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Summary

Lung cancer resection in elderly patients is justifi ed and 
has decreasing morbidity and mortality rates. Careful patient 
selection and operative planning are necessary, however. It is 
wise to have a diagnosis and staging done before the patient 
arrives in the operating theater. The surgeon should avoid ex-
tended resections when possible. In addition, elderly patients 

should be ambulated as soon as possible and adequate pain 
control should be ensured. Finally, the stage of the disease 
and occurrence of cardiopulmonary complications are the 
main determinants of outcome.
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Introduction

There is no set defi nition of an elderly patient. The 
US Department of Health and Human Services Admin-
istration on Aging uses 65 years as a fi gure for aging sta-
tistics. As health care and technological improvements 
are made, the population of older people worldwide is 
increasing. The World Health Organization estimates 
that there will be 800 million people older than 65 years 
by 2025. It is estimated that the number of people liv-
ing with cancer in the 2050 will be 2.6 million, whereas 
in 2000, 1.3 million people were living with cancer. 
The number of people older than 65 years living with 
cancer is also estimated to double over that time period. 
The authors of this study believe that patients who are 
70 years or older have decreased cardiopulmonary re-
serve and that these individuals comprise the “elderly” 
population with respect to lung cancer resection. There 
are patients whose physiology doesn’t go together with 
their chronological age, however, and all patients need 
to be assessed on an individual basis [1-5].

Cancer is the leading cause of death for men aged 
60-79 years and for women aged 40-79 years. It is the 
second leading cause of death, after heart disease, for 
both men and women aged 80 years and older. Lung 

cancer has caused the most cancer deaths annually in 
men and women since the late 1980s when it surpassed 
breast cancer deaths in women. Physicians and health 
professionals caring for patients who have lung cancer 
need to assess the optimal treatment for small cell lung 
cancer (SCLC) and non-small cell lung cancer (NSCLC) 
in the growing population of elderly individuals. This 
article focuses only on NSCLC [6-9].

The life expectancy of persons aged 70, 80 and 90 
years in the United States is 14.4, 8.6, and 4.7 years, re-
spectively. A 75-year-old person will spend 75% of the 
rest of his or her life living independently, and an 80-
year-old individual will spend 50% of that time living 
independently. The argument that elderly patients will 
not benefi t from lung cancer treatment because of short 
life expectancy or decreased quality of life because of 
their advanced age is not valid [10-13].

Characteristics

Earlier studies concluded that there was a different 
behavior of NSCLC in elderly patients. Elderly patients 
who were diagnosed with lung cancer seemed to have 
tumors that were less aggressive, more localized, and 
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slower to metastasize. Later studies demonstrated no 
age-related difference in behavior, stage at time of di-
agnosis (Table 1), or response to therapy. The issue of 
whether the subset of elderly patients who develop lung 
cancer more than 40 years after the cessation of smok-
ing have a more indolent cancer than those who are still 
smoking and develop cancer has not been specifi cally 
studied. There are some data that younger patients diag-
nosed with NSCLC have more aggressive tumors. Four 
studies found a higher incidence of squamous cell cancer 
in older patients than in younger ones. In the studies by 
Mizushima et al. and Bemet et al. this fi nding was only 
true for men [9,11]. In the study by Sherman and Guidot, 
who compared distribution of cell type by age group, no 
statistical difference was found (Table 2) [12].

Symptoms and signs

Most elderly patients with lung cancer have symp-
toms or signs at the time of diagnosis. Nugent et al. found 
that 85% of patients older than 80 years had symptoms, 

the most common of which was cough. Many symptoms 
are nonspecifi c and can be attributed to other medical 
problems, such as ischemic cardiac disease, congestive 
heart failure, and chronic obstructive pulmonary disease. 
Cough, weight loss, and dyspnea occur in 40-50% of 
elderly patients who have lung cancer. Pain and hemop-
tysis are found in 20-40% of these patients. Hoarseness 
and dysphagia are lower in incidence (l-5%). Large-scale 
trials examining the utility of lung cancer screening 
showed no benefi t for the general population, but there 
may be a role for lung cancer screening in elderly indi-
viduals, who have a two- to three-fold greater incidence 
of lung cancer compared with younger patients [9, 
11,14,15].

