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Background and Objective: High-risk patient cohorts have significant rates of morbidity and mortality
following thoracic surgery, these outcomes can be modulated with preoperative intervention. This review
article examines the existing literature pertaining to specific high-risk groups of patients and the impact of
preoperative optimisation.

Methods: We performed literature searches using the PubMed and BM] search engine for English-
language articles published from 1966 to 2022. A separate literature search was performed for each individual
topic area to identify existing evidence of optimisation and the magnitude of effect. Key recommendations
were compiled for each topic area.

Key Content and Findings: We identified a number of high-risk patient cohorts, with disease states that
could be modified. The key recommendations for the optimisation of these high-risk patients are as follows.
Nicotine replacement therapy and a supervised pulmonary rehabilitation programme should be prescribed
for current smokers. Surgery should be delayed four weeks after cessation where tumour characteristics
allow. Vaping should be discouraged in the preoperative period. Oral nutritional supplements should be
prescribed for patients identified as malnourished. Patients should be encouraged to follow a high-protein
diet. Thoracic surgical units should have an established exercise/prehabilitation programme tailored to
high-risk patients, specifically those with advanced respiratory disease and poor preoperative lung function.
Patients with an ‘active’ cardiac condition should be assessed and optimised by a cardiologist. Severe mitral
and aortic stenosis should be treated prior to lung resection. Ischaemic heart disease should be managed as
per national guidance (irrespective of surgical status). A preoperative haemoglobin of >130 g/L in both sexes
should be targeted, iron deficiency should be treated with oral supplementation or IV infusion. Patients
with chronic obstructive pulmonary disease should be optimised preoperatively on dual bronchodilator
therapy and nebulised budesonide. Abstinence from alcohol should be supported with a combination of
pharmacological and psychotherapy techniques in those with a history of alcohol abuse, for at least 4 weeks
prior to surgery.

Conclusions: The optimisation of the high-risk surgical patient is crucial, not only to reduce individual
suffering but also to maximise resource utilization of healthcare systems. Multiple methods of optimisation
have demonstrated significant reduction in postoperative morbidity and mortality. These interventions are
typically both low cost and relatively easy to provide. As resection rates increase and lung cancer screening

roles out, now, more than ever, the thoracic surgical community must become experts in the optimisation of
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high-risk patients in order to best utilise available resources and meet increasing demand.
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Introduction

Thoracic surgical procedures are associated with significant
postoperative morbidity. In particular, this review will focus
on patients undergoing lung resection, which has been
demonstrated to have a postoperative complication rate
of 18.97% in the United Kingdom (UK) (1). The risk of
complications has been shown to correlate with a patient’s
existing co-morbidity, with the majority of postoperative
morbidity and mortality concentrated within a subgroup
of high-risk patients (2). This article defines high-risk as a
patient with a preoperative comorbidity or behaviour which
has been demonstrated to increase postoperative morbidity
and/or mortality.

Several publications have examined the predictive ability
of preoperative patient characteristics to estimate risk of
postoperative complications and mortality. The RESECT
model (3) was one such publication which examined
the relation between preoperative characteristics and
90-day postoperative mortality. The variables included
in the predictive model are age, sex, performance status,
percentage predicted diffusion capacity of the lung for
carbon monoxide (% DLCO), anaemia, serum creatinine,
preoperative arrhythmia, right-sided resection, number
of resected bronchopulmonary segments, open approach
and malignant diagnosis. Whilst it is clear that some of
these factors are not modifiable (age, sex, side of resection
and malignant diagnosis), the remaining factors may be
optimised with preoperative intervention. Further studies
have also demonstrated that body mass index (BMI),
nutritional status, smoking status and low socioeconomic
status (4) are also independent predictors of postoperative
morbidity (5-8). Optimisation of co-morbidities such as
hypertension, cardiac ischaemia and diabetes play a key
role in the work-up of the high-risk patient group, however
evidence to demonstrate risk-reduction following these
interventions is lacking.

The majority of lung resections are performed for the
management of non-small cell lung cancer (NSCLC). This
historically has been associated with relatively low resection
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rates in the UK, with evidence that increased resection
rates are associated with better overall survival rates for
lung cancer on a national scale (9). With this knowledge in-
hand, the thoracic surgical community continue to strive
to increase resection rates, which effectively equates to
operating on patients with a higher rate of preoperative co-
morbidity. This, in conjunction with the widespread role
out of screening programmes, means that now, more than
ever, it is essential for thoracic surgical teams to effectively
and efficiently optimise high-risk patients.

The duration of preoperative optimisation is crucial in
this cohort of patients. Concern regarding stage progression
in primary lung cancer is a key factor, which concerns
both patient and surgeon alike. It is therefore key that
optimisation is performed over an appropriate timeframe
based upon individual patient and tumour characteristics.
The Enhanced Recovery After Surgery (ERAS) guidelines
published in 2019, contain a number of recommendations
for the optimisation and management of thoracic surgical
patients in the perioperative period (10). Here we focus on
optimising the high-risk surgical patient preoperatively.
This review examines the current literature to summarise
the key interventions that have a meaningful impact on
the optimisation off the high-risk thoracic surgical patient.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
shc.amegroups.com/article/view/10.21037/shc-22-31/rc).

