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Abstract
Introduction: The prone position in the surgery room provides the surgeon with access to the area
of surgery in various types of surgeries. The effects of prone position on respiratory gas exchanges
are complex. Methods: This prospective cohort study was performed on 61 patients undergoing
general anesthesia in prone and supine positions. Half an hour after intubation, 2 hours after
anesthesia and before extubation in recovery, arterial blood gas changes, ETCO2, respiratory dead
space volume to tidal volume ratio (VD / VT), and hemoglobin levels in both groups were measured
and recorded. Findings: Sixty one patients (29 patients in supine and 32 patients in prone positions)
were evaluated. There was no significant relationship between VD/VT ratio during anesthesia
between the two groups (P = 0.16). In examining this ratio at different measurement times, the results
showed that only in supine group, VD / VT relationship was statistically significant two hours after
anesthesia onset and at the end of anesthesia (P=0.01). There were no significant differences in pH,
PCO2, PECO2, Ppeak and PaO2 in the two groups at different time points. Hb levels were statistically
significant in both groups at different time points; but the difference between the two groups was not
significant. Conclusion: The ratio of respiratory dead space volume to tidal volume and oxygenation
in the prone position compared to supine position was not changed in patients undergoing general
anesthesia with mechanical ventilation. The process of oxygenation changes in the prone position
has improved over time.
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INTRODUCTION
Advances in surgical maneuvers and monitoring
devices have increased the number of clinical applicable
positions such as supine, prone and lateral positions.
Supine and prone are two positions used in most
surgeries (Zhang et al. 2017). Prone position is used to
facilitate procedures in spine and other neurosurgical
surgeries (Edgcombe et al. 2008, Kwee et al. 2015,
Landi et al. 2013, St-Arnaud and Paquin 2008, Soro et
al. 2007) On the other hand, respiratory function of
patients during anesthesia in the surgery room is one of
the most important issues that anesthesiologists face
(Zhang et al. 2017). Establishing an appropriate position
will allow for a good communication between the
anesthesiologist and the surgeon (Knight and Mahajan
2004). There are many debates about the advantages
and disadvantages of supine and prone positions,
especially in respiratory diseases (Zhang et al. 2017,
Kwee et al. 2015, Welch et al. 2015).

The respiratory system compliance response to the
prone position is diverse and complex (Hu et al. 2014)
19 Most people believe that prone position is a nonphysiological condition that decreases compliance,
pulmonary oxygenation and increases atelectasis. While
improvements in respiratory dynamics changes in the
prone position have been reported in studies (Zhang et
al. 2017). Prone position has been shown to be a
relatively simple method for improving gas exchange
and oxygenation in ARDS patients (Tang et al. 2012,
Cornejo et al. 2013, agui and Beppu 2007, Mezidi et al.
2018, Reutershan et al. 2006).
Several mechanisms have been proposed to explain
these effects: 1. Improved regional ventilation 2.
Redistribution of perfusion which is essentially related to
Received: April 2019
Accepted: October 2019
Printed: February 2020

111

EurAsian Journal of BioSciences 14: 111-116 (2020)

