Chapter 17 )
Acute Exacerbation of Idiopathic
Pulmonary Fibrosis

Check for
updates

Joyce S. Lee and Harold R. Collard

A Case

A 78-year-old man was referred for surgical lung biopsy in the evaluation of his
interstitial lung disease (ILD). At baseline, he reported mild dyspnea on exertion
and a chronic, dry cough. His past medical history was significant for hypertension
and gastroesophageal reflux (GER) disease. His medications included an antihyper-
tensive medication and a proton-pump inhibitor. He was a lifelong non-smoker and
worked as a dentist. He had no family history of ILD. His physical exam was signifi-
cant for dry inspiratory crackles at both bases and normal resting oxygen saturation.
His pulmonary function was abnormal with a forced vital capacity of 57% predicted
and a diffusing capacity for carbon monoxide of 67% predicted. His high-resolution
computed tomography (HRCT) scan demonstrated peripheral, subpleural predomi-
nant reticulation and traction bronchiectasis without honeycombing.

He was referred for surgical lung biopsy and had a video-assisted thoracic sur-
gery procedure with biopsies obtained from the right lung. His perioperative course
was uncomplicated. His pathology was reviewed and was consistent with a usual
interstitial pneumonia (UIP) pattern, confirming the diagnosis of IPF. His initial
postoperative course was uncomplicated, but approximately 5 days postoperatively,
he developed increased dyspnea and cough with occasional production of clear
sputum. He had new onset hypoxemia (88% on room air) with diffuse crackles to
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Fig. 17.1 (a) Pre-surgery high-resolution computed tomogram (HRCT) demonstrates peripheral
reticulation and traction bronchiectasis without honeycombing (bottom left). (b) HRCT image
obtained 5 days postoperatively demonstrates diffuse ground-glass opacities that are most promi-
nent in the left lung

auscultation that were more prominent in the left chest. A repeat HRCT demon-
strated new ground-glass opacities in the left lung (Fig. 17.1). All microbiologic
data was negative, and there was no evidence of cardiac dysfunction or ischemia.

This case was thought to be due to an acute exacerbation (AEX) of IPF triggered
by the surgical lung biopsy, possibly due to single-lung ventilation of the left lung.
Unfortunately the patient progressively worsened despite supportive care and sub-
sequently died from his AEx of IPF.

Epidemiology, Clinical Features, and Risk Factors

Our view of the natural history of IPF has changed over the last decade with the
recognition that there are several distinct clinical courses that patients may follow
[1]. Although most patients with IPF experience a steady decline in lung function
over time, some will decline quickly, while others seem stable for many years.
Increasingly, we recognize that some patients may also have a more unpredictable
course [2]. These patients experience periods of relative stability followed by acute
episodes of worsening in their respiratory status [3]. Episodes of acute respiratory
decline in IPF can be secondary to complications such as infection, pulmonary
embolism, pneumothorax, or heart failure [3, 4]. Such episodes of acute respiratory
deterioration have been termed AEx of IPF when the cause for the acute worsening
cannot be identified. Acute exacerbations likely comprise almost 50% of these
acute respiratory events, and the clinical characteristics and prognosis are indistin-
guishable from acute exacerbations of known cause. This chapter will focus on AEx
of IPF.

The phenomenon of AEx has been recognized since the late 1980s, when it was
initially reported in the Japanese literature [5—8]. A survey of providers in the USA
suggests that most clinicians believe AEx to be somewhat or very common [9]. The
true incidence of AEX remains unknown, and the incidence may vary by country
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due to different genetic and environmental factors. Largely due to differences in
case definition, patient population, sample size, and duration of follow-up, the range
of AEx incidence in clinical studies ranges anywhere from 1% to 43% [3, 4, 10-23].
In one study of 461 Korean patients with IPF in which patients were followed lon-
gitudinally over 3 years, a 1- and 3-year incidence of 14.2% and 20.7%, respec-
tively, was found [4]. In a more ethnically diverse clinical trial population, the
incidence of AEx among those in the placebo arm of the INPULSIS study (study
drug: nintedanib) was 7.6% over a 52-week period [10].

