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Introduction

With the aging of the baby boomer population, the number 
of people in the USA over 65 is expected to nearly double by 
2040. Currently 12.5% of the US population is over the age 
of 65, and this percentage is projected to increase to 20% by 
the year 2050. The average life expectancy in the USA is 
77.8 and projected to increase to over 80 by 2050 [1–4].

Older patients increasingly present for consideration of 
thoracic surgery, and determining the optimal management 
for this group of patients will be a more frequent challenge in 
the future. While elderly patients present with a spectrum of 
thoracic disease, both benign and malignant, patients with 

cancer comprise the largest and most studied subset of this 
population.

Lung cancer is a disease of the elderly. The median age of 
diagnosis for lung cancer in the USA is 71 years and over 
65% of patients are diagnosed after age 65. National Cancer 
Institute statistics indicate that lung cancer is the leading 
cause of cancer mortality in men and women [5, 6]. In 2008 
an estimated 215,020 Americans will be diagnosed and 
161,840 people will die of lung cancer. Over 100,000 lung 
cancer deaths will be in patients over the age of 65 [7].

Non-small cell lung cancer (NSCLC) comprises 80–85% 
of primary lung tumors, small cell lung cancer (SCLC) makes 
up 15–20% and 1–2% are pulmonary carcinoid [8–10]. SCLC 
is usually widely metastatic at time of diagnosis, and rarely 
under the purview of the surgeon; however, the percentage of 
lung cancer patients with SCLC histology falls with age [10]. 
Surgical resection of NSCLC and pulmonary carcinoid offers 
the best chance for oncologic cure. Additionally, retrospective 
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Case Study

Ms. Jones is an 82-year-old F who was in her usual state 
of good health when she developed a fever and cough. 
A chest X-ray revealed left upper lobe pneumonia and 
she was successfully treated with a course of antibiotics. 
Three months later her pneumonia recurred, and at that 
time a chest CT showed a left upper lobe nodule. A 
biopsy of the nodule was consistent with adenocarci-
noma, and she was referred for thoracic surgery 
evaluation.

On evaluation Ms. Jones is found to be healthy and 
active, despite recent flares of arthritis in her hands. 
Her family refers to her as “well preserved.” She walks 
daily for a quarter mile with her family, shops for her 
own groceries and enjoys gardening. She carries a bas-
ket of laundry up two flights of stairs every day, and 
carries two bags of groceries at a time into the kitchen 

from her car. She had a myocardial infarction 17 years 
ago and 2 years ago had a cardiac stent placed. She has 
a history of reflux disease which seems to be worsening 
over the past year. She has osteoarthritis and the kypho-
sis in her back has become quite obvious. She has a 
distant 27-pack year smoking history. She has exten-
sive social supports and is viewed as the matriarch of a 
family that includes 6 children and 21 grandchildren. 
Her first great grandchild is expected this fall. She is 
active in her church and volunteers at a shelter serving 
meals once a month.

Pulmonary function tests are notable for good lung 
function with an FEV1 of 1.8 L (81% predicted) and an 
FVC of 2.6 L (88% predicted). She is able to walk 1,400 
feet in 6 min without hypoxia. She is able to climb two 
flights of stairs without difficulty. A brain MRI, bron-
choscopy, and mediastinoscopy are all negative. How 
does Ms. Jones advanced age affect her management?
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evidence suggests that resection of isolated metastases to the 
lung may improve survival.

The decision to undergo surgical resection for malignant 
disease should not be based on age alone. An understanding 
of the unique qualities of this patient population has lead to 
improved surgical outcomes for the elderly over the last sev-
eral decades. Patient evaluation, selection, and peri-operative 
management must all be adapted to provide best possible 
care for the increasing numbers of aged patients undergoing 
surgery for cancer. Management of an elderly lung cancer 
patient requires a global consideration of the characteristics 
of aging, differences in tumor presentation and histology, 
and co-morbidities that tend to accumulate over time. The 
initial interview with a patient and family members is used to 
elucidate important variables that may impact operative risk 
and expectations of the recovery process. These questions 
should elucidate the current independent status of the patient, 
social supports, mood, and signs of reduced activity or phys-
ical limitations. After all, the elderly population is a hetero-
geneous group of patients ranging in functional reserve from 
the surprisingly well preserved to the wheelchair bound.

