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ORIGINAL ARTICLE
The influence of perioperative
 oxygen concentration on
postoperative lung function in moderately obese adults
Martin Zoremba, Frank Dette, Thorsten Hunecke, Stefan Braunecker and Hinnerk Wulf
Background and objective Obesity aggravates the negative
effects of general anaesthesia and surgery on the respiratory
system, resulting in decreased functional residual capacity and
expiratory reserve volume, and increased atelectasis and
ventilation/perfusion (Va/Q) mismatch. High-inspired oxygen
concentrations also promote atelectasis. This study compares
the effects of perioperative inspired low-oxygen and high-oxygen
concentrations on postoperative lung function and pulse
oximetry values in moderately obese patients (BMI 25–35).
Methods We prospectively studied 142 overweight patients,
BMI 25–35, undergoing minor peripheral surgery; they were
randomly allocated to receive either low-inspired or high-
inspired oxygen concentrations during general anaesthesia.
Premedication, general anaesthesia and respiratory patterns
were standardized. Arterial oxygen saturation (pulse oximetry)
was measured on air breathing. Inspiratory and expiratory lung
functions were measured preoperatively (baseline) and at
right © European Society of Anaesthesiology. U
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10 min, 0.5, 2 and 24 h after extubation with the patient supine,
in a 308 head-up position. The two groups were compared using
repeated-measure analysis of variance and t-test analysis.
Results The low-inspired oxygen group had significantly
better arterial saturation during the first 24 h (P<0.01).
Mid-expiratory flow 25 values indicating small airway collapse
were significantly better in the low-oxygen group at all
measurements (P<0.05).
Conclusion We conclude that postoperative lung function and
arterial saturation is better preserved by a low-oxygen strategy,
although it is not clear whether this has clinical relevance for the
prevention of postoperative pulmonary complications.
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Introduction
Perioperative hypoxaemia is common. Approximately

50% of all patients undergoing general anaesthesia

and surgery experience arterial oxygen desaturation of

85–90%,1,2 and severe complications occur in up to 20%

of these.3 Intubation, muscle relaxation and mechanical

ventilation cause a massive impairment of respiratory

function, resulting in atelectasis and ventilation/per-

fusion mismatch. Atelectasis occurs within minutes of

intubation and persists in 80% of cases during the first day

after extubation.4 The mechanism is thought to be the

result of high-inspired oxygen fractions leading to oxygen

reabsorbtion and alveolar collapse,5–7 this effect being

reinforced in obesity via compression atelectasis.8,9

These changes result in a restrictive postoperative spiro-

metric pattern and poor tissue oxygenation.10,11

Healthy patients may cope with a reduced vital capacity,

but coughing and deep breathing are impaired in the

obese. Nevertheless, intraoperative inspired oxygen con-

centrations are usually generous, allowing an emergency

reserve in the case of airway difficulties.12 Increased

intraoperative oxygen fractions also favour wound healing

and can reduce infection rates;13,14 thus, the oxygen

concentration issue remains controversial.15,16 Atelectasis

can be prevented at an inspired oxygen fraction of 0.8

during induction or before extubation, but it has never
been shown that the avoidance of high oxygen fractions

has any benefits for postoperative lung function and

oxygenation.

In the present study, we wanted to evaluate the effect of

an intraoperative adapted low-oxygen strategy during

general anaesthesia upon postoperative lung function

and pulse oximetry saturation in overweight (moderately

obese) adults.

Methods
Study population
The study was approved by the Ethics Committee of the

University of Marburg, and informed written consent was

obtained from each patient before inclusion. We prospec-

tively included 142 moderately obese adults (BMI 25–35

according to the WHO criteria, ASA I–III) scheduled for

minor peripheral surgery (Table 1). No surgery required

abdominal insufflation (laparoscopy) or head-down tilt.

