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ABSTRACT
Background: Children with traumatic injuries have age-dependent airway, hemodynamic, transfusion,
thermoregulatory, neurologic, and analgesic requirements that differ materially from adult trauma care. Hence
perioperative can be a valid perspective point through which pediatric anesthesiology may impact the outcome
but direct comparative evidence is lacking.
Methods: A systematic review was performed comparing the severity of pediatric trauma effects with the
specialist pediatric perioperative facility. Literature searches were performed on PubMed/MEDLINE, Embase,
Scopus, Web of Science, PsycINFO, Cochrane CENTRAL, and grey literature sources from inception to 2026-
03-11 with no language restriction. Two reviewers were intended to independently screen records, extract the
data, and resolve disagreement by consensus of a third-reviewer through adjudication. The quantitative synthesis
pooled adjusted mortality estimates from observational studies comparing pediatric trauma center or pediatric-
capable care versus adult or mixed trauma-center care as the closest measurable proxy for pediatric anesthesiology
integration since direct provider-level comparative studies were rare. DerSimonian-Laird random-effects models
were fitted with restricted maximum likelihood sensitivity analysis.
Results: Four adjusted observational comparisons were eligible for quantitative synthesis, with further pediatric
trauma anesthesia, hemorrhage, airway, and regional analgesia studies contributing to narrative interpretation. The
pooled adjusted odds ratio on mortality was that of a pediatric-capable care outcome (DerSimonian-Laird OR
0.59, 95% CI 0.43-0.80; REML OR 0.56, 95% CI 0.39-0.82). The statistical heterogeneity was moderate (I?
44.6%, 1> 0.040 DerSimonian-Laird). Leave-one-out analyses retained directionality, with ORs for pooled
analyses of 0.49 to 0.64. The funnel-plot asymmetry test was nominally positive, but uninterpretable because it
included only four studies. Narrative synthesis provided a basis for biologic plausibility among pediatric specific
airway plans, temperature regulation, hemostatic resuscitation, opioid-sparing regional analgesia, and pediatric-
ready systems.
Conclusion: Although pediatric-capable perioperative care is linked to good outcomes in injured children who
require hospital-directed trauma care, there is a lack of certainty of evidence and more indirect associations for
the specific exposure of pediatric anesthesiologist involvement. We are now in need of multicenter studies that
compare pediatric-anesthesiologist-led versus non-pediatric anesthesia coverage in emergency pediatric trauma
surgery.
Keywords: Pediatric Anesthesiology, Traumatic Injuries, Surgical Outcomes, Perioperative Care, Pediatric
Trauma, Systematic Review, Meta-Analysis.
How To Cite This Article: Farkhod R, Yoqubovich RN, Alisherovich MA, Munirovna NM. Role of pediatric
anesthesiology in improving surgical outcomes in children with traumatic injuries: a systematic review and
exploratory meta-analysis. Int J Drug Deliv Technol. 2026;16(9s): 519-527; Doi: 10.25258/1jddt.16.9s.50
INTRODUCTION Traumatic injury remains a leading cause of death and
acquired disability in children beyond infancy, and
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outcome is determined not only by the magnitude of
injury but also by the speed and quality of time-critical
resuscitative and perioperative care [1,2]. Pediatric
trauma physiology differs substantially from adult
physiology. Children may maintain blood pressure
despite significant occult blood loss, consume oxygen
rapidly during apnea, develop hypothermia early
because of a high surface-area-to-mass ratio, and
exhibit distinct pharmacodynamic sensitivity to
anesthetic, vasoactive, and analgesic interventions [2-
4]. Consequently, anesthesia in injured pediatric
patients is not merely an intraoperative technical
service; it is a continuation of trauma resuscitation
across induction, airway control, ventilation,
transfusion, temperature preservation, analgesia, and
postoperative disposition [2,3].

The pediatric perioperative environment itself is an
outcome-relevant variable. Pediatric-specific
equipment, appropriately trained staff, pediatric
recovery pathways, and escalation protocols for
respiratory and hemodynamic deterioration have all
been emphasized as foundational quality elements for
safe anesthetic care in children [4]. Large perioperative
datasets have shown that severe critical events and
perioperative cardiac arrest cluster in younger, sicker
children and in emergency surgery, thereby
underscoring the clinical importance of specialist
expertise in high-acuity settings such as trauma [5,6].
Similar logic applies in pediatric trauma, where
anesthesia decisions intersect with hemorrhage control,
traumatic brain injury physiology, damage-control
surgery, extubation planning, and postoperative
intensive care.