Physiologic Changes of Age

Physiologic changes of the respiratory system associated with 
aging include reduced chest wall compliance with stiffening 
of calcified costal cartilages and narrowing of the interverte-
bral disc space. A progressively restricted ribcage is accom-
panied by decreased diaphragmatic excursion. Postoperative 
weakness of the hemi-diaphragm in this group can lead to 
otherwise unexplained respiratory failure. There is a reduc-
tion of lung elastic recoil with loss of alveolar architecture 
producing a decreased alveolar gas exchange surface. The 
loss of lung elastic recoil and decreased lung compliance 
diminishes negative intrapleural pressure, which then pre-
vents reopening of the small airways, resulting in air trapping 
and inadequate ventilation. Functionally this manifests in 
a  gradual decline of vital capacity and partial pressure of 
oxygen (Po

2
), with an increase in residual volume. Progressive 

atrophy creates weakness of the respiratory musculature. 
Decline in motor power of the accessory muscles and a stiff-
ening of the chest wall also result in a declining forced expira-
tory volume in 1  s (FEV1). Changes in lung compliance 
are not uniformly distributed. Higher respiratory rates there-
fore increase ventilation–perfusion mismatch. Additionally, 
there is a decrease in central nervous system responsiveness. 
The elderly exhibit a blunted ventilatory response to both 
hypoxic and hypercapneic insults [11, 12].

Physiologic changes in lung mechanics make elderly 
patients particularly sensitive to narcotics and muscle relax-
ants, as well as to supine positioning. Elderly patients are 
also at increased risk for respiratory tract infections, due to 

waning immune responses [13]. Smoking in particular has 
been shown to cause bronchial mucociliary dysfunction [14]. 
which has been associated with increased susceptibility to 
infection [15]. Finally, elderly patients with marked kyphosis 
and accompanying paraesophageal diaphragmatic hernias 
are at particular risk for postoperative aspiration.

Increasing age is associated with declines in other organ 
systems as well. There is a decline in glomerular filtration rate, 
an increasing incidence of heart disease, and an increasing inci-
dence of cognitive dysfunction. Changes in body composition 
decrease the volume of distribution of water-soluble drugs [16]. 
Additionally, elderly patients take more medications than 
younger patients and are vulnerable to adverse drug effects.

Preoperative Evaluation

Elderly patients are at increased risk for preoperative 
morbidity and mortality due to both decreased ability to 
recover physiologic homeostasis after surgical stress and 
co-morbid conditions. Older patients represent a heteroge-
neous population, and should be offered surgery based on 
physiologic rather than chronological age. A thorough pre-
operative assessment is imperative to determine whether a 
patient is an appropriate surgical candidate and to predict 
and avoid postoperative complications. Numerous risk 
assessment tools have been created to define preoperative 
variables that correlate with poor outcomes; however, an 
easy to use, strongly predictive tool, has been elusive. 
Geriatric assessment tools aimed at predicting outcomes in 
the specific elderly surgical population remain under study.

All patients in consideration for lung cancer resection sur-
gery require a complete history and physical exam with par-
ticular attention to characterization of symptoms, smoking 
history, and weight loss. At a minimum, patients should 
undergo a chest X-ray, electrocardiogram, a room air arterial 
blood gas, pulmonary function tests for patients undergoing 
lung resection, basic laboratory work, and a complete stag-
ing evaluation. Further workup can be determined based on 
symptoms or the status of co-morbid conditions.

Accurate diagnosis and staging is of utmost importance to 
ensure that patients are appropriately chosen for operative 
resection. Elderly patients should have radiographic and sur-
gical staging of suspected lung cancers in the same manner 
as younger counterparts. Only after the exact stage is known 
can rational treatment decisions be made. Therefore, elderly 
patients should have chest CT scans to image suspected lung 
nodules, PET scans to look for metastatic disease, brain 
scans to look for occult metastases and, if indicated, cervical 
mediastinoscopy to stage mediastinal nodes. Elderly patients 
with suspected lung nodules should not be denied this stan-
dard workup unless their functional status is so impaired that 
treatment is not possible.
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Cardiac Risk Assessment

The American Heart Association (AHA) and American 
College of Cardiology (ACC) developed consensus practice 
guideline for peri-operative cardiovascular evaluation for non-
cardiac surgery that provides a template for assessing patients 
of all ages [17]. The AHA/ACC guidelines describe a step-
wise approach to preoperative surgery with risk stratification 
and further imaging determined by utilizing symptoms, clini-
cal predictors, and functional capacity. Clinical history should 
focus on assessment for coronary risk factors and physical 
capacity including the ability to climb two flights of stairs or 
walk one block. In general, patients with poor functional sta-
tus, or patients with a history of angina or claudication should 
undergo noninvasive testing. In thoracic surgery patients it 
may be difficult to determine if symptom etiology is the result 
of cardiac or pulmonary pathology, thus it is appropriate to 
have a low threshold for additional cardiac imaging and 
assessment by a cardiologist to assist with risk stratification.

