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ABSTRACT... Introduction: Thoracic surgeries and aesthesia for lung resection has presented anaesthesiologists with certain unique 
physiological problems. These include placing (lateral decubitus position) in order to obtain optimal access for most operations on lungs, pleura, 
esophagus, and great vessels, opening the chest wall (open pneumothorax) and one lung ventilation anaesthesia. One lung ventilation 
anaesthesia and lateral decubitus position produces decrease in functional residual capacity and an obligatory right to left shunt that ranges 
from 15% to 40% leading to increase in ventilation perfusion (V/Q) mismatch thus causing hypoxia and or hypoxemia. An optimal level of 
positive end expiratory pressure of 5cmH O when added to dependent lung is known to improve arterial oxygenation and improve ventilator 2

efficiency. Objectives: To compare different values of positive end expiratory pressure (PEEP) during one lung ventilation, for its effects on 
blood arterial oxygenation and carbon dioxide levels. Study Design: Randomized controlled trial (RCT). Setting: Conducted in surgical Unit-III 
and Department of anaesthesia and Intensive Care, Combined Military Hospital, Rawalpindi. Duration of study with dates: Ten months from 
25-12-2008 to 01-10-2009, Additional quantum of Data was collected from 01-01-2011 to 25-01-2011. Subjects and methods: The patients 
were divided into two equal groups of 100 patients each, by random allocation of patients to either in-group A (subjected to zero PEEP) or group-
B (subjected to PEEP 5cm of water). Results: At induction and start of two lung ventilation 14 (14.0%) of the patients from group-A and 16 
(16.0%) from group-B had normal PaCO . At initiation of one lung ventilation 25 (25.0%) of the patients from group-A and 80 (80.0%) from group-2

B had normal PaO . At initiation of one lung ventilation 26 (26.0%) of the patients from group-A and 80 (80.0%) from group-B had normal PaCO  2 2

with p <0.001. At end of procedure one lung ventilation 30 (30.0%) of the patients from group-A and 90 (90.0%) from group-B had normal PaO . 2

At end of procedure one lung ventilation 32 (32.0%) of the patients from group-A and 91 (91.0%) from group-B had normal PaCO . 2

Conclusions: The execution of one-lung ventilation still constitutes a challenge in clinical and surgical practice.

INTRODUCTION are due to increase in physiological dead space and 
Thoracic surgeries and aesthesia for lung resection has areas of hypoalveolar ventilation attributed to total 

1presented anaesthesiologists with certain unique collapse of non-dependant lung .
physiological problems. These include placing (lateral 
decubitus position) in order to obtain optimal access for Ventilation perfusion (V/Q) mismatch represent the 
most operations on lungs, pleura, esophagus, and great efficiency of gas exchange and ranges from zero (shunt) 
vessels, opening the chest wall (open pneumothorax) to infinity (alveolar dead space). Shunt correlates with 

2and one lung ventilation anaesthesia. blood oxygenation . Thus, gas exchange can easily be 
measured by analysis of arterial blood gas tensions 

3-5One lung ventilation anaesthesia and lateral decubitus measuring PaO  and PaCO  values .2 2

position produces decrease in functional residual 
capacity and an obligatory right to left shunt that ranges An optimal level of positive end expiratory pressure of 
from 15% to 40% leading to increase in ventilation 5cmH O when added to dependent lung is known to 2

perfusion (V/Q) mismatch thus causing hypoxia and or improve arterial oxygenation and improve ventilator 
6hypoxemia. The mechanisms involved in V/Q mismatch efficiency . Recent investigations in one lung ventilation 

POSITIVE END EXPIRATORY PRESSURE (PEEP);
COMPARISON DIFFERENT VALUES DURING ONE LUNG VENTILATION, FOR ITS 

EFFECTS ON BLOOD ARTERIAL OXYGENATION AND CARBON DIOXIDE LEVELS
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(OLV) anaesthesia has demonstrated the usefulness of Sample Size
6lung recruitment strategy and adequate levels of positive Where level of significance=5%, power=80%, p1=0.01 , 

6end expiratory pressure improved ventilatory efficiency p2=0.05  (from literature review), sample size (n) =200 
and gas exchange thus improving the overall outcome of patients (100 patients randomly allocated to either 

7
patients postoperatively . A similar observation in group–A or group-B).
intensive care settings has shown that positive and 
expiratory pressure when applied adequately throughout SAMPLING TECHNIQUE
the respiratory cycle improves oxygenation in patients Purposive non-probability sampling
with acute lung injury and acute respiratory distress 

7syndrome . SAMPLE SELECTION

Though there is paucity of data regarding the use of Inclusion Criteria
positive end expiratory pressure during one lung Ÿ Patients requiring one lung ventilation and direct 
ventilation in Pakistan surgical centers, however arterial monitoring.
valuable western data may provide important clues Ÿ Both gender with age >18 years
regarding the application of above mentioned study to Ÿ ASA II or III

1the local population . Ÿ Patients able to climb two to three flight of stairs 
without becoming too winded.