Diagnosis and staging

Elderly patients have a higher incidence of other 
malignancies as well. In elderly patients with known 
prior malignancy, it is advantageous to know the diag-
nosis of lung masses or nodules before a surgical resec-

Table 1. Non-small cell lung cancer in elderly patients: distibution of stage

     Stage (%)
First author Age Patients I II IIIA IIΙΒ IV
[Reference] (years) n

DeMaria [8] >70 209 50 34 16 − −
Bernet [11] >70 120 60 21 19 − −
Ishida [22] >70 185 52 4 25 12  3
Mizushima [9] >70 89 13 10 17 15 45
Osaki [41] >70 272 40 9 33  7  9
Sioris [31] >75 75 57 20 13  5  4
Sherman [12] >70 64 64 3 33  −
Shirakusa [49] >80 33 55 21 21  0  3
Nugent [10] >80 108 33  18 49 
Koizumi [44] >65 87 70 16 3  1 −
Massard [46] >70 223 48 17 30   4
Morandi [42] >70 85 57 14 22  7

Table 2. Lung cancer in elderly patients: distribution of cell type

 Histology (%)
First author Age Patients Squamous Adenocarcinoma Large Small
[Reference] (years) n   cell cell

DeMaria [8] >70 209 71 7 11 11
Bernet [11] >70 120 64 22 10 4
Mizushima [9] >70 89 47 29 3 4
Osaki [41] >70 272 39 39 9 7
Sioris [31] >75 75 48 40 12 0
Sherman [12] >70 64 30 55 6 −
Shirakusa [49] >80 33 36 48 − −
Nugent [10] >80 108 33 38 30 −
Koizumi [44] >65 87 28 63 1 3
Massard [46] >70 223 70 24 4 1
Morandi [42] >70 85 60 34 2 4
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tion is performed. A biopsy during bronchoscopy or 
percutaneous needle biopsy should be performed, if 
feasible. This allows better treatment planning and may 
eliminate unnecessary general anesthesia or thoracoto-
my in patients found to have metastatic disease or 
SCLC. Because most elderly patients have less cardio-
pulmonary reserve, avoidance of exploratory thora-
cotomy is advisable. In addition, to avoid risks of un-
necessary or futile treatment, careful staging is vital. 
Mediastinoscopy or positron emission tomography 
should be performed in most, if not all, of elderly pa-
tients who are under consideration for lung resection. 
Multiple studies have shown poor outcome and progno-
sis for elderly patients undergoing surgery for N2 and 
N3 disease and, in general, these patients should not be 
treated surgicaly [10-12,14-17]. Thomas et al. found a 
survival benefi t for those patients with locally advanced 
(T3 N0 M0, stage IIΙA) NSCLC treated by resection, 
whereas Pagni et al. found poor survival in octogenari-
ans with either T3 N0 or nodal stage IIΙΑ disease. 
Thomas et al. also found increased complication rates 
after large chest wall resection. Elderly patients with T3 
N0 disease should be considered for surgery only after 
careful consideration of an alternative treatment [14].

If metastatic disease is suspected, tissue confi rma-
tion is necessary before lung resection. Radiologists 
have become profi cient at percutaneous liver and adrenal 
biopsies. Bone scans and brain MRI are required if pa-
tients have symptoms consistent with bone or brain me-
tastases. Endoscopic ultrasound with biopsy is another 
useful diagnostic tool if suspicion exists for involvement 
of subcarinal lymph nodes or a paraesophageal mass that 
is not amenable to biopsy by mediastinoscopy, bron-
choscopy, or percutaneous means [15,16].