Supraventricular tachycardias are very common after 
thoracic surgery, with increased risk for older patients or 
those with a faster preoperative heart rate [18]. The risk of 
postoperative atrial fibrillation is 19% in patients undergo-
ing lung resection for cancer [19]. Randomized trials of tho-
racic surgery patients have determined that calcium channel 
blockers or beta-blockers can reduce the incidence of post-
operative atrial fibrillation by 50–60%; however, beta-blockers 
were associated with an increased risk of pulmonary edema. 
Neither class of medication reduced mortality. Three trials 
showed that digitalis increased the risk of atrial arrhythmias 
[20]. Beta-blockers and calcium channel blockers will both 
reduce postoperative atrial fibrillation; however, beta-block-
ers are preferred by some due to their broader benefits of 
cardiac risk reduction. On the other hand, up to half the 
doses of postoperative beta-blocker may have to be held due 
to transient hypotension or bradycardia, leading others to 
recommend the use of calcium channel blockers.

Pulmonary Risk Assessment

All patients under consideration for lung resection surgery 
should have pulmonary function tests performed. FEV1 by 
spirometry is the most common measured value used to deter-
mine a patient’s suitability for surgery. In the 1970s, data 
obtained from over 2,000 patients showed a <5% mortality 
rate for patients with an FEV1 >1.5 L for lobectomy and >2 L 
for pneumonectomy [21, 22]. Absolute values for FEV1 may 
create a bias against older people; however, a value of >80% 
of predicted has been quoted by some as sufficient for a 
patient to undergo pneumonectomy without further pulmo-
nary testing [23]. In reviewing more recent spirometry stud-
ies performed from NSCLC patients in 1994–2000, Datta and 

Lahiri concluded that increased postoperative morbidity and 
mortality were predicted by an FEV1 of <2 L or <60% pre-
dicted for pneumonectomy, an FEV1 of <1.6  L for lobec-
tomy, and <0.6 L for wedge or segmentectomy [24].

Lung resections have been undertaken in patients with 
much poorer lung function. In 2005, Linden et al. published 
data from a series of 100 consecutive patients with preopera-
tive FEV1 of <35% predicted undergoing lung tumor resec-
tion. In this series, there was a 1% mortality rate (single case 
of perforated colonic diverticulum) and a 36% complication 
rate. Morbidity was dominated by 22% of patients with pro-
longed air leaks. Eleven patients were discharged with a new 
oxygen requirement, and four patients developed pneumo-
nia. Only one patient was discharged on a ventilator and 
three other patients required intubation for >48 h [25].

In a study of 237 patients, Ferguson et al. found preopera-
tive diffusion capacity for carbon monoxide (DLCO) to be 
more predictive of postoperative mortality than FEV1. In 
this study, a DLCO of <60% predicted was associated with 
increased mortality and a DLCO of <80% predicted was pre-
dictive of increased pulmonary complications [26]. Other 
studies, however, have not found this parameter to be a sig-
nificant predictor of postoperative complications [27, 28]. 
DLCO and spirometry may be used as complimentary tests, 
particularly in patients with diffuse parenchymal disease or 
dyspnea that is out of proportion to the FEV1, with a low 
DLCO prompting further evaluation [22].

Formal and simple exercise testing evaluates the cardio-
pulmonary system under induced physiological stress and 
also has been found to be predictive of postoperative compli-
cations. Girish et al. prospectively studied symptom-limited 
stair climbing in thoracic and upper abdominal surgery 
patients. No complications occurred in patients who could 
climb seven flights of stairs, while 89% of patients unable to 
climb one flight of stairs had complications. Inability to climb 
two flights of stairs had a positive predictive value of 80%. 
The ability of patients to climb stairs was found to be inversely 
related to the length of postoperative hospital stay [29]. The 
6-min walk test (6MWT) measures the distanced walked over 
a period of 6 min. A normal patient is able to cover at least 
1,400 feet in 6 min. In a qualitative review, Solway concluded 
that the 6MWT was easy to administer and more reflective of 
activities of daily living than other walk tests [30]. While stair 
climbing and 6MWT are easy to perform, their use in elderly 
patients may be limited by orthopedic impairments, periph-
eral vascular insufficiency or neurological impairments.