Methods

Between January and June 2022, the PubMed and BM]J
database were used to search relevant subject headings
including ‘thoracic surgery’, ‘lung cancer surgery/resection’,
‘high-risk’, ‘optimisation’, ‘smoking’, ‘BMI’, ‘nutrition’,
‘anaemia’, ‘iron deficiency’, ‘exercise’, ‘prehabilitation’,
‘hypertension’, ‘ischaemic heart disease’, ‘valvular heart
disease’, ‘heart failure’, ‘myocardial infarction’, ‘chronic
obstructive pulmonary disease (COPD)’, ‘diabetes’, ‘alcohol’
for research published between 1966-2022. As well as the
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database search, key articles relevant to the subject area
known to the authors were included and their reference lists
examined to identify relevant studies. Titles and abstracts
were screened by all authors to identify those which
represented the most up-to-date research pertinent to the
topic under discussion.

Each study retrieved for inclusion was independently
assessed by all three authors. The inclusion criteria
included: (I) studies including randomised controlled trials,
retrospective, cohort, or case-control studies, (II) reports
on the correlation between lung resection postoperative
outcomes and preoperative co-morbidities such as smoking,
vaping, BMI, exercise, nutrition, cardiovascular disease,
anaemia and alcohol, (III) study population in any country,
(IV) full-text publication, and (V) research published in
the English language. Exclusion criteria included: (I) case
reports and series that infer a conclusion, and (II) articles
with insufficient detailed data and irrelevant outcomes.
More details of the methods are shown in Table 1.

Discussion

The key recommendations for the optimisation of the
high-risk thoracic surgical patients as concluded from the
literature review detailed below are summarised in Figure 1.

Smoking

Seventy-two percent of lung cancer cases are attributable to
smoking (11) with approximately one-third of patients being
current smokers at the time of diagnosis (12). Smoking prior
to lung cancer surgery is one of the strongest predictors
of postoperative complications (13-15), specifically
postoperative pulmonary complications (PPCs) (13,16)
including atelectasis, lower respiratory tract infection,
prolonged air-leak, pneumothorax, respiratory failure,
bronchospasm, aspiration pneumonitis, acute respiratory
distress syndrome (ARDS) and pleural effusion. PPCs have
been demonstrated to correlate with a higher mortality rate
at six months (14), highlighting the importance of reducing
these events not only to benefit short-term recovery but also
long-term survival. Smoking cessation is therefore one of
the key interventions that may be utilised for optimisation
of this high-risk cohort of patients.

Whilst the majority of authors have demonstrated a
reduction in rates of postoperative complications with
cessation, controversy does exist, with some authors
suggesting that short-term cessation may in fact increase

© Shanghai Chest. All rights reserved.

Page 3 of 17

risk (17). In the thoracic surgical cohort, the required time
delay from cessation to surgery is key and once again is a
point of contention. Both patient and surgeon alike fear
prolonged waits prior to surgery due to possible tumour
progression, however, wish to minimise postoperative
complications. Existing literature, ranges from studies who
find no difference in complications based on time from
cessation to surgery (18), to those advising a two-month
period to be optimal (19).

The Society of Thoracic Surgeons (STS) database study
demonstrated that with increasing time from cessation
to surgery the risk of in-hospital mortality and PPCs
decreased and beyond one month the risk was no longer
significant (15). Furthermore, a systematic review of
the literature including six randomised trials and 15
observational studies suggested that every subsequent week
from cessation lowered the risk of complications, the authors
were also in favour of a four-week transition point to lower
risk (20). The weight of evidence therefore suggests four
weeks to be the optimal time from cessation to surgery,
and this is reflected in the European Society of Thoracic
Surgeons (ESTS) and ERAS Society guidelines (10).
However, this delay must be considered in context with the
individual patient and cancer characteristics in mind.

The timeframe available for cessation is an important
consideration when deciding which smoking cessation
techniques to utilise. Options vary from nicotine
replacement therapy, cognitive behavioural therapy,
Varenicline, Bupropion Hydrochloride to multimodal
therapies (21). Randomised control trials have demonstrated
Varenicline to be the most effective method of long-term
cessation (22,23). However, Varenicline has currently been
withdrawn from the market, therefore nicotine replacement
therapy alone is the mainstay of pharmacological treatment.
In the general population, the measurement of smoking
cessation success is based on quit rate and longevity,
however in a surgical cohort the most important factor
is the speed of cessation given the time-limiting factor of
cancer progression. Smoking cessation rates and prolonged
abstinence increase when undergoing a supervised
pulmonary rehabilitation program compared to medication
alone (24) and smoking cessation incorporated into the
surgical pathway is preferred by patients (25). Therefore,
supervised/supported smoking cessation in conjunction with
nicotine replacement therapy plays an essential role in the
preoperative optimisation in this high-risk group.

