia is required 
during their ICU stay to reduce stress and promote 
recovery [6]. However, it can be challenging, with several 
studies reporting the need for higher doses of sedation 
and analgesia in this population [7].

Several theories have been proposed to explain the 
challenges faced in achieving appropriate pain manage-
ment and sedation in patients with DS. One of these the-
ories suggests that this condition’s unique physiological 
and anatomical features may play a role. These features 
include changes in the GABAergic transmission system, 
which could affect their response to sedation and analge-
sia management, possibly leading to increased require-
ments compared to children without DS [7]. According 
to the results of sensory neurography studies, patients 
with DS may react to pain stimuli more slowly and have 
decreased peripheral sensory nerve conduction. How-
ever, the findings regarding the degree of pain sensitivity 
in children with DS are inconclusive [8].

A clinical perspective remains that achieving opti-
mal pain management and sedation in children with DS 
is challenging. As multiple studies were done to inves-
tigate the analgesia dose requirement in patients with 
DS, the results were conflicting. A retrospective cohort 
study reported that patients with DS after cardiac sur-
gery required significantly higher doses of morphine and 
utilized more sedatives and muscle relaxants when com-
pared to a matched control group [9]. Nevertheless, a ret-
rospective study found no significant correlation between 
patients with DS and high opioid doses in the first 24–96 
hours after surgery [10].

Moreover, pharmacokinetic and pharmacodynamic 
studies revealed that there is no significant difference in 

the need for morphine between patients with and with-
out DS after surgery [11, 12]. When comparing children 
with DS to their peers, the results of their analgesic and 
sedative needs remain inconsistent.

To optimize post-surgery care in patients with DS, it is 
necessary to understand the differences in sedation and 
analgesia requirements in those patients. Hence, our sys-
tematic review and meta-analysis aimed to evaluate the 
literature results on the variation in the requirements for 
pain management and sedation in critically ill post-surgi-
cal children with DS.

Methods
We carried out this systematic review and meta-analysis 
in accordance with the 2020 Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 
guidelines [13]. Additionally, the study was registered 
in the Prospective International Register of System-
atic Reviews (PROSPERO) under reference number 
(CRD42024484678).

Search strategy and study selection
We conducted searches in four databases (PubMed, Sco-
pus, Cochrane Library, and Web of Science) dating back 
to their inception through November 18, 2023, using the 
terms related to ‘Down syndrome,’ ‘intensive care unit,’ ' 
post-surgery’ and combined with terms related to anal-
gesia and sedation management. A comprehensive search 
strategy can be found in Appendix 1.

Following the identification of studies using predeter-
mined search terms in various databases, we utilized the 
Rayyan software for abstract screening and reference 
organization after removing duplicate entries [14]. Two 
investigators (SA and AA) independently screened all the 
identified studies for inclusion based on predetermined 
eligibility criteria, using the titles and abstracts of the 
articles. In cases of discrepancy between the two review-
ers, a third investigator (OA) was consulted to reach a 
consensus. Studies that were deemed eligible after the 
initial screening phase were then retrieved, and their 
full texts were independently reviewed by SA and AA. In 
cases of inter-reviewer disagreement, a fourth investiga-
tor, RA, was consulted to ensure a consistent and unbi-
ased selection process.

Randomized control trials, nonrandomized compara-
tive trials, or observational clinical studies of pediatric 
patients with DS aged 18 years or younger were consid-
ered eligible for inclusion. The studies included patients 

Conclusion Patients with Down syndrome did not require more sedation or analgesia in the first three days after 
surgery than patients without Down syndrome. Additionally, the two groups showed no significant difference in the 
duration of mechanical ventilation.
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requiring any surgical or non-surgical sedative or anal-
gesia in the intensive care setting. Eligible studies were 
included irrespective of the type, dose, or route of admin-
istration of the analgosedative agents (opioids, benzodi-
azepines, or non-benzodiazepines). Opioid analgesics 
such as (Morphine, Hydromorphone, and Fentanyl), sed-
atives such as Benzodiazepine (Midazolam, Lorazepam, 
and Diazepam), and non-benzodiazepine such as (Dex-
medetomidine, Ketamine, Propofol and Chloral hydrate) 
were all considered for inclusion. Studies were excluded 
if they evaluated the sedative or analgesic required for 
procedures or general anesthesia, or did not compare DS 
and non-DS patients for the primary or secondary out-
come. Also, lower quality studies including case reports 
or case series studies were excluded from the review.