The clinical presentation of AEx is generally quite dramatic and characterized by
acute to subacute worsening of dyspnea over days to weeks [3]. Some patients expe-
rience symptoms of worsening cough, sputum production, and fever mimicking a
respiratory tract infection [14, 24]. Most reported cases of AEx have required
unscheduled medical attention (emergency room or hospital care), but there may
well be less severe cases that do not get noted by patients and providers and, there-
fore, are not documented.

The occurrence of AEx is unpredictable and can sometimes be the presenting
manifestation of IPF [14, 15, 25]. A few risk factors have been identified including
those indicative of IPF disease severity. The most consistent risk factor for acute
exacerbation is a low forced vital capacity (FVC) [4, 15, 18, 19, 21-23]. This is
consistent with the increased incidence of AEx that was observed in the only study
of advanced disease reported in the literature to date, namely, STEP-IPF [26].
Several other parameters reflecting disease severity have also been associated with
an increased risk for AEx including low diffusing capacity for carbon monoxide
(DLCO) [4, 18, 20, 21, 23], poor baseline oxygenation [23, 27], and recent decline
in FVC [15, 27, 28]. Other risk factors associated with an increased risk for the
development of AEx include higher body mass index [15] and younger age [18].
The data on the role of smoking and coexistent emphysema in AEx of IPF have been
mixed [4, 17, 19, 20].

Acute exacerbations have also been described in non-IPF ILD, including non-
specific interstitial pneumonia (NSIP) [29], connective tissue disease-associated
ILD [29-34], and hypersensitivity pneumonitis [35, 36]. Compared to IPF AEX,
patients with an underlying NSIP pattern appeared to have a better prognosis fol-
lowing their AEx [29]. A UIP pattern may be a risk factor for AEx in the context of
connective tissue disease-associated ILD and hypersensitivity pneumonitis, as the
presence of a UIP pattern appeared to be a risk factor in some retrospective series
[29, 33, 34, 36]. Whether AEx of non-IPF forms of ILD shares a similar pathobiol-
ogy as AEx of IPF is unknown.

Etiology and Pathobiology

The etiology of AEx of IPF remains unknown. Several hypotheses have been pro-
posed that include (1) AEx of IPF represents an abrupt acceleration of the patient’s
underlying disease; (2) AEx is a collection of occult, pathobiologically distinct
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conditions (e.g., infection, heart failure); or (3) AEx is a combination of both pro-
cesses that can serve as an occult trigger that leads to acceleration of the underlying
fibroproliferative process.

Occult aspiration of gastric contents has been suggested as a possible trigger or
cause of AEx of IPF. Gastroesophageal reflux is nearly universal in patients with
IPF [37, 38] and is thought to be a risk factor for aspiration [39, 40]. Bronchoalveolar
lavage pepsin levels, a biomarker for aspiration of gastric secretions, were shown to
be elevated in a subset of patients with AEx of IPF [41]. In addition, patients with
asymmetric IPF on HRCT scan had a higher rate of GER and AEx compared to
patients with non-asymmetric disease, suggesting a role for GER and occult aspira-
tion in a subset of patients with IPF [42].

Infection has also been suggested as a cause of AEx of IPF. Data in support of
this hypothesis include animal studies [43] as well as some human studies [44, 45].
In one case series, 75.7% of 37 AEx cases occurred between December and May
[24], lending further support to occult infection as a cause of AEx. However, in a
prospective study of AEx of IPF (n = 47), acute viral infection, as determined by
the most current genomics-based methodologies, was found in only 9% of this
cohort [46]. While some cases may well have been missed (i.e., the virus had come
and gone by the time testing was obtained), these data suggest that there are many
cases of AEx that are not primarily due to occult viral infection. More recently,
there are data describing a difference in the microbiome of IPF patients who are
experiencing an AEx compared to stable patients. In a study of 20 AEx and 14
stable IPF patients matched for age, sex, smoking history, and baseline lung func-
tion, BAL bacterial burden was increased in AEx patients compared to stable
patients [47].