The minimum surgery time was set to be at least

45 min up to 130 min. Patients were allocated on a random

basis to receive either high-inspired or low-inspired

oxygen concentration. We excluded patients with gastro-

oesophageal reflux disease orhiatus hernia, physicalexami-

nation of the airway suggesting the presence of difficult

intubation, pregnancy, asthma requiring therapy, cardiac

disease associated with dyspnoea more than New York

Heart Association (NYHA) grade II or severe psychiatric

disorders.

General anaesthesia
During the evening before surgery, patients were pre-

medicated with chlorazepate 20 mg oral. After 3 min of
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Table 1 Basic data for 142 patients undergoing elective minor
peripheral surgery

High oxygen
(n¼71)

Low oxygen
(n¼71)

Age (years) 51�11 50�12
BMI 31�2.6 31�2.4
Surgery time (min) 82�24 85�25
Remifentanil consumption (mg) 1036�270 1169�191
Propofol consumption (mg) 578.4�106 585�127
BIS value during surgery 50�6.1 51�5.2
BIS value at discontinuation

of anaesthesia
54�4.1 52�6.4

Time to extubation (min) 6.2�2.9 6.7�2.7
Fast track score >10 (min) 10.2�4.0 9.7�3.5
Postoperative piritramide (mg)

consumption (within 24 h)
10�5.1 12�4.2

Knee arthroscopy 16 14
Minor breast surgery 39 41
TUR 10 12
Hand surgery 6 4

Data are mean�SD or numbers of patients. BIS, bispectral index; TUR, transur-
ethral prostate resection.
breathing 100% oxygen (80% in the low-oxygen group)

by face mask, anaesthesia was induced with fentanyl 2–

3 mg kg�1 and propofol 2 mg kg�1. A single dose of rocur-

onium (0.5 mg kg�1 ideal body weight) was given to

facilitate orotracheal intubation, and no further dose of

any neuromuscular blocking agent was given at any time.

Patients were manually ventilated with 100% oxygen

(80% oxygen) via a face mask. After intubation, the lungs

were mechanically ventilated with a tidal volume of

8 ml kg�1 (ideal body mass, height –100 cm) and an

inspiratory oxygen concentration of 80%, or 40% in the

low-oxygen group. The rate was adjusted to maintain an

end-tidal CO2 pressure of approximately 4–4.7 kPa. A

maximum peak pressure of 30 cmH2O was allowed. The

inspiration to expiration ratio was 1 : 1.5 and a positive

end-expiratory pressure (PEEP) of 10 cmH2O applied

throughout in both groups. The cuff pressure was

adjusted continuously to 30 cmH2O and standard moni-

toring was performed throughout (pulse oximetry, non-

invasive blood pressure and electrocardiography). To

achieve comparable anaesthetic depth levels, a self-

adhesive bispectral index (BIS)-EEG electrode strip

(BIS Quatro; Aspect Medical Systems, Freising,

Germany) was positioned on the forehead as recom-

mended by the manufacturer. General anaesthesia was

maintained by continuous infusion of propofol 3–

6 mg kg�1 h�1 (ideal body weight). Remifentanil (0.1–

0.2 mg kg�1 min�1, ideal body weight) and propofol

infusions were adjusted according to haemodynamics

and to keep BIS values within 40–60. Fifteen minutes

before extubation, dolasetron [25 mg intravenous (i.v.)]

and dexamethasone (4 mg i.v.) were given. The effect of

the neuromuscular blocking agents was monitored via

train-of-four (TOF) ratio, ensuring a ratio of more than

0.90 before extubation.17 When the patient was fully

awake and breathing spontaneously, the trachea was

extubated without suction in the head-up position with
ight © European Society of Anaesthesiology. Una
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a positive pressure of 10 cmH2O and an adjusted oxygen

concentration of 100% (80% in the low-oxygen group).

Patients were then transported to the postanaesthesia

care unit (PACU), breathing room air during transport.

