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ABSTRACT

Background. Fraser syndrome, uncorrected congenital heart disease, malnutrition, and
laparoscopic surgery create overlapping airway and cardiovascular challenges in pediatric
anesthesia.

Objective. To describe cardiopulmonary trajectories and airway management during
laparoscopic orchidopexy in a child with Fraser syndrome and an atrial septal defect.

Methods. A single-patient observational case study involved a 10-year-old boy weighing
8.3 kg and measuring 80 cm, with Fraser syndrome, bilateral anophthalmia, intellectual
disability, congenital cytomegalovirus history, and an ostium secundum atrial septal defect
with right heart dilatation. The source states ethics approval (CMHC/EC/IRB/2026/4182)
and parental consent. Management included midazolam, sevoflurane, fentanyl, cuffed
intubation, atracurium, pneumoperitoneum at 6-8 mmHg, and normocapnic ventilation.

Results. A 4.5-mm cuffed tube was inserted on the first attempt. During the 120-minute
procedure, mean arterial pressure ranged from 74.0 to 88.7 mmHg, heart rate from 82 to
95 beats/min, and oxygen saturation from 98% to 99%. Rate-pressure product remained
below 12,500 bpm-mmHg, and net fluid balance was +10 mL. The source reports a Naranjo
score of +9 and WHO-UMC classification of certain. Extubation occurred in the operating
room without reported airway edema, desaturation, or hemodynamic collapse.

Conclusion. The reported course illustrates individualized airway preparation,
ventilation, low-pressure pneumoperitoneum, and pharmacological management in a
high-risk pediatric case. The causal interpretation of the reported findings requires author
clarification.
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1. Introduction

Fraser syndrome represents an exceptionally rare,
genetically heterogeneous autosomal recessive
developmental disorder characterized by multi-organ
dysmorphism secondary to structural disruption of the
extracellular matrix.! First described systematically by
George Fraser in 1962, this syndromic entity exhibits an
estimated prevalence of 0.43 per 100,000 live births and
arises predominantly from loss-of-function pathogenic
mutations in genes encoding the Fraser extracellular
matrix complex, most notably FRAS1, FREM1, FREM2, and
GRIP1.1,2 The gene products of this complex assemble into
a specialized sub-lamina densa macromolecular network
that provides essential mechanical cohesion and signaling
cues between the embryonic epidermal basement
membrane and the underlying mesenchymal connective
tissue.? Structural destabilization of this basement
membrane anchorage system leads to pathological
subepidermal micro-blistering during critical periods of
organogenesis, giving rise to the classic phenotypic
constellation of cryptophthalmos, cutaneous syndactyly,
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ambiguous genitalia, renal agenesis, and distinctive
craniofacial malformations.»? In clinical practice, the
phenotypic penetrance of Fraser syndrome is remarkably
variable, ranging from lethal antenatal presentations with
bilateral renal aplasia and complete laryngeal atresia to
attenuated viable forms that survive into later childhood
with severe ocular and urogenital abnormalities requiring
staged surgical intervention.!2

From an anesthesiological standpoint, pediatric patients
with Fraser syndrome present formidable challenges
centered on the upper airway.? The craniofacial phenotype
frequently encompasses micrognathia, high-arched palate,
hypoplastic midface, low-set malformed ears, and
depressed nasal bridge, all of which substantially impair
mask seal and direct laryngoscopic visualization.>* More
insidiously, structural extracellular matrix defects within
the primitive respiratory foregut frequently result in
variable degrees of laryngeal and subglottic stenosis,
congenital laryngeal webs, tracheal ring anomalies, and
micro-laryngoceles.?* When these anatomical hazards are
compounded by bilateral anophthalmia, cognitive
impairment, and severe developmental delay—often
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worsened by neurotropic co-insults such as congenital
cytomegalovirus (CMV) infection—the pediatric patient
lacks behavioral and cognitive reserve, entirely precluding
cooperative airway examination and premedication
compliance.?*  Consequently, routine inhalational
induction carries an inherent hazard of acute functional
airway obstruction, reflex laryngospasm, and rapid
hypoxemic desaturation.#

Contemporary registry data from the Pediatric Difficult
Intubation (PeDI) collaborative and neonatal resuscitation
cohorts underscore that in syndromic pediatric airways,
first-attempt intubation success is the paramount
determinant of perioperative safety.*> Repeated
instrumentation attempts in children with distorted
anatomy precipitate rapid mucosal friability, subglottic
hemorrhage, acute laryngeal edema, and progression to a
catastrophic 'cannot intubate, cannot oxygenate'
scenario.>® Analysis of multicenter registries demonstrates
that provider experience, structured primary and rescue
strategy formulation, and the timing of procedural
execution significantly improve first-pass success and
attenuate adverse hypoxemic events.® Recent systematic
reviews and randomized clinical trials have established
that videolaryngoscopy provides superior glottic
visualization and decreases esophageal intubation rates
across pediatric cohorts compared to conventional direct
laryngoscopy.” A Cochrane systematic review in neonates
and small infants similarly confirmed higher first-attempt
intubation success and reduced airway trauma with
videolaryngoscopy in fragile pediatric airways.?

Airway adjuncts and device selection further modify
procedural success.’ A pediatric randomized trial
demonstrated that videolaryngoscopy produced the best
glottic view and the most effective placement of a second-
generation supraglottic device.® When direct laryngoscopy
fails, registry data show that clinicians most often turn to
videolaryngoscopy as an effective rescue technique, with
success comparable to flexible bronchoscopy in children.1?
Furthermore, oxygenation reserve can be extended during
difficult laryngoscopy through high-flow apneic
oxygenation, which significantly prolongs safe apnea time
in pediatric patients with an open mouth.!! The selection of
a micro-cuffed endotracheal tube is supported by
contemporary evidence showing that cuffed tubes in small
children do not increase post-extubation stridor or
subglottic  stenosis when intracuff pressure is
appropriately controlled, while simultaneously providing a
reliable acoustic and mechanical seal suited to positive
pressure ventilation.!?

The perioperative risk profile escalates exponentially
when complex syndromic craniofacial pathology coexists
with uncorrected congenital heart disease (CHD).® The
scientific statement from the American Heart Association
(AHA) on pediatric patients with congenital heart disease
presenting for noncardiac procedures emphasizes that
procedural risk must be stratified by lesion physiology,
dynamic pulmonary vascular reactivity, and functional
ventricular reserve rather than the diagnostic label alone.!?
In large multicenter surgical registries, intraoperative
cardiac events occur in up to 5.2% of pediatric noncardiac
procedures, with acute systemic hypotension,
arrhythmias, and pulmonary hypertensive crises
representing the leading mechanisms of perioperative
arrest.'* Reassuringly, national surgical database analyses
spanning two eras have shown meaningful improvements
in postoperative outcomes, including reduced reintubation
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even in severe congenital heart disease, reflecting
advances in multidisciplinary perioperative care.1s

The pulmonary vascular bed represents a particular
concern in children with intracardiac communications.¢ In
children with pulmonary hypertension, serious adverse
events are common and longer procedure duration
independently increases risk, arguing for the shortest safe
anesthetic and minimal physiological disruption.!®
Preoperative predictors of perioperative cardiac arrest or
death have been defined to guide institution-level risk
mitigation in pediatric CHD.'” Crucially, airway and cardiac
risk are not independent entities: difficult tracheal
intubation in pediatric patients with congenital heart
disease has been associated with significantly worse
perioperative outcomes and increased cardiac arrest rates,
demonstrating that an effective airway plan serves as an
indispensable form of hemodynamic protection.!8

Laparoscopic abdominal surgery introduces an additional
layer of severe physiological perturbation.!® While
minimally invasive laparoscopy provides clear surgical
advantages over open laparotomy, including reduced
somatic tissue trauma and shorter convalescence, national
cohort data confirm that children with congenital heart
disease do undergo laparoscopic procedures requiring
abdominal insufflation and that selected patients can
achieve acceptable outcomes, although physiological
stability depends on limiting insufflation pressures.!®
Elevated intra-abdominal pressure displaces the
diaphragm cephalad, reducing thoracic compliance,
diminishing functional residual capacity, and precipitating
ventilation-perfusion mismatch.1? Superimposed
marasmic malnutrition adds a further critical modifier, as
wasting has been independently associated with
significantly higher odds of postoperative complications in
pediatric abdominal surgery.2°

Postoperative recovery is further shaped by multimodal
prophylaxis and metabolic vigilance.?! A randomized
controlled trial in laparoscopic surgery demonstrated that
dexamethasone combined with pyridoxine provides
potent antiemetic prophylaxis, mitigating postoperative
retching that can destabilize cardiac hemodynamics.?!
Concurrently, pediatric surgical evidence highlights that
active warming is vital to prevent inadvertent
perioperative hypothermia, which otherwise spikes
pulmonary vascular resistance.?? Analyses from the
Pediatric Difficult Intubation Registry show that cognitive
errors during difficult airway management contribute
significantly to adverse outcomes, emphasizing the
necessity of protocolized execution.?®> Furthermore,
pharmacodynamic evaluations in children with congenital
heart disease indicate that volatile anesthetics such as
sevoflurane provide myocardial and anti-inflammatory
protection when carefully titrated.?*

Although individual aspects of difficult pediatric airways,
intracardiac shunts, and pediatric laparoscopy have been
addressed in isolation, the simultaneous convergence of
Fraser syndrome, an uncorrected atrial septal defect with
chamber dilatation, severe marasmic malnutrition, and
carbon dioxide pneumoperitoneum in a single pediatric
surgical candidate is exceedingly rare and carries an
exceptionally high mortality risk.1131° The core scientific
novelty of this investigation resides in the comprehensive
physiological, pharmacological, and biomechanical
characterization of a targeted, multidisciplinary anesthetic
shielding strategy that successfully navigated this complex
multisystem presentation during laparoscopic
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orchidopexy. The overarching objective of this
observational analytic study is to delineate the longitudinal
time-series trajectory of cardiopulmonary parameters,
quantify the safety profile of organ-independent
neuromuscular blockade via Hofmann elimination,
demonstrate the homeostatic preservation of the systemic-
to-pulmonary vascular resistance ratio under low-
pressure pneumoperitoneum, and propose an objective,
standardized clinical data matrix for high-risk syndromic
pediatric surgery.

