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ABSTRACT
Intraoperative oxygenation impairment: A comparison between three alveolar recruitment
strategies
Veroniki F, Ourailoglou V, Fyntanidou B, Tsotsolis N, Kotso E, Kyparissa M, Grosomanidis
V.
The occurrence of intraoperative oxygenation impairment is common even in healthy individuals
and will vary depending on the patient and the type of surgery. The purpose of this study was to
evaluate the incidence of oxygenation impairment in patients with normal lung function and to
study the safety and efficacy of three different recruitment strategies. Out of a total number of 430
patients, 150 patients developed intraoperative oxygenation impairment, which was defined as the
drop of PaO2/FiO2 ratio below 300. These 150 patients were randomly assigned into four study
groups according to the recruitment strategy applied. Group A (N: 38): Application of three hyperinflations of the lungs at airway pressure 40cmH2O for 10 sec, followed by an increase in PEEP
from 5 to 10cmH2O. Group B (N: 38): Increase in PEEP from 5 to 10cmH2O. Group C (N: 37):
Application of three hyperinflations of the lungs at airway pressure 40cmH2O for 10 sec, without
any PEEP alteration and Group D (N: 37): No maneuver. Measurements were taken at the phase of
oxygenation deterioration and at 5, 15, 30, 45 and
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60min after applying the maneuvers and also before extubation. From a total of 430 patients 150
developed oxygenation impairment (38.4%). The
median onset time of the deterioration was 30min
after intubation and mechanical ventilation. In
group A the PaO2/FiO2 ratio increased significantly immediately after the maneuvers and remained
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elevated until extubation. In group B the PaO2/FiO2 ratio presented a gradual increase to significant
levels before extubation. In group C, the instant post-maneuver increase of oxygenation was not
sustained until extubation. Finally in group D a gradual decrease of the PaO2/FiO2 ratio was recorded until the end of surgery. According to the results of our study, one third of patients developed
intraoperative oxygenation impairment approximately half an hour after intubation. The application
of three hyperinflations of the lungs at an airway pressure of 40cmH2O for 10 sec, followed by an
increase in PEEP from 5 to 10cmH2O proved to be the most effective treatment of impaired oxygenation.

INTRODUCTION
Impaired oxygenation during general anesthe-

The underlying pathophysiological mecha-

sia is a frequent finding and has been recog-

nisms of impaired oxygenation during anesthe-

nized as a clinical entity several decades ago1,2.

sia include venous admixture increase (shunt)

It has been estimated that almost 50% of the

and ventilation to perfusion disturbances, that

patients undergoing elective surgery will de-

cause perfusion of lung areas with poor venti-

velop some kind of impaired oxygenation in-

lation (low VA/Q units)1,3. In this concept,

traoperatively. In most cases intraoperative

airway closure and formation of atelectasis

hypoxemia is mild to moderate and does not

can, in most cases, explain the oxygenation

cause any problems to the patients1. However,

impairment.

in cases of preexisting perfusion disturbances,

Development of atelectasis during anesthesia

hypoxemia could lead to dangerous ischemia.

and its implication on intraoperative hypox-

Moreover, intraoperative events of impaired

emia has been originally proposed more than

oxygenation seem to predispose to postopera-

50 years ago, by Bendixen et al in their classi-

tive pulmonary complications3,4.

cal study. The authors of this study concluded

Induction of anesthesia itself, placement of the

on the formation of atelectasis as a cause of

patient in the Trendelenburg, forced lithotomy

impaired oxygenation10. Since then, atelecta-

or lateral position, positive pressure mechani-

sis formation and its detrimental effects on in-

cal ventilation and patients’ co-morbidities are

traoperative oxygenation have been confirmed

some of the factors affecting the respiratory

in many clinical and experimental studies11-13.

system and contributing to intraoperative hy-

Atelectasis is seen in the majority of patients

poxemia5-9.

(90%) who are anesthetized, regardless of the
ventilation mode or the anesthesia technique
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applied. Collapse of the lung tissue is associat-

tion of PEEP application and possible cardio-

ed with an increase in pulmonary shunt and it

vascular adverse events. It seems that sole

seems that there is a direct correlation between

PEEP application is not always adequate to

the size of the atelectatic lung parenchyma and

treat atelectasis28.

the impairment of oxygenation13-19.