The present study was planned to find the optimal level of 
positive end expiratory pressure during one lung Exclusion Criteria
ventilation in thoracotomy patients. Simply by applying Ÿ Patients with ASA IV or greater
optimal amount of positive end expiratory pressure will Ÿ Patients with arterial blood gas values PaCO  2

improve arterial oxygenation and ventilator efficiency >45mmHg (on room air) PaO  < 50mmHg.2

without producing effects on hemodynamic variables Ÿ Patients having FEV1 <2L and FEV1/FVC <50% 
thus improving the overall outcome of patients of predicted.
postoperatively.

DATA COLLECTION PROCEDURE
OBJECTIVES Permission from hospital ethical committee was sought. 
Objective of the study was: After obtaining detailed informed consent and informing 
To compare different values of positive end expiratory the benefits and risks involved in the study on a 
pressure (PEEP) during one lung ventilation for its effects structured consent proforma attached as per Annex. 
on blood arterial oxygenation and carbon dioxide levels. Patients were recruited for study on the basis of already 

explained criteria. Name, Age, Gender, and short clinical 
MATERIAL AND METHODS findings were endorsed on the research proforma 

attached as Annex’B’’.
Study Design
Randomized controlled trial (RCT) The patients were divided into two equal groups of 100 

patients each by random allocation of patients to either in 
Setting group-A or group-B by random numbers table method. It 
Surgical Unit-III and Department of anaesthesia and was single blind study. Datex Ohmeda S/5 advance with 
Intensive Care, Combined Military Hospital, Rawalpindi. electronic flow control and measurement anaesthesia 

machine was used in all groups of patients, after passing 
Duration of Study appropriately sized double lumen tracheal tube. 
Study was carried out over a period of 10 months from Pressure regulated volume controlled ventilation with 
25-12-2008 to 01-10-2009, additional quantum of data preset inspiratory pressure to achieve a tidal volume of 7-
was collected from 01-01-2011 to 25-01-2011.
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9 ml/kg, inspiratory expiratory ratio 1:2, whilst on two lung 
ventilation and similarly on one lung ventilation was 
acquired. Group-A was subjected to zero PEEP (ZEEP) 
and group-B was subjected to 5cmH O PEEP 2

respectively. Arterial blood gas sampling was done at 
induction of anaesthesia, on initiating one lung 
ventilation anaesthesia and at the end of the procedure. 
The results of ABG analysis i.e PaO  and PaCO  were 2 2

recorded for each group on proforma ‘B’. PaO  values of 2

>60 mmHg were taken as normal and PaO  <60 mmHg 2

was considered as abnormal. Similarly PaCO  of 40±10 2

mmHg was taken as normal and PaCO  of >50 mmHg 2

was considered abnormal.

DATA ANALYSIS
The data recorded on attached proforma were entered in 
a computer programme SPSS version 13.0. Descriptive 
statistics i.e. mean and SD was calculated for age and 
values of PaO  and PaCO . Frequency and percentages 2 2

were presented for sex, PaO  (normal abnormal) and 2

PaCO  (normal, abnormal). Chi-square test was used to 2

compare PaO  and PaCO  (normal, abnormal).In group-2 2

A subjected to zero PEEP and group-B subjected to 
5cmH O PEEP. P value less than or equal to 0.05 was 2

taken as significant.

RESULTS
Our study included a sample size of 200 patients of 
various age groups. Both the genders were included in 
this study. They were divided into two groups group A and 
group B. Group A patients were subjected to zero positive 
end expiratory pressure, while group B patients were 
subjected to 5cmH O of positive end expiratory pressure.2

Mean age of the patients was 43.17±1.4 and 41.59±1.9 
in group-A and B respectively (Table-I).

In group-A, 66 (66%) were males and 34 (34%) patient 
were females. Similarly in group-B, males were 68 (68%) 
while females were 32 (32%) (Table-II).

