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ABSTRACT

The prediction of post-operative pulmonary complications is an under-
investigated field. We conducted a prospective cohort study (with postoperative
pulmonary complications ascertained by an investigator blinded to perioperative
variables) to determine the risk factors for pulmonary complications after elective
non-thoracic surgery. Of 1055 consecutive patients attending the Pre-Admission
Clinic of a university hospital (mean age 55 years, 50% men, 15% with history of
obstructive airways disease), 28 (2.7%) suffered a postoperative pulmonary
complication within 7 days of surgery: 13 patients developed respiratory failure
requiring ventilatory support, 9 pneumonia, 5 atelectasis requiring bronchoscopic
intervention, and 1 pneumothorax requiring intervention. Mean lengths of stay
were substantially prolonged for those patients who developed pulmonary
complications within 7 days of surgery: 27.9 days versus 4.5 days, p=0.006.
Eight variables were statistically significantly associated with pulmonary
complications on bivariate analyses. Multivariate analyses revealed that 4 were
independently associated with increased risk of pulmonary complications: age
(OR 5.9 for age > 65 years, p<0.001), positive cough test (OR 3.8, p=0.01),
perioperative nasogastric tube (OR 7.7, p<0.001), and duration of anesthesia
(OR 3.3 for operations lasting at least 2.5 hours, p=0.008). Thus, several
perioperative factors predict an increased risk for pulmonary complications after
elective non-thoracic surgery.

Word Count (abstract): 198

Key Words: complications, postoperative; clinical skills; pulmonary function
tests
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Pulmonary complications after non-thoracic surgery are more frequent
than cardiac complications and are associated with greater increases in length of
stay.[1,2] However, our knowledge of the perioperative factors which increase
the risk of these complications is imperfect.[3]

Only 8 small studies (averaging 207 patients and 16 outcomes per study)
have compared the preoperative evaluation and postoperative pulmonary
outcomes in an independent and blind fashion for patients undergoing non-
thoracic surgery.[4-11] These studies were limited by non-representative
samples (only 2 enrolled consecutive patients undergoing a wide variety of non-
thoracic surgeries, and one of these was restricted to patients referred to
internists for preoperative assessment) and reported conflicting results: while 20
variables were found to be significantly associated with postoperative pulmonary
complications in at least one of these studies, only 7 were significant in more
than one study.[10,11] Further, the definitions of postoperative pulmonary
complications in these studies were often not explicit and the incidence ranged
between 2% and 19%: some studies included clinically insignificant
complications (such as asymptomatic changes in pulmonary function tests or
oximetry) while others restricted their analyses to outcomes such as respiratory
failure or pneumonia. These limitations may distort associations between
baseline variables and outcomes, calling into question the results of most of
these studies.[12]

While risk prediction equations for postoperative respiratory failure and

pneumonia derived from the Veterans Affairs National Surgical Quality
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Improvement Program (NSQIP) permit general estimates of risk in patients
undergoing a variety of surgical procedures,[13,14] they do not include data from
the physical examination or pulmonary function tests which are commonly
employed by clinicians to assist in risk prediction prior to surgery. Moreover, the
generalizability of these risk prediction equations to the predominantly healthy
patients undergoing elective non-thoracic surgery is uncertain since the NSQIP
cohort was 97% male, had a high burden of comorbidities, and almost one third
of the surgeries were intra-thoracic or emergent.

Thus, in order to identify risk factors for postoperative pulmonary
complications in patients undergoing elective non-thoracic surgical procedures,
we designed this study and incorporated all of the methodologic features
recommended to reduce bias in an observational prognosis or diagnosis
study.[12]

METHODS (754 words)

