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Successful application of airway pressure G

release ventilation in a child with severe
acute respiratory distress syndrome induced
by trauma: a case report
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Abstract

Background Trauma has been identified as one of the risk factors for acute respiratory distress syndrome. Respiratory
support can be further complicated by comorbidities of trauma such as primary or secondary lung injury. Conven-
tional ventilation strategies may not be suitable for all trauma-related acute respiratory distress syndrome. Airway
pressure release ventilation has emerged as a potential rescue method for patients with acute respiratory distress
syndrome and hypoxemia refractory to conventional mechanical ventilation. However, there is a lack of research

on the use of airway pressure release ventilation in children with trauma-related acute respiratory distress syndrome.
We report a case of airway pressure release ventilation applied to a child with falling injury, severe acute respiratory
distress syndrome, hemorrhagic shock, and bilateral hemopneumothorax. We hope this case report presents a poten-
tial option for trauma-related acute respiratory distress syndrome and serves as a basis for future research.

Case presentation A 15-year-old female with falling injury who developed severe acute respiratory distress syn-
drome, hemorrhagic shock, and bilateral hemopneumothorax was admitted to the surgical intensive care unit. She
presented refractory hypoxemia despite the treatment of conventional ventilation with deep analgesia, sedation,
and muscular relaxation. Lung recruitment was ineffective and prone positioning was contraindicated. Her oxygena-
tion significantly improved after the use of airway pressure release ventilation. She was eventually extubated after 12
days of admission and discharged after 42 days of hospitalization.

Conclusion Airway pressure release ventilation may be considered early in the management of trauma patients
with severe acute respiratory distress syndrome when prone position ventilation cannot be performed and refractory
hypoxemia persists despite conventional ventilation and lung recruitment maneuvers.
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Introduction

Acute respiratory distress syndrome (ARDS) is a hetero-
geneous clinical syndrome with high mortality despite
advances in supportive therapy. The incidence of ARDS
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ARDS is often challenging due to the presence of various
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comorbidities such as thoracic injury, pulmonary con-
tusion, fat embolism syndrome, transfusion-related
lung injury, neurogenic pulmonary edema, and elevated
intracranial pressure [2]. Conventional ventilation modes
may fail to improve hypoxemia in these patients while
implementing lung-protective ventilation strategies [3].
Management for pediatric ARDS gets more complicated
as children represent a diverse and heterogeneous popu-
lation in terms of age, weight, diseases, and respiratory
mechanics. The Second Pediatric Acute Lung Injury
Consensus Conference (PALICC-2) guidelines have not
yet recommended a preferred ventilation mode [4].

Airway pressure release ventilation (APRV) is a mode
of ventilation typically viewed as a rescue or alternative
mode for patients with ARDS and hypoxemia refractory
to conventional mechanical ventilation. Presumed advan-
tages of APRV include lung-protective recruitment,
stabilization of open lung, reduced repetitive alveolar
collapse with shearing, unrestricted spontaneous breath-
ing, hemodynamic improvement, and reduced paraly-
sis and sedation requirement [5]. The efficacy and safety
of APRV in children with trauma-related ARDS remain
unclear. In this case study, we report the use of APRV in a
child with falling injury, severe ARDS and bilateral hemo-
pneumothorax. The patient suffered refractory hypox-
emia despite the treatment of conventional mechanical
ventilation, deep analgesia and sedation, muscle relaxa-
tion, and PEEP titration for recruitment. The patient was
unable to perform prone positioning ventilation due to
multiple fractures. After the use of APRV, the patient’s
oxygenation improved significantly without hemody-
namic compromise.

