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SURGICAL SITE INFECTION IS A

common and serious complica-
tion following abdominal sur-
gery.1 To prevent surgical site

infection, it is essential to optimize peri-
operative conditions in the first hours
following bacterial contamination.2 Tis-
sue oxygen tension is often low in
wounds and colorectal anastomoses,
and this may reduce tissue healing via
oxidative killing by neutrophils and also
reduce induction of collagen forma-
tion, neovascularization, and epitheli-

alization.3-7 Perioperative arterial and
wound oxygen tension can be in-
creased by a higher inspiratory oxy-
gen fraction.7

Trials by Greif et al8 and Belda et al9

have suggested a significant reduction
in the frequency of surgical wound in-

See also p 1588 and Patient Page.
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Context Use of 80% oxygen during surgery has been suggested to reduce the risk
of surgical wound infections, but this effect has not been consistently identified. The
effect of 80% oxygen on pulmonary complications has not been well defined.

Objective To assess whether use of 80% oxygen reduces the frequency of surgical
site infection without increasing the frequency of pulmonary complications in pa-
tients undergoing abdominal surgery.

Design, Setting, and Patients The PROXI trial, a patient- and observer-blinded
randomized clinical trial conducted in 14 Danish hospitals between October 2006 and
October 2008 among 1400 patients undergoing acute or elective laparotomy.

Interventions Patients were randomly assigned to receive either 80% or 30% oxy-
gen during and for 2 hours after surgery.

Main Outcome Measures Surgical site infection within 14 days, defined accord-
ing to the Centers for Disease Control and Prevention. Secondary outcomes included
atelectasis, pneumonia, respiratory failure, and mortality.

Results Surgical site infection occurred in 131 of 685 patients (19.1%) assigned to
receive 80% oxygen vs 141 of 701 (20.1%) assigned to receive 30% oxygen (odds
ratio [OR], 0.94; 95% confidence interval [CI], 0.72-1.22; P=.64). Atelectasis oc-
curred in 54 of 685 patients (7.9%) assigned to receive 80% oxygen vs 50 of 701
(7.1%) assigned to receive 30% oxygen (OR, 1.11; 95% CI, 0.75-1.66; P=.60), pneu-
monia in 41 (6.0%) vs 44 (6.3%) (OR, 0.95; 95% CI, 0.61-1.48; P=.82), respiratory
failure in 38 (5.5%) vs 31 (4.4%) (OR, 1.27; 95% CI, 0.78-2.07; P=.34), and mor-
tality within 30 days in 30 (4.4%) vs 20 (2.9%) (OR, 1.56; 95% CI, 0.88-2.77; P=.13).

Conclusion Administration of 80% oxygen compared with 30% oxygen did not re-
sult in a difference in risk of surgical site infection after abdominal surgery.

Trial Registration clinicaltrials.gov Identifier: NCT00364741
JAMA. 2009;302(14):1543-1550 www.jama.com
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fections when 80% rather than 30%
oxygen was administered during sur-
gery and in the first postoperative hours.
Conversely, a trial by Mayzler et al10

found no significant difference, a trial
by Pryor et al11 was stopped prema-
turely because the frequency of wound
infection was more than doubled with
high oxygen fraction, and a trial by
Gardella et al12 was stopped for futil-
ity. High inspiratory oxygen concen-
trations throughout the perioperative
period also may result in pulmonary
complications, but this important as-
pect has been studied in only 30 pa-
tients.13 In a subgroup of patients from
the trial by Greif et al,8 there was a non-
significant increase in the size of com-
puted tomography (CT) scan–
detected areas of atelectasis in the group
receiving 80% oxygen.13

Furthermore, a high inspiratory oxy-
gen fraction has been related to detri-

mental effects such as an increased risk
of airway inflammation,14 poor regula-
tion of blood glucose levels,15 and
changes in the cardiac index16 but has
also been related to benefits such as im-
proved healing of colorectal anastomo-
sis17 and reduced frequency of postop-
erative nausea and vomiting.18,19

The aim of this trial was to assess the
benefits and harms of a high periopera-
tive oxygen fraction in a general sur-
gical population of patients undergo-
ing laparotomy, the primary outcome
measure being surgical site infection.
We hypothesized that 80% oxygen
would reduce the frequency of surgi-
cal site infections without increasing the
frequency of pulmonary complica-
tions.

METHODS
The Danish Medicines Agency and the
regional ethics committee approved the

trial, which adhered to the Interna-
tional Conference on Harmonisation
Good Clinical Practice standards. Writ-
ten informed consent was obtained
from all patients participating in this
multicenter trial in 14 Danish hospi-
tals between October 8, 2006, and Oc-
tober 6, 2008. Patients were eligible if
they were 18 years or older and sched-
uled to undergo acute or elective lapa-
rotomy. When laparotomy was indi-
cated for a gynecological disease, only
patients with suspected malignancy (de-
fined as risk of ovarian malignancy in-
dex �200 or a specimen showing atypi-
cal or neoplastic cells20) were included.
Exclusion criteria were operations per-
formed under general anesthesia within
30 days, chemotherapy for malig-
nancy within 3 months, inability to
provide informed consent, and preop-
erative arterial hemoglobin oxygen
saturation below 90% without supple-
mental oxygen assessed by pulse ox-
imetry.

Trial Protocol

Patients were randomized according to
a computer-generated allocation list by
a central interactive voice-response sys-
tem at the Copenhagen Trial Unit using
study center, diabetes mellitus, acute or
elective operations, and body mass in-
dex (�30 or �30, calculated as weight
in kilograms divided by height in me-
ters squared) as stratification variables.