Preoperative management

After primary lung cancer is determined in an 
elderly patient (and every patient), some fundamental 
tenets must be met before considering the patient for 
surgery. The length of expected survival after cancer 
resection must be long enough to justify recuperation 
time. These criteria are outlined by Pagni et al. [17] and 
are as follows: 1) The patient’s expected lifespan with 
other concomitant disease must exceed the patient’s 
survival with the unresected lung cancer (6-7 months); 
2) The expected long-term survival benefi t from the 
cancer resection must be long enough to justify the 
operation and recuperation from the operation; 3) The 
operative mortality risk must be low enough to warrant 
the operation; and 4) The operative morbidity must not 
cause excessive or chronic loss of quality of life. In a 

study of octogenarians, the same authors added another 
consideration of logical resource use [17,18]. In elderly 
patients, an assessment of the following factors will 
help the careful selection of appropriate candidates for 
surgery: 1) Pulmonary function; 2) Cardiac function; 
3) Overall general condition; 4) Nutritional status; 5) 
Neurologic function; 6) Other medical problems; and 
7) Social issues [19,20].

Naunheim et al. recommended that pulmonary 
function test criteria for lobectomy in octogenarian 
patients should include a partial pressure of arterial oxy-
gen (PaO2) of 65 mm Hg or greater, a partial pressure 
of arterial carbon dioxide (PaCO2) less than 45 mm Hg, 
a diffusing capacity for carbon monoxide greater than 
40% of predicted value, and a predicted postoperative 
forced expiratory volume in 1 second (ppoFEV1) of 0.8 
L. These are the same criteria used for most lung cancer 
resection candidates, regardless of age [21]. Ciriaco et al. 
found that patients aged 70 years and older with a preop-
erative FEV1 of 55% or less of the predicted or a PaO2 of 
60 mm Hg or less had more postoperative complications 
compared with patients with a preoperative FEV1 of 
79% or greater or a PaO2 of 82 mm Hg or greater [16]. 
Ishida et al. showed a correlation between the Brinkman 
index (number of cigarettes smoked per day x number 
of years smoked) and postoperative complications in pa-
tients aged 70 years and older, with a value of 801 being 
the critical number (roughly equivalent to 40 pack/years 
smoking history) [22]. Recommendations for estimation 
of the preoperative pulmonary status in octogenarians 
undergoing lung resection are more rigorous: a maxi-
mum ventilating volume (MVV) greater than 50% of 
the predicted and a preoperative FEV1 of 50% or greater 
of the predicted values. For patients with borderline 
spirometry or PaO2 fi ndings, quantitative ventilation-
perfusion scan or cardiopulmonary exercise testing to 
determine maximal oxygen uptake (VO2max) can be 
used to select appropriate candidates for resection. The 
quantitative perfusion scan allows better estimation of 
the ppoFEV by quantifying the amount of function that 
each lung and each zone of each lung contributes. A VO-
2max greater than 20 cc/kg/min or 75% of the predicted 
value predicts adequate pulmonary function after any 
lung resection [23]. This criterion is the same as the one 
generally used in patients undergoing lung resection, 
but elderly patients may need preoperative evaluation 
to confi rm adequate function more often than younger 
patients [21-23].

Many elderly patients have cardiac disease, and 
preoperative assessment starts with a careful history for 
cardiac symptoms for ischemia or congestive failure, 
arrhythmia, or valvular heart disease. A 12-lead electro-
cardiogram (ECG) should be obtained and compared 
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with previous ECGs. The American College of Cardiol-
ogy and the American Heart Association have published 
guidelines for cardiac workup for noncardiac surgery 
[24]. If there are relevant symptoms, medical history, or 
changes on the ECG, a stress test should be performed. 
The authors of this review favor a dobutamine stress 
echocardiogram if ischemia, valvular disease, decreased 
ventricular function, or congestive failure are suspected 
or known. If the stress test is negative for all of these con-
ditions, the patient can proceed to surgery from a cardiac 
standpoint. If there is doubt, a cardiac catheterization or 
other testing is performed. The successful management 
of lesions or dysrhythmias by interventional cardiology 
or electrophysiology measures allows the patient to 
proceed to surgery in a more timely fashion. If cardiac 
surgery is necessary, nonsurgical treatment of the lung 
cancer for patients aged 70 years and older should be 
considered. Lung resection should be avoided in octo-
genarians who have cardiac disease that would require 
operative repair. If a patient is candidate for cardiac sur-
gery, regardless of the planned lung surgery, appropriate 
therapy for the lung cancer can be reassessed, depending 
on the patient’s recovery after cardiac surgery [21].