Study outcomes
Initially, multiple outcomes were selected based on the 
preliminary search, including sedation and analgesia 
dose requirements, mechanical ventilation duration, 
inotropic scores, and vital signs. However, the primary 
and secondary outcomes were determined based on the 
most frequently reported outcome after screening the 
included studies. In this systematic review and meta-
analysis, the primary outcome was the Oral Morphine 
Equivalent (OME) during the first three days of seda-
tive agent administration. To standardize opioids to an 
equivalent OME, formula [15, 16] was applied, and to 
standardize various benzodiazepines to an equivalent 
Midazolam dose, formula [17] was used. Secondary out-
comes included the duration of MV. Pooled analysis was 
performed when two or more studies provided adequate 
data on the same outcome.

Data extraction and quality assessment
Two investigators (SA and AA) independently utilized 
a standardized data extraction form to extract relevant 
data, while a third investigator (RA) assisted in case of 
discrepancies. Information about study design, patient 
numbers, inclusion criteria, interventions, and relevant 
outcomes were obtained from all included studies.

The methodological quality of the studies was evalu-
ated independently by two investigators (MA and HA) 
using the Newcastle Ottawa Scale (NOS) for cohort stud-
ies. We planned to use the Cochrane Risk of Bias tool 
for randomized trials, however no such studies were 
included in this review. The NOS’s star allocation system, 
as outlined in its coding manuals, was used to assess the 
risk of bias (ROB) in the included studies. The assess-
ment focused on key criteria such as selection bias, com-
parability of groups, and outcome reporting to evaluate 
the risk of bias in each study. It involved evaluating eight 
criteria, with a maximum of nine stars. Each criterion 
can get a maximum of one star, except for comparability, 

which can get up to two stars. Based on this system, stud-
ies with 8 to 9 stars were classified as having low ROB, 
those with 6 to 7 stars as medium ROB, and those with 5 
or fewer stars were deemed to have high ROB [18].

Furthermore, the GRADE approach was applied to 
assess the certainty of evidence regarding the risk of bias, 
inconsistency, indirectness, imprecision, and publica-
tion bias. Two authors (HA, MA) independently assessed 
the certainty of evidence, resolving any discrepancies 
through discussion.

Data synthesis & analysis
As all study outcomes were continuous variables and 
reported on the same scale (days), mean differences 
(MD) were employed to summarize effect estimates, and 
their uncertainty was expressed through 95% confidence 
intervals (CIs). For studies reporting only medians and 
interquartile ranges, these data were converted to means 
and standard deviations (SD) using the method outlined 
by Luo et al., 2018 and Wan et al., 2014 [19, 20]. When 
SD was not reported, we adhered to the recommenda-
tions of the Cochrane Handbook for Systematic Reviews 
of Interventions, either by calculating the SD from other 
available data (e.g., p-values or CIs) or by computing the 
average SD when there was insufficient information to 
impute the missing SDs.

A fixed-effects model was used to pool the studies 
with no heterogeneity, and the DerSimonian Liard ran-
dom meta-analysis model was used when there was sig-
nificant heterogeneity. Heterogeneity among studies was 
assessed using the Chi-square test (Cochrane Q test) and 
the I-squared (I²) tests. χ² p-value of < 0.1 indicates sig-
nificant heterogeneity. The I² values can be interpreted 
as follows: 0–40% might not be important, 30–60%may 
represent moderate heterogeneity, 50–90%may represent 
substantial heterogeneity, and 75–100% considerable het-
erogeneity. All statistical tests were two-tailed, and the 
significance criterion was < 0.05.

Results
Literature search results
A total of 992 records were retrieved through our litera-
ture search process, and after removing 190 duplicate 
records, we were left with 802 unique records. Addition-
ally, we manually searched the references of the included 
studies but did not find any additional articles that met 
our inclusion criteria. Two independent investigators 
underwent screening of titles and abstracts of these 
records using Rayyan software. Only 19 studies met the 
eligibility criteria after this screening phase and were 
selected for full-text screening. Finally, ten studies were 
included in the systematic review, seven of which were 
sufficiently homogeneous in design and outcome to be 
compared in the meta-analysis. All details regarding the 
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screening and selection process of the included studies 
are illustrated in the PRISMA flow diagram Fig. 1.