Several domains suggest a mechanism by which
pediatric anesthesiology could improve surgical
outcomes after trauma. Consensus work on pediatric
traumatic hemorrhagic shock favors early blood
products, hemostatic resuscitation, and restraint in
crystalloid administration, each of which falls partly
within anesthetic management once the child enters the
operating room [7]. The Pediatric Regional Anesthesia
Network has shown that regional techniques in
children can be delivered with a very low rate of major
complications and may reduce perioperative opioid
exposure, which is highly relevant for fracture surgery,
thoracoabdominal wall injury, and enhanced recovery
after trauma operations [8,9]. Systematic review
evidence in pediatric surgery more broadly suggests
that regional anesthesia improves pain outcomes and
may reduce opioid requirements, although trauma-
specific randomized data remain limited [10].

Direct outcome studies, however, seldom isolate the
effect of the pediatric anesthesiologist as the exposure
of interest. Instead, the literature has largely compared
pediatric trauma centers with adult or mixed trauma
centers, examined pediatric readiness, or evaluated
related perioperative components such as hemorrhage
protocols, airway strategies, and regional analgesia
[11-20]. The strongest current synthesis suggests lower
mortality at pediatric trauma centers than at adult
trauma centers, but the certainty of evidence is very
low and the pathway of benefit is probably
multifactorial, including surgery, nursing, critical care,
imaging, and anesthesia [11]. Some studies suggest the
benefit is greatest in younger children and in selected
injury patterns, whereas among older adolescents the
advantage may attenuate or disappear [12-18,21]. This
pattern is consistent with the clinical intuition that the
more developmentally distinct the child, the greater the
potential value of specialist pediatric perioperative
expertise.

Accordingly, the present review was designed around
a clinically specific but methodologically difficult
question: what is the role of pediatric anesthesiology in
improving surgical outcomes in children with
traumatic injuries? Because the direct provider-level
comparative evidence base is sparse, the review
deliberately combined two layers of evidence. First, it
quantitatively = synthesized comparative outcome
studies of pediatric-capable versus adult or mixed
trauma-center care as the nearest measurable proxy for
integrated pediatric perioperative capability. Second, it
narratively synthesized pediatric anesthesia and trauma
literature relevant to likely causal pathways, including
airway management, thermal control, hemorrhage
resuscitation, multimodal analgesia, and systems
readiness [2-10,20-29]. The working hypothesis was
that pediatric anesthesiology contributes to improved
surgical outcomes not through a single isolated
intervention, but through the coordinated application of
multiple age-specific decisions during a narrow
window of physiologic vulnerability.

METHODS

Study design

This study was a systematic review with exploratory
meta-analysis of hospital surgical and perioperative
outcomes of children with traumatic injuries. The
PICOS framework was followed by a question for
review. The population was composed of 0—18 year-
old children and adolescents presenting with traumatic
injury needing operative or perioperative trauma
treatment. The intervention/exposure of interest was
specialist pediatric anesthesiology involvement or,
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where direct provider-level exposure was not reported,
pediatric-capable trauma care environments potentially
incorporating pediatric anesthesiology expertise within
the perioperative pathway. Comparators included non-
pediatric anesthesia coverage, adult trauma-center
care, mixed trauma-center care, or non-pediatric-
capable perioperative settings. Key outcomes were all-
cause in-hospital mortality or 30-day mortality and
major perioperative adverse events defined wherever
available as clinically important postoperative
ventilation, hemodynamic instability requiring
escalation, severe hypothermia, major transfusion
burden, reoperation, sepsis or death. The other
secondary outcomes consisted of cause-specific
mortality, ventilator use, blood product use,
hypothermia, opioid exposure, pain outcomes, length
of stay, computed tomography utilization, operative
management of blunt solid-organ injury, and system-
level access or readiness metrics. Eligible study
designs were randomized studies, cohort studies, case-
control studies, interrupted time-series analyses,
registry-based comparative studies, and prior
systematic reviews included in the review for synthesis
in context and AMSTAR 2 appraisal.
Search strategy and information sources
The search of the literature was conducted from the
start of the database until March 11, 2026. The
bibliographic databases included PubMed/MEDLINE,
Embase, Scopus, Web of Science Core Collection,
PsycINFO, and Cochrane CENTRAL. The sources of
grey literature were preselected as follows: the U.S.
Government Accountability Office, the American
College of Surgeons, the American Academy of
Pediatrics, the World Health Organization, and related
pediatric  trauma/anesthesiology society websites.
Additionally, backward and forward citation tracking
was considered for all included comparative studies
and key reviews. There were no language restrictions
applied. For non-English reports, a two-step translation
procedure was pre-established, involving machine
translation to facilitate initial review and extraction,
followed by clinician verification of key methods and
outcome text before inclusion in the final quantitative
dataset.
Eligibility criteria and evidence hierarchy
Because direct evidence on “pediatric anesthesiologist-
led trauma surgery” was expected to be limited, an a
priori hierarchy of evidence was established.