2. Methods

2.1. Study Design and Epidemiological Framework

This investigation was structured as a prospective,
longitudinal observational analytic case investigation
conducted in strict compliance with the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines and the CARE reporting standards for
complex clinical observations.?®> The study architecture
was formulated to track real-time hemodynamic,
ventilatory, and neurohumoral adaptations during major
elective abdominal surgery in a highly vulnerable pediatric
patient harboring a rare genetic malformation syndrome
coexisting with uncorrected congenital heart disease and
severe somatic wasting.?> The clinical setting was a tertiary
academic referral center and university teaching hospital
equipped with dedicated pediatric surgical suites,
advanced hemodynamic monitoring technology, pediatric
difficult airway teams, and specialized pediatric intensive
care units.1325

2.2. Ethical Governance and Participant Consent

The study protocol, diagnostic imaging, longitudinal data
acquisition, and clinical analysis were submitted to formal
institutional ethical review and granted definitive approval
by the CMHC Research Center Ethics Committee, Indonesia
(Protocol Approval Number: 2026/4183). All clinical
evaluations, interventional procedures, pharmacological
administrations, and radiological examinations were
conducted in strict adherence to the ethical tenets for
medical research involving human subjects set forth in the
Declaration of Helsinki (2013 revision) and the
recommendations of the International Committee of
Medical Journal Editors (ICMJE).26 Because the patient was
a minor with severe cognitive impairment, comprehensive
written informed consent for research participation,
protocolized data collection, and academic publication of
all clinical details and de-identified diagnostic images was
formally obtained from both parents and legal guardians
prior to the initiation of anesthesia.?¢ Patient
confidentiality was safeguarded throughout; all diagnostic
imaging files and intraoperative monitoring logs were fully
anonymized, with facial features and personal identifiers
permanently removed in accordance with international
bioethical mandates.?®

2.3. Participant Eligibility and Diagnostic
Ascertainment

The participant was a 10-year-old male child presenting
for elective laparoscopic exploration of a non-palpable
right testis and left orchidopexy.! The definitive diagnosis
of Fraser syndrome had been established based on
canonical clinical diagnostic criteria, manifesting major
diagnostic  criteria  (bilateral anophthalmia and
cryptophthalmos-spectrum ocular malformations, genital
anomalies including cryptorchidism, and cutaneous
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syndactyly) alongside minor criteria (micrognathia, flat
nasal bridge, and developmental delay).! The patient had a
confirmed history of congenital cytomegalovirus (cCMV)
infection documented in infancy, resulting in profound
neurodevelopmental  delay, non-verbal cognitive
impairment, and severe somatic growth failure.?
Anthropometric examination revealed a body weight of 8.3
kg and a standing height of 80.0 cm, corresponding to a
body mass index (BMI) of 12.97 kg/m?, as detailed in Table
1.20 Comparison against World Health Organization (WHO)
pediatric growth standards confirmed profound somatic
wasting and stunting, with both Weight-for-Age and
Height-for-Age z-scores falling below -3.0 standard
deviations (SD), satisfying clinical and diagnostic criteria
for severe acute marasmic malnutrition.2?

Preoperative cardiovascular evaluation revealed a distinct
pansystolic murmur audible at the second left intercostal
space, accompanied by a widely split second heart sound.3
Transthoracic echocardiography demonstrated a large
ostium secundum atrial septal defect (ASD) associated
with pronounced right atrial and right ventricular
dilatation, consistent with chronic left-to-right interatrial
shunting and significant right ventricular volume
loading.’325 Functional assessment of the right heart
revealed chamber enlargement secondary to chronic
volume overload, as detailed in Table 1.27 Preoperative
frontal (anteroposterior) chest radiography corroborated
marked cardiomegaly with a cardiothoracic ratio of 0.58
and prominent, increased perihilar bronchovascular
markings bilaterally, reflecting augmented pulmonary
blood flow, as illustrated in Figure 1.1325 The patient was
chronically maintained on a medical regimen comprising
spironolactone, furosemide, bisoprolol, piracetam,
pyridoxine (vitamin B6), and folic acid, as detailed in Table
1.2124 Based on the coexistence of an uncorrected
intracardiac shunt with chamber dilatation, severe
marasmus, and anticipated syndromic airway
compromise, the patient was classified as American Society
of Anesthesiologists (ASA) Physical Status Class I11.13

2.4. Longitudinal Observation Protocol and Analytical
Measurements

Preoperative evaluation highlighted high risk for a difficult
airway secondary to micrognathia, limited mouth opening,
potential subglottic webs, and inability to cooperate with
examination.>* In accordance with the 2022 American
Society of Anesthesiologists practice guidelines for difficult
airway management, a multidisciplinary airway strategy
was formulated prior to induction.? Specialized airway
equipment was prepared and visually inspected in the
operating room, including pediatric facemasks of multiple
sizes, second-generation supraglottic airway devices
(Ambu AuraGain and LMA ProSeal size 1.5), a pediatric
videolaryngoscope with hyperangulated and standard
blades (GlideScope Core with LoPro 1 and 2), flexible
fiberoptic bronchoscopes (2.8 mm and 3.5 mm outer
diameter), and micro-cuffed endotracheal tubes ranging
from 3.5 to 5.0 mm internal diameter (ID).37 Team roles
were explicitly assigned, designating the primary operator,
rescue airway specialist, and hemodynamic controller.®

To alleviate severe separation distress and blunt
sympathetic surges without provoking upper airway
collapse, premedication was administered before transfer
to the operating room using intravenous midazolam at a
titrated dose of 1.0 mg (0.12 mg/kg actual body weight).?
Upon transfer to the operating room, standard multi-
parameter monitoring was applied, including continuous
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five-lead electrocardiography (ECG), non-invasive blood
pressure (NIBP) oscillometry, dual-wavelength pulse
oximetry (SpO.), sidestream infrared capnography
(EtCO3), and continuous core temperature monitoring via
an esophageal temperature probe.'322 Strict venous line
de-airing protocols were enforced: all intravenous
extension sets, three-way stopcocks, and fluid infusion
bags were meticulously inspected and purged of micro-
bubbles, and an in-line intravenous air-elimination filter
(0.2 pm Posidyne) was incorporated into the primary
infusion line to completely eliminate the risk of paradoxical
systemic air embolization across the atrial septal
defect.1319

Anesthetic induction was conducted via a smooth, titrated
inhalational technique utilizing sevoflurane in 100%
oxygen, gradually escalating the inspired concentration
from 1.0 vol% to 2.0 vol% while maintaining spontaneous
respiration to preserve airway patency.>24 Once adequate
depth of anesthesia was verified by loss of eyelash reflex
and central pupil positioning, peripheral intravenous
access was secured atraumatically, and fentanyl was
administered at a weight-adjusted dose of 25 mcg (3.0
mcg/kg actual body weight) to suppress the autonomic
response to tracheal intubation.'® Following confirmation
of effortless manual bag-mask ventilation, muscle
relaxation was established using atracurium besylate at a
dose of 5.0 mg (0.60 mg/kg actual body weight), as
summarized in Table 3.2! Dexamethasone 4.0 mg (0.48
mg/kg) was administered immediately post-induction to
provide antiemetic prophylaxis and protect against
laryngeal mucosal edema.?® Tracheal intubation was
performed under direct videolaryngoscopic guidance,
achieving successful, atraumatic passage of a 4.5-mm ID
cuffed endotracheal tube on the initial attempt, as
demonstrated in Figure 2.37 Proper endotracheal tube
positioning was verified by immediate bilateral thoracic
auscultation, symmetrical capnographic waveforms across
six respiratory cycles, and fiberoptic confirmation of the
cuff seated 1.5 cm below the vocal cords.? Cuff pressure
was adjusted precisely to 18 cmH,0 using an analog
manometer to ensure a low-pressure mucosal seal during
positive pressure ventilation.®'? A 10-Fr nasogastric tube
was placed under vision to decompress the stomach,
preventing cephalad gastric distension against the
diaphragm during laparoscopy.®

Mechanical ventilation was initiated using pressure-
controlled volume-guaranteed (PCV-VG) mode on a Datex-
Ohmeda Avance workstation.!® Ventilatory parameters
were targeted to achieve strict normocapnia (EtCO, 32-36
mmHg) and normoxia (Sp0O, = 98%) while minimizing
peak inspiratory pressures (Ppeak < 20 cmH,0) and
positive end-expiratory pressure (PEEP 4 cmH,0) to
prevent iatrogenic increases in pulmonary vascular
resistance, which otherwise compromises right ventricular
performance.!328 Maintenance of anesthesia was achieved
with sevoflurane titrated between 1.5 vol% and 2.0 vol%
in a 50:50 oxygen:air gas mixture.?* To maintain
normothermia, an active forced-air warming blanket (Bair
Hugger) and an in-line fluid warmer (Hotline) set to 38.0°C
were utilized continuously throughout the perioperative
course.??

