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Resection rates and postoperative mortality 
in 7,899 patients with lung cancer
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ABSTRACT:  Postoperative death used to be an important complication of resec-
tions for lung cancer, especially in elderly patients.  To support decision making in
a general situation, contemporary results and prognostic factors were evaluated.

The computer records of 7899 lung cancer patients, diagnosed from 1984 until
1992 in hospitals connected to the Rotterdam Cancer Registry, were analysed to
evaluate resection rates and 30 day postoperative mortality.

Resections were carried out in 20% of all patients.  In patients 70 yrs of age and
older, the resection rate was 14%, and in younger patients 26%.  The postoper-
ative mortality was 3.1%; 3.6% for males and 0.4% for females.  According to
multivariate analysis, age and extent of surgery were the major determinants of
operative risk.   For patients aged 0–59, 60–69 and ≥70,  postoperative mortality
rates were 1.4, 3.5 and 4.0%, respectively.  The operative risk was 5.7% after
pneumonectomy, 4.4% after bilobectomy, and 1.4% after lesser resections.  Pneumo-
nectomies were performed less often in elderly patients: 27% of operations in
patients ≥70 yrs versus 37% of operations in younger patients.

Age appears to be related to treatment choice and postoperative mortality in
patients with lung cancer.  However, even in patients over 70 yrs of age, resections
can be performed at acceptable risk, implying that chronological age should not
automatically determine treatment decisions.
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Surgical resection is at present the only treatment
that may offer cure for patients with lung cancer.  In
many cases, however, surgery is withheld because of
the extent of disease or the physical condition of the
patient.  In patients with operable tumours, the potential
benefit of surgery has to be balanced against postopera-
tive morbidity and mortality, particularly in the elderly.
The actual treatment decisions will be dependent on the
appraisal of results from the literature, which are  derived
mainly from specialized centres.  Several institutes have
shown that, with judicious selection of patients, resec-
tions can carry an operative risk of less than 5% [1–3].
These results, however, may not be representative for
the general situation due to variation between hospitals
and differences with respect to the selection of cases.
This was illustrated by a large population-based study
from California [4], which reported mortality rates that
far exceeded those of the major cancer centres.  Another
study by WHITTLE et al. [5] demonstrated that this was
particularly true for elderly patients undergoing pneu-
monectomy.

In order to assess the operative risk in a general situ-
ation, we studied resection rates and postoperative mor-
tality in the southwestern part of The Netherlands, an
area with 2.2 million inhabitants and 22 hospitals.

Patients and methods

The Rotterdam Cancer Registry started in 1982 in three
hospitals and the number of participating hospitals ex-
panded gradually thereafter.  In l989, full coverage was
achieved of the southwestern part of The Netherlands, an
area with 22 hospitals and 2.2 million inhabitants.  This
area comprises one department of Thoracic Surgery,
which is part of the academic hospital.  Most patients
with lung cancer are, however, operated on by general
surgeons with special training in lung surgery.

Newly diagnosed cancer patients are notified to the
registry by means of notes from pathology departments
and hospital discharge diagnoses.  After notification,
trained registrars collect data from the clinical records.
These records are examined at least 3 months after diag-
nosis, thus enabling a limited follow-up.  Death certifi-
cates are not available due to privacy regulations.  Tumour
site and morphology are classified according to the rules
of the International Classification of Diseases for Oncol-
ogy (ICD-O)  Tumour stage was registered according to
the tumour/node/metastasis (TNM) regulations [6, 7].
Co-existing medical disorders and other clinical para-
meters were not recorded.

Information on all registered patients diagnosed with
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lung cancer between January 1984 and December 1992
was evaluated.  Twenty eight patients with carcinoma  in
situ, 16 with sarcomas and 47 with carcinoid tumours
were excluded, as were metachronous tumours.  For
purposes of tabulation and analysis, postsurgical TNM
categories were combined, as were ICD-O codes.  For syn-
chronous tumours, only the most advanced lesion was used
in the analyses.  With respect to type of treatment,
only resectional operations were evaluated. Operative
mortality was defined as death within 30 days of opera-
tion.  Thirty two patients who received preoperative
radiotherapy or chemotherapy were included for the
analysis of resection rates but excluded from the analy-
sis of postoperative mortality, to enable a valid evalua-
tion of the stage parameter.  One of these patients died
postoperatively.  For the evaluation of trends, two periods
were defined (1984–1989 and 1990–1992) with approxi-
mately equal numbers of patients.