Recruitment maneuvers are proposed as anoth-

As far as the pathophysiological background is

er promising intervention. However, the air-

concerned it seems that the main underlying

way pressure level achieved determines the

responsible mechanism of intraoperative ate-

efficacy of this technique29,30. Indeed, we

lectasis formation is compression20. Compres-

should always consider the unfavorable hemo-

sion mechanisms include among others cranial

dynamic consequences31,32.

shift of the diaphragm, alterations in the ge-

Despite all positive results described in the lit-

ometry of the thorax cavity and the kinetics of

erature about application of the above men-

the diaphragm and blood volume displace-

tioned methods, they have not yet been intro-

ment. Gas resorption behind collapsed airways

duced in daily clinical anesthesia routine for

and secondarily loss of surfactant may have an

treatment of atelectasis and improvement of

additional effect on the collapse of the lung

arterial oxygenation30,33,34.

tissue20,21.

The aims of our study were to elucidate the

Prevention and treatment of atelectasis have

percentage of intraoperative oxygenation im-

been investigated thoroughly by many research

pairment in patients with healthy lungs, under-

groups during the last years. Most of the stud-

going elective surgery, and to investigate the

ies have been conducted on patients with

efficacy and safety of different recruitment

Acute Lung Injury or Acute Respiratory Dis-

maneuvers.

tress Syndrome, who suffered severe disturb-

PATIENTS AND METHODS

ances of the lung mechanics and critical gas

A total number of 430 patients scheduled for

exchange impairment22,23.

elective general surgery under general anesthe-

Application of Positive End Expiratory Pres-

sia were studied for impaired intraoperative

sure (PEEP) and recruitment maneuvers are

oxygenation, which was defined as drop of

proposed as two of the most effective interven-

PaO2/FiO2 ratio below 300. Out of these 430

tions to treat atelectasis24-27.

patients, 150 actually developed oxygenation

As far as PEEP is concerned, there are many

impairment during anesthesia and were en-

parameters to be considered that might influ-

rolled in this study addressing the efficacy of

ence its effectiveness, such as level and dura-

recruitment maneuvers.
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All 150 patients were free from preexisting

tory Rate = 9-10/min targeting normocapnia,

respiratory disease and were submitted to elec-

Fraction of Inspired Oxygen (FiO2) = 1.0 dur-

tive surgery under general endotracheal anes-

ing induction and 0.5 immediately after intuba-

thesia and mechanical ventilation. Exclusion

tion and Positive End Expiratory Pressure

criteria were: preexisting respiratory pathology

(PEEP) = 5cmH2O. Anesthesia was main-

based on medical history, physical findings

tained with sevoflurane, fentanyl and cis-

and spirometry values (80% below predicted

atracurium as needed.

values), ASA physical status≥4 and the pre-

Measured parameters of the total number of

dicted or unexpected need for postoperative

patients are depicted on Table 1.

mechanical ventilation.

Table 1. Measured parameters

After Ethical Committee approval for this
study, written informed consent was obtained
during preanesthetic evaluation. Along with
standard

monitoring

(electrocardiography,

pulse oximetry and non-invasive blood pres-

Hemodynamic

Blood gas

Respiratory

parameters

analysis

parameters

Heart Rate

PaO2

EndTidal CO2

PaO2/FiO2

Peak

(HR)
Systolic

sure measurement) all patients had an arterial

Arterial

Inspiratory

line inserted with topical anesthesia with lido-

Pressure

Pressure

caine 2% for arterial sampling in room air pri-

(SAP)

(PIP)

or to induction to anesthesia. All patients had

Diastolic

continuous capnography and airway pressure

Arterial

measurements (Peak Inspiratory Pressure,

Pressure

Plateau Pressure, Mean Pressure) throughout

(DAP)

anesthesia.After preoxygenation with face
mask and oxygen flow at 10lt/min, anesthesia
was induced with propofol 1.5-2.0mg/kg BW
(Body Weight), lidocaine 1mg/kg BW, fentanyl 4mcg/kg BW and cisatracurium 0.15mg/kg
BW. After endotracheal intubation, volume
controlled mechanical ventilation was applied
with Primus Anesthetic Workstation (Drager
Medical). Ventilatory settings were the following: Tidal Volume = 8-10ml/kg BW, Respira©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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Mean Arterial

