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Clinical and quality of life outcomes 
following anatomical lung resection for 
lung cancer in high‑risk patients
Henrietta Wilson, David Gammon, Tom Routledge, Karen Harrison‑Phipps

Abstract:
BACKGROUND: Surgery remains the gold standard for patients with resectable nonsmall cell lung cancer. 
Current guidance identifies patients with poor pulmonary reserve to fall within a high‑risk cohort. The aim of this 
study was to determine the clinical and quality of life outcomes of anatomical lung resection in patients deemed 
high risk based on pulmonary function measurements.

METHODS: A retrospective review of patients undergoing anatomical lung resection for nonsmall cell lung cancer 
between January 2013 and January 2015 was performed. All patients with limited pulmonary reserve defined 
as predicted postoperative forced expiratory volume in 1 s or transfer factor of the lung for carbon monoxide 
of <40% were included in the study. Postoperative complications, admission to the Intensive Care Unit, length of 
stay, and 30‑day in‑hospital mortality were recorded. The European Organization for Research and Treatment 
of Cancer quality of life questionnaire lung cancer 13 questionnaire was used to assess quality of life outcomes.

RESULTS: Fifty‑three patients met the inclusion criteria. There was no in‑hospital mortality, and 30‑day mortality 
was 1.8%. No complications were seen in 64% (n = 34), minor complications occurred in 26% (n = 14), while 
9% had a major complication (n = 5). Quality of life outcomes were above the reference results for patients with 
early stage lung cancer.

CONCLUSION: Anatomical lung resection can be performed safely in selected high‑risk patients based on 
pulmonary function without significant increase in morbidity or mortality and with acceptable quality of life 
outcomes. Given that complications following lung resection are multifactorial, fitness for surgery should be 
thoroughly assessed in all patients with resectable disease within a multidisciplinary setting. High operative risk 
by pulmonary function tests alone should not preclude surgical resection.
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Surgical resection remains the gold standard 
for management of patients with nonsmall 

cell lung cancer. Unfortunately, despite recent 
improvements, reported resection rates in the 
UK remain low at 12%–25%.[1] The reasons for 
this are likely multifactorial but can perhaps be 
simplified into two broad areas. First, does the 
disease stage allow for curative surgical resection 
and second, does the patient have the physical 
reserve to endure the required surgical resection? 
It is this second aspect of fitness for surgery that 
we have addressed in this study.

The current British Thoracic Society guidelines 
for assessment for radical lung cancer surgery use 
a tripartite model including operative mortality, 
cardiovascular morbidity, and assessment of 
lung function. Preoperative lung function has 
been shown to be an important factor in the 
prediction of perioperative mortality, morbidity, 
and postresection dyspnea.[2] Numerous series 
have demonstrated a correlation between low 
forced expiratory volume in 1 s (FEV1)/transfer 
factor of the lung for carbon monoxide (TLCO) 
and increased complications and mortality 

following lung surgery.[3‑6] Based on this, an 
optimum cutoff of 40% for postoperative 
predicted FEV1 and TLCO is now used to identify 
higher risk patients. It is important to note 
here that FEV1 and TLCO have been shown to 
measure very different aspects of lung function. 
Moreover, patients with normal spirometry but 
a predicted postoperative (ppo) TLCO <40% still 
have an increased risk following lung surgery, 
demonstrating TLCO to be an independent 
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predictor of postoperative complications.[7] In view of this, all 
patients should undergo full pulmonary function testing before 
lung resection, even in the presence of normal spirometry.

Given the ongoing improvements in perioperative techniques 
and postoperative management, thoracic surgeons have in 
recent years been able to offer surgical resection to patients 
with ppo FEV1 or ppo TLCO of <40%. The increased frequency 
of thoracoscopic lung resection may also have an impact on 
outcomes in patients with limited cardiopulmonary reserve. 
Within our institution, we noted that a cohort of patients 
with poor lung function had undergone surgery for lung 
cancer. As per the current UK and European guidelines, these 
patients would be considered moderate to high risk based 
on pulmonary reserve. The aim of this retrospective review 
was to assess clinical outcomes for this specific group of 
patients. Lowering the acceptable threshold for pulmonary 
function could allow more patients to undergo surgery, but 
we do not currently have good data as to how this will affect 
postoperative dyspnea. For this reason, we have also looked at 
quality of life outcome measures within this cohort.