Another useful global assessment of the eligibility 
of elderly patients to have lung resection is a perfor-
mance status scale, such as the Karnofsky or the Eastern 
Cooperative Oncology Group (ECOG) performance 
status scale. Naunheim et al. recommended a Karnof-
sky scale value of 80 or greater for an octogenarian to 
be eligible for lung resection. The patient should be 
questioned about his or her functional status, including 
ability to climb stairs, walk on level ground or inclines, 
and daily activities. Patients with poor functional status 
before surgery will likely worsen in the immediate 
postoperative period and have diffi culty with rehabilita-
tion, physical, and chest therapy. The overall outcome 
may be increased complications, lengthy rehabilitation, 
marked decrease in quality of life, and need for a differ-
ent living arrangement after discharge [22-24].

Studies have demonstrated increased complication 
rates and poor outcome in patients with impaired nutri-
tion [25,26]. The Mini Nutritional Assessment can easily 
evaluate nutritional status. It involves simple measure-
ments and a brief questionnaire, which requires only 10 
min to complete. It stratifi es patients into one of three 
categories: 1) Adequately nourished; 2) At risk of mal-
nutrition; or 3) Protein/caloric undernourished. Albumin 
level also helps determine nutritional status and may 
predict risk of postoperative complications [27,28].

A neurologic examination, as part of the physical 
examination, will identify potential problems, such as 
unsteadiness, weakness, mental status changes, visual 
problems, and memory defi cits, which affect recovery 

from major surgery. Other medical problems requiring 
medical optimization include diabetes mellitus, hyper-
tension and cerebrovascular disease. When more of 
these other comorbid diseases exist, the postoperative 
care and management of the elderly patient becomes 
more challenging [20].

Patients with previous malignancy who have been 
treated and are disease-free should not be considered 
inoperable for their lung cancer. Workup to ensure con-
trol of the previous cancer is recommended before 
proceeding with lung resection. Performing curative 
lung resection with other known malignancy that is not 
controlled is illogical and not benefi cial [19,20].

Preoperative preparation

Atrial fi brillation, or fl utter, is one of the most com-
mon postoperative complications. It can result in in-
creases in length of stay, testing, laboratory studies, 
medications, including anticoagulation drugs, and may 
require cardioversion. It increases the risk of stroke from 
embolism. Because older age is the only risk factor for 
the development of postoperative atrial arrhythmia that 
has been observed in multiple studies, the authors of this 
review recommend prophylaxis with β-blockers, calci-
um channel blockers, d-sotalol, or amiodarone. The goal 
for β-blocker or calcium channel blocker dose before 
surgery is to lower the heart rate to 70 beats/min, if the 
patient’s blood pressure permits. Amiodarone and sotalol 
are more costly, but do not have the same degree of risk 
of hypotension. Due to the long half-life of amiodarone 
it is vital to start its administration approximately 2 
weeks before surgery. Patients taking anticoagulants 
should stop them with adequate time for the effect to 
dissipate. Tight glucose control has been proved to de-
crease the incidence of infection in patients with diabe-
tes. In addition, the regulation of thyroid replacement in 
patients with hypothyroidism is necessary [24].

Smoking cessation should be emphasized. Previous 
literature suggests that once a patient quits, a minimum of 
6 weeks before lung resection helps avoid the bronchor-
rhea that occurs while the bronchial mucosal is regener-
ating. The risk of pulmonary complications after lung 
resection is decreased with smoking cessation. Nicotine 
replacement, buproprion, and smoking cessation support 
groups aid in successful smoking abstinence [29].