The trial protocol21 included several
important aspects of perioperative
care, including epidural analgesia,
control of temperature and glucose
level, absence of preoperative oral
bowel preparation, and standardized
anesthesia without nitrous oxide. The
protocol recommended cefuroxime
(1.5 g) and metronidazole (1 g) given
intravenously as standard antibiotic
choice, but ampicillin (2 g) or benzyl-
penicillin (2 million IU) in combina-
tion with gentamicin (0.240 g) and
metronidazole (1 g) were also
allowed.21 Fewer antibiotics were
required in the case of elective chole-
cystectomy or laparotomies with no
potential contamination. We consid-
ered “timely” administration of antibi-

Figure. Patient Enrollment, Randomization, and Treatment Flow

694 Randomized to receive 80% oxygen
685 Received 80% oxygen as randomized

5 Surgery cancelledb

4 Withdrew consentc

706 Randomized to receive 30% oxygen
701 Received 30% oxygen as randomized

4 Surgery cancelledb

1 Withdrew consentc

555 Included in per-protocol analysisd

130 Excluded from per-protocol analysis
75 No follow-up from 13th to 30th day
25 Oxygen mask used <1 h
17 No data on FIO2
13 FIO2 <0.60 for >1 h

7 Fulfilled an exclusion criterion
7 No laparotomy
4 Unblinded outcome assessment
3 No wound evaluation for 4

consecutive in-hospital days

685 Included in primary analysis

526 Included in per-protocol analysisd

175 Excluded from per-protocol analysis
82 No follow-up from 13th to 30th day

32 Oxygen mask used <1 h
25 No data on FIO2

51 FIO2 ≥0.60 for >1 h

4 Fulfilled an exclusion criterion

17 No laparotomy
6 Unblinded outcome assessment
5 No wound evaluation for 4

consecutive in-hospital days

701 Included in primary analysis

0 Lost to follow-up 0 Lost to follow-up

1400 Randomized

2062 Assessed for eligibilitya

4353 Patients aged ≥18 y underwent acute or
elective laparotomy

662 Excluded
271 Refused to participate
125 Unable to provide consent
120 Chemotherapy within 3 mo
101 Surgery within 30 d
45 Oxygen saturation <90%

FIO2 indicates inspiratory oxygen fraction.
aUnderwent surgery when research staff were present.
bNo outcome data described for these patients.
cNo baseline or outcome data described for these patients.
dPatients could be excluded for more than 1 reason.
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otics as administration of the first and
second antibiotic within 60 minutes
prior to skin incision. Perioperative
fluids were given only to replace mea-
sured or calculated deficits (no third-
space loss), aiming at a postoperative
body weight increase of less than 1
kg. Blood loss was replaced 1:1 with
colloids, and blood transfusion was
initiated if blood loss exceeded 20
mL/kg.21

Anesthesia was either inhalational or
total intravenous anesthesia, deter-
mined entirely by the attending anes-
thetist. An inspiratory oxygen frac-
tion (FIO2) of 1.0 was used at induction
of anesthesia until tracheal intubation
and again immediately before tracheal
extubation. After induction of anesthe-
sia and tracheal intubation, patients ran-
domized to the 80% oxygen group were
given an FIO2 of 0.80 until the end of
surgery. The first 2 hours following ex-
tubation, patients breathed an FIO2 of
0.80 administered by means of a non-
rebreathing face mask with a reservoir
(High Concentration Oxygen Mask; In-
tersurgical Ltd, Wokingham, United
Kingdom) and a flow of 14 L of oxy-
gen and 2 L of air per minute. The pa-
tients randomized to the 30% oxygen
group were given an FIO2 of 0.30 after
tracheal intubation and received a mix-
ture of 2 L of oxygen and 14 L of air
per minute through an identical non-
rebreathing face mask after extuba-
tion.21 The patients were ventilated to
ensure normocapnia.21

In both groups, FIO2 was increased
if hypoxia was detected or suspected to
ensure arterial oxygen saturation greater
than 94% and arterial oxygen tension
greater than 9 kPa. Positive end expi-
ratory pressure was used at a level cho-
sen by the attending anesthetist. Two
hours after surgery, supplemental oxy-
gen was administered only at the phy-
sician’s discretion and according to
clinical practice.

The risk of infection was assessed
with the NNISS (National Nosoco-
mial Infections Surveillance System)
and the SENIC (Study on the Efficacy
of Nosocomial Infection Control)
scales.22,23

Cardboard shields were placed on the
side of the anesthesia machine to keep
the surgical team blinded to group al-
location. In the postanesthesia care unit,
opaque bags covered the flow meters.
Information about perioperative FIO2,
arterial oxygen tension, and flow of oxy-
gen and air was noted on a separate pa-
per form and placed in a sealed opaque
envelope in the medical record when
patients were discharged from the post-
anesthesia care unit. The staff on the
wards and the patients were not in-
formed during follow-up about the in-
tervention received.

To evaluate participant blinding, the
patients were asked which of the groups
they believed they belonged to and to
give a reason for their choice. No in-
vestigator had access to patient alloca-
tion and outcome data at the same time.
All statistical analyses were per-
formed with the intervention groups
named A and B, and the statistician was
blinded to allocation. This manu-
script, including the discussion and
conclusion, was written in 2 versions,
one based on the assumption that treat-
ment A was 80% oxygen and treat-
ment B was 30% oxygen and the other
based on the reverse assumption.21,24 All
authors approved both versions be-
fore unmasking the allocation groups.21

The primary outcome was surgical
site infection within 14 days of sur-
gery, defined according to criteria from
the Centers for Disease Control and Pre-
vention (CDC) as superficial or deep
wound infection or as intra-abdomi-
nal organ/space infection.25 The sec-
ondary outcomes were pneumonia
within 14 days (according to CDC cri-
teria26), atelectasis within 14 days, res-
piratory failure within 14 days (de-
fined as the need for controlled
ventilation or arterial oxygen satura-
tion below 90% despite supplemental
oxygen), mortality within 30 days, du-
ration of postoperative hospitaliza-
tion, admission to the intensive care
unit within 14 days (if not part of post-
operative care), and abdominal reop-
eration for any reason within 14 days.

