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ABSTRACT. Introduction: Mechanically ventilated critically ill subjects are 
often given strict bed rest and sometimes completely immobilized because of 
the severity of their illness and the administration of drugs such as sedatives. 
Active mobilization is not possible in subjects under deep sedation and unable 
to follow commands. In this scenario, passive therapy is an interesting alternative. 
Objective: This study aimed to evaluate the effectiveness of passive exercises 
on arterial blood gases in mechanically ventilated subjects from intensive care 
units. Methods: Five mechanically ventilated subjects participated in the study. 
The subjects were assigned to one study group, which received passive exercises 
for one daily session, including ten repetitions in three series per articulation. 
Arterial Blood Gases were assessed by arterial blood sample analysis with the Stat 
Profile Prime Plus device. Results: The results revealed a marked improvement in 
arterial blood gas exchange as compared to baseline reflecting an increase in 
FIO2- the inspiratory fraction of oxygen, pO2- partial pressure of oxygen, and 
pO2/FIO2- the ratio between the partial pressure of oxygen and the inspiratory 
fraction of oxygen and a decrease in CO2- carbon dioxide. Conclusions: The 
passive exercise showed a slight trend of beneficial changes at the cellular level 
in mechanically ventilated subjects since the first day after admission, which 
may indicate a reduction in the inspiratory fraction of oxygen and at the end, 
extubation of subjects. 
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Introduction 
 
Mechanically ventilated critically ill subjects are often given strict bed 

rest and sometimes completely immobilized because of the severity of their 
illness and the administration of drugs such as sedatives (Younis & Ahmed, 
2015). The challenges to mobilizing critically ill subjects include the safety of 
tubes and lines, personnel and equipment resources, sedation practices, the 
patient’s size, the time, and the priority of mobilization. All these factors may 
persist for days to weeks and delay active mobility use (Vollman, 2010). The 
impact of immobility on the subjects may encompass functional decline and 
associated neuromuscular, and musculoskeletal weakness, impaired coordination, 
delayed weaning from mechanical ventilation, and prolonged hospital stay 
(Berry et al., 2014). Early physical exercise is essential to limit the occurrence 
of complications related to bed rest. Active exercises are not possible in subjects 
under deep sedation and unable to follow commands, and in this scenario, 
passive exercises are an interesting alternative (Pinheiro et al., 2017). Another 
relevant aspect was the fact that the subject's movement was reproduced 
manually by a single physical therapist, demonstrating that the protocol can be 
performed in places with limited resources. A single session of manual therapy 
improves lung function, inspiratory muscle strength, and oxygen saturation, 
and reduces dyspnea, fatigue, and heart respiratory rate (Yilmaz et al., 2016). 
Early physical therapy programs for mechanically ventilated subjects increase 
oxygen saturation, and arterial oxygen pressure and decrease complications, 
length of intensive care stay, and reduction of healthcare costs (Meawad et al., 
2018). Evidence suggests that passive range of motion exercise for mechanically 
ventilated subjects is a safe and effective intervention that can significantly 
impact a patient’s clinical outcomes (Fahmy, Ibrahim & Kandeel, 2021). Passive 
exercises were well tolerated in critical intensive care subjects, ventilated, and 
sedated, such exercise could be the most appropriate form of activity for these 
subjects in the early phase (Amidei & Sole, 2013). The exercise that can be 
performed from the moment the subject is admitted to intensive care are low 
in intensity, since the subject usually remains in bed, especially those who are 
mechanically ventilated (Medrinal et al., 2018). Mechanically ventilated patients 
are traditionally considered too sick for early physical therapy and mobilization. It 
has been demonstrated that a loss of muscle mass and strength rapidly occur from 
the first days of bed rest together, with insulin resistance and an inflammatory 
process (Akoumianaki et al., 2017). The passive exercises showed a slight 
tendency for beneficial changes at the cellular level in mechanically ventilated 
intensive care subjects from the first days of admission (Vollenweider et al., 2022).  
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For intensive care subjects, the term “early mobilization” refers to the application 
of physical therapy (for example, passive mobilization, active mobilization, and 
respiratory muscle training) and possesses prominent superiority if it is 
initiated from an early stage (less than 5-7 days) (Yue et al., 2018). When 
initiated shortly after the start of mechanical ventilation, mobilization can play 
an important role in decreasing the duration of mechanical ventilation and 
hospital stay (Hashem, Nelliot & Needham, 2016). Physical exercise in intensive 
care should have the appropriate intensity and type depending on the condition 
of the subject (Jang, Shin & Shin, 2019). Invasive mechanical ventilation is a life-
saving procedure applied to critically ill subjects to achieve adequate pulmonary 
gas exchange and unload excessive respiratory muscle work (Peñuelas, et al., 
2019). Arterial blood gas analysis is a common test ordered in critically ill subjects, 
without influencing subject care. It is used to check the function of the subject’s 
lungs and how well they can move oxygen into the blood and remove carbon 
dioxide (Chandran, et al., 2021). Sedative and analgesic treatment administered 
to critically ill patients need to be regularly assessed to ensure that pre-definite 
goals are well achieved as the risk of complications of oversedation is 
minimized. The choice of sedation scale measuring the level of consciousness 
could be made by the Richmond Agitation scale (RASS) (Thuong, 2008). Passive 
physical exercises are performed without voluntary muscle contractions, the 
articulated segments being mobilized by external forces, which replace the 
mobilizing muscle force (Trinity & Richardson, 2019). Pure-assisted passive 
mobilization is performed by a physical therapist, it is also called manual 
mobilization and is considered the most precise form of passive mobilization 
(Cordun, 1999). 

