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Abstract

Background—While patients with interstitial lung disease may be particularly susceptible to

ventilator-induced lung injury, ventilator strategies have not been studied in this group of patients.

Purpose—To describe the clinical course and outcome of patients with interstitial lung disease

and acute respiratory failure in relation to ventilatory parameters.

Methods—We retrospectively identified a cohort of ventilated patients with interstitial lung

disease admitted to five ICUs at a single institution. We analyzed demographic data, pulmonary

function tests, severity of illness, and initial 24 hours of continuous ventilator parameters. Primary

outcomes were survival to hospital discharge and one-year survival.
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Main results—Of 94 patients with interstitial lung disease, 44(47%) survived to hospital

discharge and 39(41%) were alive at one-year. Non-survivors were less likely to be postoperative,

had higher severity of illness and were ventilated at higher airway pressures and lower tidal

volumes. Step changes in positive end-expiratory pressure >10 cmH2O were attempted in 20

patients and resulted in an increase in plateau pressure (median difference +16; IQR, 9 to 24 cm

H2O) and a decrease in respiratory system compliance (median difference -0.28: IQR, -0.43 to

-0.13 mL/kg/cm H2O). Cox model revealed high positive end-expiratory pressure (hazard ratio

4.72; 95% CI, 2.06, 11.15), APACHE III predicted mortality (hazard ratio 1.33; 95% CI,

1.18,1.50), age (hazard ratio 1.03; 95% CI, 1,1.05) and low PaO2/FiO2(hazard ratio 0.96;95% CI,

0.92,0.99) to be independent determinants of survival.

Conclusion—Both severity of illness and high PEEP predict the outcome of interstitial lung

disease patients receiving mechanical ventilation.
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INTRODUCTION

Progression and exacerbation of chronic interstitial lung disease (ILD) generally denotes a

very poor outcome once mechanical ventilation has been instituted.1 Saydain and

colleagues1 reported a 68% hospital mortality rate in patients with idiopathic pulmonary

fibrosis who developed respiratory failure requiring mechanical ventilation. Mechanical

ventilation is an indispensable tool which supports critically ill patients with acute

respiratory failure. However, it is also recognized that mechanical ventilation can initiate

and exacerbate lung injury and contribute to patient morbidity and mortality, a condition

recognized as ventilator-induced lung injury (VILI).2–5 Both over distension injury

(“volutrauma”) and recruitment-derecruitment (atelectotrauma) determine the development

of VILI. 5,6 Prevention of VILI with low tidal volume ventilation with or without high

positive-end expiratory pressure has become a standard of care for patients with acute lung

injury (ALI)and acute respiratory distress syndrome (ARDS) after several trials

demonstrated improved outcome associated with this strategy 3,7,8. While patients with ILD

may be susceptible to VILI, they were specifically excluded from these studies. Similar to

ALI/ARDS, patients with ILD have a reduced volume of aerated lung (“baby lung”) and are

at risk for over distension with conventional ventilator settings.5–9 However, in contrast to

ALI these patients ought to be less susceptible to atelecto-trauma because their lungs are not

edematous an “open lung” approach with the use of recruitment maneuvers and high

positive end-expiratory pressure (PEEP), is of little benefit and may worsen VILI by causing

over distension.

The influence of specific ventilator settings including tidal volumes and PEEP on the

outcome of mechanically ventilated patients with ILD has not been previously studied. We

collected data on ventilator settings, clinical course, and outcome of patients with ILD and

respiratory failure requiring mechanical ventilation to describe and determine if specific

ventilator settings as well as various clinical parameters influence outcome.
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METHODS

Additional methods are provided in online data supplement. The study included patients

with ILD admitted to the medical and surgical intensive care units (ICU) (72 beds) at Mayo

Clinic, Rochester, MN, between February 1, 2002 and July 31, 2006. Mayo Foundation

Institutional Review Board approved the study. Patients were identified from the

institutional electronic International Classification of Diseases-9 database, Acute Physiology

and Chronic Health Evaluation (APACHE) III database, and the diagnoses listed in the

electronic medical records. The patients were included in the study if they were admitted to

the ICU, required mechanical ventilation for more than 24 hours, and had prior diagnosis of

1) idiopathic pulmonary fibrosis (IPF) 10 2) Non -IPF-idiopathic interstitial pneumonias or

3) Other forms of chronic interstitial lung diseases. In addition, surgical patients had to have

postoperative respiratory failure defined as the need for continuation of mechanical

ventilation for greater than 48 hours after surgery11 or reinstitution of mechanical ventilation

within the first 7 days after surgery.12 All patients had to have high-resolution computed

tomography findings, documented clinical features and pulmonary function tests (PFT) that

included evidence of restriction and/or decreased diffusing capacity for carbon monoxide.

