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Abstract
Objective—The effect of seasonal variation on postoperative outcomes following lung cancer
resections is unknown. We hypothesized that postoperative outcomes following surgical resection
for lung cancer within the United States would not be impacted by operative season.

Methods—From 2002 to 2007, 182 507 isolated lung cancer resections (lobectomy (n = 147
937), sublobar resection (n = 21 650), and pneumonectomy (n = 13 916)) were evaluated using the
Nationwide Inpatient Sample (NIS) database. Patients were stratified according to operative
season: spring (n = 47 382), summer (n = 46 131), fall (n = 45 370) and winter (n = 43 624).
Multivariate regression models were applied to assess the effect of operative season on adjusted
postoperative outcomes.

Results—Patient co-morbidities and risk factors were similar despite the operative season.
Lobectomy was the most common operation performed: spring (80.0%), summer (81.3%), fall
(81.8%), and winter (81.1%). Lung cancer resections were more commonly performed at large,
high-volume (>75th percentile operative volume) centers (P < 0.001). Unadjusted mortality was
lowest during the spring (2.6%, P < 0.001) season compared with summer (3.1%), fall (3.0%) and
winter (3.2%), while complications were most common in the fall (31.7%, P < 0.001). Hospital
length of stay was longest for operations performed in the winter season (8.92 ± 0.11 days, P <
0.001). Importantly, multivariable logistic regression revealed that operative season was an
independent predictor of in-hospital mortality (P < 0.001) and of postoperative complications (P <
0.001). Risk-adjusted odds of in-hospital mortality were increased for lung cancer resections
occurring during all other seasons compared with those occurring in the spring.

Conclusions—Outcomes following surgical resection for lung cancer are independently
influenced by time of year. Risk-adjusted in-hospital mortality and hospital length of stay were
lowest during the spring season.

Keywords
Season; Lung Cancer; Surgery; Outcomes

⋆Presented at the 18th European Conference on General Thoracic Surgery, Valladolid, Spain, 30 May–2nd June, 2010.
⋆⋆Funding: This study was supported by Award Number T32HL007849 (DJL, CMB) from the National Heart, Lung, And Blood
Institute and the Thoracic Surgery Foundation for Research and Education Research Grant (GA) and Fellowship (ASN). The content
is solely the responsibility of the authors and does not necessarily represent the official views of the National Heart, Lung, And Blood
Institute or the National Institutes of Health.0.
© 2010 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
*Corresponding author. Address: PO Box 800679, Charlottesville, VA 22908-0679, USA. Tel.: +1 434 243 6443; fax: +1 434 982
1026. drj8q@virginia.edu (D.R. Jones).

NIH Public Access
Author Manuscript
Eur J Cardiothorac Surg. Author manuscript; available in PMC 2011 July 1.

Published in final edited form as:
Eur J Cardiothorac Surg. 2011 July ; 40(1): 83–90. doi:10.1016/j.ejcts.2010.11.023.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1. Introduction
The influence of season on patient outcomes has been a focus of many different medical and
surgical subspecialties. Seasonal variation has been shown to exert epidemiologic effects on
the presentation and treatment of various medical conditions, including coronary artery
syndromes [1], pneumonia rates [2], asthma hospitalizations [3], and cancer [4,5]. In
addition, the impact of academic season and new hospital trainees on surgical outcomes has
been explored within teaching hospitals among a variety of surgical subspecialties [6–9].

Lung cancer remains the leading cause of cancer-related deaths among both men and women
within the United States. According to the U.S. Cancer Statistics Working Group, more than
90 000 men and almost 70 000 women die annually from lung cancer, and newly detected
lung cancer is discovered in over 107 000 men and 89 000 women [10]. Moreover,
outcomes following lung cancer resections have improved over time. Recently, mortality
rates for lung cancer resections have been reported to occur in <4.0% of cases within the
United States [11], and important risk factors for lung cancer resection patients include: age,
male sex, Zubrod score, American Society of Anesthesiologists (ASA) score, diabetes, renal
failure, preoperative forced expiratory volume in 1 s (FEV1), and smoking status [12].
However, the independent effect of seasonal variation on postoperative outcomes following
lung cancer resections is unknown.