Surgical pneumoperitoneum was established via an open
Hasson umbilical technique.'® The insufflation gas was
carbon dioxide, and the intra-abdominal pressure was
strictly restricted to a low-pressure threshold of 6 to 8
mmHg with a low gas flow rate (1.0-1.5 L/min).1° Patient
positioning was maintained in a neutral supine posture
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with minimal (less than 10 degrees) Trendelenburg tilt to
avoid excessive cephalad visceral pressure against the
diaphragm, thereby preventing right ventricular geometric
distortion and strain.!®2° Surgical exploration of the right
abdomen identified an atrophic, high intra-abdominal right
testis that was excised laparoscopically, followed by
successful mobilization and left trans-scrotal orchidopexy.!
The entire surgical procedure lasted approximately 120
minutes.! Intraoperative fluid administration was
governed by a restrictive goal-directed protocol: total
crystalloid infusion was limited to 110 mL of balanced
electrolyte solution (Plasma-Lyte A), against an estimated
surgical blood loss of 20 mL and urine output of 80 mL,
yielding a net positive fluid balance of exactly 10 mL,
preserving ventriculo-arterial coupling and systemic
vascular tone, as detailed in Table 2.1330

2.5. Comparative Analytic Framework and
Benchmarking

The physiological, hemodynamic, and airway trajectories
captured in this patient were benchmarked against four
international reference standards: (1) difficult airway
outcomes from the Pediatric Difficult Intubation (PeDI)
Registry; (2) intraoperative cardiac event frequencies from
the Multicenter Pediatric Noncardiac CHD Registry; (3)
blood pressure stability guidelines in perioperative
medicine; and (4) goal-directed fluid and hemodynamic
benchmarks in abdominal surgery.5143132

2.6. Biostatistical and Trajectory Analysis

In accordance with rigorous methodological standards for
single-patient observational analytic investigations (n = 1),
inferential statistical testing (such as p-values, Student's t-
test, ANOVA) was strictly omitted to avoid generating
spurious statistical artifacts.?®> Instead, quantitative
evaluation relied upon high-density longitudinal time-
series trajectory modeling, continuous rate-pressure
product (RPP) calculations, and percentage delta change
analyses.? Percentage delta change (A%) relative to the
pre-induction baseline (T,) was calculated at every defined
procedural milestone according to the standard
mathematical formulation:

A% =[(T_n-Ty) / To] x 100%

where T, represents the baseline value and T_n represents
the value at elapsed time n, as delineated in Table 2.20
Myocardial oxygen consumption and right ventricular
metabolic demand were monitored via the rate-pressure
product:

RPP = HR x SBP

with values exceeding 13,000 bpm-mmHg designated as
the critical ischemic stress threshold, as shown in Figure
4.20 To establish objective causality and pharmacovigilance
between the targeted anesthetic interventions and the
observed clinical outcomes, three validated frameworks
were systematically applied: the Bradford Hill Criteria for
Causal Inference, the Naranjo Adverse Drug Reaction
Probability Scale, and the World Health Organization-
Uppsala Monitoring Centre (WHO-UMC) Causality
Assessment System, as summarized in Table 4.333435 Al
reporting was benchmarked against the STROBE
statement and Declaration of Helsinki bioethical principles,
as benchmarked in Table 5.36:37
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3. Results

3.1. Baseline Phenotypic Characterization and
Preoperative Risk Profile

The baseline evaluation confirmed an exceptionally
complex clinical convergence characterized by multi-organ
syndromic involvement, severe somatic wasting, and
fragile cardiopulmonary reserve, as detailed in Table 1.120
Anthropometric measurements demonstrated profound
chronic-on-acute nutritional deprivation, with a weight of
8.3 kg and length of 80.0 cm yielding a BMI of 12.97 kg/m?
(WHO z-score < -3.0 SD), categorizing the patient as
severely wasted and stunted (marasmus).?® Craniofacial
inspection revealed bilateral anophthalmia with complete
absence of globe structures, foreshortened palpebral
fissures, micrognathia, a flattened nasal bridge, and
retrognathia, = generating  substantial  anatomical
impediments to standard facemask sealing and
laryngoscopic blade displacement.’3 Neurologically, the

patient  exhibited severe intellectual disability,
microcephaly, and profound sensorineural impairment
secondary to congenital cytomegalovirus infection,

manifesting complete inability to comprehend instructions
or cooperate with examination.?

Cardiovascular  assessment established significant
structural and hemodynamic compromise, mirroring

chronic adaptations seen in complex pediatric congenital
heart disease.'338 Auscultation identified a prominent
Grade III/VI pansystolic murmur maximally audible over
the second and third left intercostal spaces with subtle
fixed splitting of the second heart sound, indicative of
substantial transatrial shunting and secondary functional
tricuspid valve insufficiency, as detailed in Table 1.13
Preoperative echocardiography demonstrated a large
ostium secundum atrial septal defect measuring 14 mm in
maximal transverse diameter, with continuous left-to-right
interatrial flow driving prominent volume overload of the
right heart chambers.’® Quantitative  chamber
dimensioning confirmed marked dilatation of both the
right atrium and right ventricle, with flattening of the
interventricular septum toward the left ventricular cavity
during late diastole, as detailed in Table 1.1325 Frontal chest
radiography verified significant cardiomegaly
(cardiothoracic ratio 0.58) and prominent bilateral
perihilar bronchovascular markings consistent with active
pulmonary capillary hyperperfusion, as illustrated in
Figure 1.1325 The baseline 12-lead electrocardiogram
demonstrated sinus rhythm with right axis deviation
(+115°), right bundle branch conduction delay (rsR'
pattern in lead V1), and tall P waves (3.0 mm in lead II)
diagnostic of right atrial enlargement (P-pulmonale).'?

Table 1. Baseline Demographic, Anthropometric, Phenotypic, and Clinical Preoperative Profile of the Pediatric Patient.

Clinical Domain

Baseline Finding / Diagnostic
Parameter

Standard Reference / Normal
Threshold

Clinical Significance &
Physiological Impact

Chronological Age

Sex
Body Weight

Height / Stature

Body Mass Index (BMI)

Genetic & Syndromic Entity

Craniofacial / Ocular Phenotype

Neurodevelopmental State

Cardiac Defect & Morphology

Echocardiographic Cavity
Dimensions

Auscultatory Finding

Chest Radiography (Figure 1)

Surgical Indication & Approach

Baseline ASA Physical Status

Chronic Pharmacotherapy

10 years old

Male
8.3 kg

80.0 cm
12.97 kg/m?

Fraser syndrome
(cryptophthalmos-syndactyly)

Bilateral anophthalmia,
micrognathia, flat nasal bridge

Intellectual disability, congenital
CMV infection

Ostium secundum atrial septal
defect (ASD)

Right atrial & right ventricular
dilatation

Pansystolic murmur at 2nd left
intercostal space

Cardiomegaly, increased perihilar
vascular markings

High non-palpable right testis, left
cryptorchidism

ASA Physical Status Class I1I

Piracetam, vitamin B6, folic acid,
spironolactone, bisoprolol,
furosemide

N/A

N/A
31.2 kg (50th percentile for age)

138.4 cm (50th percentile for age)

16.4 kg/m? (50th percentile)

Wild-type FRAS1/FREM complex

Normal ocular & facial anatomy

Age-appropriate cognition

Intact interatrial septum

Normal pediatric chamber volumes

Physiological S1/S2 heart sounds

Normal cardiothoracic ratio < 0.50
Normal descended scrotal testes

ASA T (Normal healthy)

None

Pediatric stage with
chronologically advanced
chronobiology vs. somatic delay

Male phenotype with non-palpable
right testis and left cryptorchidism

Severe somatic wasting; WHO
Weight-for-Age z-score < -3.0 SD

Profound linear stunting; WHO
Height-for-Age z-score < -3.0 SD

Severe acute malnutrition
(marasmus); BMI-for-Age z-score <
-3.0SD

Extracellular matrix blebbing
defect; craniofacial/airway &
urogenital anomalies

Anticipated difficult mask seal,
limited mouth opening, potential
subglottic web

Impaired verbal communication,
zero cooperative reserve, high
agitation hazard

Acyanotic congenital heart disease
with left-to-right interatrial
shunting

Chronic right ventricular volume
overload; fragile diastolic
compliance

Turbulent transatrial /tricuspid
flow; secondary functional
tricuspid stretching

Radiological corroboration of
active chronic pulmonary
hyperperfusion

Laparoscopic right abdominal
exploration & left orchidopexy

Severe systemic disease imposing
substantive functional & anesthetic
limitations

Multimodal neuro-supportive and
anticongestive afterload/diuretic
regimen

Note: Abbreviations: ASA, American Society of Anesthesiologists; ASD, atrial septal defect; BMI, body mass index; CMV, cytomegalovirus; FRAS1, Fraser syndrome 1 extracellular matrix
structural protein; FREM, FRAS1-related extracellular matrix protein; N/A, not applicable; SD, standard deviation; WHO, World Health Organization.
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Figure 1. Preoperative frontal (anteroposterior) chest radiograph. (1) Cardiomegaly with enlarged cardiac silhouette predominantly toward the left; (2)
bilateral perihilar bronchovascular markings are markedly increased, corroborating active pulmonary hyperperfusion in acyanotic congenital heart disease
with left-to-right interatrial shunting. All patient identifiers permanently removed.

3.2. Airway Management Execution and First-Pass
Intubation Dynamics

In accordance with the preformulated primary difficult
airway plan, preoxygenation was initiated following
titrated midazolam premedication (1.0 mg IV), achieving
an end-tidal oxygen concentration (EtO,) of 0.88 without
triggering paradoxical agitation or upper airway collapse.?
Inhalation induction with sevoflurane in 100% oxygen
maintained spontaneous ventilation wuntil adequate
surgical depth was reached, at which point fentanyl (25
mcg IV, 3.0 mcg/kg) and atracurium (5.0 mg IV, 0.60
mg/kg) were administered sequentially, as summarized in
Table 3.2 Manual mask ventilation with a two-person jaw-
thrust technique confirmed effortless bilateral thoracic
expansion and an airtight seal despite facial dysmorphism.3

Direct videolaryngoscopy was performed utilizing a
pediatric GlideScope Core system equipped with a LoPro 1
blade.” The glottic aperture was visualized with clarity,
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achieving a modified Cormack-Lehane Grade 1 view with
unobstructed visualization of the anterior vocal cords and
arytenoid cartilages, confirming patient safety and
avoiding adverse surgical outcomes.”3° No subglottic webs,
mucosal granulomas, or laryngeal atresia bands were
visualized upon entry into the glottis.'* A 4.5-mm internal
diameter cuffed endotracheal tube was guided smoothly
through the vocal cords on the initial attempt without
mucosal resistance or mechanical force, achieving an
immediate first-pass intubation success, as demonstrated
in Figure 2 and benchmarked in Table 5.57 Auscultation
confirmed equal bilateral air entry, capnography
demonstrated immediate rectangular waveforms with
rapid rise and plateau (EtCO, 34 mmHg), and cuff pressure
was stabilized at 18 c¢mH,0.%'? Nasogastric tube
decompression evacuated 15 mL of clear gastric juice and
minimal air, immediately relieving diaphragmatic
tension.t?
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Physiological Interplay Between Systemic-to-Pulmonary Vascular Resistance (SVR:PVR) Ratio and Laparoscopic Pneumoperitoneum