Characteristics of the included studies
The systematic review included ten studies encompassing 
730 patients, while the meta-analysis consisted of seven 
studies with 533 patients. Of the seven studies included 
in the analysis, 298 patients were identified to have DS 
and, 235 patients served as controls. All included studies 
were observational since no interventional studies were 
found during the literature search. Additionally, the ini-
tial search focused on all pediatric admitted to the ICU. 
However, all the studies found focused only on postop-
erative cardiac patients, and no studies were found to 
assess the desired outcome in non-surgical ICU patients. 
The detailed baseline characteristics of the included stud-
ies are presented in the supplementary materials Table 
S1.

Quality assessment
The ROB in the analyzed studies varied from high to low 
risk of bias. It is important to note that the majority of 

these studies either neglected to assess confounders or 
omitted key confounders in their analysis, leading to sev-
eral studies receiving no more than one star for compara-
bility Table S2.

Oral morphine equivalent (OME)
At day one
Seven studies compared the patients with DS to the con-
trols regarding the OME on day one with a total of 530 
patients. The overall MD between the DS and the con-
trol groups showed that the OME at day one was higher 
in the DS group, but the results did not reach statisti-
cal significance (MD = 0.09  mg/kg; 95% CI [-0.02, 0.20]; 
P = 0.11). The pooled studies were homogeneous (P = 0.22; 
I2 = 27%) Fig. 2. We downgraded the evidence due to high 
ROB and imprecision Table 1.

At day two
Five studies compared the patients with DS to the con-
trols regarding the OME at day two with a total of 323 
patients. The overall MD between the DS and the con-
trol groups showed that the OME at day two was higher 

Fig. 1 PRISMA flow diagram of the study selection process
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in the DS group, but the results did not reach statisti-
cal significance (MD = 0.08  mg/kg; 95% CI [-0.02, 0.18]; 
P = 0.13). The pooled studies were homogeneous (P = 0.16; 
I2 = 39%) Fig. 3. We downgraded the evidence due to high 
ROB and imprecision Table 1.

At day three
Two studies compared the patients with DS to the con-
trols regarding the OME at day three with a total of 187 
patients. The overall MD between the DS and the con-
trol groups showed that the OME at day three was almost 
similar in the two groups with no difference between 

Table 1 GRADE rating of studies comparing patients with DS to control group with respect to sedation and analgesia requirement
Outcomes Anticipated absolute effects* (95% CI) No of partici-

pants (studies)
Certainty of the 
evidence(GRADE)

Reason for 
downgradeRisk with control Risk with down 

syndrome
Oral Morphine Equiva-
lent (OME) at Day One

The mean oral Morphine 
Equivalent (OME) at Day One 
was 3.32 Mg/Kg

MD 0.09 Mg/Kg higher 
(0.02 lower to 0.2 higher)

530 (7 non-
randomised 
studies)

⨁⨁◯◯ Low Downgraded due 
to high ROB and 
imprecision

Oral Morphine Equiva-
lent (OME) at Day Two

The mean oral Morphine 
Equivalent (OME) at Day Two 
was 1.60 Mg/Kg

MD 0.08 Mg/Kg higher 
(0.02 lower to 0.18 higher)

323 (5 non-
randomised 
studies)

⨁⨁◯◯ Low Downgraded due 
to high ROB and 
imprecision

Oral Morphine Equiva-
lent (OME) at Day Three

The mean oral Morphine 
Equivalent (OME) at Day Three 
was 1.14 Mg/Kg

MD 0.37 Mg/Kg lower 
(2.07 lower to 1.33 
higher)

187 (2 non-
randomised 
studies)

⨁◯◯◯ Very 
low

Downgraded due to 
high ROB, indirect-
ness, and imprecision

Total Cumulative dose 
of OME for the first two 
days

The mean total Cumulative 
dose of OME for the first two 
days was 3.19 Mg/Kg

MD 0.11 Mg/Kg lower 
(0.61 lower to 0.39 
higher)

368 (5 non-
randomised 
studies)

⨁◯◯◯ Very 
low

Downgraded due to 
high ROB, indirect-
ness, and imprecision

Total Cumulative dose 
of OME for the first three 
days

The mean total Cumulative 
dose of OME for the first three 
days was 4.56 Mg/Kg

MD 1.87 Mg/Kg lower 
(7.35 lower to 3.62 
higher)