As published previously [31], a recommended preopera-
tive pulmonary evaluation for an elderly patient should 
consist of spirometry, pulmonary diffusion capacity of the 
lung for carbon monoxide (DLCO), room air ABG, and 
exercise tolerance tests including stair climbing and 6-min 
walk. Patients with an FEV1 >1 L and no major abnormality 
of other tests (FEV1/FVC >50%, DLCO >50% predicted, 
ABG paO

2
 >45  mm Hg, tolerance of exercise tests) may 
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safely proceed with surgery, including pneumonectomy 
(Fig. 48.1).

Further evaluation for patients who fall outside these 
criteria include ventilation/perfusion scans to calculate 
predicted postoperative (PPO) lung function and VO

2
 max 

testing. A PPO FEV1 threshold of 0.8 L [32] or 0.7 L [33] 
has been suggested as a lower limit value for proceeding 
with lung resection. Absolute values of PPO FEV1 can 
underestimate postoperative lung function in people with 
small stature or the elderly, and can thus be converted into 
percent-predicted postoperative (% PPO) lung function. 
Multiple studies have suggested that morbidity increases at a 

threshold % PPO FEV1 of <40%, or a % PPO DLCO of 
<40% [26, 34–37].

Measurement of maximal oxygen consumption (VO
2
 

max) by formal cardiopulmonary exercise testing is help-
ful to further risk stratify patients with borderline lung 
function. A VO

2
 max of <10 ml/kg/min had a very high 

operative morbidity (26% total in combined data) in 
several small case series. VO

2
 max values of 10–15 ml/kg/

min had an intermediate peri-operative morbidity (8.3% 
total) whereas patients with >15 mg/kg/min can proceed 
with lung resection surgery with an acceptable mortality 
rate [22].

Figure 48.1  Recommended 
pulmonary evaluation for patients 
undergoing lung resection 
surgery. DLCO diffusion 
capacity for carbon monoxide, 
ABG arterial blood gas, FEV1 
forced expiratory volume in 1 s, 
FVC forced vital capacity, VO

2
 

Max maximal oxygen consump-
tion, PPO predicted 
postoperative.
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Cognitive Assessment

The likelihood of returning to baseline physical and mental 
function after surgery is one of the most important outcomes 
for an elderly patient. While patients and their families accept 
that there will be a postoperative recovery time in the hospi-
tal or rehabilitation setting, it is difficult to assess the magni-
tude of this functional decline and predict the risk of 
permanent loss of independence. There is a paucity of data 
assessing changes in quality of life after thoracic surgery in 
the elderly, and few studies that assess whether surgery trig-
gers postoperative loss of independence, or change in need 
for assistance or living requirements. A study of 68 octoge-
narians undergoing pulmonary resections at Johns Hopkins 
Medical Institutions showed that 80% of patients were dis-
charged directly to home from the hospital rather than to 
rehab, offering some proxy information regarding immediate 
postoperative return to function [38]. Moller et al. published 
a study in 1998 that showed a 25% rate of cognitive dysfunc-
tion at 1 week postop from major noncardiac surgery in 
elderly patients (average age 68), with continued dysfunc-
tion in 9% at 3 months [39]. Data from many studies verify a 
high incidence of postoperative cognitive dysfunction in the 
first week after surgery, and dysfunction does tend to increase 
with age. Only one other study has substantiated long-term 
declines over controls, and some have suggested that declines 
found in these studies may be due to random variation 
[40, 41]. Karneko et al. determined that preoperative demen-
tia was a risk factor for postoperative delirium [42]. 
Furthermore, Fukuse et  al. found that thoracic surgery 
patients with preoperative dementia, as estimated by the 
mini-mental status exam (MMS), were fourfold more likely 
to have postoperative complications [43].

Geriatric Assessments

There are multiple assessment indices that have been applied 
to elderly patients to link preoperative function with risk for 
poor outcome. Functional status describes the ability to per-
form self-care, self-maintenance, and physical activities. 
Traditional measures used to assess functional status are 
activities of daily living (ADLs) and instrumental activities 
of daily living (IADLs). ADLs are six basic self-care skills, 
including the ability to bathe, dress, go to the toilet, transfer 
from a bed to chair, maintain continence, and feed one’s self. 
IADLs include higher functioning skills that are used to 
maintain independence in the community. This scale assesses 
ability to use the telephone, go shopping, prepare food, 
perform housekeeping and laundry, use various modes of 
transportation, assume responsibility for medications, and 

the ability to handle finances. Need for assistance in these 
tasks has been predictive of prolonged hospital stay, nursing 
home placement and home-care requirements [44, 45]. Poor 
nutritional status, defined as a BMI <22 kg/m2 has been asso-
ciated with increased need for assistance with ADLs and a 
decreased 1-year survival [46]. A lower ADL score is associ-
ated with postoperative complications [47]. The information 
source reporting a patient’s functional status biases the 
results, with self-reported scores rating higher than scores 
reported by a significant other or nurse [48].