Panel A: Uncontrolled Hemodynamic Deterioration Panel B: Protective Anesthetic Homeostatic Shield
(High Insufflation Pressure / Hypoventilation / Acidosis) (Controlled Normocarbia + Low-Pressure Pneumoperitoneum)
Acute PVR Surge (Hypercarbia & Acidosis) Strict Nor ic N ica ilati
« Alveolar Hypoxia & Hypercapnia -> Vasoconstriction « Target EtCO, 32-36 mmHg & Fi0, 0.50
« PVR Rises Sharply Relative to SVR « Avoid PVR Spikes; Preserve Stable Qp:Qs Ratio
Shunt Reversal or Fixed RV Strain Low-Pressure Pneumoperitoneum (6-8 mmHg)
« Right Atrial & RV Afterload Skyrockets « Limits Diaphragmatic Upward Displacement
« Potential Right-to-Left Shunt -> Refractory Cyanosis « Preserves Venous Return & Right Ventricular Preload
« Severe Paradoxical Gas/Air Embolism Risk + Decompression via Nasogastric Tube
. " . Spp— Weigh d Titration & De,
g g
Exckaslve AP x_’ 10l & Displiagmatic 5'_’"",‘ « Sevoflurane 1.5-2.0 vol% + Fentanyl 3 mcg/kg
« Inferior Vena Cava Compression -> Reduced RV Preload bt oty o
« Intrathoracic Pressure Surge -> Impaired Coronary Perfusion * Atracurium 5 mg (Organ-independent Clearance)
o « Meticulous De-Airing of IV Lines (Air-Filter Trap)
Terminal Circulatory Collapse: Flawless Clinical Outcome in Present Study:
Right Ventricular Ischemia -> Acute Right Heart Pump Failure -> Stable Hemodynamics (MAP 73-89 mmHg, HR 82-95 bpm) ->
Severe Hypotension, Hypoxemia, & Electromechanical Arrest Net Fluid Balance +10 mL -> Uncomplicated Extubation & 24h Stability

Figure 2. Shunt biomechanics and cardiopulmonary coupling in Fraser syndrome with atrial septal defect. Panel A illustrates the hemodynamic failure
cascade under unmonitored high-pressure pneumoperitoneum or hypercapnic acidosis, triggering acute PVR surges and shunt reversal. Panel B illustrates
the protective homeostatic shield under normocapnic ventilation, low-pressure pneumoperitoneum (6-8 mmHg), and organ-independent neuromuscular

blockade.

3.3. Longitudinal Hemodynamic Trajectory and Shunt
Balance

Serial physiological and hemodynamic measurements
recorded across the 120-minute procedure demonstrated
stability, completely devoid of hypotensive episodes,
tachyarrhythmias, or arterial desaturation, as delineated in
Table 2, depicted in Figure 3, and shown in Figure 4.1319 At
the baseline resting state (To, 0 min), systolic blood
pressure (SBP) was 110 mmHg, diastolic blood pressure
(DBP) was 62 mmHg, mean arterial pressure (MAP) was
78.0 mmHg, heart rate (HR) was 88 beats/min, SpO, was
98% on room air, and end-tidal CO, was 33 mmHg, yielding
a calculated baseline rate-pressure product (RPP) of 9,680
bpm-mmHg, as delineated in Table 2.20

Following induction and tracheal intubation (T4, 15 min),
the combined vasodilatory effect of sevoflurane and the
sympatholytic action of fentanyl produced a slight,
controlled reduction in hemodynamic tone: SBP adjusted
to 102 mmHg, DBP to 60 mmHg, MAP to 74.0 mmHg (serial
delta change: A% = -5.1% relative to baseline), and HR to
84 beats/min (A% = -4.5%), while SpO, rose to 99% under
50% inspired oxygen, as delineated in Table 2.1324 Peak
inspiratory pressure was measured at 14 cmH,0 with a
tidal volume of 65 mL (7.8 mL/kg).1° The calculated RPP
decreased to 8,568 bpm-mmHg (A% = -11.5%), reflecting
effective blunting of the autonomic intubation reflex and
significant reduction in myocardial work, as shown in
Figure 4.20

The establishment of carbon dioxide pneumoperitoneum
at elapsed time 30 minutes (T,) with an intra-abdominal
pressure restricted to 6-8 mmHg induced a mild, transient
elevation in systemic vascular resistance and
transdiaphragmatic resistance: SBP rose to 124 mmHg,
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DBP to 66 mmHg, MAP to 85.3 mmHg (A% = +9.4%), and
HR to 92 beats/min (A% = +4.5%), while SpO, remained
firm at 99%, as delineated in Table 2.1 Capnography
demonstrated an end-tidal CO, of 36 mmHg, while peak
airway pressure increased modestly from 14 to 18 cmH,0,
representing a manageable 28.6% rise in airway driving
pressure that was well within safe pulmonary compliance
thresholds, as depicted in Figure 3.1920 At the peak of
laparoscopic retroperitoneal dissection (T3, 60 min), SBP
reached 130 mmHg, DBP was 68 mmHg, MAP was 88.7
mmHg (A% = +13.7%), and HR was 95 beats/min (A% =
+8.0%).1* The RPP peaked at 12,350 bpm-mmHg,
remaining safely beneath the critical ischemic threshold of
13,000 bpm-mmHg, as shown in Figure 4.20 Throughout
this phase, EtCO, was tightly controlled at 35 mmHg
through minute ventilation adjustment (respiratory rate
increased from 22 to 26 breaths/min), completely
preventing hypercapnic pulmonary vasoconstriction and
preserving the systemic-to-pulmonary vascular resistance
ratio, as demonstrated in Figure 2.1319

Following completion of the bilateral testicular exploration
and orchidopexy, abdominal desufflation was performed at
elapsed time 105 minutes (T,).!° Immediate physiological
recovery was observed: SBP declined to 112 mmHg, DBP to
64 mmHg, MAP to 80.0 mmHg (A% = +2.6%), and HR to 86
beats/min (A% -2.3%), with peak airway pressure
dropping immediately from 19 to 15 cmH,0, as delineated
in Table 2 and depicted in Figure 3.1° Following cessation
of sevoflurane, the patient regained regular spontaneous
respiratory efforts, reflecting adequate respiratory muscle
training and reserve, and met standard extubation criteria
at elapsed time 120 minutes (Ts).340 Tracheal extubation
was performed smoothly in the operating room; post-
extubation hemodynamics settled at SBP 105 mmHg, DBP
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61 mmHg, MAP 75.7 mmHg (A% = -2.9%), HR 82 = -11.1%), demonstrating recovery to baseline status, as
beats/min (A% = -6.8%), SpO, 99% on 2 L/min nasal delineated in Table 2 and shown in Figure 4.3:20
cannula, EtCO, 33 mmHg, and RPP 8,610 bpm-mmHg (A%

Table 2. Longitudinal High-Density Serial Intraoperative Hemodynamic, Respiratory, and Ventilatory Trajectory Across Procedural Milestones.

Rate-

. . . Mean Heart Peak Serial Delta
) Elapse Systolic Diastoli ) EtCO, ) Pressure
Milestone Code & . Arterial Rate SpO. Airway Change
d Time BP cBP (mmH Product
Procedural Phase i) (i) (i Pressure (beats/ (%) ) Pressure T (A% MAP
8 g (mmHg) min) & (cmH;0) g)p vs Tp)
To: Baseline Pre- 0 110 62 78.0 88 98 33 12 9,680 Reference
Induction Resting State (0.0%)
T;: Post-Induction &
1 Fostincuction 15 102 60 74.0 84 99 34 14 8,568 -5.1%
Tracheal Intubation
T,: CO, Insufflation
30 124 66 85.3 92 99 36 18 11,408 9.49
Onset (IAP 6-8 mmHg) ¥9.4%
Ts: Peak Surgical
Dissection & 60 130 68 88.7 95 99 35 19 12,350 +13.7%
Orchidopexy
T,: Desufflation &
o Desuation & 105 112 64 80.0 86 99 34 15 9,632 +2.6%
Surgical Hemostasis
Ts: Tracheal Extubati
st tracheal BXbation 454 105 61 75.7 82 99 33 12 8,610 -2.9%

& Post-Anesthesia Care

Note: All values represent verified real-time measurements recorded during the 120-minute surgical procedure. Mean Arterial Pressure (MAP) calculated as (SBP + 2 x DBP) / 3. Rate-
Pressure Product (RPP) calculated as HR x SBP. Percentage delta change calculated as A% = [(MAP_Tn - MAP_T0) / MAP_TO] x 100%. Abbreviations: BP, blood pressure; CO,, carbon
dioxide; DBP, diastolic blood pressure; EtCO,, end-tidal carbon dioxide; HR, heart rate; IAP, intra-abdominal pressure; MAP, mean arterial pressure; SBP, systolic blood pressure; SpO,,
peripheral capillary oxygen saturation.

Panel A: High-Density Intraoperative Hemodynamic Profile (120 min Duration)

140 Target Pediatric MAP Safe Zone (65-95 mmHg) ~ =%=Diastolic Blood Pressure (DBP, mmHg)
== Systolic Blood Pressure (SBP, mmHg) =@= Heart Rate (HR, beats/min)
— = == Mean Arterial Pressure (MAP, mmHg)
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Panel B: Ventilatory Mechanics, Capnography, and Oxygenation Stability

100 O + + 4 + 4
v 80
=
]
=
3
z 60 Protective Normocarbic Target (EtC0, 32-36 mmHg) ~ ~#~ End-Tidal CO, (EtCO,, mmHg)
> =&~ Oxygen Saturation (Sp0z, %) =& Peak Inspiratory Pressure (Ppeak, cmH,0)
=]
=
& =
20 A *
A + —a
T T T T T T
Baseline Induction & Intub Insufflation Onset Deep Dissection Desufflation Extubation & PACU
(To, 0 min) (T, 15 min) (T2, 30 min) (T3, 60 min) (T4, 105 min) (Ts, 120 min)

Procedural Milestones Across Laparoscopic Exploration and Orchidopexy
Figure 3. Longitudinal high-density serial intraoperative physiological trajectory across 120 minutes. Panel A depicts systolic, mean arterial, and diastolic

blood pressure alongside heart rate across procedural milestones TO to T5. Panel B depicts continuous oxygen saturation, end-tidal carbon dioxide, and
peak inspiratory airway pressure, demonstrating tight homeostatic control.
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11000 Baseline Resting State

(RPP = 9,680 bpmmmHg)

10000 -

9000

Rate-Pressure Product (RPP, bpm-mmHg)

Pharmacological Blunting

8000 4 (Fentanyl 3 mcg/kg + Midazolam)

== Rate-Pressure Product (RPP = HR x SBP, bpm-mmHg)
7000 Safe Pediatric Myocardial Oxygen Demand Range (<13,000 bpm-mmHg)
=== (Critical Right Ventricular Stress Threshold (RPP >13,000)

Pneumoperitoneum Peak Load
(RPP = 12,350 bpm'mmHg; < Threshold)

Smooth Recovery & Emergence
(RPP = 8,610 bpm'mmHg; A% = ~11.1%)

Baseline
(To, 0 min)

Insufflation Onset
(T2, 30 min)

Induction & Intub
(T4, 15 min)

Extubation & PACU
(Ts, 120 min)

Desufflation
(T4, 105 min)

Deep Dissection
(T3, 60 min)

Procedural Milestones Across 120 Minutes

Figure 4. Serial rate-pressure product (RPP = HR x SBP) trajectory and myocardial workload stability. Demonstrates effective suppression of sympathetic
stimulation and right ventricular ischemic stress, remaining strictly below the critical right ventricular stress threshold of 13,000 bpm-mmHg throughout

the procedure.

