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Abstract

Purpose Perioperative complications of patients with

idiopathic pulmonary fibrosis (IPF) are not well

described. The aim of this study was to identify risk

factors associated with adverse postoperative outcomes in

IPF patients.

Methods We performed a single-centre historical cohort

study of adult patients with IPF who underwent surgery

between 2008 and 2018. We analyzed the prognostic utility

of select perioperative factors for postoperative acute

exacerbation of IPF (AE-IPF), acute respiratory

worsening (ARW), pneumonia, and 30-day and one-year

mortality using univariable and multivariable regression

analyses. To adjust for multiple interactions, the false

discovery rate (Q value) was utilized to appropriately

adjust P values and a Q value\0.05 was considered to be

significant.

Results Two hundred and eighty-two patients were

identified. After excluding emergency cases and

bronchoscopies performed for active pneumonia, 14.2%

of the cohort developed ARW that persisted[ 24 hr after

surgery, 5.0% had AE-IPF, and 9.2% were diagnosed with

postoperative pneumonia within 30 days of surgery. The

30-day mortality was 6.0% and the one-year mortality was

14.9%. Preoperative home oxygen use (relative risk [RR],

2.70; 95% confidence interval [CI], 1.50 to 4.86; P \
0.001) and increasing surgical time (per 60 min) (RR, 1.03;

95% CI, 1.02 to 1.05; P \ 0.001) were identified as

independent risk factors for postoperative ARW.

Conclusions In IPF patients, preoperative home oxygen

requirement and increasing surgical time showed a strong

relationship with postoperative ARW and may be useful

markers for perioperative risk stratification. Facteurs de

risque périopératoires des patients atteints de fibrose

pulmonaire idiopathique : une étude de cohorte historique

Résumé

Objectif Les complications périopératoires chez les

patients atteints de fibrose pulmonaire idiopathique (FPI)

ne sont pas bien décrites. L’objectif de cette étude était

d’identifier les facteurs de risque associés aux devenirs

postopératoires défavorables chez les patients atteints de

FPI.

Méthode Nous avons réalisé une étude de cohorte

historique monocentrique portant sur des patients adultes

atteints de FPI et ayant subi une chirurgie entre 2008 et

2018. Nous avons analysé l’utilité pronostique de facteurs

périopératoires choisis pour l’exacerbation postopératoire

aiguë de la FPI, la détérioration respiratoire aiguë, la

pneumonie, et la mortalité à 30 jours et à un an à l’aide

d’analyses de régression univariées et multivariées. Afin de

tenir compte d’interactions multiples, le taux de fausses
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découvertes (valeur Q) a été utilisé pour ajuster

adéquatement les valeurs P, et une valeur Q\ 0,05 a été

considérée significative.

Résultats Deux cent quatre-vingt-deux patients ont été

identifiés. Après avoir exclu les cas en urgence et les

bronchoscopies réalisées lors de pneumonie active, 14,2 %

des patients de la cohorte ont souffert d’une détérioration

respiratoire aiguë qui a persisté[24 h après la chirurgie,

5,0 % ont subi une exacerbation aiguë de la FPI, et 9,2 %

ont reçu un diagnostic de pneumonie postopératoire dans

les 30 jours suivant leur chirurgie. La mortalité à 30 jours

était de 6,0 %, et la mortalité à un an de 14,9 %.

L’utilisation préopératoire d’oxygène à domicile (risque

relatif [RR], 2,70; intervalle de confiance [IC] 95 %, 1,50

à 4,86; P\0,001) et l’augmentation du temps chirurgical

(par tranche de 60 min) (RR, 1,03; IC 95 %, 1,02 à 1,05; P

\ 0,001) ont été identifiées comme des facteurs de risque

indépendants de détérioration respiratoire aiguë en

période postopératoire.

Conclusion Chez les patients atteints de FPI, une forte

association a été observée entre les besoins préopératoires

en oxygène au domicile ainsi que l’augmentation du temps

chirurgical et la détérioration respiratoire aiguë en

période postopératoire; ces deux facteurs pourraient

constituer des marqueurs utiles pour stratifier le risque

en période périopératoire.