Case presentation

A 15-year-old female, with height of 165 ¢cm and pre-
dicted body weight (PBW) of 57 kg, fell from the sixth
floor on January 9, 2023. She did not experience any
loss of consciousness after falling injury, with a Glas-
gow Coma Scale (GCS) of 14 (E4V5M5). Subsequently,
she was promptly transferred to a local hospital where
she received various treatments including intubation,
blood transfusion, appendix repair, bilateral closed tho-
racic drainage, pelvic fracture external fixation, and trac-
tion of the right lower limb. Then she was transferred
to our surgical intensive care unit (SICU) on January
12, 2023. The patient had a history of suspected depres-
sion. On admission, her general condition was as follows
(Table 1): temperature of 36.5°C; pulse rate of 132 beats/
min; respiratory rate of 18 breaths/min; and blood pres-
sure of 146/92 mmHg (on norepinephrine 0. 4ug/kg/
min). She was in deep analgesia, sedation, and muscular
relaxation. Both pupils were measured at 2 mm with dull
light reflexes. The patient was admitted with mechanical
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ventilation using both assist-controlled ventilation (A/C)
and volume-controlled ventilation (VC) modes with the
following settings: tidal volume (VT) of 8.8 ml /kg of
PBW; frequency of 14 times/min; fraction of inspired
oxygen (FiO2) of 100%; positive end-expiratory pressure
(PEEP) of 12cmH2O0. The ratio of arterial oxygen par-
tial pressure to fraction of inspired oxygen (P/F ratio)
was 70.1 and peripheral oxygen saturation (SPO2) was
95%. She underwent a chest X-ray that showed multiple
patchy shadows in both lungs with reduced transmit-
tance (Fig. 1). A chest computerized tomography (CT)
scan indicated the presence of pulmonary contusion
complicated with infection, and pleural effusion (Fig. 2).
The lung ultrasound indicated gravity-dependent distri-
bution of pulmonary fluid (Fig. 3). Based on the findings
from the admission examination and previous medical
records, an initial diagnosis of falling injury, systemic
inflammatory response syndrome, severe acute respira-
tory distress syndrome, hemorrhagic shock, bilateral
hemopneumothorax, and multiple organ dysfunction
was established.

Initial therapy after admission was as follows: mechani-
cal ventilation in A/C (VC) mode with VT of 7 ml/kg
of PBW, frequency of 24 times/min, and FiO2 of 70%;
fiberoptic bronchoscopy was performed to clear airway
secretions; mesalamine (1.2ug/kg/min) for maintenance
of circulation; fentanyl 0.5 mg (2.5ug/kg/h), midazolam
50 mg (0.1 mg/kg/h), and propofol 600 mg (1 mg/kg/h)
for analgesia and sedation; vecuronium bromide 20 mg
(2.1 ml/h) for muscle relaxant; polyene phosphatidylcho-
line 20 ml and ilaprazole sodium 10 mg once daily for
stress-induced injury; piperacillin sodium and tazobac-
tam sodium 4500 mg every 8 h for anti-infection; exter-
nal fixation and traction for fractures. Restrictive fluid
resuscitation was implemented with the target of mean
arterial pressure (MAP) maintained at 70-80 mmHg and
continuous gastrointestinal decompression with intra-
abdominal pressure (IAP) below 20 mmHg.