Methods

A retrospective review of patients who had undergone 
lobectomy, bilobectomy, or pneumonectomy for nonsmall cell 
lung cancer between January 2013 and January 2015 under two of 
the consultants at Guy’s Hospital, London, was performed. The 
segment counting method was used to estimate ppo FEV1 and 
ppo TLCO where ppo FEV1 = preoperative FEV1× (remaining 
segments/19). Preoperative lung function tests were examined 
to identify all those with a ppo FEV1 or ppo TLCO of <40% for 
inclusion in the study. Overall surgical risk was estimated using 
the current British Thoracic Society guidelines.[2]

Data were obtained from patient medical records. Data 
collected included age, sex, preoperative spirometry and 
transfer coefficient, procedure, complications, admission 
to the critical care unit, length of stay, and status at 
follow‑up. Cardiopulmonary testing was only performed 
in five patients for whom these results were also noted. 
The decision as to whether cardiopulmonary testing was 
required was made by the operating consultant surgeon. 
Postoperative lower respiratory tract infection or pneumonia 
was recorded in patients with X‑ray changes of consolidation, 
raised inflammatory markers, signs of infection in sputum 
microbiology, and those treated with respiratory antibiotics. 
A  prolonged air leak was defined as an air leak lasting 
over 5 days. All complications were graded using the Ottawa 
Thoracic Morbidity and Mortality classification.[8] Lung 
function measurements and ppo percentages were summarized 
as mean ± standard deviation (SD). The Kaplan–Meier method 
was used to plot overall survival.

The European Organization for Research and Treatment 
of Cancer quality of life questionnaire  –  lung cancer 13 is 
a well‑validated quality of life tool specifically designed 
for patients with lung cancer and following lung cancer 
treatment.[9] This questionnaire was used to collect quality of 
life data from our patient group. The questionnaire was sent 
with an explanatory letter to all surviving patients in July 2016. 
This was a minimum of 18 months postoperatively and up to a 

maximum of 42 months. In addition to the standard questions, 
we also asked “Do you feel you made the correct decision in 
undergoing surgery.”

Results

During the study period, 53  patients were identified with 
a ppo FEV1 or TLCO of <40%. Within this cohort, 30  (57%) 
were female and 23  (43%) were male. The mean  ±  SD age 
was 70 ± 8 years (range 39–86). Forty‑six patients underwent 
lobectomy with 52% performed thoracoscopically and the 
remaining through standard posterolateral thoracotomy 
incision. Of these resections, three patients required a 
sleeve resection and one underwent additional chest wall 
resection. Bilobectomy was performed in three patients 
and pneumonectomy in four. The majority of patients 
had adenocarcinoma  (53%), followed by squamous cell 
carcinoma (36%), large cell carcinoma (7%), or undifferentiated 
nonsmall cell lung carcinoma (4%).

The preoperative lung function tests and ppo FEV1 and TLCO 
results are demonstrated in Table  1. Absolute values for 
both FEV1 and TLCO were collected in 94% of patients, and 
percentage values were obtained for all patients. The lowest 
ppo FEV1 was 29%, and the lowest ppo TLCO was 21%. Within 
the cohort, 12 patients were identified with both ppo FEV1 and 
ppo TLCO  <40%. Cardiopulmonary testing was performed 
in five patients with a mean VO2  max of 14.8  mL/kg/min 
(range 11.8–18.3 mL/kg/min).

There was no in‑hospital mortality, and 30‑day mortality was 
1.8%  (one patient). The overall survival data were plotted 
using Kaplan–Meier method  [Figure  1]. The majority of 
patients made an uneventful recovery following surgery and 
had no complications (64%). Minor complications occurred in 
26% (n = 14) while 9% had a major complication (n = 5) [Table 2]. 
Within our unit, the standard of care is for postoperative 
patients to return to a level 0 thoracic ward unless previously 
arranged due to specific comorbidities or operative concerns. 
Within this cohort, nine patients required admission to a Level 
1 critical care bed with three of these being planned electively. 
Median length of stay was 7 days overall and 5 days in patients 
who had undergone a VATS procedure.

When considering the subset of 12 patients with both ppo FEV1 
and ppo TLCO of  <40%, there were 4 minor postoperative 
complications including lower respiratory tract infection, atrial 
fibrillation, and prolonged air leak. The median length of stay 
was 6.5 days (range 4–9 days).

