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Review

Introduction

The lung is one of the organs that are most vital in main-
taining life, and it is not rare that severe postoperative
complications develop following surgery for lung can-
cer. The 30-day postoperative mortality rate for lung can-
cer is in a range of 0.6–5.2%.1–7) Furthermore, lung can-
cer often develops among the elderly population, and its
relationship to smoking is not to be ignored. Therefore
patients undergoing surgery for lung cancer often suffer
from complications such as diabetes mellitus, hyperten-
sion, ischemic heart disease, and respiratory dysfunctions.
Consequently, lung cancer surgery is often performed on
so-called high-risk patients who frequently succumb to
the sequelae of surgery. There are many reports on surgi-
cal mortality among lung cancer patients, and mortality
appeared to be inversely related to earlier records. More-
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over, surgical mortality seems to be related to several fac-
tors, such as hospitals, surgeons, postoperative manage-
ment, and surgical indications. In the current study, fac-
tors that may be related to surgical mortality in past stud-
ies were discussed; the data thus obtained were presented,
and possible approaches to reduce this mortality were
investigated. In the current study, surgical mortality was
defined as death within 30 days after surgery and an in-
hospital mortality as the death of a patient who succumbed
without being discharged after surgery.

Surgical Mortality of Patients with Lung
Cancer (Table 1)

Table 1 shows 30-day and in-hospital mortalities follow-
ing surgery for lung cancer.1–7) The highest 30-day mor-
tality rate, 5.2%, was reported by Harpole et al.3) and the
lowest, 0.6%, by Watanabe et al.5) The highest in-hospi-
tal mortality rate, 5.0%, was reported by Romano and
Mark,2) and the lowest, 1.8%, by Watanabe et al.5) The
Japanese mortality rates compared to those from Europe
or the United States were more satisfactory. According to
data on cases undergoing resection for lung cancer com-
piled in 1994 by the Japanese Joint Committee of Lung
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Cancer Registry, the 30-day mortality rate was 1.4% (101
of 7,408 cases), and the in-hospital mortality rate was
1.7% (122 cases).4) A prognostic study was conducted in
2006 on those cases that the Japanese Joint Committee of
Lung Cancer Registry compiled in 1999.8) The details of
this study have not been published, but the results were
shown by the Japanese Association for Chest Surgery.
According to their papers, the 5-year survival rate, 30-
day mortality rate, and in-hospital mortality rate have
improved to 60.6%, 0.9%, and 2.0%, respectively.8) How-
ever, these results are not yet altogether satisfactory: fur-
ther efforts are required to improve the results of lung
cancer surgery and to reduce the operation-related mor-
tality.

The Number of Lung Cancer Patients Under-
going Surgery and Their Surgery-Related
Deaths (Table 2)

Table 2 is an illustration of a study by Bach et al.9) who
investigated the relationship between the number of pa-
tients undergoing surgery for lung cancer and surgery-
related deaths. As evident here, surgical mortality in cases
of lung cancer is low in hospitals where many patients
are surgically treated and high in the others where fewer
cases are treated.9–11) When the odds ratio (OR) for a hos-
pital where 1 to 8 patients are surgically treated annually
is set at 1, the ratios were 0.86, 0.50, 0.48, and 0.48 for
those hospitals operating on 9 to 14, 15 to 19, 20 to 66,
and 67 to 100 cases, respectively.9) The survival rate was
also more favorable at hospitals operating on greater num-
bers of surgical cases: their 2-year survival rate was 69%,
but for hospitals operating on fewer surgical patients, it
was 58%.9) The overall survival rate 5 years after surgery
was also more favorable (44%) for hospitals managing a
larger number of patients compared with the survival rate
(33%) for those treating fewer surgical patients.9) Thus it
was concluded that the hospitals where fewer lung can-

cer patients undergo surgery demonstrated higher surgery-
related mortality and a poorer prognosis in comparison
with hospitals having a larger number of surgical patients
for lung cancer.

Neoadjuvant Therapy and Mortality

It is believed that a resection of lung cancer following
neoadjuvant therapy is associated with greater risk. Sub-
sequently, the eligibility of operation cases are imposed
to qualify for the resection of lung cancer after
neoadjuvant therapy, and the operation is more frequently
conducted at hospitals where many lung cancer surgeries
are normally performed. As a result, the reported postop-
erative mortality often does not differ from that of other
types of surgery.12–16) Martin et al. studied operative mor-
tality in many lung cancer patients following neoadjuvant
therapy and reported that the mortality of patients who
had undergone surgery was 3.8%.15) When stratified by
individual surgical procedures, in-hospital mortality was
zero for explorative thoracotomy and limited resection
and 2.0% for lobectomy, but pneumonectomy was asso-
ciated with a high mortality (6.2%). In particular, right
pneumonectomy was associated with exceptionally high
in-hospital mortality (13.0%). Regardless of neoadjuvant
therapy, the respiratory function must be preserved as
much as possible in surgery for lung cancer. In particular,
pneumonectomy of the right lung must be conducted with
consideration given to the residual respiratory function.