Arterial blood gas analysis was repeated 8 h later
and her P/F ratio was 95. FiO2 was then adjusted from
70 to 100%, while the rest of the parameters remained
unchanged. We performed fiberoptic bronchoscopy sev-
eral times and took serial arterial blood gas analysis. The
patient’s PaO2 fluctuated at 70—-90 mmHg, SPO2 fluctu-
ated at 98-99% and P/F ratio was still less than 100. We
considered that hypoxemia was associated with gravity-
dependent atelectasis, so we performed lung recruitment
for her. We took a stepwise increase in PEEP and gradu-
ally titrated PEEP to 20 cmH2O, however, her P/F ratio
did not improve significantly. We did not further increase
PEEP because of the high risk of pneumothorax. Prone
positioning was contraindicated due to pelvic fracture
and traction.
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Table 1 The patient’s vital signs and laboratory data on admission
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Measurement Result Reference range/Unit
Vital signs Body temperature (T) 36.5 T
Pulse rate (P) 132 beats/min
Respiratory rate (R) 18 breath/min
Blood pressure (BP) 146/92 mmHg
Central nervous system Richmond Agitation and Sedation Scale (RASS) -4 -5-+4
Pupillary size Left 2 millimeter
Right 2
Circulatory system Central venous pressure (CVP) 5 5-12 cmH20
Urine output per hour 30-50 mi/h
Lactic acid (Lac) 14 1.0-1.8 mmol/L
Respiratory system Pa02/FiO2 70.1 mmHg
Oxygen Saturation 95 %
Blood/Coagulation system Hemoglobin 75 115-150 g/L
Platelet 32 100-300(x10°/L)
Prothrombin time (PT) 13.7 96-128s
Activated Partial Thromboplastin Time (APTT) 20.8 248-338s
Fibrinogen 262 20-404g/L
D-Dimer >38 <0.55 mg/I FEU
Digestive system Occult blood test of gastric juice + -
Liver function Alanine aminotransferase (ALT) 210 <401U/L
Aspartic aminotransferase (AST) 391 <351U/L
Albumin (Alb) 24.3 40.0-50.0 g/L
Kidney function Creatinine 124 21-77 umol/L
Urea 79 2.4-7.2 mmol/L
Inflammatory index White blood cells 752 4.1-11.0(x109/L)
C-reactive protein (CRP) 109 <5mg/L
Interleukin 6 (IL-6) 4184 0-7.0 pg/ml
Procalcitonin (PCT) 9.65 <0.046 ng/ml
Electrolyte Sodium (Na) 139.1 136-145 mmol/L
Potassium (K) 373 3.5-5.1 mmol/L
Chloride (CL) 111.0 98-107 mmol/L
Myocardial marker Brain natriuretic peptide (BNP) 5960 0-334 ng/L
Myoglobin (Mb) 7879 <58.0ng/ml
CK-MB 8.77 <2.88 ng/ml
nT 305.7 0-14 ng/L

On day 2, the mesalamine was gradually discontin-
ued as fluid resuscitation progressed. Continuous bed-
side electrocardiogram (ECG) monitoring revealed that
the heart rate fluctuated between 100 and 110 beats/
min, systolic blood pressure between 90 and 110 mmHg,
and diastolic blood pressure between 60 and 70 mmHg.
SPO?2 levels were lower compared to previous measure-
ments and fluctuated between 92 and 96%. Intravenous
furosemide at a dose of 20 mg was added at a rate of 2
ml/h to alleviate pulmonary fluid overload. The patient
exhibited negative fluid balance following diuresis. Sub-
sequent reevaluation of blood gas analysis demonstrated

a P/F ratio of 85.5, without significant improvement in
SPO2. Furosemide was discontinued due to elevated lac-
tate levels.

Administration of vecuronium bromide and propofol
was ceased. The ventilator mode was changed to APRV
with initial parameter settings as follows: FiO2 100%;
Phigh 27 cmH20; Plow 5 cmH2O; release frequency of
18 cycles/min; and Tlow was adjusted to achieve termina-
tion of peak expiratory flow rate (PEFR) equal to or more
than 50% of PEFR. Following the transition to APRV
mode, the mean airway pressure increased from 15 to 23
c¢cmH20, SPO2 gradually improved and reached 100%,
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Fig. 1 Chest X-ray on admission

and the P/F ratio was 350, indicating an amelioration of
hypoxemia. FiO2 was then reduced to 50%, while the P/F
ratio was 228.8. The patient’s sputum culture revealed
the presence of carbapenem-resistant Acinetobacter bau-
mannii. Furthermore, the galactomannan (GM) test con-
ducted on alveolar lavage fluid yielded a positive result,
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and bronchoscopy revealed minimal pseudomembrane
adhering to the mucosa of the left main bronchus. Con-
sequently, the antibiotic regimen was escalated with tige-
cycline 50 mg every 12 h, meropenem 500 mg every 8 h,
and caspofungin 50 mg once daily.