Precipitating factors such as surgical lung biopsy and bronchoalveolar lavage
(BAL) have also been reported [ 14, 48—58]. The occurrence of AEx after videoscopic-
assisted surgical lung biopsy is particularly intriguing, as the exacerbation appears
to be more pronounced in the lung that was ventilated (i.e., the nonsurgical side
receiving single-lung ventilation) [52]. However, the precise relationship between
these precipitating factors and AEx remains unclear.

An alternative explanation is that AEx of IPF is caused by an inherent accelera-
tion of the pathobiology of IPF [3]. There is indirect evidence for this in several
studies that evaluated serum biomarkers and gene expression in AEx. Serum bio-
markers of alveolar epithelial cell injury/proliferation have been shown to be
increased in AEx in a pattern that is qualitatively distinct from what is seen in acute
lung injury (Table 17.1).

Gene expression studies performed in patients with AEx of IPF [60] have shown
that patients have increased expression of genes encoding proteins involved in epi-
thelial injury and proliferation including CCNA?2 and alpha-defensins. Interestingly,
there was no evidence from the same study for upregulation of genes commonly
expressed in viral infection.
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Table 17.1 This table summarizes serum biomarkers of alveolar epithelial cell injury/proliferation
reported in acute exacerbation of idiopathic pulmonary fibrosis

Biomarker Mechanism of action Association with AEx of IPF | References
Alpha-defensin Cationic proteins with Plasma levels higher in AEx | [59, 60]
antimicrobial activity found | compared to stable and
in neutrophils seemed to correlate with
disease course
Annexin 1 Anti-inflammatory, Associated with antibody [61]
antiproliferative, and production and CD4+ T-cell
pro-apoptotic calcium and response in AEx
phospholipid-binding protein
that regulates differentiation;
found in alveolar type II cells
and alveolar macrophages
Circulating Circulating mesenchymal cell | Increased levels of circulating | [62]
fibrocytes progenitors involved in tissue | fibrocytes in AEx compared to
repair and fibrosis stable IPF
Heat shock protein | Collagen-specific molecular | Serum levels of HSP47 were | [63]
47 (HSP47) chaperone essential in the higher in AEx compared to
biosynthesis and secretion of | stable IPF
collagen molecules
High-mobility Nuclear nonhistone protein Serum HMGBI levels are [64, 65]
group protein B1 | involved in endogenous higher in AEx requiring
(HMGB1) danger signaling and a mechanical ventilation
mediator of systemic compared to stable IPF; BAL
inflammation; can bind to HMGBI gradually increases
RAGE to promote chemotaxis | during AEx, which correlated
and production of cytokines | with monocyte chemotactic
via NF-kB activation protein-1 (MCP-1)
IL-6 Cytokine involved in a broad | Higher levels in AEx vs. [66]
range of cellular responses stable
including inflammation
KL-6 Marker of alveolar type II cell | Plasma levels higher in AEx | [19, 66,
injury and/or proliferation of IPF compared to stable; 67]
serial serum KL-6 levels
increased in patients who died
of their AEXx; baseline serum
KL-6 levels predicted future
development of AEx in IPF
Leptin Regulation of energy balance | Plasma leptin levels were [68]
and other physiological higher in AEx vs. stable and in
processes, including the decedents vs. survivors of IPF
immune response, the
inflammatory reactions, and
the development of
carcinomas
PAI-1 Principal inhibitor of tissue Higher plasma levels in AEx | [66]

plasminogen activator and
urokinase

compared to stable

(continued)
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Biomarker Mechanism of action Association with AEx of IPF | References
Protein C The activated form regulates | Higher plasma % in AEx [66]
blood clotting, inflammation, | compared to stable
and cell death
RAGE Marker of alveolar type I cell | No difference in plasma levels | [66]
injury and/or proliferation between stable and AEx of
IPF
ST2 Predominantly expressed in | Higher serum levels in AEx [69]
Th2 cells and induced by compared to stable with a
proinflammatory cytokines sensitivity of 71% and
specificity of 92%
SP-D Marker of alveolar type II cell | Plasma levels higher in AEx | [66]
injury and/or proliferation compared to stable
Thrombomodulin | Membrane protein expressed | Plasma levels higher in AEx | [66]
on the surface of endothelial | compared to stable, and log
cells which serves as a change in thrombomodulin
receptor for thrombin was predictive of survival
Von Willebrand Marker of endothelial cell Higher plasma % in AEx [66]
factor injury and is involved in compared to stable
hemostasis