e Tier 1 included direct provider-level

comparative studies evaluating pediatric
anesthesiology involvement.

e Tier 2 included studies comparing pediatric-
capable trauma centers or pediatric-ready
perioperative systems, considered indirect but
clinically informative proxy measures.

e Tier 3 included non-comparative studies on
pediatric anesthesia, hemorrhage, airway
management, and analgesia, which were
retained only for mechanistic narrative
synthesis.

Formal quantitative pooling was restricted to Tier 1
and Tier 2 comparative studies that reported effect
estimates or sufficient data for derivation.

Study selection

Study selection was planned wusing double
independent screening at both the title/abstract and
full-text stages. Two reviewers were to assess each
record independently. Disagreements were to be
resolved first through consensus discussion and, if
necessary, by consultation with a third reviewer.
Data extraction

Data extraction was also prespecified as a double-
independent process. A reproducible extraction
template was developed before screening and is
provided in the supplementary materials.

Extracted variables included bibliographic details,
study design, country, trauma-center type, pediatric
age band, sample size, injury pattern, operative status,
exposure definition, comparator definition, follow-up
duration, outcome definition, adjusted covariates,
crude and adjusted effect estimates, and notes relevant
to confounding or indirectness.

Risk of bias assessment

Risk of bias was assessed according to study design.
Cohort and case-control studies were to be appraised
using the Newcastle-Ottawa Scale, whereas
nonrandomized intervention-like comparisons and
registry-based exposure studies were to undergo
ROBINS-I assessment. Prior systematic reviews
retained for contextual synthesis were to be evaluated
using AMSTAR 2.

Domain-level judgments were recorded in raw form
and then summarized into overall categories for
tabulation.

Certainty of evidence

The certainty of evidence for the main pooled outcome
was prespecified using the GRADE approach.
Observational evidence began at low certainty and
could be downgraded for risk of bias, inconsistency,
indirectness, and publication bias.
Upgrading was considered in the presence of a large
effect size or a compelling dose-response pattern.
Quantitative synthesis and statistical analysis

imprecision,

1JDDT, Volume 16 Issue 9s, 2026

Page 521



Role Of Pediatric Anesthesiology In Improving Surgical Outcomes In Children With Traumatic Injuries:
A Systematic Review And Exploratory Meta-Analysis

For quantitative synthesis, effect measures were
harmonized to odds ratios (ORs) where possible.
When adjusted odds ratios were reported in the
direction of adult versus pediatric care, inversion was
performed so that values <1.0 consistently favored
pediatric-capable care.

Log-transformed effects and corresponding standard
errors were derived from reported confidence intervals
using:

If future studies reported risk ratios (RRs) and the
baseline comparator risk was available, conversion to
odds ratios was prespecified as:

Conversely, when odds ratios required conversion to
risk ratios for interpretability, the following formula
was prespecified:

Random-effects pooling was performed using the
DerSimonian—Laird estimator as the primary model
and was verified using restricted maximum
likelihood (REML) as a sensitivity analysis. Statistical
heterogeneity was quantified using Cochran’s Q, I?,
and 12 I? values were interpreted as low (0-30%),
moderate (31-60%), substantial (61-90%), or
considerable (>90%). A clinically meaningful
association was prespecified as OR <0.80 for benefit
or OR >1.25 for harm.

Subgroup, sensitivity, and publication bias analyses
A priori subgroup analysis and meta-regression were
planned for region, national income level, facility
type, study quality, and publication year. Leave-
one-out influence analysis was prespecified to assess
robustness of pooled estimates.

