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Background: Postoperative pulmonary complications are as fre-
quent and clinically important as cardiac complications in terms of
morbidity, mortality, and length of stay. However, there has been
much less research and no previous systematic reviews of the
evidence of interventions to prevent pulmonary complications.

Purpose: To systematically review the literature on interventions to
prevent postoperative pulmonary complications after noncardiotho-
racic surgery.

Data Sources: MEDLINE English-language literature search, 1 Jan-
uary 1980 through 30 June 2005, plus bibliographies of retrieved
publications.

Study Selection: Randomized, controlled trials (RCTs); systematic
reviews; or meta-analyses that met predefined inclusion criteria.

Data Extraction: Using standardized forms, the authors abstracted
data on study methods, quality, intervention and control groups,
patient characteristics, surgery, postoperative pulmonary complica-
tions, and adverse events.

Data Synthesis: The authors qualitatively synthesized, without
meta-analysis, evidence from eligible studies. Good evidence (2
systematic reviews, 5 additional RCTs) indicates that lung expansion
interventions (for example, incentive spirometry, deep breathing

exercises, and continuous positive airway pressure) reduce pulmo-
nary risk. Fair evidence suggests that selective, rather than routine,
use of nasogastric tubes after abdominal surgery (2 meta-analyses)
and short-acting rather than long-acting intraoperative neuromus-
cular blocking agents (1 RCT) reduce risk. The evidence is conflict-
ing or insufficient for preoperative smoking cessation (1 RCT), epi-
dural anesthesia (2 meta-analyses), epidural analgesia (6 RCTs, 1
meta-analysis), and laparoscopic (vs. open) operations (1 systematic
review, 1 meta-analysis, 2 additional RCTs), although laparoscopic
operations reduce pain and pulmonary compromise as measured by
spirometry. While malnutrition is associated with increased pulmo-
nary risk, routine total enteral or parenteral nutrition does not
reduce risk (1 meta-analysis, 3 additional RCTs). Enteral formula-
tions designed to improve immune status (immunonutrition) may
prevent postoperative pneumonia (1 meta-analysis, 1 additional
RCT).

Limitations: The overall quality of the literature was fair: Ten of 20
RCTs and 6 of 11 systematic reviews were good quality.

Conclusions: Few interventions have been shown to clearly or
possibly reduce postoperative pulmonary complications.
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Postoperative pulmonary complications are as common
as cardiac complications for patients undergoing non-

cardiothoracic surgery (1–6). Further, these complications
have similar mortality rates and length of stay after elective
abdominal surgery or hip fracture repair (1, 2). In an ac-
companying systematic review (7), we identify patient,
procedure, and laboratory risk factors for postoperative
pulmonary complications. Our current systematic review
synthesizes the evidence on preventive strategies and fo-
cuses on atelectasis, pneumonia, and respiratory failure.
While we have written the review primarily for internists,
this field crosses specialty disciplines.

METHODS

Literature Search and Selection Criteria
We performed a systematic MEDLINE English-lan-

guage literature search from 1 January 1980 to 30 June
2005. The search strategy and inclusion and exclusion cri-
teria are described in the accompanying review of risk fac-
tors and in further detail in its Appendix, available at www
.annals.org (7). The search strategy used 1) the Medical
Subject Heading (MeSH) terms preoperative care, intraop-
erative care, postoperative care, intraoperative complications,

and postoperative complications as a focus of the article; 2)
the MeSH text term perioperative complications as a text
term in the title or abstract; and 3) additional MeSH and
text terms for pulmonary, respiratory, or cardiopulmonary
conditions, complications, or care. In addition, we per-
formed additional focused searches for preoperative chest
radiography and spirometry, laparoscopic versus open ma-
jor abdominal operations, general versus spinal or epidural
anesthesia, intraoperative neuromuscular blockade, postop-
erative pain management, and postoperative lung expan-
sion techniques. Eligible studies were randomized, con-
trolled trials; systematic reviews; or meta-analyses. We
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excluded studies with less than 25 participants per group;
studies from developing countries (because of potential dif-
ferences in respiratory and intensive care technology); stud-
ies that used physiologic (for example, lung volumes and
flow, oximetry) rather than clinical outcome measures;
studies of gastric pH manipulation; studies of complica-
tions that are unique to the surgery (for example, upper
airway obstruction after uvulectomy); studies of cardiopul-
monary, pediatric, or organ transplantation surgery (be-
cause of profoundly immunosuppressive drugs); and stud-
ies that used only administrative data to identify
postoperative complications (for example, International
Classification of Diseases, Ninth Revision, Clinical Modi-
fication [ICD-9-CM], codes) because of recent evidence
that administrative data have poor validity for postopera-
tive complications (8, 9).

Assessment of Study Quality
We used the Quality of Reporting of Meta-analyses

(QUOROM) statement for reporting meta-analyses and
the U.S. Preventive Services Task Force criteria for hierar-
chy of research design to assess internal validity and study
quality (good, fair, or poor) and to make conclusions about
strength of the evidence (10, 11).

Statistical Analysis
We used simple means and chi-square tests to calculate

CIs and P values when they were not provided in publica-
tions. We did not perform quantitative pooling because
multiple meta-analyses were beyond the scope of a broad
review of multiple potential interventions. We report
pooled results from previous meta-analyses when applicable.

Role of the Funding Source
The Veterans Evidence-based Research, Dissemina-

tion, and Implementation Center (VERDICT) (Veterans
Affairs Health Services Research and Development, HFP
98-002) provided the research librarian and administrative
support for the study. The funding source had no role in
the design, conduct, or reporting of the study or in the
decision to submit the manuscript for publication.

RESULTS

The search and inclusion criteria identified 20 ran-
domized clinical trials and 11 systematic reviews or meta-
analyses (12–42). Figure 1 in the accompanying review (7)
of risk factors for postoperative pulmonary complications
details the search results. Appendix Tables 1 through 7
(available at www.annals.org) provide detailed characteris-
tics of the eligible randomized trials and systematic reviews.

Preoperative Smoking Cessation
In the only trial of preoperative smoking cessation

(12), 108 older, relatively healthy men undergoing hip or
knee replacement were randomly assigned to usual care or
weekly meetings with a nurse for advice about smoking
cessation and nicotine withdrawal plus individualized nic-
otine replacement for 6 to 8 weeks before surgery until 10

days after surgery. The mean age of the men was 65 years,
and 95% were American Society of Anesthesiologists
(ASA) physical status class I or II. Of 56 patients in the
intervention group, 36 stopped smoking and 14 reduced
smoking before surgery. Overall complications rates were
lower in the intervention group (18% vs. 52%; P �
0.001), primarily due to fewer wound complications and
urinary tract infections. The only pulmonary outcome,
postoperative ventilator support, occurred in 1 patient in
each group. Non–statistically significant trends favored
shorter mean hospital stay (11 days vs. 13 days; P � 0.41)
and fewer cardiac complications (0% vs. 10%; P � 0.08)
in the intervention group.

Although the trial was of good quality, several factors
limit its ability to demonstrate decreased risk for postoper-
ative pulmonary complications. Pulmonary risk is inher-
ently low with hip and knee replacement. Furthermore, the
timing of smoking cessation seems important. A previous
cohort study showed paradoxically higher postoperative
pulmonary complication rates for smokers who stopped or
reduced smoking within 2 months before noncardiotho-
racic surgery (43). Smoking cessation may increase short-
term risk because of transiently increased mucus produc-
tion due to improved mucociliary activity and reduced
coughing due to less bronchial irritation.

Anesthetic and Analgesic Techniques
Anesthetics disrupt central regulation of breathing and

result in uncoordinated neural messaging. Due to resulting
hypoventilation plus positional dependence, regional atel-
ectasis occurs shortly after induction. It persists postopera-
tively and is compounded by ongoing disruption of respi-
ratory muscles, limited respiratory excursion due to pain,
and disruption of neurally mediated diaphragmatic func-
tions after manipulation of abdominal viscera (43).