The objective of this study was to examine the effect of operative season on outcomes and
resource use among patients undergoing lung cancer resections. We used a large, national
administrative database to more completely examine this important question and
hypothesized that outcomes following surgical resection for lung cancer within the United
States would not be impacted by operative season.

2. Methods
2.1. Data source

Due to the absence of patient identifiers and because the data are collected for purposes
other than research, this study did not meet the regulatory definition of human subjects
research. Thus, the University of Virginia Institutional Review Board (IRB) did not perform
a formal review of this study. Data were obtained from the Nationwide Inpatient Sample
(NIS) databases for the years 2002–2007. NIS is maintained by the Agency for Healthcare
Research and Quality (AHRQ) and is the largest, publicly available all-payer, inpatient care
database in the United States. Each year, it records data from 5 to 8 million hospital
admissions from approximately 1000 hospitals. The data represent an approximate 20%
stratified random sample of all hospital discharges in the United States. NIS includes
hospitals designated as ‘community hospitals’ (‘all non-Federal, short-term, general, and
other specialty hospitals, excluding hospital units of institutions’) in the American Hospital
Association (AHA) Annual Survey, which includes both public and privately owned centers.
Sampling strata used by the NIS are based upon five hospital characteristics (geographic
region, urban or rural location, ownership/control, teaching status, and hospital bed size)
contained in AHA hospital files. Data include inpatient hospital discharge records collected
for patients of all ages and sources of insurance. A discharge weight is provided for each
discharge record to represent the relative proportion of the total US inpatient hospital
population for each record.

2.2. Patients
Using International Classification of Diseases-Ninth Revision, Clinical Modifications
(ICD-9-CM) procedure and diagnostic codes, we identified all patients in the NIS data set
undergoing lung resections (ICD-9-CM codes 323, 3230, 3239, 324, 3241, 3249, 325, 3250,
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and 3259) with a primary diagnosis of lung cancer (ICD-9-CM codes 162, 1622, 1623,
1624, 1625, 1628, and 1629). Patients were stratified by operative season into four
comparison groups: spring (March–May), summer (June–August), fall (September–
November), and winter (December–February). Patient co-morbid disease was assessed using
30 different AHRQ co-morbidity measures and categories developed by Elixhauser et al.
[13].

2.3. Hospitals
Hospital-related details were obtained through data available in the NIS database as well as
through the Association of American Medical College’s Graduate Medical Education
Tracking System. Thoracic surgery teaching hospitals (TSTHs) were identified by linking
the AHA identification numbers of all hospitals within the study data set with hospital
reports from the Association of American Medical College’s Graduate Medical Education
Tracking System. Hospital operative volume was calculated from frequency of thoracic
resections performed at each hospital and then categorized into quartiles: low [<25th
percentile], medium [26–49th percentile], high [50–74th percentile], and very high [>75th
percentile]. The rest of the hospital variables reflect those as defined in the NIS database.

2.4. Outcomes measured
The primary outcomes of interest in this study were adjusted in-hospital mortality, in-
hospital complications, hospital length of stay, and total costs. In-hospital complications
were categorized according to the ICD-9-CM-based coding scheme developed by Guller et
al. (Table 1): wound, infections, urinary, pulmonary, gastrointestinal, cardiovascular, and
systemic and procedural complications [14]. Death occurring during the inpatient stay, mean
hospital length of stay, and total costs were identified from individual discharge records.

2.5. Statistical analysis
The frequencies of categorical variables are expressed as a percentage of the group of origin.
Continuous variables are reported as either means ± standard deviation for patient age and
total costs or means ± standard error for all time-related variables (hospital length of stay).
The incidences of preoperative characteristics, hospital variables, and unadjusted outcomes
were compared using analysis of variance (ANOVA) for continuous variables and Pearson’s
χ2 test for all categorical variables. All group comparisons were unpaired. All reported P-
values are two-tailed with statistical significance set to P < 0.05. Data analysis was
performed using Statistical Package for Social Sciences (SPSS) software, version 17 (SPSS,
Chicago, IL, USA).

