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Case report

Severe PARDS in an Infant with a Rare FARSA Mutation
Treated with Bronchoscopic Segmental Insufflation and
Surfactant Therapy

Ozge Meral', Aylin Erkul?, ikbal Tiirker® Hamza Polat*

Abstract

Introduction: Pediatric Acute Respiratory Distress Syndrome (PARDS) is a life-threatening condition character-
ized by severe hypoxemic respiratory failure and lung inflammation. The pathophysiology involves surfactant
inactivation and deficiency, leading to decreased lung compliance. Traditional endotracheal surfactant admin-
istration often yields inconsistent results due to inhomogeneous distribution. This case report evaluates the
efficacy of bronchoscopic segmental insufflation and surfactant therapy in a patient with severe PARDS and a
rare genetic mutation. Methods: A 4-month-old female infant with severe PARDS (oxygen saturation index (OSlI):
25), growth failure, and chronic diarrhea was admitted. Due to refractory hypoxemia despite optimized ventila-
tion (FiO2: 100%, PIP: 35 cmH,O, SIMV ventilation mode), a bronchoscopic intervention was performed. The
procedure involved the removal of mucopurulent secretions and the administration of a total surfactant dose
of 200 mg/kg (poractant alfa). The surfactant was delivered to each lobe separately using a "wedge” position,
followed by pressure-controlled insufflation (30 cmH2O for 30 seconds per segment, consisting of one initial insuf-
flation, followed by surfactant instillation and two additional insufflation cycles) to optimize distribution. Results:
Marked clinical improvement was observed following the bronchoscopic intervention: PIP decreased from 35 to
21 cmH20O, and OSI improved from 25 to 8. Oxygen saturation rose from 88% to 95% despite lower ventilator
settings. A second identical procedure was performed two weeks later due to persistent mucus plugging and the
patient was successfully extubated three days thereafter. Whole Exome Sequencing (WES) ultimately identified
a homozygous ¢.883C>T mutation in the FARSA gene, confirming a diagnosis of Rajab interstitial lung disease.
Conclusion: Bronchoscopic segmental insufflation combined with surfactant instillation may be considered as a
potential adjunctive strategy in selected cases of severe PARDS refractory to conventional management. This
technique allows targeted delivery to affected lung regions, facilitates airway secretion clearance, and provides
additional diagnostic utility through bronchoalveolar lavage.
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Introduction

Pediatric Acute Respiratory Distress Syndrome
(PARDS) is a life-threatening, heterogeneous condi-
tion characterized by widespread lung inflammation,
alveolar edema, and severe hypoxemic respiratory
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failure (1,2). Mortality rates remain high, particularly in
severe cases, making clinical management critically
important (3). The pathophysiology of PARDS is
fundamentally driven by a reduction in surfactant
synthesis due to type Il cell damage, plasma pro-
tein leakage, and surfactant inactivation triggered
by inflammatory mediators. The "vicious cycle” of
surfactant catabolism and inflammation leads to a
significant loss of lung compliance and the disruption
of alveolar-capillary barrier function. While the primary
management strategy for PARDS remains protective
ventilation, surfactant therapy may be considered a
potential adjunctive option in selected cases of severe
disease refractory to conventional management (4,5).
However, studies utilizing traditional endotracheal in-
stillation have often failed to show consistent mortality
benefits, primarily because surfactant tends to remain
in the proximal airways and fails to distribute homo-
geneously to the damaged alveoli, while also being
susceptible to mechanical removal of the protective
airway surfactant coating (6).
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Recently, the technique of bronchoscopic segmental
insufflation combined with surfactant instillation initially
developed for persistent atelectasis has emerged as a
promising alternative for delivering surfactant directly
to target lobes and optimizing alveolar recruitment
(7,8). In this case report, we present the clinical suc-
cess of bronchoscopic segmental insufflation and sur-
factant instillation in a patient with severe PARDS who
remained unresponsive to conventional treatments.