The optimization of pulmonary status also includes 
compliance with pulmonary medications, treatment for 
pneumonia or bronchitis, and adequate time for recovery 
before general anesthesia and removal of a functioning 
lung. Preoperative breathing exercises and postoperative 
pulmonary rehabilitation have been shown to decrease 
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the incidence of pulmonary complications postop-
eratively [30]. Participation in postoperative pulmonary 
rehabilitation can be on an inpatient or outpatient basis 
and is supervised by pulmonary medicine physicians and 
physical therapists [23,24].

Social issues may need to be addressed preopera-
tively. A discharge disposition and the likelihood of the 
need for short-stay rehabilitation should be formulated. 
Studies have shown that 85-90% of elderly patients 
were discharged to home after lung resection [21].

Intraoperative management

Monitoring with ECG, pulse oximetry, end tidal 
CO2, arterial line, and temperature are necessary. If 
available, Bispectral index (BIS), (Aspect Medical 
Systems, Newton, Massachusetts, www.aspectms. 
com) monitoring is helpful to determine and maintain 
the desired anesthetic depth. Adequate padding of the 
preoperative tests and the recognition of limitations of 
the range of motion of joints in elderly patients are of 
paramount importance while positioning these patients. 
The use of forced-air heating units will aid in maintain-
ing patient temperature while the chest is open. Bladder 
catheterization allows gross assessment of end organ 
perfusion and volume status. If an epidural catheter is 
in place and being used during the operation, careful 
dosing is needed if local anesthetic is given to prevent 
hypotension from decreased sympathetic tone [24].

Intraoperative bronchoscopy is performed to as-
sess endobronchial lesions and to check the planned 
bronchial tumor resection plane, if this has not been 
performed previously by the surgeon. Thomas et al. 
recommended lymph node sampling instead of total 
mediastinal lymphadenectomy to avoid possible com-
plications of more radical dissection, such as recurrent 
laryngeal nerve palsy, chyle leak, or damage to the 
vagus nerve, phrenic nerve, esophagus, or tracheobron-
chial tree [14]. The risk of these complications is very 
low, however. We believe that the main advantage of 
lymph node sampling is shorter operative time for an 
elderly patient, with resulting decreased time of single-
lung ventilation, atelectasis, and general anesthetic. 
Pneumonectomy, especially on the right side, should be 
avoided if possible, and sleeve resections are preferred 
if feasible with a clear margin [20,24].

Postoperative management

Patients can be transferred from the recovery room 
to a step-down unit or postsurgical telemetry unit. ECG 

monitoring should be performed for 4-5 days postop-
eratively or for the duration of the patient’s hospital stay 
because of the 20-30% risk of supraventricular arrhyth-
mia [28-31].

Pain control can be a challenging issue in elderly 
patients. Although many health care providers believe 
that elderly patients experience less pain than younger 
patients, pain perception studies do not uniformly sup-
port this idea. Confused elderly patients may not com-
plain of pain or be believed when they complain of 
pain. Elderly patients are more sensitive to narcotic 
pain medications, the side effects of which include re-
spiratory depression, pruritus, ileus, and urinary reten-
tion. Nausea seems to occur less frequently in elderly 
patients who may require lower doses of antiemetic 
medication than younger patients. Apart from narcotics 
pain control after thoracotomy can also be achieved by 
epidural infusion, pleural infusion, or intravenous pa-
tient-controlled analgesia. Intramuscular injections 
should be avoided in elderly patients because of the 
steep dose-response curve. Nonsteroidal anti-infl am-
matory drugs (NSAIDs) can be used as adjunct medica-
tion, but they usually will not provide enough pain re-
lief on their own. The incidence of renal failure or 
gastrointestinal bleeding is rare when using low doses 
of NSAIDs [32].

Patients should be mobilized by the evening of 
surgery or the next day. Pulmonary toilet, cough, deep 
breathing, and incentive spirometry are helpful adjuncts 
to physical therapy. If the patient has emphysema, 
nebulizer or inhaler treatments are given. If secretions 
are problematic, a mini tracheostomy can be placed to 
aid suctioning [30].