The patients were seen daily in the
postoperative period by a surgical

Table 1. Characteristics of Patients
Scheduled for Laparotomy (N = 1395)a

Characteristic

80%
Oxygen
(n = 690)

30%
Oxygen
(n = 705)

Age, median
(5%-95%), y

64
(27-85)

64
(34-84)

Men, No. (%) 288 (41.7) 297 (42.1)
Height, median

(5%-95%), cm
170

(156-185)
170

(154-186)
Weight, median

(5%-95%), kg
71

(49-109)
72

(50-103)
Body mass index, median

(5%-95%)b
25

(18-35)
25

(19-35)
Body mass index �30,

No. (%)b
102 (14.8) 111 (15.7)

ASA physical status score,
No. (%)

1 176 (25.5) 199 (28.2)
2 378 (54.8) 376 (53.3)
3 132 (19.1) 125 (17.7)
4 4 (0.6) 5 (0.7)

Acute surgery 190 (27.5) 195 (27.7)
History, No. (%)

Current smoker 207 (30.0) 213 (30.2)
Alcohol consumption

�48 g/d
29 (4.2) 35 (5.0)

Previous abdominal
surgery

298 (43.2) 310 (44.0)

Diabetes mellitus 51 (7.4) 53 (7.5)
Chronic obstructive

pulmonary disease
35 (5.1) 34 (4.8)

Other pulmonary
disease

45 (6.5) 48 (6.8)

Hypertension 209 (30.3) 187 (26.5)
Other cardiovascular

disease
125 (18.1) 96 (13.6)

Current signs of
infection

76 (11.0) 66 (9.4)

Immune deficiency 27 (3.9) 30 (4.3)
Other diseasec 209 (30.3) 228 (32.3)

Preoperative risk score,
No. (%)d

SENIC
1 232 (33.6) 228 (32.3)
2 345 (50.0) 362 (51.3)
3 99 (14.3) 102 (14.5)
4 14 (2.0) 13 (1.8)

NNISS
0 297 (43.0) 309 (43.8)
1 275 (39.9) 292 (41.4)
2 106 (15.4) 93 (13.2)
3 12 (1.7) 11 (1.6)

Abbreviations: ASA, American Society of Anesthesiolo-
gists; NNISS, National Nosocomial Infection Surveil-
lance System; SENIC, Study on the Efficacy of Nosoco-
mial Infection Control.

aAll participants except those who withdrew consent. All
characteristics have less than 0.5% missing data.

bCalculated as weight in kilograms divided by height in me-
ters squared.

cHistory of various conditions, predominantly neurologic and
musculoskeletal disorders.

dHigher scores indicate higher risk of infection. In the SENIC
scoring system,22 1 point is given for each of (1) pres-
ence of 3 or more diagnoses; (2) surgery lasting longer
than 2 hours; (3) operation classified as contaminated or
dirty-infected; (4) abdominal surgery. In the NNISS scor-
ing system,23 1 point is given for (1) ASA score of 3, 4, or
5; (2) operation classified as contaminated or dirty-
infected; (3) operation lasting longer than expected for the
operative procedure being performed.
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investigator blinded to allocation. A
fol low-up vis i t was conducted
between the 13th and 30th postopera-
tive day. Surgical site infection, pul-

monary complications, and other
adverse events were evaluated at each
visit, and additional information
about wound characteristics in the

postoperative period were collected to
calculate the ASEPSIS (additional
treatment, serous exudate, erythema,
purulent exudate, separation of deep
tissues, isolation of bacteria, and
duration of inpatient stay) score.27

Patients with symptoms of pulmo-
nary complications were examined ac-
cording to clinical practice by the at-
tending physician, including chest
radiographs or CTs when relevant. All
chest radiographs and CTs were evalu-
ated for infiltrate and atelectasis by the
attending radiologist, who was un-
aware of the intervention applied. At-
electasis was considered present if de-
scribed in the radiologist’s evaluation
of chest radiograph or CT. Adverse
events were collected prospectively ac-
cording to the CONSORT (Consoli-
dated Standards of Reporting Trials)
Statement28 and specifically addressed
at the follow-up visit.21

If patients did not attend the fol-
low-up visit, we contacted hospital out-
patient clinics, emergency depart-
ments, and the patient ’s family
physician for information about out-
come and adverse events. Wound evalu-
ation carried out in accordance with the
CDC criteria was considered ad-
equate. The patients were interviewed
by telephone in the remaining cases.
The complete statistical analysis plan
is described in the protocol.21

Patients were excluded from the
per-protocol analysis if they did not
meet the inclusion criteria, fulfilled an
exclusion criterion, had an FIO2 greater
than 0.60 for more than 1 hour (30%
oxygen group) or an FIO2 less than 0.60
for more than 1 hour (80% oxygen
group), used an oxygen mask less than
1 hour, had no in-hospital evaluation
of the outcomes for 4 or more consecu-
tive days, or had no follow-up visit be-
tween the 13th and 30th postopera-
tive day; patients were also excluded if
assessors were unblinded.

Statistical Analysis

The intervention effect was assessed
both with and without adjustment for
the stratification variables as well as for
chronic obstructive pulmonary dis-

Table 2. Perioperative Characteristics of 1386 Patients Scheduled for Laparotomya

Characteristic
80% Oxygen

(n = 685)
30% Oxygen

(n = 701)

Surgical procedure, No. (%)
Colorectal procedures 303 (44.2) 330 (47.1)

Gynecological procedures 139 (20.3) 129 (18.4)

Small-bowel surgery 78 (11.4) 80 (11.4)

Appendectomy 61 (8.9) 63 (9.0)

Otherb 104 (15.2) 99 (14.1)

Diagnosis, No. (%)
Cancer 352 (51.4) 362 (51.6)

Benign neoplasm 63 (9.2) 45 (6.4)

Appendicitis 61 (8.9) 60 (8.6)

Intestinal obstruction due to benign disease 58 (8.5) 66 (9.4)

Inflammatory bowel disease 37 (5.4) 42 (6.0)

Diverticulitis 23 (3.4) 34 (4.9)

Otherc 91 (13.3) 92 (13.1)

Preoperative hemoglobin, median (5%-95%), g/dL 13 (10 to 16) 13 (9 to 16)

Preoperative glucose, median (5%-95%),
mg/dL (n = 605 vs 623)

110 (76 to 175) 112 (77 to 180)

Perioperative glucose change, median (5%-95%),
mg/dL (n = 560 vs 564)

16 (−27 to 79) 14 (−40 to 83)

Duration of anesthesia, median (5%-95%), min 190 (75 to 395) 195 (75 to 371)

Duration of surgery, median (5%-95%), min 128 (38 to 310) 132 (35 to 295)

Dose of ephedrine, median (5%-95%), mg 15 (0 to 50) 10 (0 to 50)