At induction and start of two lung ventilation 14 (14.0%) of 
the patients from group-A and 16 (16.0%) from group-B At induction and start of two lung ventilation 16 (16.0%) of 
had normal PaCO  (Table-IV).the patients from group-A and 15 (15.0%) from group-B 2

had normal PaO  (Table-III).2

At initiation of one lung ventilation 25 (25.0%) of the 
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the patients from group-A and 90 (90.0%) from group-B 
had normal PaO  with p <0.001 (Table-VII).2

At end of procedure one lung ventilation 32 (32.0%) of 
the patients from group-A and 91 (91.0%) from group-B 
had normal PaCO  with p <0.001 (Table-VIII).2

DISCUSSION
One-lung ventilation (OLV) is essential in some surgical 
situations. The use of double- lumen tubes (DLTs) can 
achieve OLV more quickly and more easily than 
bronchial blockers. The management of a difficult airway 
is a challenge for anesthesiologists when, at the same 

patients from group-A and 80 (80.0%) from group-B had 8time, OLV is needed for a surgical procedure .
normal PaO  with p <0.001 (Table-V).2

Recent advances in thoracic surgical techniques have 
At initiation of one lung ventilation 26 (26.0%) of the led to an increased use of one-lung ventilation 
patients from group-A and 80 (80.0%) from group-B had techniques. One lung ventilation is performed by doubled 
normal PaCO  with p <0.001 (Table-VI).2 lumen tubes, fogarty catheters, Univent tubes and 

bronchial blockers. In this paper our bronchial blocker 
At end of procedure one lung ventilation 30 (30.0%) of 
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experiences were presented in fifteen thoracic surgery beginning of one-lung ventilation, the blood flowing in the 
patients. Bronchial blockers were placed in fifteen nonventilated lung becomes deoxygenated. This is 
patients who needed one-lung ventilation during thoracic because of reduced  surface area available for gas 

11surgery between January-April in 2007. Type of the exchange and consequently decreases PaO .2

bronchial blockers were selected randomly and total 
eight Cohen and seven Arndt bronchial blocker were Patient positioning during thoracic surgery is another 
placed. Following endotracheal intubation some of the significant factor affecting oxygenation. Studies show 
bronchial blockers were performed at supine and the that oxygenation is more satisfactory when the patient is 
others were in lateral position to patients. Fiberoptic placed in the lateral decubitus, rather than the dorsal 
investigation was performed in all of the patients decubitus, position. Watanabe et al. demonstrated that 
following lateral position. Bronchial blocker was placed in alveolar oxygen tension decreases more rapidly in the 
fifteen patients. In one patient who had congenital dorsal decubitus position than in the lateral decubitus 
tracheal bronchus, one lung ventilation could not be  position, thereby leading to more accentuated 

12achieved by bronchial blocker. Following lateral hypoxemia . Therefore, the lateral decubitus position is 
positioning bronchial blocker of two patients were used in most studies aiming to minimize the effects of 

12malpositioned and they were repositioned. Successful patient position on arterial oxygenation .
one lung ventilation was performed by both bronchial 
blocker type. While the patient's airway position, When one-lung ventilation is instituted, the dependent 
postoperative period and type of the surgery have been lung is ventilated and the nondependent lung is not. As a 
considered, bronchial blockers may be an alternative result, the nondependent lung will be in total collapse, 

9airway device for one-lung ventilation . thereby presenting significant reduction in the surface 
area available for gas exchange, in addition to loss of 

When switching from two-lung to one-lung ventilation normal autonomic respiratory regulation. Subsequently, 
(OLV), shunt fraction increases, oxygenation is impaired, a transpulmonary shunt is created in the nondependent 
and hypoxemia may occur. Hypoxemia during OLV may lung and, even in the presence of similar FiO  and 2

be predicted from measurements of lung function, comparable metabolic and hemodynamic conditions, 
distribution of perfusion between the lungs, whether the arterial oxygen tension (PaO ) is lower than in traditional 2

right or the left lung is ventilated, and whether the mechanical ventilation. Hypoxemia is a complication that 
operation will be performed in the supine or in the lateral affects from 9% to 27% of patients undergoing one-lung 
decubitus position. Hypoxemia during OLV may be ventilation and is influenced by several factors. Initially, 
prevented by applying a ventilation strategy that avoids soon after the beginning of one-lung ventilation, the 
alveolar collapse while minimally impairing perfusion of blood flow in the non-ventilated lung becomes 
the dependent lung. Choice of anesthesia does not deoxygenated. This reduces the surface area available 

