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Purpose: The idiopathic interstitial pneumonias (IIP) constitute a large cohort of the over 200 subtypes of interstitial lung disease
(ILD). Idiopathic pulmonary fibrosis (IPF) is the most widely studied, arguably the most severe etiology of ILD and the most common
IIP diagnosis. The objective of this narrative review is to outline the current evidence on optimal perioperative management of IPF.
PubMed, Embase and Web of Science were analyzed for appropriate peer-reviewed references by utilizing key word search
(“interstitial lung disease” OR “idiopathic pulmonary fibrosis” OR “idiopathic interstitial pneumonitis” OR “ILD” OR “IPF” AND
“surgery” OR “anesthesia” OR “perioperative”) within the past thirty years (1990-current). Non-English language references were
excluded. A total of 205 references were curated by the authors. Eighty-seven consensus statements, clinical trials, retrospective cohort
studies or case series met criteria and were incorporated into the findings of this narrative review.
Conclusion: After review, we conclude that complications, dominated by postoperative pulmonary complications, pose a significant
barrier to safe perioperative care of patients with IPF. Ensuring that the preoperative IPF patient has been medically optimized is
important for minimizing this risk. Initial assessment of the ARISCAT score, pulmonary function studies and cardiopulmonary
exercise testing may identify IPF patients at particularly high perioperative pulmonary risk. Identifying IPF patients with 6–12-
month declines in DLCO of >15%, V02max <8.3 mL/kg/min, <80% predicted value FVC, a 50-meter reduction in the 6MWT or
preoperative home oxygen use may be helpful in preoperative risk stratification. Medically optimizing treatable co-morbidities should
be a priority in preoperative assessment. Regional or neuraxial anesthesia should be considered an optimal technique for the avoidance
of general anesthesia related complications when indicated. Acute exacerbation and postoperative pneumonia have been identified as
important postsurgical complications in both thoracic and nonthoracic surgical populations.
Keywords: interstitial lung disease, lung fibrosis, perioperative, anesthesia, surgery

Introduction
ILD is comprised of a large heterogeneous group of diseases with a collective endpoint of fibrotic and inflammatory
destruction of the lung parenchyma. There are over 200 causes of ILD that are generally divided into groups of
identifiable (occupational, autoimmune and environmental) and unidentifiable causes (idiopathic)1 (Figure 1).
Idiopathic pulmonary fibrosis (IPF) represents the most common, recognizable, and arguably, severe etiology of the
subcategory of idiopathic interstitial pneumonias (IIP), comprising 50–60% of all IIP diagnoses. The purpose of this
review is to analyze the perioperative risk profile of patients with IPF, identify advantageous interventions and
characterize barriers to optimal care.

Methodology
PubMed, Embase and Web of Science were analyzed for appropriate citations by utilizing key word search (“interstitial
lung disease” OR “idiopathic pulmonary fibrosis” OR “Idiopathic Interstitial Pneumonitis” OR “ILD” OR “IPF” AND
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“surgery” OR “anesthesia” OR “perioperative”) within the past thirty years (1990-current). Non-English language
references were excluded. Two hundred and five citations were curated by the authors. Eighty-seven consensus
statements, clinical trials, retrospective cohort studies or case series met criteria and were incorporated into the findings
of this narrative review.

Diagnostic Criteria, Clinical Findings and Epidemiology of IPF
IPF has an incidence of 5.6/100,000 person-years in one study utilizing code-based diagnostic algorithm refinements.2

The annual cumulative prevalence is 18.2/100,000 (2010) and median survival is 2–3 years after diagnosis.3,4 IPF is the
ILD diagnosis with the worst prognosis and mortality has been steadily rising, particularly in males, although this may be
an artifact related to improvements in diagnosis.5,6 It occurs primarily in older adults and consists of a chronic,
progressive interstitial pneumonitis with a histological and radiological pattern of usual interstitial pneumonitis (UIP).7

Patients typically present with chronic dry cough, progressive dyspnea and exhibit bibasilar crackles on physical
examination. Usual investigations on presentation include chest radiography, pulmonary function testing (PFT: with a
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Figure 1 A graphical overview of interstitial lung disease. Heterogeneity of subtypes is evident, all leading to common presenting symptoms of cough, weight loss and
shortness of breath. Histologically, common features of fibrotic changes are shared amongst the subtypes with subtle differences. The idiopathic interstitial pneumonias
comprise the majority of identified cases. a: denotes more common subtypes.
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characteristic restrictive pattern) and high-resolution computed tomography (HRCT). The diagnosis of IPF is complex
and reliant on the combination of clinical presentation pattern, progressive dyspnea, analysis of lung spirometry data
from PFT studies, exclusion of other forms of ILD and the appearance of the UIP pattern on chest radiography. The UIP
histopathological diagnosis has been associated with accelerated disease progression and significantly worse prognosis.8