Requiring other vasopressors, No. (%) 209 (30.5) 229 (32.7)

Epidural analgesia, No. (%)
Thoracic 453 (66.1) 479 (68.3)

Lumbar 20 (2.9) 19 (2.7)

None 212 (30.9) 203 (29.0)

Type of anesthesia, No. (%)
Inhalational 178 (26.0) 208 (29.7)

Total intravenous 507 (74.0) 493 (70.3)

Perioperative dexamethasone, No. (%) 225 (32.8) 215 (30.7)

Antibiotic prophylaxis, No. (%)d
Cefuroxime 22 (3.2) 13 (1.9)

Cefuroxime, metronidazole, and/or gentamicin 436 (63.6) 447 (63.8)

Ampicillin/penicillin, metronidazole, and gentamicin 74 (10.8) 86 (12.3)

Other 115 (16.8) 112 (16.0)

None 38 (5.5) 43 (6.1)

Receiving adequate antibiotic prophylaxis, No. (%) 580 (84.7) 589 (84.0)

Receiving timely antibiotic prophylaxis, No. (%)e 432 (66.8) 448 (68.1)

Incision extending above the umbilicus, No. (%) 439 (64.1) 463 (66.0)

Abdominal closure, No. (%)
Sutures 157 (22.9) 163 (23.3)

Staples 528 (77.1) 538 (76.7)

Operation classification, No. (%)
Clean 172 (25.1) 146 (20.8)

Clean-contaminated 377 (55.0) 419 (59.8)

Contaminated 115 (16.8) 120 (17.1)

Dirty-infected 21 (3.1) 16 (2.3)

Temperature at end of surgery, median (5%-95%),
°C (n = 637 vs 635)

36.1 (35.0 to 37.6) 36.1 (35.1 to 37.4)

(continued)
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ease, daily smoking, and surgical inci-
sion extending above the umbilicus. All
intervention-effect estimates were re-
ported with 95% confidence intervals
(CIs), and a 2-sided P� .05 was con-
sidered statistically significant. Analy-
ses were performed using R version
2.8.0 (http://www.r-project.org).

In the protocol we estimated that
the frequency of surgical site infection
would be 16% in the 30% oxygen
group.21 This was based on the previ-
ously reported frequencies8-11 and the
inclusion of acute laparotomies in our
trial. A meta-analysis with a fixed-
effects model showed a relative risk
reduction of 25% if all 4 completed
trials are included and of 48% if all
but the Pryor trial11 are considered.
We thus expected a relative risk
reduction of 33%. We calculated that
a total sample size of 1400 patients
would allow us to detect or reject a
difference in surgical site infection of
between 11% and 16% with 5% type I
error risk, 80% power, and 10% drop-
out. In accordance, we identified a
lack of information of more than 1400
randomized patients in a trial sequen-
tial analysis29 of the meta-analysis of
all trials conducted prior to the
PROXI trial to detect or reject a 33%
relative risk reduction in a future
meta-analysis.21

An independent data monitoring
committee recommended continuing
the trial after the interim analysis, based
on 40% of the records, was performed
on January 24, 2008.21

RESULTS
A total of 1400 patients were random-
ized and 1386 included in the modi-
f ied intention-to-treat analysis
(FIGURE). Fourteen patients were ex-
cluded because of withdrawn in-
formed consent or cancellation of sur-
gery after randomization. Demographic
and perioperative characteristics were
similar in the 2 groups (TABLE 1 and
TABLE 2).

Surgical site infection occurred in
131 of 685 (19.1%) vs 141 of 701
(20.1%) patients in the 80% and 30%
oxygen groups, respectively (odds ra-

tio [OR], 0.94; 95% confidence inter-
val [CI], 0.72-1.22; P=.64) (TABLE 3).
The incidence of pulmonary compli-
cations was not significantly different,
with atelectasis occurring in 54 of 685

(7.9%) vs 50 of 701 (7.1%) patients
(OR, 1.11; 95% CI, 0.75-1.66), pneu-
monia in 41 (6.0%) vs 44 (6.3%) (OR,
0.95; 95% CI, 0.61-1.48), and res-
piratory failure in 38 (5.5%) vs 31

Table 3. Clinical Outcomes for Patients Scheduled for Laparotomy (N = 1386)

Outcome

No. (%)

Univariate OR
(95% CI)

P
Value

Adjusted OR
(95% CI)a

P
Value

80%
Oxygen
(n = 685)

30%
Oxygen
(n = 701)

Surgical site infection 131 (19.1) 141 (20.1) 0.94 (0.72 to 1.22) .64 0.91 (0.69 to 1.20) .51

Infection location
Superficial 75 (57.3) 76 (53.9)

Deep 20 (15.3) 26 (18.4)

Organ/space 36 (27.5) 39 (27.7)

ASEPSIS score �20b 32 (4.7) 36 (5.1)

Atelectasis 54 (7.9) 50 (7.1) 1.11 (0.75 to 1.66) .60 1.13 (0.75 to 1.72) .56

Pneumonia 41 (6.0) 44 (6.3) 0.95 (0.61 to 1.48) .82 0.95 (0.60 to 1.49) .81

Health
care–associated

30 (73.2) 30 (68.2)

Ventilator-associated 7 (17.1) 9 (20.5)

Aspiration 2 (4.9) 1 (2.3)

Community-acquired 2 (4.9) 2 (4.5)

Immunocompromised 0 2 (4.5)

Respiratory failure 38 (5.5) 31 (4.4) 1.27 (0.78 to 2.07) .34 1.22 (0.74 to 2.03) .44

Reoperation 104 (15.2) 104 (14.8) 1.03 (0.77 to 1.38) .86 1.01 (0.75 to 1.37) .93

Admission to ICUc 50 (7.3) 44 (6.3) 1.18 (0.77 to 1.79) .45 1.21 (0.78 to 1.89) .40

30-d mortality 30 (4.4) 20 (2.9) 1.56 (0.88 to 2.77) .13 1.55 (0.86 to 2.85) .15

Postoperative
hospitalization, d

6 (1-34) 7 (2-36) −0.69 (−2.3 to 0.93) .09d

Abbreviations: ASEPSIS, additional treatment, serous discharge, erythema, purulent exudate, separation of deep tissues,
isolation of bacteria, and duration of postoperative stay; CI, confidence interval; ICU, intensive care unit; OR, odds ratio.

aAdjusted for study center, body mass index (�30 or �30, calculated as weight in kilograms divided by height in meters
squared), diabetes mellitus, acute or elective surgery, chronic obstructive pulmonary disease, current smoker, incision
extending above the umbilicus, duration of surgery, and age (� 40 years or �40 years).

bRange of possible scores, 0-70. Combines wound appearance the first 5 postoperative days with additional surgical treat-
ment; a score higher than 20 indicates wound infection.27

cAdmissions to ICU excluded if part of routine postoperative care and lasting less than 24 hours (13 vs 9 patients in the
80% oxygen and 30% oxygen groups, respectively).

dCalculated with Wilcoxon unpaired rank sum test.

