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A realist (re)view on surgical lung biopsy in interstitial lung disease:
who, how, when and at what risk?
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Abstract: Interstitial lung disease (ILD) is a heterogenous group of conditions which cause scarring of lung
parenchyma. It poses a diagnostic challenge for clinicians, especially if radiological and pathophysiological
features are indeterminate. Surgical lung biopsy (SLB) may be offered in the diagnostic workup for patients
with suspected ILD; however, the delicate balance between risk and benefit in these patients remains a
challenge. We reviewed key recommendations from international societies and further explored the evidence
using snowball sampling. We then used the realist review method to build a best-fit approach to risk-benefit
considerations for patients undergoing SLB. SLB allows for diagnostic certainty which informs prognosis.
It allows quicker treatment and reduces diagnostic uncertainty. However, mortality and morbidity vary
significantly between centres and patient cohorts. Recent studies suggest outcomes are markedly more
favourable for elective SLB compared to non-elective SLB. Comprehensive risk-benefit assessment and
discussion, as well as patient evaluation in the context of a dedicated multi-disciplinary team are crucial to
achieve the best outcomes for this complex patient group. The complex balance between patient selection,
urgency of surgery, volume of work, training needs and outcomes continues to evade equilibrium. Going
forward, further research, continued monitoring, robust patient selection processes and multidisciplinary
shared decision-making are some ways to optimise outcomes whilst minimizing risk. Novel surgical

approaches as well as advances in interventional techniques might offer further benefit in future.
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Introduction pneumonias (IIPs), sarcoidosis, hypersensitivity pneumonitis

and autoimmune ILDs and other ILDs (Figure I).
Idiopathic pulmonary fibrosis (IPF) and non-specific

conditions causing scarring of lung parenchyma (1). It is interstitial pneumonia (NSIP) both sit within the IIP

divided into five groups of pathologies: idiopathic interstitial category, which also includes other diagnoses such as

Interstitial lung disease (ILD) is a heterogenous group of
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Figure 1 Types of ILD most likely to have a progressive-fibrosing phenotype (indicated in bold). *, stage IV sarcoidosis only; *, not an

established clinical diagnosis; *, e.g., asbestosis, silicosis. Vincent Cottin ez a/. Eur Respir Rev 2018;27:180076. (2). ILD, interstitial lung

disease; IIPs, idiopathic interstitial pneumonias.

cryptogenic organizing pneumonia (COP) and acute
interstitial pneumonitis (Figure 1) (2). Both the treatments
and prognoses of the different types of ILDs vary
significantly. IPF, characterised by the usual interstitial
pneumonia (UIP) pattern, is inevitably progressive with
a poor and ultimately fatal prognosis (3,4). Research
into optimum treatment continues. More recent trials
have focused on anti-fibrotic agents Pirfenidone and
Nintedanib (3-6).

In contrast, NSIP has a better prognosis (6), although
much debate exists as to whether it is truly a separate entity
as the histopathological pattern can be found in many other
clinical and radiological contexts (6,7). Another condition
with more favourable prognosis is sarcoidosis, which confers
a 94% survival rate at 10 years and has a relatively well-
established treatment protocol (8). Similarly, the trajectory
of hypersensitivity pneumonitis can be altered with removal
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of hazards (9). Therefore, it is vital to obtain accurate
diagnosis of such conditions.

Beyond the importance to treatment and prognosis,
accurate diagnosis is vital for safeguarding the overall well-
being of patients. Diagnostic uncertainty has been shown
to cause lower satisfaction, confidence, and trust in the
medical system. Consequently, it can heighten anxiety and
encourage over-treatment, which in turn leads to increased
hospital admissions and utilisation of resources (10).
Logically, such uncertainty also decreases treatment efficacy
(10,11), therefore feeding into a downward spiral of further
anxiety, uncertainty and mistrust.