Keywords perioperative � anesthesiology � anesthesia �
interstitial lung disease � idiopathic pulmonary fibrosis

Interstitial lung disease (ILD) constitutes a heterogeneous

group of pulmonary conditions associated with a wide

range of etiologies, but with a common pathway of fibrotic

and inflammatory alterations to lung architecture.1,2 The

prevalence of ILD is approximately 89/100,000 in males

and 67/100,000 in females, and overall survival is better in

females.3-5 Patients with ILD have considerably higher

perioperative morbidity and mortality compared with non-

ILD patients undergoing thoracic and non-thoracic

surgery.6-10

Idiopathic pulmonary fibrosis (IPF) is the most common

subgroup of ILD.2,11 The diagnosis of IPF comprises the

highest overall mortality risk factor of ILD-related

conditions.12,13 The overall mortality rate for IPF is on

an uptrend, with an age-adjusted mortality increase of

28.4% in males and 41.3% in females.14 Perioperative

outcomes in patients with the diagnosis of IPF are not

comprehensively characterized in the literature. An

increased risk for acute exacerbation of IPF (AE-IPF) has

been shown in IPF patients undergoing diagnostic

bronchoalveolar lavage.15 In addition, surgical lung

biopsy for diagnosing IPF has a reported 2.1% risk of

AE-IPF and a 30-day mortality rate of 5.1-7.1%.16-18

Furthermore, lung cancer patients with IPF have higher

resection-related morbidity and mortality than those

without IPF.19 The purpose of this study was to

determine the preoperative risk factors associated with

postoperative acute respiratory worsening (ARW), AE-IPF,

FIGURE Patient selection flowchart. 1,933 surgical encounters in

patients with the preoperative diagnosis of interstitial lung disease

(ILD) were extracted, of which 1,247 were excluded for non-

idiopathic pulmonary fibrosis (IPF) diagnoses such as sarcoidosis-

related pulmonary fibrosis. Individual charts were analyzed to confirm

either computed tomography (CT) evidence or surgical biopsy

findings of IPF, which excluded an additional 33 patients. After

excluding cases involving emergency procedures or pre-existing

active pneumonia, and including only the most recent surgical

encounter, our study cohort consisted of 282 patients.
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postoperative pneumonia, and 30-day and one-year

mortality in IPF patients and compare these outcomes in

thoracic versus non-thoracic surgery.

Methods

The study (study # 00010125) was approved with a waiver

of informed consent by the Penn State Health Milton S.

Hershey Medical Center and Penn State College of

Medicine Institutional Review Board. We performed a

single-centre historical cohort study of IPF patients C 18 yr

of age undergoing surgery (or invasive procedures) over a

ten-year period (May 2008 to May 2018) at Penn State

Health Milton S. Hershey Medical Center.

Selection and description of participants

Inclusion criteria for surgical procedures included inpatient

and outpatient surgical procedures as well as

gastroenterology endoscopic procedures (e.g.,

colonoscopy, esophogastroduodenoscopy, and endoscopic

retrograde cholangiopancreatography). We excluded

patients with identified preoperative pneumonia and those

undergoing emergency surgery. There were no protocol-

related exclusion criteria for anesthetic technique.

Nevertheless, as most imaging or image-guided

procedures involved conscious sedation and had a high

percentage of incomplete data, these were excluded from

the cohort. Electronic medical records of the research

subjects were manually reviewed, and the cohort refined to

include only patients with the diagnosis of IPF confirmed

by computed tomography (CT) imaging or analysis of

surgical biopsy tissue.2,11

Measurements

Demographic information included age, sex, and American

Society of Anesthesiologists physical status. We included

select comorbidities previously categorized in the

Table 1 Demographics and clinical characteristics of the study

population n = 282

Age (yr), mean (SD) 62.9

(14.8)

Female, n (%) 137 (49)

ASA physical status

I or II, n (%) 34 (12)

III or IV, n (%) 248 (88)

Medical history

Home oxygen use, n (%) 52 (18)

Tobacco use, n (%)

None 123 (44)

Active 30 (11)

Former 127 (45)

Number of co-morbid conditions, mean (SD) 2.7 (1.8)

Obstructive sleep apnea, n (%) 45 (16)