Table 2. Perioperative Characteristics of 1386 Patients Scheduled for Laparotomya (continued)

Characteristic
80% Oxygen

(n = 685)
30% Oxygen

(n = 701)

Peroperative fluid management, median (5%-95%), mL
Estimated blood loss 260 (0 to 2120) 250 (0 to 1800)

Crystalloid infusion 1100 (300 to 3000) 1100 (300 to 3000)

Colloid infusion 500 (0 to 1750) 500 (0 to 1500)

Patients receiving blood, No. (%) 121 (17.7) 121 (17.3)

Units transfused per patient, median (5%-95%) 2 (1 to 6) 2 (1 to 6)

Perioperative body weight change,
median (5%-95%), kgf

0.9 (−4.5 to 5.4) 1.3 (−3.1 to 5.0)

SI conversion factor: To convert glucose values to mmol/L, multiply by 0.0555.
aAll characteristics have less than 0.5% missing data unless otherwise stated.
b Includes cholecystectomy, repair of hernia, gastric and hepatobiliary resections, nephrectomy, and splenectomy.
c Includes perforated peptic ulcer and cholecytolithiasis.
dMinimum antibiotic doses: Cefuroxime 1.5 g, metronidazole 1 g, gentamicin 0.240 g, ampicillin 2 g, or benzylpenicillin 2

million IU. Ceftriaxone 2.0 g was considered equivalent to cefuroxime 1.5 g in 72 patients, and dicloxacillin 2.0 g con-
sidered equivalent to benzylpenicillin 2 million IU in 9 patients.

eAdministration of antibiotics was considered timely if the first and second antibiotic were given before skin incision. Per-
centages are among patients receiving antibiotic prophylaxis.

fCalculated for 299 vs 302 patients in whom body weight was measured preoperatively as well as on the first or second
postoperative day.
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(4.4%) (OR, 1.27; 95% CI, 0.78-2.07)
in the 80% and 30% oxygen groups, re-
spectively. Thirty patients (4.4%) died
in the 30-day follow-up period in the
80% oxygen group, vs 20 patients
(2.9%) in the 30% oxygen group (OR,
1.56; 95% CI, 0.88-2.77; P=.13).

Rupture of the abdominal fascia oc-
curred in 23 of 685 (3.6%) vs 17 of 701
(2.4%) patients in the 2 groups. Among
patients undergoing colorectal sur-
gery, surgical site infection occurred in
72 of 303 (23.7%) vs 83 of 330 (25.2%)
patients (P=.68) and mortality within
30 days in 14 of 303 (4.6%) vs 5 of 330
(1.5%) patients in the 80% and 30%
oxygen groups, respectively (P=.03).
Anastomotic leak occurred in 0 of 53
vs 2 of 49 (4.1%) after small bowel re-
sections, 10 of 175 (5.7%) vs 10 of 174
(5.7%) after colonic resections, and 2
of 42 (4.8%) vs 6 of 49 (12.2%) after
rectal resections in the 80% and 30%
oxygen groups, respectively. Other ad-
verse events are reported in TABLE 4.

One thousand eighty-one patients
were included in the per-protocol analy-
sis (Figure). Surgical site infection oc-

curred in 122 of 555 (22.0%) vs 116 of
526 (22.1%) patients in the 80% and
30% oxygen groups, respectively
(P=.98), and there were no significant
differences regarding pulmonary com-
plications.

When patients in the 80% oxygen
group were asked about suspected treat-
ment allocation, 16% of the patients re-
ported assuming that they had re-
ceived 80% oxygen and 5% that they
had received 30% oxygen; 79% an-
swered “do not know.” The correspond-
ing values for the 30% oxygen group
were 15%, 5%, and 80%. Less than 1%
of the reasons provided suggested un-
blinding.

COMMENT
Our trial did not find a 33% relative risk
reduction in the frequency of surgical
site infection when a high inspiratory
oxygen fraction of 80% vs 30% was
given in the perioperative period of
acute or elective laparotomy. The high
oxygen fraction was not associated with
a significant increase in the frequency
of pulmonary complications or other
adverse events. Mortality differences
were not statistically significant.

The primary strength of this trial is
the inclusion of a large number of pa-
tients at risk of surgical site infection
undergoing a wide range of laparoto-
mies, including 28% acute proce-
dures. Surgical site infection was de-
fined according to the CDC criteria,25

allowing for comparison with other
trials. Follow-up was thorough, with as-
sessment of all adverse events and vi-
tal status in all patients.

