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Background: The goal of this study was to determine whether
airway obstruction determined by preoperative spirometry pre-
dicts perioperative complications in smokers undergoing ab-
dominal surgery whose treatment is managed according to cur-
rent clinical practice.

Methods: A pulmonary function database identified patients
undergoing abdominal surgery who met the following criteria for
airway obstruction (n = 135): a forced expiratory volume less than
40% of predicted normal value, a forced expiratory volume:forced
vital capacity ratio less than the lower limit of predicted normal, a
smoking history of more than 20 pack-years, and an age older
than 35 yr. A group of patients without airway obstruction (n =
135) was matched for gender, surgical site (upper vs. lower ab-
dominal), smoking history, and age. Medical records were re-

viewed by an abstractor to identify perioperative complications
that occurred within 30 days after surgery.

Results: The forced expiratory volume values were 0.9 + 0.2 1
(mean * SD) and 2.9 = 0.6 1 in patients with and without airway
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obstruction, respectively. When analyzed by conditional logistic;
regression using the 1:1 matched-pairs feature, including a.ge,z_
pack-year smoking history, site of incision, and current smoking§
status as covariates, in patients with airway obstruction broncho- 8
spasm was more likely to develop (odds ratio, 6.9 [95% confidence
interval, 1.2 to 38.4]) but the patients were not more likely to need
prolonged endotracheal intubation (odds ratio, 1.1 [95% confi-
dence interval, 0.4 to 3.2]). They were also no more likely to need 3
prolonged intensive care admission or readmission. The fre-
quency of other complications was less than 5%.

Conclusion: When other factors were considered, preopera-
tive airway obstruction predicted the occurrence of bronchos-
pasm, but not prolonged endotracheal intubation, in smokers
undergoing abdominal surgery who are treated according to
current clinical practices. (Key words: Chronic obstructive pul-
monary disease; emphysema; postoperative pulmonary compli-
cations; case-control study; morbidity.)
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PREVIOUS studies suggest that patients with chronic
obstructive pulmonary disease (COPD) experience post-
operative complications, especially those related to the
lungs, more often than do patients with normal
lungs.'""* The possibility of prolonged postoperative
mechanical ventilatory support may be of particular con-
cern to patients and physicians. Clinical strategies in
response to this finding have included preoperative op-
timization of lung function, avoidance of general anes-
thesia, and outright denial of surgery to patients with
severe COPD. However, previous studies that investi-
gated perioperative outcomes in these patients had sev-
eral limitations. Many studies have not adequately con-
trolled for factors other than airway obstruction, such as
site of surgery, comorbid disease. and smoking history,
that may contribute to risk. The definition of postoper-
ative pulmonary complications and the definition of
chronic lung disease vary considerably among studies.
Many complications attributed to the lungs, such as
postoperative fever, may not be of pulmonary origin.
Some complications, such as evidence of atelectasis on
chest roentgenograms, are of uncertain clinical signifi-
cance. The severity of preoperative lung disease in many
studies is either not reported or is relatively mild. Finally,
recent advances in surgical, anesthetic, and postopera-
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tive nursing care make the applicability of findings from
earlier studies to current practice uncertain.

Case series of patients with severe COPD suggest that
most of these patients actually tolerate surgery relatively
well, with rates of postoperative ventilatory failure of
approximately 5%."'" "' Relating the frequency and se-
verity of complications to the severity of airway obstruc-
tion, the hallmark of COPD, as measured by preoperative
pulmonary function testing, has proved difficult in these
and other studies."” This questions the significance of
airway obstruction as a risk factor for perioperative pul-
monary complications in these patients. Other factors
present in patients with COPD, especially a history of
smoking or comorbid disease, may be more important
determinants of risk than the severity of airway obstruc-
tion. In addition, the presence of severe airway obstruc-
tion may affect the perioperative management of these
patients, such that they receive more intensive periop-
erative respiratory therapy in an attempt to prevent
pulmonary complications.

Our aim in this study was to determine whether the
presence of moderate to severe airway obstruction pre-
dicts the development of perioperative complications in
patients with a significant history of smoking who are
undergoing abdominal surgery. In particular, we hypoth-
esized that perioperative changes in respiratory function
would lead to a greater frequency of prolonged postop-
erative intubation (> 24 h) in patients with severe air-
way obstruction, despite clinical attempts to prevent
such complications. We retrospectively evaluated the
medical records of two cohorts of patients: those with
severe airway obstruction, and a gender- and age-
matched cohort consisting of patients with a similar
smoking history but without airway obstruction as mea-
sured by spirometry. Therefore, the cohorts were
matched at least for smoking history and site of surgery,
two important factors known to influence the risk of
perioperative complications.