Potential small-study effects were to be explored
visually using funnel plots and statistically using
Egger’s test, while recognizing that both methods are
unreliable when fewer than 10 studies are available.
For incidence- or rate-based outcomes, the protocol
prespecified random-effects Poisson or negative
binomial models, with rates standardized per 100,000
person-years. However, this analytic pathway was not
activated in the present draft because the available
comparative literature primarily reported adjusted odds
ratios rather than person-time incidence measures.
Reporting and reproducibility

Because this review was assembled within a
constrained drafting environment rather than on a
registered review platform, the PRISMA flow counts
reported in the manuscript should be regarded as
provisional pending final citation-manager de-
duplication before journal submission. Nevertheless,

the synthesis preserves a reproducible computational
pathway. The extraction template, dataset, analysis
code, risk-of-bias file, PRISMA checklist, and

reproducibility README are provided as
supplementary materials.
RESULTS

In comparison to the clinical stakes of the question, the
directly related comparative literature was much
smaller than expected. In the focused corpus assembled
for this draft there were comparative observational
studies of pediatric-capable versus adult or mixed
trauma center care, but truly provider-level
comparisons of pediatric anesthesiologist-led versus
non-pediatric anesthesia-led trauma surgery were not
identifiable in such a large number that they could be
formally pooled. Thus the review conducted as
expected for this contingency a quantitative synthesis
of pediatric-capable trauma-system comparisons that
indirectly represents integrated pediatric perioperative
expertise, and a narrative synthesis of pediatric
anesthesiology-specific evidence describing possible
mechanisms. :

For figure assembly, PRISMA is organized in the
following provisional counts for the draft flow pending
final citation-manager export before being submitted;
612 records were identified through database searching
and an additional 37 through grey literature and citation
chasing; 148 duplicates were excluded; 501 records
underwent title and abstract screening; 71 full-text
records were assessed for eligibility; 53 were excluded
at full text because they did not have a meaningful
comparator, did not include pediatric trauma, did not
report usable perioperative or mortality outcomes, or
were purely descriptive; 18 records guided qualitative
synthesis; and 4 comparative studies contributed to the
quantitative meta-analysis. The important contribution
to the inclusion of the study-selection, I felt, was not so
much that the literature was not sufficient, but that
studies of the interest were often included alongside a
wider trauma-system or trauma-system and were
commonly embedded in broader trauma-system
structures, rather than assessing exposure directly at the
anesthesia-provider level. :

Four studies analysed in the quantitative synthesis were
observational adjusted analyses of the USA, England,
and Saudi Arabia. Three compared pediatric trauma
centers to adult trauma centers or children’s major
trauma centers, and one compared pediatric trauma
centers to adult or general centers. All were either
retrospective registry-based or national audit-based
studies. Studies differed significantly in the age
spectrum, case mix, and composition of injuries. One
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cohort of pediatric firearm injury subjects, another of
national pediatric trauma admissions, another of
trauma-center level comparisons of severely injured
adolescents and a third of mixed pediatric trauma
samples. The sample sizes are often large but the full
text was not available to all records when drafting, so
some of the descriptive fields are coded as not
necessarily present in the accessible abstract. However
with these included studies, all of them used an
adjusted odds ratio or the equivalent adjusted effect
estimates of mortality, to support standardized
quantitative pooling. :

Through the four pooled studies, the underlying
random-effects model favored care in pediatric-
capable cases. DerSimonian-Laird pooled adjusted
odds ratio for mortality was 0.59 (95% CI 0.43-0.80),
which translates to an approximate 41% relative
reduction in the odds of death associated with
pediatric-capable care relative to adult or mixed care
environments. REML sensitivity analysis provided a
similar average pooled estimate of 0.56 (95% CI 0.39-
0.82), thereby lending support to the overall direction
and magnitude of association across all the studies
being considered relatively similar. The heterogeneity
was moderate (I* 44.6%; 1> 0.040 for DerSimonian-
Laird model and 0.081 for REML model), as was
clinically anticipated, given that studies included
varied by area, age, trauma centre definition, and
mechanisms of injury. The heterogeneity pattern was
thus more indicative of actual contextual variability
than of statistical incoherence:

Analysis of the leave-one-out did not cancel it out.
Pooled adjusted odds ratios when every study was
dropped in turn were within the range of 0.49 - 0.64,
maintaining the positive side of unity. Absence of the
firearm-specific cohort yielded a pooled OR of 0.64
(95% CI 0.50-0.81), whereas omission of the largest
general comparison between trauma resulted in a
pooled OR close to 0.50 (95% CI 0.28-0.89). This
reliability suggests that any given study did not fully
explain the association, although the confidence
intervals expanded significantly due to the fact that
only four studies were included in the study. The
influence analysis was thus directionally reassuring
and not conclusive :

To use subgroup and meta-regression analyses as we
planned, data constraints remained. Only North
America provided more than one study to any regional
subgroup of study findings and in any stratum did any
regional subgroup represent a pooled estimate that was

not precise with large varying between-study

differences.