horizontal axis 3. Greater homogeneity of ventilation to
perfusion ratio (V / Q matching) 4. Recruitment of
perfused tissues (Reutershan et al. 2006). Prone
positioning also results in increased lung volume and
alveoli involved due to diaphragm movement
(Reutershan et al. 2006, Koulouras et al. 2016).
However, over the past few years, there have been no
significant changes in ARDS mortality rates despite
improved oxygenation (Tang et al. 2012, Cornejo et al.
2013).
The prone position is faced with various
complications resulting from the increase in pressure in
the anterior structures. The incidence of pressure ulcers
during surgery was reported to be 5-66%.6 In addition,
as the abdominal contents are displaced, intraabdominal pressure increases and leads to inferior vena
cava (IVC) compression and decreased cardiac output
(Knight and Mahajan 2004, Hu et al. 2014, Reutershan
et al. 2006). Many of the physiological changes that
occur in the prone position can be mitigated by
increasing accuracy in changing the position and
avoiding pressure on the abdomen. Safe use of this
position requires understanding of these changes and
complications (Edgcombe et al. 2008, Knight and
Mahajan 2004).
On the other hand, prone position may result in a
uniform distribution of pressure in the lung, resulting in
improved adaptation of ventilation to regional perfusion
V / Q in the lung, and improvement in chest wall
mechanics (Reutershan et al. 2006, Dalmedico et al.
2017, Jahani et al. 2018).
In healthy subjects under general anesthesia in
prone position, the functional residual capacity (FRC)
was measured to be 2.45 liters, which is higher than that
of supine position (Reutershan et al. 2006). Prone
position causes the lung to fit into the chest wall against
gravitational force and reduces lung compression to
some extent (Reutershan et al. 2006).
In patients under general anesthesia, in the prone
position, the lungs expand better and oxygenation
improves (Palmese et al. 2014, Intagliata et al. 2019). A
few studies have been performed to evaluate the
function of pulmonary ventilation in patients undergoing
mechanical ventilation in general anesthesia (Zhang et
al. 2017). The aim of this study was to compare gas
exchange and volume ratio of respiratory dead space
volume to tidal volume in supine and prone positions in
patients under general anesthesia.

METHOD
This study was conducted after obtaining informed
consent from study participants. The study was
performed from 4.4.2018 to 4.4.2019as a cohort
prospective study on 32 patients undergoing spinal
canal stenosis surgeries, PSF surgery in prone position,
and 29 patients undergoing upper and lower limb

112

Hassani et al.

fracture surgeries in supine position. All patients
underwent
TIVA
(Total
Intravenous
Anesthesia).Sampling method was available sampling.
Inclusion criteria included 18-75 years old patients,
ASA CLASS I, II, 2-4 hours surgery under general
anesthesia, not being pregnant, not being a smoker, no
respiratory diseases and infections, bronchiolitis at four
weeks before study. Exclusion criteria included any
changes in the patient’s body position during
anesthesia, cardiopulmonary resuscitation, prone
position intolerance during the study, and duration of
surgery less than 2 hours and more than 4 hours.
All patients underwent cardiopulmonary monitoring
by (saadat alborz B5), 1-oximeter pulse (saadat alborz
B5), and Peco2 capnography (MASIMO). Age, sex and
the duration of surgery were recorded. Hemoglobin,
Arterial Blood Gases, peak, VD / VT ratio (respiratory
dead space volume to tidal volume), PetCO2, half an
hour after intubation (T1), 2 hours after anesthesia (T2)
and before extubation (T3) was measured and recorded.
The difference between PaCO2 and PetCO2 was
calculated as an indicator of the respiratory dead space
volume 11. The VD / VT ratio was calculated using the
Bohr formula (Charron et al. 2011).
VD/VT = (PaCO2 - PetCO2)/PaCO2
All patients were taken an intravenous line for
injecting drugs and fluids. After the Allen test was
negative, the arterial line radial artery was used for blood
pressure invasive monitoring and for obtaining blood
samples for ABG. The anesthesia protocol was
administered in both groups as: induction phase:
propofol 2mg, fentanyl 3mg / kg, and 0.2mg / kg cis
atracurium and in the maintenance phase: propofol 100
µ /kg/min and 2mg of cis atracurium was administered
every 30 minutes. After muscle relaxation, endotracheal
intubation was performed with endotracheal tube
diameter of 7.5 mm for women and 8 mm for men under
direct laryngoscopy. All patients were connected to a
ventilator device (DRAGER FABIUS) in a volumecontrolled fashion with the following specifications:
Tidal Volume: 7 ml/kg
Respiratory Rate: 12/min
Inspiration to Expiration ratio: 1:2
Peak Inspiration Pressure (PIP): 20-25 cmH2O
PEEP: 5 cmH2O
Post-induction position changes in the prone group
were performed with above chest and abdominal
support with a roll to release abdominal movements. It
was put in neutral position by placing head on a
horseshoe pillow. With auscultation on both sides, the
correct place of endotracheal tube was ensured and the
patients were at their best position with regard to airway
pressure. In the Supine group, no change was needed.
At the end of surgery, patients were reversed, extubation
was done, and they transferred to the recovery ward. All
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Table 1. Age, sex, smoking and body mass index in the two
study groups
Group