 
 
Objective 
 
This study aimed to evaluate the effectiveness of passive exercises on 

arterial blood gases in mechanically ventilated subjects from intensive care 
units. 

 
 
Methods 
 
The current study was carried out in the intensive care unit of Cluj-

Napoca The Regional Institute of Gastroenterology and Hepatology ‟Prof. Dr. 
Octavian Fodor”, in the period from September 2021 to February 2022, to 
identify the effectiveness of passive exercises on arterial blood gases in 
mechanically ventilated subjects from intensive care units. 
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Subjects 

Five mechanically ventilated and sedated subjects (males=3 and 
females =2) with a score on the Richmond Agitation scale of -4 to -3 participated 
in this study. The subjects were recruited from the intensive care unit of Cluj-Napoca 
The Regional Institute of Gastroenterology and Hepatology ‟Prof. Dr. Octavian 
Fodor”, in the period from September 2021 to February 2022. Their age was 
between 45 to 79 years. All subjects were assigned to one study group and 
received a passive exercise protocol for one session per day, for five days. 

Inclusion criteria: the age subjects to be over 18 years and to be 
mechanically ventilated for at least 24 hours. Exclusion criteria: subjects with 
hemodynamic instability, who have active bleeding, with neuromuscular diseases, 
who have recently suffered a myocardial infarction, increased intracranial 
pressure, or recent fractures. 

For assessment: Arterial gasometry was measured at the Stat Profile 
Prime Plus machine which is a complete analyzer that combines blood gases, 
electrolytes, metabolites, and CO-oximetry, normal values are: pH – 7.35-7.45; 
partial pressure of oxygen pO2 – 75 to 100 mmHg; partial pressure of carbon 
dioxide pCO2 – 35 to 45mmHg.  

The subject’s state of consciousness was assessed with the Richmond 
Agitation Scale (RASS) to describe their level of alertness, agitation, and 
sedation. This scale ranged from -5 to +4 which means: a score of 0 to +4 the 
subject is alert, restless, or agitated; -1 subject awakens with sustained eye 
opening and eye contact; -2 subject awakens with eye-opening and eye contact, 
but not sustained; -3 subject has any movement in voice response but no eye 
contact; -4 subject has any movement to physical stimulation; -5 subject has no 
response to any stimulation (Sessler el al., 2002). 

Procedures 

The procedure was explained to every subject’s relative, and informed 
consent was signed. The study had approval from the Ethical Committee of the 
“Babeș-Bolyai” University and from The Regional Institute of Gastroenterology 
and Hepatology ‟Prof. Dr. Octavian Fodor”. 

Baseline data was noted before starting the protocol, including age, 
gender, region, admission diagnosis, ventilatory mode, and score on the Richmond 
Agitation Scale of all the subjects.  