Histopathological findings of UIP include dense fibrosis with scarring and honeycomb appearance of the lung. Additional
findings of subpleural or paraseptal fibrosis distribution or patchy involvement may also be present. Disease severity in
IPF is loosely classified as mild, moderate, and severe, based on the severity of respiratory limitation, and PFT studies
remain the mainstay of monitoring disease progression in IPF. Decline in forced vital capacity (FVC) shows a strong
correlation with decreased survival and is a validated measurement of IPF progression, with one-year risk of death
twofold higher in patients with a 6-month decline between 5% and 10%.9 In addition, the six-minute walk test (6MWT)
has been increasingly adopted as a simple assessment of cardiopulmonary, musculoskeletal, and nutritional conditioning
in patients with IPF. Lower 6MWT in IPF patients is associated with increased hospitalization and mortality risk.10,11

Informal staging has been generally performed utilizing HRCT and histopathological findings.12 HRCT has increased in
popularity as it provides visualization of key anatomical findings of IPF and improves prognostication and surveillance of
disease progression. Visually quantified disease by HRCT has been observed to be an independent predictor of mortality
in IPF (fibrosis p = 0.002, mean lung attenuation p = 0.003, skewness p < 0.001 and kurtosis p < 0.001) although the
most commonly used measurements remain FVC and other lung spirometry variables.13 Many ILD subtypes share
symptoms and histopathological features with IPF. Precise diagnosis is crucial as approximately 35% of ILD subtypes
will be responsive to medical treatment. Thomeer et al found 5-year survival rates of 91.6% for sarcoidosis, 69.7% for
connective tissue disease related ILD, and 35% for IPF.14 This has led to the adoption of multidisciplinary team meetings
to improve precision of IPF diagnosis leading to improved diagnostic accuracy in non-IPF experts.15

Preoperative Risk Assessment and Optimization of Patients with IPF
Treatment for IPF is generally supportive (pulmonary rehabilitation, supplemental oxygen) but has improved with the
advent of antifibrotic pharmaceutical agents (pirfenidone; fibroblast inhibitor/anti-inflammatory and nintedanib; tyrosine
kinase inhibitor) that have demonstrated efficacy in slowing disease progression and have shown mortality benefit. The
application of nintedanib and pirfenidone for the treatment of IPF has rapidly expanded over the past decade and has
been found to slow FVC decline (annual rate of decline treatment group: −114.7 mL vs placebo −239.9 mL; P < 0.001),
reduce the risk of acute exacerbation of ILD (AE-ILD) (hospitalizations (%) pirfenidone: 7% vs placebo: 12% P=0.001)
and improve long-term survival.16–18 Despite these promising findings, early referral for lung transplantation remains the
only modality that definitively increases life expectancy for patients with end-stage IPF.

Preoperative assessment should focus on quantifying postoperative pulmonary complication (PPC) risk and identify
opportunities for preoperative optimization of other, often overlooked, organ systems. This review has identified clinical
evidence from both ILD and IPF clinical investigations that are useful for the extrapolation of preoperative risk in this
patient population.19 In an ILD study population, notable nonmodifiable risk factors associated with in-hospital mortality
after surgical lung biopsy included male gender (Odds Ratio 1.50, 95% CI: 1.22,1.85; p < 0.001), IPF classification
(Odds Ratio 3.71, 95% CI: 12.83, 4.88; p < 0.001) and increasing age (trend p < 0.001).20

PPC represents the highest risk to IPF patients and should be a primary focus of preoperative risk assessment. The
most common PPC have been identified as acute respiratory worsening (ARW: new or worsened hypoxia or hypercarbia
within 30 days of admission), acute exacerbation of ILD (AE-ILD: rapidly progressive clinical deterioration of ILD
without obvious clinical cause), postoperative pneumonia and prolonged or occult postoperative pneumothorax. An
initial assessment of the ARISCAT (Assess Respiratory Risk in Surgical Patients in Catalonia) score calculation, which
assists in identifying high-risk patient for PPC, may prove useful in guiding postoperative pulmonary risk stratification.21