Pulse oximetry was used throughout. Patients were

nursed in the head-up position in the PACU and main-

tained on supplemental oxygen (4 l min�1 via face mask),

which was stopped 5 min before spirometric and pulse

oximetry measurements were taken.

Both groups received basic nonopioid analgesia with i.v.

paracetamol 1 g and metamizol 1 g i.v. Intermittent

piritramide i.v. was given whenever the visual analogue

scale (VAS) was more than 4. Overall piritramide con-

sumption within the first 24 h was recorded.

Spirometry and pulse oximetry
Spirometry and pulse oximetry were standardized, and

the investigator blinded, with each patient in a 308 head-

up position18 after breathing air without supplemental

oxygen for 5 min. At the preanaesthetic visit, baseline

(T0) spirometry and pulse oximetry were performed after

thorough demonstration of the correct technique. For this

purpose, we used the self-calibrating ‘Easy One CS

Spirometer’ (GE healthcare, Munich, Germany). To

produce reliable measurements, a minimum quality,

degree ‘C’, had to be attained. Vital capacity, forced vital

capacity (FVC), forced expiratory volume in 1 s (FEV1)

mid-expiratory flow (MEF 25–75), peak expiratory flow

(PEF), peak inspiratory flow (PIF) and the forced inspira-

tory vital capacity (FIVC) were measured and FEV1/FVC

was calculated. At each assessment, spirometry was per-

formed at least three times to be able to meet the criteria

of the European Respiratory Society (ERS), and the best

measurement was recorded.19 On arrival in the recovery

room, at about 5–10 min after extubation, we repeated

spirometry (T1) as soon as the patient was alert and fully

cooperative (fast track score >10);20 pain and dyspnoea

during coughing were assessed using the fast track score

(>10) before and, if necessary, after analgesic therapy. All

patients met these criteria within 20 min of extubation.

Spirometry and pulse oximetry assessments were

repeated in the PACU at 0.5 (T2), 2 (T3) and 24 h

(T4) after extubation. Prior to each measurement, all

patients were free from pain during coughing and had

a fast track score more than 10. Overall piritramide

consumption was documented within the first 24 post-

operative hours. Factors that interfered with breathing

(e.g. pain, shivering) were eliminated or at least mini-

mized to produce reliable measurements.

Statistical analysis
A prospective power analysis performed with the

PASS2002 software (Number Cruncher Statistical Sys-

tems, Kaysville, Utah, USA) revealed that 63 patients per

group provided a more than 80% chance to detect an

absolute improvement of 1% (e.g. 94% SaO2 to 95%
uthorized reproduction of this article is prohibited.
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Table 2 Preoperative pulse oximetry and lung function values (baseline U 100%)

SpO2 before
premedication

SpO2 after
premedication FVC FEV1 PEF MEF 75 MEF 50 MEF 25 FIVC PIF

Low-oxygen 97.6�1.1 96.7�1.3 3.56�1.1 2.72�0.8 5.89�2.3 5.12�2.1 3.43�1.4 1.26�0.7 3.30�1.5 3.04�1.3
High-oxygen 97.4�1.2 96.8�1.2 3.62�1 2.83�0.7 6.13�2.0 5.62�2.2 3.56�1.5 1.24�0.6 3.55�1.2 3.28�1.4

FEV1, forced expiratory volume in 1 s; FIVC, forced inspiratory vital capacity; FVC, forced vital capacity; MEF, mid-expiratory flow; PEF, peak expiratory flow; PIF, peak
inspiratory flow.
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Postoperative pulse oximetry: difference from preoperative baseline.
P value, interaction within the study groups [analysis of variance
(ANOVA)]. Bars indicate SD.
SaO2) with an expected standard deviation of 2 in both

groups, using Student’s t-test with a type-I error of 5%.