3.4. Pharmacodynamic Optimization and Weight-
Adjusted Titration

The pharmacological strategy was strictly calibrated to
actual body weight (8.3 kg) and metabolic elimination
pathways, as summarized in Table 3.2021 The selection of
atracurium besylate (5.0 mg, 0.60 mg/kg) proved
exceptionally advantageous: its spontaneous non-
enzymatic degradation via Hofmann elimination (80%)
and non-specific plasma ester hydrolysis (20%) provided
complete neuromuscular blockade for 45 minutes, with
spontaneous recovery of twitch height occurring

independently of hepatic perfusion or renal clearance, as
summarized in Table 3.2 Neuromuscular monitoring
verified a train-of-four (TOF) ratio exceeding 0.90 prior to
extubation without requiring pharmacological
anticholinesterase reversal, thereby avoiding muscarinic
tachycardia or bronchosecretion in the presence of an
intracardiac shunt.?! Dexamethasone (4.0 mg, 0.48 mg/kg)
provided powerful anti-edema prophylaxis, evidenced by
zero post-extubation stridor or airway obstruction, and
contributed to zero episodes of postoperative nausea and
vomiting, as summarized in Table 3.2!

Table 3. Pharmacodynamic and Weight-Adjusted Dosing Optimization in Severe Pediatric Malnutrition (8.3 kg) and Shunt Physiology

Standard Pediatric Dose

Pharmacological Agent (Age-Based)

Administered Dose
(Weight-Adjusted 8.3 kg)

Physiological Rationale &
Safety Profile in Fraser
ASD Substrate

Metabolic & Elimination
Pathway

2.0-3.0 mg (0.05-0.1 mg/kg

Midazolam (Premedication) -3 kg child)

titrated)

50-100 mcg (1-2 mcg/kg

Fentanyl (Opioid Analgesic) for 30 kg child)

1.0 mg (0.12 mg/kg

25 mcg (3.0 mecg/kg actual
body weight)

Provides mild anxiolysis,
facilitating smooth parent
separation without
inducing respiratory
depression or upper airway
obstruction in a non-
cooperative child

Hepatic CYP3A4 oxidation
& renal clearance

Blunts sympathetic surge
during laryngoscopy; lacks
direct myocardial
depression; prevents
tachycardia that impairs
right coronary perfusion

Hepatic CYP3A4 N-
dealkylation to norfentanyl

Allows smooth inhalational
induction preserving

. R R 1.0-2.0 vol% (Titrated Minimal hepatic CYP2E1 spontaneous breathing; low
/S;i‘gtlﬁgfi?)e (Volatile 1%/19\(? .rivltﬁi/géé%et)based inhalational induction & (<5%); predominant blood-gas partition
! maintenance) alveolar exhalation coefficient (0.68) facilitates
rapid titration and
emergence
Critically independent of
. Spontaneous Hofmann  EPRE SR FERE oren
Atracurium 15-20 mg (0.5 mg/kg for 30 5.0 mg (0.60 mg/kg actual elimination (80%) & non- malnourished child from

(Neuromuscular Blocker) kg child) body weight) sggg/ific ester hydrolysis prolonged neuromuscular
(20%) blockade and recurrent
paralysis
Provides multimodal
prophylaxis against
. : postoperative laryngeal
Dexamethasone 8-10 mg (0.15-0.3 mg/kg 4.0 mg (0.48 mg/kg actual Pllepatlcrr?etgggllsmfzr edema post-
(Glucocorticoid) for 30 kg child) body weight) %ilrllfj?ﬁo icold recepto instrumentation; acts
g synergistically with
endogenous antiemetic
pathways

Note: Dosing strictly calibrated to patient's actual measured body weight (8.3 kg) rather than expected chronological age weight (31.2 kg) to prevent catastrophic overdosage.
Abbreviations: CYP, cytochrome P450; MAC, minimum alveolar concentration; vol%, volume percent.
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3.5. Fluid Homeostasis and Thermal Preservation

Total intravenous fluid administration was governed by a
strict restrictive protocol, delivering exactly 110 mL of
balanced electrolyte solution over the 2-hour operative
course, as detailed in Table 1.1332 Measured blood loss was
minimal at 20 mL, and urine output was 80 mL (4.8
mL/kg/h), resulting in a net positive fluid balance of
exactly +10 mL, as detailed in Table 1.13 This measured
balance successfully prevented both intravascular
hypovolemia (which causes underfilling of the left ventricle
and reduces cardiac output) and iatrogenic hypervolemia
(which acutely distends the volume-loaded right atrium
and right ventricle, exacerbating tricuspid regurgitation
and precipitating congestive heart failure), completely
preventing post-arrest or post-procedural ischemic
injury.132541 Continuous core temperature monitoring via
the esophageal probe recorded a baseline temperature of
36.6°C, dipping slightly to 36.3°C during surgical
preparation, and returning to 36.7°C at skin closure,
confirming the effectiveness of active forced-air and fluid
warming in preventing hypothermia-induced pulmonary
vasoconstriction.??

3.6. Postoperative Course and Longitudinal Causality
Assessment

The patient was transferred directly to the pediatric post-
anesthesia care unit (PACU) with stable vitals.? Pain
control was maintained using intravenous paracetamol
(120 mg IV every 8 hours, 14.5 mg/kg) combined with
surgical local infiltration of 0.25% bupivacaine (2 mL) at

the trocar puncture sites.2! Serial evaluation at 2, 6, 12, and
24 hours postoperatively confirmed sustained clinical
stability: blood pressure remained between 100-115 / 58-
65 mmHg, heart rate was 80-92 beats/min, peripheral
oxygen saturation was 98%-99% on room air, and core
body temperature was 36.8°C-37.1°C, demonstrating
successful post-procedural functional rehabilitation.1342
Oral feeding was resumed successfully at 6 hours
postoperatively without vomiting or abdominal distension,
and the patient was safely transferred to the pediatric
surgical ward on postoperative day 1.20

Objective causality analysis utilizing the Naranjo Adverse
Drug Reaction Probability Scale yielded a cumulative score
of +9 out of 10, establishing a 'Definite' causal connection
between the targeted anesthetic interventions and the
observed hemodynamic stability, as summarized in Table
4.3% Application of the WHO-UMC causality classification
confirmed the association as 'Certain', while evaluation
across Sir Austin Bradford Hill's criteria demonstrated
rigorous alignment across strength of association,
consistency, biological gradient, plausibility, and
coherence, as summarized in Table 4.3335 Global
benchmarking against international registry cohorts
confirmed that the present observational strategy achieved
superior outcomes (zero cardiac events, zero intubation
failures, zero airway complications, and zero shunt
inversions) compared to published morbidity benchmarks
for syndromic pediatric surgery, as benchmarked in Table

5 and visualized in Figure 5.51419.2043

Table 4. Objective Causality Assessment Matrix for Perioperative Hemodynamic Stability and Shunt Preservation

Bradford Hill / WHO-UMC
Domain

Operationalized Clinical Criteria
in Present Case

Observed Longitudinal Evidence

Causality Inference &
Mechanistic Validation

Marked hemodynamic
preservation without inotropic
support despite severe
multisystem pathology

1. Strength of Association

Reproducible stability across
distinct surgical phases
(pneumoperitoneum vs
desufflation)

2. Consistency of Effect

Direct targeting of PVR and SVR to
prevent shunt inversion and right
ventricular strain

3. Specificity of Intervention

Interventions initiated prior to and
concurrently with surgical stress
milestones

4. Temporality

Graded titration of volatile
anesthetic and careful fluid balance
(+10 mL net)

5. Biological Gradient (Dose-
Response)

Known hemodynamic impacts of
intracardiac shunts,
pneumoperitoneum, and
malnutrition

6. Biological Plausibility

Integration of clinical vital signs,
chest radiography, and laboratory
parameters

7. Coherence

Prompt resolution of mild
pneumoperitoneum-induced
pressure rises upon desufflation

8. Reversibility / Analogy

Standardized objective causality
scoring for anesthetic drug
tolerability and safety

9. WHO-UMC / Naranjo Assessment

Blood pressure maintained within
100-130 / 60-68 mmHg; MAP
range 74.0-88.7 mmHg across
entire 2 hours

MAP delta change bounded within -
5.1% to +13.7%; SpO, remained
98-99% throughout insufflation

Strict normocapnia (EtCO; 33-36
mmHg), low-pressure CO, (6-8
mmHg), and avoidance of acidosis

Pre-induction premedication, pre-
insufflation lung recruitment,
immediate desufflation recovery

Sevoflurane maintained at 1.5-2.0
vol%; fluid restriction prevented
right ventricular distension

PVR increase triggers shunt
reversal; Hofmann degradation
circumvents metabolic hepatic
insufficiency

Stable RPP (<12,500 bpm-mmHg)
mirrors lack of ST-segment
depression and absence of lactic
acidosis

Ppeak decreased from 19 cmH,0
(T5) to 12 cmH,0 (Ts); MAP
returned from 88.7 to 75.7 mmHg

Naranjo ADR score = +9 (Definite
tolerability); WHO-UMC causality
grade = 'Certain’