Recommendation: Nicotine replacement therapy and a
supervised pulmonary rehabilitation programme should
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Table 1 The search strategy summary

ltems Specification
Date of search 05.01.2022-20.06.2022
Databases and other PubMed, BMJ

sources searched

Search terms used “thoracic surgery” [MeSH]
“lung cancer surgery” [MeSH]
“high-risk” [MeSH]
“optimisation” [MeSH]
(“smoking” [MeSH]) AND “lung cancer surgery” [MeSH]
(“smoking” [MeSH]) AND “lung cancer resection” [MeSH]
(“vaping” [MeSH]) AND “lung cancer” [MeSH]
(“BMI” [MeSH]) AND “lung cancer surgery” [MeSH]
(“BMI” [MeSH]) AND “lung cancer resection” [MeSH]
(“nutrition” [MeSH]) AND “lung cancer surgery” [MeSH]
(“nutrition” [MeSH]) AND “lung cancer resection” [MeSH]
(“anaemia” [MeSH)]) AND “lung cancer surgery” [MeSH]
(“anaemia” [MeSH]) AND “lung cancer resection” [MeSH]
(“iron deficiency” [MeSH]) AND “lung cancer surgery” [MeSH]
(“iron deficiency” [MeSH]) AND “lung cancer resection” [MeSH]
(“exercise” [MeSH]) AND “lung cancer surgery” [MeSH]
(“exercise” [MeSH]) AND “lung cancer resection” [MeSH]
(“prehabilitation” [MeSH]) AND “lung cancer surgery” [MeSH]
(“prehabilitation” [MeSH]) AND “lung cancer resection” [MeSH]
(“hypertension” [MeSH]) AND “lung cancer surgery” [MeSH]
(“hypertension” [MeSH]) AND “lung cancer resection” [MeSH]
(“ischaemic heart disease” [MeSH]) AND “lung cancer surgery” [MeSH]
(“ischaemic heart disease” [MeSH]) AND “lung cancer resection” [MeSH]
(“valvular heart disease” [MeSH]) AND “lung cancer surgery” [MeSH]
(“valvular heart disease” [MeSH]) AND “lung cancer resection” [MeSH]
(“heart failure” [MeSH]) AND “lung cancer surgery” [MeSH]
(“heart failure” [MeSH]) AND “lung cancer resection” [MeSH]
(“myocardial infarction” [MeSH]) AND “lung cancer surgery” [MeSH]
(“myocardial infarction” [MeSH]) AND “lung cancer resection” [MeSH]
(“myocardial ischaemia” [MeSH]) AND “lung cancer surgery” [MeSH]
(“myocardial ischaemia” [MeSH]) AND “lung cancer resection” [MeSH]

(“COPD” [MeSH]) AND “lung cancer surgery” [MeSH]

Table 1 (continued)
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ltems Specification
(“COPD” [MeSH]) AND “lung cancer resection” [MeSH]
(“diabetes” [MeSH]) AND “surgery” [MeSH]
(“diabetes” [MeSH]) AND “lung cancer resection” [MeSH]
(“alcohol” [MeSH]) AND “surgery” [MeSH]
(“alcohol” [MeSH]) AND “lung resection” [MeSH]
Timeframe 1966-2022

Inclusion and exclusion
criteria

Selection process

And additional

Inclusion criteria: research articles and reviews in English about themes such as lung resection surgery
and high-risk patients, population studied in any country, full-text articles only, publications in English

Exclusion criteria: some papers which we considered with low reliability, articles that had no information
on postoperative outcomes in relation to the preoperative variables identified

All authors independently conducted the search and combined search results

Some papers were identified by reviewing reference lists of relevant publications

considerations, if applicable

Figure 1 Summary of key recommendations to optimise the high-risk thoracic surgical patient. COPD, chronic obstructive pulmonary

disease.

be prescribed for current smokers. Surgery should be
delayed until 4 weeks after cessation where tumour
characteristics allow.

‘Vaping’ or the use of ‘e-cigarettes’ has been proposed
as an alternative to cigarettes in current smokers prior to
resection. However, evidence in this field in limited and
data exists with regards to long-term effects and cancer
risk. Multiple retrospective series have demonstrated lung
injury and respiratory disease associated with the use of
e-cigarettes, with reports of ARDS and mortality linked

© Shanghai Chest. All rights reserved.

to their use (26). Although e-cigarettes were initially
advertised as an aid to promote smoking cessation, there
is no evidence-based research to support this supposition
(27-29). One randomised trial found a similar quit rate
when comparing nicotine containing e-cigarettes versus
nicotine patches (30). The widely held belief amongst the
general populous that e-cigarettes are less harmful than
conventional cigarettes due to the absence of tobacco
and tar in the products has been disproven (31,32).
Vaping products have a similar level of harmful effects
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as conventional cigarettes due to the toxins used to carry
the nicotine-containing products (31,32). Reports advise
that each 5% cartridge in an e-cigarette is approximately
equivalent to smoking one pack of cigarettes (33). With
regards to the perioperative and postoperative period, the
data is also limited. Research has shown that e-cigarette use
is associated with increased postoperative complications
(34,35) and currently no research exists regarding
e-cigarette use prior to lung resection surgery. We therefore
recommend that e-cigarettes are not advised prior to lung
resection and that patients should be prescribed traditional
nicotine replacement therapy.

Recommendation: vaping should be discouraged in the
preoperative period.