Surgical Mortality of Lung Cancer Patients
70 Years or Older

Lung cancer is one of those cancers that often strike the
elderly population, and surgery is often performed on this
population. Table 3 shows in-hospital mortalities pre-
sented in reports on more than 100 patients aged 70 or
over undergoing surgery for nonsmall-cell carcinoma of

Author Year Year analyzed No. of resections 30-day mortality In-hospital mortality

Ginsberg et al.1) 1983 1979–1981 2,200 3.70 –
Romano and Mark2) 1992 1983–1986 12,439 4.10 5.0
Harpole et al.3) 1999 1991–1995 3,516 5.20 –
Shirakusa and Kobayashi4) 2002 1994 7,408 1.40 1.7
Watanabe et al.5) 2004 1987–2002 3,270 0.60 1.8
Licker et al.6) 2006 1993–2004 1,239 2.90 –
Allen et al.7) 2006 1999–2004 1,111 1.37 –

Table 1.  List of literature describing postoperative mortality for surgical resection in lung cancer
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the lung.1,17–20) Ishida et al.17) and Birim et al.20) reported
the lowest mortality (both 3.2%), and the highest (7.4%)
was reported by Thomas et al.18) When stratified by sur-
gical procedure, mortality associated with lobectomy
ranged from 2.4% to 11.8%, and for pneumonectomy it
ranged from 0% to 12.5%. These figures indicated that
the former is associated with a higher mortality; but Ishida
et al.17) and Birim et al.20) reported that mortality from
pneumonectomy is zero when conducted on patients more
than 70 years of age. Their findings may be explained
because in cases in which pneumonectomy is performed
on patients more than 70 years old, each case is selected
carefully, and close management is paid to postoperative
care. The 5-year postoperative survival rate for elderly
patients with nonsmall-cell carcinoma of the lung is in a
range of 34% to 48%, which is less favorable than what it
is for their younger counterparts. Leo et al.21) conducted a
case control study on patients over 70 who had under-
gone pneumonectomy in comparison with similar patients
under 70. They reported that the surgical mortality for
these two groups was 11.4% and 4.3% and mortality
within 90 days after surgery 14.2% and 5.7%, respec-
tively. These numbers indicate that old age has an unfa-
vorable bearing on mortality, or in particular on the prog-

nosis for those with poor respiratory functions (FEV 1%
below 70%). When pneumonectomy on elderly patients
is planned, individuals must be selected by giving suffi-
cient consideration for the risk.

Relationship between Specialties of Surgeons
and Mortality for Lung Cancer Operations
(Fig. 1)

Many believe that subspecialty training may improve sur-
gical outcomes in high-risk surgery. Figure 1 shows the
relationship of surgeon specialties and mortality from lung
cancer surgery.22) Overall surgical mortality rates were
7.6%, 5.6%, and 5.8% with general thoracic surgeons,
cardiothoracic surgeons, and noncardiac thoracic sur-
geons, respectively. Mortality was lower for each spe-
cialty of high-volume surgeons and high-volume hospi-
tals, but the operative mortality for general thoracic sur-
geons was higher than those of cardiothoracic or noncar-
diac thoracic surgeons. Mortality in lung cancer surgery
for the specialty of noncardiac thoracic surgeons was
somewhat lower than that for cardiothoracic surgeons,
but the statistical difference was insignificant.

Table 2.  Relation between the volume of operations and the outcome of operations for primary nonsmall-cell lung cancer

Bach et al. N Engl J Med 2001; 345(3): 181–8.9)

All Annual volume of procedures                                 P Value

Variable hospitals 1–8 9–14 15–19 20–66 67–100 Analytic All seer-
(N=76) (N=34)  (N=14)  (N=10)  (N=16)  (N=2) sample of patients medicare patients

(N=2,118) (N=12,921)

30-day survival
96 94 94 96 97 97

observed (%)

Unadjusted OR
1.00 0.98 0.61 0.54 0.47 0.02 0.05

for death

Adjusted OR
1.00 0.86 0.50 0.48 0.48 0.04 <0.001

for death

2-year survival
64 58 62 62 69 69

observed (%)

Unadjusted OR
1.00 0.85 0.84 0.62 0.61 <0.001 <0.001

for death

Adjusted OR
1.00 0.78 0.77 0.56 0.64 0.02 <0.001

for death

Overall survival
all patients 38 33 36 39 40 44

5-year survival (%)

Unadjusted HR 1.00 0.90 0.84 0.77 0.73 <0.001 <0.001

Adjusted HR 1.00 0.91 0.80 0.75 0.77 0.003 <0.001

OR, odds ratio; HR, hazard ratio.
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Measures to Reduce Surgical Mortality in
Lung Cancer

Individual surgeons and hospitals, besides age, gender,
comorbidities, preoperative treatment, and surgical pro-
cedure, are risk factors in lung cancer surgery. When sur-
gery is planned for lung cancer in elderly patients, the
indication must be carefully examined and a specific sur-
gical procedure selected after closely weighing the respi-
ratory function, as described above. For specific surgical
procedures, one should note that the right pneumonec-
tomy is associated with especially high mortality and
therefore should be limited to those with sufficient re-
sidual respiratory function. Many lung cancer patients are
aged, and they frequently suffer from complications, such
as diabetes mellitus, hypertension, and ischemic heart
disease. In such circumstances, it is desirable that com-
plications are treated before surgery so that the surgery
for lung cancer may be conducted under conditions that
are as optimum as possible. The surgical outcome is fre-
quently affected by the surgeon’s skill and postoperative
care, so it is necessary to select the best surgeon for the
particular surgery. As also indicated, hospitals and the
number of cases managed are related to mortality and the
outcome of surgery. To conduct a safer surgery for lung
cancer, due consideration should be given to both those
conducting and those undergoing surgery in relation to
the factors discussed here.
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