Hospital and one-year survival were assessed as primary end points. Secondary outcomes

included ICU and hospital lengths of stay. To define the impact of the underlying disease on

outcome, we compared patients with IPF to those with other forms of ILD. Severity of

illness on ICU admission was calculated from prospectively collected data in the

institutional APACHE III database. Thoracic imaging, PFTs, lung histology and pertinent

co-morbidities were collected from the electronic medical records. Continuous (q 15

minutes) mechanical ventilation settings were obtained during the first 24 hours from the

clinical information system (PICIS Chart Plus) and included: tidal volume (Vt) (adjusted

according to lung size based on the predicted body weight), respiratory rate, minute

ventilation, mean airway pressure, peak airway pressure, plateau airway pressure, PEEP,

FiO2 and oxygen saturation measured by pulse oximetry. To determine the response to step

changes in PEEP, we compared average peak and plateau airway pressures, respiratory

system compliance, expired tidal volume, and oxygen saturation before and after the

increase in PEEP to >10 cm H2O.

Statistical Analysis

Wilcoxon and Student’s t-test for continuous variables and chi-square and Fisher’s exact

tests were used for univariate comparisons as appropriate. The Kaplan-Meier estimate of

survival curve was used for survival data with statistical evaluation through Mantel-Cox log-

rank statistics. One-year survival time was determined from the time of ICU admission

(starting point). Death certificates were available for all patients who died. Multivariate

logistic models were created to determine independent risk factors for hospital mortality.

Variables were selected into the multivariate analysis if they were measured on more than

80% of patients, were clinically plausible and showed a statistically significant and/or strong

association in univariate analysis (p <0.1 and/or odds ratio > 2.0) taking into consideration

co-linearity. The final model was chosen based on the highest area under the receiver

operator curve after backward elimination of non-significant variables. Cox-proportional
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hazards model determined if specific ventilator settings and clinical characteristics were

independently associated with one-year survival. JMP statistical software (JMP, version 6;

SAS Institute Inc., Cary, NC) was used for data analyses.

RESULTS

We identified 104 patients with ILD admitted to the ICU during the study period. Ten

patients were excluded; 6 did not authorize the use of their medical records for research, 3

patients were mechanically ventilated before surgery and complete data was lacking in one

patient. The remaining 94 patients fulfilled the inclusion criteria and were included in the

analysis.

The median age of patients was 70 years and the median interval between diagnosis of ILD

and ICU admission was 6.3 months. Thirty of the patients (32%) had IPF, thirty-three (35%)

had non-IPF idiopathic interstitial pneumonia and thirty-one (33%) had other forms of ILD.

Histological documentation was present in 17 (57%) of patients with IPF, in 23 (70%) of

patients with non-IPF idiopathic interstitial pneumonia, and in 15 (48%) patients with

known causes other forms of ILD. The causes of interstitial lung diseases are outlined in

Table 1.

There were 53 medical and 41 postsurgical (cardiac 10, noncardiac-thoracic 6, abdominal

11, vascular 2, orthopedic 2, neuro 1, miscellaneous 9) ICU admissions. The most common

causes of respiratory failure were cardiac diseases (11%) and infections (8.5%) but was not

identifiable in 76.5% of patients. (Table 1, online data supplement).

Overall, 47% of patients survived to hospital discharge and 41% were alive at one year. The

median survival was 75 days with IPF patients having non-significantly shorter survival

(Figures 1 and 2, online data supplement). Causes of in-hospital death were: respiratory

failure in 82% of patients, multi-organ failure in 6% of patients, sepsis in 6% patients, and

other causes in 4%.

There were no significant differences in age, sex, the median duration of illness from the

time of ILD diagnosis to ICU admission, pre-ICU PFT results, and use of high-dose steroids

when comparing patients who did and did not survive (Table 2). Compared to survivors,

nonsurvivors were less likely to be postoperative, had higher APACHE III score, had a

higher ICU and hospital predicted mortality, and longer ICU stay (Table 2). Pre-ICU

echocardiography revealed similar ejection fraction but systolic pulmonary artery pressure

tended to be higher in non-survivors (Table 2).

Twenty-one patients received a trial of noninvasive ventilation before intubation. The use of

noninvasive ventilation was more common among nonsurvivors (32% vs 11%, p=0.01).