Multivariable logistic regression analysis was used to estimate the adjusted odds of in-
hospital death and in-hospital complications among patients undergoing surgical resection
for lung cancer. In our statistical methodology, all covariates (patient age, gender, elective
operative status, hospital geographic region, thoracic surgery teaching hospital status, type
of operation, operative year, operative volume, and categories for co-morbid disease)
entered into each model were selected a priori based upon established clinical risk or were
considered potential confounders for the effect of operative season among lung cancer
resection patients. All covariates contributing cases to each estimated outcome, including
non-significant variables, were retained in the final models. The estimated odds of in-
hospital death and in-hospital complications were adjusted for all covariates. All logistic
regression models included appropriate adjustments for variance components estimated from
the weighted study population. The statistical significance of the association between
operative season and in-hospital death or complications was assessed using the Wald χ2 test.
Confidence intervals (CIs) for all adjusted odds ratios (ORs) were calculated using an alpha
of 0.05. The discrimination achieved by these models was assessed using the area under the
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receiver operating characteristics curve (AUC). AUC values of 1.0 indicate perfect
discrimination between outcome groups, while values of 0.5 indicate results equal to chance.
The Hosmer–Lemeshow test was used to assess the statistical significance of differences in
each model’s calibration across deciles of observed and predicted risk. The results of all
logistic regression models are reported as adjusted ORs with a 95% CI.

To validate the estimated effects of each logistic regression model, we performed sensitivity
analyses. Specifically, for each model, we assessed the likelihood that the estimated effect of
operative season on outcomes could be a spurious result, reflecting the influence of an
unmeasured confounder. Using an established sensitivity analysis technique described by
Lin et al., each model was re-estimated after removing the most statistically significant
covariate as measured by the Wald statistic [15]. With this approach, the likelihood for an
originally observed spurious result is reduced, if the observed effect remains statistically
significant and is not substantially attenuated after re-estimation.

3. Results
3.1. Patient and hospital characteristics

During the 6-year study period, we identified a total of 37 110 discharge records for isolated
lung cancer resections, representing a weighted estimate of 182 507 patients nationwide.
Frequencies of all patient characteristics stratified by operative season are listed in Table 2.
The winter season showed the least percentage of lung cancer resections (23.9%) compared
with spring (26.0%), summer (25.3%), and fall (24.9%); however, the relative distribution of
operations remained clinically similar, despite season. Mean patient age was comparable
between operative season groups, and female gender was the most common among patients
undergoing operations in the fall (50.5%). Elective operations occurred in approximately
90% of all resections, despite operative season. Lobectomy was the most common resection
performed within all operative seasons: spring (80.0%), summer (81.3%), fall (81.8%), and
winter (81.1%). The total number of resections increased by calendar year throughout the
study period, while the distribution of resections within a given calendar year was similar
between operative seasons. Patient co-morbidities and risk factors were similar despite
operative season. The overall frequency of major cardiovascular and pulmonary disease
states included: congestive heart failure (4.7%), chronic pulmonary disease (49.3%),
hypertension 47.8%), peripheral vascular disorders (5.9%), pulmonary circulatory disease
(0.9%), and valve disease (4.2%).

The frequencies of hospital characteristics among all operative season groups are listed in
Table 3. The large majority of surgical resections occurred in an urban setting for all patient
groups and within large hospital bed size hospitals. Overall, 14.8% of all lung cancer
resections were performed at TSTHs, and a higher percentage of these cases were performed
in the spring (15.6%) and fall (15.2%) compared with summer (14.1%) and winter (14.2%,
P < 0.001). The Southern geographic region performed the highest proportion of resections
(31.8%, P = 0.001) for all seasons. Lung cancer resections were more commonly performed
at large, high-volume (>75th percentile operative volume) centers (P < 0.001).