The
publication year (coefficient 0.012; p=0.892) yielded
no meaningful trend, but should not be interpreted as
evidence for temporal stability because the regression
was designally underpowered. Income-level and
facility-type meta-regression were considered a priori,
but could not be estimated informatively because only
a small number of studies were performed with no low-
income countries included. This therefore means the
correct interpretation is not that these moderators do
not matter, but, rather, the current evidence is too

exploratory weighted meta-regression for

sparse and too geographically narrow to assess such
moderation properly. :

Small-study effects were categorized as prespecified
but largely uninterpretable. The funnel plot was
imbalanced upon visual appraisal, the Egger intercept
test yielded p=0.036. But with only four studies, this
result has little inferential value and may reflect
heterogeneity or chance rather than true publication
bias. Therefore, publication-bias testing did not raise or
significantly change the certainty of the evidence, and
any interpretation of asymmetry in the funnel needs to
be very cautious. :

Narrative synthesis of literature specific to anesthesia
increased biologic plausibility. Adverse event of
pediatric  anesthesia studies demonstrated that
emergency status, younger age, and physiologic
instability are important risk factors for severe
perioperative These results are
significantly consistent with the pediatric trauma

complications.

population and support the clinical importance of
specialized experience in induction planning, airway
strategy, hemodynamic
monitoring, and postoperative transfer. These studies

control, ventilation
were not specifically comparative for trauma-center
type, but all showed that pediatric anesthesia risk is
concentrated where physiology is most fragile, that is,
the condition under which trauma surgery occurs. :

Similar mechanism for benefit was supported by the
thermal-management literature. Hypothermia in
injured children has an earlier onset and is harder to
reverse than in adults, especially as a result of
exposure, transportation, induction, and operative
preparation. Common
practices are aggressive warming, forced-air warming,

pediatric  anesthesiology
warmed fluids, limiting unnecessary exposure, and
proactive management of temperature loss during
transfusion and extended surgical period. These
variables were seldom measured in the comparative
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trauma-center studies, but lower mortality in pediatric-
capable settings correlates clinically with better control
of temperature-sensitive resuscitation and coagulation
physiology. :

Another mechanistic basis was provided by
hemorrhage and transfusion evidence. The consensus
recommended early blood products,
hemostatic resuscitation, and avoiding excessive
crystalloid dilution in  traumatic  childhood
hemorrhagic shock. Observational trauma studies
suggest that massively transfused children are a very
high-risk subgroup, but transfusion volume alone
cannot capture futility or outcome. This accumulation
of information indicates that perhaps the most
important variables are not whether blood is given at
all, but how quickly, physiologically, and contextually
it is infused into perioperative care. Pediatric
anesthesiologists play an important role in this
treatment process during trauma laparotomy,
orthopedic stabilization, neurosurgical decompression,

guidelines

and damage-control operations. :

The findings of the analgesia literature were also
consistent with the review hypothesis. In large
pediatric regional-anesthesia registries, the rate of
more severe complications is very low or even
minimal, and systematic reviews in broader pediatric

surgery suggest lower postoperative pain and lower
opioid exposure with regional techniques. Blocks for
extremity injury, rib or chest wall injury, or abdominal
wall surgery in pediatric trauma could plausibly
decrease respiratory depression from opioid use,
facilitate ventilation, and improve mobilization.
Although they were not directly operationalized in the
combined trauma-center mortality studies these
pathways are clinically relevant. :

A final, important result was indirectness itself. The
lack of direct comparative studies of pediatric
anesthesiologist-led and non-pediatric anesthesia-led
emergency trauma surgical care is a pragmatic
methodological challenge; it is the main knowledge
gap highlighted by this review. The existing evidence
strongly favors the use of pediatric-capable systems but
remains to disentangle the contribution of this benefit
from either anesthesiology, surgery, emergency
medicine, nursing, pediatric critical care, or broad
structural preparedness. So while the current synthesis,
therefore, suggests the role of pediatric anesthesiology
is highly plausible and probably important, it cannot
yet quantify this role with provider-level precision.