Case Description

A 4-month-old female infant was admitted to the inten-
sive care unit with severe respiratory failure and clini-
cal PARDS, necessitating the initiation of invasive me-
chanical ventilation. Her medical history revealed a
term birth (37 weeks, 2800 g) via normal spontaneous
vaginal delivery with no history of neonatal hospitaliza-
tion. At 2.5 months of age, she had been hospitalized
for two weeks due to SARS-CoV-2 pneumonia and
chronic diarrhea. One month following her discharge,
she was readmitted to the intensive care unit after de-
veloping cyanosis, respiratory distress during feeding,
and a worsening general condition. Clinical findings
upon admission included growth failure, chronic diar-
rhea, hypotonia, and a chronic cough. It was noted
that during previous emergency department visits for
cough and cyanosis following the neonatal period, her
oxygen saturation levels were consistently low, rang-
ing between 85% and 90%.

Initial diagnostic workups for immunodeficiency and
metabolic diseases were normal; however, a sweat
test could not be performed due to the patient’s poor
general condition and malnutrition. Echocardiography
showed no cardiac disease, and abdominal ultrasound
was normal. Due to parental consanguinity and a his-
tory of a sibling death at 9 months with similar clini-
cal symptoms, a congenital genetic disease with as-
sociated interstitial lung disease (ILD) was primarily
suspected. Consequently, clinical genetics was con-
sulted, and Whole Exome Sequencing (WES) anal-
ysis was initiated. The severity of hypoxemia was
assessed using the Oxygen Saturation Index (OSI)
and the patient was diagnosed with PARDS based on
acute hypoxemia, an OSI of 25, and chest X-ray find-
ings showing new-onset bilateral diffuse alveolar infil-
tration and pulmonary parenchymal edema (1,2) (Fig-
ure 1). Initial axial chest computed tomography was
performed at ICU admission, demonstrating diffuse bi-
lateral ground-glass opacities and consolidations (Fig-
ure 2A, 2B). Thoracic ultrasound identified bilateral
pleural effusions (7 mm on the right and 10 mm on the
left). Due to elevated acute phase reactants (WBC: 57
x 10%/L, CRP: 33 mg/L), antibiotic therapy was initiated
with Vancomycin and Meropenem, alongside appropri-
ate symptomatic PARDS management.

During follow-up, the patient’s condition remained
critical, with persistent oxygenation failure despite opti-
mized ventilation support. Her ventilator requirements

did not decrease, maintaining a PIP of 35 cmH,0,
PEEP of 9 cmH,0O, and FiO; of 100% under SIMV
ventilation mode, resulting in an oxygen saturation of
only 88%. No additional alveolar recruitment maneu-
vers beyond standard ventilatory optimization were
performed prior to bronchoscopy. Due to the refrac-
tory nature of her condition, the pediatric pulmonology
department decided to perform a bronchoscopic inter-
vention with surfactant instillation and lung insufflation.
Additionally, as initial blood and endotracheal aspirate
cultures were negative, bronchoalveolar lavage (BAL)
sampling was planned during the procedure to further
investigate the etiology.

Procedure

Flexible bronchoscopy (Olympus 3.1 mm LF-DP) was
performed under general anesthesia using midazo-
lam and propofol through an endotracheal tube (ETT)
with an internal diameter of 4.0 mm. Initially, the air-
ways were evaluated for any abnormalities; the airway
anatomy was found to be normal. However, profuse
yellow-green mucopurulent secretions were observed
in all lung segments starting from the carina level, with
dense mucus plugging resulting in easy compressibil-
ity of the segmental bronchial orifices in the right lower
lobe.

Bronchoalveolar lavage (BAL) samples were col-
lected and sent for microbiological and cytological
analysis. The total surfactant dose was calculated
as 200 mg/kg of poractant alfa (Curosurf), consistent
with the standard endotracheal dosage. A dose of
100 mg/kg was administered to the left lung, divided
equally as 50 mg/kg to the left upper lobe and 50 mg/kg
to the left lower lobe. A dose of 100 mg/kg was ad-
ministered to the right lung, divided equally among the
three lobes. To perform lung insufflation, 2 L/min of
oxygen was connected to the bronchoscopy suction
port, with airway pressures of 30 cmH,O applied for
30 seconds. This insufflation protocol consisted of one
initial insufflation followed by surfactant instillation and
two additional insufflation cycles (7).

Airway pressures were continuously monitored via
the ventilator during insufflation. The bronchoscope
was placed in a "wedge” position in each lung lobe
for the instillation of the calculated surfactant dose,
followed by a 30-second pause while the scope was
slightly withdrawn. In each lobe receiving surfactant,
this three-cycle insufflation protocol was applied sep-
arately to all segments to optimize surfactant distribu-
tion. Following the procedure, the patient was trans-
ferred back to the intensive care unit and was placed
in a prone position thirty minutes after the procedure
to further facilitate surfactant distribution.