N

Supine
Prone
P

32
29

Sex ratio
(Male/Female)
16/16
13/16
0.68

Age
(years)
51 ± 10
56 ± 12
0.08

BMI
(kg/m2)
28.6 ± 6.9
28.7 ± 4.3
0.97

Smoker
N (%)
27(93.1)
26(81.3)
0.162

hemodynamic parameters (heart rate, blood pressure
and ECG) were within normal range.
Data were analyzed using SPSS 16 software. All
measurements were reported with mean and standard
deviation.
The
difference
between
the
two
measurements was expressed with 95% confidence
interval. One-way ANOVA, Bonferroni post hoc tests,
paired t-test and chi-square test were used.

FINDINGS
Table 1 shows the profile of study participants.
These results show that both groups were similar in
terms of age, sex, body mass index and smoking habit.
The relationship between the duration of surgery and
supine and prone positions was statistically significant,
the mean duration of surgery in the prone group was
4.97± 1.53 hours and in the supine group was2.66±
0.86. The results of Table 2 show that VD / VT ratio was
not statistically significant in both prone and supine
positions (P = 0.169). In the supine group, this ratio was
significant at different time points (T1, T2, and T3).
However, this ratio was not significant in the prone group

over time (P = 0.87). Also, the difference between the
mean VD / VT ratio was statistically significant only at T2
and T3 at different stages of measurement (P = 0.03).
The mean pH was not significant in the supine and
prone groups (P = 0.75) but in the prone group the pH
changed significantly over time (P = 0.001). There was
no statistically significant difference in mean pH at
measurement times (T1, T2, and T3) between supine
and prone groups.
No significant difference was observed in the case of
PaCO2, PetCO2 and Ppeak between the two study
groups (P = 0.16, P = 0.71 and P = 0.65, respectively).
Also, the difference between the mean values at
different measurement times in the two groups was not
significant.
PaO2 in both groups was not significant like other
respiratory parameters; but in the prone group, this has
significantly increased over time (P = 0.01). The mean
difference at different measurement times was also not
significant.
Hemoglobin analysis showed no significant
difference between supine and prone groups; but
hemoglobin level was statistically significant in both
groups (P = 0.001 and P = 0.002, respectively).
Table 3 shows the dual comparisons between the
measurement times of the variables. The Bonferroni test
showed that in the prone VD / VT group the comparison
of all three measurement times was not significant; but
in the supine group this ratio was significant when
comparing T2 with T3.

Table 2. Comparison of respiratory parameters and hemoglobin in the two study groups at different time points
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Table 3. Dual comparisons of respiratory parameters and hemoglobin in the Supine and Prone groups
Study group

Variable
VD/VT

First Comparable Time
T1
T2

PH

T1
T2

PaCo2

T1
T2

Prone
Pao2

T1
T2

PETCo2

T1
T2

Hb

T1
T2

VD/VT

T1
T2

PH

T1
T2

PaCo2

T1
T2

Supine
Pao2

T1
T2

PETCo2

T1
T2

Hb

T1
T2

Second Comparable Time
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3
T2
T3
T3