12influence oxygenation during clinical OLV. Hypoxemia for gas exchange and consequently decreases PaO .2
during OLV may be treated symptomatically by 
increasing inspired fraction of oxygen, by ventilating, or Our study included a sample size of 200 patients of 
by using continuous positive airway pressure in the various age groups. Both the genders were included in 
nonventilated lung. Hypoxemia during OLV may be this study. They were divided into two groups group A, 
treated causally by correcting the position of the double- and group B respectively. 
lumen tube, clearing the main bronchi of the ventilated 
lung from secretions, and improving the ventilation In this study, it was found out that in group A (zero PEEP) 10
strategy . there was no significant increase in oxygen tension after 

the initiation of one lung ventilation, there arterial oxygen 
Hypoxemia is a complication that affects from 9% to 27% tension remained in the abnormal levels (PaO  <80 2of patients undergoing one- lung ventilation and is 

mmHg) however hypercapnia was prevented by 
influenced by several factors. Initially, soon after the 
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increasing respiratory rate. On the other hand group B dependent lung during OLV due to the effects of 
that were subjected to positive end expiratory pressure of anaesthesia, the weight of the mediastinum and 
5cmH O showed a definitive improvement in arterial abdominal contents. Applying PEEP would help to splint 2

the alveoli throughout the respiratory cycle and thus oxygen tension. There is much controversy in the 
improve oxygenation. However, several studies on the literature over the efficacy of PEEP in controlling PaO  2

effects of PEEP during OLV produced conflicting during one lung ventilation. Cohen et al. demonstrated 
16evidence, some showing improvement  and others no that the application of a PEEP level of 10 cmH O to 2

16
benefit or worsening of PaO .patients with low PaO  increased the functional residual 22

capacity to normal values, thereby reducing the 
CONCLUSIONSpulmonary vascular resistance, improving the 

13 The execution of one-lung ventilation still constitutes a ventilation-perfusion ratio and increasing PaO .2

challenge in clinical and surgical practice. Many 
techniques have been developed with the aim of On the other hand, Capan et al. provided evidence that 
minimizing the related complications. However, further oxygenation did not improve in the presence of PEEP. In 
studies are warranted in order to find the ideal way to patients with no previous history of lung disease, arterial 
employ and monitor this technique.oxygenation, shunt fraction and cardiac rate were 
Copyright© 25 Oct, 2011.satisfactory when PEEP levels similar to those of auto-

14PEEP were used .
REFERENCES
1. Senturk NM, Dilek A, Camci E, Senturk E, Orhan M, Tugrul Therefore, in order to apply an ideal PEEP level, it is 

M, et al. Effects of positive end expiratory pressure on 15recommended that auto-PEEP levels be determined .
ventilator and oxygenation parameters during 
pressure controlled one-lung ventilation. J 

This is an important clinical benefit, because improved Cardiothorac Vasc Anesth 2005;19:71-5.

oxygenation decreases postoperative morbidity & 
2. Valenza F, Ronzoni G, Perrone L, Valsecchi M, Sibilla S, mortality in one lung ventilation patients and reduces 

Nosotti M, et al. Positive end-expiratory pressure 
their in hospital stay. There are various important effects 

applied to the dependent lung during one-lung 
that application of PEEP during one lung physiology. ventilation improves oxygenation and respiratory 

16First, PEEP decreases the amount of atelectasis , and mechanics in patients with high FEV1. Eur J 
Anaesthesiol 2004;21:938-43.this increases the functional residual capacity (FRC) 

17
which is the main oxygen store of the body . Second, 

3. Mascotto G, Bizzarri M, Messina M. Proseictive, 
decreasing atelectasis also decreases intrapulmonary randomized controlled evaluation of the preventive 

18
shunt . Indeed, the higher Pao  seen in the PEEP group 2 effects of positive end-expiratory pressure on patient 

oxygenation during one-lung ventilation. Eur J may reflect a lower level of intrapulmonary shunt. 
Anaesthesiol 2003;20:704-10.Therefore, increasing the oxygen store of the body and 

decreasing the intrapulmonary shunt may prolong the 
4. The national heart, lung and blood institute. ARDS 

duration of nonhypoxic apnea and the margin of safety clinical network. Higher versus lower positive end-
19

during anesthesia induction. Earlier observations  from expiratory pressures in patients with acute 
respiratory distress syndrome. N Engl J Med the intensive care setting established that the use of 

20 2004;351:327-36.adequate levels of PEEP  throughout the respiratory 
cycle could greatly improve oxygenation in patients with 