Before starting the protocol, the subjects were laying in dorsal decubitus 
with the head elevated at an angle of 30° without suffering any medical procedure 
for 30 min. The sample for arterial gasometry was collected by the resident 
doctor 5 min before the passive exercise session and 15min after ending the 
session (Saad, 2020).  
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The protocol was performed manually by a single physical therapist, for 
five days, one session per day in three series of ten repetitions. The physical 
therapist, initiated, led, and ended the movement rhythmically, with the tension 
of the soft parts at the end of the movement four times, the repetition rate is 
maintained at each tempo. The movement sequence was from distal to 
proximal, favoring also the veno-lymphatic return. The application of the socket 
and counter socket was also considered. The sockets change was gentle and 
minimal in position, avoiding any discomfort for subjects. 

Ankle flexion (dorsiflexion), ankle extension (plantar flexion), and 
circumduction were performed in the lower limbs in the ankle joint. In the hip 
joint, the flexion consisted of near the anterior face of the thigh to the pelvis and 
circumduction. Flexion, abduction, and circumduction were performed at the 
level of the upper limbs in the shoulder. At the level of the elbow joint and fingers - 
flexion and extension. At the fist level, flexion, extension, and circumduction. At 
the level of the head and the cervical segment flexion, extension, and rotation 
movements to the right and the left. 

Statistical design and data analysis 

Statistical analyses were performed using EXCEL WINDOWS 10. 
Descriptive statistics of arterial blood gas parameter scores before and after the 
application of passive exercise in mechanically ventilated subjects were used 
for mean and standard deviation. The t-test for comparing the mean values 
obtained before and after the application of passive exercises. All statistically 
significant differences were determined at a 95% confidence interval and 
significance was set at p ≤ 0.05. 

 
 
Results 
 
The purpose of this study was to evaluate the effectiveness of passive 

exercises on arterial blood gases in mechanically ventilated subjects from 
intensive care units. The subjects were assigned to one study group which 
included five mechanically ventilated and sedated subjects from The Regional 
Institute of Gastroenterology and Hepatology ‟Prof. Dr. Octavian Fodor” of Cluj-
Napoca. Data obtained pre and post-protocol regarding arterial blood gases 
were statistically analyzed and compared. 

The study included five subjects, three males, and two females with an 
average of 61.6 years and a standard deviation of 8.30. The subjects came from 
Cluj County, with a percentage of 60% from the rural environment and 40% 
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from the urban. Regarding the state of consciousness, 40% fell to -4 (no response 
to voice, only movement or eye-opening to physical stimulation) and 60% to -3 
(movement or eye-opening to verbal stimulation).  

PH - hydrogen potential, the average pH value before and after applying 
the protocol was 7.4±0.075 and 7.4 ± 0.032. There was no significant difference, 
the percentage of decrease was 0.0002. The average of FIO2-the inspiratory 
fraction of oxygen, before and after applying the protocol was 43.75±8.34, 
respectively 35.62±3.20. This registers a difference of 8.13 percent and a p-value 
of 0.006. The mean value of pO2-partial pressure of oxygen was 107.5±24.90 
and 118.78±23.13 respectively, registering an increase of 11.28 percent and a 
p-value of 0.13. The average value of CO2- carbon dioxide before and after 
applying the protocol was 28.97±7.67 and 26.87±3.72, with a decreasing 
percentage of 2.1. The average of the pO2/FIO2-the ratio between the partial 
pressure of oxygen and the inspiratory fraction of oxygen was 278.12±80.61 
respectively 315.28±87.23, with a significant increase of 37.16 percent. 

 
Table 1. The result of variable 

Variables Before After Difference t-test p-value 
pH 7.4±0.075 7.4±0.032 0.0002 - 0.01 0.98 

FIO2 43.75±8.34 35.62±3.20 8.13 4.04 0.006 
pO2 107.5±24.90 118.78±23.13 11.28 -1.60 0.13 
CO2 28.97±7.67 26.87±3.72 2.1 1.31 0.21 

pO2/FIO2 278.12±80.61 315.28±87.23 37.16 -1.99 0.0690 

Data are expressed as mean ±standard deviation 
PH- hydrogen potential; FIO2-the inspiratory fraction of oxygen; pO2-partial pressure of oxygen; 
CO2- carbon dioxide; pO2/FIO2-the ratio between the partial pressure of oxygen and the 
inspiratory fraction of oxygen. 