The Two Times Mean Difference
.003±0.009
.001±.011
-.003±.006
.035±.008
.045±.010
.010±.006
-.406±.900
-.750±.950
-.344±.698
33.719±11.550
22.156±11.229
-11.563±7.257
-.469±.789
-.594±.758
-.125±.576
.913±.283
.725±.267
-.188±.212
.013±.008
-.012±.010
-.025±.008
.020±.007
.009±.017
-.011±.015
.241±.591
.897±.652
.655±.622
13.621±9.618
13.966±9.511
.345±3.895
-.034±.588
.759±.538
.793±.439
.690±.183
1.041±.196
.352±.135

P

*

1.000
1.000
1.000
˂0.001
˂0.001
.352
1.000
1.000
1.000
.019
.172
.364
1.000
1.000
1.000
.009
.032
1.000
.397
.741
.010
.032
1.000
1.000
1.000
.539
.904
.503
.459
1.000
1.000
.509
.245
.002
˂0.001
.044

Bonferroni test *
T1: Half an hour after intubation
T2: 2 hours after anesthesia
T3: Before extubation

DISCUSSION
The purpose of this study was to determine the effect
of body position on respiratory function in patients under
general anesthesia and mechanical ventilation. In
general, the results of this study showed that the ratio of
dead space volume to tidal volume did not differ
significantly between prone and supine positions.
There was no significant difference in VD / VT ratio
between the two groups. In the supine group, VD / VT
ratio changes was significant. This ratio has increased
over time but no increase was observed in the prone
group over time. Also, in our study PaCO2 was not
significantly different between the two groups at different
time points. In the study of Charron et al. which
performed on 13 patients with PaO2 / FiO2ratio <100
mmHg, oxygenation status and VD / VT and PaCO2
ratios in supine position and 3, 6, 9, 12 and 15 h after
being in prone position were measured. The results of
this study showed that PaCO2 and VD / VT ratio
decreased in the prone position and the maximum
changes occurred after 6 to 9 hours (Casati et al. 1997).
In the Soro et al. Study, physiological and alveolar dead
space volume in patients undergoing general anesthesia
after 3 hours did not change significantly comparing to
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the prone position, which was consistent with our study
(Soro et al. 2007). On the other hand, in the Palmese
study, the VD / VT ratio was also significantly higher in
both supine and prone positions (Intagliata et al. 2019).
This difference may be due to differences in the timing
of respiratory parameters measurements. As in the
Palmese study, measurements were made at shorter
times (30 and 90 minutes after being in the prone
position). Studies by Casati and Wahba also found a
10% increase in the dead space volume within 20
minutes after prone positioning. They attributed this
increase to the intrapulmonary distribution of blood flow
and alveolar gas (Wahba et al. 1998, Bassampour et al.
2008). Given that the respiratory effects of prone
position are related to duration of this condition (Tang et
al. 2012, Koulouras et al. 2016), this discrepancy of
results is expected in studies.
There is no consensus regarding the appropriate
duration for respiratory efficacy of the prone position.
What is agreed in most studies is that in the first two
hours after being placed in the prone position, the
maximal effects of this position on oxygenation
improvement are observed and in the next four hours
there is a slight increase in oxygenation (Santini et al.
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2015). Numerous studies have shown that even
redistribution of blood flow to the alveoli and areas of the
lung that were reduced because of gravity and
diaphragm shifts improves the ventilation to perfusion
ratio in the prone position (Edgcombe et al. 2008,
Dalmedico et al. 2017, Robak et al. 2011, Kozier and Erb
2004).
There was no statistically significant difference in
oxygenation rate between the two groups; but in the
prone group, oxygenation has improved over time.
PaO2 levels during surgery were significantly increased
compared to the beginning of surgery in the prone
group. In a study by Keizer et al. results showed that 30
minutes after putting patients with ARDS in prone
position, in 80% of patients PaO2 increased by 20
mmHg and a significant difference was observed
compared to the base PaO2 value (Haddam et al. 2016).
A study by Bassampour et al on 36 ARDS patients
undergoing mechanical ventilation showed that
oxygenation improved significantly during 30 and 120
minutes after being placed in a prone position indicating
the beneficial effects of this position on improving
oxygenation in this group of patients (Santini et al. 2015).
In the study of Hamddam et al., 51 patients were placed
on prone position for one hour and then they were
placed on supine position and oxygenation was
assessed in four stages; one hour before and one hour
after placement in both prone and supine positions. The
results showed that one hour of patient placement in the
prone position did not change the oxygenation status.