Delirium may occur in as many as 60% of operated 
patients aged 65 years and older. Risk factors in clude 
older age, cardiopulmonary disorders, central nervous 
system disease, electrolyte abnormalities, gastrointesti-
nal or genitourinary disorders, hypoalbuminemia, infec-
tion, polypharmacy, sensory deprivation, overstimula-
tion, environmental changes, and trauma. Management 
starts with the recognition of delirium and an evaluation 
for medical causes. If a medical reason is found, it should 
be treated. Other interventions for treating delirium in-
clude reorienting the patient, decreasing sensory over-
load or deprivation, and reassuring the patient. If the 
patient is agitated and there is a risk of harm, small doses 
of haloperidol or resperidol can be used. Usage of ben-
zodiazepines and diphenhydramine should be avoided, 
as these agents tend to increase confusion in elderly in-
dividuals. Ensuring that patients have personal posses-
sions, such as eyeglasses and hearing aids, is also neces-
sary. Consultation with geriatricians, neurologists, and 
psychiatrists will aid diagnosis and management [31].
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Results of surgery

All studies confi rm that there is a survival benefi t 
with resection of NSCLC in elderly patients. For pa-
tients not undergoing surgical treatment, survival ranges 
from 6 months to 1 year, with or without other therapy 
[32-37]. Table 3 shows the operative outcomes after 
thoracotomy and lung resection by author. The opera-
tive mortality ranges from 1-21%. There was a correla-
tion between the frequency of pneumonectomy rate 
and the perioperative mortality rate in some studies, but 
not in others. Bernet et al. performed pneumonectomy 
in 22% of their elderly patients and reported a 30-day 
mortality rate of only 2.5% [11]. They gave no data on 
in-hospital mortality, however. Yamamoto et al. found 
no increased mortality after pneumonectomy in elderly 
patients compared with younger patients [38]. The au-
thors attributed the lack of increased mortality in elderly 
patients to very careful patient selection as evidenced by 
the signifi cantly lower frequency of pneumonectomy 
(10 vs. 19%) performed in elderly patients compared 
with patients younger than 70 years. Mizushima et al. 
compared postoperative mortality and morbidity rates 
between patients younger than 70 years and patients 
aged 70 years and older who underwent pneumonec-
tomy [15]. Both rates were higher in the elderly group, 
although there was no difference in prognosis between 
the two groups. Naunheim et al. recommended that 
pneumonectomy should no longer be performed in 
octogenarians because of the higher morbidity and 
mortality they encountered [21]. Whittle et al. used 
a random sample of Medicare claims data and found 
that the perioperative mortality rate of patients aged 
70 years and older who had pneumonectomy was 17% 
during 1983-1985, whereas the perioperative mortality 

rate for lobectomy was 7.4% for patients aged 70 years 
and older [39]. Kiser and Detterbeck reviewed data 
from multiple studies for patients older than 70 years 
and found that mortality after pneumonectomy was 16-
25% [40]. Despite these mixed fi ndings, there is general 
consensus for performing lung conservation without 
sacrifi cing adequate cancer resection and avoidance of 
pneumonectomy when possible.

Cardiopulmonary complications are common in 
elderly patients. The most frequent complications early 
after the operation are atrial arrhythmias, pneumonia, 
prolonged air leak, and respiratory failure. Other com-
mon perioperative complications in elderly patients in-
clude delirium, congestive heart failure, bronchopleural 
fi stula, stroke, and urinary retention. Osaki et al. found 
that the survival rate in octogenarians who underwent 
lung resection was lower in patients who had postop-
erative cardiopulmonary complications, whereas stage 
of disease, histologic cell type, or resectability had no 
infl uence on survival [41]. The number of patients was 
small (n=33), so these data must be interpreted with 
caution. Morandi et al. saw no signifi cant difference 
in the rate of all complications between young and el-
derly patients (>70 years), but did fi nd a higher rate of 
cardiovascular complications (14 vs. 29%; p<0.01) in 
elderly patients [42]. There was a trend toward a higher 
complication rate in elderly patients who underwent 
pneumonectomy compared with younger patients who 
also had pneumonectomy. The rates of respiratory and 
extrathoracic complications were statistically equiva-
lent between the young and elderly groups. Ciriaco et 
al. found that patient survival at 12 months after resec-
tion was highly dependent on cardiorespiratory status 
[16]. Between 30 days and 12 months after resection, 
10 of 75 patients died of cardiovascular complications 