Performance status is a standardized scale designed to 
measure the ability of a cancer patient to perform ordinary 
tasks. There are two scales, the Karnofsky performance 
scale, which ranges from 0 (dead) to 100 (normal) and the 
ECOG scale that ranges from 0 (asymptomatic) to 5 (dead). 
Comparisons of the two scales have been validated with a 
large sample of patients [49]. Performance status has been 
used to select patients for entry into chemotherapy trials; 
however, it is also well accepted to be associated with post-
operative morbidity [50–52].

Postoperative Care

Postoperative management must be optimized specifically 
for the elderly population. Narcotic use should be minimized 
whenever possible to prevent delirium, and appropriate 
elderly patients should be assessed for preoperative place-
ment of a thoracic epidural catheter for analgesia. 
Benzodiazapines and medications for sleep should also be 
minimized. Excellent pulmonary hygiene must be main-
tained with frequent chest physiotherapy and early ambula-
tion. At our institution, thoracic ambulation carts, as shown 
in Fig.  48.2, are used to facilitate walking patients who 
require oxygen, and are otherwise tethered with multiple 
lines and catheters. Forearms are supported by pads while 
hands wrap around a handbrake. Oxygen tanks and ambula-
tory saturation monitors are stored along the sides. Pleural 
drainage systems can be suspended from the side rails. 
A cloth strap is used to secure the patient to the cart during 
ambulation.

Non-small Cell Lung Cancer

Stage at Presentation

Elderly patients more frequently have early-stage disease, 
compared to younger patients with lung cancer. O’Rourke 
et al. used a database of 22,874 patients to demonstrate that 
percentage of patients with surgically resectable disease at 
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diagnosis increases with age. The percent of lung cancer 
patients with local stage NSCLC increased from 15.3% of 
those aged 54 years or younger, to 19.2% of those aged 
55–64 years, to 21.9% of those aged 65–74 years, and to 
25.4% of those aged 75 years or older [53]. Data published 
from the Surveillance, epidemiology, and end results (SEER) 
database in 2005 analyzing a cohort of 14,555 patients with 
early-stage NSCLC showed that the frequency of stage I dis-
ease increased from 79% in patients <65 to 87% in patients 
age 75 or greater [54]. Thus, although the elderly are at 
higher risk of developing lung cancer, a higher proportion 
present with potentially curable disease.

Histology

Elderly patients are more likely to be diagnosed with 
squamous cell carcinoma (SCC) over other histology types 
[10, 55, 56]. Mery et  al.’s analysis of the SEER database 
showed that the frequency of SCC increased from 27% in 
patients <65 years old, to 38% in patients 75 and older, with 
parallel decreases in frequency of adenocarcinoma from 61 
to 50% in corresponding age groups [54]. SCCs are associ-
ated with a higher incidence of local disease [53], tend to 

have lower recurrence rates and may have longer survival 
times than non-squamous cell cancers [57–59]. Squamous 
cell tumors are more likely to be centrally located however, 
and thus are more likely to require pneumonectomy for 
curative resection.

Extent of Resection

Surgical resection for NSCLC offers the best chance for 
cure. The extent of NSCLC resection in elderly patients has 
been extensively debated, with advocates for limited resec-
tions for the aged. Lobectomy, removal of one of the five 
lobes of the lung and associated lymph nodes within a single 
pleural membrane, is considered standard of care for surgical 
resection of early-stage NSCLC [60]. Unfortunately there 
are multiple studies that substantiate age as a risk factor for 
death after thoracotomy. Using data from the 1960s and 
1970s, several small single institution studies published 
operative mortality rates of 14–27% for the elderly depend-
ing on age and type of surgery [61–64]. These findings were 
confirmed by a multiinstitution study by the Lung Cancer 
Study Group in 1983. Ginsberg et al. reviewed 2,200 cases of 
lung resection for cancer and found that operative mortality 
increased proportionally with age. Patients with age <60 had 
a 1.3% 30-day mortality rate, with increasing rates of 4.1, 
7.0, and 8.1% mortality rates for the 60–69, 70–79, and 80 or 
greater age groups, respectively [65].