Neuromuscular Blockade

One good-quality trial found no difference in rates of
postoperative pulmonary complications between interme-
diate-acting (atracurium, vecuronium) and long-acting
(pancuronium) neuromuscular blocking agents among 691
patients undergoing elective abdominal, gynecologic, or or-
thopedic surgery (13). However, the incidence of residual
neuromuscular block was higher among patients receiving
pancuronium (26% vs. 5%; P � 0.001). Patients with re-
sidual blockade after pancuronium were 3 times more
likely to develop postoperative pulmonary complications
than those without residual block (17% vs. 5%; P � 0.02).
In contrast, among patients receiving intermediate-acting
agents, postoperative pulmonary complication rates did
not differ between those with (4%) and without (5%) pro-
longed blockade. Therefore, pancuronium may directly
lead to higher rates of prolonged neuromuscular blockade
and indirectly to increased pulmonary risk compared with
shorter-acting agents.
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Anesthesia and Analgesia

Neuraxial blockade (either spinal or epidural anesthe-
sia) blocks a constellation of stress responses to surgery
(neuroendocrine, cytokine, and pain threshold) and may
improve recovery and prevent complications (44). Postop-
erative epidural analgesia may reduce respiratory muscle
dysfunction and pain-related hypoventilation. The epi-
dural approach involves either a single injection or an in-
fusion and can be used for both intraoperative anesthesia
and postoperative analgesia. Spinal anesthesia has a faster
onset (5 to 10 minutes vs. 15 to 20 minutes), produces
denser sensory and motor block, and is technically easier
than epidural anesthesia. However, spinal anesthesia is ad-
ministered only as a single injection because of practical
constraints of indwelling intrathecal catheters. The possible
benefit of neuraxial blockade has generated studies of gen-
eral versus neuraxial blockade anesthesia, followed by trials
comparing epidural analgesia to other modes of analgesic
delivery (for example, oral, intramuscular, intravenous, pa-
tient-controlled analgesia) and, more recently, trials of
combined epidural intraoperative anesthesia and epidural
postoperative analgesia.

Intraoperative General Anesthesia versus Neuraxial Blockade

A recent good-quality meta-analysis combined 141 tri-
als (n � 9559) comparing general anesthesia and neuraxial

blockade in patients undergoing a variety of operations
(32). The authors compared patients receiving neuraxial
blockade (with or without concomitant general anesthesia)
with those receiving only general anesthesia. Neuraxial
blockade reduced overall mortality (2% vs. 3%; odds ratio,
0.70 [95% CI, 0.54 to 0.90]), pneumonia (3% vs. 5%;
odds ratio, 0.61 [CI, 0.48 to 0.76]), and respiratory failure
(0.5% vs. 0.8%; odds ratio, 0.41 [CI, 0.23 to 0.73]). In a
subgroup analysis of trials of neuraxial blockade alone ver-
sus general anesthesia alone, results were similar (odds ra-
tio, 0.63 [CI, 0.46 to 0.87] for pneumonia; odds ratio,
0.37 [CI, 0.11 to 1.21] for respiratory failure).

Potential sources of bias in the meta-analysis include
1) clinically heterogeneous studies; 2) unusually high mor-
tality rates in several trials; 3) older literature (82% of in-
cluded studies were published before 1990); 4) small stud-
ies (81% of included studies had � 50 patients); and 5)
statistically significant benefit only for orthopedic surgery
in subgroup analyses (45–47).

A smaller good-quality systematic review identified 15
randomized or quasi-randomized trials of 2162 patients
undergoing hip fracture repair (33). Postoperative pneu-
monia rates were almost identical: 5.1% of 529 patients
having neuraxial blockade and 5.5% of 567 patients having
general anesthesia (odds ratio, 0.92 [CI, 0.53 to 1.59]).
Twelve of the 15 trials were also included in the larger

Table 1. Randomized, Controlled Trials of Combined Intraoperative Anesthesia and Postoperative Analgesia*

Author, Year
(Reference)

Type of Surgery Intervention Group Patients

Total,
n

Men,
n

Age, y

Norris et al.,
2001 (14)

Elective abdominal aortic
surgery

Four groups: 1) intraoperative GETA � postoperative IV PCA; 2)
intraoperative GETA � postoperative epidural PCEA; 3)
intraoperative GETA � supplemental epidural � postoperative
IV PCA; 4) intraoperative GETA � supplemental epidural �
postoperative PCEA

168 115 Mean, 68
(SD, 9.5)

Rigg et al.,
2002 (15)

Elective abdominal or
esophageal surgery

Two groups: 1) intraoperative GETA � postoperative IV opioid;
2) intraoperative GETA � epidural local anesthetic �
postoperative epidural local anesthetic and additional opioid
as needed

915 NR‡ NR‡

Park et al.,
2001 (16)

Elective abdominal surgery
(Veterans Hospitals)

Two groups: 1) intraoperative GETA � postoperative IV or IM
opioid; 2) intraoperative GETA � epidural anesthesia �
postoperative epidural opioid

1021 1021 Mean, 67
(SD, 8.8)

Fléron et al.,
2003 (17)

Elective abdominal aortic
surgery

Two groups: 1) intraoperative GETA � IV opioid �
postoperative IV opioid; 2) intraoperative GETA � epidural
opioid � postoperative IV opioid

217 192 Mean, 66.5
(SD, 10.5)

Mann et al.,
2000 (18)

Elective major abdominal
surgery for cancer

Two groups: 1) intraoperative GETA � postoperative IV PCA
with morphine; 2) intraoperative GETA � epidural �
postoperative PCEA with combined local anesthetic and
sufentanil

70 38 Mean, 76.5
(SD, 5.2)

Cuschieri et al.,
1985 (19)

Elective cholecystectomy Three groups: 1) intraoperative GETA � postoperative IM
morphine; 2) intraoperative GETA � postoperative IV
morphine; 3) intraoperative GETA � epidural local anesthetic
� postoperative epidural local anesthetic for 12 h then
morphine as needed

75 16 52 (range,
18–75)

* GETA � general endotracheal anesthesia; IM � intramuscular; IV � intravenous; NR � not reported; NS � not significant; PCA � patient-controlled analgesia; PCEA �
patient-controlled epidural analgesia; PPC � postoperative pulmonary complication.
† Level of evidence for all studies is I � randomized clinical trial.
‡ Sex and age not given in primary publication or previous methods publication.
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meta-analysis (32), which included 44 trials of orthopedic
surgery (n � 3617). Why the results for pneumonia differ
between the 2 meta-analyses is not clear, but important
variables may include type or duration of procedure (hip
fracture repair is inherently low risk for postoperative pul-
monary complications), intraoperative fluids, and postop-
erative pain and rehabilitative management.

Combined Intraoperative and Postoperative Anesthesia and
Analgesia

Table 1 summarizes 6 eligible trials that compared
various regimens of intraoperative anesthesia and postop-
erative analgesia. In a double-blind, good-quality efficacy
trial of patients undergoing abdominal aortic surgery (14),
investigators randomly assigned patients to 1 of 4 com-
bined anesthetic and analgesic protocols. The trial stan-
dardized the entire episode of anesthesia and pain manage-
ment to optimize efficacy in all 4 groups. The primary
outcome measure was length of stay; secondary outcomes
included postoperative pulmonary complications. Sample
sizes were small (37, 38, 39, and 46 participants, respec-
tively), and median length of stay (7 to 8 days for all
groups) or postoperative pulmonary complication rates did
not differ among the groups.

Strengths of the trial include the double-blind design
and equally highly standardized protocols for both anesthe-

sia and analgesia (48, 49). Unequally optimized regimens
can introduce bias that systematically favors one type of
intervention. Potential weaknesses, regarding prevention of
postoperative pulmonary complication, include length of
stay as the primary outcome measure and small sample size
(50–52).

In a subsequent fair-quality effectiveness trial (15),
915 patients undergoing major abdominal surgery were
randomly assigned to general anesthesia and 1) postopera-
tive intravenous opioid or 2) intraoperative epidural local
anesthetic plus postoperative epidural analgesia. Overall in-
fections did not differ, and the authors did not report re-
sults for pneumonia. Statistically significantly less pain and
respiratory failure occurred with epidural anesthesia, but
only 225 of 447 patients in the epidural group completed
the protocol.