This prospective cohort study was conducted in the Pre-Admission Clinic
at the University of Alberta Hospital and none of the patients from our earlier
study[11] were included in this study. The University of Alberta Hospital is a
tertiary care, university hospital with 677 adult beds and an anaesthesiologist-run
Pre-Admission Clinic which processes approximately 9500 patients scheduled for
elective non-thoracic surgery per year (a nurse and an anaesthesiologist see all
patients scheduled for elective surgery, including day surgery cases [16% of the
total in 2002], and internists are consulted at the discretion of the

anaesthesiologist). In an unrelated study conducted in our Pre-Admission Clinic,
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13% of attendees were deemed by the anaesthesiologist to be ASA class 1, 53%
ASA class 2, 33% ASA class 3, and 2% ASA class 4 and 8% of patients received
a preoperative internal medicine consult; of the patients undergoing non-thoracic
surgery, 31% underwent orthopaedic limb surgery, 29% general surgery
procedures, 13% neurosurgical procedures, and 22% other non-thoracic
procedures (including urologic, plastics, Ear Nose and Throat, and
ophthalmologic).(Dr. B. Finegan, personal communication, September 2004).
We approached consecutive adults who were scheduled to undergo elective non-
thoracic surgery with planned postoperative admission to a regular ward- 98% of
those approached agreed to participate. We excluded patients who were
hospitalized or mechanically ventilated at the time of preoperative assessment,
patients who were planned for admission to the ICU postoperatively for
monitoring, or those patients with a history of sleep apnea requiring CPAP,
neuromuscular disease, or medical problems that precluded their participation
(such as cognitive impairment).

One investigator performed a standardized history, physical examination,
and spirometry on study participants preoperatively with attention to those
variables outlined in Tables 1 and 2 (these variables were chosen a priori
because 20 have been reported to predict pulmonary complications in at least
one previous study and 5 were felt to have sufficient face validity that they
merited evaluation despite earlier negative studies).[3-11] The method for
performing each of the physical examination maneuvers is provided in the Online

data supplement; for example, the cough test is performed by having the patient
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take a deep inspiration and cough once, and a positive test is defined as
recurrent coughing after the first cough.

Postoperatively, a second investigator (a physician blinded to the
perioperative evaluation and not involved in the patient’s ongoing care) collected
data on the occurrence of a symptomatic and clinically significant postoperative
pulmonary complication within the first 7 postoperative days through review of
chart, laboratory, and radiology data. These included: (1) respiratory failure
requiring mechanical ventilation, (2) pneumonia, (3) atelectasis requiring
bronchoscopic intervention, and (4) pneumothorax or pleural effusion requiring
percutaneous intervention. Only the first of these complications occurring in any
one patient was used in the analyses. Perioperative laboratory tests (such as
chest radiographs or arterial blood gases) and management were left to the
discretion of the attending physicians caring for these patients- prophylactic
measures (such as incentive spirometry) are not routinely used in our hospital to
prevent postoperative pulmonary complications. Data on length of stay was also
collected. Errors in outcome ascertainment were minimized through the use of
detailed definitions established a priori and by reabstraction of a random sample
of the postoperative charts to confirm outcomes by an independent investigator.

To evaluate the relationship between the perioperative variables and
outcomes, we used the Chi-square test or Fisher’s exact test for dichotomous
variables and the t-test for continuous variables. As we planned to conduct
multiple comparisons, we a priori adjusted the p value for significance to P<0.01

using the Bonferroni correction for these analyses. After confirming normality,
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the continuous variables (age, pack years of smoking, body mass index, FEV1,
FVC, and duration of anesthesia) were dichotomized using cut-points previously
described in the literature and confirmed by receiver operating curve analyses.[3-
11] Multivariate logistic regression analyses were performed incorporating all
factors with p<0.20 on bivariate analyses and a prevalence of at least 1%, as well
as other variables felt to be potentially clinically important, using the backward
stepwise selection technique and accepting statistical significance at p<0.05.
Continuous variables in the model were tested for linearity and replaced with a
dichotomized variable if not linear. Further, as including more than one
spirometry variable would create problems with collinearity, we selected FEV, for
the model. All analyses were performed using SPSS statistical software (version
11; SPSS, Chicago, IL).