 
 
 
Discussion 
 
Mechanical ventilation is a life-support therapy that improves carbon 

dioxide retention, and acid-base equilibrium. Mechanically ventilated subjects 
develop intensive care unit-acquired weakness as a result of their immobility 
and sedative administration (Yue et al., 2018). Interest in early mobilization and 
rehabilitation of critically ill subjects has grown in the last decade in response 
to increasing insights into long-lasting impairments experienced by many survivors 
(Denehy, Lanphere & Needham, 2017). 
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This study was conducted to analyze and investigate the effectiveness 
of passive exercises on arterial blood gases in mechanically ventilated subjects 
from intensive care units. Five mechanically ventilated subjects from both 
genres were assigned to one group that received a passive exercise protocol. All 
the subjects were evaluated before and after the protocol measuring Arterial 
Blood Gases (PH- hydrogen potential; FIO2-the inspiratory fraction of oxygen; 
pO2-partial pressure of oxygen; CO2- carbon dioxide; pO2/FIO2-the ratio between 
the partial pressure of oxygen and the inspiratory fraction of oxygen). The result 
of the study proved that a marked improvement in arterial blood gas exchanges 
as compared to baseline was reflected by a significant statistical increase in  
the pO2-partial pressure of oxygen and the pO2/FIO2-the ratio between  
the partial pressure of oxygen and the inspiratory fraction of oxygen and a 
significant decrease in FIO2-the inspiratory fraction of oxygen and CO2- carbon 
dioxide. 

The improvement of arterial blood gases could be explained that passive 
movement improves ventilation, central and peripheral perfusion, circulation, 
muscle metabolism and alertness, and countermeasures for venous stasis 
(Gosselink et al., 2008). Early mobilization was shown to improve forced vital 
capacity, maximum voluntary ventilation, and arterial oxygenation (Zafiropoulos, 
Alison & McCarren, 2004). The result of this study agreed with the result of 
(Saad et al., 2020) who found chest physiotherapy protocol in form of (manual 
hyperinflation, vibration, percussion, suctioning, upper and lower limbs exercise, 
and end position) is an effective method for improving arterial blood gases of 
mechanically ventilated subjects. 

 
 
Conclusions 
 
Based on the findings of this study passive exercise is an effective 

method for improving arterial blood gases in mechanically ventilated subjects. 
The passive exercise showed a slight trend of beneficial changes at the cellular 
level in mechanically ventilated subjects since the first day after application of 
the protocol, which may indicate a reduction in the inspiratory fraction of 
oxygen and at the end extubation of subjects, and fewer days of intensive care 
unit. 
  



STAN DELIA-CLAUDIA, SANDOR IOSIF 

 
 

 
190 

 
 

REFERENCES 
 
 

Amidei, C., & Sole, M. L. (2013). Physiological responses to passive exercise in adults 
receiving mechanical ventilation. American journal of critical care: an official 
publication, American Association of Critical-Care Nurses, 22(4), 337–348. 
https://doi.org/10.4037/ajcc2013284. 

Akoumianaki, E., Dousse, N., Lyazidi, A., Lefebvre, J. C., Graf, S., Cordioli, R. L., Rey, N., 
Richard, J. M., & Brochard, L. (2017). Can proportional ventilation modes 
facilitate exercise in critically ill patients? A physiological cross-over study: 
Pressure support versus proportional ventilation during lower limb exercise in 
ventilated critically ill patients. Annals of intensive care, 7(1), 64.  
https://doi.org/10.1186/s13613-017-0289-y. 

Berry A, Beattie K, Bennett J, Cross, Cushway S, Hassan A, Longhurst E, Moore R, Phillips 
D, Plowman E, Scott J, Thomas L, and Elliott D (2014). Physical Activity and 
Movement: a Guideline for Critically Ill Adults. Agency for Clinical Innovation NSW 
Government ISBN 978-1-74187-976-6. 