187 (2 non-
randomised 
studies)

⨁◯◯◯ Very 
Low

Downgraded due to 
high ROB, indirect-
ness, and imprecision

Midazolam Require-
ments at Day One

The mean midazolam Require-
ment at Day One was 1.00 
Mg/Kg

MD 0.01 Mg/Kg higher
(0.16 lower to 0.19 
higher)

270 (3 non-
randomised 
studies)

⨁⨁◯◯ Low Downgraded due 
to high ROB and 
imprecision

Midazolam Require-
ments at Day Two

The mean midazolam Require-
ment at Day Two was 0.31 
Mg/Kg

MD 0.19 Mg/Kg 
higher(0.3 lower to 0.68 
higher)

211 (2 non-
randomised 
studies)

⨁◯◯◯ Very 
Low

Downgraded due to 
high ROB, inconsisten-
cy, and imprecision

Total cumulative dose of 
Midazolam for the first 
two days

The mean total cumulative 
dose of Midazolam for the first 
two days was 0.95 Mg/Kg

MD 0.09 Mg/Kg higher 
(0.11 lower to 0.29 higher)

261 (3 non-
randomised 
studies)

⨁◯◯◯ Very 
Low

Downgraded due to 
high ROB, inconsisten-
cy, and imprecision

Mechanical Ventilation 
Duration

The mean mechanical Ventila-
tion Duration was 36.87 Days

MD 1.46 Days fewer(9.74 
fewer to 6.82 more)

400 (5 non-
randomised 
studies)

⨁⨁◯◯ Low Downgraded due 
to high ROB and 
imprecision

CI: confidence interval; MD: mean difference

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that 
it is substantially different

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect

Fig. 2 Forest plot comparing the DS and the control groups regarding the OME at day 1
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them (MD= -0.37  mg/kg; 95% CI [-2.07, 1.33]; P = 0.67) 
and pooled studies showed significant heterogeneity 
(P = 0.01; I2 = 85%) Fig.  4. We downgraded the evidence 
due to high ROB, indirectness, and imprecision Table 1.

Total cumulative dose of OME for the first two days
Five studies compared the patients with DS to the con-
trols regarding the cumulative OME for the first two days 
with a total of 368 patients. The overall MD between the 
DS and the control groups showed that the cumulative 
OME for the first two days was almost similar in the two 
groups with no difference between them (MD= -0.11 mg/
kg; 95% CI [-0.61, 0.39]; P = 0.67) and pooled studies 

showed significant heterogeneity (P = 0.006; I2 = 73%). 
Figure  5 The heterogeneity was resolved by performing 
the sensitivity analysis excluding Vogel et al. 2022 study 
(P = 0.10; I2 = 53%); however, the results still show no dif-
ference between the two groups (MD = 0.07 mg/kg; 95% 
CI [-0.28, 0.41]; P = 0.70) Fig. 6. We downgraded the evi-
dence due to high ROB, indirectness, and imprecision 
Table 1.

Total cumulative dose of OME for the first three days
Two studies compared the patients with DS to the con-
trols regarding the cumulative OME for the first three 
days with a total of 187 patients. The overall MD between 

Fig. 6 Forest plot comparing the DS and the control groups regarding the cumulative OME for the first two days after resolving the heterogeneity

 

Fig. 5 Forest plot comparing the DS and the control groups regarding the cumulative OME for the first two days

 

Fig. 4 Forest plot comparing the DS and the control groups regarding the OME at day 3

 

Fig. 3 Forest plot comparing the DS and the control groups regarding the OME at day 2
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the DS and the control groups showed that the cumula-
tive one for the first three days was almost similar in 
the two groups with no difference between them (MD= 
-1.87  mg/kg; 95% CI [-7.35, 3.62]; P = 0.51) and pooled 
studies showed significant heterogeneity (P < 0.001; 
I2 = 93%) Fig. 7. We downgraded the evidence due to high 
ROB, indirectness, indirectness, and imprecision Table 1.