Abbreviations:AEx acute exacerbation, /PF idiopathic pulmonary fibrosis, KL-6 Krebs von den
Lungen-6, PAI-1 plasminogen activator inhibitor-1, RAGE receptor for advanced glycation end
products, NF-kB nuclear factor-kB, S7-2, SP-D surfactant protein D

Work-Up and Diagnostic Criteria

Laboratory Evaluation

There are no specific laboratory tests that aid in the evaluation and diagnosis of AEx
of IPE. Often, patients are found to have impaired gas exchange with a decrease in
their arterial oxygen tension [24]. In patients that can tolerate bronchoscopy with
lavage, an increase in BAL neutrophils has been reported [14, 70]. Non-specific
elevations in serum lactate dehydrogenase (LDH) and C-reactive protein (CRP)
have also been observed [24]. Serial levels of serum KL-6 and baseline thrombo-
modulin may help identify patients at increased risk for death from AEx [66, 67].
Although many experimental biomarkers have been investigated, as shown in
Table 17.1, none are routinely used in clinical practice.

Radiologic Evaluation

High-resolution CT scans are often obtained during AEx of IPF. The findings
include new, generally bilateral, ground-glass opacities and/or consolidation super-
imposed on the underlying UIP pattern [71]. The pattern of ground-glass changes
during an AEx may have prognostic significance, with more diffuse abnormality
correlating with worse outcomes [71].
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Histopathologic Evaluation

Surgical lung biopsy is not frequently obtained during AEx of IPF. A small case
series of seven patients who had a surgical lung biopsy during their AEx demon-
strated primarily diffuse alveolar damage (DAD) associated with underlying
changes typical for UIP (Fig. 17.2) [72]. One case had organizing pneumonia and
UIP, and another case had DAD without underlying UIP. Autopsy series and other
case series have demonstrated similar findings [6, 14, 70, 73-75].

Diagnostic Criteria

Several definitions have been used over the last decade to define AEx of IPF [3, 6,
75]. In order to standardize these criteria, a consensus definition was proposed by
the National Institutes of Health-funded US IPF Network (IPFNet) in 2007
(Table 17.2) [3]. Other definitions that have been described are generally similar;
however, they often include a reduction in PaO, as one of their criteria as well as
bilateral chest x-ray abnormalities (instead of a HRCT scan) [6, 75].

Fig. 17.2 Histopathologic section from the lung explanted at the time of lung transplant shows
subpleural fibrosis with honeycombing that is typical of usual interstitial pneumonia. The central
lung tissue shows diffuse alveolar septal thickening by edema and type II pneumocyte hyperplasia
and airspace consolidation due to edema and fibrin deposition (H&E, 100x). (Figure courtesy of
Kirk Jones, MD)
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Table 17.2 This table details the original IPFNet consensus criteria for acute exacerbation of
idiopathic pulmonary fibrosis

IPFNet consensus criteria for acute exacerbation of idiopathic pulmonary fibrosis [3]

Previous or concurrent diagnosis of idiopathic pulmonary fibrosis

Unexplained development or worsening of dyspnea within 30 days

High-resolution computed tomography with new bilateral ground-glass abnormality and/or
consolidation superimposed on a background reticular or honeycomb pattern consistent with
usual interstitial pneumonia

No evidence of pulmonary infection by endotracheal aspirate or bronchoalveolar lavage

Exclusion of alternative causes, including left heart failure, pulmonary embolism, and other
identifiable causes of acute lung injury

*Patients who do not meet all five criteria should be termed “suspected acute exacerbation”

Table 17.3 This table details the revised definition and diagnostic criteria for acute exacerbation
of idiopathic pulmonary fibrosis

Proposed revised definition and diagnostic criteria for acute exacerbation of idiopathic
pulmonary fibrosis [76]

Definition: an acute, clinically significant respiratory deterioration characterized by evidence of
new widespread alveolar abnormality

Criteria:

Previous or concurrent diagnosis of idiopathic pulmonary fibrosis

Acute worsening or development of dyspnea typically <l month duration

Computed tomography with new bilateral ground-glass opacity and/or consolidation
superimposed on a background pattern consistent with usual interstitial pneumonia pattern