Hypertension, n (%) 179 (63)

Obesity�, n (%) 87 (31)

Coronary artery disease, n (%) 79 (28)

Deep vein thrombosis/pulmonary embolic disease, n
(%)

22 (8)

Diabetes, n (%) 63 (22)

Pulmonary hypertension, n (%) 30 (11)

Chronic kidney disease C stage III, n (%) 26 (9)

Heart failure, n (%) 27 (10)

Atrial fibrillation, n (%) 37 (13)

Chronic obstructive pulmonary disease, n (%) 58 (21)

Asthma, n (%) 49 (17)

Cancer of any type, n (%) 60 (21)

Pulmonary function tests*

FVC (% predicted), mean (SD) 76.5

(21.0)

FEV1 (% predicted), mean (SD) 75.3

(20.6)

TLC (% predicted), mean (SD) 78.9

(17.4)

DLCO (% predicted), mean (SD) 51.5

(15.9)

Select preoperative medication history

Anticoagulant use, n (%) 134 (48)

Oral steroid use, n (%) 58 (21)

Proton pump inhibitor, n (%) 136 (48)

H2 blocker, n (%) 40 (14)

Discharge status

Length of stay (days), mean (SD) 3.9 (5.9)

ICU length of stay (days), mean (SD) 3.7 (6.9)

Home, n (%) 247 (88)

Expired, n (%) 6 (2)

Long-term care facility, n (%) 26 (9)

Hospice, n (%) 3 (1)

Table 1 continued

Lost to long-term follow-up§, n (%) 23 (8)

* % predicted: forced vital capacity (FVC), forced expiratory volume

in one second (FEV1), total lung capacity (TLC), diffusing capacity of

lung for carbon monoxide (DLCO); � By body mass index[30 kg�m-2;
§Patient was lost to follow-up after discharge from current hospital

encounter.

ASA = American Society of Anesthesiologists; COPD = chronic

obstructive pulmonary disease; ETT = endotracheal tube; GA =

general anesthesia; ICU = intensive care unit; LMA = laryngeal mask

airway; PACU = Post-anesthesia Care Unit; SD = standard deviation.
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Elixhauser Comorbidity Index.20 In cases where patients

underwent multiple surgical interventions, only the most

recent encounter from the electronic data query was

included for analysis. Comorbidities were identified by

inclusion on the patient’s active problem list, admission

note, or anesthesia history record. We selected

hypertension, obstructive sleep apnea, obesity (body mass

index[30 kg�m-2, coronary artery disease, history of deep

vein thrombosis or pulmonary embolism, diabetes,

pulmonary hypertension, chronic kidney disease stage III

or greater, heart failure, atrial fibrillation, chronic

obstructive pulmonary disease, asthma, or cancer of any

kind. In addition, we noted the presence of preoperative

corticosteroid use ([ 5 mg prednisone or equivalent/day),

home oxygen use, and smoking status (active, former, or

non-smoker). We extracted pulmonary function test (PFT)

data up to one year prior to the procedure and documented

forced vital capacity (FVC), forced expiratory volume,

total lung capacity, and diffusing capacity of the lung for

carbon monoxide (DLCO). Length of stay was calculated

from admission and discharge dates. Intraoperative data

including surgery/intervention type, airway management,

surgery duration, blood transfusion, select medications, and

intraoperative fluid administration were also abstracted.

The measured outcomes included AE-IPF, postoperative

ARW, postoperative pneumonia, and 30-day and one-year

mortality. Given the diagnostic complexity of AE-IPF, we

limited identification of AE-IPF to physician diagnosis or

new postoperative initiation of high-dose corticosteroid

therapy (equivalent to prednisone [ 20 mg/24-hr period)

within 30 days of the surgical procedure.21,22 Acute

respiratory worsening was quantified as requirement for

endotracheal intubation, non-invasive ventilation strategy

(positive airway pressure or high-flow nasal cannula), or

augmented oxygen supplementation for more than 24 hr

after the procedure, all of which are associated with

increased in-hospital morbidity.23,24 Postoperative

pneumonia was defined as a documented diagnosis of

pneumonia or radiographic interpretation of pneumonia

within 30 days of the surgical procedure. Thirty-day and

one-year mortality were calculated with respect to the date

of surgical procedure.