Obesity and malnutrition

Obesity is putatively associated with worse outcomes due
to more technically challenging surgery, with associated
longer operative times (36) and a theoretical increase in
pulmonary complications such as atelectasis caused by
diaphragmatic splinting (37,38). However, the literature
does not support this assumption. In keeping with our own
institutional data, Ferguson et /. (39) showed that a BMI
>25 kg/m’ was not associated with more PPCs or any other
complication. In fact, some authors have found that a raised
BMI is protective and associated with a significantly greater
survival (40). Conversely a BMI <18 kg/m’ is associated
with poorer postoperative outcomes, including an increased
rate of PPCs and mortality (39) and the ERAS guidelines
identify a BMI of <18.5 kg/m’ is an indicator for nutritional
supplementation. It is therefore the optimisation of the
malnourished patient which is key to reduce risk following
thoracic surgery.

We must be wary when using BMI alone as a tool
for assessing the health and nutritional status of a
patient. Although BMI is simplistic and easy to use in
clinical practice, it does not consider muscle mass, body
composition or visceral fat (41). The Thoracic ERAS
guidelines recommend the use of nutritional scoring
systems beyond a simple BMI (10). Two of which they
recommend are Malnutrition Universal Screening Tool
(MUST) and Nutritional Risk Screening (NRS) (10).
More complex measures of nutrition such as Indexed Total
Muscle mass have also demonstrated a predictive ability of
postoperative outcomes, however, are not routinely used in
clinical practice due to their complexity (42).

Malnutrition may also be identified by measuring
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albumin levels. Bagan et 4l. (43) have shown a correlation
between low preoperative albumin level and a low BMI (43).
The team used an albumin level of <35 g/L as a marker
for malnutrition and an indicator of hypercatabolism (43).
Both the ERAS and ESPEN (European Society for
Clinical Nutrition and Metabolism) guidelines also
use low preoperative albumin levels as an indicator of
malnutrition. In these guidelines an albumin below 30 g/L
with no evidence of hepatic or renal dysfunction is an
indicator for preoperative enteral nutrition (10). Nutritional
supplementation can increase albumin level and alter
protein metabolism from a catabolic to anabolic state. This
has been demonstrated in patients with COPD following
the addition of branched-chain amino acids (common in
whey protein isolate) to a standard protein meal (42,44). A
number of authors recommend a daily intake of 1.5 g/kg/day
of protein (45,46). A preoperative 10-day diet with an
immune modulating formula, containing arginine, omega-3
fatty acids and nucleotides was also found to significantly
improve postoperative albumin levels with resultant
lower PPC rates (mainly air-leak and length of chest tube
drainage time) in patients undergoing lung cancer resection
(6,45). This suggests that improving the protein intake and
albumin level in this high-risk cohort reduces the risk of
developing postoperative complications.

The duration of optimisation is once again controversial.
While the ERAS guidelines suggest 5-7 days of preoperative
nutrition in those that are deplete (along with the routine use
of preoperative oral carbohydrate drinks) (10), prehabilitation
studies in other surgical specialties use at least four-week
protocols (47,48). In contrast to the ERAS guidelines, the
ESPEN guidelines recommend 7-14 days of preoperative
nutrition in patients who are undernourished (49).
ESPEN also recommend that approximately seven days of
preoperative parenteral nutrition should be given to those
who are at severe nutritional risk (49).

In conclusion, a number of methods may be used to
identify this high-risk cohort of patients with nutritional
depletion, a combination of low albumin level, low BMI
or abnormal nutritional scores [MUST >2/nutrition risk
index (NRI) <83.5] (10) may be employed depending on
resource. Nutritional supplementation, a high-protein
and an immune modulating diet have all demonstrated a
reduction in postoperative complications in the nutritionally
deplete following lung resection, however, there is still
some debate regarding the duration of administration. In
the context of lung cancer, it is imperative that nutritional
supplementation is started as soon as possible due to the
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short window between diagnosis and surgical intervention.

Recommendation: Patients identified as malnourished
should be started on nutritional supplementation and
encouraged to follow a high protein diet.

Frailty or physical inactivity

Preoperative exercise tolerance has been shown to predict
survival and morbidity in patients undergoing surgery
for lung cancer resection or lung volume reduction (50).
Peak oxygen utilisation (VO, max) as measured by
cardiopulmonary exercise testing correlates well with
complication rate (51). Exercise rehabilitation has therefore
been recommended by current clinical practice guidelines
for high-risk patients undergoing thoracic surgery
procedures (48,52). Multiple preoperative exercise studies in
patients with operable lung cancer have shown a significant
improvement in VO, max (53-57). Meta-analyses and
systematic review of the effectiveness of exercise training
also reported significant improvements in lung function and
exercise capacity (FEV1, VO, max and/or 6-minute walk
test), as well as significant reductions in length of hospital
stay and frequency of PPCs (58). The effect on reduction
of PPCs was more marked in high-risk patients with poor
lung function, patients with severe COPD confer the
greatest benefit from exercise training (54,59). Measurable
improvements have also been demonstrated in the frail and
elderly (60,61). Importantly, pulmonary rehabilitation and
exercise training can improve medically inoperable patients’
fitness parameters to a level where surgery can be offered at
a reasonable level of risk (52,55).