Additional details on the variables collected (including how to perform the
physical examination maneuvers and the types of surgeries included), the
outcomes sought, and data analysis are provided in an online data supplement.
RESULTS

We enrolled 1055 consecutive patients who attended the University of
Alberta Pre-Admission Clinic between June 2001 and October 2003. The mean
age was 55 years, 531 (50%) were men, and 28 (2.7%) suffered a pulmonary
complication within 7 days of surgery: 13 developed respiratory failure requiring
ventilatory support, 9 postoperative pneumonia, 5 atelectasis requiring
bronchoscopic intervention, 1 pneumothorax requiring intervention. One of the

patients who developed postoperative pneumonia subsequently died. Lengths of
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stay were substantially prolonged for those patients who developed pulmonary
complications within 7 days of surgery: mean 27.9 days versus 4.5 days,
p=0.006.

Only 92 (9%) study participants underwent upper abdominal surgery; the
most frequent types of surgery were lower abdominal/inguinal hernia surgery
(n=821, 30%) and orthopedic limb surgery (n=238, 23%). The 91 patients (9%)
who were referred for preoperative medicine consults were no more (or less)
likely to have postoperative pulmonary complications than those patients not
referred (Odds Ratio [OR] 1.22, 95% confidence interval [Cl] 0.36 to 4.14).

The results of bivariate analyses are outlined in Tables 1 and 2. Of the
variables reported to be associated with pulmonary complications in more than
one previous study, only reduced exercise capacity was not significant in our
study (OR 0.88, 95% CIl 0.26 to 0.96). Even after excluding patients going for

orthopedic lower limb surgery (in whom non-cardiopulmonary reasons likely

influenced exercise capacity), reduced exercise capacity was not associated with

pulmonary complications (OR 1.61, 95% CI 0.47 to 5.51). In addition to the

definition of a current smoker we employed (within 2 weeks of surgery), we also

examined whether the NSQIP definition of current smoker (within 12 months of
surgery) was associated with pulmonary outcomes- it was not (OR 1.14, 95% C

0.50-2.63).

Only 11 of the patients in this cohort had a preoperative arterial blood gas

ordered by their attending physician and although one patient had a PCO2 > 45

mm Hg, none of these patients developed pulmonary complications after surgery.
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Preoperative chest radiographs were ordered for 135 patients, but these patients
were not more likely to have an adverse pulmonary event after surgery (OR 1.14,
95% CI 0.39 to 3.34).

The multivariate regression analysis identified 4 variables which were
independently associated with an increased risk of postoperative pulmonary
complications: age (OR 5.9 for age > 65 years, p<0.001), positive cough test (OR
3.8, p=0.01), perioperative nasogastric tube (OR 7.7, p<0.001), and duration of
anesthesia (OR 3.3 for operations lasting at least 2.5 hours, p=0.008). The
model demonstrates good discrimination and calibration with a C-statistic of
0.875 and a Hosmer-Lemeshow goodness-of-fit statistic of 6.9 (p=0.55).
DISCUSSION

In summary, we confirmed that 8 of the 20 previously reported
perioperative variables are associated with postoperative pulmonary
complications: age, pack years smoked, positive cough test, FEV1, FEV1/FVC
ratio, duration of anesthesia, upper abdominal incision, and perioperative
placement of nasogastric tube. However, only 4 of these variables were
independently associated with increased risk after multivariate analysis: age,
positive cough test, perioperative nasogastric tube, and duration of anesthesia.

Our findings are consistent with the published NSQIP risk prediction
equations. For example, we found significant associations between age, history
of chronic obstructive pulmonary disease, or upper abdominal incisions and
postoperative pulmonary complications which were of similar magnitude to those

reported by Arozullah et al.[13,14] However, we were able to go beyond their
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prediction equations to demonstrate that simple bedside manouvers easily
incorporated into the clinical examination (such as the cough test and forced
expiratory time) are also useful in identifying patients at increased risk for
pulmonary complications.