SpO2

Pplateau

SaO2

Pmean

PaCO2

Compliance

Pressure
(MAP)
Heart Rate
(HR)

Measurements were performed before intubation, 5 minutes after intubation and initiation
of mechanical ventilation and every 30
minutes until the end of surgery. Furthermore,
whenever a SpO2 reduction by 2% was ob-
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served, arterial blood gas sampling was per-

ison of demographic data between groups.

formed in order to confirm the oxygenation

ANOVA for repeated measurements and Bon-

derangement. Any reduction of the PaO2/FiO2

ferroni test were applied for the comparison of

ratio below 300 was considered as impaired

measured parameters between groups and

intraoperative oxygenation according to the

p<0.05 was considered statistically significant.

study protocol and therefore the patient was

Table 3. Phases of measurements

enrolled in the study and was randomly allo-

0

Oxygenation impairment

cated into one of the four study groups, as

1

5 min after intervention

listed on Table 2.

2

15 min after intervention

Table 2. Study groups

3

30 min after intervention

4

45 min after intervention

5

60 min after intervention

6

End of surgery-pre extubation

Groups

n

Intervention

Three hyperinflations of the
lungs at an airway pressure of
40cmH2O for 10 sec each +
increase in PEEP from 5 to
10cmH2O.
Increase in PEEP from 5 to
10cmH2O
Three hyperinflations of the
lungs at an airway pressure of
40cmH2O for 10 sec each,
without any PEEP alteration

RESULTS

No maneuver

formed included upper abdominal (n=137),

For the patients with oxygenation impairment,

lower abdominal (n=63), laparoscopic (n=40),

the parameters listed on Table 1 were meas-

extra peritoneal (n=80) and neck (n=110) pro-

ured at standard study phases, which are listed

cedures. Out of the 430 patients, 150 patients

on Table 3.

(38.4%), 74 male and 76 female, of mean age

Statistical analysis: The statistical program

62.2±13.4 developed oxygenation impairment

SPSS 19 was used for statistical analysis. All

during anesthesia and were randomly allocated

measured parameters are expressed as mean

into one of the four study groups.Demographic

values plus standard deviation. The normality

data and characteristics of these patients are

of data distribution was confirmed by Kolmo-

presented in Table 4.

A

38

B

38

C

D

37

37

gorof-Smirnof testing. One way ANOVA and
x-square analysis were applied for the compar©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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In total, 430 patients scheduled for elective
general surgery under general anesthesia and
mechanical ventilation, were studied for oxygenation impairment. Surgical procedures per-

The Greek E-Journal of Perioperative Medicine 2015; 13(b): 41-57 (ISSN 1109-6888) www. e-journal.gr/
Ελληνικό Περιοδικό Περιεγχειρητικής Ιατρικής 2015; 13(b): 41-57 (ISSN 1109-6888) www. e-journal.gr/

46
Table 4: Patients’ demographic data and co

Table 5 .PaO2, Descriptive statistics

morbidities
95% Confidence

n
Age

GROUP

GROUP

GROUP

GROUP

A

B

C

D

38

38

57.3±15.4

64±12.7

37

37

61.4±10.4

65±13.9

Interval Mean
PHASES

0

Gender
M/F

21/17

17/21

13/24

23/14

Weight

90.5 ± 26.4

82.3 ± 16.4

76.6 ± 13.8

81.2 ± 16.2

BMI

31.3±8.2

29.8±5.1

28.6±4.8

28.6±4.6

1

ASA-PS,
I/II/III

2/27/9

0/18/20

1/21/15

0/16/21
2

Smoking
Yes/No

13/25

11/27

13/24

15/22

AH,
Yes/No

19/19

21/17

20/17

23/14

9/29

13/25

9/28

10/27

3

CAD
Yes/No
DM,
Yes/No

6/32

8/30

6/31

3/34

BW: Body Weight, BMI: Body Mass Index,
AH:
Arterial
Hypertension,
M/F:
Male/Female,
CΑD:
Coronary
Artery
Disease, DM: Diabetes Mellitus