Outcome

Following the bronchoscopic intervention, a marked
improvement in ventilator parameters and oxygenation
was observed; pre-procedural settings were PIP 35
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Figure 1: Initial chest X-ray. Chest radiograph obtained before bronchoscopic intervention showing diffuse
bilateral alveolar infiltrates consistent with severe pediatric acute respiratory distress syndrome.

cmHO and PEEP 9 cmH;O with an OSI of 25, im-
proving to PIP 21 cmH,O, PEEP 6 cmH,O, and an
OSI of 8 upon completion of the intervention. Despite
the high pressure requirements prior to the procedure,
the patient’'s oxygen saturation rose from 88% to 95%
with lower ventilator settings, indicating a marked im-
provement in oxygenation. Following the identifica-
tion of Pseudomonas aeruginosa in the BAL culture,
Vancomycin was discontinued on the 7th day, and
the antibiotic regimen was revised to meropenem and
amikacin. Although an extubation attempt was made
72 hours post-procedure, the patient could not tolerate
it.

Simultaneous echocardiography revealed new-
onset dilation of the left heart chambers; consequently,
furosemide and milrinone infusions were administered
for three days, along with an albumin infusion to
treat hypoalbuminemia. Despite observing clinical
and radiological improvements, the patient remained
unable to be extubated, leading to a repeat of the
bronchoscopic procedure using the same technique
two weeks later. This second bronchoscopy revealed

a significant reduction in mucopurulent secretions,
with mucus plugs persisting only in the segments of
the right lower lobe.

A second weight-adjusted dose of surfactant was ad-
ministered lobarly following the same protocol, and no
desaturation occurred during the procedure. Both pro-
cedures were well tolerated, and no procedure-related
complications were observed during or after the in-
terventions. The patient was successfully extubated
three days after the second surfactant application (Fig-
ure 3). Following extubation, the patient remained clin-
ically stable, showed significant radiological improve-
ment, and was subsequently transferred to the ward.
Subsequent Whole Exome Sequencing (WES) analy-
sis identified a homozygous ¢.883C>T mutation in the
FARSA gene. It was concluded that the patient’s respi-
ratory symptoms were secondary to interstitial lung dis-
ease (Rajab interstitial lung disease) associated with
this specific homozygous mutation.
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Figure 2: Initial axial chest computed tomography images obtained at ICU admission. A: Upper lung level
demonstrating diffuse bilateral ground-glass opacities. B: Lower lung level showing extensive consolidations
consistent with severe pediatric acute respiratory distress syndrome.

Discussion

Surfactant dysfunction in children with Pediatric Acute
Respiratory Distress Syndrome (PARDS) is character-
ized by both qualitative and quantitative impairments
that directly impact lung dynamics (4,5,6). Exogenous
surfactant works by reducing surface tension at the
air-liquid interface of the alveoli, which increases lung
compliance and functional residual capacity while si-
multaneously decreasing alveolar edema (3,4). A pri-
mary reason why surfactant therapy is not routinely
recommended in the literature is the challenge of
achieving homogeneous delivery to damaged lung re-
gions in severe PARDS cases (9). In our case, the use
of flexible bronchoscopy for segmental surfactant instil-
lation combined with pressure-controlled insufflation
provided critical advantages in overcoming these bar-
riers (6). Direct administration to each lobe and seg-
ment using the bronchoscopic wedge technique mini-
mized the loss of the protective airway surfactant coat-
ing and prevented gravity-dependent heterogeneous
distribution (6). The insufflation cycles of 30 cmH,O
for 30 seconds applied during the procedure were in-
strumental in overcoming critical opening pressures,
thereby optimizing the peripheral spread and absorp-
tion of the surfactant (7). Furthermore, the aspira-
tion of dense mucopurulent secretions during the pro-
cedure provided immediate mechanical relief and en-
abled the identification of specific pathogens, such as
Pseudomonas aeruginosa, through bronchoalveolar
lavage (BAL) analysis. In our patient, the intervention
was temporally associated with a substantial reduc-
tion in ventilator pressure requirements (approximately
50%), with sustained improvement during follow-up
(10). In accordance with literature suggesting poten-

tial benefits of repeated surfactant dosing over single-
dose applications, the second intervention in our pa-
tient was followed by successful extubation (11).