More recently, Mery et al. determined a 30-day postop-
erative mortality rate of 14,555 patients who had undergone 
curative resections for treating stage I or II NSCLC over the 
period of 1992–1997. In an analysis of patients undergoing 
all types of surgery, there was a 0.45% mortality rate for 
those under age 65 years old, 0.6% for ages 65–74, and 1.2% 
for patients age 75 or older ( p = 0.001). Mortality differences 
were found to be primarily due to differences in survival of 
patient undergoing lobectomy, with 0.3, 0.5, and 1.5% mor-
tality, respectively, for these corresponding age groups 
( p = 0.0001). The difference in peri-operative mortality was 
statistically similar for patients undergoing limited resection 
[66]. Prior published reports likewise did not identify a dif-
ference in expected operative mortality after thoracotomy if 
lung-sparing operations were performed [67–69].

The American College of Surgeons Oncology Group 
(ACOSOG) Z0030 Study published morbidity and mortality 
data in 2006 for 1,023 clinically resectable T1 or T2, N0 or 
non-hilar N1 NSCLC patients randomized over a period 
from 1999 to 2004 to undergo pulmonary resection with 
lymph node sampling vs. mediastinal lymph node dissec-
tion. Their age-stratified morbidity and mortality data is 
shown in Table 48.1. Notably, overall mortality was 1.4%, 
improved from Ginsberg’s reported 3.8%, and was not statis-
tically associated with age [70]. Ninety percent of patients in 

Figure 48.2  Thoracic ambulation cart used to facilitate early postop-
erative ambulation (artwork by Marcia Williams).
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the ACOSOG Z0030 study underwent resection via a 
thoracotomy, with the remaining procedures performed as 
video-assisted thoracic surgery (VATS) or VATS-assisted 
resections. Operative mortality reported by Ginsberg for 
pneumonectomy and lobectomy was 6.2 and 2.9%, respec-
tively, compared with 0 and 1.3%, in the ACOSOG study. 
Notably the pneumonectomy rate of the earlier study was 
25.6 vs. 4% in ACOSOG, likely partially explaining the 
higher mortality rate of the earlier study. The complication 
rate did rise as age increased, with 49% of patients in the 80 
and over age group experiencing one or more complication.

The operative risk of death after pulmonary resections is 
largely attributable to two anatomical disruptions. First there 
is the loss of functional lung tissue, and secondly there is the 
morbidity and mortality introduced by the access thoraco-
tomy. Operative strategies particular to the elderly popula-
tion addresses both of these fronts, with use of video-assisted 
thoracoscopic surgery (VATS) to minimize the chest wall 
disruption of a thoracotomy and by consideration of limited 
resections for the most elderly. Figure 48.3 illustrates the dif-
ference in the disruption of chest wall musculature between 
thoracotomy and VATS approaches.

VATS is defined as surgery performed through two or 
three incisions that are 2  cm in length. A utility incision 
<10  cm long may be used, without spreading of the ribs. 

VATS procedures in the elderly have been shown to have 
lower morbidity, lower rates of postoperative delirium and 
result in earlier ambulation, a lower narcotic requirement, 
and a quicker recovery time [71–75].

Limited resections, consisting of either a sementectomy 
or wedge resection, remove less lung tissue and are usually 
performed via VATS. These operations are associated with 
less peri-operative morbidity and mortality; however, do not 
completely remove draining lymphatics and may be associ-
ated with poorer oncologic outcomes. A randomized trial by 
the Lung Cancer Study Group of limited resection vs. lobec-
tomy for T1 N0 disease revealed a tripling of locoregional 
recurrence with limited resection, and a trend toward 
improved survival in the lobectomy group [76]. Divergence 
of the survival curves between lobectomy and limited resec-
tion did not occur until 3 years after surgery, however, indi-
cating a potential role for limited resection in patients with a 
shorter expected life span. Additional studies have concluded 
that limited resection remains a “compromise” treatment for 
elderly patients or those with limited cardiopulmonary 
reserve [77]. An age-stratified analysis of 14,555 patients in 
the SEER database, showed no benefit for lobectomy over 
limited resection in patients over age 71 [54]. Figure 48.4 
shows a schematic of the range of lung resections. The deci-
sion to perform a limited resection vs. a lobectomy must take 
into account the patient’s ability to tolerate a larger surgery 
and potential associated complications vs. a smaller resec-
tion with less durable oncologic outcomes.

Pulmonary Carcinoid

Pulmonary carcinoids represent 1–2% of lung tumors. They 
consist of a spectrum of neuroendocrine tumors that are 
divided into those with typical (TC) or atypical (AC) histo-
logical features. While carcinoids tend to present in younger 
patients, atypical tumors are often diagnosed about 10 years 
later than typical carcinoid, occurring in the sixth decade. 