The ARISCAT score utilizes age, preoperative pulse oximetry, recent respiratory infection, invasiveness, urgency, and
duration of the surgical procedure to calculate a risk profile for PPC, including respiratory failure. Moreover, PFT studies,
cardiopulmonary exercise testing (CPET) and the 6MWT can contribute to identifying high-risk or rapidly deteriorating
IPF patients presenting for surgery. For example, useful indicators of rapidly declining respiratory function include a
6–12 month decrease in the diffusion capacity for carbon monoxide (DLCO) of >15%, a V02max less than 8.3 mL/kg/min
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and a 6-month 50 meter reduction in the 6MWT.4 Another study demonstrated a correlation between preoperative home
oxygen use and postoperative ARW in IPF patients, providing an easy identifier of higher-risk IPF patients (Relative Risk
2.70; 95% CI: 1.50, 4.86, P < 0.001).22 Furthermore, IPF patients with <80% FVC on preoperative pulmonary function
testing have been found to have increased cardiopulmonary complications and worse long-term survival after lung
resection.23,24

Given the high mortality of postoperative AE-ILD, preoperative identification of these patients has been an area of
intensive research. Sato et al identified several factors associated with AE-ILD in IPF patients for lung resection;
abnormal serum sialylated carbohydrate (KL-6) (Odds Ratio: 2.02 95% CI: 1.19, 3.40 p = 0.008), surgical lung resection
greater than a wedge resection (Odds Ratio: 2.91, 95% CI: 1.45, 5.84 p = 0.002), and FVC <80% predicted (Odds Ratio:
0.57, 95% CI: 0.04, 0.88, p = 0.01).25 Additionally, reviewing HRCT findings for the presence of UIP may prove
valuable in identifying high-risk patients. Chida et al searched for the presence of symptomless or localized UIP in
patients presenting for lung cancer resection and found that primary lung cancer resection patients with evidence of UIP
on their HRCT had an 8.8% chance of acute respiratory distress syndrome (ARDS) after their procedure compared to
0.4% in patients without these findings.26

Identifying and medically optimizing potentially treatable comorbid conditions should be prioritized in the preopera-
tive assessment of IPF patients. Survival in IPF patients is negatively impacted by coronary arterial disease, other
cardiovascular disease, arteriosclerosis, and lung cancer, with median survival decreasing with increasing number of
morbidities [(number of comorbidities: median survival, in months) 0:66; 1–3:48; 4–7:35].27 A systematic review
demonstrated high prevalence of lung cancer (3–48%), chronic obstructive pulmonary disease [(COPD); 6–67%], atrial
fibrillation [(AF); 6–19%], pulmonary hypertension [(PH); 3–86%], obstructive sleep apnea [(OSA); 6–91%] and venous
thromboembolic disease [(VTE); 3–6%].28 IPF patients have high prevalence rates of coronary artery disease (9.3%) and
heart failure (8.2%) compared to non-IPF patients suggesting that meticulous preoperative cardiac assessment should be
performed.29,30 PH, defined as increased pulmonary vascular resistance of >3 Wood units, a mean pulmonary arterial
pressure >20mmHg at rest or a mean pulmonary arterial pressure of 25mmHg or greater obtained by right heart
catheterization, is a common complication of IPF. In IPF populations, it is estimated that PH incidence ranges between
8.1% and 14.9% on diagnosis, 30–50% in advanced cases, and its presence is associated with increased morbidity and
mortality.31,32 Furthermore, in IPF patients with PH, the presence of abnormal brain natriuretic peptide (BNP) serum
levels demonstrates a strong correlation with worse prognosis.33 Preoperative smoking cessation should be strongly
encouraged and evidence of partial radiologic regression of interstitial lung disease has been observed in former
smokers.34 Screening for OSA is recommended as it is very common in patients with IPF, with 88% of patients
demonstrating an abnormal apnea-hypopnea index.35 Gastroesophageal reflux disease (GERD) is also highly prevalent
in IPF patients, and there is some controversial evidence that poorly controlled GERD may contribute to disease
progression and possibly higher risk for AE-ILD.27,36