Table 1. Characteristics of included studies

Study | Count | Settin Study Populat | Exposu | Compara | Outco | Follow Key
ry g design ion size re tor mes -up covariates
measur
ed
Sathya | USA | Natio | Retrospec | 175,585 | Pediatri | Adultor In- Hospit | Age, injury
et al. nal tive c mixed hospital al severity,
2015 traum cohort trauma trauma- | mortalit | dischar | mechanism
a- center center y ge R
center care care physiologi
datase c variables
t
Webm | USA | Firear | Retrospec | NRin | Pediatri | Adultor | Mortalit | Hospit | Demograp
an et m tive accessib c mixed y al hics, injury
al. injury cohort le trauma trauma- dischar | severity,
2016 cohort abstract | center center ge firearm
care care injury
characterist
ics
Evans | Engla | Natio | Retrospec | NRin | Childre Adult 30-day 30 Case mix,
et al. nd nal tive accessib n’s major mortalit | days injury
2021 traum cohort le major trauma y severity,
a abstract | trauma center physiology
audit center
Khalil | Saudi | Natio | Retrospec NRin | Pediatri | Adult/gen | ED and | Hospit | Age, injury
etal. | Arabia | nal tive accessib c eral center | inpatien al pattern,
2021 traum cohort trauma care t center type
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a le center mortalit | dischar
registr abstract care y ge
y

Table 2. Quality/risk-of-bias summary

Confoundi | Selectio Classificati Missin Outcome Reporti
Study Tool on of measureme . Overall
ng n g data ng bias
exposure nt
Sathya
et al. ROBIN Serious Modera Moderate Low Low Unclear | Serious
S-1 te
2015
Webm
t

ane ROBIN Serious Modera Moderate Low Low Unclear | Serious

al. S-1 te

2016

Evans Moderat

et al. ROBIN Moderate Modera Moderate Modera Low Unclear e-

S-1 te te .

2021 serious

Khalil

ROBIN . Mod .
et al. Serious odera Moderate | Unclear Low Unclear | Serious
S-1 te
2021
M
00T | AMSTA Moderat
et al. R 2 — — — — — —

2023 ©
Table 3. Pooled effect estimates for primary
outcome

. Pooled Heterogeneity p
Anal k % CI 12 (9 2
nalysis OR 95% C (%) T value
Main random-effects
4 . 43-0. 44, .04 144
(DerSimonian-Laird) 0.59 0.43-0.80 6 0.040 0
Sensitivity random-effects
(REML) 4 0.56 0.39-0.82 44.6 0.081 0.144
.28-0.
Leave-one-out range 3 0.49-0.64 Ot igsg 25.9- 0.013-
& each | o 63.0 | 0.160
0.81
Table 4. Subgroup/meta-regression results
Moderator Planned analysis Result
. . . Only North America had >1 study; descriptive North
R North A E A
eeon Oftih America vs BUTOpe vs Asia America pooled OR 0.46, 95% CI 0.19-1.14
Income level HIC vs LMIC Not estimable; all pooled studies from high-income

settings

Facility tvpe Pediatric trauma center vs Not estimable with ad t
. . ot estimable with adequate power
yop children’s MTC vs mixed systems q p

Moderate-serious vs serious risk of

Study quality bias Not estimable with adequate power
Publicati . .
" yfjr o Meta-regression Coefficient 0.012; p=0.892; exploratory only
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Table 5. GRADE evidence profile for primary

outcome

Risk

Outco | Studi Desi ¢ Inconsisten | Indirectn | Imprecisi | Publication | Certain
esign 0 .
me es . cy ess on bias ty
bias
Suspected
Mortalit Observatio | Serio | Not serious . but Very
4 Serious Moderate .
y nal us to moderate uninterpreta low
ble
Funnel Plot - Primary Pooled Outcome
95% pseudo-Cl
0.00 A —— Pooled OR = 0.59
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FIGURE 6. GEOGRAPHIC HEATMAP OF
EVIDENCE AVAILABILITY

of € ive Evidence in Pediatric Trauma Anesthesiology

DISCUSSION
This review indicates that the provision of pediatric-
capable perioperative and trauma-system care is
associated with improved outcomes among injured
children, but reveals also a single limitation in the
literature to date: the specific contribution of pediatric
anesthesiology is nearly never evaluated in a direct
manner. The pooled mortality signal favored pediatric-
capable care (odds ratio = ~0.6) and was directionally
consistent among sensitivity analyses. However, the
certainty of evidence was considerably low because
existing studies were largely observational, susceptible
to residual confounding, and indirect for the exposure
most clinically relevant to this review—namely, the
presence of a pediatric anesthesiologist providing age-
specific trauma anesthesia [11-21].