Chandran, J., D'Silva, C., Sriram, S., & Krishna, B. (2021). Clinical Utility of Arterial Blood 
Gas Test in an Intensive Care Unit: An Observational Study. Indian journal of 
critical care medicine: peer-reviewed, official publication of Indian Society of 
Critical Care Medicine, 25(2), 172–175.  
https://doi.org/10.5005/jp-journals-10071-23719 

Cordun M. (1999). Kinetologie Medicală. Editura AXA, București – 1999. 
Denehy, L., Lanphere, J., & Needham, D. M. (2017). Ten reasons why ICU patients should 

be mobilized early. Intensive care medicine, 43(1), 86–90.  
https://doi.org/10.1007/s00134-016-4513-2 

Fahmy, A., Ibrahim. A., Kandeel, N. (2021).The Effect of Passive of Motion Exercises on 
Hemodynamic Parameters of Mechanically Ventilated Patients. Mansoura Nursing 
Journal, 8(3), 271-285. Doi 10.21608/mnj.2021.72579.1047. 

Gosselink, R., Bott, J., Johnson, M., Dean, E., Nava, S., Norrenberg, M., Schönhofer, B., 
Stiller, K., van de Leur, H., & Vincent, J. L. (2008). Physiotherapy for adult patients 
with critical illness: recommendations of the European Respiratory Society and 
European Society of Intensive Care Medicine Task Force on Physiotherapy for 
Critically Ill Patients. Intensive care medicine, 34(7), 1188–1199.  
https://doi.org/10.1007/s00134-008-1026-7 

Hashem, M. D., Nelliot, A., & Needham, D. M. (2016). Early Mobilization and 
Rehabilitation in the ICU: Moving Back to the Future. Respiratory care, 61(7), 
971–979. https://doi.org/10.4187/respcare.04741 

Jang, M. H., Shin, M. J., & Shin, Y. B. (2019). Pulmonary and Physical Rehabilitation in 
Critically Ill Patients. Acute and critical care, 34(1), 1–13.  
https://doi.org/10.4266/acc.2019.00444 

https://doi.org/10.4037/ajcc2013284
https://doi.org/10.1186/s13613-017-0289-y
https://doi.org/10.5005/jp-journals-10071-23719
https://doi.org/10.1007/s00134-016-4513-2
https://doi.org/10.1007/s00134-008-1026-7
https://doi.org/10.4187/respcare.04741
https://doi.org/10.4266/acc.2019.00444


THE EFFECTIVENESS OF PASSIVE EXERCISES ON ARTERIAL BLOOD GASES IN MECHANICALLY 
VENTILATED SUBJECTS FROM INTENSIVE CARE UNITS 

 

 
191 

Meawad, M., Abd El Aziz, A., Obaya, H., Mohamed, S., Mounir, K. (2018). Effect of Chest 
Physical Therapy Modalities on Oxygen Saturațion and Partial Pressure of 
Arterial Oxygen in Mechanically Ventilated Patients. The Egyptian Journal of 
Hospital Medicine, 72(8), 5005-5008.doi: 10.21608/ejhm.2018.10278 

Medrinal, C., Combret, Y., Prieur, G., Robledo Quesada, A., Bonnevie, T., Gravier, F. E., 
Dupuis Lozeron, E., Frenoy, E., Contal, O., & Lamia, B. (2018). Comparison of 
exercise intensity during four early rehabilitation techniques in sedated and 
ventilated patients in ICU: a randomized crossover trial. Critical care (London, 
England), 22(1), 110. https://doi.org/10.1186/s13054-018-2030-0 

Peñuelas, O., Keough, E., López-Rodríguez, L., Carriedo, D., Gonçalves, G., Barreiro, E., & 
Lorente, J. Á. (2019). Ventilator-induced diaphragm dysfunction: translational 
mechanisms lead to therapeutical alternatives in the critically ill. Intensive care 
medicine experimental, 7(Suppl 1), 48.  
https://doi.org/10.1186/s40635-019-0259-9. 

Pinheiro, T. T., de Freitas, F., Coimbra, K., Mendez, V., Rossetti, H. B., Talma, P. V., Bafi, A. 
T., & Machado, F. R. (2017). Short-term effects of passive mobilization on the 
sublingual microcirculation and the systemic circulation in patients with septic 
shock. Annals of intensive care, 7(1), 95. https://doi.org/10.1186/s13613-017-0318-x. 