Table 1: Pulmonary function data
Mean±SD (range)

FEV1 (L) 1.6±0.6 (0.54-2.87)
FEV1% pred 67.8±18.1 (37-114)
FVC (L) 2.6±0.9 (1.24-4.92)
FVC % pred 92.7±21.8 (53-142)
TLCO % pred 44.7±7.3 (23-62)
ppo FEV1% 51±14.6 (29-92)
ppo TLCO % 33.4±5.7 (21-51)
FEV1 = Forced expiratory volume in 1 s, % pred = Percentage of predicted 
value, FVC = Forced vital capacity, TLCO = Transfer factor of the lung for 
carbon monoxide, ppo = Predicted postoperative, SD = Standard deviation
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Questionnaires were sent to all surviving patients. A  total 
of 27 replies were received within the 3‑month period given 
for responses. This amounted to a 66% response rate. All but 
one patient answered that they felt they had made the correct 
decision to undergo surgery. When considering questions 
which focused on activities of daily living such as self‑care 
and walking short distances, 80%–90% answered that they 
had no or little difficulty. These outcomes are more positive 
than the reference results for patients with early stage lung 
cancer.[10] For long walks and strenuous activity, 30%–50% 
reported no or little difficulty which is in keeping with the 
reference values.

When asked specifically about shortness of breath during the 
past week, 52% responded not at all, 30% reported quite a bit, 
and 18% answered very much. Despite this, however, the global 
quality of life and overall health outcomes were better than 
expected with an average answer of 5 when asked to rate their 
experiences on a scale of 1–7 (1 being very poor and 7 excellent).

Conclusion

Surgical resection remains the curative management option of 
choice in patients with resectable nonsmall cell lung cancer. 
Assessment of the risk of lung surgery remains a difficult 
judgment with a wide variation in opinion. One reason for 
this may be that there is currently still no consensus regarding 
the use of a scoring system to estimate operative mortality in 
the UK population. Thoracoscore and the European Society 
Objective Score  (ESOS.01) are two systems that have been 
evaluated but both were found to overestimate mortality 
within the UK.[11] The Thoracoscore was also found to be a poor 
discriminative tool for predicting postoperative pulmonary 
complications.[12] More recently, the Liverpool group has put 
forward an alternative risk assessment tool based on a single 
center experience.[13] They reported that this system was more 
accurate than both the thoracoscore and ESOS.01 in predicting 
in‑hospital mortality within their patient cohort. Although 
promising this scoring system has yet to be widely validated 
or introduced in other units.

A number of studies have been carried out to try to establish 
specific cutoff values in terms of ppo FEV1 and ppo TLCO 
to allow for better risk stratification.[3‑5] The value often 
quoted in the guidelines of  <40% is, however, based on 
research performed in the 1980s and 1990s. Recent advances 
in perioperative and postoperative care could, therefore, 
allow patients with more limited cardiopulmonary reserve to 
undergo surgery without a significant increase in risk.

More recently, authors have reported reasonable outcomes 
following lung resection in patients with ppo FEV1 or TLCO 
of  <40%.[14,15] This may in part be due to a lung volume 
reduction effect in patients with poor spirometry due to chronic 
obstructive pulmonary disease (COPD). If the primary tumor 
is present in a lobe with significant emphysematous changes, Figure 1: Kaplan–Meier curve for overall survival in months

Table 2: Summary of complications (Ottawa Thoracic Morbidity and Mortality classification) and number of 
patients affected

Grade I Grade II Grade IIIa/b Grade Va/b
Pulmonary complications

Pneumonia Antibiotic therapy 
only=7

Requiring intubation=1

Atelectasis Requiring intubation=1
Pleural complications

Prolonged airleak >5 days but no further 
intervention=3

Empyema Surgical intervention 
under GA=1

Cardiac complications
AF Cardioversion with 

correction of electrolytes=2
Cardioversion following 
medication=4

Myocardial ischaemia Associated with single 
organ failure=1

Renal complications
UTI Medical therapy only=1
Acute kidney injury No intervention required=1

Gastrointestinal 
complications

Ischaemic bowel Life‑threatening requiring 
urgent surgery=1
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then the actual loss of functioning lung is likely to be minimal, 
and there may even be improvement in symptoms following 
resection. For this reason, the European guidelines recommend 
the cutoff for high‑risk patients based on pulmonary function 
should be lowered to a ppo FEV1/TLCO of 30%.[16] The British 
Thoracic Guidelines, however, still recommend the higher 
value of 40%; these differences reflect the ongoing issue that 
the lower limit of surgical tolerance remains elusive.