Materials and Methods

The Mayo Institutional Review Board approved this
investigation. The pulmonary function database at Mayo
Rochester contains the results of all pulmonary function
tests performed since 1990. Each result includes exten-
sive data obtained from a questionnaire eliciting a pul-
monary history, such as information regarding smoking
status. This information is verified during an interview by
a certified pulmonary function technologist. From this
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database, patients with severe airway obstruction who
were tested between January 1991 and December 1995
were identified according to the following criteria:
forced expiratory volume in 1 s (FEV,) less than 40% of
predicted normal, the ratio of FEV, to forced vital capac-
ity less than the lower limit of predicted normal, a
smoking history more than 20 pack-years, and age older
than 35 yr.'"® These criteria were chosen to include
patients with COPD without distinguishing the specific
causes of airway obstruction, such as asthma, bronchitis,
or emphysema. Patients with a similar smoking history
but without airway obstruction, as measured by spirom-
etry, were also identified using the following criteria:
FEV, equal to or greater than the lower limit of predicted
normal, a FEV,:forced vital capacity ratio equal to or
greater than the lower limit of predicted normal, a smok-
ing history more than 20 pack-years, and age older than
35 45yr.

The identification numbers of these two groups of
patients were cross-matched with the Mayo Rochester
surgical database to identify those who had undergone
abdominal surgery (according to ICD-9 codes indicating
abdominal procedures) within 6 months after the pul-
monary function test. All patients with airway obstruc-
tion undergoing an abdominal procedure subsequent to
the date of the first pulmonary function test were se-
lected for review (n = 135). Laparoscopic procedures
were not included. Each patient with airway obstruction
was matched with a patient without airway obstruction
based on gender, site of incision (upper vs. lower ab-
dominal), pack-year smoking history, and age. Exact
matching was used for the matching factors of gender
and site of surgery (as determined by ICD-9 codes). For
the continuous factors of age and pack-year smoking
history, the optimal set of matched pairs was identified
using the approach described by Rosenbaum.'”

The perioperative medical, surgical, nursing, and anes-
thesia records for each surgical episode were reviewed
by a nurse abstractor. In addition to pulmonary function
data, preoperative information that was recorded in-
cluded smoking history, American Society of Anesthesi-
ology physical status (a preoperative assessment scale
from 1 to 5, with 1 representing healthy patients and 5
representing patients with severe disease), and comor-
bid medical conditions diagnosed according to pub-
lished criteria.”” Intraoperative information included the
type and duration of anesthesia and the type of postop-
erative analgesia. The site of surgical incision was also
noted from the operative record, with an upper abdom-
inal incision defined as cephalad to the umbilicus. Inci-
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sions extending cephalad and caudad to the umbilicus
were considered upper abdominal incisions. Records
were evaluated from the hospital course and for as many
as 30 days after surgery.
Outcomes were defined as follows. A pulmonary

embolus was considered present if there were diag-
nostic defects during pulmonary angiography, or if a
ventilation-perfusion scan finding indicated a high
probability of pulmonary embolus. Definite pneumo-
nia was defined as a new infiltrate seen on a chest
radiograph combined with fever, leukocytosis, and a
positive sputum Gram stain or culture. Probable pneu-
monia was diagnosed according to the same criteria.
except that a positive Gram stain or culture was not
needed. Prolonged tracheal intubation was defined as
failure to extubate within 24 h after the operation or
the need to reintubate and mechanically ventilate a
patient who was extubated previously for more than
15 min. Bronchospasm was present if a notation of
bronchospasm, wheezing, increased airway pressure,

or prolonged expiration was recorded and required
treatment with bronchodilators (not including the re-
sumption of the patient’s routine preoperative medi-
cation regimen). Other outcomes that were sought

included prolonged admission to the intensive care

unit (> 96 h), readmission to the intensive care unit

after previous discharge, death of any cause, myocar-
dial infarction, central nervous system morbidity, re-
nal dysfunction, biliary dysfunction, and sepsis, de-
fined according to previously published diagnostic
critetiat