Statistical analysis

All variables were summarized prior to analysis to assess

their distributions and check for errors. Histograms and

normal probability plots were applied to continuous

variables to determine normality. To adjust for multiple

testing, the false discovery rate (FDR) method was used to

adjust the P values for comparisons made with each

outcome and are represented as Q values. A Q value of\
0.05 was accepted as the threshold of significance.

Bivariate logistic regression was used to assess

association between the outcome variables and the

independent variables. Risk ratios were used to interpret

the magnitude and direction of significant associations. A

subset of the most significant variables for ARW and one-

year mortality was used in a final multivariable model with

Table 2 Select intraoperative characteristics of the study population

n = 282

Surgery type

Thoracic, n (%) 143 (51)

Bronchoscopy, n (%) 65 (45)

Thoracoscopy or thoracotomy, n (%) 79 (55)

Non-thoracic, n (%) 139 (49)

Abdominal, n (%) (% total cases) 37 (27) (13)

Endoscopic/gastroenterologic*, n (%) (% total

cases)

33 (24) (12)

Musculoskeletal, n (%) (% total cases) 32 (23) (11)

Cardiac, n (%) (% total cases) 19 (14) (7)

Other�, n (%) (% total cases) 18 (13) (6)

Select intraoperative variables

Airway management

Endotracheal tube, n (%) 152 (54)

Supraglottic airway, n (%) 71 (25)

Non-invasive airway§, n (%) 58 (21)

Anesthesia type�

General anesthesia n (%) 257 (91)

MAC k (conscious sedation) n (%) 14 (5)

Neuraxial, n (%) 10 (4)

Surgery length of time (min), mean (SD) 93 (97)

Intraoperative crystalloid (mL), mean (SD) 981 (1151)

Estimated blood loss (mL), mean (SD) 121 (243)

Blood transfusion, n (%) 22 (8)

Intraoperative vasopressor use, n (%) 154 (55)

Intraoperative dexamethasone**, n (%) 89 (32)

Intraoperative other steroid��, n (%) 18 (6)

Postoperative course

Extubated in operating room, n (%) 255 (90)

Transfer to PACU, n (%) 237 (84)

Transfer to ICU, n (%) 45 (16)

* Gastroenterology endoscopic procedures (i.e., colonoscopy,

esophagogastroduodenoscopy, endoscopic retrograde

cholangiopancreatography); �Other surgical procedures:

otorhinolaryngology, neurosurgery, ophthalmology, vascular; §Non-

invasive airway such as with a nasal cannula; � No regional

anesthesia was performed in this cohort; k Monitored anesthesia care

(MAC) equivalent to non-intubated or sedated status, excluding

general anesthesia with non-invasive airway, neuraxial, or regional

anesthesia for surgical procedure. ** For postoperative nausea and

vomiting prophylaxis; ��Administered prednisone,

methylprednisolone, or hydrocortisone within one hour of

procedure start. ICU = intensive care unit; PACU = Post-anesthesia

Care Unit; SD = standard deviation.
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a stepwise model selection for guidance within the

limitation of the one-in-ten rule of thumb for predictors

with logistic regression. The final model provided risk

ratios adjusted for the other included variables. Risk ratios

based on an approach using Poisson regression with a

robust error variance were generated and used to interpret

the magnitude and direction of significant associations.

Interactions between predictors in the final model were

tested, but none were found to be significant. The potential

independent variables were checked for multicollinearity

using variance inflation factor statistics, and the fit of the

final model was assessed using Deviance, Pearson, and

Hosmer-Lemeshow goodness-of-fit statistics. All analyses

were performed using SAS software version 9.4 (SAS

Institute, Cary, NC, USA).

Results

We identified 1,933 surgical encounters for patients with

ILD by International Classification of Diseases 10th

Revision coding. After excluding non-IPF diagnoses and

cases without CT or surgical biopsy findings of IPF,

preceding surgical encounters for the same patient, active

pneumonia, and emergency cases, we identified 282

patients who met the inclusion criteria (Figure).