For further characterization of the interaction between

study groups, we performed a repeated-measure analysis

of variance (ANOVA). To compare postoperative respir-

atory data and pulse oximetry between the two groups,

we tested the null hypothesis (H0) that postoperative

pulse oximetry values are comparable. The postoperative

values for each time point were calculated as percentage

of the individual preoperative values. H0 was rejected at

an adjusted P value of less than 0.034 due to multiple

testing. Fisher’s exact test was used to show significance

between the complications in our study groups. To

illustrate the impact of increased BMI, we plotted the

various lung function variables against BMI. Overall, 142

patients were included with four values each. All values

of the respective BIS, remifentanil and propofol con-

sumption were collected through an online documentary

system (Medlinq Easy Software, Hamburg, Germany).

Statistic analysis was carried out with StatView 4.57 for

Windows (Abacus Software, SAS Institute, Heidelberg/

Germany).

Results
We recruited 173 moderately obese patients (m/w). The

mean duration of surgery was 84 (SD 25) min (45–

130 min). All patients had been ventilated according to

the respective target values. There were no episodes of

severe desaturation (SpO2< 85%). Six patients declined

to continue and measurements were unsatisfactory in a

further 18 (10 in the low-oxygen and eight in the high-

oxygen group). All unsatisfactory measurements were the

result of missed fast track criteria (<10) within 20 min

after surgery. Two patients in the high-oxygen group

developed laryngospasm/bronchospasm and were

excluded, as were four who had unexpected difficulties

at intubation. Antagonism of muscle relaxation was not

necessary in any patient. As a result, we present data for

142 patients, 71 in each group (Table 1).

Pulse oximetry
Baseline (preoperative) pulse oximetry values were within

the normal range; there were no differences between

groups before or after premedication (Table 2). In both,

the lowest values were found directly after extubation in

the PACU, after achieving a fast track criteria value of more

than 10. The high-oxygen group showed a greater decrease

in postoperative oxygenation than the low-oxygen group
right © European Society of Anaesthesiology. U
(Fig. 1, ANOVA P¼ 0.0043) and during the stay in the

PACU (t-test: Table 3, P< 0.002), although there was no

statistical difference at the first assessment in the PACU as

well as 24 h after surgery (t-test, Table 3).

Pulse oximetry values decreased with increasing BMI

at the first assessment in the PACU (Fig. 2a). The

impact of BMI on pulse oximetry saturation was less

in the low-oxygen group. Recovery profiles of pulse

oximetry saturation at discharge from the PACU were

better in the low-oxygen group (Fig. 2b). Overall mean

pulse oximetry values differed within 1 percentage

point.

Spirometry measurements
Preoperative inspired and expired spirometry values

(baseline) were within the normal range (Table 2).

Throughout the measurement period, the low-oxygen

group tended to have better postoperative spirometry

values than the high-oxygen group (Table 3). During the

PACU stay, we observed only a moderate recovery of

inspiratory and expiratory lung volumes, although the

low-oxygen group improved more (Figs 3 and 4). MEF

25 values were better at all times in the low-oxygen group

(P< 0.001), although there was no improvement in MEF

50 and PIF. Absolute values differed between the study

groups within a range of 1–10% (Table 2). Even on the

first day after surgery, lung function was reduced by up to

25% of baseline values.
nauthorized reproduction of this article is prohibited.
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Table 3 Postoperative pulse oximetry and lung function values

Low oxygen High oxygen P (t-test)

SpO2 after surgery 93.3�2.8 92.7�1.9 0.298
T 0.5 h 95.9�2.1 94.4�2.2 0.012
T 2 h 96.9�2.2 95.7�2.1 0.002
T 24 h 98.0�2.0 97.5�1.7 0.105

FVC after surgery 2.41�0.36 2.29�0.37 0.157
T 0.5 h 2.58�0.41 2.46�0.40 0.137
T 2 h 2.67�0.44 2.59�0.41 0.162
T 24 h 3.15�0.32 2.78�0.44 <0.001