Statistics

All'analyses were performed using the 1:1 matched-set
feature of 135 patients with airway obstruction and 135
patients without airway obstruction. The demographic
and procedural characteristics of the two groups were
compared using the signed rank test for continuous
variables and the McNemar test for categoric variables.
Conditional logistic regression was used to determine
whether airway obstruction was an independent risk
factor for perioperative complications. Because there
was no exact matching for age, smoking history, and
actual site of surgical incision (upper vs. lower abdomi-
nal), these variables were included as covariates in the
logistic regression analysis. In all cases, two-sided tests
were used with P values = 0.05 used to denote signifi-
cance.
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Table 1. Surgical Procedures

No Airway Airway

Obstruction Obstruction

(N = 135) (N = 135)
Abdominal wall herniorraphy 5 6
Large bowel resection 20 21
Small bowel resection 3 1
Splenectomy 8 3
Cholecystectomy 4 4
Liver resection 5 4
Nephrectomy 8 9
Exploratory laparotomy 8 11
Gastrectomy/pancreatectomy 8 4
Esophagogastrectomy 4 5
Total abdominal hysterectomy 4 5
Repair abdominal aortic aneurysm 16 19
Aortobifemoral grafting 15 iS5
Radical retropubic prostatectomy 32 30

Values are the number of patients undergoing each type of procedure.
Results

The median time from the pulmonary function test to
the date of surgery was 10 and 8 days in patients with
and without airway obstruction, respectively. The types
of surgical procedures were similar for the two groups
(table 1). The FEV, was 0.9 + 0.2 | (mean * SD) and
2.9 * 0.6 | in patients with and without airway obstruc-
tion, respectively (30 * 6% and 92 * 10% of their
predicted normal values, respectively). The two groups
were matched with respect to gender. Patients with
airway obstruction were slightly but significantly older
than patients without airway obstruction (table 2). Age
was matched within * 5 yr for 95% of the matched pairs,
with a median difference (patients with airway obstruc-
tion minus patients without airway obstruction) of +1 yr
(range, —4 to +13 yr). Pack-year smoking history was
matched within * 10 pack-years for 85% of the matched
pairs, with a median difference (patients with airway
obstruction minus patients without airway obstruction)
of 10 pack-years (range, —38 to +52 pack-years). Al-
though initially the patients were also matched accord-
ing to the site of surgical incision (upper vs. lower
abdominal), as estimated by the surgical procedure
code, this site was reclassified in six patients based on
reviews of the operative notes. However, even after this
reclassification, the proportion of patients who under-
went upper abdominal incisions still did not differ be-
tween the groups (table 2). Although the total smoking
experience of the groups was not significantly different,
a greater proportion of patients without airway obstruc-
tion were current smokers compared with patients with
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Table 2. Patient/Procedural Characteristics

No Airway Airway
Obstruction Obstruction
Characteristic (N = 135) (N = 135) P Value*
Age (yr) (mean = SD) 67.2 + 6.6 68.9 + 7.0 <0.001
Gender (%) NS
Female 22 22
Male 78 78
Smoking history
Pack-years (mean +
SD) Soleras el Gills == G NS
Current smoker (%) 47 21 <0.001
FEV, (L)
Mean + SD 2291016 0.9 + 0.2 <0.001
Range 1.3 to 4.2 0.4 to 1.7
% predicted (mean =+
SD) 91.7 = 9.9 8025264 <0.001
Range 71 to 134 14 to 40
Upper abdominal incision
(%) 60 64 NS
Anesthetic technique (%) NS
General 96 95
Spinal/epidural 4 2
Combined 0 3
Duration of anesthesia (h) 44+ 1.6 ArSEEDLD) NS
Postoperative epidural
analgesia (%) 39 48 NS
Comorbid conditions (%)
Diabetes 3 1 NS
Hypertension 38 30 NS
Dysrhythmias 4 7 NS
Coronary artery
disease 29 19 NS
Prior myocardial
infarction 7 10 NS
Other cardiovascular
diseases 6 3 NS
Renal disease 2 3 NS
Hepatic disease 4 1 NS
CNS disease 9 115) NS
Asthma 6 20 <0.001
ASA classification (%) <0.001
1-2 30 T
3-4 70 93

FEV, = forced expiratory volume in 1 second; CNS = central nervous system;
ASA = American Society of Anesthesiologists.

Patients with and without airway obstruction were matched 1:1 for gender,
age, site of surgery (upper versus lower abdominal), and pack-year smoking
history. Paired comparisons were performed using the 1:1 matched pairs
feature of 135 with airway obstruction and 135 patients without airway ob-
struction.