No ventilator asynchrony occurred during APRV mode
ventilation. From the third day of admission, a gradual
weaning was implemented. The Phigh was reduced by 2
c¢cmH20, the FiO2 was decreased by 5%, and the release
frequency was lowered from 18 to 12 cycles/min. We
conducted serial blood gas analysis throughout this
period during which the arterial oxygen partial pressure
(PaO2) was maintained at 100-150 mmHg, partial pres-
sure of carbon dioxide (PaCO2) at 30-40 mmHg and the
P/F ratio at 250-350 (Fig. 4). On day 12, when Phigh was
reduced to 20 cmH20 and FiO2 decreased to 35%, she
underwent a spontaneous breathing test (SBT) and suc-
cessfully passed. Subsequently, she was extubated fol-
lowed by noninvasive ventilation in Spontaneous/Timed
(S/T) mode with FiO2 set at 30%, inspiratory positive air-
way pressure (IPAP) at 14 cmH2O, and expiratory posi-
tive airway pressure (EPAP) at 6 cmH2O. The following
P/F ratio was 377.66. She was treated with a high-flow
nasal cannula (HENC) the day after extubation.

During the patient’s hospitalization, we performed
daily suction of airway secretions and controlled fluid
intake and output (Fig. 5). With the treatments of mul-
tiple organ support and protection, control of stress and
inflammation as well as anti-infection, the patient’s con-
dition gradually improved. Subsequent chest X-rays and

Fig. 2 Chest CT on admission
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Lung Zone 5/6

Fig. 3 Lung ultrasound on admission

CT scans revealed a progressive improvement in lung
imaging (Fig. 6) and gradual resolution of pulmonary
infection (Fig. 7). After instituting APRYV, there was no
episode of air leak. On day 7, the intercostal drainage
tubes were removed. On day 17, HENC was replaced with
the nasal catheter. She was transferred from the SICU to
the Trauma Medicine Center later for further treatment.
She underwent internal fixation of right femoral fracture
and pelvis fracture. After 42 days of hospitalization, she
was discharged from the hospital and maintained regular
follow-up at our outpatient clinic.

Discussion

ARDS is an acute diffuse, inflammatory lung injury
characterized by damage to the pulmonary vascular
endothelium and alveolar epithelium with increased per-
meability, lung edema, and gravity-dependent atelecta-
sis, all of which contribute to loss of aerated lung tissue
with increased shunt, and decreased lung compliance
[6]. Mechanical ventilation is an essential life support for
patients with ARDS, aiming to ensure alveolar ventila-
tion, maintain lung volumes, and improve oxygenation
while minimizing lung injury. An in-depth understand-
ing of lung protective ventilation strategies, ventilation
modes, PEEP settings, and lung recruitment maneuvers
is crucial. When performing mechanical ventilation for
patients with ARDS, volume-controlled ventilation or

pressure-controlled ventilation is recommended. Current
recommendations on lung-protective ventilation include
the use of low VT of 4—6 mL/kg of PBW, plateau pres-
sure less than 30 cmH2O, and driving pressure less than
14 cmH20 [7, 8]. Moreover, PEEP should be individual-
ized and set at the lowest level that is needed to attain
minimal acceptable SpO2 (88-92%) or PaO2 (55-70
mmHg). Rescue therapies such as prone positioning,
recruitment maneuvers, extracorporeal membrane OXYy-
genation (ECMO), and extracorporeal carbon dioxide
removal could be considered for patients with severe
ARDS [9]. Utilizing low VT and low PEEP can help pre-
vent volutrauma caused by overdistension, but there
is a risk of alveolar collapse. Prone positioning ventila-
tion is an effective measure to improve pulmonary het-
erogeneity and gravity-dependent atelectasis. However,
it is contraindicated for patients with severe spine, pel-
vis, chest wall, or abdominal injuries. The optimal PEEP
settings and lung recruitment methods for ARDS are
still controversial. For moderate to severe ARDS, high
PEEP and recruitment maneuvers may be considered,
although they are not routinely recommended due to the
potential risks of hemodynamic compromise and venti-
lator-induced lung injury (VILI) [7-9]. The literature on
guiding treatment of mechanically ventilated patient with
severe ARDS and trauma is scant. Further, the utility of
APRV mode of ventilation is unclear in severe ARDS.
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Fig. 6 Chest X-ray during hospitalization