Strong association between
physiology-driven anesthetic plan
and avoidance of cardiopulmonary
collapse

Consistent homeostatic buffering
against repeated intra-abdominal
and intrathoracic pressure
challenges

Specific prevention of acute
pulmonary vasoconstriction; zero
desaturation or cyanotic episodes
observed

Temporal sequence confirms
anesthetic maneuvers preceded
and successfully blunted expected
stress surges

Direct dose-response relationship
between controlled drug/fluid
delivery and stable myocardial
mechanics

Complete alignment with
established cardiovascular and
pediatric pharmacological
pathophysiology

Total coherence across
independent diagnostic,
radiological, and clinical
monitoring streams

Clear recovery trajectory following
removal of mechanical intra-
abdominal perturbation

Affirms that uneventful recovery
was directly caused by tailored
multi-tiered anesthetic
management

Note: Evaluated in accordance with Sir Austin Bradford Hill's classical criteria for causation and the World Health Organization-Uppsala Monitoring Centre (WHO-UMC) standardized
pharmacovigilance system. Abbreviations: ADR, adverse drug reaction; ASD, atrial septal defect; EtCO,, end-tidal carbon dioxide; MAP, mean arterial pressure; Ppeak, peak inspiratory
pressure; PVR, pulmonary vascular resistance; RPP, rate-pressure product; SVR, systemic vascular resistance.
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Table 5. Global Comparative Benchmarking Matrix: Clinical Outcomes of Syndromic Pediatric Difficult Airway and Congenital Heart Disease

Cohort / Comparative Patient Cohort & Airway / Surgical Reported Complication Comparative Outcome in
Study Pathological Substrate Challenge Rates in Literature Present Case Study
Direct vs First-attempt intubation 100% first-attempt

Pediatric Difficult
Intubation Registry (PeDI)
Cohort (Stein et al.,, 2024)

Multicenter Pediatric
Noncardiac CHD Registry
(Nasretal., 2025)

Pediatric CHD Laparoscopy
Cohort (Herrick et al.,
2022)

Pediatric Acute
Malnutrition Surgical
Cohort (Esposito et al.,
2026)

Fraser Syndrome
Comprehensive Global
Literature Series (Ettoini et
al, 2026)

Pediatric difficult airway
registry (n=1,018
syndromic children)

Children with noncardiac
CHD undergoing surgery (n
=8,420)

Children with intracardiac
shunts and CHD
undergoing laparoscopy (n
=142

Children with severe acute
malnutrition (wasting)
undergoing abdominal
surgery (n = 315)

Neonates and children with
Fraser syndrome (n = 48
published cases)

videolaryngoscopy in
syndromic craniofacial
anomalies

Hemodynamic collapse and
cardiac arrest during major
noncardiac surgery

Elevated intra-abdominal
pressure (IAP 8-12 mmHg)
causing shunt instability

Altered pharmacokinetics,
delayed recovery, wound
dehiscence, hypothermia

Craniofacial malformations,
subglottic laryngeal
stenosis, urogenital surgery

failure rate 22.4%j;
complications in 15.8%
(hypoxemia, airway
trauma)

Intraoperative adverse
cardiac events in 5.2%;
severe hypotension in
4.1%; arrest in 0.8%

Shunt reversal / transient
desaturation in 7.8%;
extended postoperative
mechanical ventilation in
11.3%

Postoperative complication
odds ratio 2.84; delayed
emergence (>60 min) in
18.2%

Perioperative mortality up
to 25.0% in early
childhood; difficult airway
in 38.5%

atraumatic intubation
success using layered
airway readiness and 4.5-
mm cuffed ETT

Zero intraoperative adverse
cardiac events; perfect
hemodynamic stability
(MAP 74-89 mmHg, HR 82-
95 bpm)

Zero shunt reversal; SpO,
98-99% throughout; low-
pressure IAP (6-8 mmHg);
immediate successful
extubation in OR

Prompt emergence upon
discontinuing volatile
agent; zero residual
paralysis (Hofmann
degradation); uneventful
recovery

Complete perioperative
survival; stable 24-hour
course; successful single-
stage laparoscopic
orchidopexy

Note: Benchmarked against international multicenter registries and high-impact peer-reviewed cohort studies published between 2022 and 2026. Abbreviations: CHD, congenital heart
disease; ETT, endotracheal tube; HR, heart rate; IAP, intra-abdominal pressure; MAP, mean arterial pressure; OR, operating room; Sp0., peripheral capillary oxygen saturation.

Synergistic Pathophysiology of Fraser Syndrome, Atrial Septal Defect, Severe Marasmus, and Laparosc

neumoperitoneum

PATHOPHYSIOLOGICAL VULNERABILITY CASCADE

N

LAYERED ANESTHETIC SHIELDING CASCADE

(Syndromic Substrate & Perturbation Hazards) (Multidisciplinary Strategy & Physiological Protection)

Tier 1: Layered Difficult Airway Defense
« Preoperative Strategy: Videolaryngoscope & Bronchoscope Ready
« Smooth fl ion Induction Breathing)
« Atraumatic Intubation: 4.5-mm Cuffed ETT (High-Volume
Low-Pressure)
+ Gastric Decompression via Nasogastric Tube

Tier 1: FRAS1/FREM ECM Disruption & Syndromic Cluster
« Bilateral Anophthalmia & Facial Disproportion
« Subglottic/Laryngeal Web Vulnerability
« Severe Marasmic Malnutrition (8.3 kg at 10 yo, BMI 12.97 kg/m?)

Tier 2: Atrial Septal Defect with Right Heart Volume Load
« Left-to-Right Shunt -> Right Atrial & RV Dilation
+ Chronic Pulmonary Hyperperfusion (Figure 1 Corroboration)
« Fragile Right Ventricular Compliance & Fixed Reserve

Tier 2: Pul, ry Vascular Resi: e i
« Tight Normocapnia Target (EtCO; 32-36 mmHg)
« Moderate Hyperoxia (Fi0; 0.50) to Prevent Hypoxic Vasoconstriction
« Pressure-Controlled Ventilation: Ppeak Kept =19 cmH;0

ow-Pressure Pneumoperitoneum Strategy

Tier 3: Laparoscopic CO; Insufflation Perturbations
« Diaphragmatic Cephalad Shift -> | Lung Compliance, T Ppeak
« Peritoneal CO, Absorption -> Hypercarbia & Acidosis
« Inferior Vena Cava Compression -> Preload Reduction
+ Paradoxical Gas/Air Embolism Risk across Septal Defect

= Avoidance of Excessive Trendelenburg Tilt
« Meticulous De-Airing & Air-Trap Filter (Paradoxical Embolism
Shield)
« Fentanyl 3 mcg/kg Blunting Sympathetic Surges

Tier 4: Org: Drug Metabolism & Vigilance
« Atracurium 5 mg: Hofmann Degradation & Ester Hydrolysis
(Zero Dependence on Impaired Hepatic/Renal Reserve)
= Dexamethasone 4 mg Multimodal Anti-Edema & Antiemetic
« Conservative Restrictive Fluid Balance (+10 mL Net Positive)
« Active Forced-Air Warming to Prevent PVR-Triggering Hypothermia

Tier 4: Vicious Hemodynamic & Hypoxic Spiral
« Hypercarbia & Hypoxia Spike PVR -> Acute RV Strain
« Shunt Reversal (Right-to-Left) -> Severe Desaturation
« Inadvertent Fluid Overload -> Acute RV Volume Failure
« Malnutrition Impairs Drug Clearance -> Delayed Awakening

Tier 5: Catastrophic Circulatory & Airway Collapse:
Cannot Intubate / Cannot Oxygenate (CICO) +
Refractory Low-Output Cardiac Shock +
Paradoxical Cerebral Embolization -> Perioperative Death

Tier 5: Exemplary Clinical Outcome in Present Study:
100% Hemodynamic Stabi Across 120-min Procedure;
Zero Arrhythmias or Shunt Inversi BP 100-130 mmHg, HR 82-95 bpm;
Immediate Successful Extubation in OR;
Stable 24-Hour Postoperative Recovery & Discharge to Ward

_ AN J

Figure 5. Multi-tier mechanistic pathophysiological cascade: Vulnerability Triad vs. Layered Anesthetic Shielding. Illustrates the five-tier failure pathway
(genetic FRAS1/FREM ECM disruption, ASD volume load, pneumoperitoneum hazards, acute decompensation spiral, and circulatory collapse) contrasted
against the five-tier protective anesthetic shield (layered airway defense, PVR homeostasis, low-pressure pneumoperitoneum, organ-independent Hofmann
pharmacology, and 100% stable clinical recovery).
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4. Discussion

The successful conduct of general anesthesia and
laparoscopic orchidopexy in a pediatric patient presenting
with the unprecedented convergence of Fraser syndrome,
an uncorrected ostium secundum atrial septal defect,
severe  marasmic  malnutrition, and congenital
cytomegalovirus infection illustrates the clinical
management challenges.1131° Fraser syndrome is
inherently characterized by extensive genetic and
phenotypic heterogeneity, with clinical manifestations
ranging from fatal multi-system malformations to complex
viable  syndromes requiring multiple  surgical
interventions.!? The fundamental lesson derived from this
observational analytic case study is that perioperative
safety in syndromic children cannot be achieved by relying
on generic anesthetic protocols or syndrome diagnostic
labels alone.’3 Instead, clinical success demands an
individualized, physiology-driven management framework
that systematically dissects and mitigates the specific
anatomical, hemodynamic, = pharmacological, and
mechanical hazards unique to each patient's phenotypic
presentation, as detailed in Table 1.1320

4.1. Deconstructing Airway Vulnerability in Fraser
Syndrome

The primary threat to pediatric life during anesthetic
induction resides in the upper airway.3* In Fraser
syndrome, structural disruptions of the FRAS1/FREM
extracellular matrix complex destabilize the epithelial-
mesenchymal junction during craniofacial morphogenesis,
generating distinctive skeletal and mucosal
abnormalities.’? The presence of bilateral anophthalmia,
micrognathia, retrognathia, and a hypoplastic midface
creates severe line-of-sight misalignment between the oral,
pharyngeal, and laryngeal axes during conventional direct

laryngoscopy.?” Furthermore, the syndromic
predisposition toward congenital laryngeal webs,
subglottic stenosis, and tracheal ring hypoplasia

introduces an unpredictable, critical risk of complete
mechanical obstruction at or below the vocal cords.!*
When these anatomical challenges intersect with
intellectual disability and congenital CMV-related cognitive
deficits, the patient is completely incapable of participating
in pre-induction psychological preparation or cooperative
airway evaluation.?* Any poorly tolerated attempt at
awake examination or rapid intravenous induction risks
provoking violent agitation, intense crying, dynamic
airway collapse, reflex laryngospasm, and catastrophic
hypoxemic cardiac arrest.35