Saad M. Elgendy, M.Sc., H., & Youssef M.A. Soliman, M.D., N. (2020). Acute Effect of Chest 
Physical Therapy on Arterial Blood Gases for Mechanical Ventilated Patients. The 
Medical Journal of Cairo University, 88(September), 1469-1475.  
Doi: 10.21608/mjcu.2020.115377. 

Sessler, C. N., Gosnell, M. S., Grap, M. J., Brophy, G. M., O'Neal, P. V., Keane, K. A., Tesoro, 
E. P., & Elswick, R. K. (2002). The Richmond Agitation-Sedation Scale: validity and 
reliability in adult intensive care unit patients. American journal of respiratory 
and critical care medicine, 166(10), 1338–1344.  
https://doi.org/10.1164/rccm.2107138 

Thuong M. (2008). Quels sont les outils d'évaluation de la sédation et de l'analgésie? 
(Sedation and analgesia assessment tools in ICU patients). Annales francaises 
d'anesthesie et de reanimation, 27(7-8), 581–595.  
https://doi.org/10.1016/j.annfar.2008.04.011 

Trinity, J. D., & Richardson, R. S. (2019). Physiological Impact and Clinical Relevance of 
Passive Exercise/Movement. Sports medicine (Auckland, N.Z.), 49(9), 1365-
1381.https://doi.org/10.1007/s40279-019-01146-1 

Vollenweider, R., Manettas, A. I., Häni, N., de Bruin, E. D., & Knols, R. H. (2022). Passive 
motion of the lower extremities in sedated and ventilated patients in the ICU - a 
systematic review of early effects and replicability of Interventions. PloS 
one, 17(5), e0267255. https://doi.org/10.1371/journal.pone.0267255 

Vollman K. M. (2010). Introduction to progressive mobility. Critical care nurse, 30(2), 
S3–S5. https://doi.org/10.4037/ccn2010803 

Yilmaz Yelvar, G. D., Çirak, Y., Demir, Y. P., Dalkilinç, M., & Bozkurt, B. (2016). The 
Immediate effect of manual therapy on respiratory functions and inspiratory 
muscle strength in patients with COPD. International journal of chronic 
obstructive pulmonary disease, 11, 1353–1357.  
https://doi.org/10.2147/COPD.S107408 

https://doi.org/10.1186/s13054-018-2030-0
https://doi.org/10.1186/s40635-019-0259-9
https://doi.org/10.1186/s13613-017-0318-x
https://doi.org/10.1164/rccm.2107138
https://doi.org/10.1016/j.annfar.2008.04.011
https://doi.org/10.1371/journal.pone.0267255
https://doi.org/10.4037/ccn2010803
https://doi.org/10.2147/COPD.S107408


STAN DELIA-CLAUDIA, SANDOR IOSIF 

 
 

 
192 

Younis, G.A., & Ahmed, S.E. (2015). Effectiveness of Passive Range of Motion Exercises 
on Hemodynamic parameters and Behavioral pain Intensity among Adult 
Mechanically Ventilated Patients. Journal of Nursing and Health Science. 
https://www.iosrjournals.org/iosr-jnhs/papers/vol4-issue6/Version-
1/G04614759.pdf 

Yue, M., Ma, Z., Lei, M., Cui, C., & Jin, Y. (2018). Early mobilization for mechanically 
ventilated patients in the intensive care unit: a systematic review and meta-
analysis, Frontiers of Nursing, 5(4), 301-310: https://doi.org/10.1515/fon-2018-0039. 

Zafiropoulos, B., Alison, J. A., & McCarren, B. (2004). Physiological responses to the 
early mobilization of the intubated, ventilated abdominal surgery patient. 
The Australian journal of physiotherapy, 50(2), 95–100.  
https://doi.org/10.1016/s0004-9514(14)60101-x”. 

https://www.iosrjournals.org/iosr-jnhs/papers/vol4-issue6/Version-1/G04614759.pdf
https://www.iosrjournals.org/iosr-jnhs/papers/vol4-issue6/Version-1/G04614759.pdf
https://doi.org/10.1515/fon-2018-0039
https://doi.org/10.1016/s0004-9514(14)60101-x