The role of surgical lung biopsy (SLB) in the
context of ILD is to aid diagnosis of patients in whom a
confident diagnosis cannot be made based on radiological
and physiological findings. A key question for the
multidisciplinary team is: how best to strike the balance
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Table 1 Biopsy techniques in comparison (1)
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SLB

Transbronchial lung biopsy Lung cryo-biopsy

Mortality 2% elective, 16-20% non-elective

Complications

(3.3%), respiratory infections (6.5%)
Adequate specimen  100%

Diagnostic yield 89%

Prolonged air leak (5.9%), acute exacerbations
(6.1%), bleeding (0.8%), severe bleeding (0.2%),
neuropathic pain (4.5%), delayed wound healing

<0.1% 0.2-2.7%

Pneumothorax (10%),
prolonged air leak (6%)

Acute exacerbations (1.2%),
prolonged air leak (13.2%),
bleeding (5.2%), severe bleeding
(0.7%), infection (0.7%)

77.6% 96%
43% 83%

SLB, surgical lung biopsy.

between diagnostic benefit and risk profile of SLB in today’s
complex medical arena (12)? To this end, this article uses
realist review methodology (13) to enable decision-makers
to reach a deeper understanding of the intervention and
how it can be made to work most effectively. In short,
it answers the question of “how, when and in whom to

perform SLB?”

Methods

We reviewed key recommendations from prominent
international societies in cardiothoracic surgery and
respiratory medicine (1,2,14-16). Snowball sampling allowed
for further exploration of the evidence underpinning these
guidelines. We then used the realist review method (13) to
build a best-fit approach to risk-benefit considerations for
patients undergoing SLB.

Manchester University NHS Foundation Trust provides
Thoracic Surgery services as well as a dedicated ILD Unit.
It covers the Northwest of England, a region of 3.2 million
people, which has the highest prevalence of ILD in the
country. The dedicated specialist multi-disciplinary ILD
team consisting of respiratory consultants, consultant
thoracic radiologists, specialist nurses, physiologists and
physiotherapists work in collaboration with six consultant
thoracic surgeons as well as an experienced lung transplant
team to ensure accurate diagnostic and management
pathways for patients locally as well as nationally.

Discussion
Obtaining a diagnosis

Current diagnostic pathways in the UK and USA focus on a
multi-disciplinary team (MD'T) stepwise approach (1,14). In
our centre, such an MDT consists of ILD specialist nurses,
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a team coordinator, respiratory physicians, histopathologists
and speciality radiologists. The stepwise approach begins
with an initial clinical evaluation consisting of history
and examination. This allows assessment of domestic and
occupational factors, as well as functional baseline. Simple
tests include blood tests and chest X-ray. These may help
to exclude alternative diagnoses and confirm interstitial
pattern. Investigations include lung function tests (including
gas transfer) and high-resolution computed tomography
(HRCT). Lung function tests typically demonstrate a
restrictive pattern with impaired gas transfer, while HRCT
provides detailed imaging of the lung parenchyma. This
initial diagnostic panel is sufficient for confident diagnosis
in up to >90% of patients, although local variation needs to
be taken into account (17,18).

Failing a definite diagnosis from the initial panel, further
investigative options include bronchoalveolar lavage (BAL),
transbronchial biopsy, lung cryobiopsy and surgical biopsy
(Tible 1).

BAL may help to exclude alternative diagnoses such
as chronic hypersensitivity pneumonitis, eosinophilic
pneumonia and sarcoidosis (4). The complication rate is
low, but not negligible. Therefore, it is reserved for selected
patients whose radiological differential diagnoses include
the above conditions but possess an indeterminate HRCT
pattern (1,4,14).

Transbronchial biopsy may occasionally be considered as
an alternative to SLB. Due to its relatively high complication
rate, including air leak (6%) and pneumothorax (6%) and
its low diagnostic yield with 64% of patients remaining
undiagnosed, it is rarely indicated (1).

Transbronchial lung cryobiopsy (TBLC) has very
recently been added to the guidelines as a potentially
equivalent option to SLB (3). It has a higher diagnostic yield
of 77-85% when compared to transbronchial biopsy (3).
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Key points: benefits of SLB

e Inform prognosis

* Diagnostic certainty allows treatment

¢ Adequate specimen

® Lessen impact of diagnostic uncertainty for patient
(e.g., loss of confidence, decreased satisfaction
and confidence in medical system, anxiety)

Figure 2 Benefits of SLB. SLB, surgical lung biopsy.