To counteract these compounded vulnerabilities, our
management strategy incorporated three core airway
principles validated by contemporary pediatric difficult
airway registries: pre-induction anxiolytic titration,
preservation of spontaneous respiration, and primary
deployment  of advanced  videolaryngoscopy.3>7
Premedication with titrated intravenous midazolam (1.0
mg, 0.12 mg/kg) successfully achieved calm parental
separation without inducing respiratory depression, loss
of upper airway muscular tone, or paradoxical excitement.3

Inhalational induction with sevoflurane maintained
continuous spontaneous respiration, ensuring that
negative-pressure  inspiratory  efforts  preserved

pharyngeal patency and allowed immediate confirmation
of mask ventilability before the administration of
neuromuscular blockade.324
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The decision to execute primary tracheal intubation
utilizing a pediatric videolaryngoscope (GlideScope Core)
with a 4.5-mm cuffed tube was fully substantiated by
recent multicenter registry analyses from the Pediatric
Difficult Intubation (PeDI) collaborative, as benchmarked
in Table 5.57 Analyses of over 1,000 syndromic difficult
intubations by Stein et al. and Koepp-Medina et al.
demonstrate that primary videolaryngoscopy significantly
improves glottic visualization, reduces the number of
intubation attempts, and sharply curtails complications
such as hypoxemia, dental trauma, and airway edema
compared to conventional direct laryngoscopy.>’ A
Cochrane systematic review by Lingappan et al. similarly
confirmed superior first-attempt intubation success and
reduced airway trauma with videolaryngoscopy in fragile
pediatric airways.® In our patient, achieving an
unobstructed Cormack-Lehane Grade 1 view and
atraumatic first-pass intubation completely eliminated the
hazard of repeated mucosal instrumentation, which
represents the single greatest precipitant of acute airway
edema and emergency surgical airway access in pediatric
anesthesia.>®

The choice of a 4.5-mm internal diameter micro-cuffed
endotracheal tube is strongly supported by contemporary
pediatric airway literature.”!? Historically, pediatric
anesthesiologists avoided cuffed tubes in small children
due to fears of subglottic pressure necrosis and post-
extubation stridor.>? However, modern ultra-thin
polyurethane high-volume low-pressure cuffs have
revolutionized pediatric airway safety.®2 A large
retrospective cohort analysis by Bibl et al. demonstrated
that micro-cuffed tubes do not increase the incidence of
post-extubation stridor or subglottic stenosis in small
children compared to uncuffed tubes, provided intracuff
pressure is maintained below 20 cmH,0.12 In our patient,
the cuffed tube provided an airtight seal essential for
delivering controlled mechanical ventilation against the
elevated intrathoracic  pressures generated by
laparoscopic pneumoperitoneum, while simultaneously
protecting the tracheobronchial tree against aspiration, as
illustrated in Figure 2.91°

4.2. Biomechanics of Shunt Dynamics and Systemic-to-
Pulmonary Vascular Coupling

The coexistence of an uncorrected ostium secundum atrial
septal defect adds a profound dimension of cardiovascular
fragility that is inextricably linked to airway management
and mechanical ventilation, requiring precise vascular
resistance control akin to high-risk cardiovascular
anesthesia.’3In an isolated secundum ASD, the interatrial
communication permits left-to-right shunting because
right ventricular compliance is substantially higher than
left ventricular compliance, and baseline pulmonary
vascular resistance is significantly lower than systemic
vascular resistance.'13 This chronic left-to-right shunting
imposes a continuous volume overload on the right atrium
and right ventricle, leading to the chamber dilatation and
pulmonary vascular engorgement demonstrated on our
patient's echocardiogram and preoperative chest
radiograph, as illustrated in Figure 1.1325 In this volume-
loaded state, the right ventricle operates on the steep, non-
compliant portion of its Starling curve; it possesses
minimal functional reserve to tolerate acute increases in
afterload or acute reductions in coronary perfusion.326

The American Heart Association (AHA) scientific
statement on pediatric patients with congenital heart
disease undergoing noncardiac procedures emphasizes
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that perioperative management must rigorously preserve
the systemic-to-pulmonary vascular resistance (SVR:PVR)
ratio.’® Any acute elevation in pulmonary vascular
resistance—precipitated by alveolar hypoxia, hypercapnia,
systemic acidosis, hypothermia, inadequate analgesia, or
excessive mean airway pressure—sharply increases the
afterload against which the dilated right ventricle must
eject.’316 [n a fragile heart, acute right ventricular afterload
mismatch induces acute chamber distension, increases
tricuspid annular dilatation, shifts the interventricular
septum leftward (impairing left ventricular diastolic
filling), and can trigger sudden shunt reversal (right-to-left
shunting), manifesting as rapid, refractory systemic
arterial desaturation, cardiovascular collapse, and
electromechanical dissociation, as demonstrated in Figure
2 and visualized in Figure 5.132¢ Conversely, a precipitous
decline in systemic vascular resistance—such as that
caused by large boluses of propofol or rapid neuraxial
blockade—reduces the SVR:PVR ratio, diminishes aortic
root driving pressure, and critically compromises right
coronary artery perfusion pressure (CPP_RV = Aortic DBP
- RVEDP), precipitating right ventricular subendocardial
ischemia and acute pump failure.1326

In our patient, the maintenance of hemodynamic stability
across the 120-minute procedure (mean arterial pressure
tightly bounded between 74.0 and 88.7 mmHg; heart rate
82-95 beats/min; SpO, 98%-99%) confirms that our
targeted anesthetic protocol successfully preserved the
SVR:PVR ratio and right ventricular coronary driving
pressure, as delineated in Table 2 and depicted in Figure
3.1319 The longitudinal trajectory of the rate-pressure
product (RPP = HR x SBP), which remained consistently
below 12,500 bpm-mmHg, as shown in Figure 4, provides
objective mathematical proof that right ventricular
myocardial oxygen consumption was maintained within
safe physiological limits throughout the entire operative
stress period.?2® Furthermore, the multicenter registry
analysis by Foz et al. demonstrated that difficult tracheal
intubation in children with congenital heart disease is an
independent predictor of severe intraoperative cardiac
arrest and mortality.’® By achieving atraumatic first-pass
videolaryngoscopic intubation, we completely averted the
severe hypoxemic, hypercapnic, and sympathetic surges
that routinely destabilize intracardiac shunts, reinforcing
the fundamental tenet that airway optimization is itself a
powerful cardioprotective intervention, as validated in our
institutional series.1618

A critical, often underestimated hazard in patients with an
interatrial communication is paradoxical embolism.!3 In an
isolated ASD, although net blood flow is predominantly
left-to-right, transient micro-reversals of flow occur during
normal respiratory cycles, the initiation of positive
pressure breaths, and transient intra-abdominal pressure
fluctuations.'31 Under these conditions, microscopic air
bubbles or particulate matter entering the venous
circulation can cross the defect into the left atrium and
embolize directly into the coronary or cerebral arterial
beds, precipitating acute myocardial infarction or stroke.!?
In our patient, the strict enforcement of meticulous venous
de-airing protocols, the integration of an in-line 0.2-pum air-
eliminating filter, and continuous capnographic
monitoring for sudden drops in EtCO, provided an
effective mechanical and monitoring shield against
paradoxical embolization.!319
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4.3. Physiological Impact of Laparoscopic
Pneumoperitoneum

The application of laparoscopic surgery in a child with
congenital heart disease requires an understanding of
cardiopulmonary  interactions.’®  Carbon  dioxide
pneumoperitoneum introduces four major physiological
perturbations: (1) mechanical cephalad displacement of
the diaphragm, which decreases thoracic compliance and
lung volumes; (2) compression of the inferior vena cava
and splanchnic venous bed, altering venous return; (3)
systemic absorption of peritoneal carbon dioxide, inducing
hypercarbia; and (4) neurohumoral stimulation via
peritoneal stretch receptors, provoking catecholamine and
vasopressin release.'%20 In children with cardiac shunts,
these mechanical and biochemical alterations can
dramatically modify pulmonary vascular tone and shunt
direction, as demonstrated in Figure 2.1°

A nationwide cohort analysis by Herrick et al. evaluating
laparoscopic surgery requiring abdominal insufflation in
pediatric patients with congenital heart disease
established that selected children with intracardiac shunts
can safely undergo laparoscopy, but procedural safety
correlates directly with the restriction of insufflation
pressures and duration, as benchmarked in Table 5.1° High
intra-abdominal pressures (= 10-12 mmHg) compress the
inferior vena cava, severely reducing preload to an already
volume-dependent right ventricle, while simultaneously
elevating intrathoracic pressure and pulmonary vascular
resistance.’®20 In our patient, we maintained an ultra-low
intra-abdominal pressure of 6 to 8 mmHg, utilized a low
CO, insufflation flow rate (1.0-1.5 L/min), and avoided
steep Trendelenburg positioning, as delineated in Table
2.19 This low-pressure strategy minimized diaphragmatic
splinting, evidenced by peak inspiratory pressures that
never exceeded 19 cmH,0 during full pneumoperitoneum,
as depicted in Figure 3.1° Furthermore, nasogastric tube
decompression evacuated residual gastric air, preventing
stomach distension against the diaphragm and preserving
functional residual capacity.®

Peritoneal absorption of carbon dioxide represents an
acute hazard for pulmonary vascular resistance.1%20
Hypercapnia and the resulting respiratory acidosis are
potent pulmonary vasoconstrictors.'1¢ In our patient, end-
tidal carbon dioxide was monitored continuously and
maintained strictly within the normocapnic window of 33
to 36 mmHg by proactive, protocolized adjustments of
minute ventilation (increasing the respiratory rate from 22
to 26 breaths/min while maintaining a protective tidal
volume of 7.8 mL/kg), as delineated in Table 2 and
depicted in Figure 3.1920 By aggressively preventing
hypercapnic acidosis, we completely eliminated the
primary physiological trigger for reactive pulmonary
vasoconstriction, ensuring that left-to-right shunt
dynamics remained completely stable without transient
reversal or hypoxemia, as demonstrated in Figure 2.131°

4.4. Pharmacological Precision in Severe Marasmic
Malnutrition

Severe acute malnutrition (wasting) profoundly alters
pediatric pharmacokinetic and pharmacodynamic profiles,
transforming routine drug administration into a high-
stakes clinical intervention.2%2! In our 10-year-old patient,
who weighed only 8.3 kg with a BMI of 12.97 kg/m?
chronological age-based dosing would have resulted in
catastrophic, fatal drug overdose, as summarized in Table
3.2021 A recent pediatric surgical cohort analysis by
Esposito et al. demonstrated that severe wasting

251



Journal of Anesthesiology and Clinical Research

Vol.7 - No. 22026 - pp. 239-254

independently increases the odds of major postoperative
complications by nearly threefold (odds ratio 2.84), with
delayed emergence and prolonged recovery representing
major risks, as benchmarked in Table 5.2° Malnutrition
severely depletes muscle mass and adipose tissue, altering
the volume of distribution for lipophilic volatile agents and
opioids, while hepatic protein synthesis impairment
diminishes circulating albumin, increasing the free,
unbound pharmacologically active fraction of drugs.?!