Our findings are congruent with previous studies employing blinded
comparisons between preoperative clinical assessment and postoperative
outcomes, but go beyond simply confirming already known associations. For
example, several studies have shown that smoking history correlates with
pulmonary complications;[6,13,14] however, we were able to quantify the degree
of risk conferred by smoking (a 191% increase in risk for a 40 pack year smoker
versus a non-smoker). Further, we were able to extend previous reports[8,11]
that “abnormal preoperative physical examination” predicts pulmonary
complications by clearly defining which elements of the clinical examination are
most predictive (cough test and forced expiratory time). Moreover, this study
refutes case-control studies[3,15] that failed to find an association between
preoperative spirometry values and postoperative pulmonary events and
confirms the data from our earlier study (collected in a different sample of
patients) that FEV1 < 1L is an adverse prognostic factor (OR 6.5 in this study
versus 7.9 in our study of 272 patients referred to general internists).[11]
Similarly, the odds ratios we found for other elements of the preoperative
evaluation are consistent with those reported in earlier studies: history of chronic
obstructive pulmonary disease (OR 3.2 in this study versus 4.5 and 4.2 in other

studies),[9,11] and chronic productive cough (OR 2.7 in our study versus 2.2 and
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1.9 in earlier studies).[10,11] Similar to 4 previous studies,[5,6,10,11] we did not
find an association between general anesthesia and risk of pulmonary
complications. However, we are the third study to show that placement of a
nasogastric tube perioperatively substantially increases the risk of pulmonary
complications, even after adjusting for all other covariates (including site of
operation and duration of anesthesia).[9,10] Taken together with randomized
trials demonstrating increased risks of atelectasis and pneumonia with routine
versus selective nasogastric decompression,[16,17] we believe our data supports
calls to minimize the use of routine perioperative nasogastric intubation unless
judged to be necessary on clinical grounds.

Although we fulfilled the criteria cited for a high quality prognostic study
(we collected perioperative data for a consecutive sample of patients undergoing
a full spectrum of elective non-thoracic surgeries, with ascertainment of
postoperative outcomes by an independent investigator blinded to the
perioperative variables), our study does have some limitations. First, this
prediction model has not been validated in an independent data set, although as
detailed above many of our findings are consistent with other studies. Second,
we relied on patient self-report for smoking history and exercise capacity and
some may question the accuracy of patient recall. However, there seems little
reason to believe that patients in this study would systematically
over/underestimate their smoking history or exercise capacity compared to
patients seen in usual practice and, as such, this “limitation” has little bearing on

our findings about which elements of the history reported by patients are useful in
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identifying those who are at increased risk. However, we would suggest that
clinicians clarify with patients whether their reduced exercise capacity is truly
from exertional dyspnea rather than limb/joint symptoms. Third, we limited our
postoperative surveillance to complications which were irrefutably pulmonary and
did not include other complications such as pulmonary emboli or heart failure
which we felt could have multifactorial etiologies. Finally, it should be
emphasized that our study was conducted with patients scheduled to undergo
elective non-thoracic surgery and who attended a Pre-Admission Clinic- our
results should not be extrapolated to other patient populations (such as
hospitalized patients awaiting emergent cardiac surgery) likely to differ
substantially from the relatively healthy patients in our cohort.

Of the approximately 45 million North Americans who will undergo non-
thoracic surgery in the next year, over 1 million will experience a postoperative
pulmonary complication. The occurrence of these complications has enormous
implications for the patient and the health care system. The first step in reducing
postoperative pulmonary complications is to identify which patients are at
increased risk. By doing so, we can more closely follow high risk patients and
target future intervention studies towards those patients most likely to benefit.
We have demonstrated that certain perioperative factors can be used to identify
patients awaiting elective non-thoracic surgery at increased risk for postoperative

pulmonary complications.
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TABLE 1:

The association between continuous preoperative/operative

variables and the occurrence of postoperative pulmonary complications.

Variable Proportion of In this study
previous studies Postoperative No postoperative P value
reporting pulmonary pulmonary
significant complication complication
association* (n=28) (n=1027)

Age 1/8 68.6 (64.3 —72.9) 54.7 (53.7 - 55.6) <0.001
Body Mass Index 1/3 26.9 (25.5 - 28.3) 27.9 (27.5-28.2) 0.24
In smokers, mean pack 2/2 29.7 (22.6 — 36.9) 19.6 (18.1 - 21.0) 0.01
years smoked
Forced expiratory volume 2/6 1.98 (1.72 — 2.25) 2.70 (2.65 —2.75) <0.001
in one second (FEV1)
Forced vital capacity (FVC) 1/5 3.04 (2.70 — 3.38) 3.49 (3.43 - 3.55) 0.02
FEV1/FVC Ratio 11 65.5 (61.2 — 69.7) 77.4 (76.8 - 77.9) <0.001
Oxygen saturation on room 2/4 96.1 (95.0 — 97.3) 97.3 (97.1 —97.4) 0.07
air
Duration of anesthesia 3/5 3.76 (2.69 — 4.83) 2.05(1.94 - 2.16) 0.004

Continuous variables all expressed as mean (with 95% confidence intervals).