Similar studies have shown that the rate of oxygenation
has improved over time in the prone position (Intagliata
et al. 2018, Zhang et al. 2017). In Soro et al.’s study, as
in our study, there was no significant difference between
the two positions of prone and supine (Soro et al. 2007).
In the present study, Paco2 levels were not
significantly different in both supine and prone positions.
In the Soro et al. Study, there was no significant
difference between Paco2 in the supine group and at 30,
60, and 120 minutes after being placed in the prone
position (Soro et al. 2007). This result was also observed
in previous studies (Intagliata et al. 2018, Zhang et al.
2017). In addition, there was no significant difference in
the mean peak in the prone group versus prone position
(Soro et al. 2007). This may indicate that the pulmonary
compliance did not differ significantly between the two
groups during anesthesia.

CONCLUSION
The results of our study showed that the ratio of
respiratory dead space volume to tidal volume in the
prone position compared to supine position did not
change in patients undergoing general anesthesia and
mechanical ventilation. Also, there was no difference in
oxygenation in the two positions of prone and supine;
but in the prone group, the process of oxygenation
changes has improved over time and the trend of
changes in the ratio of the respiratory dead space
volume to tidal volume remained unchanged.

REFERENCES
Bassampour S, Aliasgharpoor M, Mehran A ,Prizad H (2008) Effect of Prone Position on Oxygenation in Patients
Undergoing Mechanical Ventilation. Hayat 14.
Casati A, Salvo I, Torri G, Calderini E (1997) Arterial to end-tidal carbon dioxide gradient and physiological dead
space monitoring during general anaesthesia: effects of patients’ position. Minerva anestesiologica 63(6): 17782.
Charron C, Repesse X, Bouferrache K, Bodson L, Castro S, Page B, et al. (2011) PaCO 2 and alveolar dead space
are more relevant than PaO 2/FiO 2 ratio in monitoring the respiratory response to prone position in ARDS
patients: a physiological study. Critical Care 15(4): R175.
Cornejo RA, Díaz JC, Tobar EA, Bruhn AR, Ramos CA, González RA, et al. (2013) Effects of prone positioning on
lung protection in patients with acute respiratory distress syndrome. American journal of respiratory and critical
care medicine 188(4): 440-8.
Dalmedico MM, Salas D, Oliveira AMd, Baran FDP, Meardi JT, Santos MC (2017) Efficacy of prone position in acute
respiratory distress syndrome: overview of systematic reviews. Revista da Escola de Enfermagem da USP 51.
Edgcombe H, Carter K, Yarrow S (2008) Anaesthesia in the prone position. British journal of anaesthesia 100(2):
165-83.
Haddam M, Zieleskiewicz L, Perbet S, Baldovini A, Guervilly C, Arbelot C, et al. (2016) Lung ultrasonography for
assessment of oxygenation response to prone position ventilation in ARDS. Intensive care medicine 42(10):
1546-56.
Hu SL, He HL, Pan C, Liu AR, Liu SQ, Liu L, et al. (2014) The effect of prone positioning on mortality in patients with
acute respiratory distress syndrome: a meta-analysis of randomized controlled trials. Critical care 18(3): R109.
Intagliata S, Rizzo A, Bhimji SS (2019) Physiology, Lung Dead Space. StatPearls [Internet]: StatPearls Publishing.

115

EurAsian Journal of BioSciences 14: 111-116 (2020)

Hassani et al.