4

5

No statistically significant differences of the
demographic data were observed between the
groups.
Timing of oxygenation impairment occurrence

6

GROUPS

Lower

Upper

MEAN

SD

Bound

Bound

A

123,2

18,6

117,1

129,3

B

124,3

22,9

116,9

131,9

C

126,1

23,2

118,3

133,8

D

128,9

14,9

123,9

133,9

A

228,4

33,4

217,4

239,4

B

144,9

38,6

132,2

157,6

C

173,6

44,2

158,8

188,3

D

128,9

14,9

123,9

133,9

A

209,4

33,4

198,4

220,4

B

157,8

42,2

144,1

171,7

C

145,2

39,9

131,9

158,6

D

123,5

10,9

119,9

127,2

A

217,6

30,3

207,4

227,9

B

161,7

39,1

148,9

174,6

C

136,5

27,1

127,5

145,5

D

122,9

20,1

116,3

129,6

A

213,4

27,4

202,9

223,8

B

172,4

36,1

159,8

184,9

C

125,4

26,4

116,1

134,8

D

116,1

15,9

110,6

121,6

A

215,3

30,2

203,2

227,6

B

181,4

31,6

169,5

193,2

C

119,4

22,3

110,1

128,9

D

113,8

15,8

108,4

119,2

A

218,8

28,3

209,5

228,1

B

190,9

41,6

177,3

204,6

C

121,7

18,6

115,5

128,1

D

114,1

15,1

109,1

119,1

was 33.7±26.2 minutes (CI: 29.5 – 37.9, Medi-

The PaO2 value presented a statistically signif-

an: 30) after intubation and initiation of me-

icant difference over the various study phases

chanical ventilation.

within all Groups (p<0.001). In Groups A and

The descriptive statistics of PaO2 values of the

B, PaO2 values differ statistically significant at

four study groups at the various study phases

all study phases compared to baseline. In

are presented in Table 5.

Group C, PaO2 values differ statistically sig-

Data are expressed as mean ± standard devia-

nificant only at 5 and 15min (phases 1 and 2)

tion.

compared to baseline, whereas in Group D,
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2) compared to baseline, whereas in Group D,
PaO2 values differ statistically significant only
at 15, 30, 45 and 60min (phases 3-6) compared to baseline.
Descriptive statistics of PaO2/FiO2 ratio at the

PaO2 values differ statistically significant at
phases 3-6 compared to baseline.
Moreover, comparison of PaO2 values between the Groups presented statistically signif-

various study phases are depicted on Table 6.

icant difference at all study phases (p<0.001),

Table

except at phase 0 (baseline). In detail, at phase

6.

PaO2/FiO2

Ratio,

Descriptive

statistics

1 all groups differ significantly (p<0.001), ex-

95%

cept from group B compared to D. At phase 2,
all groups differ significantly (p<0.001) except
from group B compared to C. At phases 3, 4, 5

Upper
Bound

0

A

246,4

37,3

234,1

258,7

B

248,7

45,8

233,6

263,8

C

252,1

46,5

236,6

267,6

D

257,8

29,8

2475

267,8

A

456,9

66,9

434,9

478,9

B

289,8

77,3

264,4

315,2

C

347,2

88,5

317,7

376,7

D

257,8

29,8

247,9

267,8

A

418,9

66,9

396,9

440,9

B

315,7

84,3

288,1

343,4

C

290,5

79,9

263,8

317,2

D

247,1

21,8

239,8

254,4

A

435,3

60,6

414,8

455,8

B

323,5

78,2

297,8

349,2

C

273,1

54,1

255,1

291,1

D

245,9

40,1

232,5

259,3

A

426,8

54,8

405,9

447,7

B

344,8

72,1

319,6

369,9

C

250,9

52,8

232,1

269,6

D

232,2

31,8

221,3

243,2

A

430,7

60,4

406,3

455,2

B

362,8

63,3

339,1

386,5

C

238,9

44,7

220,1

257,8

D

227,6

31,6

216,7

238,5

A

437,7

56,6

419,1

456,3

B

381,9

83,3

354,5

409,3

C

243,5

37,3

231,1

256,1

D

228,0

30,1

218,1

238,1

1

Figure 1. PaO2 alterations over time
2

3

4

5

6

Asterisks indicate statistical significance versus baseline *p<0,05, **p<0,001. In Groups A
and B, PaO2 values differ statistically significant at all study phases compared to baseline,
in Group C, PaO2 values differ statistically
significant only at 5 and 15min (phases 1 and
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SD

Bound

GROUPS

except from group C compared to D. Data are

MEAN

Lower

PHASES

and 6, all groups differ significantly (p<0.001)

presented in Figure 1.