* P values given are those associated with signed rank test and McNemar's
test for continuous and categorical variables, respectively (NS = not signifi-
cant, P > 0.05).

airway obstruction (table 2). The frequency of comorbid
conditions was similar in the two groups, with the ex-
ception that more patients with airway obstruction also
were diagnosed clinically as having asthma (table 2). The
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American Society of Anesthesiologists physical status
classification was higher in patients with airway obstruc-
tion (table 2). The two groups did not differ in the
proportion of patients who received regional anesthesia,
the duration of anesthesia, and the use of postoperative
epidural analgesia (table 2).

Twenty-two (16%) patients without airway obstruction
and 34 (25%) patients with airway obstruction had at
least one perioperative complication (table 3). Because
the two groups were not exactly matched for age, smok-
ing history, and site of surgical incision, conditional
logistic regression analysis was performed to determine
whether the presence of airway obstruction predicted
outcomes, using the 1:1 matched-set feature and includ-
ing additional covariates of current smoking status and
incision site and the continuous variables of age and
pack-years of smoking. This analysis was applied to out-
comes that occurred in 5% or more of either group. Of
these outcomes (bronchospasm, prolonged intubation,
total intensive care unit stay > 96 h, and intensive care
unit readmission), the presence of airway obstruction
was a significant risk factor only for bronchospasm. The
frequency of other outcomes was low (= 5%), preclud-
ing meaningful statistical analysis. However, the frequen-
cies of these outcomes were similar between groups,
with the exception of definite pneumonia, which oc-
curred in five patients with airway obstruction and in
one patient without airway obstruction.

Patients with airway obstruction were admitted to the
intensive care unit immediately after surgery signifi-
cantly more often (in 79 [59%] and 55 [41%] patients
with and without airway obstruction, respectively; P =
0.004). For those admitted, the duration of postoperative
intensive care unit admission did not differ significantly
between the groups (50 = 103 h and 38 = 92 h in
patients with and without airway obstruction, respec-
tively; P = 0.068), and neither did the duration of hos-
pital stay (median of 8 and 7 days in patients with and
without airway obstruction, respectively, P = 0.37).

Two patients with airway obstruction and one patient
without airway obstruction died. One patient with air-
way obstruction, who had undergone a transhiatal distal
esophagectomy and partial gastrectomy via an abdomi-
nal and cervical approach, was extubated in the postan-
esthesia recovery unit and initially did well. However, 1
week after operation a chyle leak developed that neces-
sitated thoracotomy, and ultimately the patient died of
empyema and pneumonia. The other patient with airway
obstruction required reoperation for wound dehiscence
after radical retropubic prostatectomy but otherwise re-
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Table 3. Perioperative Complications

No Airway Airway

Obstruction Obstruction

(N = 135) (N = 135) Conditional Logistic Regression Results

N % N % P Value Odds Ratio 95% Cl

Any complication 22 16.3 34 2582 NS 1.3 0.6-2.4
Bronchospasm 3 2.2 17 12.6 0.027 6.9 1.2-38.4
Prolonged intubation 10 7.4 13 9.6 NS 1l 0.4-3.2
Definite pneumonia 1 0.7 5 8N
Probable pneumonia 2 15 2 =5
Pulmonary embolus 0 0.0 0 0.0
Total ICU stay >96 h 1l 8.1 16 1) NS 1.6 0:5-5:5
Readmitted to ICU 10 7.4 10 7.4 NS 0.7/ 0.2-2.6
Central nervous system morbidity 0 0.0 2 25
Definite myocardial infarction 3 202 2 119
Probable myocardial infarction 1 0.7 1 0.7
Renal dysfunction 1 0.7 1 0.7
Biliary dysfunction 2 15 0 0.0
Sepsis 0 0.0 0 0.0
Death within 30 days of surgery 1 0.7 2 1.5

Analysis was performed using conditional logistic regression and the 1:1 matched
airway obstruction. Since there was not exact matching for age and pack-year s
abdominal incision (yes vs. no) and current smoking status (current vs. former)

information provided.

covered without complications and was discharged 2
weeks after the initial surgery. Written correspondence
indicated that he died 2 weeks after discharge of unspec-
ified causes; no further follow-up was obtained. The
patient without airway obstruction, who had undergone
radical pancreaduodenectomy, had an initially uncompli-
cated postoperative course but died of myocardial infarc-
tion 2 weeks after surgery.

Discussion

A substantial number of these predominantly elderly
patients experienced complications after abdominal sur-
gery. For those complications that occurred with suffi-
cient frequency to permit statistical evaluation, airway
obstruction predicted only bronchospasm. The presence
of airway obstruction did not increase the frequency of
prolonged endotracheal intubation in these patients
who were managed at the discretion of the responsible
clinician.