Jahani S, Soleymani ZH, Asadizaker M, Soltani F, Cheraghian B (2018) Determination of the Effects of Prone
Position on Oxygenation in Patients with Acute Respiratory Failure Under Mechanical Ventilation in ICU. Journal
of Medicine and Life 11(4): 274.
Johnson NJ, Luks AM, Glenny RW (2017) Gas exchange in the prone posture. Respiratory care 62(8): 1097-1100.
Knight DJ, Mahajan RP (2004) Patient positioning in anaesthesia. Continuing Education in Anaesthesia, Critical
Care & Pain 4(5): 160-3.
Koulouras V, Papathanakos G, Papathanasiou A, Nakos G (2016) Efficacy of prone position in acute respiratory
distress syndrome patients: a pathophysiology-based review. World journal of critical care medicine 5(2): 121.
Kozier B, Erb GL (2004) Kozier & Erb’s techniques in clinical nursing: Basic to intermediate skills: Prentice Hall.
Kwee MM Ho Y-H, Rozen WM (2015) The prone position during surgery and its complications: a systematic review
and evidence-based guidelines. International surgery 100(2): 292-303.
Landi A, Corradetti E, Mancarella C, Delfini R (2013) Prevention of Complications Related to Patient Prone
Positioning during Spinal Neurosurgical Care: A Nursing Point of View. J Spine Neurosurg 2: 2. of 4:2.
Mezidi M, Parrilla FJ, Yonis H, Riad Z, Böhm SH, Waldmann AD, et al. (2018) Effects of positive end-expiratory
pressure strategy in supine and prone position on lung and chest wall mechanics in acute respiratory distress
syndrome. Annals of intensive care 8(1): 86.
Palmese S, Manzi M, Scibilia A (2014) Changes in alveolar dead space during general anaesthesia in posterior
spinal surgery. An observational study. Internet J Anaesthesiol 33: 1.
Reutershan J, Schmitt A, Dietz K, Unertl K, Fretschner R (2006) Alveolar recruitment during prone position: time
matters. Clinical science 110(6): 655-63.
Robak O, Schellongowski P, Bojic A, Laczika K, Locker GJ, Staudinger T (2011) Short-term effects of combining
upright and prone positions in patients with ARDS: a prospective randomized study. Critical Care 15(5): R230.
Santini A, Protti A, Langer T, Comini B, Monti M, Sparacino CC, et al. (2015) Prone position ameliorates lung
elastance and increases functional residual capacity independently from lung recruitment. Intensive care
medicine experimental 3(1):17.
Soro M, Garcia-Perez M, Belda F, Ferrandis R, Aguilar G, Tusman G, et al. (2007) Effects of prone position on
alveolar dead space and gas exchange during general anaesthesia in surgery of long duration. European journal
of anaesthesiology 24(5): 431-7.
St-Arnaud D, Paquin M-J (2008) Safe positioning for neurosurgical patients. AORN journal 87(6): 1156-72.
Tang R, Huang Y, Chen Q, Hui X, Li Y, Yu Q, et al. (2012) The effect of alveolar dead space on the measurement
of end-expiratory lung volume by modified nitrogen wash-out/wash-in in lavage-induced lung injury. Respiratory
care 57(12): 2074-81.
Wahba R, Tessler M, Kardash K (1998) Carbon dioxide tensions during anesthesia in the prone position. Anesthesia
& Analgesia 86(3): 668-9.
Welch MB, Wahr J, Crowley M (2015) Patient positioning for surgery and anesthesia in adults. UpToDate; 2018.
Kallet RH. A comprehensive review of prone position in ARDS. Respiratory care 60(11): 1660-87.
Yagui ACZ, Beppu OS (2007) Effect of prone position without PEEP on oxygenation and complacency in an
experimental model of lung injury. Jornal de pediatria 83(4): 343-8.
Zhang Q, Li Y, Xin X, Yin C, Gao F, Guo Y, et al. (2017) Effects of prone position on lung function of patients
undergoing mechanical ventilation under total intravenous anesthesia. Int J Clin Exp Med 10(4): 6769-74.

www.ejobios.org

116

