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       ABSTRACT
Aim: This prospective comparative study aimed to investigate the effect of various body positions on changes of 
respiratory parameters mostly; the TV, oxygen saturation, airway pressure, and endotracheal tube cuff pressure in 
mechanically ventilated critical care patients.
Background: Many patients who are admitted to the critical care unit require intubation and invasive mechanical 
ventilation for many reasons such as major trauma, medical causes, or post-operative major surgeries. Changing a 
patient’s position in the critical care unit is very important for the following benefits; to break through the routine 
monotonic delivery of mechanical ventilation, to favor the clearance of respiratory secretions, the prevention of 
pressure sores and ventilator acquired pneumonia, and finally the improvement in lung volume and oxygenation
Methods: A prospective, comparative study was carried out on 210 patients of both gender, aged between 21-
70 years old admitted to ICU due to many reasons. After stabilization of patient condition and connection of 
monitors’ cables, supine position or semi setting position was chosen and this was documented in the patient’s 
chart. All patients were sedated to prevent them from breathing against the machine which causes the ETT cuff 
pressure and mean airway pressure to rise. Fentanyl sedation drug (Loading dose: 1–2 mic/kg/hour infused 
gradually. Maintenance dose: 1-4 mic/kg/hour) using continuous intravenous infusion typically in combination 
with Midazolam sedation (0.05-0.2 mg/kg/hour). The following parameters were recorded; tidal volume, mean 
airway pressure, PO2/FIO2, and ETT cuff pressure.
Results: Our results show that about (58.1%) were male and (41.9%) were female. Concerning age, their mean 
was between (40.6 ± 8.9) years. Regarding diagnosis (50.5%) of patients were admitted with major trauma, 
(31.9%) due to medical causes, and (17.6%) admitted due to major chest and abdominal surgeries. The patient’s 
mean heart rate was (93.6 ± 7.5) b/m and the Mean Arterial Pressure was (67.7 ± 0.6)°C. Tables the Description, 
SOP2, Mean airway, and ETT cuff pressure of each body position in the study with the highest SPO2 98% and cuff 
pressure 19.2+41 in the prone position. The position checklist is illustrated in Table and Figure. The highest TV 
(520 ml) and PO2/FIO2 ratio (410) were in prone poison and the lowest was in Lower Fowler position (460 ml and 
320) respectively. Regarding outcome and ICU stay which were the best in both semi setting and prone position.
Conclusion: Supine position (lying flat) or lateral position do not seem beneficial for critically ill patients in terms 
of respiratory mechanics. The semi-sitting position (with thorax angulation=30° from the horizontal plane) is 
associated with improvement of PO2/FIO2, oxygenation, and tidal volume, and the effects of prone position on 
respiratory mechanics are very beneficial and this reflected on patient outcome and short ICU length of stay. 
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Introduction
  Many patients who are admitted to the critical care unit 
require intubation and invasive mechanical ventilation for many 
reasons such as major trauma, medical causes or post-operative 
major surgeries. The early stage of management of invasive

mechanical ventilation usually delivered in a semi setting or 
supine position with or without sedation and changing position 
is very important for the following benefits; to break through 
the routine monotonic delivery of mechanical ventilation, to 
favor the clearance of respiratory secretions, the prevention of 
pressure sores and ventilator acquired pneumonia, and finally 
the improvement in lung volume and oxygenation [1-4].
 Additionally, there are significant circulatory and respiratory 
changes with changes in body position in both awake and 
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sedated patients. These changes may affect the blood-gas 
exchange and cerebral hemodynamic which in turn affect 
supply to CNS and peripheral nerves [5].
 Positioning change for critical patients is one of the routine 
daily interventions in ICU that are applied to prevent the 
above-mentioned complications and optimize the respiratory 
parameters as tidal volume, FRC, and oxygen saturation. Body 
position change affected these parameters which should be 
readjusted and monitored carefully [6-7].
 The pattern and mode of the respiratory cycle may be 
determined by upper airway characteristics and by the 
synchronism between upper airway muscles and respiratory 
muscles [8]. Mean airway pressure typically refers to the 
mean pressure applied during positive-pressure mechanical 
ventilation. Mean airway pressure correlates with alveolar 
ventilation, arterial oxygenation, hemodynamic performance, 
and barotrauma [9].
 Endotracheal tube cuff pressure presents the relation between 
the trachea and the tube cuff which prevents any air leak and 
aspiration. ETT cuff pressure should be regularly monitored 
using a cuff pressure manometer which should be the standard 
of care for each ETT inserted [10].
 This prospective comparative study aimed to investigate the 
effect of various body positions on changes of respiratory 
parameters mostly; the TV, oxygen saturation, airway pressure, 
and endotracheal tube cuff pressure in mechanically ventilated 
critical care patients.