Our trial has some limitations. First,
we were unable to apply the elements
of the intended optimized regimen,
such as timely administration of ad-
equate antibiotics and prevention of hy-
pothermia, to all patients. However, the
distribution of the quality measures was
similar in our 2 groups. Second, 51 of
701 patients (7.3%) in the 30% oxy-
gen group required an FIO2 of 0.60 or
greater for more than 1 hour to main-
tain arterial oxygen saturation above
94%, in accordance with safety mea-
sures in clinical practice. Third, a total

of 157 of 1386 patients (11.3%) did not
have a follow-up visit between the 13th
and 30th postoperative day, and some
minor wound infections could thus
have been missed during that period.
However, follow-up status was ob-
tained in all patients, because we re-
viewed all hospital admissions and vis-
its to primary physicians when
follow-up occurred beyond the 30th
postoperative day. Our per-protocol
analysis, in which we excluded these
patients, showed a result similar to the
intention-to-treat analysis. Fourth, the
inclusion of different surgical proce-
dures may be associated with the risk
of overlooking a beneficial effect re-
lated to specific surgical procedures,
such as colorectal resections. How-
ever, the effect on surgical site infec-
tion was similar in this subgroup, and
in clinical practice the type of surgery
is not always known at the time the FIO2

is selected.
Two trials have suggested that high

(80%) FIO2 is effective in preventing
surgical wound infections, with rela-
tive risk ratios of 39%9 and 54%.8 In
contrast, 3 other trials did not report a
significant reduction; one trial was
stopped early because the frequency of
surgical wound infections doubled,11

one was statistically insignificant,10 and
recently, a large trial investigating a high
oxygen fraction delivered via nonre-
breathing face mask to prevent post-
cesarean surgical site infection was
stopped for futility.12 The relative risk
reduction in our trial was only 5% in
favor of the 80% oxygen group. Some
important differences exist between our
trial and the 2 trials showing benefit of
high FIO2,8,9 because, according to cur-
rent recommendations,21 the patients in
our trial received epidural analgesia, did
not receive oral bowel preparation, and
were not aggressively hydrated; how-
ever, they may have received more va-
sopressors during anesthesia.

The risk of surgical site infection,
as evaluated by the level of the NNISS
and SENIC scores, was similar to that
in the previous trials,8,9,11 although
there were fewer medium-risk and
more low-risk and high-risk patients

Table 4. Adverse Events Other Than
Primary and Secondary Outcomes for
Patients Scheduled for Laparotomy
(N = 1386)

Adverse Event

No. (%)

80%
Oxygen
(n = 685)

30%
Oxygen
(n = 701)

Any 361 (52.7) 369 (52.6)

Wound-related 61 (8.9) 77 (11.0)

Infection
Urinary tract 23 (3.4) 34 (4.9)

Other 79 (11.5) 83 (11.8)

Postoperative nausea
or vomiting

136 (19.9) 135 (19.3)

Respiratory 63 (9.2) 57 (8.1)

Circulatory 57 (8.3) 67 (9.6)

Gastrointestinal tract 61 (8.9) 62 (8.8)

Other 150 (21.9) 152 (21.7)

Any serious adverse event 165 (24.1) 154 (22.0)

Sepsis 21 (3.1) 15 (2.1)

Other infection 29 (4.2) 34 (4.9)

Respiratory 27 (3.9) 25 (3.6)

Circulatory 24 (3.5) 20 (2.9)

Gastrointestinal tract 53 (7.7) 46 (6.5)

Other 47 (6.9) 44 (6.3)
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in our trial. This was related to the
inclusion of gynecological and emer-
gency procedures.

We found a frequency of surgical site
infections comparable to that in the trial
by Belda et al,9 which also adhered to
the CDC definition, but our event rate
was higher than those previously re-
ported.8,10,11 These 3 trials, however, did
not report the frequency of intra-
abdominal organ/space surgical site in-
fection. With an event rate of 19%, we
had nearly 80% power to detect a 20%
relative risk reduction. On the other
hand, this trial has only 15% power to
detect a 10% relative risk reduction, so
we cannot exclude that a high peri-
operative oxygen fraction has a minor
effect on surgical site infection.

Other additional trials have sug-
gested that increased perioperative oxy-
gen supply results in fewer wound in-
fections. Patients undergoing nitrous
oxide–free anesthesia with 80% oxy-
gen had fewer wound infections than
patients receiving nitrous oxide–
based (30% oxygen, 70% nitrous ox-
ide) anesthesia.30 It is unclear whether
nitrous oxide or the higher oxygen con-
centration caused this difference.31 In
a meta-analysis of 5 trials based on 3001
patients, including the nitrous oxide
trial,30 Qadan et al found that periopera-
tive administration of 80% oxygen was
associated with a reduced risk of sur-
gical site infections.32 However, when
the data from our large trial are added
to this existing evidence, it seems likely
that the overall benefit of 80% oxygen
observed by Qadan et al will be attenu-
ated and perhaps even no longer sta-
tistically significant. Another large trial
investigating the treatment of hypoxia
via continuous positive airway pres-
sure in the postoperative period also
demonstrated a reduction in wound in-
fections.33

Ventilation for only 5 minutes with
100% oxygen results in significantly
larger areas of atelectasis than ventila-
tion with lower oxygen concentra-
tions,34 and atelectasis on CT tended to
be more frequent in patients receiving
80% oxygen compared with patients re-
ceiving 30% oxygen (94% vs 64%,

P=.12) in a subgroup13 of the trial by
Greif et al.8 We could not demon-
strate significantly increased frequen-
cies of pulmonary complications when
80% oxygen was given for a median of
approximately 5 1⁄2 hours. Our method
of detecting atelectasis is likely to have
resulted in fewer events than if a chest
radiograph or CT was obtained rou-
tinely in all patients. On the other hand,
we consider the reporting of asymp-
tomatic atelectases to have less clini-
cal relevance, and the frequency of at-
electasis in our trial (7.5%) was the
same as in the nitrous oxide–free group
in the trial by Myles et al.30 In the ni-
trous oxide–free group, the frequency
of pneumonia (1.5%) was lower than
in our trial (6.5%), which is more com-
parable to that reported by Squadrone
et al,33 in which 5.7% of patients with
postoperative hypoxemia developed
pneumonia. The difference may be
caused by our thorough postoperative
follow-up, because pneumonia was di-
agnosed within a median of 5 days af-
ter surgery.

The proportion of patients with res-
piratory failure and death within 30
days was higher in the 80% oxygen
group; although those differences were
not statistically different, these events
were uncommon and the study did not
have adequate power to assess this out-
come. This finding is in contrast to pre-
vious trials comparing 80% and 30%
oxygen.8-11 The unadjusted OR for mor-
tality in our trial was 1.56 (95% CI,
0.88-2.77) in favor of the 30% oxygen
group. Thus, there was no evidence of
a benefit in reducing mortality with a
high perioperative FIO2 (80%), al-
though we recognize that a lack of im-
portant information must be ad-
dressed before this can be established
beyond reasonable doubt, because our
trial was not powered to document le-
thality differences.