Midazolam
At day one
Three studies compared the patients with DS to the con-
trols regarding the midazolam at day one, with a total of 
270 patients. The overall MD between the DS and the 
control groups showed that the midazolam at day one 
was almost similar in the two groups with no difference 
between them (MD = 0.01  mg/kg; 95% CI [-0.16, 0.19]; 
P = 0.88). The pooled studies were homogeneous (P = 0.76; 
I2 = 0%) Fig. 8. We downgraded the evidence due to high 
ROB, and imprecision Table 1.

At day two
Two studies compared the patients with DS to the con-
trols regarding midazolam at day two with a total of 211 
patients. The overall MD between the DS and the con-
trol groups showed that the midazolam at day two was 
slightly higher, but not statistically significant, in the DS 
group compared to the control group (MD = 0.19 mg/kg; 
95% CI [-0.30, 0.68]; P = 0.44). The pooled studies were 
not homogeneous (P = 0.03; I2 = 78%) Fig.  9. We down-
graded the evidence due to high ROB, indirectness, and 
imprecision Table 1.

At day three
Midazolam at day three was reported only by one study 
with a total of 155 patients. The overall MD between the 
DS and the control groups showed that the midazolam 
at day three was lower, but not statistically significant, 
in the DS group compared to the control group (MD= 
-0.08 mg/kg; 95% CI [-0.16, 0.00]; P = 0.05). Figure 10.

Fig. 10 Forest plot comparing the DS and the control groups regarding the midazolam at day 3

 

Fig. 9 Forest plot comparing the DS and the control groups regarding the midazolam at day 2

 

Fig. 8 Forest plot comparing the DS and the control groups regarding the midazolam at day 1

 

Fig. 7 Forest plot comparing the DS and the control groups regarding the cumulative OME for the first three days
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Total cumulative dose of midazolam for the first two days
Three studies compared the patients with DS to the 
controls regarding the total cumulative dose of Mid-
azolam for the first two days with a total of 261 patients. 
The overall MD between the DS and the control groups 
showed that the total cumulative dose of Midazolam for 
the first two days was slightly higher, but not statisti-
cally significant, in the DS group compared to the control 
group (MD = 0.09  mg/kg; 95% CI [-0.11, 0.29]; P = 0.38). 
The pooled studies were homogeneous (P = 0.34; I2 = 7%). 
Figure 1. We downgraded the evidence due to high ROB, 
indirectness, and imprecision Table 1, (see Fig. 11).

Mechanical ventilation (MV) duration
Five studies reported the MV duration comparing the DS 
and the control groups with a total of 400 patients. The 
overall MD showed that there was no significant differ-
ence between patients with DS and the controls regard-
ing the MV duration (MD= -1.46 h; 95% CI [-9.74, 6.82]; 
P = 0.73). The pooled studies were homogeneous (P = 0.42; 
I2 = 0%) Fig. 12. We downgraded the evidence due to high 
ROB, and imprecision Table 1.

Discussion
To our knowledge, this is the first meta-analysis to evalu-
ate opioid and benzodiazepine requirements in post-sur-
gical children with DS. The results of this meta-analysis 
shed light on the inaccurate assumption about increased 
sedation and analgesia requirements in DS. Such find-
ings are essential as they can provide healthcare profes-
sionals with an accurate estimation to optimize patient 
care. However, future randomized clinical trials with 
larger cohorts are needed to ensure appropriate dosing in 
patients with DS.

Our meta-analysis didn’t detect a significant differ-
ence in morphine requirement in DS. Findings arise from 
seven studies, and a total of 533 patients compared OME 
on day 1 in patients with DS versus the control group. 
The results indicated that on day 1, OME was higher in 
the DS group without statistical significance; on day 2, 
OME was also higher but not statistically significant; and 
on day 3, OME requirements were similar between the 
groups with a significant heterogeneity [9–12, 21–23]. 
Regarding the hypothesis that individuals with DS have a 
different sensitivity to pain, one study among the studies 
included in the meta-analysis that had involved 45 infants 
undergoing duodenal surgery found no significant differ-
ences in pain scores or analgesia requirements compared 
to the control group [22].