Preoperative review of biomarkers may provide useful insight into the severity of lung disease in IPF patients.
Abnormal preoperative C-reactive protein (CRP) level was found to be independently associated with AE-ILD after non-
pulmonary surgery [OR 2.556 (95% CI: 1.11–5.889); p = 0.028].37 Serum lactate dehydrogenase (hazard ratio: 2.024, p =
0.047) and serum Krebs von den Lungen-6 (KL-6) (hazard ratio: 2.909, p = 0.038) have been reported as accurate
markers of 3-month mortality and disease activity in IPF.38 It should be noted that KL-6 serum measurements are not
considered a validated component of diagnosis or management and remains investigative. Hypoalbuminemia and low
serum prealbumin, a widely used indicator of underlying protein-calorie malnutrition, may be useful in identifying
patients with poorer prognosis (lower survival: serum prealbumin <0.2 mg/L; serum albumin <35 g/L).39 The presence of
chronic kidney disease (CKD) in an IPF cohort increased all-cause mortality (Hazard Ratio: 0.972, 95% CI: 0.94, 0.99, p
= 0.015) with calculated estimated glomerular filtration rate (eGFR) an independent predictor of survival after age and
pulmonary function data adjustment.40 In the same study, IPF patients with CKD demonstrated lower diffusing capacity
of carbon monoxide (DLCO (% predicted); 40.0 ±13.9 vs 45.9 ±14.4, p = 0.04) and 6-minute walking distance ((in
meters) 416 ±129 vs 474 ±84, p = 0.01). Preoperative risk stratification in IPF patients should attempt to identify both
modifiable and nonmodifiable risk factors and are summarized in Table 1.
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Intraoperative Considerations in the Care of IPF Patients
Several intraoperative factors have been identified as increasing the risk of PPC in IPF patients. Cardiac surgery,
emergency surgery, lung resection and prolonged surgical procedures are associated with higher incidence of post-
operative complications in IPF populations. Hirji et al found that ILD patients who underwent cardiac surgery had longer
intensive care (ICU) stay, higher postoperative mortality and higher 30-day readmission rates compared to non-ILD
populations. A comparative sub-analysis within that study found that IPF patients demonstrated higher postoperative
mortality (hazard ratio 3.04, 95% CI: 2.42, 3.80, p < 0.001), longer ICU stay (66 hr. vs 60 hrs., P < 0.001) and length of
stay (9 days vs 8 days, P < 0.001) in comparison to non-IPF ILD patients.41 Emergency surgery (OR = 23.3, 95% CI:
2.62, 218.9, p = 0.005), lung surgery (OR = 5.0, 95% CI: 1.3, 18.6, p=0.01), and longer anesthesia time (OR = 1.5, 95%
CI: 1.1, 2.2, p = 0.006) as risk factors for PPC in ILD.42 In an IPF-specific population, increasing surgical time was an
independent risk factor for postoperative ARW (Relative Risk 1.03; 95% CI: 1.02, 1.05, P < 0.001).22 Long periods of

Table 1 Preoperative Risk Factors Associated with Increased Postoperative Complications in
Patients with IPF

Modifiable Risk Factors Non-Thoracic Surgery Thoracic Surgery References

Low DLCO • • 4

FVC <80% ∞ • 23, 24, 60

Decreased VC ∞ • 60, 62, 25

High BMI ∞ • 60

Increasing comorbidities ∞ • 27

Pulmonary hypertension ∞ • 33, 60, 31, 32, 80

Heart failure • • 29, 30

GERD (conflicting findings) ∞ • 36, 71

Home oxygen use • • 22

Use of immunosuppressants • • 60, 62, 63, 25

Absence of pirfenidone treatment • • 17, 18, 64, 65, 66

Elevated serum CRP • ∞ 37, 63

Elevated serum LDH • • 38, 63

Elevated serum KL-6 ∞ • 38, 62

Hypoalbuminemia • • 39, 63

Low BMI • • 75

No pulmonary rehabilitation ∞ • 87

Non-modifiable Risk Factors

Male gender ∞ • 62, 25

Prior history of AE-ILD ∞ • 62, 25

Interstitial pneumonitis on CT ∞ • 26, 25

Increasing age • • 21

Notes: •: Yes, ∞: Unknown.
Abbreviations: DLCO, diffusing capacity of lung for carbon monoxide; FVC, forced vital capacity; VC, vital capacity; BMI, body
mass index; GERD, gastroesophageal reflux disease; CRP, C-reactive protein; LDH, lactate dehydrogenase; KL-6, sialylated
carbohydrate antigen; AE-ILD, acute exacerbation of interstitial lung disease.
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mechanical ventilation, likely associated with ventilator-associated lung injury, are detrimental in IPF patients. This is
supported by data from a large non-surgical IPF study cohort, where higher in-hospital mortality was found with
mechanical ventilation [OR 4.65 (95% CI 3.73,5.80)], admission to the intensive care unit [OR 1.83 (95% CI 1.52,
2.21)] and concurrent pneumonia [OR 1.44 (95% CI 1.21, 1.71)].43 In that same study, an in-hospital mortality rate of
49.3% was observed in patients receiving mechanical ventilation, suggesting that identification and benefit risk assess-
ment of high-risk IPF patients is advised to minimize the risk for prolonged perioperative mechanical ventilation.44 The
length of time of safe mechanical ventilation is unknown.