Gynecological cancer surgery and
acute laparotomies were included in this
trial, but conversions of laparoscopic
procedures to laparotomy were not eli-
gible. Apart from conversion of lapa-
roscopy, we believe the results of this
trial may be generalizable to a general

surgical population undergoing lapa-
rotomy.

In conclusion, administration of 80%
oxygen compared with 30% oxygen
during and for 2 hours after abdomi-
nal surgery did not result in a differ-
ence in risk of surgical site infection.
The frequencies of pulmonary compli-
cations and mortality were not signifi-
cantly different.
Author Affiliations: Department of Anaesthesia,
Centre of Head and Orthopaedics (Drs Meyhoff
and Rasmussen), Copenhagen Trial Unit, Center for
Clinical Intervention Research (Dr Wetterslev), and
Departments of Anaesthesia (Dr Henneberg) and
Gynaecology (Drs Høgdall and Lundvall), The
Juliane Marie Center, Copenhagen University Hos-
pital, Rigshospitalet, Copenhagen; Department of
Surgery, Bispebjerg Hospital, University of Copen-
hagen, Copenhagen (Drs Jorgensen and Simonsen);
Department of Anaesthesia, Bispebjerg Hospital,
University of Copenhagen, Copenhagen (Drs
Svendsen, Mollerup, and Lunn); Departments of
Anaesthesia (Dr Martinsen) and Surgery (Drs
Pulawska, Bundgaard, and Bugge), Vejle Hospital,
Vejle; Departments of Anaesthesia (Dr Hansen) and
Surgery (Drs Riber, Gocht-Jensen, and Walker),
Copenhagen University Hospital, Herlev; Depart-
ments of Anaesthesia (Drs Bendtsen and Johans-
son) and Surgery (Dr Skovgaard), Copenhagen Uni-
versity Hospital, Amager, Copenhagen; Department
of Anaesthesia, Nykøbing Falster Hospital ,
Nykøbing Falster (Drs Heltø and Poukinski);
Departments of Anaesthesia (Drs Korshin and
Walli) and Surgery (Dr Bulut), Slagelse Hospital,
Slagelse; Department of Anaesthesiology, Aarhus
University Hospital, Aarhus (Drs Carlsson, Rodt,
and Lundbech); Departments of Anaesthesiology
(Dr Rask) and Surgery (Dr Buch), Odense Univer-
sitetshospital, Svendborg; Department of Surgery,
Naestved Hospital, Naestved (Drs Perdawid and
Reza); Departments of Anaesthesia (Dr K. V.
Jensen) and Surgery (Dr Carlsen), Viborg Hospital,
Viborg; and Department of Anaesthesia, Copenha-
gen University Hospital, Gentofte (Dr F. S. Jensen),
Denmark.
Author Contributions: Dr Rasmussen had full access
to all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Meyhoff, Wetterslev,
Jorgensen, Henneberg, Høgdall, Lundvall, Rasmussen.
Acquisition of data: Meyhoff, Wetterslev, Jorgensen,
Henneberg, Høgdall, Svendsen, Mollerup, Lunn,
Simonsen, Martinsen, Pulawska, Bundgaard, Bugge,
Hansen, Riber, Gocht-Jensen, Walker, Bendtsen,
Johansson, Skovgaard, Heltø, Poukinski, Korshin, Walli,
Bulut, Carlsson, Rodt, Lundbech, Rask, Buch, Perdawid,
Reza, K. V. Jensen, Carlsen, F. S. Jensen.
Analysis and interpretation of data: Meyhoff,
Wetterslev, Jorgensen, Henneberg, Bendtsen,
Poukinski, Rasmussen.
Drafting of the manuscript: Meyhoff, Wetterslev,
Jorgensen, Rasmussen.
Critical revision of the manuscript for important in-
tellectual content: Meyhoff, Wetterslev, Jorgensen,
Henneberg, Høgdall, Lundvall, Svendsen, Mollerup,
Lunn, Simonsen, Martinsen, Pulawska, Bundgaard,
Bugge, Hansen, Riber, Gocht-Jensen, Walker,
Bendtsen, Johansson, Skovgaard, Heltø, Poukinski,
Korshin, Walli, Bulut, Carlsson, Rodt, Lundbech, Rask,
Buch, Perdawid, Reza, K. V. Jensen, Carlsen, F. S.
Jensen, Rasmussen.
Statistical analysis: Meyhoff, Wetterslev, Rasmussen.

HIGH OXYGEN FRACTION AND SURGICAL COMPLICATIONS

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, October 14, 2009—Vol 302, No. 14 1549

 at Copenhagen University Library on March 26, 2012jama.ama-assn.orgDownloaded from 

http://jama.ama-assn.org/


Obtained funding: Meyhoff, Rasmussen.
Administrative, technical, or material support:
Meyhoff, Wetterslev, Jorgensen, Henneberg, Høgdall,
Svendsen, Mollerup, Lunn, Simonsen, Martinsen,
Pulawska, Bugge, Gocht-Jensen, Johansson, Heltø,
Poukinski, Walli, Bulut, Carlsson, Rodt, Lundbech, Rask,
Buch, Perdawid, Reza, K. V. Jensen, F. S. Jensen,
Rasmussen.
Study supervision: Wetterslev, Henneberg, Lundvall,
Rasmussen.
Financial Disclosures: None reported.
Funding/Support: This study was supported by the
Danish Medical Research Council (271-05-0206), the
Lundbeck Foundation (402/06), Rigshospitalet’s Re-
search Council, the Novo Nordisk Foundation, the Aase
and Ejnar Danielsens Foundation (105728), the A. P.
Møller Foundation for the Advancement of Medical
Science, the Danish Society of Anaesthesiology and
Intensive Care Medicine’s Research Initiative, the
Beckett-Foundation, the Brødrene Hartmanns
Foundation, and the Etly and Jørgen Stjerngrens
Foundation.
Role of the Sponsors: The funding sources had no role
in the design and conduct of the study; the collec-