Confidence

Interval Mean

Based on the fact that FiO2 remained constant
(FiO2=0.5) throughout the study, PaO2/FiO2
ratio changed in a similar way as PaO2 value.
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PaO2/FiO2 ratio presented a statistically signif-

flations and was therefore not measured at

icant change over time (p<0.001), but in a dif-

phase 1, which was 5min after the maneuvers.

ferent manner in each of the study groups.

None of the patients presented a significant

Moreover, there is a statistical significant dif-

hemodynamic impairment that would impose

ference between groups (p<0.001). PaO2/FiO2

cessation of the recruitment strategy.

ratio alterations at the different study phases

Hemodynamic parameters did not differ statis-

are depicted in Figure 2.

tically significantly between the study groups,

Figure 2.PaO2/FiO2 ratio alterations over time

with the exception of diastolic arterial pressure
(DAP), which was significantly higher in
Groups A and C. However, this difference was
of no clinical importance and the hemodynamic parameters remained in all patients within
normal values throughout the study period.
DISCUSSION
General anesthesia and mechanical ventilation
are associated with impaired oxygenation even
in patients without any lung dysfunction. The
clinical impact of intraoperative hypoxemia is

Asterisks indicate statistical significance ver-

of great importance and represents a signifi-

sus baseline *p<0.05, **p<0.001.In Groups A

cant cause of perioperative morbidity and mor-

and B, PaO2/FiO2 values present statistically

tality. Prevention and efficacious treatment of

significant difference at all study phases com-

intraoperative oxygenation derangement re-

pared to baseline. In Group C, PaO2/FiO2 val-

mains a continuous challenge for the anesthe-

ues present statistically significant difference

tist35, 36.

only at phases 1 and 2 compared to baseline,

The purpose of this randomized clinical trial

whereas in Group D, PaO2/FiO2 values pre-

was the recognition of intraoperative oxygena-

sent statistically significant difference at phas-

tion impairment among the general surgical

es 3-6 compared to baseline.

population and the evaluation of three different

During the recruitment maneuvers in Groups

recruitment strategies for the improvement of

A and C, a significant reduction of the system-

oxygenation.

ic arterial pressure was observed, which was

Out of a total number of 430 patients, who un-

immediately restored at the end of the hyperin-

derwent general surgery procedures under
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general anesthesia and controlled mechanical

chanical ventilation, according to our proto-

ventilation, 150 patients developed intraopera-

col43.

tive oxygenation impairment and were includ-

Intraoperative oxygenation impairment oc-

ed in this study.

curred at approximately 30 minutes after intu-

According to the classical definition, hypox-

bation and initiation of controlled mechanical

emia is considered mild when SpO2<90% and

ventilation (33.7 ± 26.2, CI: 29.5 – 37.9, Me-

severe when SpO2<85%.37 However, it is well

dian: 30).

known that these SpO2 values correspond to a

According to the study protocol, patients who

wide range of PaO2 values, some of which re-

developed oxygenation impairment were ran-

flect a clinically important impairment of gas

domly divided into 4 groups (Table 2). In

exchange. Moreover, not all patients can toler-

Groups A, B and C three different recruitment

ate the same low SpO2 values and many other

strategies were applied and evaluated, whereas

factors are implicated and influence the occur-

Group D was the control group. Measurements

rence of clinically important hypoxemia37.

were performed at 6 different phases, whereas

Therefore, in order to achieve a more strict as-

phase 0 was the baseline measurement (Table

sessment of impaired oxygenation in our

3). Statistical analysis of data showed that

study, we decided on the PaO2/FiO2 ratio<300

PEEP increase from 5 to 10cmH2O in Group B

to define oxygenation impairment. This ratio is

led to a gradual but moderate improvement in

also used for the Acute Lung Injury defini-

oxygenation. The positive effects of PEEP in

tion38-41.