3.2. Unadjusted outcomes
Unadjusted outcomes by operative season appear in Table 4. Overall, complications were
most common in the fall (31.7%, P < 0.001) while patients undergoing lung cancer
resections in the spring incurred the lowest incidence of wound- (0.7%), infectious (0.4%),
genitourinary (1.1%), gastrointestinal (1.2%), and procedure-related (2.5%) complications.
Performance of lung cancer resection in the spring and summer seasons conferred the lowest
mean hospital length of stay (8.79 ± 0.04 days and 8.60 ± 0.03 days, respectively) and total
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costs ($54 659 ± 261 and $54 648 ± 259) among all operative groups. Unadjusted mortality
was lowest during spring (2.6%, P < 0.001) compared with summer (3.1%), fall (3.0%), and
winter (3.2%) seasons.

3.3. Adjusted outcomes for the effect of operative season
Results of multivariable logistic regression models used to estimate the effect of operative
season on postoperative outcomes are shown in Table 5. After adjustment for the concurrent
effects of over 40 patient, hospital, and operative factors, operative season was found to be a
highly significant, independent predictor of in-hospital mortality (P < 0.001). Performance
of lung cancer resections in winter (OR = 1.33 (1.22–1.44)), summer (OR = 1.25 (1.15–
1.36)), and fall (OR = 1.17 (1.08–1.28)) were associated with increased risk-adjusted
mortality compared with those occurring in the spring.

Multivariable logistic regression models constructed for in-hospital complications further
implicated operative season as an independent predictor of morbidity. Among operative
seasons, resections performed in fall were associated with increased odds of postoperative
complications (OR = 1.04 (1.01–1.07)) compared with spring. In addition, the fall (OR =
1.84 (1.21–2.79)) and winter (OR = 1.71 (1.11–2.62)) seasons incurred increased risk of
infections compared with spring.

The statistical performance of each model was further validated. The regression models for
in-hospital mortality and complications achieved adequate discrimination with AUC = 0.83
and 0.79, respectively. In addition, each model demonstrated appropriate calibration with
Hosmer–Lemeshow P-values of <0.05. Upon sensitivity analysis, the effect of operative
season on the estimated odds of each outcome were not significantly attenuated (<10%) after
removing the most significant covariate from each logistic regression model; and all
originally observed statistically significant effects remained.

4. Discussion
To our knowledge, this study represents the largest and most comprehensive review of
contemporary outcomes for lung cancer resection as a function of operative season. In this
study, we have demonstrated disparate differences in short-term outcomes among operative
season groups. The inclusion of a broad, generalizable surgical population allows us to more
confidently comment upon trends that have been previously reported among smaller, more
specific, surgical patient groups. Our results indicate that outcomes following surgical
resection for lung cancer are independently influenced by time of year. Specifically, we have
demonstrated that risk adjusted in-hospital mortality was lowest during the spring season.
Moreover, our results demonstrate significant differences in resource use across seasons, as
patients undergoing lung cancer operations in spring and summer accrued the shortest
hospital length of stay and lowest total costs. These findings bolster those of other smaller
series that have been performed in select surgical populations, and it extends the
examination of timing of operations for lung cancer resections to include a large,
nationwide, diverse, surgical population.

The influence of operative season on patient outcomes has garnered attention within surgical
literature. Several studies have demonstrated that patients undergoing operations during the
winter months have increased morbidity and mortality. Kocer et al. examined prognostic
factors for morbidity and mortality among 269 patients undergoing operations for peptic
ulcer perforations [16]. After adjustment, operative season was determined to be an
independent predictor of morbidity within this cohort, and performance of an operation
during the winter conferred significantly increased odds of morbidity (OR = 2.239 (1.056–
4.751), P = 0.036). A similar association between season and cardiac surgical outcomes
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were observed for a cohort of 16 290 patients undergoing coronary artery bypass grafting
(CABG) [17]. For this patient group, performance of CABG during the winter increased the
odds of hospital mortality (OR = 1.29 (1.01–1.63), P = 0.04) and was associated with the
longest mean intensive care unit (ICU) length of stay compared with other operative
seasons. Further, in a recently presented abstract at the 17th European Conference on
General Thoracic Surgery in 2009, Turna et al. from Turkey suggested a significant effect of
operative season on survival following surgical resections for non-small-cell lung carcinoma
[18]. Using univariate and multivariate survival analyses, they reported that surgical
resections performed in winter conferred reduced survival compared with those performed
in the summer in a retrospective, single-institution study of 698 patients (621 men, 57
women). In addition, they suggested a correlate between the presence of a vitamin D
receptor polymorphism within surgical patients and improved prognosis. These results are in
agreement with the primary outcomes of this study. After adjusting for the potential
confounding influence of patient- and hospital-related factors, we found that performance of
lung cancer resections in the spring was associated with the lowest odds of in-hospital
mortality, while operations performed in winter, summer and fall were associated with a
33%, 25% and 17% increase in the odds of death, respectively. We further demonstrated a
seasonal effect on the estimated odds of postoperative complications as well as on overall
resource use.