In a subgroup analysis of high-risk patients (respira-
tory insufficiency by arterial blood gas analysis, severe ob-
structive or restrictive lung disease, acute respiratory failure
within the past 2 years, or morbid obesity), rates of pneu-
monia (11% vs. 12%; P � 0.71) or mechanical ventilation
for more than 24 hours (8% for both groups) did not
differ. Respiratory failure (ventilation � 24 hours, reintu-
bation, PaO2 � 50 mm Hg, or PaCO2 � 50 mm Hg on
room air) occurred significantly less often with epidural
(45% vs. 29%; odds ratio, 0.5 [CI, 0.29 to 0.88]) (53).

Table 1—Continued

Random
Allocation
Concealed

Blinded
Outcome
Assessment

PPCs Level of
Evidence†;
Study Quality

Results

Yes Yes Reintubation, prolonged intubation, pneumonia (primary
outcome was length of stay; PPCs were secondary
outcomes)

I; good Overall PPCs: 20% vs. 17% vs. 25% vs. 9%; P � NS
Reintubation: 0%–2.9%; P � 0.9
Prolonged intubation: 7%–22%; P � 0.3
Pneumonia: 0%–2.8%; P � 0.6

No No Respiratory failure, overall infection I; fair Infection: 47% in IV group, 43% in epidural group; P �
0.26

Respiratory failure: 30% in IV group, 23% in epidural
group; P � 0.02

Yes No Primary outcomes: death, respiratory failure; secondary
outcome: pneumonia

I; fair Mortality: 4% vs. 3%
Respiratory failure: 10% with epidural vs. 14%; P � 0.06
Pneumonia: 5% with epidural vs. 8%; P � 0.15

Yes No Pneumonia, lobar atelectasis, respiratory failure I; fair Overall PPCs: 16% with epidural, 23% with IV opioid;
P � 0.32

Yes No Segmental or lobar atelectasis, pneumonia, major PPCs
defined by clinical score based on physical
examination

I; poor Atelectasis: 23% with epidural vs. 18%; P � 0.77
Major PPCs: 3% vs. 3%

Unclear No Atelectasis, pneumonia I; poor Atelectasis: 20% with epidural vs. 28% with IV and 40%
with IM morphine; P � NS

Pneumonia: 4% with epidural vs. 20% with IV morphine
(P � 0.20) and 24% with IM morphine (P � 0.11)
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In a large fair-quality trial (16), 1021 patients under-
going abdominal surgery were randomly assigned to gen-
eral anesthesia and 1) postoperative systemic opioid or 2)
intraoperative epidural anesthesia plus postoperative epi-
dural morphine. Mortality rates did not differ, and non–
statistically significant trends favored the epidural approach
for pneumonia and respiratory failure.

In 1 fair-quality trial (17), 217 patients undergoing
elective abdominal aortic surgery were randomly assigned
to general anesthesia alone or general anesthesia plus intra-
operative epidural opioid. Both groups received the same
postoperative pain management. A non–statistically signif-
icant trend favored intraoperative epidural for overall post-
operative pulmonary complications. Rates of individual
types of postoperative pulmonary complications did not
differ, but statistical power was low.

In a smaller poor-quality trial (18), 70 elderly patients
undergoing major abdominal surgery were randomly as-
signed to general anesthesia and 1) postoperative patient-
controlled morphine or 2) intraoperative neuraxial blockade
plus postoperative patient-controlled epidural analgesia.
Rates of atelectasis or major pulmonary complications did
not differ. In an additional, small poor-quality trial (19), 75
patients undergoing elective cholecystectomy were ran-
domly assigned to general anesthesia and 1) postoperative
intramuscular morphine, 2) continuous intravenous mor-
phine, or 3) intraoperative epidural local anesthesia plus post-
operative epidural local anesthetic for 12 hours. Postoperative
pneumonia occurred less often with epidural (4%) than with
either intramuscular morphine (24%; P � 0.05) or intravenous
morphine (20%; P � 0.11).

Postoperative Analgesic Technique

A fair-quality meta-analysis examined the evidence for
3 epidural techniques: intercostal nerve block, systemic
opioids, and wound infiltration with local anesthetic (34).
The number of trials that compared any 2 strategies varied
from 2 to 11. Compared with systemic opioids, epidural
opioids reduced atelectasis (relative risk, 0.53 [CI, 0.33 to
0.85]; 11 studies) but not pneumonia (relative risk, 0.53
[CI, 0.18 to 1.53]; 5 studies). Compared with systemic
opioids, epidural local anesthetic reduced “pulmonary in-
fection” (relative risk, 0.36 [CI, 0.21 to 0.65]; 5 studies)
but not atelectasis (relative risk, 0.74 [CI, 0.50 to 1.11]; 4
studies). However, the authors pooled studies of both on-
demand (that is, as requested) and patient-controlled intra-
venous analgesia, which could bias the results of the meta-
analysis in favor of epidural analgesia.

In contrast, a good-quality meta-analysis identified 32
trials (n � 1029) of patient-controlled opioid analgesia
versus the same drug given intravenously, intramuscularly,
or subcutaneously (35). Opioid consumption, pain scores,
length of stay, or adverse effects did not differ. In the 2
trials reporting postoperative pulmonary complications,
fewer complications occurred in the patient-controlled an-

algesia group (odds ratio, 0.93 [CI, 0.86 to 0.99]; number
needed to treat, 15 [CI, 8 to 98]).

Summary

Evidence from 1 good-quality trial suggests that shorter-
acting neuromuscular blocking drugs may prevent postop-
erative pulmonary complications. Intraoperative neuraxial
blockade, either alone or in combination with general an-
esthesia, may prevent postoperative pulmonary complica-
tions, but the evidence is conflicting. Several meta-analyses
(which included small unblinded studies) suggest that epi-
dural anesthesia may reduce pulmonary risk, but recent
large randomized trials do not confirm benefit. Random-
ized trials of combined intraoperative and postoperative
anesthetic or analgesic regimens do not clearly indicate that
a combined epidural approach prevents postoperative pul-
monary complications. Two meta-analyses of postoperative
analgesic regimens suggest that part of the variability may
be due to on-demand analgesia (intravenous, intramuscu-
lar, or subcutaneous) versus patient-controlled analgesia
(intravenous or epidural). Postoperative epidural and pa-
tient-controlled intravenous analgesia both seem superior
to on-demand delivery of opioids in preventing postoper-
ative pulmonary complications. Epidural analgesia may
further reduce postoperative pulmonary complications.
More good-quality efficacy trials with standardized optimal
regimens for all groups and sufficient size to examine pul-
monary complication rates are needed (14). The risk for
epidural bleeding due to postoperative epidural catheters in
patients receiving heparin (especially low-molecular-weight
heparin) makes timing of catheter placement important
and may influence decisions about modalities for pain con-
trol and thromboembolism prophylaxis (54–56).

Laparoscopic versus Open Procedures
Our search identified many trials comparing laparo-

scopic and open procedures, but few reported postopera-
tive pulmonary complication rates. Those that did focused
on cholecystectomy and colorectal surgery. Downs and col-
leagues (36) performed a good-quality systematic review
through March 1995 of open and laparoscopic cholecys-
tectomy. They identified 18 trials (n � 1645) that were
published with sufficient detail to judge methodologic
quality. Twelve trials had at least 40 patients per study
group, and the largest study had 150 participants per
group. Since the authors did not quantitatively pool data
because of clinical heterogeneity and methodologic prob-
lems, we examined the studies individually. None met the
criteria for inclusion in our review (�25 participants per
group [8 studies] or no clinical postoperative pulmonary
complications reported [10 studies]).

Among the 4 highest-quality trials reporting spiromet-
ric outcomes, unblinded outcome assessment found statis-
tically significantly greater compromise in FVC and FEV1

at 24 hours and 48 hours postoperatively with open cho-
lecystectomy. In 1 study that followed patients until pul-
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monary function recovered to within 10% to 15% of pre-
operative levels, pulmonary function recovered 4 to 10
days earlier with laparoscopic cholecystectomy. Only 1
very small (n � 40) blinded trial assessed whether reduced
pulmonary dysfunction translated into clinically important
differences in postoperative pulmonary complication rates.
On postoperative chest radiography, atelectasis occurred
significantly less often with laparoscopic operations (40%
vs. 90%; P � 0.001).