Fig. 7 Thoracal computerized tomography scan during hospitalization

APRV is a time-cycled, pressure-controlled, intermit-  different levels of continuous positive airway pressure
tent mandatory ventilation mode that was first described ~ (CPAP) with a brief intermittent release phase, allow-
by Downs and Stock in 1987 [10]. APRV applies two ing unrestricted spontaneous breathing throughout
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the ventilation cycle [5, 10]. The key settings of APRV
include Phigh, Plow, Thigh, and Tlow. Phigh represents
the high-level CPAP of the time-triggered mandatory
breath, the corresponding time is Thigh. Tlow repre-
sents the release time or expiratory time. Plow refers to
the low-level CPAP or expiratory pressure [11]. APRV
is characterized by extreme inverse inspiratory-expira-
tory (I: E) ratios that prolong inspiratory time to main-
tain high airway pressure and shorten expiratory time to
allow the release of only partial lung volume, preventing
alveolar collapse caused by excessive gas leakage while
ensuring gas exchange and carbon dioxide release, finally
achieve the purpose of lung recruitment [5]. Using APRV
mode does have its downside as its long inspiratory time
may induce hypercapnia. More importantly, the degree
of hypercapnia and respiratory acidosis tolerated by each
patient varies. Continuous monitoring of carbon diox-
ide during invasive ventilation should be used in patients
with ARDS to assess adequacy of ventilation [4].

APRYV has the following advantages over conventional
mechanical ventilation. APRV generates tidal volume
through spontaneous breathing besides the differences
between the high-level and the low-level CPAP. The pro-
longed inspiratory time of APRV increases mean air-
way pressure without increasing peak airway pressure
and reduces significant fluctuations in airway pressure.
Therefore, the occurrence of barotrauma and hemody-
namic compromise should be less in APRV than in con-
ventional mechanical ventilation [3, 10]. APRV preserves
spontaneous breathing and therefore provides additional
hemodynamic benefits by decreasing intrathoracic pres-
sure and increasing venous return through diaphragmatic
movement. It also reduces patient-ventilator asynchrony,
improves comfort, reduces sedation and muscle relaxant
requirements, and thus reduces the risk of ventilator-
associated pneumonia [11, 12].

Despite these advantages, there is still a lack of strong
evidence to support the superiority of APRV over con-
ventional mechanical ventilation. Zhou et al. conducted
an RCT comparing the APRV with the low tidal volume
(LTV) in adult ARDS patients. Compared with LTV, early
application of APRV improved oxygenation and respira-
tory system compliance, decreased plateau airway pres-
sure, and reduced the duration of mechanical ventilation
and ICU stay. The mortality rate and hospital length of
stay in the two groups were similar [13]. An RCT con-
ducted by Lalgudi et al. examined the effects of APRV
and LTV in children with ARDS. The study found that
patients in the APRV group demonstrated an earlier
improvement in oxygenation compared to those in the
LTV group. However, the trial was prematurely ter-
minated due to higher mortality rates observed in the
APRV group as opposed to the LTV group [14]. Two
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studies conducted on trauma populations showed that
both APRV and LTV exhibited similar safety profiles, but
APRV may lead to prolonged mechanical ventilation [15,
16]. Possible explanations for the discrepancies in results
include the limited sample size of available studies,
imbalanced baselines that patients in the APRV group
often had more severe conditions, and variations in
parameter settings and weaning protocols for APRV. In
addition, the heterogeneity of the study population and
the timing of APRV application may have influenced the
outcomes. And trauma-related ARDS may differ patho-
physiologically from non-trauma-related ARDS such
as sepsis [17]. Factors such as the severity of thoracic
trauma, degree of hemorrhagic shock, and volume of
red blood cell infusion are associated with an early-onset
ARDS after trauma [18, 19]. A systematic review focusing
on observational studies of trauma-related ARDS sug-
gested that early implementation of APRV may reduce
mortality in this specific population [20]. Furthermore,
for patients with moderate to severe ARDS, early appli-
cation of APRV can improve ventilation-perfusion ratio
and lung heterogeneity [21].