Avoidance of general endotracheal anesthesia and mechanical ventilation should be considered, when clinically
indicated. This supposition is firmly supported by clinical data in patients with other types of severe lung pathology.45

When indicated, neuraxial and regional anesthesia remain an optimal technique in IPF patients and can be safely
performed.46,47 In one study comparing regional anesthesia to general anesthesia for thoracoscopic lung biopsy in IPF
patients, longer thoracostomy drain duration (6.23 ±5.1 days vs 3.12 ±1.5 days, p = 0.004) and longer ICU stay (3.38
±2.1 days vs 1.09±0.7 days, p = 0.019) was observed in patients who received general endotracheal anesthesia.48 An
observational study of 30 ILD patients undergoing regional anesthesia for thoracoscopic lung biopsy found no inpatient
mortality, lower major morbidity and reduced hospital stay.49

Optimal ventilator strategies for perioperative IPF patients have not been definitively characterized. In one single-
center retrospective study, ILD patients admitted to the ICU were analyzed (67% IPF or non IPF-idiopathic).
Nonsurvivors were more likely to be postoperative, ventilated at higher airway pressures and lower tidal volumes
compared to survivors. Increasing severity of acute physiology and chronic health evaluation (APACHE) III score
(hazard ratio, 1.33, 95% CI 1.18, 1.50) and high post end-expiratory pressure (PEEP; hazard ratio, 4.72, 95% CI 2.06,
11.15) were independently associated with mortality risk.50 The authors concluded that patients with ILD may not benefit
from an open lung approach to mechanical ventilation, an assertion that requires further clinical investigation. It is also
unclear if the high oxygen fractions routinely used in perioperative settings are associated with inferior postoperative
outcomes in IPF patients. Although always patient-specific, resting hypoxemia may be defined as a pulse oximetry
reading of <90% in patients with ILD.51 Oxygen therapy in IPF patients prior to AE-ILD has been observed to be
independently associated with mortality (Hazard ratio 1.88; 95% CI 1.15, 3.09, p = 0.01), suggestive of possible harm,
although the authors were unclear to its ramifications.52 Restrictive perioperative fluid management strategies may reduce
postoperative AE-ILD in IPF. Mizuno et al found a liberal intraoperative fluid management strategy (AE-ILD 8.00±4.21
mL/kg/h vs non-AE-ILD 4.99±2.86 mL/kg/h OR 1.312, 95% CI: 1.03, 1.667, p = 0.035) to be associated with higher risk
of AE-ILD.53 Moreover, ILD has been identified as an independent risk factor for the development of transfusion-related
acute lung injury although no definitive data on perioperative blood transfusion in IPF patients are available.54

Postoperative Management: A Focus on Avoidance of Pulmonary
Complications
Postoperative management of IPF patients is appropriately focused on the prevention of PPC given its high incidence.
Choi et al found an 11% incidence of PPC [composite: in-hospital pneumonia, AE-ILD, prolonged pneumothorax (>7d)
and others (hemothorax, pulmonary infarction, spontaneous pneumothorax)] in an all ILD population.42 Elevated post-
operative oxygen demand after surgical lung biopsy in ILD populations is independently associated with major
complications.55 Perioperatively, IPF patients may exhibit a wide spectrum of respiratory insult spanning from lower
risk, ARW to highest risk, AE-ILD.56 It is known that AE-ILD in IPF patients may have a higher mortality compared to
other forms of ILD (90-day mortality: 69% vs 33%; p = 0.04 IPF vs other ILD).57 The systemic inflammatory response
associated with surgery, ventilator-associated lung injury, and the IPF patient’s innate propensity towards inflammation
likely provide a favorable environment for the development of AE-ILD in the perioperative time period. Identification of
AE-ILD poses a significant challenge in the postoperative time period, given its nonspecific and insidious constellation of
clinical symptoms. Criteria for the diagnosis of AE-ILD was developed in 2012: A diagnosis of any ILD, acute
worsening of less than 30 days duration and CT findings of new bilateral ground glass opacification and/or consolidation
superimposed on signs of baseline interstitial lung disease.58 Hallmark histopathological findings include diffuse alveolar
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damage overlying the primary characteristic fibrotic changes of IPF. Associated risk factors include micro-aspiration of
gastric contents, viral infections, secondary pulmonary hypertension, lower functional residual capacity (FVC), higher
body mass index, use of immunosuppressant drugs and surgical intervention, particularly thoracic-related procedures.36,59