We identified 1 subsequent, poor-quality trial of lapa-
roscopic versus open cholecystectomy (20). Among 82 pa-
tients, the frequency and severity of atelectasis, assessed by
radiologists who were blinded to type of procedure, were
significantly less among patients randomly assigned to
laparoscopic cholecystectomy (frequency, 29% vs. 63%
[P � 0.05]; severity, chi-square for trend P � 0.05). How-
ever, the analysis was not intention-to-treat: Patients who
converted from laparoscopic to open operations were ex-
cluded from analysis.

Table 2 summarizes the results of a good-quality
meta-analysis of laparoscopic versus open resection of colo-
rectal cancer (37). Overall mortality did not differ. Risk
was consistently less with laparoscopic operations for sev-
eral complications but was not statistically significantly less
with the more conservative statistical approach of random-
effects modeling. The reduced risk for overall complica-
tions was primarily due to fewer wound complications,
especially wound infection. Regarding pulmonary compli-
cations, a non–statistically significant trend favored laparo-
scopic resection. Three studies that evaluated postoperative
pulmonary complications reported that respiratory recovery
(defined by spirometry) was statistically significantly faster.
Nine studies reporting data confirmed shorter length of hos-
pital stay (mean, 21% shorter [range, 14% to 38%]) after
laparoscopic operations (37).

We identified 1 additional good-quality trial of lapa-
roscopic versus open colorectal resection in 384 patients;
269 were in an earlier publication that was included in the
previous meta-analysis discussed (21). Again, a nonsignifi-
cant trend favored lower rates of pneumonia after laparo-
scopic operations (3 of 190 [1.8%] patients and 6 of 194
[3.5%] patients; P � 0.52) (21).

Two large retrospective cohort studies highlight the
problems with using designs other than a randomized trial
and ICD-9-CM codes to identify postoperative pulmonary
complications to compare open and laparoscopic opera-
tions (57, 58). Atelectasis (the only postoperative pulmo-
nary complication studied) occurred significantly less often
with laparoscopic (n � 19 662) compared with open (n �
23 771) cholecystectomy (4% vs. 2%; P � 0.001) (57).
Overall postoperative pulmonary complications were sig-
nificantly less frequent after laparoscopic (n � 709) com-
pared with open (n � 17 735) sigmoid resection (2.5% vs.
6%; P � 0.001) (58). The results of these 2 studies may be
unreliable because of lack of systematic prospective surveil-
lance. Clinicians may have been biased to order more post-

operative chest radiographs (and therefore identify more
atelectasis) after open procedures. Furthermore, in a recent
study comparing discharge ICD-9-CM codes and system-
atic chart review for complications (8), specificity of ICD-9
codes was high but sensitivity was low: 35% (CI, 30% to
41%) for all complications and 32% (CI, 19% to 45%) for
all infectious complications.

In summary, while supported by spirometric, postop-
erative pain, and length of stay data, whether laparoscopic
procedures reduce the risk for clinically important pulmo-
nary complications is not clear. The literature did not sys-
tematically assess or report pulmonary complications, and
most studies did not have sufficient statistical power to
detect differences in postoperative pulmonary complication
rates.

Nasogastric Decompression after Abdominal Surgery
Selective use of nasogastric decompression, or tubes,

refers to use only for postoperative nausea or vomiting,
inability to tolerate oral intake, or symptomatic abdominal
distension. Routine decompression (that is, standard use
until bowel function returns) has been thought to speed
bowel recovery and decrease risk for aspiration. We iden-
tified 2 meta-analyses of studies of routine versus selective
nasogastric decompression (38, 39, 59). One or both meta-
analyses included all the trials that we identified.

The first meta-analysis was of good methodologic
quality up to quantitative analyses, which pooled data from
randomized trials, nonrandomized trials, “uncontrolled”
trials, and case–control studies (38). For the overall group
of 26 studies (which comprised 15 RCTs, 3 nonrandom-
ized trials, and 8 case–control studies [n � 3964]), pa-
tients receiving selective decompression had significantly
lower rates of pneumonia (odds ratio, 0.49; P � 0.001)
and atelectasis (odds ratio, 0.46; P � 0.001) and shorter
time to oral intake (3.5 days vs. 4.6 days; P � 0.04). As-
piration rates (odds ratio, 0.61; P � 0.88) did not differ.
Selective decompression did not statistically significantly
increase nausea, vomiting, or abdominal distension. For 20
higher-quality studies (15 trials and 5 case–control stud-
ies), patients receiving selective decompression also had

Table 2. Summary of Results of Meta-Analysis of 12
Randomized, Controlled Trials for Laparoscopic Operations
Relative to Open Operations for Colorectal Cancer*

Result Odds Ratio (95% CI)

Fixed-Effects Model Random-Effects Model

Mortality Data not given 0.85 (0.33–2.21)
Overall morbidity 0.62 (0.45–0.85) 0.68 (0.38–1.24)
Overall complications 0.60 (0.45–0.79) 0.62 (0.38–1.03)
Wound complications 0.47 (0.28–0.78) 0.47 (0.28–0.78)
Wound infection 0.47 (0.28–0.80) 0.47 (0.28–0.80)
Respiratory complications 0.65 (0.28–1.49) 0.65 (0.28–1.49)

* Data from Abraham et al. (37).
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lower rates of pneumonia (odds ratio, 0.59; P � 0.01) and
atelectasis (odds ratio, 0.52; P � 0.002), a trend toward
shorter time to oral intake (3.5 days vs. 4.5 days; P �
0.07), no difference in aspiration rates, and significantly
higher rates of vomiting (odds ratio, 1.45; P � 0.005) and
abdominal distension (odds ratio, 1.34; P � 0.02)

The recent meta-analysis was of good quality, and it
identified 28 eligible trials (n � 4194) of routine versus
selective nasogastric decompression after open laparotomy
(39, 59). It included 15 of the 17 RCTs in the previous
meta-analysis. Of 19 trials (n � 2892) reporting postoper-
ative pulmonary complication, 18 included only elective
operations (39, 59). Patients who were randomly assigned
to selective decompression had fewer postoperative pulmo-
nary complications, and the benefit approached statistical

significance (relative benefit increase, 1.35 [CI, 0.98 to
1.86]; P � 0.07; calculated relative risk reduction, 0.74
[CI, 0.54 to 1.02]). Selective decompression also resulted
in earlier bowel recovery (8 studies; n � 862; 0.46 day [CI,
0.28 day to 0.64 day]; P � 0.001).

In summary, the evidence suggests that selective naso-
gastric decompression (that is, for specific indications
rather than routine decompression) improves return of bowel
function and may reduce the incidence of postoperative pul-
monary complications after elective abdominal operations.