Table 2 Summary of risk factors

Surgical risk factors (17,18)
Thoracotomy
Anaesthetic risk factors (24)
Single lung ventilation
Increased pulmonary vascular resistance
Postoperative pain and use of opioids
Patient risk factors (17,18)
Male sex
Old age
Long-term oxygen therapy
Lung diffusion capacity <50%
Higher Charlson Comorbidity Index
Immunosuppressive treatment

Previous ICU admission

ICU, intensive care unit

This increased diagnostic yield is balanced by the risk of
bleeding (30%) and pneumothorax (9%) (1,3,19). However,
severe bleeding, mortality, exacerbations, respiratory
infections, and persistent air leak are rare (3,19). The
emerging data regarding TBLC is of low quality and
therefore the current guidelines make only a conditional
recommendation to consider TBLC as an acceptable
alternative to SLB in experienced centres that have taken
steps to minimize risk and maximize diagnostic yield
(3,20). Relative contraindications of the procedure are
severe lung function derangement, moderate or severe
pulmonary hypertension, high bleeding risk, and/or
significant hypoxemia (17,19). However, emerging data
suggests that TBLC may be an option in some high-risk
patients, particularly when performed in higher volume
centres (21,22). It is important to note that application of
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the histopathological criteria for UIP is more challenging
with TBLC specimen because subpleural changes might
not be represented and the potential for sampling error (3).
Compared with SLB, TBLC is more likely to demonstrate
a probable UIP pattern than a definite UIP pattern (23).
However, combining UIP and probable UIP patterns at
MDT level might result in comparable rates of diagnostic
agreement for SLB and TBLC in patients with IPF (23).

Modern SLB is usually undertaken through a video-
assisted thoracoscopic (VATS) approach under general
anaesthetic. The main benefit of SLB in ILD is the possibility
of obtaining an accurate diagnosis (1). Consequently, this
allows for informed discussions with patients and within
the MDT when considering prognosis and evaluating
treatment options. An accurate diagnosis reduces patient’s
uncertainty and anxiety (10,11). This is not only important
when the diagnosis itself is in question, but can also be
useful to inform prognosis in terms of disease stage, severity
stratification and prediction of therapeutic response for a
specific disease such as IPF (4).

SLB is indicated for patients in whom the MDT cannot
make a diagnosis based on clinical features, PFTs and
radiological findings (1,3,14). Currently there is insufficient
evidence to reconsider this recommendation although it
may be subject to a future review by the ERS taskforce (3).
SLB obtains adequate samples in all patients and the
diagnostic rate approaches 90%, compared to the 80%
diagnostic yield of TBLC (1,3). Contraindications to
surgery include an unacceptable risk for complications or
mortality, severe pulmonary hypertension and DLCO of
less than 25% after correction for haematocrit (1). Of note,
SLB is more costly, invasive and time-consuming compared

to TBLC (3). Figure 2 summarises the key benefits of SLB.

Risks of SLB

Once a patient is referred for consideration of SLB, the
National Institute for health and Care Excellence (NICE)
clinical guidance (14) highlights specifically that a discussion
of risks and benefits must be had with the patient, outlining
the potential benefit of being able to make a confident
diagnosis versus uncertainty; as well as the risk of surgery,
considering the patient’s clinical condition and risk factors.
These may be categorised into surgical, anaesthetic and
patient-specific factors (1uble 2).

A major concern with SLB is mortality and morbidity.
An older study (25) reviewed patients with histologically
confirmed UIP undergoing SLB from 1986-1995. They
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Key points: risks of SLB
e Surgical mortality 2% for elective procedures
® Surgical mortality 16-20% for non-elective procedures
® Surgical complications:

o Prolonged air leak (5.9%)

o Acute exacerbations (6.1%)

o Bleeding (0.8%)

o Severe bleeding (0.2%)

o Neuropathic pain (4.5%)

o Delayed wound healing (3.3%)
¢ Respiratory infections (6.5%)
* No diagnostic yield

Figure 3 Risks of SLB. SLB, surgical lung biopsy.

reported a staggering 16.7% 30-day mortality. However,
this series (25) is not representative of current surgical
practice. In their study, 73% of patients underwent a
thoracotomy for biopsy (due to the timeframe of inclusion)
and includes high-risk patients who might not be offered
surgical biopsy nowadays.