The potential for a ‘July Effect’ has been postulated as one potential explanation for
seasonal variations in patient outcomes during the summer following both medical and
surgical hospitalizations. The July Effect describes the effect of new trainees on medical and
surgical outcomes at the beginning of an academic calendar year at teaching institutions.
Several observational studies have examined the influence of a July effect among various
patient populations with mixed results [6–9,19]. In a large, multi-institutional cohort study
of 60 000 patients undergoing major surgical operations, Englesbe et al. demonstrated a 41%
increase in the risk of mortality for operations performed during July and August [19], and
Rich et al. demonstrated the presence of a July effect among patients with internal medicine
diagnoses [8]. However, several studies have failed to demonstrate the effect of a July
phenomenon on surgical outcomes [7–9], including cardiac surgery operations at teaching
hospitals [6]. In our analyses, we attempted to control for the confounding influence of a
July effect through the inclusion of thoracic surgery teaching hospital status as an important
covariate in each of our predictive models. Even after these adjustments, the effect of
operative season was highly associated with patient mortality and morbidity. Furthermore,
within our patient cohort, approximately 85% of all patients underwent lung cancer
resections at non-thoracic surgery teaching hospitals. As a result, these data suggest that the
seasonal effects we observed on risk-adjusted outcomes occur independently despite the
influence of thoracic surgical trainees; and any influence of a July effect within this
population during the summer is minimal.

The demonstrated effect of operative season on lung cancer resection outcomes in this study
is likely multi-factorial in origin and may reflect the influence of certain chronobiologic
influences. Several physiologic (blood pressure, serum cholesterol, glucose tolerance, and
infection rates), lifestyle (obesity, exercise, and smoking), and environmental (temperature
and ultraviolet radiation) risk factors have been associated with seasonal variations in
coronary heart disease, which may indirectly influence overall patient condition and
perioperative events related to pulmonary resections [20,21]. Neurobiologic phenomena
such as activation of the neuroaxial system in response to cold climate has been linked to
accelerated inflammatory pathways and enhanced arrhythmia rates in canine models,
suggesting a higher propensity for adverse surgical outcomes during the winter months [22].
A higher incidence of depression, seasonal affective disorder, and physical and emotional
stress may also contribute to differences in outcomes for patients operated on at different
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times of the year. Moreover, seasonal variations in pulmonary-related processes may
account for observed trends in lung-cancer-resection patients. Several series have
demonstrated the impact of season on asthma exacerbations [3], pneumonia hospitalizations
[2], respiratory viral infection clustering [23,24], and the seasonal onset of bronchiolitis
obliterans following lung transplant [25]. In the current study, several patient, social, and
lifestyle-related factors were accounted for during data analyses: patient obesity, depression,
alcohol and drug abuse, and cardiac disease. The relative even distribution of these and other
co-morbid disease states across operative seasons implies that the seasonal effect we
observed is likely unrelated to underlying patient disease, and suggests the concomitant
influence of several environmental stressors, pulmonary specific infections or pathology, or
other biophysiologic influences related to seasonal change.