Lung Expansion Modalities
Decreased lung volumes and atelectasis due to surgery-

related shallow breathing, bed rest, diaphragmatic dysfunc-
tion, pain, and impaired mucociliary clearance may be the

Table 3. Meta-Analyses and Randomized, Controlled Trials of Lung Expansion Interventions To Prevent Postoperative Pulmonary
Complications*

Author, Year (Reference) Type of Surgery Intervention Studies
Identified/
Eligible
RCTs, n/n

Random
Allocation
Concealed

Blinded
Outcome
Assessment

Systematic reviews or
meta-analyses

Thomas and McIntosh,
1994 (40)

Any upper
abdominal
surgery

IS, IPPB, DBEs 116/14 NA NA

Overend et al.,
2001 (41)

Upper and lower
abdominal
surgery

IS, IPPB, DBEs, CPAP, PEP, or
CPAP with PT

85/4 NA NA

Subsequent RCTs
Chumillas et al.,

1998 (22)
Elective upper

abdominal
surgery

DBEs vs. no prophylaxis Unclear Unclear

Fagevik Olsén et al.,
1997 (23)

Elective open
abdominal
surgery

Low risk: DBEs vs. no
prophylaxis; high risk: DBEs
plus PEP vs. no prophylaxis‡

Unclear Unclear

Hall et al., 1991 (24) Abdominal surgery IS, chest PT (control) Yes Yes

Hall et al., 1996 (25) Abdominal surgery Low risk: IS vs. DBEs; high risk:
IS vs. IS plus chest PT§

Yes Yes

Böhner et al., 2002 (26) Elective
intra-abdominal
vascular surgery

Nasal CPAP for 12 h after
surgery vs. O2 by nasal
cannula to keep saturation
� 95%

Yes Unclear

* CDC � Centers for Disease Control and Prevention; CPAP � continuous positive airway pressure; DBE � deep breathing exercise; FiO2 � fraction of inspired oxygen;
IPPB � intermittent positive-pressure breathing; IQR � interquartile range; IS � incentive spirometry; NA � data not available; OR � odds ratio; PEP � positive
respiratory pressure throughout expiration; PPC � postoperative pulmonary complication; PT � physical therapy; RCT � randomized, controlled trial.
† Level of evidence for all studies is I � randomized controlled trial.
‡ High risk � age � 50 y and current smoker or body mass index � 30 kg/m2 or lung disease requiring daily medication.
§ High risk � American Society of Anesthesiologists class � I or age � 60 y.
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first events in a cascade leading to postoperative pulmonary
complication. However, the evidence on prophylactic lung
expansion is limited by variable techniques, inconsistent
definitions of postoperative pulmonary complications, and
poor-quality trials. Techniques include incentive spirome-
try, deep breathing exercises, chest physical therapy (which
may include variable combinations of deep breathing,
cough, postural drainage, percussion and vibration, suc-
tioning, and ambulation), intermittent positive-pressure
breathing, and continuous positive airway pressure. Table
3 summarizes the evidence.

The first of 2 poor-quality systematic reviews focused
on upper abdominal surgery and identified 14 randomized
trials (sample size, 17 to 200 participants) (40). Across all
lung expansion modalities, a trend favored fewer postoper-

ative pulmonary complications compared with controls
(odds ratio, 0.85 [CI, 0.59 to 1.2)], but heterogeneity was
statistically significant. In 2 studies, postoperative pulmo-
nary complications occurred less often in patients receiving
incentive spirometry compared with control (odds ratio,
0.44 [CI, 0.18 to 0.99]). In 4 studies, postoperative pul-
monary complications occurred less often in patients who
were randomly assigned to deep breathing exercises (odds
ratio, 0.43 [CI, 0.27 to 0.63]), but heterogeneity was again
statistically significant. Across other studies, no single mo-
dality was clearly superior. The second systematic review
identified 4 randomized trials of patients undergoing ab-
dominal surgery (41). The authors did not report raw or
pooled postoperative pulmonary complication rates. In the
only trial in our systematic review that met our sample size

Table 3—Continued

Participants PPCs/Outcomes Level of
Evidence†;
Study
Quality

Results

Total,
n

Men,
n

Age, y

1337 NA NA Atelectasis or infiltrate on chest
radiograph

I; poor IS vs. no treatment: 2 studies (n � unclear)
(OR, 0.44 [95% CI, 0.18–0.99])
IS vs. IPPB: 3 studies (n � unclear)
(OR, 0.73 [CI, 0.39–1.36])
IS vs. DBE: 4 studies (n � unclear)
(OR, 0.91 [CI, 0.57–1.4])
IPPB vs. DBE: 2 studies (n � unclear)
(OR, 0.94 [CI, 0.28–3.17])

NA NA NA No data except wide variability
noted

I; poor No quantitative pooling due to clinical heterogeneity; no
quantitative results for individual studies reported. In 3 studies
(all with � 25 participants per group), IS was no better than
DBEs or no treatment and was inferior to CPAP or PEP. In a
fourth study (41–44 participants per group), IS, DBEs, and IPPB
(PPC rates of 21%, 22%, and 22%, respectively) were equally
superior to no prophylaxis (PPC rate 48%; P � 0.05 for all
comparisons).

81 35 Mean, 64.1
(range, 18–84)

Bronchitis, atelectasis, pneumonia I; poor DBEs: fewer abnormalities on chest radiograph (15% vs. 39%; P �
0.02) and trend toward fewer PPCs (8% vs. 20%; P � 0.11)

368; 79
(20%) were
high-risk‡

158 Mean, 53.4
(range, 19–92)

Pneumonia I; poor DBEs: lower rate of overall pneumonia (0.6% vs. 7%; P � 0.05)

876 430 Median, 55 (IQR,
32–72)

Clinical examination of collapse or
consolidation plus abnormal chest
radiograph or positive sputum
“microbiology”

I; poor No difference between IS and chest PT in rates of PPCs (16% vs.
15%) and abnormal chest radiograph (22% both groups)

456 209 Low-risk: median,
36 (IQR,
29–44); high
risk: median,
68 (IQR,
58–76)

Clinical examination of collapse or
consolidation plus abnormal chest
radiograph or positive sputum
“microbiology”

I; poor No difference in rate of PPCs: low risk: 8% vs. 11% (P � 0.50);
high risk: 19% vs. 13% (P � 0.18)

204 166 Mean, 64 (SD
11.8)

Pneumonia per CDC criteria, severe
hypoxemia (PaO2 � 70 mm Hg
at FiO2 � 0.70)

I; good Nasal CPAP: lower rate of severe hypoxemia (5% vs. 16%; P �
0.01); trends toward lower rate of pneumonia (2% vs. 5%; P �
0.45) and reintubation (1% vs. 5%; P � 0.21)
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criteria, incentive spirometry, deep breathing exercises, and
intermittent positive-pressure breathing equally prevented
postoperative pulmonary complications compared with no
intervention.

We identified 5 other trials in patients undergoing ma-
jor abdominal surgery. The first 4 trials were of poor qual-
ity. Two trials compared chest physiotherapy with no pro-
phylaxis (22, 23). In the first study, patients who were
randomly assigned to chest expansion, maximum inspira-
tion exercises, cough, and early ambulation had fewer ab-
normalities on postoperative chest radiography and a non–
statistically significant trend toward fewer postoperative
pulmonary complications (22). In the second trial, patients
who were randomly assigned to cough and deep breathing
exercises had significantly lower rates of pneumonia (0.6%
vs. 7%; P � 0.05) (23).

The third trial compared “conventional chest physio-
therapy” with incentive spirometry in 876 patients under-
going abdominal surgery and found no difference in rates
of overall postoperative pulmonary complication, abnor-
mal postoperative chest radiography, or PaO2 less than 60
mm Hg (24). The fourth poor-quality study compared 1)
incentive spirometry and deep breathing exercises in 155
low-risk patients and 2) incentive spirometry versus incen-
tive spirometry plus chest physiotherapy in 301 high-risk
patients (ASA class � I or age � 60 years) undergoing
abdominal surgery (25). Among high- or low-risk patients,
postoperative pulmonary complication rates did not differ
with any intervention.

In the fifth and only good-quality trial (26), 204 pa-
tients undergoing intra-abdominal vascular surgery were
randomly assigned to supplemental oxygen to maintain ar-
terial oxygen saturation greater than 95% or to nasal con-
tinuous positive airway pressure for 12 hours after surgery.
Severe hypoxemia (PaO2 � 70 mm Hg at fraction of in-
spired oxygen � 0.70%) occurred statistically significantly
less often (5% vs. 16%; P � 0.01), and non–statistically
significant trends favored less pneumonia and reintubation
with continuous positive airway pressure.

For patients having abdominal surgery, the evidence
suggests that any type of lung expansion intervention is
better than no prophylaxis. No modality seems superior,
and combined modalities do not seem to provide addi-
tional risk reduction. Incentive spirometry may be the least
labor-intensive, while continuous positive airway pressure
may be particularly beneficial for patients who cannot par-
ticipate in incentive spirometry or deep breathing exercises.