The duration of exercise training required is a more
challenging question, Benzo et al. (62) trialled an intensive
one week of training prior to lung resection for cancer but
were unable to show significant postoperative improvement
and the trial was stopped early as patients and their surgeons
were unwilling to wait the four-week recommended training
period of the trial. A recent review of preoperative exercise
trials found the majority had an exercise period of around
four weeks but with a high degree of heterogeneity (63).
In practice this will be a highly individualised decision
based on oncological characteristics and patient motivation/
adherence to the programme. Medically inoperable patients
who became operable after an exercise regime required
differing lengths of time to meet surgical parameters.

There is no consensus regarding the recommended
type of exercise regimen, the large heterogeneity between
trials in terms of duration, types of exercise included and
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even inclusion of smoking cessation and nutrition make
it difficult to tease out the exact exercises that can be
recommended (63). Trialled exercise regimes can vary
but broadly fit into three groups: aerobic exercise, muscle
strengthening and respiratory muscle exercises. There is a
large degree of overlap, and no single study has proven its
superiority over another. Trials which combine multiple
types of training show beneficial results (46) as do those
using specific breathing exercises (64). Most trials and good
programmes now provide a combination of all three to
some extent. Putatively muscle strengthening exercise with
correct nutrition aids an anabolic state, aerobic exercise
improves VO, max and oxygen utilisation and respiratory
muscle exercises improves perioperative cough strength.

Crucially, given the recent COVID restrictions and cost
limitations of many economies, providing a hospital or
gym-based service with expert physiotherapists is expensive
and difficult to access for patients. The advent of fitness
watches and app-based training provides an opportunity to
reach patients at home and increase the intensity of their
training providing that incentives, motivation and remote
supervision is offered (65).

In conclusion, the existing literature strongly supports all
forms of exercise rehabilitation in the preoperative setting,
which equates to reduce post-operative morbidity. Thoracic
surgical units should have formulated exercise programme
to optimise patients, specifically those who suffer with
severe respiratory disease or frailty, who will confer the
greatest benefit.

Recommendation: Thoracic surgical units should have an
established exercise/prehabilitation programme tailored
to high-risk patients, specifically those with advanced
respiratory disease and poor preoperative lung function.

Optimisation of co-morbidities

Anaemia and low iron states

Preoperative anaemia is common in lung cancer surgery
patients with a reported prevalence of 26% (66).
Preoperative anaemia is associated with postoperative
morbidity and mortality (67), not only in lung resection
surgery (46) but also in other surgical specialties (68,69). A
number of authors postulate that the anaemia-associated
postoperative morbidity is due to the increased rate
of perioperative red cell transfusion rather than the
actual anaemia itself (70), as blood transfusion has been
linked to unfavourable outcomes (67,71,72). Regardless,
treating preoperative anaemia will reduce the likelihood
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of receiving the blood transfusion and thus whether the
postoperative morbidity and mortality is due to the anaemia
or blood transfusion is inconsequential. Evidence has
shown that correcting anaemia prior to surgery results in
improved surgical outcomes (68,69). Perioperative blood
transfusion to treat preoperative anaemia has no sound
evidence base and has been shown to have no benefit with
regards to postoperative outcomes. Further, perioperative
blood transfusion has not reduced the need for intra- or
postoperative transfusion (10).

The cause of the anaemia can be multi-factorial but is
most commonly related to iron-deficiency (73)—whether
this is independent of the cancer or due to the cancer (i.e.,
iron sequestration due to the cancer-related inflammatory
state) is unclear (74). Iron-deficiency anaemia can be easily
managed with iron therapy and nutritional advice. Oral
iron supplementation is commonly used, however, there
are some limitations to this option including time to effect
and absorption variability (75). Additionally, the duration
of treatment will vary depending on the patient’s initial
haemoglobin and time taken to reach an acceptable value.
Muioz et al. (74) have reported that the international
consensus regarding target haemoglobin levels should
be >130 g/L in both sexes. Intravenous iron treatment
has been recommended if a patient has persistent iron-
deficiency within six weeks of the scheduled surgery, if
treatment with oral iron has had no effect or a patient
cannot tolerate the treatment (68). Research has shown that
preoperative intravenous iron infusion reduces the need for
blood transfusion, risk of acute kidney injury, postoperative
infections and length of stay in cardiac and orthopaedic
surgery (76,77). However, in a randomised controlled
study investigating intravenous iron administration in
elective major abdominal surgery, researchers found that
there was no significant difference in the need for blood
transfusion (78). Again, dosage of intravenous iron will vary
with each patient depending on the patient’s weight and
haemoglobin and ferritin values.

Low iron states without anaemia can also exist in patients.
If the iron-deficiency does not lead to a resultant anaemic
state, serious underlying pathology should be considered,
including chronic hypoxaemia, myeloproliferative disease,
gastrointestinal disorders or any other cause of increased red
blood cell production (73). These conditions must be ruled
out first, as treating the low iron state with supplements
could induce hyperviscosity (73).

In conclusion, the cause for the low iron state or iron-
deficiency anaemia should be identified as soon as possible
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preoperatively. Management with iron supplementation or
treatment of the underlying cause should be commenced as
soon as possible prior to lung resection surgery for at least
four weeks. However, as with the other aforementioned
preoperative co-morbidities, each patient will have to
be assessed on a case-by-case basis. The time to effect is
important particularly in lung resection surgery to minimise
delay.