Two others among the included studies had reported 
limitations, including small sample size and variabil-
ity in underlying cardiac diagnosis between the DS and 
matched control, leading to patients undergoing different 
cardiac procedures. This is considered a potential con-
founder as different cardiac diseases have a significant 
impact on patient care as well as on clinical outcomes. 
An additional limitation that was reported in some of the 
included studies is the use of adjunctive non-opioid med-
ications for pain control, which might lead to a reduced 
total requirement of opioids among study participants. 
Therefore, our findings contradict the common belief 
that DS might require more pain medication than their 
peers. In alignment with our results, two pharmacokinet-
ics studies have shown that neither morphine volume of 
distribution nor clearance is different in DS in compari-
son to patients without DS, meaning that DS shall not be 
anticipated to require a higher requirement than their 
peers [12, 22]. While our analysis did report higher OME 

Fig. 12 Forest plot comparing the DS and the control groups regarding the mechanical ventilation duration

 

Fig. 11 Forest plot comparing the DS and the control groups regarding the total cumulative dose of Midazolam for the first two days
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requirements in the DS on certain days, such a difference 
did not reach statistical significance. Ultimately, evidence 
regarding pain sensitivity in children with DS remains 
inconclusive.

Analysis of sedation requirement on day 1 in trisomy 
disorder patients across three studies (totaling 270 par-
ticipants) indicated nearly equivalent use of midazolam 
between the groups (MD = 0.01 mg/kg; P = 0.88). On day 
2, midazolam requirement was slightly higher in the DS 
group, though not statistically significant in two studies 
[21, 23]. Conversely, one study found that midazolam 
requirement on day 3 was lower in the DS group but also 
didn’t reach statistical significance [21]. Velkenburg et al. 
developed a population pharmacokinetic model for mid-
azolam, which showed that DS was not considered to be 
a significant covariate. Their pharmacodynamic analy-
sis concluded that there was no observed difference in 
midazolam sedative effect between DS and non-DS [22]. 
Similarly, Vogel et al. demonstrated an insignificant dif-
ference in midazolam exposure either preoperatively or 
intraoperatively between DS and matched control. Addi-
tionally, no differences in pediatric intensive care unit 
or hospital length of stay were observed between the 
groups. However, limitations include the retrospective 
nature impacting sample size matching, the challenges 
in accurately assessing pain in non-verbal children with 
DS, which might lead to underestimation of their actual 
needs, and the author noted considerations about the 
potential impact of other sedative agents, such as ket-
amine and dexmedetomidine, on the midazolam require-
ment [21]. The results of our meta-analysis contradict 
previous studies that reported higher midazolam doses 
and hypothesized alterations in the GABA transmission 
system in patients with DS as the cause [7, 22].

The duration of MV was assessed in our meta-analysis 
through the inclusion of five studies [10–12, 21, 22]. The 
overall findings revealed that there was no difference in 
MV duration between patients with DS and the controls. 
However, a study by Goot et al. reported that the length 
of stay for an individual with DS was longer than that of 
their peers, which might be indirectly linked to delayed 
respiratory recovery or feeding intolerance. It should be 
noted that this study was limited by its sample size [11]. 
Additionally, prolonged length of stay in patients with 
DS might be attributed to their underlying disease. A 
review involving 488 patients with DS found that anes-
thetic-related consequences such as severe bradycardia 
occurred in 3.66% of the patients and up to 1.83% occur-
rence rate of obstruction in the airway. This complication 
might have an impact on the duration of MV in compari-
son to patients without DS [24].

We acknowledge that this meta-analysis has consider-
able limitations. Firstly, it includes only a total of 10 stud-
ies in the systemic review and 7 in the meta-analysis, all 

of which were retrospectively designed. In addition, seda-
tion and analgesia assessment tools were highly diverse 
across the analyzed studies. Selecting an accurate tool 
is crucial, particularly considering reports that children 
with DS had restricted ability in verbal and behavioral 
expression to painful stimuli [25]. This is of great signifi-
cance as it could affect the amounts of analgesia actually 
administered to those patients. The lack of consideration 
of non-opioid agents or adjunctive sedative agents fur-
ther adds to the limitation of our findings. Thus, ran-
domized clinical trials or prospective cohort studies 
accounting for the additional use of non-opioid medica-
tion and using standardized assessment tools are needed 
to address the gap in knowledge about sedation and anal-
gesia requirements in patients with DS.

Conclusion
Our meta-analysis confirms the inaccurate clinical 
assumption about the use of opioids in children with DS. 
Our conclusion indicates that patients with DS didn’t 
necessitate a higher requirement of sedation or analgesia 
in the first three days postoperatively compared to chil-
dren without DS. Furthermore, there was no significant 
difference in the duration of MV between the two groups.
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