In this case, the patient was admitted with severe
ARDS after trauma. The LTV strategy was usually used
with deep analgesia and sedation as well as muscle relax-
ants. Incremental PEEP titration to open the collapsed
alveoli was also employed. But her P/F ratio was consist-
ently less than 100. Upon implementing APRV, a nota-
ble improvement in oxygenation was observed without
any detrimental effects on circulation. We speculate
that APRV reopened the collapsed alveoli of gravity-
dependent zones and maintained alveolar recruitment,
thereby improving the ventilation-perfusion ratio and
interrupting the vicious cycle of hypoxemia. The suc-
cessful application of APRV prevented us from taking
further treatments such as ECMO that may exacerbate
the pathophysiologic disorders. With the combination
treatment of analgesia, sedation, anti-infection, fluid
and airway management, the patient gradually recov-
ered. Nevertheless, it should be noted that while APRV
proved effective in this trauma-related ARDS case, APRV
should be used with caution in patients with lung injury,
multiple rib fractures, thoracic instability, or high intrac-
ranial pressure. The high average airway pressure in
APRV may increase the risk of barotrauma or even lead
to pneumothorax. Although spontaneous breathing can
bring a series of physiological benefits, patients are at
risk of developing VILI when alterations occur in breath-
ing mechanics and respiratory effort, which may lead to
enhanced voluntary breathing, marked fluctuations in
tidal volume and transpulmonary pressure. Transpul-
monary pressure monitoring using oesophageal manom-
etry may be helpful to understand the lung compliance,
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patient effort and to manage protective ventilation [22].
Despite the presence of bilateral hemopneumothorax,
the therapeutic benefits of APRV manifested before any
adverse effects. During the administration of APRYV,
we meticulously monitored and regulated airway pres-
sure, so the patient did not develop VILI. Furthermore,
the patient had no significant rib fractures and bilat-
eral closed thoracic drainage tubes had been previously
placed at a local hospital. So APRV was relatively safe in
this patient.

APRV offers an alternative approach to maximize lung
recruitment and oxygenation, but present clinical trials
have not demonstrated the survival benefit of APRV over
conventional ventilation strategies. Moreover, protocols
for initiation, titration, and weaning methods of APRV
are limited. High-quality RCTs are still needed to explore
the safety and efficacy of APRV in patients with ARDS,
especially in children [13-15, 23-26]. We hope this case
report presents a potential option for trauma-related
ARDS and serves as a basis for future research.

Conclusion

APRV maximizes and maintains alveolar ventilation,
preserves spontaneous breathing, takes advantage of
diaphragmatic function, improves ventilation-perfusion
ratio, and features lung-protective recruitment. APRV
may be considered early in the management of trauma
patients with severe ARDS when prone position venti-
lation cannot be performed and refractory hypoxemia
persists despite conventional ventilation and lung recruit-
ment maneuvers. When using APRYV, the tolerance of the
patient should be evaluated and the parameters of APRV
should be set according to actual conditions.
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A/C Assist-controlled ventilation

ARDS Acute respiratory distress syndrome
APRV Airway pressure release ventilation
CPAP Continuous positive airway pressure

ECG Electrocardiogram

ECMO Extracorporeal membrane oxygenation

EPAP Expiratory positive airway pressure

FiO2 Fraction of inspired oxygen

HFNC High-flow nasal cannula

IAP Intra-abdominal pressure

IPAP Inspiratory positive airway pressure

LTV Low tidal volume

MAP Mean arterial pressure
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PaCO2 Partial pressure of carbon dioxide
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PEEP Positive end-expiratory pressure

PEFR Peak expiratory flow rate

P/FRatio  Ratio of arterial oxygen partial pressure to fraction of inspired
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SBT Spontaneous breathing test

SICU Surgical intensive care unit
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SIT Spontaneous/Timed

VC Volume-controlled ventilation
VILI Ventilator-induced lung injury
VT Tidal volume
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