Recommendation: Aim for preoperative haemoglobin of
>130 g/L in both sexes. Iron deficiency should be treated
with oral supplementation or IV infusion.

Cardiovascular disease

The majority of thoracic surgical patients also suffer with
cardiovascular disease, ranging from isolated hypertension
to severe ischaemic and valvular heart disease. Hypertension
only presents increased perioperative risk when severe (79).
Guidelines for the management of hypertension before
elective surgery suggest that if preoperative blood pressure
is less than 180 mmHg systolic or 110 mmHg diastolic,
surgery should proceed without further delay (80). Where
hypertension is severe, a balance should be sought between
the risks of significant perioperative hypertension against
that of delaying surgery (81).

Patients with significant ischaemic heart disease (IHD)
or valvular lesions are at high-risk of complications,
including myocardial infarction (MI) and mortality (82).
The British Thoracic Society Guidelines (83) recommend
that all patients with an ‘active cardiac condition’ are
evaluated and optimised by a cardiologist. Active conditions
include unstable coronary syndromes, decompensated heart
failure (HF), significant arrhythmias and severe valvular
disease. Specifically severe aortic and mitral stenosis
typically require intervention prior to lung resection, due
to the prohibitive risk of perioperative events (84). There
are no trials to guide the interval from valvular intervention
to lung cancer resection, but case reports have reported a
short duration (six weeks) between successful transcatheter
interventions and lung cancer surgery (85).

Coronary artery disease should be treated as per guidance
for myocardial ischaemia patients with no difference
recommended for patients needing elective surgery or not
(84,86). Routine angiography even in high-risk patients is
not recommended unless they have evidence of myocardial
ischaemia. Patients undergoing non-cardiac surgery in the
first six months after coronary stenting are at increased risk
of death and MI (87) and prophylactic coronary stenting

for patients undergoing vascular limb surgery showed no
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benefit in either postoperative MI or mortality rate (88).
There is no specific reliable data for the management of
IHD in patients undergoing lung cancer resection, but
extrapolating this, in conjunction with guidelines for non-
cardiac surgery suggests that delineating risk is useful when
counselling patients to enable them to make decisions
regarding surgery versus alternative treatments but adds
little benefit with regards to preoperative optimisation.
Clinicians should ensure that all patients with identified
IHD have appropriate secondary prophylactic medications
prescribed, which should be continued throughout the
perioperative period.

Patients with HF represent a very high-risk surgical
cohort. Little data exists pertaining to thoracic surgery
alone, however multiple trials have grouped together the
‘non-cardiac’ surgical specialties to examine the outcome
of surgery in patients with HE. A 50-100% increase in
postoperative mortality and readmission rates, has been
reported in patients with HF undergoing non-cardiac
surgery when compared with control groups without cardiac
disease (89,90). One large study demonstrated significantly
higher postoperative mortality rates in patients with HF
(9.3%) when compared those with IHD alone (2.6%) (91).
A further study examining non-cardiac surgery in patients
with HF, demonstrated a sharp increase in morbidity and
mortality rates in patients with low ejection fractions (EF),
those who had an EF <30% had a 14.3% mortality rate
and 53.6% incidence of major cardiac event (death, MI
or HF exacerbation) at 30 days (92). Despite significant
data for non-cardiac surgery in this cohort demonstrating
a substantial risk of morbidity and mortality, no
guidelines exist with regards to preoperative optimisation.
Optimisation in this patient group is primarily in the domain
of HF specialist teams. The role of the thoracic surgical
team is essentially to identify those at risk and ensure
specialist optimisation has occurred. Preoperative brain
naturistic peptide (BNP) and echocardiogram are the key
investigations performed to identify and quantity HF (86).

For patients without an active condition but existing
cardiac risk factors, the Revised Cardiac Risk Index (RCRI)
is a useful screening tool and has been validated across-
surgical specialties to identify patients at increased risk of
perioperative cardiac events and mortality (91,93). The
RCRI is a risk score comprising of six equally weighted
factors: history of IHD, congestive HF, cerebrovascular
disease, insulin-dependent diabetes, serum creatinine level
>177 mmol/L, and high-risk surgery. Those with >3 risk
factors have a 11% risk of major cardiac complications
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including acute MI, pulmonary oedema, ventricular
fibrillation, complete heart block, and cardiac-related
death (94). This index has been adapted specifically
for thoracic surgical patients and identified four of the
original variables to accurately predict risk of complication
[cerebrovascular disease, cardiac ischaemia, renal disease
and high-risk surgery (specifically pneumonectomy)].
This new index was coined the Thoracic Revised Cardiac
Risk Index (95). Either model may be used to identify this
high-risk patient cohort, in order to initiate appropriate
investigation and management.

Recommendation: Patients with ‘active’ cardiac condition
should be assessed and optimised by a cardiologist. Severe
mitral and aortic stenosis should be treated prior to lung
resection. IHD should be managed as per national guidance
(irrespective of surgical status).