5. Fan E, Needham DM, Stewart TE. Ventilator 
acute lung injury (ALI) or acute respiratory distress management of acute lung injury and acute 
syndrome (ARDS) by increasing functional residual respiratory distress syndrome. JAMA 2005; 294: 2889-

96.capacity and recruiting alveoli to improve lung 
compliance. It is known that significant reduction in lung 

6. Morgan Jr GE, Mikhail MS, Murray MJ. Critical care. In: volume and functional residual capacity occurs in the 

  Professional Med J Jan-Feb 2012;19(1): 098-104.                                 (www.theprofesional.com) 103

6POSITIVE END EXPIRATORY PRESSURE (PEEP)



Morgan Jr GE, Mikhail MS, Murray MJ, editors. Clinical 13. Cohen E, Thys DM. PEEP during one-lung anesthesia 
anaesthesiology 4th ed. New York: McGraw- improves oxygenation in patients with low PaO . 2

Hill;2006.p.1038-9. Anesth Analg 1985;64:200.

7. Tusman G, Bohm SH, Sipmann FS. Lung recruitment 14. Capan LM, Turndorf H, Patel C, Ramanathan S, 
improves the efficiency of ventilation and gas Acinapura A, Chalon J. Optimization of Arterial 
exchange during one-lung ventilation anaesthesia. oxygenation during one-lung anesthesia 1980;59:847-
Anaesthesia Analgesia 2004;98:1604-9. 51.

8. Shih CK, Kuo YW, Lu IC, Hsu HT, Chu KS, Wang FY. 15. Inomata S, Nishikawa T, Saito S, Kihara S. "Best" PEEP 
Application of a double-lumen tube for one-lung during one-lung ventilation. Br J Anaesth 1997;78:754-
ventilation in patients with anticipated difficult airway. 6.
Acta Anaesthesiol Taiwan 2010; 48:41-4.

16. Slinger P. A view of and through double – lumen tubes. 
9. Ho ten T, Gürkan Y, Sahillio lu E, Topçu S, Solak M, Toker J Cardiothorac Vasc Anesth 2003;17:287-8.

K. Our bronchial blocker experiences in one lung 
ventilation. Tuberk Toraks 2009;57:155-62. 17. Watson CB, Bowe EA, Burk W. One-lung anesthesia for 

pediatric thoracic surgery: a new use for the 
10. Karzai W, Schwarzkopf K. Hypoxemia during one-lung fiberopticbronchoscope. Anesthesiology 1982;56: 314-

ventilation: prediction, prevention, and treatment. 5.
Anesthesiology 2009;110:1402-11.

18. Gale JW, Waters RM. Closed endobronchial 
11. Schwarzkopf K; Schreiber T; Preussler NP, Gaser E, anesthesia in thoracic surgery: preliminary report. J 

Hüter L, Bauer R, et al. Lung perfusion, shunt fraction, Thorac Surg 1932;1:432-7.
and oxygenation during one lung ventilation in pigs: 
the effects of desflurane, isoflurane, and propofol. J 19. Ost D. Independent lung ventilation. Clin Chest Medb 
Cardiothorac Vasc Anesth 2003;17:73-5. 1996;17:591-601.

12. Watanabe S, Noguchi E, Yamada S, Hamada N, Kano T. 20. Ishikawa S, Nakazawa K, Makita K. Progressive 
Sequential changes of arterial oxygen tension in the changes in arterial oxygenation during one-lung 
supine position during one-lung ventilation. Anesth anaesthesia are related to the response to 
Analg 2000;90:28-34. compression of the nondependent lung. Br J Anaesth 

2003;90:21-6.

  Professional Med J Jan-Feb 2012;19(1): 098-104.                                 (www.theprofesional.com) 104

7POSITIVE END EXPIRATORY PRESSURE (PEEP)

Received after proof reading:    03/01/2012Article received on:    21/09/2011

Correspondence Address:
Dr. Usman Razzaque
Anaesthetist
CMH Nowshera

Article Citation:
Razzaque U, Azhar R, Khurshid T, Zaeem K, Majid S. 
Positive and expiratory pressure (PEEP); comparison 
different values during one lung ventilation, for its effects 
on blood arterial oxygenation and carbon dioxide levels. 
Professional Med J Feb 2012;19(1): 098-104.

Accepted for Publication:    25/10/2011

Be not ashamed of mistakes 
and thus make them crimes.

Confucius (551 BC-479 BC)
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