Table 3. Lung cancer resection in elderly patients: operative results

First author Years Age range Patients Perioperative 5-y survival Compl a Pneum
[Reference]  years n mortality (%) (%) (%)
  (mean)  (%)

Yamamoto [38]  1969-98 71-82 (74) 132 2.9b 58 NA 10
Pagni [18]  1971-96 70-96 (75.2) 385 4.2b NA 34 6
Bemet [11]  1972-94 70-85 (74) 120 2.5c 53 63 22
Ishida [22]  1974-89 >70 185 3b 48 37 6
Osaki [41]  1974-91 80-92 (82.4) 33 21b 32 67 9
Thomas [41] 1975-96 70-90 (74) 500 7.4b 34 19 27
Sioris [31] 1976-96 >75 75 9 b 26 29 13
Sherman [12] 1977-84 70-84 (74.6) 64 9.4c 36 16 6
Naunheim [21] 1981-91 80-88 (82.7) 40 15 b 25 45 12.5
Massard [46] 1983-92 70-84(72) 223 7.2 b 33 27 29
Morandi [42] 1989-93 70-88 (73.4) 85 1.2d 28 55 13
Ciriaco [16] 1992-96 70-83 (76.3) 76 1.3c  53e 20 0

Compl: complications, NA: not available, Pneum: pneumonectomy. aall complications experienced during first 30 postoperative days or during same 
hospital stay, b30-day and in-hospital mortality, cin-hospital mortality only, d30-day mortality only, e4.5-year survival
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(3 of heart failure, 2 of myocardial infarction, 1 of 
stroke) or respiratory failure (4 patients). Of these 10 
patients, 8 had cardiorespiratory complications peri-
operatively. After 1 year, death was more likely caused 
by recurrent cancer. We believe that elderly patients are 
ideal candidates for minimally invasive lung resection. 
The avoidance of rib spreading and retraction should 
decrease the amount of postoperative complications 
caused by the inability to clear secretions, cough, 
breathe deeply, and ambulate secondary to pain.

A study by Mikami et al. showed decreased right 
ventricular (RV) function in the acute postoperative 
phase after thoracoscopic lobectomy compared with 
thoracotomy [43]. Koizumi et al. demonstrated im-
proved pulmonary function results at 2.3 months in 
patients after thoracoscopic lobectomy compared 
with patients who had thoracotomy [44]. There may 
also be an immunologic benefi t from less chest wall 
disruption and decreased infl ammation. As thoracic 
surgeons become more profi cient with thoracoscopic 
lobectomy, pneumonectomy, and mediastinal lymph 
node dissection, the pain and longer recovery time 
after thoracotomy may be alleviated. Thoracoscopy 
still exposes elderly patients to a general anesthetic and 
single-lung ventilation. There will also be situations 
in which thoracoscopy is not feasible or safe because 
of anatomic or technical factors, such as nodule loca-
tion, pleural fusion, or physiologic inability to tolerate 
single-lung ventilation.

Koizumi et al. cautioned that surgeons must weigh 
the benefi ts of decreased chest wall damage from thora-
coscopy vs. the increased length of the operation [44]. 
Operative times for video-assisted thoracoscopic (VAT) 
anatomic resection should decrease as surgeons become 
more familiar with VAT lobectomy and pneumonec-
tomy. More studies comparing the hospital course and 
long-term outcomes of VAT resection in elderly patients 
will be published in the near future [45].