Table 48.1  ACOSOG Z0030 Study age-stratified morbidity and mortality after resection for clinically resectable T1 or T2, N0 or non-hilar N1 
NSCLC

Event Age <50 (n = 35) 50–59 (n = 171) 60–69 (n = 386) 70–79 (n = 361) 80+ (n = 70)

One or more complications 8 (23%) 50 (29%) 136 (35%) 162 (45%) 34 (49%)
Air leak >7 days 1 (3%) 14 (8%) 24 (6%) 33 (9%)   6 (9%)
Chest tube drainage >7 days 0 14 (8%) 42 (11%) 53 (15%)   9 (13%)
Chylothorax 1 (3%)   3 (2%) 3 (1%) 5 (1%)   1 (1%)
Hemorrhage 1 (3%)   3 (2%) 10 (3%) 16 (4%)   4 (6%)
Recurrent nerve injury 0   0 5 (1%) 2 (<1%)   0
Atrial arrhythmia 1 (3%) 13 (8%) 53 (14%) 68 (19%) 12 (17%)
Respiratory 4 (12%)   8 (5%) 30 (8%) 29 (8%)   3 (4%)
Death 1 (2.6%)   0 3 (0.8%) 8 (2.2%)   2 (2.9%)
Source: Reprinted with permission from [70] Copyright Elsevier 2005

Figure 48.3  Lung resection surgery via (a) posteriolateral thoracotomy 
(b) video-assisted thoracoscopic surgery (artwork by Marcia Williams).
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Atypical carcinoids tend to be larger, are usually localized to 
the peripheral lung fields, and are more aggressive than typi-
cal carcinoids. The 5-year survival is 40–60 vs. 90% for 
indolent typical carcinoids [78]. Limited resection with 
wedge or segmentectomy is the preferred treatment for local-
ized carcinoids. More extensive resection has been advocated 
for atypical carcinoids, with extent of resection mirroring 
recommendations for NSCLC [79, 80].

Surgical Resection for Pulmonary Metastases

Metastasis to the lungs is a common oncologic problem. 
Pulmonary metastases tend to be an indicator of widely 
metastatic disease; however, in some patients metastases to 
the lungs may occur in isolation. Retrospective evidence 
suggests that highly selected patients may have improved 
survival after resection of pulmonary metastases. Indications 
for the procedure include (1) control of the primary site, 
(2) metastatic disease isolated to the thorax, (3) resectable 
disease, and (4) sufficient cardiopulmonary reserve for the 
operation [81]. Most studies have found that age does not 
have a prognostic influence on overall survival [82–87].

The largest evaluation of outcomes after lung metastasec-
tomy comes from the International Registry of Lung 
Metastases. Established in 1990, the registry enrolls all 
patients who have undergone resection of lung metastases 
with curative intent. Of the 5,206 patients enrolled between 
1991 and 1995, 43% of lung metastases were epithelial in 
origin, 42% were sarcomas, 7% were germ cell tumors, 6% 
were melanomas, and 2% were other types. Single metastases 
accounted for 46% and multiple metastases 52%. Germ cell 
tumors had the best survival and melanoma the poorest sur-
vival at 5 and 10 years (68% at 5 years and 63% at 10 years 
vs. 21 and 14%, respectively). The survival rates for epithelial 

tumors and sarcomas did not differ significantly (37% at 
5 years and 21% at 10 years vs. 31 and 26%, respectively). 
Rates of recurrence also varied by histology type, with 64% 
for sarcomas and melanoma, 46% for epithelial and 26% for 
germ cell tumors with a median time to recurrence of 10 
months. In a multivariate analysis, disease-free interval (DFI), 
number of metastases and tumor type were highly prognostic 
of long-term survival. Based on these findings, Pastorino 
et al. proposed four prognostic groupings to provide a frame-
work for management. Group I consisted of patients with 
resectable metastases, a DFI ³ 36 months and a single metas-
tasis. Group II patients had resectable metastases, and a DFI 
of <36 months or multiple metastases. Group III again had 
resectable lesions and both a DFI of <36 months and multiple 
metastases. Patients with unresectable metastases made up 
group IV. Median survival for these four groups were 61, 34, 
24, and 14 months for groups I–IV, respectively [87].