In the present study, we have shown that anatomical lung 
resection can be carried out safely in selected patients with 
a ppo FEV1 or ppo TLCO of <40%. The majority of patients 
made an uneventful recovery following surgery. The overall 
complication rate was 36% (9% major), which is in keeping 
with rates reported in a general population undergoing 
thoracic surgery.[17] Mortality was also below that seen in the 
UK in patients undergoing anatomical lung resection with no 
in‑hospital deaths and a 30‑day mortality of only 1.8%. When 
considering the subgroup of patients with both ppo FEV1 and 
ppo TLCO of <40%, there were only four minor complications 
identified.

Both the European and British guidelines discuss the use of 
cardiopulmonary testing to further evaluate patients with 
borderline pulmonary function tests.[2,16] Meta‑analysis has 
confirmed that exercise capacity expressed as VO2 max is lower 
in patients who develop complications following curative 
lung resection.[16] No single value, however, has been used 
to describe prohibitive risk for surgery. In general, patients 
with a VO2 max >20 mL/kg/min are considered low risk for 
surgery, while for those with a VO2  max  <10  mL/kg/min, 
surgery would be contraindicated. Patients with a value 
of 10–15  mL/kg/min would be considered very high 
risk.[18] Despite this, there is again evidence that even in 
patients with poor cardiopulmonary reserve surgery can be 
undertaken with acceptable risk. The Cancer and Leukemia 
Group B (CALBG) reported outcomes for 68 patients with a 
VO2 max <15 mL/kg/min undergoing lung resection with an 
operative mortality of 4% and no increase in postoperative 
complications.[19] Within our study, only five patients 
underwent cardiopulmonary testing as we did not think 
the information would add to the overall risk assessment 
in the majority of cases. All patients who were assessed had 
a value of >10 ml/kg/min, and the test did not, therefore, 
discriminate any patient with “prohibitive risk.”

Quality of life and postoperative dyspnea are often not 
specifically considered when looking at outcomes in high‑risk 
patient groups. In the present study, we have included these 
outcomes as they are vital when contemplating whether it is 
acceptable to lower the threshold for surgical fitness. Overall 
quality of life outcomes within this cohort were better than 
expected and above the reference values for this group.[10] Of 
particular note, 80%–90% reported no or little difficulty in 
performing day‑to‑day activities.

The current study has a number of limitations. Firstly, we 
have considered risk based on pulmonary function tests 
alone. As highlighted by the numerous scoring systems to 
estimate mortality, risk in thoracic surgery is multifactorial. 
Other comorbidities such as cardiac disease, diabetes, and 
previous stroke are all significant risk factors. Performance 

status was also not considered here although FEV1 has been 
suggested as a surrogate for performance status in predicting 
perioperative mortality.[20] We have, however, looked at 
postoperative dyspnea and quality of life which are likely to 
be closely linked to pulmonary function and to be the most 
important outcomes for patients with limited pulmonary 
reserve. Secondly, as previously discussed, the lung volume 
reduction effect is likely to be significant in these patients with 
severe COPD. Although data regarding the surgical procedure 
and lobe was collected, we have not looked at whether the 
tumor was present within a more diseased section of lung and 
cannot, therefore, assess the contribution of this effect. This 
aspect could perhaps be addressed in future by performing a 
quantitative ventilation–perfusion scan in borderline patients. 
Finally, we recognize that the number of patients within the 
present study is relatively small.

Despite this, our findings add to the growing body of 
evidence to support lung resection in selected patients with 
poor pulmonary function.[14,15,19] We have demonstrated an 
acceptable risk in patients with a ppo FEV1 or ppo TLCO 
of <40% without increased postoperative complications. More 
widespread use of surgical techniques such as a video‑assisted 
or robotic approach is likely to allow surgeons to continue 
to push these boundaries. We must not, however, lose sight 
of important outcomes such as unacceptable postoperative 
dyspnea when assessing patient fitness for surgery. Although 
we have not yet established a firm cutoff for pulmonary reserve 
or an accurate scoring system for surgical risk, when taken 
together the current investigations can allow for well‑informed 
patient consent. High operative risk based on pulmonary 
function tests alone should not preclude curative surgical 
resection in patients with nonsmall cell lung cancer.
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