FEV1 after surgery 1.64�0.26 1.58�0.31 0.261
T 0.5 h 1.71�0.32 1.64�0.32 0.086
T 2 h 2.04�0.35 1.78�0.34 0.001
T 24 h 2.34�0.30 2.15�0.33 0.021

PEF after surgery 3.02�0.67 2.81�0.60 0.267
T 0.5 h 3.17�0.72 3.05�0.61 0.387
T 2 h 3.82�0.71 3.21�0.68 0.004
T 24 h 5.28�1.06 4.75�0.99 0.011

MEF 75 after surgery 2.71�0.57 2.62�0.63 0.142
T 0.5 h 2.84�0.65 2.75�0.69 0.102
T 2 h 3.46�0.82 2.98�0.74 0.001
T 24 h 4.55�0.94 4.18�1.03 0.021

MEF 50 after surgery 1.89�0.38 1.88�0.49 0.957
T 0.5 h 2.12�0.41 2.06�0.61 0.835
T 2 h 2.27�0.46 2.21�0.51 0.438
T 24 h 2.94�0.56 2.85�0.85 0.224

MEF 25 after surgery 0.76�0.15 0.63�0.16 0.037
T 0.5 h 0.78�0.17 0.65�0.15 0.017
T 2 h 0.86�0.22 0.69�0.19 0.003
T 24 h 1.06�0.21 0.95�0.20 0.033

FIVC after surgery 2.38�0.62 1.78�0.42 <0.001
T 0.5 h 2.38�0.71 2.06�0.44 0.019
T 2 h 2.47�0.69 2.17�0.51 0.029
T 24 h 3.13�0.84 2.76�0.47 <0.001

PIF after surgery 1.55�0.35 1.39�0.32 0.197
T 0.5 h 1.72�0.51 1.61�0.31 0.057
T 2 h 1.81�0.54 1.77�0.49 0.295
T 24 h 2.42�0.65 2.60�0.59 0.713

P value¼ t-test analysis for each measurement point tested on a significance level
of P<0.05. FEV1, forced expiratory volume in 1 s; FIVC, forced inspiratory vital
capacity; FVC, forced vital capacity; MEF, mid-expiratory flow.

Fig. 2
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Spirometry measurement of small airway collapse
(mid-expiratory flow 25)
At the first PACU assessment, within 20 min of

extubation, the low-oxygen group had better lung func-

tion, but there was no relationship between BMI and

lung function in either group (Fig. 5a). At discharge

from the PACU, 2 h after surgery, a linear decrease in

lung function with BMI was evident in the high-oxygen

group (Fig. 5b).

Postoperative management
No patient had untreatable postoperative pain. The

maximum postoperative pain score on a VAS before

analgesia was 6 in both groups. Opioid consumption

for the first 24 h was comparable in the two groups

(Table 2). At the respective measurement points, every

patient included in this study had an acceptable aware-

ness level and was free of pain, shivering and nausea,

which might have interfered with spirometry.

Discussion
General anaesthesia causes a loss of functional residual

capacity (FRC) due to atelectasis and increased shunt
ight © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.
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Fig. 4
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fraction, aggravated by obesity.21 A reduction in both

inspiratory and expiratory reserve volumes would affect

vital capacity and may reduce the ability to cough effec-

tively, predisposing to respiratory complications.22 The

poorest spirometry and pulse oximetry values were

observed during the first assessment after extubation.