AE-ILD occurs in 9.3% of pulmonary resections, with a 25–43.9% mortality rate.60,61 Traditionally, AE-ILD has been
thought to be predominately associated with lung resection surgery, but additional evidence has suggested that non-
pulmonary surgery may present a similar risk to the IPF patient. Furuya analyzed 103 idiopathic interstitial pneumonia
(IIP) patients after non-pulmonary surgery. They found an incidence of 7.8% for postoperative AE-ILD and identified the
following risk factors: preoperative emergency surgery classification (Hazard Ratio, 24.713; P = 0.001), prednisolone use
(Hazard Ratio, 1.266 P = 0.018) and elevated serum CRP (Hazard Ratio, 1.351, P = 0.018).62 Further supporting this
observation, McDowell et al found an 5% incidence of AE-ILD in IPF populations with no significant difference between
non-thoracic and thoracic study cohorts [N = 4 (thoracic) vs 6 (non-thoracic) RR: 1.16 (CI: 0.34 to 0.99 Q = 4.0).22

Similarly, Takao et al found an incidence of 6.3% and mortality rate of 80% of AE-ILD in a cohort of all-ILD patients
after non-pulmonary surgery.37

Given the encouraging results of antifibrotic treatment of IPF, some studies have tested their efficacy for the
prevention of AE-ILD after thoracic surgery. In a single-arm, Phase II clinical trial, Iwata et al analyzed the efficacy
of perioperative administration of pirfenidone in IPF patient for the prevention of AE-ILD after lung cancer resection.
They found a significant reduction compared to known incidence with a 97.2% AE-ILD avoidance rate (95% CI, 85.5–
99.99% p = 0.004).63 A retrospective analysis of pirfenidone use in lung cancer resection found, when patients were
matched by risk score (Japanese Association for Chest Surgery risk score), significant reductions in postoperative AE-
ILD were observed in the high-risk (p = 0.048) but not the intermediate (p = 0.106) or low-risk (p = 0.522) groups.64

Urushiyama et al found a reduced 30-day mortality (control 3.1% vs pirfenidone 1.7%) and postoperative severe
respiratory complications (control 8.5% vs pirfenidone 2.5%; OR 0.24 95% CI: 0.07–0.76, p = 0.015) in IPF patients
who received preoperative pirfenidone prior to surgery under general anesthesia.65 Furthermore, continuation of
pirfenidone during the perioperative time period does not appear to significantly impact wound healing.66 Prophylactic
perioperative corticosteroids have also been investigated as a method to reduce the risk of AE-ILD in IPF patients with
mixed results. Administration of 125mg of methylprednisolone prior to pulmonary resection resulted in lower serum
CRP (steroid group: 8.5 mg/dL vs control: 13.3mg/dL, p = 0.011) but did not demonstrate difference in mean hospital
stay or disease-free survival.67 In a phase II clinical trial of 69 patients, low-dose methylprednisolone and sivelestat, a
neutrophil elastase inhibitor, was found to be ineffective for the prevention for AE-ILD after lung cancer surgery (AE-
ILD 5.8% vs Expected 2.0%).68

Additional perioperative lung insult in IPF patients may be derived from perioperative subacute or silent aspiration of
gastric acid, which has been implicated in AE-ILD. Firstly, there is evidence suggesting that subacute, or silent,
pulmonary aspiration may occur more frequently than previously estimated. 18F-Fluorodeoxyglucose positron emission
scans performed in asymptomatic non-ILD patients 48 hours after undergoing gastrointestinal endoscopy found a 3.94%
incidence of abnormalities consistent with clinically silent pulmonary aspiration related lung inflammation.69 Moreover,
an additional study identified abnormal amounts of gastric pepsin in the bronchoalveolar lavage of patients with AE-
ILD.70 Though the incidence of overt perioperative pulmonary aspiration is rare, with an incidence of 1/~7000, it is
possible that the increased susceptibility to lung inflammation in IPF may result in more severe postoperative respiratory
sequelae, highlighting the importance of meticulous airway and gastric content management in this surgical population.71