Deterioration not fully explained by cardiac failure or volume overload

*Patients who do not meet all four diagnostic criteria due to missing computed tomography data
should be termed “suspected acute exacerbation”

While the IPFNet criteria have helped to standardize the definition of AEx of IPF,
satisfaction of all criteria was quite difficult to achieve in many clinical settings. In
addition, there was increasing evidence to suggest that the constraints of an “idio-
pathic” label and a set time interval of 30 days were unnecessarily restrictive and
arbitrary. As a result, a new, international working group came together to propose
a new conceptual framework for acute respiratory deterioration in IPF [76]. Their
revised definition and diagnostic criteria are outlined in Table 17.3.

The revised definition and criteria were developed to better reflect the current state
of knowledge, as well as improve the feasibility of studying the epidemiology of
acute exacerbation in future research. As with any set of criteria, fundamental assump-
tions made in the development of criteria, whether it is for clinical or research pur-
poses, should be reassessed periodically in order to incorporate the emerging data and
knowledge in the field. This reassessment of the diagnostic criteria for AEx of IPF
simplifies the requirement to exclude certain triggers of respiratory deterioration,
such as aspiration and infection. Instead, it recognizes that distinguishing between
triggered and so-called idiopathic acute exacerbations of IPF has little clinical or
biological support. The hope is that these criteria will provide an improved frame-
work for studying the etiology, pathobiology, and clinical management of AEx of IPF.
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Management and Prognosis

There is no known effective treatment for preventing or improving outcomes in
AEXx of IPF.

Prevention

While thereare no data to support efficacy, vaccination and treatment of comorbidi-
ties like heart disease and GER seem prudent as measures that could prevent epi-
sodes of acute decline in respiratory function due to known causes such as infection,
heart failure, and aspiration. In a retrospective analysis of the placebo arms of the
three IPFNet studies, patients who were on antiacid therapy had a lower incidence
(0%) of AEx of IPF compared to those who were not on antiacid therapy (8%) dur-
ing the trial period [77].

Some novel therapies have suggested a reduction in AEX in clinical trials; these
include warfarin [78], pirfenidone [79], and nintedanib [11]. Unfortunately, both
warfarin and pirfenidone have subsequently been shown to have no impact on the
rate of AEX, suggesting that the initial observations may be inaccurate [80, 81].
The two follow-up and parallel phase-3 clinical trials using nintedanib had mixed
results in regard to prevention of AEx [10]. Interestingly, a secondary data analysis
from three IPF clinical trials suggested that pirfenidone was associated with a
lower risk of respiratory-related hospitalization compared to placebo, but not all-
cause or non-respiratory-related hospitalization [82]. In addition, those hospital-
ized for any reason had lower risk of death if they were on pirfenidone. While these
events were not specific for AEx of IPF, these data suggest that pirfenidone may
have an impact on the risk and severity of respiratory deterioration, including AEX,
in IPE.

Medical Therapy During AEx

Although commonly prescribed for the treatment of AEx of IPF, there have been no
controlled trials assessing the efficacy of high-dose corticosteroids. Recent interna-
tional guidelines on IPF management suggested that the majority of IPF patients
with AEx could be treated with corticosteroids [83]; however, approaches to dosing,
route, and duration of therapy were not provided.

Although most clinicians would treat patients who develop an AEx of IPF with
high-dose corticosteroids, the efficacy of this treatment is unclear. Perhaps we
should be more critical of the use of corticosteroids to treat AEx of IPF. There are
two distinct viewpoints regarding the role of corticosteroids in AEx of IPF. The
first viewpoint is that AEx of IPF is histopathologically similar to acute respira-
tory distress syndrome (ARDS) characterized by DAD and acute lung injury [84]
and should, therefore, be treated similarly to ARDS. In the ARDS literature, the
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mortality benefit of corticosteroids is unclear [85-90]. In one study, increased
mortality was observed in ARDS patients treated with delayed corticosteroids
(after 14 days) [90]. If we were to follow the ARDS paradigm, most clinicians
would not use corticosteroids in the treatment of AEx of IPF. A second viewpoint
for the role of corticosteroids in IPF is that some patients with AEx of IPF have
organizing pneumonia on biopsy [74]. Organizing pneumonia is generally thought
to be steroid responsive, and it may be that the pathobiology is different enough
between ARDS and AEx of IPF to warrant continued use of corticosteroids. There
remains equipoise on the efficacy of corticosteroids in AEx of IPF, and this treat-
ment intervention should be studied more carefully [66].