Further measurements during PACU stay indicated

only a slight recovery in lung volumes within the first

2 h. The reduction in spirometry volumes observed in our

study may have been caused by impaired respiratory

mechanics, obesity and atelectasis formation promoted

by general anaesthesia in the supine position.23,24 The

decrease in vital capacity, FVC, FEV1, MEF 25–75 and

PEF followed the same pattern, and the FEV1/FVC ratio

did not change, suggesting a restrictive pattern in

the immediate postoperative period, as previously

described.25 Residual neuromuscular block after extuba-

tion is unlikely to have contributed, as all patients were

extubated after recovery of the TOF ratio to a value

more than 0.9 and, in any case, this would not affect only

one study population; further, functional recovery during

the stay in the PACU followed a linear pattern.17,26,27

Neither should the impairment in spirometric perform-

ance be blamed on a lack of cooperation, as all patients

were alert and fully compliant within 20 min of extuba-

tion and pain had been minimized in the postoperative

course. Again, lack of cooperation and insufficient pain

management should affect the whole study population to

a comparable degree.28

Our data suggest that a perioperative low-oxygen strategy

during minor peripheral surgery is advantageous for post-

operative oxygen saturation in moderately obese adults,

although the absolute values differed within only a per-

centage point. We also found some evidence of greater

mean lung volumes with the low-oxygen strategy; in

particular, the MEF 25 values indicate a possible effect

on small airway collapse. Lower perioperative oxygen

concentrations during general anaesthesia appear to

become more important as BMI increases; the high-

oxygen group showed a linear decrease in postoperative

lung function with increasing BMI, a relationship not

seen in the low-oxygen group. However, neither study

group showed any correlation between lung function and

BMI immediately after extubation. Absolute lung func-

tion values differed within 10 percentage points between

the study groups, a small effect which could nevertheless

become important in morbidly obese patients or during

major surgery.

Generous perioperative oxygen delivery is common, on

the grounds of offering an adequate oxygen reserve in the

event of airway difficulties, also possibly improving

wound healing, and reducing perioperative tachycardia

and the incidence of postoperative nausea and vomit-

ing.13,14,29–31 It is still unclear whether these effects are a

function of supplemental postoperative oxygen admin-

istration or an intraoperative high oxygen supply. The
nauthorized reproduction of this article is prohibited.
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negative effects of oxygen cannot be denied32 – atelec-

tasis is a problem and may predispose to pulmonary

complications, especially in the obese.33–35 The positive

effect of an adaptive low-oxygen strategy on postopera-

tive lung function and saturation is clear; whether this

has any clinical relevance is not clear. Edmark et al.15

showed that an intraoperative fiO2 of 0.8 almost com-

pletely prevented the occurrence of atelectasis. This

concentration might constitute a suitable compromise

between auxiliary oxygen supply and prevention of

atelectasis.36 Further studies with a larger study popu-

lation are needed; as far as our findings go, we suggest that

the decision regarding oxygen concentration be made on

an individual basis; we cannot yet recommend unlimited

use of a low-oxygen strategy.
Limitations
No critical desaturation occurred in any patient, which

suggests that both study populations had adequate oxy-

gen reserves during anaesthesia. We selected patients

with only moderate obesity, that is, BMI 25–35, sched-

uled for minor peripheral surgery, and without predict-

able intubation difficulties. We excluded patients with

respiratory [e.g. chronic obstructive pulmonary disease

(COPD) or asthma] or heart diseases (e.g. heart failure or

cardiovascular disease) and avoided operations with

abdominal insufflations and head-down tilt. Patients with

gastrooesophageal reflux disease or a hiatus hernia were

excluded. We did not measure waist-to-hip ratios, or FRC

and expiratory residual volume (ERV), which are particu-

larly impaired when BMI increases. Thus, the interpret-

ation of our MEF values must be handled cautiously as

we see some inhomogeneity.

Our findings do not allow us to conclude that a low-

oxygen strategy should become standard for these cases,

nor can we draw conclusions about the impact of small

airway collapse on respiratory complications. We did not

perform any intraoperative recruitment manoeuvres to

counteract atelectasis formation,37 although PEEP was

applied. The primary aim of our study, to examine the

effects of a lower than usual inspired oxygen concen-

tration during anaesthesia, showed that this is safe in the

type of obese patients we selected. We were particularly

interested in spirometric lung volumes during the post-

operative period when the impact of surgical trauma and

anaesthesia are likely to peak and trigger postoperative

pulmonary morbidity; clearly, the low-oxygen strategy

was successful here.
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