Nutritional Support
Total Parenteral or Total Enteral Hyperalimentation

A fair-quality meta-analysis of 14 randomized or qua-
si-randomized trials of total parenteral nutrition (TPN)
versus no TPN through August 1986 concluded that rou-
tine TPN in major surgery was not beneficial, except per-
haps for severe malnutrition or for extended periods (10
days to 14 days) of inadequate enteral nutrition (60). The

meta-analysis did not report results specific to pulmonary
complications and was therefore ineligible for our review.

Subsequently, a good-quality multisite trial randomly
assigned 395 patients undergoing laparotomy or noncar-
diac thoracotomy to perioperative TPN or no TPN (27).
Overall rates of major complications (26% vs. 25%) and
90-day mortality (13% vs. 11%) were similar between the
groups. Total parenteral nutrition was associated with
non–statistically significant trends toward higher rates of
pneumonia and empyema but significantly lower rates of
noninfectious complications (5.3% vs. 42.9%; P � 0.03).

We identified 1 poor-quality meta-analysis (230 pa-
tients) and 2 additional, good-quality trials of TPN versus
total enteral nutrition (TEN) (28, 29, 42). In the meta-
analysis, infections were twice as common among patients
receiving TPN (35% vs. 16%; P � 0.01) even after exclud-
ing patients with catheter sepsis from analysis (29% vs.
16%; P � 0.03) (42). There was a nonstatistically signifi-
cant trend toward more frequent pneumonia in patients
receiving TPN. In a trial of 241 patients, there was a non–
statistically significant trend toward more postoperative
pulmonary complications with TEN (7% vs. 13%; P �
0.12) (28). In a second, larger trial, 317 malnourished pa-
tients (�10% weight loss in previous 6 months) were ran-
domly assigned to TPN or TEN (29). Rates of overall
complications and infectious complications were statisti-
cally significantly lower with TEN, but rates of pneumonia
(9 of 159 patients vs. 14 of 158 patients; P � 0.39) or the
combined outcome of pneumonia and respiratory failure
(13 of 159 patients vs. 20 of 158 patients; P � 0.27) did
not differ.

Immunonutrition

Immunonutrition refers to enteral feedings with addi-
tional ingredients (variable combinations of arginine, �-3
fatty acids, or ribonucleic acids) to enhance the immune
system and to possibly prevent infection. A good-quality
meta-analysis of trials found that for patients undergoing
elective surgery, enteral immunonutrition had no mortality
benefit but resulted in significantly fewer overall infectious
complications (relative risk, 0.53 [CI, 0.42 to 0.68]) (61).
The authors did not report results for respiratory infec-
tions; therefore, the study was not eligible for our review.

In a subsequent good-quality trial of enteral immu-
nonutrition (30), 305 patients undergoing elective resec-
tion of gastrointestinal cancer were randomly assigned to
an enteral solution enriched with arginine, �-3 fatty acids,
and ribonucleic acids preoperatively (5 days before surgery;
n � 102) or perioperatively (5 days before surgery plus
jejunal tube feeding begun within 12 hours of surgery and
continued until oral intake was resumed; n � 101) or to a
control group (n � 102) of postoperative intravenous glu-
cose and electrolytes. Overall infection rates were signifi-
cantly lower with immunonutrition (14% and 16% vs.
30%; P � 0.006 and 0.02, respectively), but rates of pneu-
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monia (3 of 102 patients and 6 of 101 patients vs. 8 of 102
patients) did not differ (30).

In summary, while hypoalbuminemia and malnutri-
tion increase postoperative complications, including pneu-
monia, routine TPN has no benefit over either TEN or no
hyperalimentation, except perhaps for patients with severe
malnutrition or for long periods of inadequate oral nutri-
tion. More research is needed on enteral formulations that
may enhance immune status. Prompt resumption of oral
intake after surgery is important because atrophy of intes-
tinal villi occurs quickly with inadequate intake and in-
creases the risk for bacterial translocation across gut mu-
cosa and subsequent sepsis (62).

Intervention of No Benefit: Pulmonary Artery
Catheterization

After observational data suggested higher rates of re-
spiratory failure and pneumonia in patients receiving right-
heart catheterization for noncardiac surgery (63), Sandham
and colleagues (31) performed a good-quality RCT. High-
risk patients (n � 1994; age � 60 years; ASA class III or
IV) undergoing urgent or elective major noncardiac oper-
ations were randomly assigned to usual care or treatment
guided by perioperative pulmonary artery catheter. Pulmo-
nary artery catheterization did not reduce the primary out-
come of in-hospital all-cause mortality (7.8% vs. 7.7%) or
the rate of postoperative pneumonia, a secondary outcome
(6.7% vs. 7.3%; P � 0.70).

DISCUSSION

Recent evidence has shown that postoperative pulmo-
nary and cardiac complications are equally prevalent and
clinically important in morbidity, mortality, and length of
stay. However, compared with postoperative cardiac com-
plications, much less research on prevention of pulmonary
complications has been published. Table 4 summarizes the

strength of available evidence, based on our systematic re-
view, on interventions to reduce the risk for postoperative
pulmonary complications.

Strategies of Proven Benefit
Good evidence suggests that lung expansion therapy

(for example, incentive spirometry, deep breathing exer-
cises, and continuous positive airway pressure) reduces
postoperative pulmonary risk after abdominal surgery.
Well-designed trials are needed to clarify the magnitude of
benefit and the comparative effectiveness of different mo-
dalities.

Strategies of Probable Benefit
Fair evidence suggests that selective nasogastric tube

decompression after abdominal surgery reduces risk. Fair
evidence also suggests that short-acting neuromuscular
blocking agents result in lower rates of residual neuromus-
cular blockade and may reduce risk for pulmonary compli-
cations.

Strategies of Possible Benefit
Laparoscopic, compared with open, abdominal opera-

tions reduce pain and pulmonary compromise as measured
by spirometry and oxygenation. However, the evidence is
insufficient to determine whether laparoscopic operations
prevent clinically important pulmonary complications.
Given the benefits of laparoscopic procedures in pain con-
trol and length of stay, future trials to adequately assess
clinical pulmonary outcomes are unlikely.

Strategies of Unclear Benefit
Evidence is insufficient to judge the potential benefit

of preoperative smoking cessation in reducing risk. Risk
may actually increase transiently after stopping or reducing
smoking within 2 months of surgery due to increased se-
cretions. We need trials of preoperative smoking cessation

Table 4. Strength of the Evidence for Specific Interventions To Reduce the Risk for Postoperative Pulmonary Complications

Risk Reduction Strategy Strength of Evidence* Type of Complication Studied

Postoperative lung expansion modalities A Atelectasis, pneumonia, bronchitis, severe hypoxemia
Selective postoperative nasogastric decompression B Atelectasis, pneumonia, aspiration
Short-acting neuromuscular blockade B Atelectasis, pneumonia
Laparoscopic (vs. open) operation C Spirometry, atelectasis, pneumonia, overall respiratory complications
Smoking cessation I Postoperative ventilator support
Intraoperative neuraxial blockade I Pneumonia, postoperative hypoxia, respiratory failure
Postoperative epidural analgesia I Atelectasis, pneumonia, respiratory failure
Immunonutrition I Overall infectious complications, pneumonia, respiratory failure
Routine total parenteral or enteral nutrition† D Atelectasis, pneumonia, empyema, respiratory failure
Right-heart catheterization D Pneumonia

* Definitions for categories of strength of evidence, modified from the U.S. Preventive Services Task Force categories (11). A � good evidence that the strategy reduces
postoperative pulmonary complications and benefit outweighs harm; B � at least fair evidence that the strategy reduces postoperative pulmonary complications and benefit
outweighs harm; C � at least fair evidence that the strategy may reduce postoperative pulmonary complications, but the balance between benefit and harm is too close to
justify a general recommendation; D � at least fair evidence that the strategy does not reduce postoperative pulmonary complications or harm outweighs benefit; I � evidence
of effectiveness of the strategy to reduce postoperative pulmonary complications is conflicting, of poor quality, lacking, or insufficient or the balance between benefit and harm
cannot be determined.
† Evidence remains uncertain (strength of evidence I) on total parenteral or enteral nutrition for severely malnourished patients or when a protracted time of inadequate
nutritional intake is anticipated.
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before higher-risk surgeries that adequately address optimal
duration of cessation.