The use of VATS over thoracotomy for lung metastasec-
tomy is controversial, as the surgeon is not able to palpate the 
lung for additional lesions. In 1994, Collie et  al. reported 
that conventional CT missed up to 50% of pulmonary metas-
tases found at surgery [88]. Furthermore, McCormack et al. 
found additional malignant lesions at thoracotomy in 56% 
of patients after initial VATS exploration, and thus con-
cluded that thoracotomy with manual palpation was the gold 
standard for metastasectomy [89]. Preoperative evaluation 
with PET has a reported sensitivity of up to 94% for lesions 
1.1–1.9 cm; however, it has limited ability to detect smaller 
lesions [90]. Other investigators, however, found no differ-
ence in rates of recurrence or survival between VATS and 
thoracotomy [91, 92]. As advances in imaging technology 
increase the ability to detect smaller lesions, it is likely that 
the use of VATS will become more commonplace, particu-
larly in older patients. Elderly patients with isolated pulmo-
nary metastases and adequate cardiopulmonary reserve 
should be considered for surgical resection.

Figure 48.4  Extent of resection, (a) wedge resection, (b) lobectomy, (c) and pneumonectomy (artwork by Marcia Williams).
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Given Ms. Jones’ relatively good health and performance 
status, her expected life expectancy was felt to be at least 
5 years, and that this would be shortened without resec-
tion of her cancer. As an octogenarian, a limited VATS 
resection was chosen over thoracotomy to reduce peri-
operative morbidity and mortality. She underwent a 
VATS left upper lobe wedge resection and mediastinal 
nodal sampling without event, and was discharged home 
on postoperative day 4. Her pathology returned as T1 N0 
Mx bronchioalveolar carcinoma (BAC). Ms. Jones con-
tinued to do well until 18 months after her surgery when 
a new contralateral right upper lobe spiculated mass was 
detected on follow-up chest CT scan. Interval follow-up 
CT showed slow growth of this nodule and a lack of 

lymphadenopathy. A bone scan and head CT was nega-
tive for metastatic disease. Diagnostically, it was unclear 
if this was a metastasis, a new primary tumor, or a benign 
nodule. She otherwise remained in good health and 
elected to proceed with VATS wedge resection of this 
second nodule. Pathology from this resection again 
proved to be BAC.

Two years after her second resection her chest CT 
showed evidence of recurrence of BAC, now in the left 
lower lobe, and she developed a left pulmonary effusion. 
She began to have progressive shortness of breath and 
was started on gefitinib. This stabilized her disease and 
her symptoms for another 12 months. She eventually 
succumbed to her disease, 5 years after her initial diag-
nosis. Her functional status remained excellent for four 
and a half of those years.

Treatment Patterns of Elderly  
Cancer Patients

There are multiple studies that point to the under-treatment 
of cancer in the elderly, for both lung cancer and other 
diseases [93]. Published data from the SEER database 
showed that the frequency of limited resections increased 
with age, with a decline of pneumonectomies and lobecto-
mies with age. Approximately, 30% of the most elderly 
patients in the database were denied surgery or were 
offered only palliative surgery, in contrast with only 8% 
of the youngest patients [54]. Age is associated with 
declines in functional reserve and organ function, and 
optimal treatment is often affected by co-morbid condi-
tions. Adding to the complexity involved in treatment, the 
elderly have often not participated in clinical trials, often 
forcing clinicians to rely primarily on retrospective data 
for treatment decisions [94].

Using 2004 data, the life expectancy of an 80-year-old in 
the USA is 9.1 years (8.2 years for males, 9.8 years for 
females), whereas the median survival for elderly patients 
with untreated early-stage lung cancer is only 14 months 
[95]. This suggests that life limitation for an 80-year-old 
with lung cancer is likely to be cancer related [96]. 
Table 48.2 [97] shows life table data from 2004 for patients 
older than 65.

Summary Recommendations

Resection of pulmonary malignancies has been shown to be 
safe in selected elderly patients. Age alone should not be a 
contraindication to a therapy that offers the best chance for 
cure for early-stage cancer patients. A thorough preoperative 
assessment can help individualize the morbidity and mortal-
ity risk of surgery for each patient, and thus provide both 
surgeon and patient with the information needed for opera-
tive decision-making. Operative interventions in the elderly 
require coordinated attention to the specific requirements of 
the aged. Efforts must be made to balance complete onco-
logic resection with the elderly’s limited tolerance for 
homeostatic insult. Specialized multidisciplinary care pro-
vided by primary-care physicians, geriatric specialists, cardi-
ologists, oncologists, surgeons, anesthesia, nursing, physical 
therapy, and nutrition optimize care for the elderly thoracic 
surgery patient.

Table 48.2  Life expectancy by age, USA, 2004

Age Total Male Female

65 18.7 17.1 20.0
70 15.1 13.7 16.2
75 11.9 10.7 12.8
80   9.1   8.2   9.8
85   6.8   6.1   7.2
90   5.0   4.4   5.2
Source: Data from [97]
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