This study has important clinical relevance as it provides an extension of an increasingly
reported epidemiologic phenomenon to thoracic oncology and surgical outcomes literature.
As our data analyses indicate and as others have shown, the independent influence of season
on outcomes following lung cancer resections represents a valid, contemporary trend. To our
knowledge, this study represents the largest, and first nationwide description of such an
influence within a thoracic oncology patient population. While we recognize the moderate
effect size represented in our analyses, we have been careful not to conclude or recommend
a delay in patient care for those requiring timely oncologic resections but rather to highlight
an often-overlooked risk factor for patient morbidity and mortality following lung cancer
resections. Furthermore, to completely address the precise clinical impact of seasonal
variation on lung cancer resection outcomes as a rationale for delay in surgery would require
a more stringent, prospective evaluation. Thus, our results remain hypothesis generating and
provide a legitimate clinical context from which future prospective studies should be
derived. Nevertheless, the presented data support the adoption of operative season as an
important patient risk factor that should be considered during individual patient risk
stratification in the preoperative setting.

Despite our significant results, there are several noteworthy limitations to this study. First, as
a retrospective study, inherent selection bias must be considered; however, the likelihood of
this bias is reduced due to the strict methodology and randomization of the NIS database.
Second, the potential for unrecognized miscoding of diagnostic and procedure codes as well
as variations in the nature of coded complications must be considered. However, as the NIS
data set is validated both internally and externally for each year, we believe it is reasonable
to assume that such data are accurately represented in our analyses. In addition, we are only
able to comment on in-hospital, short-term outcomes, which may underestimate true
perioperative mortality and morbidity rates that may have occurred following the patient’s
discharge. With respect to co-morbid disease, we are unable to comment on lung cancer
disease stages or severity. In statistical analyses, the possibility of heterogeneity between
hospitals was not considered, which could have been taken into account using random-
effects logistic regression modeling. We believe, however, that the effect of such an
unmeasured influence would result in a small overall impact on the observed results as
suggested by the performed sensitivity analysis. Furthermore, due to the constraints of NIS
data points, we are unable to include adjustments for other well-established surgical risk
factors such as low preoperative albumin levels, poor nutrition, or preoperative performance
status measures such as the Zubrod score. However, our statistical models proved resilient to
the presence of a potentially unmeasured confounder.

5. Conclusion
In this study, we conclude that risk-adjusted patient morbidity and mortality following
surgical resection for lung cancer is independently influenced by operative season.
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Performance of lung cancer resections in the spring confers the lowest risk of mortality.
Spring and summer operations accrue the shortest hospital lengths of stay and lowest total
costs. These differences should be considered during patient risk stratification and may serve
as a proxy for important chronobiologic events that may be targeted to improve thoracic
surgical outcomes.
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Appendix A. Conference discussion
Dr T. Grodzki (Szczecin, Poland): I don’t remember a bigger analysis than this, and it is
extremely important, but I think we should keep it a secret, because otherwise you will have
a flood of patients who want to be operated on in April and May because they know that the
best outcome is expected in spring.

I would like to ask a question, because there was a discussion in the Journal of Thoracic and
Cardiovascular Surgery, for example, about the length of postoperative chest drainage due to
the season, I mean, the location of the center, the average pressure in the area, et cetera. I
presume you didn’t go so deeply. You just analyzed the raw data. Altogether you presented
very good facts, but despite a possible explanation, in my opinion it is kind of a mystery.
Can you comment on that?

Dr LaPar: I am sorry, I missed the last part of your question.

Dr Grodzki: Nevertheless, despite your explanation, it is still a little bit mysterious, these
spring favorable results.

Dr LaPar: What we did in our study was to identify the operative season as an independent
risk factor for compromised patient outcomes following lung cancer resection. I agree with
you that although we were able through our modeling to control for several independent
known risk factors, there still may be something else explaining the observed influence of
operative season.
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Although the sensitivity analyses of our models reassured us that the effect of season was a
valid, independent predictor of patient outcomes, I believe that it is probable that the
concomitant influence of many different variables may explain our results. Unfortunately in
our modeling efforts we weren’t able to include interactions between every single different
covariate entered, because that would probably get us into some problems with multiple
hypothesis testing.

Overall, we believe that prospective studies may help to better explain this complex
phenomenon, but, more importantly, we believe our results demonstrate verifiably that the
effect of operative season on outcomes is real and that it should be considered during
individual patient risk stratification.