Characteristics of the study population are presented in

Tables 1 and 2. The mean age was 62.9 yr with an average

of 2.7 co-morbid conditions per patient. The most common

condition was hypertension (63%), followed by obesity

(31%), coronary artery disease (28%), diabetes (22%),

cancer (21%), and chronic obstructive pulmonary disease

(21%). Over 50% of subjects were either active or former

smokers, and 18% utilized continuous home oxygen

therapy prior to surgery. Thoracic procedures constituted

51% of surgical interventions in our cohort. A majority of

procedures (91%) were performed under general

anesthesia. Airway management consisted of

endotracheal tube (54%), supraglottic airway (laryngeal

mask airway) (25%), or non-invasive airway (21%). Mean

(standard deviation) surgical duration was 93 (97) min.

Most patients were extubated at the conclusion of surgery

(90%) and transferred to the Postanesthesia Care Unit

(84%).

Univariate analyses of perioperative variables are

summarized in Tables 3 and 4. In our cohort, we

observed the following incidences: AE-IPF (n = 14;

5.0%), postoperative pneumonia (n = 26; 9.2%), ARW (n

= 40; 14.2%), 30-day mortality (n = 17; 6.0%), and one-

year mortality (n = 42; 14.9%). Of note, no differences

were found between thoracic and non-thoracic cohorts in

AE-IPF (relative risk [RR], 1.16; 95% confidence interval

[CI], 0.34 to 4.00; Q = 0.99), ARW (RR, 0.87; 95% CI,

0.45 to 1.70; Q = 0.81), postoperative pneumonia (RR,

1.60; 95% CI, 0.74 to 3.46; Q = 0.90) and 30-day mortality

(RR, 0.41; 95% CI, 0.12 to 1.39; Q = 0.26).

Multivariable analysis was performed for respiratory

failure and one-year mortality since there was an

inadequate number of outcome events to analyze AE-IPF,

pneumonia, or 30-day mortality in this cohort. These

findings are summarized in Table 5. Preoperative home

oxygen use (RR, 2.70; 95% CI, 1.50 to 4.86; P\ 0.001)

and surgical time (per 60 min) (RR, 1.03; 95% CI, 1.02 to

1.05; P \ 0.001) were significant predictors of

postoperative ARW. Increasing age (per ten years) (RR,

1.50; 95% CI, 1.27 to 1.79; P \ 0.001), former tobacco

smoking status (RR, 2.44; 95% CI, 1.32 to 4.52; P =

0.004), preoperative oral steroid use (RR, 2.17; 95% CI,

1.34 to 3.51; P = 0.002) and absence of intraoperative

dexamethasone administration (RR, 0.19; 95% CI, 0.06 to

0.59; P = 0.004) were associated with one-year mortality.

Table 5 Multivariable models for acute respiratory worsening (ARW) and one-year mortality with adjusted risk ratios (RR) and P values

RR (95% CI) P

Acute respiratory worsening

Surgery duration* (per 60 min) 1.03 (1.02 to 1.05) \ 0.001

Home oxygen use (yes vs no) 2.70 (1.50 to 4.86) \ 0.001

One-year mortality

Age (per 10 yr) 1.50 (1.27 to 1.79) \ 0.001

Tobacco (active smoking vs none) 0.85 (0.22 to 3.26) 0.817

Tobacco (former smoking vs none) 2.44 (1.32 to 4.52) 0.004

Oral steroid use (yes vs no) 2.17 (1.34 to 3.51) 0.002

Intraoperative dexamethasone (yes vs no) 0.19 (0.06 to 0.59) 0.004

*Mean (standard deviation) case duration of 2.42 (2.40) hr as described in Table 4. CI = confidence interval.
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Discussion