Surgeons need to assess and select which elderly 
patients are proper candidates for lung cancer resec-

tion [17,22,38,41,46]. The more involved workup and 
preoperative patient preparation are becoming routine 
as the patient population ages. The extent of surgical 
resection for each patient also needs consideration 
before arriving in the operating theater. There is a cor-
relation with decreased morbidity and lesser extent of 
operation in many studies [16,31,39,47,48]. Sioris et al. 
reported complication rates of 13, 21, 50 and 60% after 
limited resection, lobectomy, bilobectomy, and pneu-
monectomy, respectively [31]. Lung conservation with 
adequate cancer resection is the goal. Segmentectomy 
and sleeve lobectomy rates may increase as the popu-
lation ages. In Thomas et al. series, elderly patients 
had higher mortality rates after extended resections 
for chest wall, great vessel, carinal, main bronchus, or 
esophagus invasion [14]. Although Sioris et al. found a 
correlation of the extent of surgery with morbidity, they 
found no correlation with the extent of operation and 
mortality [31]. The same conclusion was reached by 
Bernet et al. Thomas et al. used “extended” resection 
when discussing resection of tissues other than lung, 
however, whereas Sioris et al. and Bernet et al. applied 
the term to increasing amount of lung tissue removed 
[11,14,31].

Survival for all comers is shown in Table 3. Most 
of these studies do not include patients with stage IV 
NSCLC, because those patients’ disease is considered 
inoperable. Long-term survival rates from several stud-
ies by stage are shown in Table 4. The most important 
determinant of long-term survival is not chronologic 
age, but the extent of cancer. Ishida et al. compared peri-
operative morbidity and mortality and overall survival 
between a group of patients aged 29-69 with a group of 
patients aged 70 or older [22]. There was no signifi cant 
difference in postoperative complication or periopera-
tive mortality rate between the two groups. In addition, 
there was no difference in 5-year overall survival rates or 
survival by stage between the young and elderly groups. 
Morandi et al. also found no differences in survival be-
tween young and elderly groups [42].

Table 4. Lung cancer in elderly patients: survival rates

     5-year survival by stage (%)
First author Age Patients I II IIIA IIIΒ IV
[Reference] (years) n

Yamamoto [38]  >70 132 58 − − − −
Ishida [22]  >70 185 67 40 32 39 18
Mizushima [9]  >70 89 27a    1.5a

Sioris [31]  >75 75 32  41b 22 12  0
Sherman [12]  >70 64 45 − 15  −
Shirakusa [49]  >80 33 79 − 31  −
Massard [46]  >70 223 51 37 15
a3-year survival, bincludes only stage IIB patients; stage IIA survival not calculated
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Pagni et al. reported results of resection after 
neoadjuvant therapy; no difference in morbidity or 
mortality was found in their elderly patients [18]. De-
tails about the regimen of neoadjuvant therapy admin-
istered were not given, however. Mizushima et al. and 
Sherman and Guidot found no difference in survival 
between younger and elderly patients who underwent 
neoadjuvant or adjuvant therapy [12,15]. Again, details 
of the regimens were not provided. Fowler et al. found 
a 43% mortality rate in patients with a median age of 
55 years who had pneumonectomy after neoadjuvant 
therapy [47]. In elderly patients with decreased reserve, 
resection after chemoradiation will likely result in un-
acceptably high mortality and morbidity rates [48].

Conclusions

Age is sometimes used as an excuse not to resect 
NSCLC. Nugent et al. [10] noted that, although only 
6% of patients younger than 45 years had stage I or II 
disease, 33% underwent surgical resection. In contrast, 
of the 33% of elderly patients who had stage I or II 
disease, only 6% underwent surgical resection. Elderly 
patients who are carefully selected for lung resection 
are undoubtedly stronger physiologically than oth-
ers of the same age. Patients with adequate predicted 
postoperative lung function, no contraindications from 
other medical problems, good performance status, and 
social support should be offered standard resection for 
early-stage NSCLC.
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