tion, management, analysis, and interpretation of the
data; or the preparation, review, or approval of the
manuscript.
PROXI Trial Group Investigators: Peter R. Kirkeg-
aard, MD (Department of Anaesthesia, Bispebjerg
Hospital, University of Copenhagen, Copenhagen,
Denmark), Vagn Berg, MD (Department of Sur-
gery, Vejle Hospital, Vejle, Denmark), Henrik D.
Petersen, MD (Department of Surgery, Nykøbing
Falster Hospital, Nykøbing Falster, Denmark), Ole
Schiødt, MD (Department of Anaesthesia, Slagelse
Hospital, Slagelse, Denmark), Henrik Stougaard,
MD (Department of Anaesthesiology, Odense Uni-
versitetshospital, Svendborg, Denmark), Helle S.
Pedersen, MD (Department of Anaesthesia,
Naestved Hospital, Naestved, Denmark), Susan K.
Pedersen, MD (Department of Anaesthesia, Viborg
Hospital, Viborg, Denmark), Morten Gaarden, MD,
PhD (Department of Surgery, Viborg Hospital,
Viborg, Denmark), Jacob Rosenberg, MD, DMSc
(Department of Surgery, Copenhagen University
Hospital, Gentofte, Denmark), Søren Bøgevig, MD
(Department of Anaesthesia, Holbaek Hospital,
Holbaek, Denmark), Claus Juul, MD (Department

of Surgery, Holbaek Hospital, Holbaek, Denmark),
Jan M. Krzak, MD (Department of Surgery, Kolding
Hospital, Kolding, Denmark). All participating cen-
ters received compensation per included patient.
Data Monitoring Committee: Jørgen Hilden, MD
(Department of Biostatistics, University of Copen-
hagen, Copenhagen, Denmark); Jørgen B. Dahl,
MD, DMSc (Department of Anaesthesia, Glostrup
Hospital, Copenhagen University Hospital, Glos-
trup, Denmark); Peer Wille-Jørgensen, MD, DMSc
(Department of Surgery, Bispebjerg Hospital, Uni-
versity of Copenhagen, Copenhagen, Denmark).
The Data Monitoring Committee received no com-
pensation. Steering Committee: Drs Meyhoff, Wet-
terslev, Jorgensen, and Rasmussen. Statistical Sup-
port: Klaus K. Holst, Cand Scient (Department of
Biostatistics, University of Copenhagen, Copenha-
gen, Denmark); Jeremy Silver, Cand Scient (Depart-
ment of Biostatistics, University of Copenhagen,
Copenhagen, Denmark). Compensation consisted
of an hourly salary. Language Correction: Kate
Whitfield, CRA (European Clinical Research Infra-
structures Network, Copenhagen Trial Unit, Copen-
hagen, Denmark). No compensation.

REFERENCES

1. Coello R, Charlett A, Wilson J, Ward V, Pearson
A, Borriello P. Adverse impact of surgical site infec-
tions in English hospitals. J Hosp Infect. 2005;60
(2):93-103.
2. Miles AA, Miles EM, Burke J. The value and dura-
tion of defence reactions of the skin to the primary
lodgement of bacteria. Br J Exp Pathol. 1957;38
(1):79-96.
3. Babior BM. Oxygen-dependent microbial killing by
phagocytes (first of two parts). N Engl J Med. 1978;
298(12):659-668.
4. Allen DB, Maguire JJ, Mahdavian M, et al. Wound
hypoxia and acidosis limit neutrophil bacterial killing
mechanisms. Arch Surg. 1997;132(9):991-996.
5. Niinikoski J, Jussila P, Vihersaari T. Radical mas-
tectomy wound as a model for studies of human
wound metabolism. Am J Surg. 1973;126(1):53-
58.
6. Hopf HW, Holm J. Hyperoxia and infection. Best
Pract Res Clin Anaesthesiol. 2008;22(3):553-569.
7. Hopf HW, Hunt TK, West JM, et al. Wound tissue
oxygen tension predicts the risk of wound infection
in surgical patients. Arch Surg. 1997;132(9):997-
1005.
8. Greif R, Akça O, Horn EP, Kurz A, Sessler DI; Out-
comes Research Group. Supplemental perioperative
oxygen to reduce the incidence of surgical-wound
infection. N Engl J Med. 2000;342(3):161-167.
9. Belda FJ, Aguilera L, Garcı́a de la Asunción J, et al;
Spanish Reduccion de la Tasa de Infeccion Quirur-
gica Group. Supplemental perioperative oxygen and
the risk of surgical wound infection: a randomized con-
trolled trial. JAMA. 2005;294(16):2035-2042.
10. Mayzler O, Weksler N, Domchik S, Klein M,
Mizrahi S, Gurman GM. Does supplemental peri-
operative oxygen administration reduce the incidence
of wound infection in elective colorectal surgery?
Minerva Anestesiol. 2005;71(1-2):21-25.
11. Pryor KO, Fahey TJ III, Lien CA, Goldstein PA. Sur-
gical site infection and the routine use of perioperative
hyperoxia in a general surgical population: a random-
ized controlled trial. JAMA. 2004;291(1):79-87.
12. Gardella C, Goltra LB, Laschansky E, et al. High-
concentration supplemental perioperative oxygen to
reduce the incidence of postcesarean surgical site in-
fection: a randomized controlled trial. Obstet Gynecol.
2008;112(3):545-552.
13. Akça O, Podolsky A, Eisenhuber E, et al. Com-
parable postoperative pulmonary atelectasis in pa-

tients given 30% or 80% oxygen during and 2 hours
after colon resection. Anesthesiology. 1999;91
(4):991-998.
14. Carpagnano GE, Kharitonov SA, Foschino-Barbaro
MP, Resta O, Gramiccioni E, Barnes PJ. Supplemen-
tary oxygen in healthy subjects and those with COPD
increases oxidative stress and airway inflammation.
Thorax. 2004;59(12):1016-1019.
15. Bandali KS, Belanger MP, Wittnich C. Does hy-
peroxia affect glucose regulation and transport in the
newborn? J Thorac Cardiovasc Surg. 2003;126
(6):1730-1735.
16. Harten JM, Anderson KJ, Angerson WJ, Booth
MG, Kinsella J. The effect of normobaric hyperoxia
on cardiac index in healthy awake volunteers.
Anaesthesia. 2003;58(9):885-888.
17. Garcı́a-Botello SA, Garcı́a-Granero E, Lillo R,
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