Evidence on intraoperative epidural anesthesia and
postoperative epidural analgesia is insufficient. More good-
quality efficacy trials of sufficient size (in which all groups
receive equally standardized and optimized regimens) are
needed to accurately examine complication rates.

Strategies of No Benefit
Although malnutrition is associated with increased risk

for postoperative pulmonary complications, good evidence
indicates that routine total parenteral or enteral hyperali-
mentation nutrition does not reduce risk, except perhaps
for patients with severe malnutrition or for those undergo-
ing long periods with inadequate oral intake. Enteral for-
mulations that are tailored to enhance immune status and
reduce postoperative infections may be promising.

Evidence from 1 well-done randomized trial indicates
that invasive perioperative monitoring with pulmonary ar-
tery catheterization does not reduce risk of pulmonary
complications.

Limitations
A limitation of our review is the overall quality of the

literature. Only 10 of 20 RCTs and 6 of 11 systematic
reviews or meta-analyses were of good quality.

Future Research
Future studies of interventions to reduce postoperative

pulmonary complications should be randomized trials that
are designed to overcome methodologic problems in earlier
literature. Cohort studies using secondary analyses of ad-
ministrative databases should use measures for pulmonary
complications that are proven valid and reliable by direct
clinical assessment or medical chart audit. Studies should
be large enough to adjust for known potential risk factors
and confounding variables (as synthesized in the accompa-
nying systematic review of preoperative risk stratification
[7]) and should go beyond surrogate or intermediate phys-
iologic or spirometric outcomes to detect clinically mean-
ingful differences in clinical pulmonary complications.
This is important for 2 reasons: to base patient care on
clinically meaningful evidence and to determine when it is
appropriate to substitute intermediate outcomes to shorten
study timelines and reduce study cost. Researchers should
define postoperative pulmonary complications a priori ac-
cording to explicit criteria and, whenever possible, use out-
come assessment that is masked, or blinded, to interven-
tion assignment.
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Appendix Table 3. Abstracted Data for Eligible Randomized Trials, Continued*

Author, Year
(Reference)

Lost to Follow-up or
Incomplete Follow-up

Patients in
Intervention Group,
n

Patients in
Control Group, n

Age Range,
y

Mean (SD) Age,
y

Men, n (%)

Møller et al.,
2002 (12)

None 56 52 30–85 66 (64) 24 (22)

Berg et al.,
1997 (13)

2 patients with clinical signs
of pneumonia declined
chest radiography

230 pancuronium 230 vecuronium;
231
atracurium

24–81 53 pancuronium;
54
vecuronium;
50 atracurium
(no data given
for SDs)

No data

Norris et al.,
2001 (14)

None 1) 39 general �
regional � IV
PCA; 2) 46
general �
regional �
epidural PCA

3) 37 general �
IV PCA; 4) 38
general �
epidural PCA

1) 70 (9.5); 2)
67 (10); 3)
68 (9.9); 4)
68 (8.4)

1) 29 (78); 2) 26 (69);
3) 25 (63); 4)
35 (77)

Rigg et al.,
2002 (15)

None 441 447 Intervention:
22–93;
control:
26–92

Intervention:
69 (11);
control:
69 (11)

503 (57)

Park et al.,
2001 (16)

Follow-up at 30 d not
completed for 11
patients

514 enrolled; 489
completed
follow-up at 30 d

507 enrolled;
495
completed
follow-up at
30 d

Intervention:
66.5 (8.9);
control:
67 (8.8)

1021 (100); women
excluded

Fleron et al.,
2003 (17)

None 102 (105 randomly
assigned, epidural
could not be done
in 3 patients so
they were
assigned to the
control group for
analysis)

115 (3 patients
were from the
intervention
group)

Intervention:
67 (11);
control:
66 (10)

Intervention: 93 (89);
control: 99 (88)

Mann et al.,
2000 (18)

None 35 35 Epidural:
76 (5.6);
control:
76.8 (4.7)

Epidural: 20 (57);
control: 18 (51)

Cuschieri et al.,
1985 (19)

None 25 25 and 25 18–75 Epidural: 51; IV
morphine: 52;
IM morphine:
52 (no data
given for SDs)

Epidural: 5 (20); IV
morphine: 4 (28); IM
morphine: 7 (28)

Karayiannakis et al.,
1996 (20)

None 42 40 LC: 32–79;
OC:
34–76

LC: 57 (range,
32–79); OC:
56 (range,
34–76)

LC: 18 (43); OC:
18 (45)

Vignali et al.,
2004 (21)

None 190 194 LCR: 62 (13.4);
OCR:
66 (12.2)

LCR: 92 (48); OCR:
108 (56)

Chumillas et al.,
1998 (22)

None 40 41 18–85 64 (range,
18–84)

35 (43)

Fagevik Olsén et
al., 1997 (23)

None 172 192 19–92 Intervention:
53.5 (17.4);
control:
52.9 (17.5)

Intervention: 72 (41);
control: 86 (44)

Hall et al.,
1991 (24)

None 431 IS 445 chest
physiotherapy

IS: IQR,
32–70;
chest
physiotherapy:
IQR,
32–72

IS: 54; chest
physiotherapy:
56

IS: 221 (51); chest
physiotherapy:
216 (49)

Hall et al.,
1996 (25)

None 1) 79 low-risk IS; 3)
152 high-risk IS

2) 76 low-risk
DBE; 4) 149
high-risk IS �
chest
physiotherapy

1) IQR,
29–44; 2)
IQR,
62–76; 3)
IQR,
29–43; 4)
IQR,
58–76

1) 38 (IQR,
29–44); 2) 34
(IQR, 29–43);
3) 68 (IQR,
62–76); 4) 67
(IQR, 58–76)

1) Low-risk IS: 34 (43);
2) high-risk IS:
70 (46); 3) low-risk
DBE: 34 (45); 4)
high-risk IS � chest
physiotherapy:
71 (48)

Böhner et al.,
2002 (26)

None 99 105 Nasal CPAP:
64.1 (12);
control:
64.5 (11)

Nasal CPAP: 84 (85);
control: 82 (78)

VA TPN
Cooperative
Study Group,
1991 (27)

None 192 203 62.9 (9.9) 455 (99)

Pacelli et al.,
2001 (28)

None 119 TEN 122 TPN TEN: 61.5 (10.8);
TPN:
61.6 (11.8)

TEN: 73 (61); TPN:
72 (59)

Bozzetti et al.,
2001 (29)

None 159 TEN 158 TPN TEN: 64.8 (11);
TPN:
64.1 (10)

TEN: 93 (58); TPN:
92 (58)

Gianotti et al.,
2002 (30)

None 1) 102; 2) 101 3) 102 1) 62.3 (12.3); 2)
65.6 (11.5); 3)
63.4 (11.9)

1) 50 (49); 2) 60 (59);
3) 56 (55)

Sandham et al.,
2003 (31)

101 patients, 5% for 6-mo
mortality; 143 patients,
7% for 12-mo mortality

997 997 Intervention:
72.3 (7);
control:
72.6 (7)

Intervention: 716 (72);
control: 702 (70)

* CPAP � continuous positive airway pressure; DBE � deep breathing exercise; IM � intramuscular; IQR � interquartile range; IS � incentive spirometry; IV �
intravenous; LC � laparoscopic cholecystectomy; LCR � laparoscopic colorectal resection; OC � open cholecystectomy; OCR � open colorectal resection; PCA �
patient-controlled analgesia; TEN � total enteral nutrition; TPN � total parenteral nutrition; VA TPN � Veterans Affairs Total Parenteral Nutrition.
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Appendix Table 7. Abstracted Data for Eligible Systematic Reviews and Meta-Analyses, Continued*

Author, Year
(Reference)

Analysis Results

Fixed- or
Random-Effects
Models

Heterogeneity
Assessed

Sensitivity
Analysis

Subgroup
Analysis

Publication
Bias
Assessed

Study
Quality

Rodgers et al.,
2000 (32)

Fixed Yes Yes Yes Yes Good Regional anesthesia, with or without general
anesthesia, was associated with lower mortality
overall (OR, 0.70 [95% CI, 0.51–0.97]) and
orthopedic surgery (results depicted in Forest
plot; OR and CI not stated) but not for other
surgical subgroups. Regional anesthesia vs.
general anesthesia alone was also associated with
reduced mortality (OR, 0.64 [CI, 0.47–0.87]; n �
5202). Regional anesthesia was associated with
less pneumonia (OR, 0.61 [CI, 0.48–0.76]),
respiratory depression (OR, 0.41 [CI, 0.23–0.73]),
deep venous thrombosis (OR, 0.56 [CI,
0.43–0.72]), and less need for transfusion (OR,
0.50 [CI, 0.39–0.66]).