Methodology
 This is a comparative study that was carried out in ICU at 
Minia University hospital of Egypt the period from (June 
2018 to June 2020), Written informed consent was obtained 
by the researchers from the patients after explaining the aim 
of the study and confidentiality of data, privacy, voluntary 
participation and right to refuse to participate in the study 
were informed to them by the researchers through personal 
communication, and a pilot study was done on 21 of ICU 
patients to test the feasibility of the study and applicability of 
the tool and there are no modifications done. 
 The inclusion criteria included all critical care patients, aged 
between (18-70 years), of both genders (male and female), 
orally intubated and attached with positive pressure mechanical 
ventilation. The patient should be under sedation according to 
the ICU regimen with stable hemodynamic circulation. 
 210 patients were enrolled for 2 years. The following data 
were collected by the researchers who were blind to the study 
design as patient’s age, sex, diagnosis, and medical history also 
patient’s position parameters as type, duration, and ICU length 
of stay. The validity of the study: was tested by a jury panel of 7 
experts in the field of anesthesia and surgery and the reliability: 
was done using Cronbach’s alpha test.
 After stabilization of patient condition and connection of 
monitors’ cables, supine position or semi setting position was 

chosen and this was documented in the patient’s chart. All 
patients were sedated to prevent them from breathing against 
the machine which causes the ETT cuff pressure and mean 
airway pressure to rise. Fentanyl sedation drug (Loading dose: 
1–2 mic/kg/ hour infused gradually. Maintenance dose: 1–4 
mic/kg/ hour) using continuous intravenous infusion typically 
in combination with Midazolam sedation (0.05-0.2 mg/kg/
hour). The following parameters were recorded; tidal volume, 
mean airway pressure, PO2/FIO2, and ETT cuff pressure.
 Then the patient started to be turned to the second routine ICU 
position change which is the dorsal recumbent position. After 
spending 20 minutes in the previous position and documented 
in the patient’s chart the left the patients to spend the rest of 
the two hours in position. At the end of the two hours, the 
same parameters were recorded. 
 After that patient was turned to the Third position change 
which is the Lower Fowler’s position for two hours then the 
same parameters were recorded. All Patients of the study 
(210) were turned to 6 different positions according to the ICU 
routine every 2 hours by the researchers and the assistance 
of the ICU nurses to ensure that every patient turned to the 
optimal position and suitable body alignment to not harm 
the patients during positioning change. The 6 applied body 
positions included in the study as shown in the following table 
  At the end of the study, the duration of ICU length of stay and 
patients outcomes were recorded and analyzed.

Statistical analysis
 Data entry and analysis were done using SPSS version 22 
®(Statistical Package for Social Science). Data were presented 
as number, percentage, mean ± standard deviation. A Chi-
square test was used to compare qualitative variables. Mann-
Whitney test was used to compare quantitative variables 
between the studied groups. Wilcoxon Signed Rank test was 
done to compare every two times in the same group. P-value is 
considered statistically significant when P<0.05.

Results
 Our results show that about (58.1%) were male and (41.9%) 
were female. About age, their mean was between (40.6 ± 8.9) 
years. Regarding diagnosis (50.5%) of patients were admitted 
with major trauma, (31.9%) due to medical causes, and (17.6%) 
admitted due to major chest and abdominal surgeries. The 
patient’s mean heart rate was (93.6 ± 7.5) b/m and the Mean 
Arterial Pressure was (67.7 ± 0.6)°C (Table 1). Table 2 shows 
Description, SOP2, Mean airway and ETT cuff pressure of each 
body position in the study with the highest SPO2 98% and cuff 
pressure 19.2+41 in the prone position. Position checklist is 
illustrated in (table 3) and (Figure 1). The highest TV (520 ml) 
and PO2/FIO2 ratio (410) were in prone poison and the lowest 
was in Lower Fowler position (460 ml and 320) respectively 
(Figure 2). Regarding outcome and ICU stay which were the 
best in both semi setting and prone position (Figure 3).

