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Abstract
Acute respiratory distress syndrome (ARDS), is a common cause of respiratory failure in critically ill patients. Although
advances in ARDS treatment are responsible for decrease in mortality, it still carries significant morbidity and treatment
cost. We present a case of potential multiple causes of ARDS in a patient who was treated with a novel ventilation
strategy of programmed multi-level ventilation (PMLV). Using such strategy, different compartments in ARDS may be
recruited due to utilization of alternating multiple levels of positive end-expiratory pressure (PEEP). Additionally, optimal
ventilator frequency can be determined to achieve full exhalation as dictated by measured time constants.

Introduction
Acute respiratory distress syndrome (ARDS) is a lifethreatening, acute, diffuse, inflammatory lung injury, leading
to profound hypoxemia, decreased lung compliance, increased
intrapulmonary shunt and dead space [1,2]. Mortality due to
ARDS remains high despite immense effort and research [3]. We
present a patient admitted for a spontaneous pneumothorax that
progressed to multiple concomitant potential causes of severe
ARDS including hypovolemic shock, massive blood product
transfusion and an intrapulmonary hemorrhage. A ventilation
strategy termed Programmed Multi-Level Ventilation (PMLV)
was used for this patient [4]. PMLV incorporates expiratory
time constants and multiple levels of positive end-expiratory
pressure (PEEP) to support non-homogenous lungs. Using
PMLV, affected ALI/ARDS areas may be recruited, while
minimizing overdistension in healthy areas. Up to now, we
could not find a case report utilizing PMLV in clinical practice.

Case Report
A 63-year-old male was admitted to the ICU due to chest
pain, shortness of breath and mild dyspnea. His medical history
included recent coronary artery bypass grafting 3 months prior
to admission, mild chronic obstructive pulmonary disease
(GOLD stage 1), ankylosing spondylitis and depression. SARS
Cov-2 PCR test was negative.
At admission, auscultation revealed diminished breath
sounds with SpO2 95% on room air with stable hemodynamics
including regular heart rate of 70 bpm, with BP of 150/70
mmHg. Chest radiograph showed large left-sided spontaneous

pneumothorax. Chest tube placement resulted in an inadvertent
iatrogenic lung laceration (Figure 1A). Profound hemorrhagic
shock subsequently developed and required emergent
surgical revision via left thoracotomy. During the surgery, left
endobronchial blocker was used to isolate the affected lung,
but was only partially effective due also to intraparenchymal
bleeding caused by drainage itself (Figure 1B). Because
bleeding could not be easily identified during surgery, patient
was left with an open thorax. Massive blood transfusion was
required during the perioperative period including 12 units of
PRBC, 8 units of FFP and 4 units of Trombocyte Concentrates
along with coagulation factors.
Mechanical ventilation became difficult with plateau pressures
40 cmH2O, tidal volumes 5.5 ml/kg/PBW and static compliance
19 ml/cmH2O. Oxygenation was a PaO2 to FiO2 ratio 73 (PaO2
63 mmHg, FiO2 0.8) at PEEP 10 cmH2O. CT scan of the chest
revealed radiologic signs consistent with severe ARDS along with
intra-pulmonary bleeding (Figure 1C). Fiberoptic bronchoscopy
of the left upper lobe did not reveal active bleeding at the time.
Due to open thorax and extreme hemodynamic instability,
prone positioning was contraindicated.
Due to the severity of impairment, Programmed Multi-level
Ventilation (PMLV, Aura V, Chirana Medical, Stará Turá, SK)
was employed as a support strategy for refractory hypoxemia
and to optimize oxygen delivery. Initial ventilator settings
were: pressure-controlled ventilation (PCV), ventilation
frequency of 30 breaths/min, PEEP 8 cmH2O, PEEPh 5 cmH2O,
PEEPh2 5 cmH2O, pressure control on top of each PEEP was
15 cmH2O ± 50%, because pressure of pressure control (Ppc)
was automatically adjusted by the ventilator to maintain minute
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Figure 1: (A) CT scan showing chest drainage (black arrow) causing lung laceration with adjacent large hemothorax (Day 1), (B) Postoperative
CT scan showing intraparenchymal bleeding into the left lung, (C) CT scan showing severe ARDS (Day 3), (D) CT scan after weaning from PMLV
(Day 13).

Figure 2: Schematic representation of pressure vs. time curve when four level (4LV) PMLV is activated during PCV.

ventilation of 10 l/min. Different PEEP levels were alternating
through the entire ventilation period at the rate 1 : ½ : ¼ for
PEEP, PEEPh and PEEPh2, respectively. Initial FiO2 was 0.8 to
target SpO2 of 92% and decreased to 0.6 after 3 hours.
On day 3, there was no observed bleeding from the incision
site, and the thorax was closed. PMLV using two alternating
PEEP levels (PEEP 8 cmH2O and PEEPh 5 cmH2O) was
continued afterwards, for the next 5 days until pulmonary
mechanics improved in terms of Cst and Pplat and FiO2 reached
0.4. Then, pressure support (PS) ventilation was used until
liberation from mechanical ventilation. On day 9, the patient
was successfully extubated (Figure 1D) and was walking with
basic walking assistance device on day 18. He died 3 months
after hospital discharge due to myocardial infarction.

Discussion
Although the initial eliciting factor is unknown, this case
describes ARDS caused by multiple etiologies (lung laceration
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with intrapulmonary bleeding, hemorrhagic shock, multiple
transfusions). Optimal ventilation strategy during ALI/ARDS
is still heavily debated. Despite numerous studies describing
different protective ventilation strategies, none has proven
superior to other in terms of mortality than reduction in tidal
volumes [5]. Ideal ventilation mode should prevent further
damage to the lung, promote recovery and enable recruitment
while encompassing the principles of protective ventilation.
Protective lung ventilation strategies and ‘open lung’ approaches
are associated with less ventilator-induced lung injury (VILI),
improved oxygenation and improved outcomes. Current
clinical practices are using low tidal volumes (4-8 ml/kg/PBW),
inspiratory pressures (Pplat < 30 cmH2O), higher vs. lower PEEP,
driving pressures < 15 cmH2O and prone positioning as a rescue
strategy for refractory hypoxemia. Despite these measures, the
burden of lung injury remains significant in terms of both,
morbidity and mortality. Although extracorporeal support
is used for some severe cases of ARDS, this strategy is not
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available at all centers and is limited by availability and has
many potential complications. PMLV is based on pulmonary
physiology of measured, not calculated, dynamic expiratory
time constant (TauE) (Figure 2).
Based on TauE, optimal frequency (fOPT) can be set to
achieve full exhalation, and thus minimizing intrinsic (PEEPi).
PMLV operates with alternating different two or three levels of
PEEP plus inspiratory pressure of PCV or PSV. PMLV works
with multiple mechanisms. First, by allowing long inspiration
times during subsequent PEEP increase (from baseline PEEP
to PEEPh and eventually to PEEPh2), the effect of recruitment
may be more pronounced during whole time of using PMLV.
Second, the part of Vt is redistributed from short TauE into
long TauE compartments in nonhomogenous ARDS lung. By
redistributing a part of Vt, healthy areas may be less prone to
overdistension.
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Conclusion
Critical care community is constantly searching for novel
strategies to ventilate ARDS lungs. Utilization of multiple
PEEP levels and time constant-based approach to setting
up ventilation frequency is an interesting approach used to
ventilate nonhomogenous lungs. However, PMLV requires
further clinical trials to assess its effectivity in clinical practice.
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