Urwin et al.,
2000 (33)

Fixed or
random per
heterogeneity
(P � 0.1)

Yes No Yes No data Good Regional, compared with general, anesthesia was
associated with lower 30-d mortality (OR, 0.66
[CI, 0.47–0.96]) and deep venous thrombosis
(OR, 0.41 [CI, 0.23–0.72]) but not lower 3-, 6-,
or 12-mo mortality, risk for pneumonia (OR, 0.92
[CI, 0.53–1.59]), or several other medical
complications, including all pulmonary embolisms.
Regional anesthesia was associated with
significantly fewer fatal pulmonary embolisms
(OR and CI not stated).

Ballantyne et al.,
1998 (34)

Random Yes Yes Yes No data Fair Epidural opioid, compared with systemic opioid, was
associated with less atelectasis (OR, 0.53 [CI,
0.33–0.85]) but not �pulmonary infection� (OR,
0.53 [CI, 0.18–1.53]) or overall PPCs (OR, 0.51
[CI, 0.20–1.33]). Epidural local anesthetic,
compared with systemic opioid, was associated
with less �pulmonary infection� (OR, 0.36 [CI,
0.21–0.65]) and overall PPCs (OR, 0.58 [CI,
0.42–0.80]) but not atelectasis (OR, 0.74 [CI,
0.50–1.11]). There were nonsignificant trends
toward fewer PPCs with epidural opioid �
anesthetic compared with systemic opioid and
with intercostal nerve block compared with
systemic opioid.

Walder et al.,
2001 (35)

Fixed or
random per
heterogeneity
(P � 0.1)

Yes No Yes No data Good In a subgroup analysis of 2 morphine trials
reporting PPCs (n � 147), IV PCA was associated
with lower risk (OR, 0.93 [CI, 0.86–0.99]). In a
separate trial of 60 patients, there was no benefit
regarding �chest infection� (no data given).
Among 689 patients, respiratory depression was
not more frequent with PCA (OR, 1.08 [CI,
0.44–2.68]).

Downs et al.,
1996 (36)

Quantitative
pooling not
done

No data Good LC, compared with OC, was associated with less
compromise and faster recovery of postoperative
pulmonary function. In 1 trial of 40 patients with
blinded assessment of postoperative chest
radiography, LC was associated with less
atelectasis (frequency, 29% vs. 63%; P � 0.05;
severity, chi-square for trend, P � 0.05).

Abraham et al.,
2004 (37)

Fixed or
random per
heterogeneity
assessment

Yes No No No data Good LCR, compared with OCR, for cancer was
associated with no mortality benefit, a trend
toward fewer respiratory complications (OR, 0.65
[CI, 0.28–1.49]), fewer overall complications (OR,
0.62 [CI, 0.38–1.03])—primarily due to fewer
wound complications, primarily wound infection
(OR, 0.47 [CI, 0.28–0.80])—faster recovery of
respiratory function (PEF, 44% faster [CI,
32%–67%]; FEV1, 36% faster [CI, –33% to
50%]; FVC, 40% faster [CI, 0%–50%]) and
shorter hospital stay (21% shorter [CI,
14%–38%]).
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Appendix Table 7—Continued

Author, Year
(Reference)

Analysis Results

Fixed- or
Random-Effects
Models

Heterogeneity
Assessed

Sensitivity
Analysis

Subgroup
Analysis

Publication
Bias
Assessed

Study
Quality

Cheatham et al.,
1995 (38)

Quantitative
pooling not
done

No Poor The meta-analysis was good quality up to
quantitative pooling, which pooled RCTs,
uncontrolled studies, and case–control studies,
thus rendering the results unusable. For the
overall group of 26 studies (which appears to
comprise 15 RCTs, 3 nonrandomized trials, and 8
case–control studies [n � 3964]), selective
decompression was associated with less
pneumonia (RR, 0.49; P � 0.0001) and
atelectasis (RR, 0.46; P � 0.001) and shorter time
to oral intake (3.5 d vs. 4.6 d; P � 0.04). There
was no difference in aspiration rates (RR, 0.61; P
� 0.88), nausea (RR, 0.98; P � 0.31), vomiting
(RR, 1.19; P � 0.11), or abdominal distension
(RR, 0.98; P � 0.36). For 20 higher-quality
studies (15 RCTs plus 5 case–control studies [n �
2915]), selective nasogastric decompression was
also associated with less pneumonia (RR, 0.59;
P � 0.01) and atelectasis (RR, 0.52; P � 0.002),
a trend toward shorter time to oral intake (3.5 d
vs. 4.5 d; P � 0.07), no difference in aspiration
(RR, 0.94; P � 0.91) but more vomiting (RR,
1.45; P � 0.005) and abdominal distension (RR,
1.34; P � 0.02). Insufficient data were reported
for calculating pooled effects for RCTs only and
CIs.

Nelson et al.,
2005 (39)

Fixed or
random per
heterogeneity
assessment

Yes Yes Yes No Good Selective, compared with routine, nasogastric
decompression was associated with a trend
toward fewer PPCs (reported as relative benefit
increase of 1.35 [CI, 0.98–1.86] converted to RR
reduction of 0.74 [CI, 0.54–1.02]; P � 0.07).
Data were insufficient or too heterogeneous to
pool for nausea, vomiting, aspiration, or
abdominal distension, and 15 of the 28 included
trials were also included in the Cheatham et al.
review (38).

Thomas and
McIntosh,
1994 (40)

No data Yes No Yes No Poor Across all lung expansion modalities, there was a
trend toward fewer PPCs compared with controls
(OR, 0.85 [CI, 0.59–1.2]), but there was
unexplained significant heterogeneity. IS,
compared with control (2 studies [n � 212]) was
associated with fewer PPCs (OR, 0.44 [CI,
0.18–0.99]) with no significant heterogeneity.
DBEs, compared with control (4 studies [n �
564]), were also associated with fewer PPCs (OR,
0.43 [CI, 0.27–0.63]), but the heterogeneity test
was significant. Among studies comparing
different modalities, none (IS, DBEs, IPPB) was
clearly superior.

Overend et al.,
2001 (41)

Quantitative
pooling not
done

No Poor The authors reported no raw data on rates of PPCs.
In the only trial in the review that met our
sample size inclusion criteria, DBEs and IPPB
reportedly equally prevented PPCs compared with
no lung expansion intervention.

Moore et al.,
1992 (42)

Fixed Yes No Yes No Poor Infections were twice as frequent among patients
receiving TPN compared with those receiving
early enteral nutrition (35% vs. 16%; P � 0.01),
even after excluding patients with catheter sepsis
from analysis (29% vs. 16%; P � 0.03). Overall
infections and pneumonia were significantly
reduced in trauma patients, but power was very
low for �nontrauma� (? elective surgery) patients
for overall infections (4/28 vs. 3/32; P � 0.70)
and pneumonia (3/28 vs. 1/32; P � 0.33).

* DBE � deep breathing exercise; IPPB � intermittent positive-pressure breathing; IS � incentive spirometry; IV � intravenous; LC � laparoscopic cholecystectomy;
LCR � laparoscopic colorectal resection; OC � open cholecystectomy; OCR � open colorectal resection; OR � odds ratio; PCA � patient-controlled analgesia; PEF �
peak expiratory flow; PPC � postoperative pulmonary complication; RCT � randomized, controlled trial; RR � relative risk; TPN � total parenteral nutrition.
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