Resection rates and operative mortality rates were tab-
ulated and evaluated with chi-square statistics.  Operative
mortality was then analysed using multivariate logistic
regression.  The categories of the variables were repre-
sented by indicator variables and their predictive value
was assessed with the p-value of the log likelihood.  Only
variables significantly improving the fit of the model
(p<0.05), were included in the final model.  Odds ratios
were calculated together with 95% confidence intervals,
and represent the relative risk as compared to the refer-
ence category.

Results

In the period 1984–1992, 7,899 patients had been
diagnosed with lung cancer, 9% on clinical grounds,
14% by cytology, and the remainder by histological exam-
ination.  Of these patients, 20% underwent resection (table
1).  For patients 70 years of age and older, the resection
rate was half that for younger patients.  Patients with ade-
nocarcinoma were more frequently treated by surgery
than those with squamous cell carcinoma; resections
were rare in patients with small cell carcinoma.  Gender
and year of diagnosis were not significantly related to

treatment choice.  Female patients were generally youn-
ger than males and were more often diagnosed with ade-
nocarcinoma.
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Table 1.  –  Resection rates in 6,724 men and 1,175 women with lung cancer

Males Females

n Resection p-value n Resection p-value
rate  % rate  %

Age
0–59 yrs 1179 27 <0.001 418 27 <0.001
60–69 yrs 2150 27 365 21
≥70 yrs 3395 14 392 14

Morphology
Squamous cell 2672 31 <0.001 265 29 <0.001
Adenocarcinoma 1040 35 326 40
Small cell 1106 2 252 3
Other/not specified 1906 9 332 9

Year of diagnosis
1984–1989 3540 21 0.07 606 20 0.63
1990–1992 3184 19 569 21

Table 2.  –  Postoperative mortality in 1,577 patients with
lung cancer

n Postop p-value* OR**
mortality  (95% CI)

%

Gender
Male 1338 3.6 0.01 NS

Female 239 0.4

Age
0–59 yrs 418 1.4 0.06 1
60–69 yrs 638 3.5 2.6 (1.0–6.4)
≥70 yrs 521 4.0 3.6 (1.4–8.9)

Morphology
Squamous cell 881 3.4 0.87 NS

Adenocarcinoma 485 2.7
Small cell 26 3.9
Other 185 2.7

Type of surgery
Pneumonectomy 530 5.7 <0.001 4.5 (2.3–8.8)
Bilobectomy 135 4.4 3.5 (1.3–9.4)
Lobectomy/other 912 1.4 1

Stage
1 1022 2.9 0.82 NS

II 272 3.7
III/IV/X 283 3.2

Year of diagnosis
1984–1989 852 2.8 0.47 NS

1990–1992 725 3.5

*: univariate analysis: **: multivariate analysis.  OR: odds
ratio; 95% CI: 95% confidence interval; NS: nonsignificant.

Table 3.  –  Association between age and type of surgery

Age   Pneumonectomy  Bilobectomy   Lesser
yrs % % %

0–59 38 10 52
60–69 36 9 55
≥70 27 8 65
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Table 4.  –  Review of selected recent studies reporting surgical mortality in patients aged 70 yrs and older