Still, The
physiologic fault lines are common to pediatric trauma
and pediatric anesthesia: occult hemorrhage, limited
apnea tolerance, potential for

the results are clinically congruent.

hypothermia,
neurophysiologic sensitivity to traumatic brain injury,
and a small margin for medication or ventilation error
[2-7]. Reviews of pediatric trauma anesthesia focus on
the anesthesiologist not merely maintaining
unconsciousness but actively modulating airway
strategy, transfusion timing, crystalloid restraint,
temperature  preservation, monitoring intensity,
analgesic selection, and postoperative destination [2,3].
The pediatric perioperative environment statement as
well suggests that the combination of trained staff and
systems tailored to pediatrics is not optional: it is a
prerequisite for a safer encounter among high-risk
children [4].

The mechanistic literature provides justification for
this view. Severe critical events in pediatric anesthesia
are uncommon per se and are higher in younger
children, emergency  procedures, and the
physiologically frail [5,6]. This pattern echoes the
subgroup of pediatric trauma patients most at risk of

requiring emergency surgery. Practically, pediatric
anesthesiologists have the potential to ameliorate
outcome by improved predictive capability of
challenging airway physiology, safer induction in
shock or TBI, enhanced temperature control,
ultrasound-guided access, blood product-centered
resuscitation, and a more disciplined extubation
process. None of these considerations are going to be
sufficient individually, though when combined they
provide a compelling example of why pediatric-
capable systems are superior to less specialized
systems [2-7,20].

Thermal control is among the most reasonable
mediating pathways. Hypothermia exacerbates
coagulopathy, aggravates transfusion requirement, and
aggravates physiologic instability. Children cool
during exposure, transport, and operative preparation;
and maintenance of normothermia especially relies on
anticipatory anesthetic management. Although the
pooled comparative trauma-center studies cannot
separate intraoperative temperature as a mediator, the
general pediatric trauma and perioperative literature
shows temperature preservation to be the cornerstone
of safe pediatric resuscitation [2,3,7,28,29]. It is
therefore plausible to speculate that specialist pediatric
anesthesiology makes a material contribution to
outcome via thermal vigilance.

The second of these plausible trajectories involves
hemorrhage management. Current recommendations
for pediatric traumatic hemorrhagic shock highlight the
importance of early delivery of blood products,
hemostatic resuscitation, and avoidance of excessive
crystalloid use [7]. While hemorrhage severity and
mortality are still closely related in observational
studies of massively transfused children, transfusion
volume alone is not synonymous with futility [22].
This nuance matters. Specialized pediatric
anesthesiology could lower the odds of improving
outcomes in absolute terms by transfusing more or less
blood than by selecting an appropriate resuscitative
sequence, catching deterioration earlier, and adjusting
anesthetic depth, ventilation, calcium, warming, and
vasoactive support to suit evolving physiology. New
whole-blood literature in children is promising but still
insufficiently mature to settle the question [23].
Analgesia is a third candidate mechanism. Regional
anesthesia networks have shown strong pediatric safety
data at scale, and pediatric surgical systematic reviews
consistently suggest better pain control and lower
opioid exposure with regional techniques [8-10].
Trauma-specific evidence is thinner, but the clinical
relevance is obvious: a child with long-bone fixation,
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chest wall injury, or abdominal wall trauma may
benefit substantially from opioid-sparing analgesia that
facilitates breathing, mobilization, and earlier
extubation. Pediatric anesthesiologists are the
clinicians most likely to implement such strategies
safely and routinely, particularly in anatomically
smaller patients and in settings where ultrasound-
guided techniques are needed [8-10].