pulmonary function are well known and de-

Based on this criterion and according to the

scribed in several studies in the literature.

results of our study we reached the conclusion

Tokics et al concluded that the application of

that almost 1 out of 3 patients with healthy

10cmH2O PEEP in a small number of patients

lungs, undergoing elective surgery, will devel-

contributed to reversal of the lung densities in

op intraoperative oxygenation impairment.

the CT scan44. However, it did not seem to

This percentage might be lower compared to

have any effect on oxygenation42. In another

some other studies in the literature42. This

more recent study, Pelosi et al reported that

finding could be explained by the strict selec-

PEEP application improves pulmonary func-

tion of patients with healthy lungs in our study

tion in obese patients but not in normal

and the standard application of PEEP in all

weighted ones45.

patients immediately after initiation of me-

Standard application of 5 cmH2O of PEEP to
all patients seems to have decreased the per-
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centage of oxygenation impairment, compared

throughout the end of the study. These results

to other studies42, but did not manage to com-

come in accordance with other studies, which

pletely prevent it, since 5cmH2O of PEEP are

showed that recruitment maneuvers followed

possibly not enough to keep the lung open and

by PEEP reduced atelectasis and improved ox-

prevent atelectasis. On the other hand it is

ygenation, whereas recruitment maneuvers or

quite difficult in the intraoperative setting to

PEEP application alone showed no significant

determine optimum PEEP for each patient36,46.

results49-53.

It must also be noted that in most literature

Finally, in the control group (Group D), where

studies PEEP application is compared to ZEEP

no intervention was applied, the measured pa-

(Zero End Expiratory Pressure), whereas in

rameters of PaO2 and PaO2/FiO2 presented a

our study all patients received a standard min-

gradual deterioration without reaching the lev-

imum PEEP of 5cmH2O47,48.

el of significant tissue hypoxia.

Application of three hyperinflations in Group

Post Hoc Test analysis revealed that intraoper-

C without any PEEP modification led to an

ative oxygenation progressed in a completely

immediate improvement in oxygenation but

different manner over time in the 4 study

the positive effect was of no significant dura-

groups, presenting a statistical significant dif-

tion. The oxygenation index presented a statis-

ference among them.

tically significant difference only at phase 1

According to our results, the 3 hyperinflations

and 2 compared to baseline value.

of 10sec duration followed by an increase in

These findings contrast with those described

PEEP seem to excel all other recruitment

by Rothen et al, who observed that application

methods described in our study in improving

of a vital capacity maneuver (inflation of the

oxygenation. This recruitment maneuver is

lungs up to 40cmH2O) is an effective tech-

based on basic principles described in several

nique to re-open atelectatic lung regions and to

studies of patients with Acute Lung Injury or

improve oxygenation in normal weighted pa-

Acute Respiratory Distress Syndrome22,23,54,55.

tients30,33.

The results of these studies encouraged us to

Application of three hyperinflations combined

evaluate and elucidate the effectiveness and

with an increase of PEEP from 5 to 10 cmH2O

safety of this recruitment strategy in an ex-

in Group A, led to a significant improvement

tended number of surgical patients with

in oxygenation. Moreover, this improvement

healthy lungs. Our results are similar to those

remained statistically significant compared to

described by Tusman et al, who investigated a

baseline value at all different study phases and

small number of patients with healthy lungs
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and concluded that an ‘alveolar recruitment

tion and treatment of intraoperative hypox-

maneuver’ followed by an increase in PEEP

emia, even in adults with healthy lungs under-

seems to be a beneficial intervention to correct

going elective surgery58,59. Moreover, under

gas exchange abnormalities during anesthe-

the specific conditions of the present study, it

34

sia .

is suggested that the combination of 3 vital

These effects can be attributed to the fact that

capacity hyper-inflations of 10sec duration fol-

vital capacity hyperinflations contribute to the

lowed by a PEEP increase from 5 to 10cmH2O

re-opening of the alveoli and application of

is an efficient, safe and easily applicable re-

higher PEEP preserves this action and prevents

cruitment strategy to treat impaired intraopera-

re-atelectasis.

tive gas exchange.

However, one possible adverse event that
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