Compared to those who did survive, nonsurvivors received lower tidal volume, had lower

PaO2/FiO2 ratio, had higher pea k, plateau and mean airway pressures and higher PEEP

(Table 2, Figure 3). High PEEP (>10 cm H2O) was attempted in 20 patients, but did not

result in improved oxygenation (Table 3). Step increase in PEEP resulted in worsening

respiratory system compliance and increased airway pressures suggestive of overdistension

(Table 3).

Fernández-Pérez et al. Page 4

Chest. Author manuscript; available in PMC 2014 April 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Multivariate analysis of these risk factors, using Cox proportional hazard model revealed

high PEEP, APACHE III predicted hospital mortality, age and hypoxemia to be independent

determinants of one-year survival (Table 4). In a multivariate logistic regression analysis,

hospital mortality was predicted by severe hypoxemia (lower PaO2/FiO2), higher PEEP

during the first 24 hours of mechanical ventilation, older age, and higher severity of illness

on the day of ICU admission (Table 4). Post-hoc subgroup analysis, demonstrated a similar

proportional increased in the risk of death on those exposed to PEEP >10 cm H2Oin both

medical and post -surgical patients (see electronic supplementary material-Table 2 and 3).

DISCUSSION

This observational cohort study describes the clinical course, mechanical ventilation

practice, and outcome of 94 ILD patients mechanically ventilated for acute respiratory

failure at a teaching tertiary-referral institution. Both hospital and one-year mortality were

high, particularly in medical patients. Older age, higher severity of illness at the time of ICU

admission, severe hypoxemia, and high PEEP during the first 24 hours of mechanical

ventilation were independent predictors for both hospital and one -year survival. High PEEP

settings failed to improve oxygenation and were associated with overdistension (unsafe

inflation pressures and decreased respiratory system compliance) and worse outcome.

No prior study has described the long-term survival of patients with both IPF and non-IPF

forms of ILD requiring mechanical ventilation in the ICU. Similar to those with IPF,

patients with chronic non-IPF ILD frequently experience acute exacerbation without an

identifiable cause. 13,14 No specific cause was found for the acute respiratory

decompensation during the nonsurgical admission in 80% (16/20) of patients with idiopathic

interstitial pneumonias and in 65% (11/17) of patients with other forms of ILDs. Similar to

patients with IPF, most patients with non-IPF ILD died of respiratory failure due to

progression of lung disease. These findings suggest that an accelerated phase of the disease

is relatively common in the clinical course of these patients. If so, optimal management of

patients with non-IPF ILD would require better understanding of the true incidence,

pathogenic mechanisms, and clinical effects of these acute episodes.

The in-hospital mortality rate of nonsurgical IPF patients admitted for acute respiratory

failure from this study (11/16 patients, 69%) is similar to that previously reported by

Saydain et al.1 from our institution (23/38, 60%). In our study, all 5 patients with IPF that

survived to hospital discharge were alive at one-year. Two randomized studies provide

information regarding mortality of acute exacerbation of IPF. Of 107 patients followed for

9-months in a double-blind, randomized, placebo-controlled trial of pirfenidone in the

treatment of IPF,15 acute exacerbation of IPF was manifested in 14% of the placebo group

(5/35) and in none of the pirfenidone group. One of the five patients died after the onset of

acute exacerbation in the placebo group (mortality rate 20%), whereas no deaths occurred in

the pirfenidone group during the 9-month study period. Of 56 patients followed for

approximately 3 years in a randomized controlled trial of anticoagulant therapy in IPF,16 32

(57%) were hospitalized for acute exacerbation and 53% of those patient died. Other

retrospective case series have reported a higher mortality rate compared to our results among

patients admitted to the ICU with acute exacerbation of IPF.1,17–20 Our data support the
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results recently reported by Churg et al. 21 In their report, 10 of 12 patients (9 with usual

interstitial pneumonia, 2 with nonspecific interstitial pneumonia, and 1 with chronic

hypersensitivity pneumonitis)survived the acute exacerbation and were discharged with

survival times of 1 to 11 months. Pulmonary function tests in our cohort revealed relatively

mild to moderate impairment prior to presentation. Not surprisingly, our data suggest that

the test obtained during clinical stability does not correlate with the severity of the acute

event.