Recent studies report a slightly more modest 30-day
mortality of around 2%; albeit including a more heterogenous
patient group (17,18,26). A 30-day mortality of 2.4% and
90-day mortality of 3.9% were reported in a UK-based
study of 2,820 patients (18). An American study reported in-
hospital mortality of 1.7% for patients undergoing elective
SLB (17). A Canadian study (26) reported overall 30-day
mortality of 1.9% in a similar elective patient cohort. It is
also worth noting that the 30-day mortality is significantly
higher at 16-20% for non-elective procedures (1,17,18,26).

The frequency of surgical morbidity varies hugely
across studies and patient cohorts with varying surgical
approaches and patient fitness (1,17,18,25,27). Procedural
complications have been summarised in a recent systematic
literature review (1). They include pneumothorax (10.2%;
95% CI: 4.4-21.8%), prolonged air leak (6.1%; 95% CI:
33-39% ), acute exacerbations (6.1%; 95% CI: 5.1-7.3%),
bleeding (0.8%; 95% CI: 0.4-1.7%), severe bleeding
(0.2%; 95% CI: 0.04-1.2%), neuropathic pain (4.5%; 95%
CI: 1.6-12.5%), delayed wound healing (3.3%; 95% CI:
2-5.4%) and respiratory infections (6.5%; 95% CI: 4.6
9.0%) (1) (Figure 3). Earlier studies (25,27) reported rates of
respiratory failure after SLB as high as 26%, plus the need
for postoperative intensive care admission (22%), intubation
(13.6%) and tracheostomy (2.2%). However, this cohort
included patients who might not undergo SLB nowadays
due to poor fitness. In contrast, a recent cohort study from
a tertiary centre reported no mortality in elective SLB with
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a major complication rate of 4% (28). Non-elective SLB in
this study was associated with a higher (10%) mortality, as
described previously (17,18).

Whilst SLB usually obtains adequate samples in all
cases, current estimates of diagnostic yield suggest that up
to 11% of patients continue to lack a formal diagnosis (1).
This may be due to variation in interpretation of the
histopathology (29), varying pathology in different areas of
the lung (30) and the possibility of unclassifiable disease.
Such patients would have undertaken a significantly risky
procedure for no apparent benefit to themselves.

Anaesthetic considerations and risks may be considered
in pre-, intra-, and post-operative categories. It is outside
the scope of this paper to explore these in detail. The advent
of Enhanced Recovery After Surgery (ERAS) pathways and
guidelines have highlighted the importance of pre-operative
patient engagement and education to the reduction of
post-operative complications (31,32). General approaches
to minimizing risk include smoking cessation and patient
education. Certain centres advocate for further intensive
pre-habilitation, but this depends on available resources,
expertise, and healthcare networks (31). Intra-operative
considerations are innumerable, and in general, maintenance
of normal physiology is considered good practice (33). Two
widely discussed considerations are one-lung ventilation
(OLV) and patient positioning. OLV confers significant
intraoperative respiratory stress. It increases the risk of
hypoxia, hypercapnia, atelectasis, and ventilation/perfusion
mismatch. But the risks are not confined to a single system
since the increase in pulmonary vascular resistance may
affect cardiovascular function. Poor positioning may result
in pressure damage, as well as increased post-operative pain:
already a major perioperative concern for thoracic surgery.
Post-operative pain increases the risk of atelectasis and
respiratory embarrassment. It may also increase opioid-use,
which may further obtund the already fragile respiratory
function. ERAS recommendations stress the importance
of early mobilisation and physiotherapy to minimise post-
operative respiratory complications (31,32). However, post-
operative respiratory embarrassment often results from
exacerbation of existing ILD (28).

Several large studies have highlighted patient-specific
factors associated with perioperative mortality following
SLB (17,18,26). The registry study from Ontario (26)
identified advanced age, male sex, long-term oxygen
therapy, earlier year of procedure and higher Charlson
Comorbidity Index as significantly associated with a greater
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odds of 30-day post-operative mortality. Similar results
were published from analyses of retrospective UK and the
US registry data (17,18). Male sex, advanced age, higher
comorbidity scores, and having a provisional diagnosis of
IPF were identified as risk factors for 90-day mortality.
Whilst there are technical limitations to analysing these
large patient cohorts with medical interventions as far as
two decades in the past, the uniformity of results across
three countries and multiple surgical centres suggests
some degree of internal and external validity. Whilst these
risk factors have not been utilised in formal risk scoring,
it might be important to consider them as part of the pre-
operative assessment of potential surgical candidates.