* Derived from references 3-11
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TABLE 2:

The association between binary preoperative/operative

variables and the occurrence of postoperative pulmonary complications.

Variable Proportion of In this study
previous studies Number of Odds Ratio (95% | P value
reporting patients with Confidence
significant particular Interval)
association* finding
Age > 65 years See table 1 332 5.73 (2.49-13.15) <0.001
Male gender 0/8 531 1.54 (0.72-3.32) 0.27
Ever smoked (vs. never) 1/7 630 2.06 (0.87-4.89) 0.12
Current smoker (within 2 0N 218 0.83 (0.31-2.21) 0.82
weeks of operation)
Smoked > 40 pack years See table 1 94 2.91 (1.15-7.37) 0.03
Recent (within 2 weeks) upper 0/2 90 1.82 (0.62-5.38) 0.29
respiratory tract infection
History of chronic obstructive 217 54 3.26 (1.09-9.74) 0.05
pulmonary disease
History of asthma 0/3 104 2.03 (0.76-5.48) 0.19
Daily productive cough 1/2 100 2.71 (1.07-6.84) 0.04
Exercise capacity < 2 blocks or 3/3 126 0.88 (0.26-2.96) 1.00
1 flight of stairs
Body Mass Index > 30 See table 1 339 0.57 (0.23-1.42) 0.22
Positive cough test 11 74 3.84 (1.51-9.80) 0.01
Positive wheeze test 11 40 0.94 (0.12-7.08) 1.00
Forced Expiratory Time >9 s 11 31 4.28 (1.22-15.02) 0.04
Maximum laryngeal height < 4 11 166 1.17 (0.44-3.12) 0.79

cm
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Wheezing on standard 1/4 34 2.39 (0.54-10.51) 0.23

auscultation

Upper abdominal incision 1/4 92 4.49 (1.92-10.50) 0.002
General anesthesia 0/4 931 1.11 (0.33-3.74) 1.00

Duration of operation > 2.5 See table 1 321 5.07 (2.27-11.33) <0.001
hours

Perioperative nasogastric tube 2/2 66 13.50 (6.08-29.96) <0.001
FEV1<1L See table 1 14 6.51 (1.38-30.56) 0.05

Chest radiograph abnormal 1/4 44 1.80 (0.41-7.85) 0.33

In the case of operative variables, referent groups were: all other surgeries vs. upper abdominal

incision, regional or spinal anesthesia vs. general anesthesia, and < 2.5 hour duration vs. > 2.5

hours.

* Derived from references 3-11
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METHODS:
Design:

This prospective cohort study was conducted in the Pre-Admission Clinic
at the University of Alberta Hospital. We approached consecutive adult patients
(with or without pre-existing lung disease) who were scheduled to undergo
elective non-thoracic surgery with planned postoperative admission- 98% of
those approached agreed to participate in this study. We excluded patients who
were already hospitalized or mechanically ventilated at the time of preoperative
assessment, or those patients with a history of sleep apnea requiring CPAP,
neuromuscular disease, or medical problems that precluded their participation
(such as cognitive impairment).