The literature suggests that initiation of invasive mechanical ventilation in medical patients

with IPF is questionable.1,17,20,23 Patients with IPF have profound alterations in mechanical

lung properties9 and may be potentially susceptible to VILI. In our study, low tidal volumes

were used inconsistently and were not associated with improved outcome. Non-survivors

had more severe baseline hypoxemia and were ventilated at higher airway pressures. An

important finding in our multivariate analysis is identification of high PEEP being

independently associated with lower short and long term survival. Gattinoni et al24 showed

that use of higher PEEP in patients with ARDS who had a low percentage of recruitable

lung (i.e., lung tissue in which aeration can be restored) provides little benefit and may

actually be harmful, since it will serve only to overinflate lung regions that are already

open.24 Patients with chronic ILD may have little or no recruitable lung and may be

particularly prone to overdistension injury.9 Despite the fact that step change in PEEP

caused a disproportional increase in peak and plateau airway pressures and a decrease in

respiratory system compliance (suggesting lung overdistension, (Table 3), the majority of

our patients were continued on high PEEP settings, and 18 out of 20 died before hospital

discharge. While the plateau airway pressure may be a better determinant of lung

overdistension than PEEP, this measurement was not obtained in 40% of our patients

precluding its use in multivariate analysis. Peak airway pressure on the other hand reflects

both the resistance and compliance of the respiratory system, and is a more variable

determinant of lung overdistension. Adjusted for baseline patient characteristics, PEEP was

more strongly associated with outcome than peak airway pressure in our study. Neither

plateau nor peak airway pressure distinguishes between lung and chest wall elastic

properties and are therefore non-specific surrogate measures of alveolar overdistension.

Non-postoperative ILD patients had a greater risk of death compared to ILD patients

ventilated for postoperative respiratory failure. The difference did not, however, reach

statistical significance in the multivariate analysis. This finding may reflect the elective

nature of the surgical procedures as defined in our inclusion criteria. Chiyo et al25

investigated the postoperative morbidity and mortality of patients with lung cancer and ILD.

The 30-day mortality was only 2.8%. Similarly, Martinod et al. 26 observed no postoperative

deaths in 27 patients with ILD undergoing lung cancer resection. However, methodology,

patient selection, and type of surgery differ significantly in these two studies compared to

ours. Whether ILD is an independent risk factor for postoperative pulmonary complications

remains to be established.

Our study has several potential shortcomings. First, the data were retrospectively collected,

and we cannot exclude that, in some patients, the cause of acute respiratory failure was

missed. Second, the study design does not allow estimation of the cause-and-effect
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relationship between the risk factors and outcome because unmeasured confounding factors

may not have been accounted for. The specific reason for each titration of PEEP >10 cm

H2O on the 20 identified patients from the cohort was not collected. For example, higher

PEEP may be a marker for lung disease and hypoxemia and not causative of lung injury and

consequently increased mortality. However, higher PEEP was associated with changes in

lung mechanics suggestive of overdistension and the effect of PEEP persisted after the

adjustment for initial severity of illness and hypoxemia. Finally, our results represent the

experience of only one medical center.

In conclusion, the mortality of mechanically ventilated patients with ILD is high. Both

underlying severity of illness and high PEEP appear to determine the outcome of

mechanically ventilated ILD patients. Prospective controlled studies therefore should be

performed to determine optimal ventilatory support of these patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
One-year survival for levels of PEEP utilized within the first 24 hours of mechanical ventilation after ICU admission. PEEP <=5

cmH2O, median time survival >350 days. PEEP 5–10 cmH2O, median time survival 32 days. PEEP >10 cmH2O, median time

survival 5.8 days (95% CI, 3.5 to 8). Log-Rank, p=<0.001.
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Table 1

Types of interstitial lung diseases in 94 patients

Type of Interstitial Lung Disease Number of patients and percentage No. (%)

Idiopathic pulmonary fibrosis 30 (32)

Non-IPF-idiopathic interstitial pneumonia 33 (35)

 Cryptogenic organizing pneumonia 22 (23)

 Acute interstitial pneumonia 4 (4)

 Fibrotic nonspecific interstitial pneumonia 4 (4)

 RB-Interstitial lung disease 1 (1)

 Lymphocytic interstitial pneumonia 1 (1)

 Desquamative interstitial pneumonia 1 (1)

Other forms of chronic interstitial lung diseases 31 (33)

 Connective tissue disease 11 (12)

 Hypersensitivity pneumonitis 6 (6)

 Pneumoconiosis 4 (4)

 Drug-induced interstitial lung disease 4 (4)

 Sarcoidosis (stage 4) 3 (3)

 Chronic eosinophilic pneumonia 2 (2)

 Langerhans cells histiocytosis 1 (1)