Assessing risk

Generally, there is a lack of data for assessing the risk of
patients with ILD specifically for SLB. An aggregate risk
score has been proposed by Fibla er al. (27): the score,
based on data from 311 patients, includes proportionally
weighted variables according to their regression coefficient.
These variables are open surgery, immunosuppressive
treatment, age over 67 and previous ICU admission.
According to the total score (0-6), patients are grouped
into four risk categories A-D in ascending order of 90-day
mortality risk: Class A, score 0 (2%); class B, score 1-2
(12%); class C, score 2.5-3 (40%); class D, score >3 (86%).
However, discrepancies in the actual mortality rate between
different units prevent external validity (34). Therefore, this
scoring system has never been of practical clinical relevance.

A more commonly used risk scoring system is the ILD-
GAP score, which predicts 1-, 2- and 3-year mortality in
patients with ILD (35). This calculates overall mortality but
is not specific to SLB. It is computed from the following
variables: gender, age, forced vital capacity (FVC), diffusion
capacity of the lung for carbon monoxide (DLCO). It has
been shown to have good performance in all ILD subtypes,
at all stages of disease severity. External validation has
shown that the GAP score correlates well with 1-year
mortality but not with 3-year mortality. An alternative
scoring system is the du Bois score, which derives 1-year
mortality for ILD patients. It is more specific but less
sensitive compared to the GAP score (15). These systems
may be used as a holistic approach towards suitability for
surgery.

Anaesthetic risk assessment systems for SLB vary. An
example is an adapted trimodal assessment consisting
of respiratory mechanics, parenchymal function and
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cardiopulmonary reserve. Investigations for these include
spirometry and gas exchange parameters, along with
exercise testing, which may include shuttle walk or formal
cardiopulmonary exercise testing (CPEX) (24,33). In a
similar fashion, the surgical tripartite model, which is
commonly used for risk assessment of patients with lung
cancer requiring lung resection, considers the perioperative
risk of death, risk of postoperative cardiac events and
dyspnoea. Only if the patient is accepting of the risk in each
category and the potential implications on their lifestyle
can surgery be offered (16). Whilst the risk of perioperative
death and major cardiovascular events are amongst the risks
which ought to be discussed with patients undergoing SLB,
the risk of dyspnoea is dictated by their primary disease
progression rather than by the removal of a small amount of
lung parenchyma for biopsy.

Whatever the system used, risk assessment plays an
important part of informed decision-making processes
between the MDT and the patient. In our unit, a
comprehensive pre-operative assessment and discussion
within a dedicated high-risk surgical MD'T is arranged.
The MDT team consists of the MDT coordinator,
speciality nurses, consultant thoracic surgeons, consultant
anaesthetists and consultant respiratory physicians.
Where required, patients are referred to a dedicated
high-risk anaesthetic clinic and further cardiopulmonary
investigations undertaken (Figure 4).

Looking forward: who should be doing SLB and bow?

Several studies have highlighted significantly higher 30-day
mortality after non-elective compared to elective SLB
(16-20% wvs. 2%) (1,17,18,26,36). Unsurprisingly, better
outcomes have been reported in high-volume centres (36).
However, this statement warrants deeper exploration. In
a retrospective registry study of over 3,000 procedures,
the statistically significant reduction in mortality became
insignificant when only elective cases were considered
(P=0.08 vs. P=0.57). Yet, this is not to suggest that there
are no outcome differences when considering volume
of work in a centre. Indeed, when considering other
surgical procedures, high-volume centres tend to perform
better. This has been thought to result from more clinical
experience in terms of patient assent, patient selection and
perioperative care (37). Clearly more work needs to be done
to better understand the nuances of outcomes and volume
of work.