Dr F. Detterbeck (New Haven, CT): I have a question along those lines. How sure are you
that this is a real finding? If you look at enough different factors, you will find factors that
by chance will play out, and as I was listening to the presentation it seemed the length of
stay was decreased in the summer, the operative mortality was decreased in the spring, the
complication rate was increased in the fall, and so there are different factors, and it makes
me wonder if some of these fell out by chance. And so one of the thoughts I had was did you
look within a region, for example? Is this consistent within each region of the country? If
you postulate, for example, that weather has something to do with it and ambient
temperature, well, that is something that might come out differently in different regions.

And then the other question I have is, there have been a few other studies that have looked at
outcomes in relation to seasonal variation, and is this consistent or inconsistent with other
studies?

Dr LaPar: Certainly. We are confident that the effect of seasonal variation has tremendous
influence on patient outcomes. We did not perform any additional subset analyses in terms
of region and so forth, simply because, as you mentioned, the more tests that you do the
more likely you are to run into something being significant by chance. When we set out to
design this study, we identified our primary outcomes at the beginning. We predefined these
outcomes and the predictive models for each outcome to avoid the possibility of the multiple
hypothesis testing that you are referring to. We did attempt to control as best we could for
region by including it as an important covariate, and I know that within the literature there
are some studies that have shown similar seasonal influences, for example, in California, in
cardiac surgery outcomes.

Dr Detterbeck: Do they affect them in the same way? Is it the same time of year that you see
changes?

Dr LaPar: Interestingly, there have been some studies that have shown that seasonal
variations occur even within temperate climates, or regions that have consistent climates.
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Table 1

International classification of diseases-ninth revision, clinical modifications (ICD-9-CM) diagnostic codes for
in-hospital complications.

Mechanical wound complications

 Delayed wound healing: 989.83

 Postoperative hematoma: 998.12

 Postoperative seroma (noninfected): 998.13

 Disruption of operative wound: 998.3

 Persistent postoperative fistula: 998.6

Infections

 Postoperative infection: 998.5

 Postoperative skin abscess: 998.59

 Postoperative septic wound complications: 998.59

 Postoperative skin infection: 998.59

 Postoperative intraabdominal abscess: 998.59

 Postoperative subdiaphragmatic abscess: 998.59

 Postoperative infected seroma: 998.51

Urinary complications

 Postoperative urinary retention: 997.5

 Postoperative urinary tract infection: 997.5

Pulmonary complications

 Postoperative atelectasis: 997.3

 Postoperative pneumonia: 997.3

 Mendelson syndrome secondary to procedure: 997.3

 Postoperative acute respiratory insufficiency: 518.5

 Postoperative acute pneumothorax: 512.1

 Adult respiratory distress syndrome: 518.5

 Postoperative pulmonary edema: 518.4

Gastrointestinal complications

 Postoperative small bowel obstruction: 997.4

 Postoperative ileus: 997.4

 Postoperative ileus requiring nasogastric tube: 997.4

 Postoperative nausea: 997.4

 Postoperative vomiting: 997.4

 Postoperative pancreatitis: 997.4

 Complication of anastomosis of gastrointestinal tract: 997.4

Cardiovascular complications

 Postoperative deep venous thrombosis: 997.79

 Postoperative pulmonary embolism: 415.11

 Postoperative stroke: 997.02

 Phlebitis or thrombophlebitis from procedure: 997.2

 Cardiac arrest/insufficiency during or resulting from a procedure: 997.1

Systemic complications
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 Postoperative shock (septic, hypovolemic): 998.0

 Postoperative fever: 998.89

Complications during procedure

 Accidental puncture or laceration, complicating surgery: 998.2

 Foreign body accidentally left during procedure: 998.4

 Bleeding complicating procedure: 998.11
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Table 2

Patient characteristics for all patients undergoing lung cancer resection operations by season.