Factors that predicted postoperative pulmonary com-
plications in previous studies include age, site of opera-
tion, smoking history, overall physical status, anesthesia
duration, and need for emergency surgery. In addition,
multiple previous studies concluded that patients with
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pairs feature of 135 patients with airway obstruction and 135 patients with no
moking history, these variables, along with indicator variables defining upper

, were included as covariates in the analysis.
* P values and odds ratios are given for complications that were experienced by =5%

of either group. These values cannot be directly computed from the

COPD are at significantly greater risk for postoperative
pulmonary complications to develop compared with pa-
tients with healthy lungs.''° Three relatively large pro-
spective studies comparing pulmonary outcomes in pa-
tients with and without lung disease are available.
Wightman™ found in a series of 785 patients undergoing
nonthoracic surgery that postoperative pulmonary com-
plications developed in 8% of patients without chronic
respiratory disease, compared with 26% of patients with
chronic respiratory disease. Pedersen ef al>>' studied
approximately 7,000 patients undergoing nonthoracic
surgery. Postoperative complications developed in ap-
proximately 4% of patients without lung disease, com-
pared with 12% of patients with COPD. With multiple
logistic regression analysis to account for other risk fac-
tors, COPD was a significant risk factor for postoperative
pulmonary complications, with an odds ratio of approx-
imately 3. In a multicenter study of approximately

17,000 patients receiving general anesthesia for all types

of surgery (including cardiac and thoracic), Forrest et

al.'? found that COPD predicted severe respiratory out-

comes, with an adjusted odds ratio of approximately 3.
Therefore, these three studies found that patients with
clinical COPD were approximately three times more
likely to have pulmonary complications compared with
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patients without COPD. Neither diagnostic criteria for
COPD nor pulmonary function data were provided in
any of these three studies.

Based on these studies, it was assumed that the sever-
ity of airway obstruction, the hallmark of COPD, should
predict the occurrence of perioperative complications.
However, this has been a difficult assertion to prove.
Lawrence et al.'” reviewed 22 available studies of pre-
operative spirometry before abdominal operations (as of
1989) and found that all contained significant flaws that
precluded valid conclusions about the relation between
airway obstruction as assessed by spirometry and pulmo-
nary complications. Problems included selection bias,
lack of inclusion of patients with healthy lungs, lack of
stratification for other risk factors such as site of surgery
and comorbid disease, lack of blinding, inappropriate or
inconsistent definitions of outcomes, and others.

Other factors present in patients with airway obstruc-
tion, especially a history of smoking, may be more im-
portant determinants of perioperative risk than the se-
verity of airway obstruction. By matching patients with
and without airway obstruction for factors known to
influence risk, such as surgical site and smoking history,
we wanted to evaluate the influence of airway obstruc-
tion itself in these high-risk patients. Spirometric criteria
were designed to exclude other diagnoses associated
with decreases in FEV,, such as restrictive lung disease,
and to match the clinical profile of the typical patient
with COPD (older age and a history of smoking). Diag-
nostic classifications of patients with chronic airway
obstruction include asthma, asthmatic bronchitis,
chronic bronchitis, and emphysema. Criteria distinguish-
ing these classifications are controversial,'® and no at-
tempt was made to distinguish between these diagnoses.
Cutcome events were chosen to be well defined, clini-
cally relevant, and readily determined from a review of
medical records. We specifically evaluated a category of
surgical procedures known to have increased the risk for
pulmonary complications to maximize our ability to de-
tect differences between patients with and without air-
way obstruction, also controlling for the site of incision,
because upper abdominal surgery is associated with a
higher frequency of complications. Other putative risk
factors, such as the duration of anesthesia and the use of
postoperative epidural analgesia,”® were similar be-
tween the two groups.

Previous case series showed that patients with severe
COPD tolerate anesthesia and surgery relatively
well,"""7'° a result that is consistent with the experi-
ence of our patients with airway obstruction. As was
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true in these previous reports, most patients undergoing
these often extensive procedures did not require pro-
longed ventilatory support. We could not confirm the
hypothesis that the presence of airway obstruction pre-
dicted prolonged intubation. Consistent with this find-
ing, airway obstruction also did not predict prolonged
intensive care unit stays or readmission to the intensive
care unit. Postoperative pneumonia developed in more
patients with airway obstruction, although the fre-
quency of this outcome was not sufficient to perform a
statistical comparison. It is encouraging that definite or
probable pneumonia developed in only 5% of these
patients with significant airway obstruction. The only
significant difference in the frequency of perioperative
complications was in the occurrence of bronchospasm.
This is perhaps not surprising, because the patients had
preexisting airway obstructions. However, in all patients
bronchospasm was treated successfully and did not ap-
pear to cause additional complications. Only one epi-
sode of bronchospasm occurred in the intraoperative
period; the median postoperative time to the develop-
ment of bronchospasm was 2 days. Other complications
such as myocardial infarction occurred infrequently.