Operative mortality at ≥ 70 yrs

Overall Pneumonectomy Lesser Definition
resections

First [Ref.] ≥70 yrs Period
author                        

%* n % n % n %

GINSBERG [2] 20 1979–1981 32/453 7 5/85 6 27/368 7 30 day
KOHMAN [11] 20 1972–1984 7/97 7 – – – – Hospital
DENEFFE [12] 10 1970–1984 8/71 11 – – – – 30 day
ROXBURGH [13] 24 1983–1986 3/43 7 2/22 9 1/21 5 Hospital
ISHIDA [3] 25 1974–1989 6/167 4 0/11 0 6/156 4 Hospital
WHITTLE [5] – 1983–1985 75/903 8 16/94 17 59/809 7 30 day
PATEL [14] – 1985–1990 – 17/197 9 – – Hospital
ROMANO** [4] 30 1983–1986 295/3831 8 65/332 20 230/3499 7 Hospital
GEBITEKIN [15] 22 1980–1988 13/145 9 5/47 11 8/98 8 Hospital
AU [16] – 1980–1987 23/212 11 15/70 21 8/142 6 30 day
This study – 33 1984–1992 21/521 4 11/140 8 10/381 3 30 day

*: proportion of operated patients in the study, being 70 years or older; **: denominators were estimated using the reported tables.

According to univariate analysis, mortality rates were
dependent on gender and type of resection (table 2).  The
operative risk was 3.6% in males and 0.4% in females.
For pneumonectomy, bilobectomy and smaller opera-
tions, the rates were 5.7, 4.4 and 1.4%, respectively.  Multi-
variate analysis revealed that the relative risk increased
with age and extent of operation.  For patients aged 60 yrs
and over, the operative risk was 3.7% in comparison to
1.4% for younger patients.  The proportion of pneu-
monectomies decreased with age from 38% for patients
below 60 yrs of age to 36% for those aged 60–69 yrs,
and to 27% for patients 70 yrs and older (p<0.001)
(table 3).

Discussion

Postoperative death used to be an important compli-
cation of surgical resections for lung cancer [8–10].  In
recent decades, however, mortality rates declined due to
careful selection of patients and advances in preopera-
tive, anaesthetic and postoperative management.  The
3.1% mortality that we encountered is comparable with
results reported by specialized centres [1–3] and contra-
dicts reports from the USA that mortality rates would
be higher for population-based series [4, 5].  Direct
comparison between studies are, however, hampered by
differences in definitions and selection criteria.  For
example, the in-hospital definition may yield a 31%
higher rate than the 30 days definition [11].  Other impor-
tant confounders are the age distribution and the extent
of surgery.  Table 4 demonstrates that the proportion of
patients aged 70 yrs and over may range 10–33%, and
that, within that age group, the proportion of pneumonec-
tomies may range 7–51%.

The operative risk in patients aged 70 yrs and older
(8% after pneumonectomy and 3% after lesser resec-
tions), appears acceptable given the fair life expect-
ancy at 70 yrs of age, 11.4 yrs for men and 15.3 yrs for
women [17].  Other studies, however, reported mortality
rates ranging 0–21% following pneumonectomy and 4–8%

after lesser resections (table 4).  Since treatment decisions
may depend on estimates of operative mortality, local
results should be available to support decision making
by physician and patient.  Mortality rates derived from
the literature may not be representative because of pub-
lication bias and different selection criteria.

Apart from age and extent of surgery, no additional
prediction variables were identified in multivariate
analysis.  The operative risk in women was low but it was
based only  on one event, and female patients were on
average younger than men.  Our analyses were restricted
to the items collected by the cancer registry.  Several other
studies have collected more detailed information and
reported that prediction could be improved by parame-
ters of the cardiovascular and pulmonary function [1, 10,
11, 18].  Absolute contraindications are hard to define,
since additional testing of high risk patients may select
a subgroup in which surgery is justified [19, 20].  Given
the small absolute risks encountered in contemporary
series, future studies looking for medical criteria for inop-
erability will require an extensive sample size.

In the Rotterdam region, 24% of patients with non-
small cell  lung cancer underwent resection.  For patients
aged 70 yrs or older, the resection rate is significantly
lower, probably reflecting coexisting cardiovascular dis-
ease or respiratory problems.  Selection criteria for elderly
patients may have been too strict, although one third of
operated patients were 70 years or older, which is higher
than the proportions in other recent series (table 4).  Our
results demonstrate that patients with lung cancer should
not be excluded from surgery on the basis of chrono-
logical age.
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