Table 1: Demographic and surgical data of the studded sample (No. 210).

Personal data No. %
Sex
Male 121 58.1
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Female 89 41.9

Age / Year  
25-35 69 33.3

36- 45 85 40

46- 55 56 26.7

Mean ± SD 40.6 ± 8.9 

Medical data 

Diagnosis

Trauma patients 106 50.5

Medical causes (DM-stroke-poisoning) 66 31.9

Major postoperative 38 17.6

Baseline Oxygen Saturation

90- 94 70 33.3

95- 100 140 66.7

Mean ± SD 95.1 ± 2.3 

Heart Rate (b/m) (Mean ± SD) 93.6 ± 7.5 

Mean Arterial Pressure (Mean ± SD) 67.7 ± 0.6 

Table 2: Description, SOP2, Mean airway and ETT cuff pressure of each body position in the study.

Position How of applied Position SPO2 Mean Airway pressure Cuff pressure adjustment

Supine Dorsal recumbent body 
position with the backrest of 
the bed at zero levels and the 
head in a neutral alignment of 
body positions

98% 15 ± (3.9) Cuff pressure adjusted 
to: (20-30 cm H2O) using 
manometer

Lower fowler Lower fowler position with the 
back elevated at 30° degree

95% 18 ± (3.15) Cuff pressure adjusted 
to: (20-30 cm H2O) using 
manometer

High fowler High fowler position with 45° 
back and head up

97% 15 ± (4.02) Cuff pressure adjusted 
to: (20-30 cm H2O) using 
manometer

Lateral Left lateral rotation of the 
body and head with 30° head 
up

96% 15 ± (4.02) Cuff pressure adjusted 
to: (20-30 cm H2O) using 
manometer

Semi setting Right lateral rotation of the 
body and head with 30° head 
up

95% 19 ± (4.24) Cuff pressure adjusted 
to: (20-30 cm H2O) using 
manometer

Prone position Prone position with the head 
facing the bed linen and at one 
side position

98% 19 ± (4.24) Cuff pressure adjusted 
to: (20-30 cm H2O) using 
manometer

Table 3: Positioning checklist.

A-Airway Endotracheal tube/LMA Patent and in the correct position
B-Breathing Ventilation Auscultation Monitoring Pulmonary compliance satisfactory Both axillae 

SaO2 Capnograph trace and shape
C-Circulation Monitoring HR/BP/ECG still functioning and readings stable 

Intravascular lines All still in-situ, patent and 
accessible

D-Disability/Neurology Eyes Neurovascular Closed and protected Padded vulnerable areas 
and avoidance of excessive passive stretch
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E-Exposure All cables, catheters, and electrode Checked 
and removed from the patient/operating table 
interface 

Access Maintain access for review of at-risk areas 
if possible

Table 4: The correlation (R) between different positions and TV, MAP and ETT cuffed pressure.

Variable R 
Mean airway pressure

R
Tidal volume

R
ETT cuffed pressure

Supine position 0.07 0.09 0.08

Lateral 0.061 0.045 0 .041

Semi setting 0.133 0.170 0.124

Lower fowler 0.009 0.011 0.071

High fowler 0.843 0.812 0.898

Prone position 0.187** 0.188** 0.179**

Figure 1: Mean airway pressure and ETT cuff pressure.

Figure 3: Duration of MV and ICU stay.

Figure 2: Respiratory mechanics during position

Discussion
 The present study was done on 210 patients within mechanically 
ventilated patients due to different diagnoses in different 
positions, to investigate the airway pressure and respiratory 
mechanics as tidal volume and oxygen saturation. The 
ventilation parameters were found optimum in prone position 
and semi setting position with minimum MV and ICU duration 
but ETT cuff pressure is higher than other positions.
 These results were found as previous studies of more than 