Rangappa et al found that, in IPF populations admitted to the ICU, pneumonia comprised 42% of admissions, 33%
suspected acute exacerbation of ILD and 12.5% with unspecified postoperative respiratory failure.72 In medical popula-
tions, bacterial pneumonia was a strong risk factor for 30-day mortality in IPF patients (hazard ratio: 1.30 95% CI: 1.04,
1.63, p = 0.023) with streptococcal pneumoniae (31.6%), Methicillin-resistant Staphylococcus aureus (18.4%) and
Klebsiella pneumoniae (9.2%) identified as the most common pathogens.73 This propensity for pulmonary infections
is also observed in surgical populations. Choi et al found an in-hospital pneumonia rate of 3.9% in an all ILD surgical
population, fourfold the risk of all surgical populations.42,74 Following noncardiac surgery in IPF patients, McDowell
et al identified an 9.2% risk for 30-day postoperative pneumonia.22 Nonsurgical, or spontaneous, pneumothorax is
another common complication associated with advanced IPF, with an incidence of 11%.75 Spontaneous pneumothorax in
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patients with IPF has a poor prognosis, is often refractory to treatment with thoracostomy tube placement and often
requires surgical pleurodesis.76 In perioperative settings, persistent postoperative pneumothorax incidence may be as high
as 25% after minimally invasive thoracic procedures in patients with ILD.77

Emphasizing the need to comprehensively investigate postoperative hypoxemia, the possibility of PH exacerbation should
be investigated in appropriate IPF patients. In an all-cause PH populations, the risk for postoperative exacerbation of PH is
highest after thoracic surgery (lung resection), thromboendarterectomy, transplantation (heart, liver, lung, kidney) and cardiac
surgery (mitral valve repair/replacement, left-ventricular assist devices).78 Perioperative morbidity and mortality risk is higher
in any patient with PH, with increased incidence of overt right ventricular failure, postoperative respiratory failure,
arrhythmias and heart failure.79 In IPF populations, worsening PH may present in similar fashion to ARW with exertional
dyspnea and persistent postoperative oxygen requirements, complicating its diagnosis. Similarly, high prevalence rates of
coronary arterial disease and congestive heart failure in IPF should mandate a high index of suspicion for postoperative
myocardial infarction or decompensated heart failure as a possible etiology for postoperative respiratory insufficiency. Lastly,
IPF patients are at two-fold increased risk for venous thromboembolic disease (VTE) compared to the general population,
contributes to poor survival, and abnormal systemic inflammation likely plays a contributing role.80,81 Close surveillance for
postoperative cardiac complications includes early detection of postoperative pulmonary hypertension, myocardial ischemia,
close hemodynamic monitoring, careful maintenance of systemic perfusion, correction of electrolyte and fluid imbalances and
early cardiology consultation when indicated. Given the high morbidity and mortality of IPF-related cardiopulmonary
complications, postoperative hypoxemia should be aggressively investigated to exclude potentially treatable causes (Figure 2).

Least Severe Most Severe

Surgery

New or worsened
hypoxia or

hypercapnea >24
hours from
admission

Exclusion of non-AE-
ILD causes

Differential Diagnosis
Infection

Occult postoperative pneumothorax
Transfusion Related Lung Injury

Volume Overload
Aspiration Pneumonitis

Chronic Obstructive Pulmonary Disease Exacerbation
Subacute Progression or End-Stage Lung Disease.

Congestive Heart Failure
Severe Pulmonary Hypertension

Thromboembolic Event
Diffuse Alveolar Hemorrhage/mechanical lung injury

Suspected Acute
Exacerbation of ILD

Acute Respiratory
Worsening

Acute Exacerbation
of ILD

Figure 2 A methodical approach to diagnosis of postoperative hypoxemia in IPF patients is necessary to ensure that potentially treatable causes have been excluded. In
addition, early pulmonary consultation may assist in rapidly diagnosing and treating AE-ILD in postoperative patients.
Abbreviations: ILD, interstitial lung disease; AE-ILD, acute exacerbation of interstitial lung disease.
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Strategies for the reduction of postoperative pulmonary complications should include low risk, but low evidence,
interventions such as incentive spirometry, oral care, induced coughing, deep breathing exercises, head of bed elevation
and early mobilization.82–84 Regional anesthesia and local anesthesia instillation at the surgical site may be beneficial in
optimizing postoperative respiratory mechanics. There is no current evidence to support the use of prophylactic
antibiotics in postoperative patients with IPF, although AE-ILD is often treated with empiric antibiotic therapy as well
as high-dose corticosteroid regimens. Noninvasive positive pressure ventilation (NIPPV) may have some clinical benefit
in the rescue of IPF patients with ARW. In one study, noninvasively ventilated patients spent fewer days in the ICU (in
days: 11.6±4.5 vs 24.6±13.7, P = 0.01), suggesting that it may be useful to trial postoperative IPF patients with
hypoxemia to avoid endotracheal intubation.85 The study also observed that NIPPV failure was correlated to higher
serum BNP (>900 pg/mL, OR 12.2 95% CI: 1.2, ∞, p = 0.03). Bridging the immediate postoperative extubation time
period with NIPPV may provide minimally invasive respiratory support in the high-risk (residual paralysis, narcotic-
induced hypercarbia, pain-related splinting) time period after surgery. Given the higher risk for VTE, early mobilization,
and chemoprophylaxis should be administered as soon as possible, when clinically indicated. Although lung transplanta-
tion was not a focus of this review, significant survival benefit, reduced mechanical ventilation and reduced ICU length of
stay was observed with the use of a pulmonary rehabilitation program prior to transplantation in an IPF cohort.86