The use of another immunosuppressant, cyclosporine A, to treat AEx of IPF has
been reported. These studies suggest some benefit to the use of cyclosporine A plus
corticosteroids [91-93]. However, conclusions that can be made from these data are
limited by problems with study design and small sample size, and benefit has not yet
been validated in a randomized controlled trial. Other experimental therapies that
have reported possible efficacy to treat AEx of IPF include cyclophosphamide [30,
71, 94, 95], tacrolimus [96], hemoperfusion with polymyxin B-immobilized fiber
column [65, 97-102], sivelestat [103], rituximab and plasma exchange [104], and
thrombomodulin [105-107]. These investigations were all limited by small num-
bers and suboptimal study design.

Supportive Therapy During AEx

Supportive therapy is the standard of care in AEx of IPF. Supportive care for respira-
tory failure almost always requires higher oxygen supplementation and consider-
ation of additional means of ventilatory support including mechanical ventilation
(see discussion below) and noninvasive positive-pressure ventilation (NIPPV).
Yokoyama et al. described the outcomes of patients with AEx of IPF treated with
NIPPV to avoid intubation in acute respiratory failure [94]. In this retrospective case
series of 11 patients, 6 patients failed a NIPPV trial and subsequently succumbed to
respiratory failure. The other five patients survived more than 3 months after the
onset of their AEx. However, the use of ventilatory support in AEx (both mechanical
ventilation and NIPPV) has never been studied in a randomized controlled trial.

Lung Transplantation

A few select centers have experience with emergent transplantation for AEx of IPF
[108—111]. These critically ill IPF patients have generally been bridged to lung
transplant with extracorporeal membrane oxygenation (ECMO) and/or mechanical
ventilation [109]. Outcomes of patients who have undergone emergent transplanta-
tion have been mixed [110, 111]. Emergent lung transplantation requires careful
patient selection and is not done at all transplant centers.
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Prognosis

The prognosis of AEx of IPF is poor, with most case series reporting very high
short-term mortality rates [14, 112—-116]. This is particularly true for those patients
requiring mechanical ventilation. A systematic review of mechanical ventilation in
IPF and respiratory failure (n = 135), including AEX, reported a hospital mortality
of 87% [114]. Short-term mortality (within 3 months of hospital discharge) was
94%. Risk factors associated with mortality in AEx of IPF include lower baseline
FVC and DLCO [4, 15, 24], more extensive CT scan abnormalities at the time of the
AEx [14, 21,71, 95], worse oxygenation [4, 102], and bronchoalveolar lavage neu-
trophilia [4].

The routine use of mechanical ventilation in patients with AEx of IPF is not rec-
ommended in the international consensus guidelines because of its low likelihood
of benefit and high risk of complications and further suffering [83]. Careful consid-
eration regarding intubation and goals of care must be made, given the poor progno-
sis associated with this condition. Ideally, a discussion concerning end-of-life issues
should be held between the patient and their provider in the outpatient setting with
the inclusion of the patient’s family, if applicable.

Summary

Acute exacerbation of IPF is responsible for substantial morbidity and mortality in
patients with IPF. We suggest that AEx of IPF represents an acute acceleration of
the fibroproliferative process (i.e., the underlying pathobiology of IPF) that is trig-
gered by some generally occult stress or insult to the lung (e.g., infection, aspira-
tion, mechanical stretch from ventilation or lavage, high-inspired oxygen
concentration during surgery). We propose that the prevention and treatment of AEx
of IPF must focus on both disease-specific (e.g., anti-fibrotic therapies) and non-
disease-specific (e.g., vaccination, prevention of stress) areas. The next decade will
hopefully answer many of the unresolved questions concerning AEx of IPF.
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