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Abstract

Introduction:

Acute brain injury is associated with reduced cerebral perfusion and decreased levels of
consciousness, often leading to respiratory dysfunction due to impaired airway protective
reflexes and weakened respiratory muscles. These patients are at high risk of pulmonary
complications such as pneumonia and acute respiratory distress syndrome, as the lungs become
one of the main organs affected after brain injury. Protective mechanical ventilation with a low
tidal volume and moderate-to-high positive end-expiratory pressure is commonly employed,
which may partially improve cerebral tissue perfusion. However, airway secretion clearance is
compromised in mechanically ventilated patients because of endotracheal intubation and
immobility, and suctioning primarily removes central secretions only. The PEEP—ZEEP
maneuver, which transiently increases PEEP, facilitates alveolar recruitment and mobilization of
secretions; when PEEP is reduced to zero (ZEEP phase), the expiratory flow pattern changes,
propelling secretions from peripheral to central airways. Therefore, the objective of this study
was to compare the effects of the PEEP-ZEEP maneuver and conventional chest physiotherapy
on the quantity and quality of pulmonary secretions, as well as on vital sign changes in
mechanically ventilated patients with ABI in the ICUs of Vali-Asr Hospital, Arak.

Materials and methods:

The present study was a randomized controlled clinical trial. Participants in each group consisted
of 40 patients who were divided into two groups—Chest Physiotherapy (CPT) and PEEP—
ZEEP—based on inclusion criteria. All patients had an acute brain injury (ABI) and were
admitted to the intensive care units (ICUs) of educational hospitals affiliated with Arak
University of Medical Sciences while receiving mechanical ventilation. Sampling was conducted
via convenience sampling and patients were allocated to the two groups using a randomized
block design. The first group received the PEEP—ZEEP intervention, and the second group
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received Chest Physiotherapy. The first group received the PEEP-ZEEP intervention, and the
second group received Chest Physiotherapy. In the PEEP-ZEEP group, the ventilator PEEP was
set to 10 cmH20, and patients received 5 respiratory cycles. Subsequently, the ventilator PEEP
was immediately set to 0 cmH20 (the ZEEP phase), and patients received 5 respiratory cycles in
this state as well. After completing the maneuver, the PEEP values were returned to the patient’s
baseline settings. Tracheal aspiration was then performed. The volume of secretions was
measured and recorded. The entire intervention process lasted 30 seconds. The intervention was
repeated 24 hours later, at the same time as the previous day. Participants in the Chest
Physiotherapy group received CPT for 15 minutes, which included chest compression during
expiration and chest vibration accompanied by tracheal aspiration. The sample size was set at 40
individuals in each group. All data were analyzed using SPSS software, version 27. Vital signs,
including arterial blood oxygenation, heart rate, respiratory rate, blood pressure, and Glasgow
Coma Scale score, were measured and recorded before the intervention, immediately after the
completion of the intervention, and one, two, and three hours’ post-intervention in both groups.

Results:

The analysis of sputum volume suggests that both techniques are capable of influencing secretions, but
PEEP—-ZEEP may have a more active effect in stimulating and mobilizing secretions, which, combined
with other respiratory performance indicators, could contribute to a faster improvement in the patients
clinical status. The results indicated that the trend of increase in O2Sat was faster and more pronounced
in the PEEP—ZEEP group compared to conventional physiotherapy (F=37.760, p<0.001). The mean
respiratory rate in the PEEP-ZEEP group (16.678 + 0.510) was higher than in the physiotherapy group
(15.020 £ 0.510). Adjusted means showed that the PEEP—ZEEP group had a lower mean heart rate
(78.11+2.11) compared to the physiotherapy group (84.54+2.11). Systolic blood pressure decreased in
both groups over time, but this reduction was faster and more severe in the PEEP-ZEEP group (Adjusted
Mean: PEEP-ZEEP=123.17+2.137, CPT=127.2342.137). The trend for diastolic blood pressure reduction
was more stable and gradual in the PEEP-ZEEP group, whereas the CPT group experienced more short-
term fluctuations. Adjusted means indicated that the level of consciousness was nearly similar in both
groups (CPT:8.708+0.25, PEEP-ZEEP:8.840+0.25), with changes over time mainly reflecting gradual,
natural recovery of consciousness post-intervention.
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Conclusions:

The application of the PEEP-ZEEP maneuver and various chest physiotherapy techniques in ventilated
patients with acute brain injury resulted in facilitated pulmonary secretion clearance, improved airway
patency, enhanced lung function, increased arterial blood oxygenation, and an increased Glasgow Coma
Scale score. Overall, their effects on vital signs regarding safety are favorable.
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