Variable Spring Summer Fall Winter

Number of cases (unweighted) 9634 (26.0%) 9383 (25.3%) 9233 (24.9%) 8860 (23.9%)

National estimate of cases (weighted) 47 382 46 131 45 370 43 624

Age (years)a 66.45 ± 0.05 66.49 ± 0.05 66.88 ± 0.05 66.47 ± 0.05

Female 49.5% 49.5% 50.5% 48.6%

Elective operation 89.5% 90.1% 90.7% 89.3%

Operation

 Lobectomy 80.0% 81.3% 81.8% 81.1%

 Sub lobar resections 12.2% 11.4% 10.8% 11.5%

 Pneumonectomy 7.8% 7.3% 7.3% 7.4%

AHRQ co-morbidities

 AIDS 0.0% 0.1% 0.1% 0.1%

 Alcohol abuse 2.2% 2.3% 2.2% 2.9%

 Deficiency anemia 7.8% 8.4% 8.5% 7.7%

 RA and collagen vascular disease 2.2% 2.5% 2.3% 1.9%

 Chronic anemia 0.5% 0.6% 0.9% 0.7%

 Congestive heart failure 4.8% 4.8% 4.7% 4.4%

 Chronic pulmonary disease 49.5% 49.5% 49.7% 48.5%

 Coagulopathy 1.1% 1.7% 1.3% 1.2%

 Depression 5.2% 5.4% 5.4% 5.5%

 Diabetes (uncomplicated) 12.8% 13.1% 13.1% 12.5%

 Diabetes (complicated) 0.9% 1.1% 1.0% 0.9%

 Drug abuse 0.6% 0.7% 0.4% 0.7%

 Hypertension 47.7% 47.0% 48.4% 48.3%

 Hypothyroidism 7.6% 7.2% 7.8% 7.4%

 Liver disease 1.0% 0.8% 1.0% 0.9%

 Lymphoma 0.8% 0.8% 1.0% 0.7%

 Fluid and electrolyte disorder 12.0% 12.5% 12.7% 12.1%

 Metastatic cancer 24.3% 23.2% 22.5% 23.5%

 Neurologic disorder 2.5% 2.3% 2.4% 2.6%

 Obesity 3.4% 3.8% 3.5% 3.8%

 Paralysis 0.5% 0.5% 0.6% 0.7%

 Peripheral vascular disease 6.0% 5.5% 5.9% 6.3%

 Psychoses 1.3% 1.3% 1.5% 1.5%

 Pulmonary circulatory disease 1.1% 0.8% 0.9% 0.7%

 Renal failure 2.2% 2.1% 2.5% 2.0%

 Tumor (no metastases) 5.4% 5.1% 5.6% 5.8%

 Peptic ulcer disease 0.3% 0.2% 0.2% 0.3%

 Valve disease 4.4% 3.9% 4.1% 4.2%

 Weight loss 2.0% 1.8% 2.3% 1.8%
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Variable Spring Summer Fall Winter

Calendar year of operation

 2002 16.7% 15.8% 15.8% 16.9%

 2003 14.8% 16.1% 14.9% 15.8%

 2004 15.5% 15.5% 16.3% 15.4%

 2005 17.9% 17.3% 17.7% 17.3%

 2006 17.0% 17.5% 16.6% 16.0%

 2007 18.0% 17.8% 18.6% 18.6%

a
Means ± standard deviation, rheumatoid arthritis (RA).
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Table 3

Hospital characteristics for all patients undergoing lung cancer resection operations.

Variable Spring Summer Fall Winter

Rural location 6.2% 6.6% 6.3% 6.6%

Thoracic surgery teaching hospital 15.6% 14.1% 15.2% 14.2%

Hospital bed size

 Small 6.2% 7.3% 6.8% 6.8%

 Medium 21.2% 21.5% 21.1% 21.5%

 Large 72.7% 71.2% 72.0% 71.7%

Hospital region

 Northeast 25.0% 24.4% 25.1% 25.1%

 Midwest 18.5% 18.6% 18.8% 18.6%

 South 31.8% 32.7% 31.3% 31.4%

 West 24.7% 24.2% 24.8% 24.9%

Hospital operative volume

 Low 1.8% 1.9% 1.9% 2.0%

 Medium 6.2% 6.9% 6.5% 6.5%

 High 18.6% 18.3% 18.2% 18.6%

 Very high 73.4% 73.0% 73.5% 72.9%
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