800 participants by Lee and Letvin who found the duration of 
mechanical ventilation was reported less than other positions. 
However, the point estimate amounted to less than a half-day 
and cannot be considered a major patient-centered benefit. 
Such data are made complicated to interpret by differential 
patient mortality between groups, which will affect time data 
such as duration of mechanical ventilation and length of stay 
[11-12].
 This was explained by the physiological effects of prone 
positioning in patients with severe lung injury manifest as 
improvements in oxygenation and respiratory mechanics. 
There may also be a reduction in mechanical factors associated 
with VALI, such as an inhomogeneous distribution of pleural 
pressure (Ppl), alveolar inflation and ventilation, an increase 
in lung volume and reduction in atelectatic lung regions and, 
finally, an improvement in the clearance of secretions. Since 
the majority of animal and human studies investigating the 
physiological effects of prone positioning refer to acute ARDS, 
the considerations discussed later apply only to the early stages 
of the syndrome [13-15].
 Tracheal tube displacement or increased ETT cuff pressure, 
which might be considered a natural consequence of moving 
patients from supine to prone position and back, showed 
differing results across studies, with moderate statistical 
heterogeneity. For example, the short-term (24-hour) study of 
Leal 1997 reported 50% increased ETT cuff pressure, whereas 
Chan (2007), which utilized at least 72 hours of proning per 
participant, reported a zero rate of displacement [16-17].
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 These disadvantages of prone posion and the overall risk ratio 
were 1.09 and were statistically insignificant. However, a clear 
increase in the risk of tracheal tube obstruction was evident. 
Such obstruction might result from increased inspissated 
secretions or from kinking of the tracheal tube in the face-down 
participant. The risk ratio for this complication was 1.78 and was 
statistically significant (P-value=0.003) [18].
 The nature and magnitude of the effects of prone position on 
respiratory mechanics should not explain per se the effects of 
proning on mortality in severe ARDS patients. Two reasons may 
explain this hypothesis. The first is that the resolution of the 
methods to measure respiratory mechanics may miss important 
regional effects, like stress and strain homogenization, that is a 
major contributor to ventilator-induced lung injury prevention 
and hence patient outcome [19-20].
 Critically ill patients can be manually turned laterally during 
the prone position maneuver for a few minutes or left longer 
in lateral position for preventing pressure sores or treating 
atelectasis. Modern ICU beds propose an automatic rotation of 
the patients at a given inclination and more advanced devices 
provide a continuous lateral rotation with a steep lateral 
position. In the lateral position, it is expected that dependent 
lung EELV decreases, airway resistance and lung and chest wall 
elastance increase with opposite findings to the non-dependent 
lung as compared to supine [21-22].
 Regarding changes from sitting to supine the Pressure-Volume 
(PV) curve of the chest wall is going to change while that of 
the lungs does not that much. Therefore, the PV curve of the 
respiratory system follows that of the chest wall during the 
position change. The relaxation (or resting) volume of the chest 
wall goes down from 55% to 35% of the Vital Capacity (VC) and 
that of the respiratory system from 35% to 20% VC between 
upright and supine position [23].
 The present study was in line with Ziyaeifard, et al. in a study 
that investigated the effect of different patient positions on 
endotracheal tube cuff pressure after adult cardiac surgery, 
they found (43. 6%) of the measurements were greater than the 
upper target limit (30 cm H2O) after positioning change. Letvin 
A, et al. and Sharifi, et al. were in line with the present study 
and found that the majority of the orally intubated patients 
with an ETT their cuff pressure measurements were higher than 
the recommended range (above 30 cm H2O) after changing the 
body position [24-26].
 On the other hand, the present study found that more than 
half of the studded sample their ETT cuff pressure was lower 
than normal (below 20 cm H2O) when they were in right lateral 
rotation of the body and head. The present finding was in line 
with Alcan et al., (19) who demonstrated a reduction in the ETT 
cuff pressure after changing position to lateral position. Also, 
the same author emphasized that high sedation doses is one of 
the most important things that lead to a significant decrease in 
the ETT cuff pressure (below 20 cm H2O)and it will increase after 
sedation withdrawal [27-45].

Conclusion
 Supine position (lying flat) or lateral position do not seem 
beneficial for critically ill patients in terms of respiratory 
mechanics. The semi-sitting position (with thorax angulation=30° 
from the horizontal plane) is associated with improvement of 

PO2/FIO2, oxygenation and tidal volume, and the effects of 
prone position on respiratory mechanics is very beneficial and 
this reflected on patient outcome and short ICU length of stay. 
The study had limitations as it needs to be repeated on a larger 
sample size with different parameters and mechanics to get 
more solid results. 
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