Given alternative biopsy techniques available such as
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Patient referred to thoracic surgical outpatient clinic for consideration of SLB

4

Assessment by thoracic consultant surgeon:
fitness for surgery, patient views regarding surgical risks

Patient candidate for
surgery & accepting risks

J L Patient not candidate for surgery

and/or not accepting risks

' o2

High-risk Multi-disciplinary
team meeting referral

Anaesthetic
high-risk patient
clinic +/- further

cardiopulmonary tests

/\

MDT opinion: MDT opinion:
Surgery can be Surgery cannot be
offered offered

Referral to medical ILD team

—1

Figure 4 Pathway for assessment of patients referred for consideration of SLB. SLB, surgical lung biopsy; ILD, interstitial lung disease;

MDT, multi-disciplinary team.

transbronchial biopsy and lung cryobiopsy, along with the
advances in biopsy sample interpretation using machine
learning algorithms and RNA sequencing, should we be
performing non-elective SLB at all considering its mortality
risk (36)? Again, this rhetoric needs to be balanced with
nuances in patient selection, local demographics, local
training needs and available expertise, without exceeding
tertiary capacities.

Since it has been shown that open SLB is associated with
higher risk than minimally invasive techniques (17,18),
a VAT approach is the gold standard recommended by
NICE (14). The majority of SLB in the UK are performed
using a VATS approach, in the lateral decubitus position,
under general anaesthesia with single lung ventilation.
The number of ports used varies from a single utility port
to three-port technique. Whichever technique chosen,
adequate sampling is mandatory and has been defined
by the Fleischner society guidelines as samples from
multiple lobes, at least 2-3 c¢m along the pleural axis and
1-2 cm deep (38). Regional techniques are performed pre-
operatively for post-operative analgesia. These include
paravertebral or erector-spinae plane blocks according to
expertise of the anaesthetist. Along with this, intraoperative
intercostal blocks and/or epi-pleural indwelling catheters
for continuous infusion are inserted for post-operative
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analgesia.

A new development is the introduction of non-
intubated, sedated, uniportal SLB (39,40). This has already
demonstrated encouraging results but is not currently
performed routinely in the UK. Key to this technique is
effective teamwork between the surgical and anaesthetic
teams. The use of regional and/or central neuraxial
anaesthetic techniques such as erector spinae plane blocks
and/or thoracic epidurals, along with surgical infiltration
of local anaesthetic into the chest wall (subcutaneous
and intercostal) allows for adequate anaesthesia for
surgical access. Sedation is usually employed according
to preferences of the anaesthetist to aid tolerability.
Airway management may be achieved with spontaneous
ventilation with nasal cannula, face masks or laryngeal
mask airways (LMA) (41). Several small studies (39-41)
have demonstrated lower 30-day mortality rates without
compromising diagnostic yield. However, like intubated
SLB, this requires very strict patient selection with a range
of relative contraindications, such as obesity, complex
airway, COPD with copious airway secretions, extensive
adhesions, previous pulmonary resections, severe hypoxia or
hypercapnia, inability to cooperate in the awake setting (41).

ILD is highly dimensional, diverse, and dynamic—a
landscape which is reflected in how we navigate diagnostic
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options. The final decision of which investigative options
to pursue, in what order, must be tailored to the clinical
situation and priorities of individual patients, the local
availability of services and expertise, and with a balanced
and multi-disciplinary approach.

Conclusions

In summary, ILD is a heterogenous groups of conditions
in terms of disease progression and prognosis. Accurate
diagnosis is vital for tailored and effective therapy options.
Mortality and morbidity vary significantly between centres
and patient cohorts although recent studies suggest a more
favourable risk-benefit ratio for elective SLB compared to
non-elective SLB. Both surgical and non-surgical biopsy
techniques have experienced progress with regards to safety
and diagnostic yield. The complex balance between patient
selection, urgency of surgery, volume of work, training
needs and outcomes continues to evade equilibrium. Going
forward, further research, continued monitoring, robust
patient selection processes and multidisciplinary shared
decision-making are some ways to optimise outcomes whilst
minimizing risk. In the meantime, careful consideration
of local expertise and availability of services, alongside
robust MDT decision pathways, informed by multi-
modal assessment methodologies, are key to decision-
making which is patient-centred, clinically sound, and
organizationally efficient.
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