COPD

A significant proportion of patients undergoing thoracic
surgery suffer from chronic obstructive pulmonary
disease. These patients are at high-risk of postoperative
complications, specifically PPCs and optimisation of this
disease forms a key component in reducing perioperative
risk. Takegahara et /. (96) found in a retrospective
comparison of patients undergoing lung cancer surgery,
that those on preoperative inhalers were less likely to have
PPCs. Adding inhaled budesonide to a regime of inhaled
tiotropium and formoterol, along with smoking cessation
and chest physiotherapy in newly diagnosed COPD patients
undergoing lung cancer surgery significantly reduced the
PPC rate after one week of therapy compared to patients
who were on a regime of tiotropium and formoterol (11.1%
vs. 42.9%, P=0.04) (97). Increasing the treatment duration
does not improve outcomes when comparing treatment
duration of less than or greater than two weeks (98).
Ju et al. also investigated the effect of perioperative
nebulised budesonide on outcomes following lobectomy.
The authors report a reduction in both peak and plateau
ventilatory pressures and improved lung compliance in the
collapsed and ventilated lung during surgery. Additionally,
a reduction in the inflammatory cytokines (I'NF-a, IL-
1b, IL-6, IL-8), but an increase in the anti-inflammatory
cytokine IL-10, was found in the in the bronchoalveolar
lavage fluid in the budesonide group (99). Inflammatory
cytokines (IL-6 and IL-8) have been shown to be increased
in patients who developed postoperative complications
following lung cancer surgery (100). These results indicated
that preoperative nebulised budesonide both improves
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respiratory and ventilatory mechanics, as well as modulate
the inflammatory response perioperatively.

Aerosolised salbutamol was investigated by Licker et 4.
The authors demonstrated that perioperative nebulised
salbutamol (5 mg) in lung resection surgery patients led
to improved haemodynamics, blood oxygenation and
an acceleration in the resolution lung oedema in acute
postoperative period (101). Manocha ez a/. also investigated
the effect of low-dose (2.2 mg) vs. high-dose (>2.2 mg)
salbutamol in mechanically ventilated patients with acute
lung injury. They found that a higher dose of salbutamol
resulted in a shorter duration and lower severity of acute
lung injury (102). These results support the conclusion
reached by Licker er al. that preoperative nebulised
salbutamol reduced PPCs (101).

Shin et al. (103) examined the impact of perioperative
combination bronchodilator therapy in COPD patients
undergoing lung cancer surgery. Five groups were
examined: those taking long-acting muscarinic antagonist
(LAMA) only vs. long-acting beta-2 agonist (LABA)
with inhaled corticosteroid (ICS) vs. LAMA with LABA
vs. LAMA and LABA with ICS vs. patients not taking
bronchodilator therapy. LAMA or LABA +/- ICS was
classified as monotherapy as ICS was not classified as
a bronchodilator and LAMA and LABA +/- ICS was
classified as dual therapy. The study found an improvement
in lung function with all types of bronchodilator therapy
persisting at 12 months postoperatively when compared
to those not taking any bronchodilator therapy, a greater
benefit was demonstrated in the dual bronchodilator group.
The findings by Kobayashi et a/. (104) corroborate these
results—a two-week treatment with tiotropium (LABA)
significantly improved lung function postoperatively in
COPD patients receiving lung cancer resection surgery.
This again is supported by Makino et #/. (105) who found
that lung function and PPCs (specifically pneumonia) was
improved with dual LAMA/LABA therapy when compared
to LAMA monotherapy in COPD patients receiving
lung resection surgery. Interestingly, the research by Shin
et al. (103) showed that the frequency of overall PPC did
not significantly differ with perioperative bronchodilator
therapy. The authors suggested that other variables such as
the older age and lower baseline FEV1 and DLCO found
in the bronchodilator group may have impacted the PPC
occurrence rate.

In conclusion, perioperative dual bronchodilator therapy
is optimal for the optimisation of patients with COPD
undergoing lung resection, the addition of nebulised
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budesonide in particular seems to play a crucial role in
improving lung function postoperatively and reducing
PPCs. However, the duration of bronchodilator therapy
prior to surgery has not yet been assessed and requires a
randomised controlled study to see if a longer duration of
treatment improves postoperative outcomes. Furthermore,
a direct comparison between the effect of perioperative
nebulisers and inhaled bronchodilator therapy requires
research. Interestingly, despite the clear benefits of
bronchodilator therapy prior to lung resection surgery as
demonstrated in the aforementioned research, the ERAS
and ESTS guidelines (10) do not include bronchodilator
therapies as a recommendation in the perioperative
management of thoracic patients.

Recommendation: Patients should be optimised
preoperatively on dual bronchodilator therapy and
nebulised budesonide.

Diabetes

Diabetes is considered a perioperative risk factor for poor
wound healing, infection and mortality following surgery.
In 468 lung cancer resection patients’ data analysed
retrospectively, Motoishi ez /. (106) suggested that high
preoperative HbAlc levels was an independent poor
prognostic factor for survival at five years in the elderly
cohort. However, there was no increase in postoperative
complication rate, no difference in the non-elderly cohort
and the excess deaths in the elderly high HbAlc group were
all non-cancer related. Interestingly, a systematic review
by Buchleitner ez al. (107) of patients undergoing cardiac,
abdominal, and major limb surgery was unable to elicit an
advantage of perioperative glucose control. This conclusion
was supported by a further systematic review by Rollins
et al. (108) of 20 studies across surgical specialties which
concluded that preoperative glycaemic control measured
by HbAlc had no impact on postoperative morbidity or
mortality.