The patient’s systemic findings, history of a sibling
death, and parental consanguinity raised suspicion of
an underlying rare congenital genetic disease, lead-
ing to WES analysis (12,13). The identified homozy-
gous FARSA mutation explains the clinical presenta-
tion, which included early-onset interstitial lung dis-
ease, growth failure, hypotonia, and feeding difficul-
ties (14,15). The FARSA homozygous mutation is a
hereditary condition associated with Rajab interstitial
lung disease and multisystem involvement, including
potential brain calcifications (13-16). Identifying this
underlying etiological factor has allowed for close clini-
cal monitoring of future systemic involvements and the
implementation of early therapeutic strategies. The
identification of the biallelic FARSA variant provides
a plausible pathophysiological framework linking the
underlying Rajab interstitial lung disease (ILD) to im-
paired surfactant homeostasis. FARSA encodes the
alpha subunit of cytoplasmic phenylalanyl-tRNA syn-
thetase (FARS1), a heterotetrameric enzyme essen-
tial for protein translation and cellular proteostasis (12).
Type Il alveolar epithelial cells, which function as spe-
cialized “protein factories” for the continuous synthe-
sis and secretion of surfactant proteins (SP-A, B, C,
and D), are particularly vulnerable to disturbances in
this translation machinery (14). We hypothesize that
FARSA-related cellular stress stemming from impaired
aminoacylation and endoplasmic reticulum (ER) stress
may reduce the capacity of Type Il cells to main-
tain a functional surfactant pool, thereby predisposing
the lung to a baseline state of surfactant deficiency
(12-16). In this context, the superimposed inflamma-
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Figure 3: Post-extubation chest radiograph. Chest radiograph obtained after bronchoscopic segmental insuf-
flation and surfactant therapy demonstrating improved lung aeration.

tory injury of severe PARDS may have acted as a
“second hit,” whereby inflammatory mediators and in-
creased alveolar—capillary permeability further exacer-
bated surfactant dysfunction through secondary inacti-
vation. This combined mechanism offers a plausible
rationale for targeted exogenous surfactant delivery
via bronchoscopic segmental insufflation, potentially
compensating for the underlying production defect and
contributing to clinical stabilization. While causality
cannot be definitively inferred from a single case, this
proposed link highlights the potential relevance of indi-
vidualized therapeutic strategies in genetic surfactant-
related lung diseases.

Our study has several limitations. As a single-
case report without a control group, our findings
are inherently limited in their generalizability. Dur-
ing the first bronchoscopic procedure, the clearance
of widespread mucus plugs may have independently
played a significant role in the rapid improvement of the
patient’s oxygenation, making it difficult to distinguish
the contribution of surfactant therapy from mechanical
airway clearance. Several concurrent interventions, in-
cluding prone positioning shortly after the procedure,
subsequent antimicrobial adjustment, and cardiovas-
cular optimization, may also have influenced the ob-
served clinical course. However, the achievement of
similar clinical success during the second procedure,
despite a significantly lower mucus burden and fol-

lowed by successful extubation, supports a potential
independent therapeutic contribution of the surfactant
and segmental insufflation combination.

The reported outcomes primarily reflect short-term
physiological improvement, and long-term respiratory
outcomes could not be assessed. Additionally, this
technique requires advanced bronchoscopic exper-
tise and close integration between pediatric intensive
care and pulmonology teams, which may limit its
widespread applicability. Nevertheless, the fact that
both PARDS and the underlying interstitial lung dis-
ease (ILD) associated with the FARSA mutation are
characterized by surfactant deficiency and dysfunction
provides a pathophysiological rationale for this thera-
peutic approach.

Conclusion

In the management of severe Pediatric Acute Res-
piratory Distress Syndrome (PARDS), bronchoscopic
segmental insufflation combined with surfactant instil-
lation may represent a promising adjunctive approach
in selected cases refractory to conventional ventila-
tor strategies. Beyond enabling targeted surfactant
delivery, the technique also offers additional bene-
fits through airway secretion clearance and diagnos-
tic evaluation via bronchoalveolar lavage. In carefully
selected patients, the use of this technique may be as-
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sociated with improvements in oxygenation and pro-
gression toward ventilator weaning. However, larger
prospective studies are required to better define the
safety, efficacy, and definitive role of this modified ap-
proach in the management of severe PARDS.
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