Conclusion
After review, we conclude that a high incidence of postoperative complications poses a significant barrier to safe
perioperative care of patients with IPF. Disease severity in IPF may be classified by severity of respiratory limitation
and PFT studies are the mainstay of monitoring disease progression, particularly FVC, although the 6MWT and HRCT
findings may be helpful. Ensuring that the preoperative IPF patient has been medically optimized is important for
minimizing the risk of postoperative complications. Along with supportive therapies such as pulmonary rehabilitation
and supplemental oxygen, the advent of antifibrotic drugs has demonstrated efficacy in slowing disease progression.
Initial assessment of the ARISCAT score, PFT studies and CPET may identify IPF patients at particularly high
perioperative pulmonary risk. In particular, identifying IPF patients with 6–12 month declines in DLCO of >15%,
V02max <8.3 mL/kg/min, <80% predicted value FVC, a 50-meter reduction in the 6MWT or preoperative home oxygen
use, may be helpful in preoperative risk stratification. Preoperative assessment of biomarkers can be considered as serum
lactate dehydrogenase, albumin and prealbumin may identify higher risk patients. Medically optimizing treatable co-
morbidities should be a priority in preoperative assessment. Preoperative smoking cessation should be strongly encour-
aged. Identification of high-risk patients is crucial since general endotracheal anesthesia, and prolonged mechanical
ventilation may induce an exaggerated inflammatory response in IPF patients, culminating in acute lung injury. Optimal
ventilator strategies remain unknown in IPF patients but we can conclude that minimization of excessive oxygen
fractions is reasonable. Regional or neuraxial anesthesia should be considered an optimal technique for the avoidance
of general anesthesia when indicated. AE-ILD has been identified as an important postsurgical complication in both
thoracic and nonthoracic surgical populations. Restrictive perioperative fluid management strategies may reduce post-
operative AE-ILD. Some encouraging clinical trials have identified pirfenidone as a potential preventative regimen for
acute exacerbation of ILD in the perioperative time period, but further studies are required. In addition, postoperative
pulmonary infections, and persistent postsurgical pneumothorax have been identified as highly prevalent in this popula-
tion and close surveillance is warranted to ensure early treatment. NIPPV may be valuable in reducing the risk of
postoperative reintubation in postoperative IPF patients with hypoxemia.

Limitations of this narrative review are numerous, and we caution the reader that IPF perioperative management
should be tailored to the specific needs of the patient and the procedure. The studies included in this narrative review
were individually assessed for quality by the authors, but several forms of bias may have distorted their findings, include
the rarity of the disorder, resulting in selection bias (numerous retrospective studies were included in this review) and
unconscious confirmation bias regarding the authors’ conclusions. We attempted to avoid publication bias by including
relevant published negative clinical trials where available. Recommended perioperative strategies from the authors are
summarized in Figure 3 but require further clinical investigation given the paucity of strong clinical evidence. In
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Figure 3 Optimal perioperative strategies with IPF patients focuses on identifying high-risk patients, ensuring that early risk mitigation and detection of common
postoperative complications is performed in a timely fashion.
Abbreviations: IPF, idiopathic pulmonary fibrosis; UIP, usual interstitial pneumonia; HRCT, high-resolution computed tomography; DLCO, diffusing capacity for carbon
monoxide; Vo2Max, maximal oxygen consumption; 6MWT, six-minute walk test; BNP, NT-proB-type natriuretic peptide; PEEP, positive end-expiratory pressure; ARISCAT,
Assess Respiratory Risk in Catalonia; GERD, gastroesophageal reflux disease.
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conclusion, further clinical investigations are needed to better characterize modifiable risk factors, identify lung-
protective strategies, and improve perioperative outcomes in patients with IPF.
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