One investigator performed a standardized history, physical examination,
and spirometry on study participants preoperatively with methods and
interpretation of physical examination maneuvers established a priori.
Postoperatively, a second investigator (a physician blinded to the results of the
preoperative evaluation and not involved in the patient’s ongoing care) collected
outcomes through review of chart, laboratory, and radiologic data for each
patient. Perioperative laboratory tests (such as chest radiographs or arterial
blood gases) and management were left to the discretion of the attending
physicians caring for these patients. Data on length of stay was also collected.
Variables Collected and Definition of Outcomes:

Using standardized data collection sheets and definitions/methods of

performing the exam maneuvers, we collected the items listed in Tables 1 and 2
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in the print version of the manuscript. We defined COPD as a prior diagnosis
assigned by a physician, irrespective of whether chronic treatment was required.
The physical examination maneuvers included:

-the cough test (performed by having the patient take a deep inspiration and
cough once, positive test defined as recurrent coughing after first cough),

-the wheeze test (performed by having the patient take 5 deep
inspirations/expirations and then auscultating between the shoulder blades
posteriorly to determine the presence or absence of wheezing),

-forced expiratory time (performed by having the patient take a deep inspiration
and then exhale completely through an open mouth, with an abnormal value
defined as > 9 seconds- this has previously been shown to be an accurate sign
of obstructive airways disease compared to pulmonary function tests[E1]),
-maximum laryngeal height (the distance between the top of the thyroid cartilage
and the suprasternal notch at the end of expiration, with an abnormal value
defined as < 4 cm- this has also previously been shown to be an accurate sign of
obstructive airways disease compared to pulmonary function tests[E2]), and

-the presence or absence of wheezing on standard chest auscultation.

We only included patients undergoing non-thoracic surgery, and classified
surgical types as “upper abdominal incision” vs. “other surgeries” a priori. Other
surgeries included lower abdominal incisions (for example, inguinal hernia
repairs or gynecologic surgery where the incision did not extend above the
umbilicus), laparoscopic intra-abdominal operations, orthopedic surgery

(lower/upper limbs or spine, including laparoscopic joint operations), urologic
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surgery (for example, transurethral resections of the prostate), neurosurgical
operations, and assorted minor plastic surgery, opthalmologic, or Ear-Nose-
Throat procedures.

The primary outcome was the occurrence of a symptomatic and clinically
significant postoperative pulmonary complication prior to hospital discharge or by
the seventh postoperative day (whichever came first). Postoperative pulmonary
complications were defined as: respiratory failure requiring invasive or non-
invasive mechanical ventilation (as per the decision of the attending physician
caring for the patient, independent of the study investigators), pneumonia
(defined using the Centers for Disease Control definition for postoperative
pneumonia, as per a recent cohort study on postoperative pneumonia- see table
E1),[E3,E4] or atelectasis of lung or lobe requiring bronchoscopic intervention
(the decision for bronchoscopy was made by the attending physician looking
after the patient, independent of the study investigators, and was based on non-
standardized functional indications such as hypoxia or respiratory distress). Only
the first of these complications occurring in any one patient was used for this
analysis and outcomes were included if any patients were re-admitted to hospital
with a pulmonary complication within 7 days of surgery.

Data Analysis:

To evaluate the relationship between the perioperative variables and
postoperative pulmonary complications, we used the Chi-square test or Fisher’s
exact test for dichotomous variables and the t-test for continuous variables. After

confirming normality, the continuous variables (age, pack years of smoking, body

48



mass index, FEV1, FVC, and duration of anesthesia) were dichotomized using
cut-points previously described in the literature.[E5,E6] We also performed
receiver operating curve analyses to determine whether new cut-points for these
variables would be more appropriate. Multivariate logistic regression analyses
were performed incorporating all factors with p<0.20 on bivariate analyses and a
prevalence of at least 1%, as well as other variables felt to be potentially clinically
important, using the backward stepwise selection technique and accepting
statistical significance at p<0.05. Continuous variables in the model were tested
for linearity and replaced with a dichotomized variable if not linear. Further, as
including more than one spirometry variable would create problems with
collinearity, we selected FEV, for the model.
Ethics:

This study was approved by the University of Alberta Health Research
Ethics Board and the study sponsors had no input into the design, conduct,

analysis, or reporting of this study.
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Table E1:  Definition of Postoperative Pneumonia (adapted from
references E3 and E4)

Postoperative pneumonia defined as:

-new or progressive infiltrate on chest radiography OR crackles or dullness on percussion
of the chest

-AND, any of: new onset purulent sputum, change in character of chronic sputum, positive
blood cultures, or isolation of pathogen from sputum, transtracheal aspirate, bronchial

brush, or biopsy
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