This study is the first to associate preoperative home

oxygen use with postoperative ARW in IPF patients. In

addition, longer surgery duration was associated with

ARW in our cohort. Our observation that preoperative

home oxygen use is a harbinger of postoperative ARW

provides the most clinically relevant and helpful variable

for the perioperative risk stratification of IPF patients. This

is important because, in patients with fibrotic ILD,

admission with ARW has been associated with increased

in-hospital and post-discharge mortality regardless of the

type of underlying ILD etiology or type of acute respiratory

decompensation.23 In our study cohort, diagnosis of ARW

also increased hospital length of stay from a median of one

to three days, adding to perioperative cost burden. Patients

initiated on home oxygen usually have severe exercise

limitation, exertional and/or rest dyspnea, and deteriorating

quality of life indices, although the few studies examining

its use have not found convincing benefit.25-27 Therefore,

home oxygen use likely indicates progression of the

patient’s ILD and is a marker of overall functional

capacity. Furthermore, the incidence of pulmonary

hypertension increases with IPF progression, shares

similar clinical features with IPF progression, and has a

30-50% prevalence in severe IPF.28 We observed that only

11% of our overall study cohort, and 18% of patients on

home oxygen, were diagnosed with pulmonary

hypertension. It is highly plausible that in our cohort,

undiagnosed (and unmanaged) pulmonary hypertension

may have contributed to the strong relationship between

home oxygen use and postoperative ARW. Thus, observing

home oxygen use may reinforce the need for detailed

preoperative risk stratification, emphasizing the search for

right ventricular underperformance and pulmonary

hypertension.

We found an incidence of 9.2% for postoperative

pneumonia in IPF patients. This is much higher than that

reported in non-IPF patients.29,30 Bacterial pneumonia is

common in hospitalized IPF patients, with an incidence of

9.5% and an in-hospital mortality rate of 34%. Previous

reports of postoperative pneumonia in ILD patients of all

types showed a 3.9% incidence of postoperative

pneumonia.8,31 These discordant observations may be

related to the higher risk inherent to the ILD

subpopulation of IPF, and efforts should be directed to

identify modifiable risk factors for postoperative

pneumonia in this fragile patient population.

Univariate analysis revealed no difference in our

measured outcomes between thoracic vs non-thoracic

surgery populations. Although this may be related to

insufficient sample size given the wide confidence

intervals, it bears mentioning that many of the current

insights gained from studying thoracic surgery patients

may be applicable to IPF patients undergoing non-thoracic

surgery. For example, one study observed that higher

oxygen concentrations, larger tidal volumes, and prolonged

mechanical ventilation may be associated with a higher risk

of acute exacerbation of IPF after thoracic surgery.32

Although these observations were made on a small cohort,

they are congruent with the poor outcomes associated with

mechanical ventilation in non-surgical ILD patients in the

intensive care unit.33,34 Moreover, with thoracic surgery

patients, higher intraoperative fluid administration has been

linked to postoperative acute exacerbation of IPF.35 We

found a strong association between increasing surgery

duration (thus longer duration of mechanical ventilation,

and, perhaps, more intravenous fluid administration) and

ARW. The univariate analysis suggested a relationship

between ARW and increased fluid administration and

blood transfusion but was not supported by the

multivariable analysis.

This study has limitations inherent to historical cohort

studies. We attempted to limit selection bias by confirming

IPF diagnosis with surgical biopsy or CT findings.

Nevertheless, diagnosis of IPF is complex and we did not

tabulate multidisciplinary confirmation of IPF.36 Secondly,

we could not reliably stratify our study population based on

the severity of IPF because of the complexities and

controversies of ILD grading.37 Although it has been

shown that an absolute decline in FVC[10% or in DLCO

[15% over a six-month time period is strongly associated

with disease progression in non-surgical ILD patients, this

study was inadequately powered to assess relationships

between PFT values and postoperative outcomes.38

Furthermore, we attempted to reduce conclusion error

and control multiplicity (selection) effects by utilizing an

FDR to adjust P values for multiple interactions. We

acknowledge that mortality may be underestimated in our

study because of inadequate follow-up. We emphasize that

ILD encompasses a vast array of distinct subpopulations,

which may differ from IPF patients with regard to various

perioperative outcomes.

In summary, in IPF patients, preoperative home oxygen

requirement and increasing surgical time showed a strong

relationship with postoperative ARW. In this type of

patient, home oxygen use and anticipated longer surgery

may be useful markers for increased postoperative risk

stratification. Postoperative pneumonia rates were

comparatively high in IPF patients and further studies

should be directed at identifying potential modifiable risk

factors.
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