IPF = idiopathic pulmonary fibrosis

RB = respiratory bronchiolitis

Chest. Author manuscript; available in PMC 2014 April 29.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Fernández-Pérez et al. Page 11

Table 2

Characteristics of ILD patients requiring mechanical ventilation who did and did not survive to hospital

discharge•

Variables Survivors (n= 44) Non-survivors (n=50) P value

Sex, no. (%)

 Male 21 (48%) 29 (58%) 0.319

 Female 23 (52%) 21 (42%)

Age, year

 Median (range) 71 (57 to 78) 74 (67 to 79) 0.122

Duration from diagnosis to ICU admission, months 18 (0.31 to 49) 2 (0.10 to 40) 0.248

 IPF 12 (27%) 18 (36%)
0.507

 Non-IPF 31 (70%) 32 (64%)

PFTs (% predicted)

 FEV1 60 (46 to 73) 62 (44 to 75) 0.991

 FVC 62 (53 to 76) 62 (47 to 74) 0.551

 TLC 73 (61 to 84) 67 (52 to 84) 0.572

 DLCO 47 (38 to 66) 41 (33 to 55) 0.113

Post-operative respiratory failure 29 (71%) 12 (29%) <0.001

Systolic pulmonary artery pressure, mmHg 46 (33 to 59) 53 (36 to 66) 0.062

Ejection fraction, % 60 (45 to 60) 60 (52 to 65) 0.918

ICU high dose steroids

13 (29%) 16 (32%)
0.797
NS IPF 4 (31%) 5 (31%)

 Non-IPF 9 (69%) 11(69%)

 PaCO2, mmHg 39 (37 to 44) 41 (36 to 47) 0.289

 PaO2/FIO2 ratio 252 (158 to 388) 117 (71 to 182) <0.001

 NIPPV before intubation 5 (11%) 16 (32%) 0.014

 Vt mL/kg PBW 8 (7 to 10) 7 (6 to 9) 0.023

 Set respiratory rate 11 (8 to 13) 18 (10 to 23) <0.001

 PEEP, cmH2O 5 (5 to 6) 9.5 (5 to 10) 0.001

 FIO2 0.4 (0.4 to 0.6) 0.6 (0.5 to 0.8) <0.001

 Mean airway pressure, cmH2O 10 (8 to 12) 14 (10 to 18) 0.001

 Peak airway pressure, cmH2O 24 (22 to 29) 30 (25 to 33) 0.001

 Plateau pressure, cmH2O, n=45 21 (16 to 25) 33(25 to 39) 0.001

APACHE III score 57 (47 to 69) 78 (61 to 96) <0.001

ICU predicted mortality 6 (2 to 12) 18 (7 to 36) <0.001
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Variables Survivors (n= 44) Non-survivors (n=50) P value

Hospital predicted mortality 9 (5 to 21) 37 (16 to 59) 0.001

ICU length of stay, days 2 (1 to 8) 5 (2 to 10) 0.016

Hospital length of stay, days 10 (6 to 16) 11 (7 to 21) 0.543

•
Data are represented as median (interquartile range) and number (percentage). IPF, idiopathic pulmonary fibrosis; ICU, intensive care unit; TLC,

total lung capacity; DLCO, diffuse capacity of lungs for carbon monoxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; PaO2, partial pressure of oxygen, FIO2, fraction of inspired oxygen; SaO2, arterial oxygen saturation; PaCO2, partial pressure of carbon

dioxide; PEEP, positive end expiratory pressure; NIPPV, noninvasive positive pressure ventilation; Vt, tidal volume; PBW, predicted body weight;
PFT, pulmonary function test; ARDS, acute respiratory distress syndrome; APACHE, Acute Physiology and Chronic Health Evaluation.
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Table 3

Difference in ventilator variables before and after PEEP titration in 20 patients receiving PEEP >10 cm H2O

in the first 24 hours of mechanical ventilation

Variables Mean change and 95% CI P value

Δ PEEP, cmH2O 6 (4 to 8) <0.001

Δ peak airway pressure, cmH2O 16 (10 to 21) <0.001

Δ plateau pressure, cmH2O 16 (9 to 24) <0.001

Δ respiratory system compliance, mL/kg/PBW/cmH2O −0.28 (−0.43 to −0.13) 0.001

Δ Vt, mL/kg PBW −0.4 (−0.9 to 0.23) 0.211

Δ SaO2, % −1.7 (−8 to 4) 0.571

PEEP, positive end expiratory pressure Vt, tidal volume; PBW, predicted body weight SaO2, arterial oxygen saturation
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