To navigate this altered metabolic landscape, all anesthetic
agents were strictly calibrated to the patient's actual
measured body weight (8.3 kg) and targeted toward organ-
independent elimination pathways, as summarized in
Table 3.2' The selection of atracurium besylate (5.0 mg,
0.60 mg/kg) as the neuromuscular blocking agent was
selected for its elimination pathway.?! Unlike amino-
steroid relaxants such as rocuronium or vecuronium,
which rely heavily on hepatic uptake, biliary excretion, and
renal elimination, atracurium undergoes spontaneous
chemical degradation via Hofmann elimination (80%) and
non-specific plasma ester hydrolysis (20%), as
summarized in Table 3.2! This pathway operates entirely
independently of hepatic and renal function, requiring only
physiological temperature and pH.?! In our malnourished
patient with limited metabolic reserve, atracurium
provided dense surgical relaxation during abdominal
trocar insertion and abdominal exploration, followed by
rapid, spontaneous recovery to a TOF ratio > 0.90 without
the need for anticholinesterase reversal agents, which
carry  undesirable  muscarinic  tachycardic  and
secretomotor effects.?!

Similarly, fentanyl was administered at a carefully
calculated dose of 25 mcg (3.0 mcg/kg actual body weight),
providing potent opioid receptor occupancy to blunt the
hemodynamic stress of laryngoscopy and trocar insertion
without suppressing myocardial contractility or provoking
prolonged respiratory depression, as summarized in Table
3.13 Sevoflurane, an inhalational agent characterized by low
blood-gas solubility (0.68) and predominant pulmonary
alveolar elimination, was titrated within a low
maintenance window of 1.5 to 2.0 vol% in 50% oxygen,
providing smooth unconsciousness while preserving
systemic vascular resistance and allowing rapid
elimination upon surgical dressing placement, as
summarized in Table 3.24 Dexamethasone (4.0 mg, 0.48
mg/kg) provided multimodal protection, functioning as a
powerful antiemetic and simultaneously suppressing
airway mucosal edema following endotracheal
instrumentation, as summarized in Table 3.21 A
randomized clinical trial by Zhang et al. demonstrated that
dexamethasone combined with pyridoxine (vitamin B6)—
a micronutrient already taken chronically by our patient—
provides superior antiemetic prophylaxis in laparoscopic
surgery, which directly correlated with our patient's
complete absence of postoperative retching or vomiting.2?

4.5. Thermal and Fluid Homeostatic Vigilance

Pediatric patients with severe wasting possess an
exceptionally high surface area-to-weight ratio, minimal
insulating subcutaneous fat, and impaired non-shivering
thermogenesis, placing them at extreme risk for
intraoperative hypothermia.?!22 Inadvertent perioperative
hypothermia is far more than an uncomfortable
complication; in a child with congenital heart disease,
hypothermia triggers profound peripheral
vasoconstriction, shivering-induced oxygen consumption
surges, platelet dysfunction, and, most dangerously, acute
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reactive pulmonary vasoconstriction with resultant right
ventricular strain.'®22 A multicenter study by Yang et al.
emphasized that active perioperative warming is an
essential standard of care in fragile pediatric surgery.2? In
our case, the continuous application of a forced-air
warming blanket set to 38.0°C, combined with warmed
intravenous  fluids, maintained core esophageal
temperature strictly between 36.3°C and 36.7°C, entirely
preventing hypothermia-mediated pulmonary
hypertensive spikes.2?

Fluid management in a patient with an uncorrected atrial
septal defect and right heart dilatation demands exquisite
balance.’332 Administration of excessive crystalloid
volumes acutely expands the intravascular space,
overwhelming the compliant right heart, stretching the
tricuspid valve annulus, worsening regurgitation, and
precipitating acute pulmonary venous congestion and right
ventricular failure, as detailed in Table 1.1325 Conversely,
uncritical fluid restriction results in intravascular
hypovolemia, diminishing left ventricular preload and
reducing cardiac output.3? In our patient, we instituted a
restrictive, goal-directed fluid strategy, delivering exactly
110 mL of balanced electrolyte solution over the 2-hour
procedure, matching a blood loss of 20 mL and urine
output of 80 mL (4.8 mL/kg/h) to achieve a net positive
balance of exactly +10 mL, as detailed in Table 1 and Table
2.1332 This precise balance sustained adequate end-organ
perfusion while protecting the right ventricle from volume
overload, as detailed in Table 4.1332

4.6. Emergence, Recovery, and the Proposed
Prospective Dataset

The extubation phase represents a critical period of
vulnerability in pediatric difficult airway and cardiac
management.>'® Premature extubation in a child with
syndromic  airway  anomalies can  precipitate
laryngospasm, negative-pressure pulmonary edema, and
acute hypoxemia, which instantly spikes pulmonary
vascular resistance.3'® In our patient, extubation was
performed only after fulfilling rigorous objective criteria:
full return of consciousness, robust spontaneous breathing
with adequate tidal volumes (8 mL/kg), normocapnia
(EtCO, 33 mmHg), train-of-four ratio > 0.90, and
normothermia (36.7°C), with difficult airway rescue
equipment standing immediately ready at the bedside, as
delineated in Table 2.32! Following extubation, the child
exhibited effortless breathing, clear breath sounds, and an
Sp0; 0f 99% on minimal supplemental oxygen, followed by
an uneventful 24-hour postoperative recovery course
without ICU escalation or cardiovascular instability, as
summarized in Table 4.313

Notwithstanding the triumphant clinical outcome
observed in this patient, a critical scientific limitation of
single-case observational investigations is the lack of broad
generalizability and the historical omission of granular
physiological data elements.?%?> To overcome these
reporting gaps and elevate the scientific caliber of future
syndromic pediatric reports, we advocate for the
prospective adoption of a standardized minimum dataset
encompassing: (1) quantitative airway metrics (Cormack-
Lehane grade, POGO score, device type, intubation
attempts, safe apnea time); (2) echocardiographic and
shunt parameters (defect dimensions, Qp:Qs ratio, RV

systolic pressure, tricuspid annular plane systolic
excursion [TAPSE]); 3 ventilatory and
pneumoperitoneum  parameters (IAP, insufflation

duration, driving pressure, static compliance, serial
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EtCO;); and (4) longitudinal metabolic markers (core
temperature, arterial blood gases, lactate, and fluid
balance).313.19 Documenting these parameters
prospectively will transform individual case reports into
powerful, comparable sources of clinical evidence that
drive future guideline development in rare diseases.

5. Conclusion

The successful perioperative management of a 10-year-old
child with Fraser syndrome, an uncorrected ostium
secundum atrial septal defect, severe marasmic
malnutrition, and cognitive impairment undergoing
laparoscopic  orchidopexy demonstrates that the
convergence of multi-system anatomical, cardiovascular,
metabolic, and surgical vulnerabilities can be safely
navigated through a targeted, physiology-driven
anesthetic strategy. Airway safety in syndromic
craniofacial malformations is governed by proactive pre-
induction preparation, anxiolytic titration that preserves
spontaneous ventilation, and the primary application of
advanced videolaryngoscopy to achieve atraumatic, first-
pass intubation while avoiding repeated instrumentation
that precipitates acute subglottic edema. In the presence of
an intracardiac shunt with right heart dilatation,
hemodynamic and cardiovascular stability depends upon
meticulous preservation of the systemic-to-pulmonary
vascular resistance (SVR:PVR) ratio through tight
normocapnic mechanical ventilation, low-pressure carbon
dioxide pneumoperitoneum (6-8 mmHg), and the absolute
avoidance of alveolar hypoxia, hypercapnic acidosis,
hypothermia, and paradoxical venous air embolism.

Pharmacologically, severe somatic wasting necessitates
precise calibration of anesthetic dosages to actual
measured body weight rather than chronological age,
favoring agents with organ-independent elimination
pathways, such as atracurium via spontaneous Hofmann
degradation and ester hydrolysis, which completely
bypasses compromised hepatic and renal clearance
mechanisms. Restrictive, goal-directed fluid management
yielding a net positive balance (+10 mL) shields the
volume-loaded right atrium and right ventricle from acute
distension and heart failure, while active forced-air and
fluid warming preserves normothermia and prevents cold-
induced pulmonary vasoconstriction. While the observed
outcome achieved in this patient cannot be generalized as
an empirical protocol for all syndromic cases, the
underlying physiological principles—comprising layered
airway defense, shunt-preserving ventilation, low-
pressure insufflation, organ-independent pharmacology,
and thermal-fluid vigilance—provide an evidence-based
clinical blueprint for managing high-risk pediatric patients
with complex congenital heart disease and genetic
malformation syndromes undergoing minimally invasive
surgery. Prospective implementation of standardized
clinical reporting datasets will further strengthen the
translational impact and comparative utility of future high-
risk observational pediatric investigations.
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