However, a subsequent systematic review by Wang
et al. (109) of 5,053 patients undergoing major surgery,
comparing tight postoperative glycaemic control and
conventional glycaemic control, did show significant
reduction in postoperative infection rate (9.4% wvs.
15.8%, P<0.001) and short-term mortality (3.8% vs.
5.4%, P=0.008). This suggests that while glucose control
perioperatively is important, diabetes per se is less so.
In fact, a retrospective analysis of 40,836 postoperative
abdominal, vascular and spinal surgery patients suggested
that diabetes may be protective for patients with
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hyperglycaemia. They found that non-diabetic patients with
postoperative hyperglycaemia had a significantly higher risk
of complications but that diabetics with hyperglycaemia did
not (110).

While it is prudent to recommend patients optimise their
glycaemic control anyway to prevent long-term diabetic
complications, there is no indication for delaying surgery to
attain better glycaemic control or achieve specific HbAlc
targets. Perioperative glycaemic control maybe important
in all patients, not just those with diabetes, although there
is no evidence to support this in our group of interest i.e.,
high-risk lung cancer resection patients.

Recommendation: Thoracic surgery should not be delayed
to attain glycaemic control.

Alcohol dependency

The World Health Organization report that excessive
alcohol intake is a major burden on disease (111). A heavy
alcohol intake correlates well with an increased complication
rate in patients undergoing elective surgery (112,113).
Research has shown that in a cohort of 177 patients
undergoing lung resection surgery between 1997 and
1998, there was an approximately 20% increase in 30-day
postoperative mortality in patients who were classified as
‘heavy’ alcohol users. They also showed that the rate of
major complications was significantly increased amongst the
heavy drinker group (114). This data suggests that reducing
or even stopping alcohol consumption prior to surgery will
reduce postoperative morbidity and mortality following
thoracic surgery.

Egholm et /. (113) conducted a meta-analysis of
preoperative intervention in orthopaedic and colorectal
surgery for risky drinkers, which includes three randomised
unblinded trials of intervention including combination
pharmacological and psychotherapy techniques. All trials
employed a combination of Disulfiram (dose varied from
400 mg to 1.6 g/week), Chlordiazepoxide (as required),
B Vitamins and regular psychological support through
counselling and interviews, the length of intention varied
from 4 to 12 weeks. All complication rates including
PPCs were significantly reduced in the alcohol cessation
intervention group but there was no effect on hospital
length of stay or mortality. The authors suggest that the
reduction in the postoperative complications in the alcohol
cessation group is likely due to the intervention being
offered for 4-8 weeks to achieve complete alcohol cessation
prior to surgery (114).

There is currently no data available with regards to
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the effect of alcohol cessation on lung resection surgery.
However, the data from the above Cochrane Review
suggests that the interventions can be transposed and
applied to lung resection surgery. An intervention of at
least four weeks should be implemented [as supported by
the ERAS guidelines (10)] with disulfiram at a dosage of
at least 400 mg/week, B vitamins, chlordiazepoxide given
prophylactically or as required and psychological support
to encourage alcohol cessation prior to lung resection
surgery (115). The exact effect of each of these factors and
the preoperative intervention period should be a basis for
future research.

A significantly greater proportion of patients who abuse
alcohol are also smokers, when compared to the general
population. The authors showed that unhealthy alcohol
use with smoking was associated with an increased risk of
postoperative complications when compared to patients
who did not smoke (116). This points to the synergistic
role of alcohol and smoking. Indeed, there is a putative
link between smoking, excess alcohol, malnutrition and
sarcopenia creating the “perfect storm” for postoperative
complications in the setting of lung cancer surgery (117).
These patients carry a significant risk of morbidity and
mortality and require multi-modal therapy to address each
risk-factor.

Recommendation: Abstinence from alcohol should be
supported with a combination of pharmacological and
psychotherapy techniques in those with a history of alcohol
abuse.

Conclusions

High rates of postoperative morbidity and mortality exist
following thoracic surgery in the high-risk patient cohort.
These must be optimised where able to reduce individual
suffering and overall resource utilization of healthcare
systems. In the context of lung cancer, the duration of
optimisation is key and needs to be decided on a case-by-
case basis dependent on patient and tumour characteristics.
The majority of interventions detailed above can be
completed within a 4-week timeframe, which is usually
acceptable to both patient and surgeon. Investing time and
money into the modalities that maximise risk reduction is
crucial. We have a duty to particularly focus on high-risk
surgical patients as often it is the most vulnerable patients
with the least opportunity for healthcare intervention that
are at highest risk. Many of the interventions that optimise
patients are both low cost and relatively easy to provide. As
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resection rates increase and lung cancer screening roles out,
now, more than ever, the thoracic surgical community must
become experts in the optimisation of high-risk patients in
order to best utilise available resources and meet increasing
demand.
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