The current results are also consistent with the system-
level literature. Comparative studies of pediatric versus
adult trauma centers generally show lower mortality or
better selected process outcomes at pediatric centers,
although results are not uniform across all age bands
and injury phenotypes [11-21]. The advantage appears
strongest in younger children and less certain in older
adolescents, a finding echoed by recent adolescent-
specific work showing that very severely injured
adolescents may sometimes do similarly in adult and
pediatric centers [21]. This gradient is clinically
sensible: the more physiologically and
developmentally distinct the child, the more likely
pediatric-specific perioperative expertise is to matter.
It also helps explain why a systems-level signal may
partly reflect pediatric anesthesiology even when the
anesthesiologist is not named as the exposure.
Readiness literature further broadens the interpretation.
Pediatric readiness has increasingly been framed as a
measurable trauma-system property with implications
for survival and access [20,27,40]. From an
anesthesiology  perspective, readiness includes
equipment sizing, airway plans, peri-induction
medication systems, warming capability, blood
availability, PICU integration, and staff who are
accustomed to the rapid deterioration patterns of
children. Pediatric anesthesiology is therefore not an
isolated profession operating inside the operating
room; it is one of the operational expressions of
pediatric readiness. That conceptual overlap helps
justify why trauma-center comparisons can serve as a
legitimate, albeit imperfect, proxy in the absence of
direct provider-level studies [20,27,40].

The review also highlights, the methodological
considerations for future work. Use of PRISMA-
structured methods, duplicate screening and extraction,
ROBINS-I and AMSTAR 2 assessment, GRADE
certainty appraisal, and random-effects modelling are
necessary but not sufficient when the underlying
literature is indirect and confounded [30-39]. The
Newcastle-Ottawa Scale remains useful operationally
but has recognized limitations, and future pediatric
trauma-anesthesia studies would be better served by
transparent causal diagrams, predefined confounder

sets, center-level staffing variables, and time-varying
analyses of perioperative processes [31-39]. Most
importantly, the field needs direct comparative
designs: multicenter retrospective  cohorts or
prospective registries that explicitly record whether a
fellowship-trained pediatric anesthesiologist led
induction and intraoperative management, which
monitoring and warming strategies were used, whether
regional analgesia was applied, and how transfusion
and extubation were managed.

The practical implication is that pediatric
anesthesiology should probably be considered a core
component of pediatric trauma-system design rather
than an optional subspecialty add-on. The current
evidence does not permit a definitive causal estimate
for the anesthesiologist alone, but it strongly suggests
that when children are treated in systems capable of
delivering  pediatric-specific ~ perioperative
outcomes improve. Given the known physiologic
vulnerabilities of injured children and the repeated
association between pediatric-capable systems and
better outcomes, the burden of proof is shifting from
“why should pediatric anesthesiology be integrated
into trauma care?” to “why is it not being measured
directly?” [2-4,7,11,20,27,40].
LIMITATIONS

This review has important limitations. First, the
principal limitation is indirectness: very few studies
directly compared pediatric anesthesiologist-led with
non-pediatric  anesthesia-led care in emergency
pediatric trauma surgery. The pooled analysis therefore
used pediatric-capable trauma-center comparisons as a
systems-level proxy for specialist pediatric
perioperative  capability.  Although  clinically
defensible, that proxy inevitably mixes the effects of
anesthesiology with those of surgeons, emergency

care,

physicians, nurses, pediatric intensivists, institutional
protocols, and referral patterns. Second, all pooled
studies were observational and therefore vulnerable to
residual confounding, selection bias, and center-level
case-mix differences that may not have been fully
captured by adjustment models. Third, only four
studies were available for quantitative synthesis, which
limited subgroup analysis, rendered meta-regression
underpowered, and made funnel-plot and Egger testing
unstable. Fourth, the provisional PRISMA counts in
this draft should be replaced with final citation-
manager counts before submission. Fifth, some full-
text descriptive details were not uniformly extractable
from the accessible records during drafting, so several
table fields remain to be finalized from the original
papers. Finally, the evidence base is concentrated in
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high-income settings, limiting transferability to lower-
resource  trauma  systems  where  pediatric
anesthesiology capacity may be most variable and most
needed.
CONCLUSION
The clinical relevance of pediatric-capable
perioperative  treatment contributes to improve
outcomes in children diagnosed with traumatic
injuries, and the pooled mortality signal indicates that
pediatric-capable care has a better prognosis than adult
or mixed trauma-center care. But the evidence is highly
uncertain and indirect for the exposure to pediatric
anesthesiologist involvement itself. The most reliable
explanation is that pediatric anesthesiology does its
part by providing age-specific airway care, hemostatic
resuscitation, thermal protection, monitoring, and
opioid-sparing analgesia; the present review do not
provide a clear explanation for that. The subsequent
research priority is clear: multicenter comparative
studies that evaluate pediatric anesthesiologist-led
trauma care and associate it with perioperative
complications, recovery endpoints, and mortality.
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