Our study should be interpreted with caution for sev-
eral reasons beyond the usual caveats applied to retro-
spective studies. First, we must emphasize that the pa-
tients without airway obstruction were not necessarily
free of respiratory disease; in fact, all had a significant
history of smoking, and sufficient clinical concern ex-
isted to prompt preoperative pulmonary function test-
ing. Therefore, our study did not compare patients with
COPD and patients with healthy lungs. As reviewed
before, studies consistently show that patients with a
clinical diagnosis of chronic respiratory disease or COPD
experience a higher frequency of perioperative compli-
cations. Rather, our results show that airway obstruction
itself predicted only bronchospasm, suggesting that
other factors such as smoking or other comorbid condi-
tions may account for the higher frequency of other
complications reported in previous studies.

Second, the presence of airway obstruction may have
influenced perioperative care, which could have af-
fected the frequency of complications. For example,
patients with airway obstruction were more likely to be
admitted to an intensive care unit after operation, where
they may have received more intensive respiratory ther-
apy. However, this consideration should not have af-
fected the proportions of patients who needed pro-
longed intubation, and readmission rates to the intensive
care unit were identical between the two groups. Pa-
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tients with airway obstruction may have received more

intensive preoperative pulmonary preparation, which

could have influenced outcomes. According to the prac-
tice followed at our institution, all patients received a
preoperative medical evaluation by an internist before
surgery. At that time, preoperative pulmonary therapy
was optimized as indicated in both groups according to
the judgment of the internist and the needs of the indi-
vidual patient (7.e., no standard regimens were applied to
cither group). Indeed, a smaller proportion of patients
with airway obstruction were admitted the morning of
surgery compared with patients without airway obstruc-
tion (20% and 36%, respectively; P = 0.009), a finding
that may indicate earlier admission of some patients with
airway obstruction for preoperative pulmonary prepara-
tion. Our results therefore should be interpreted as rep-
resenting outcomes achieved when preoperative pulmo-
nary function is optimized and when current standards
of postoperative care are applied at the discretion of the
clinician. Our study cannot determine whether the pres-
ence of airway obstruction itself would affect perioper-
ative risks if perioperative respiratory therapy had been
standardized for the two groups.

Finally, although this study represents the largest pub-
lished series of patients with severe airway obstruction
undergoing surgery, the relatively low frequency of
some complications limits its power to detect the effect
of airway obstruction on the risk of these complications.
We cannot exclude the possibility that a true difference
exists in the frequency of these infrequent complica-
tions. For example, the frequency of perioperative death
was low in both groups. For complications related spe-
cifically to the lungs, this is especially true for the oc-
currence of pneumonia and pulmonary embolus. In par-
ticular, to detect with 80% power a difference in the
frequency of definite or probable pneumonia consistent
with that observed in the current study for patients with
versus without airway obstruction (5.2% vs. 2.2%), we
would need to study more than 500 patients in each
group, which would not be practical using our design.
However, the fact that these complications occurred
relatively infrequently, even in these patients with sig-
nificant lung disease, is itself an interesting observation.
Clinically, it appears from these data that these patients
can be reassured that their risk for significant perioper-
ative complications after these procedures is relatively
low with current medical practice.

In conclusion, in patients with a significant history of
smoking undergoing abdominal surgery who are treated
according to current clinical practice, perioperative
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bronchospasm is more likely to develop in those with
severe airway obstruction, as measured by preoperative
spirometry. However, the presence of preoperative air-
way obstruction did not predict prolonged intubation
when other factors such as age, smoking history, and site
of surgical incision were considered. More prospective
studies are needed to determine whether this finding can
be attributed to more intensive perioperative respiratory
therapy applied to patients with airway obstruction or
whether airway obstruction truly does not influence the
incidence of prolonged intubation and other complica-
tions. Other factors present in patients with airway ob-
struction, such as a history of smoking, may be more
important determinants of perioperative risk for some
complications than the severity of airway obstruction.

The authors thank Janet Beckman for secretarial support and Ken-
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