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The past few years have signaled a major breakthrough on the management of idiopathic 
pulmonary fibrosis (IPF). Finally, we have drugs in our arsenal able to slow down the 
inexorable disease natural course. On the other hand, the latter evidence has increased 
the responsibility for a timely and accurate diagnosis. Establishment of IPF diagnosis 
directly affects the choice of appropriate treatment. The current diagnostic guidelines 
represent a major step forward providing an evidence-based road map; yet, clinicians 
are encountering major diagnostic dilemmas that inevitably affect therapeutic decisions. 
This review article aims to summarize the current state of knowledge on the diagnostic 
procedure of IPF based on the current guidelines and discuss pragmatic difficulties and 
challenges encountered by clinicians with regards to their applicability in the everyday 
clinical practice.
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iNTRODUCTiON

Idiopathic pulmonary fibrosis (IPF) represents the most common form of idiopathic interstitial 
pneumonia (IIPs) and is characterized by the gravest prognosis with a median survival of 3–5 years 
(1), irrespective of treatment. The past 10 years, large multicenter placebo-controlled clinical tri-
als have significantly shifted the therapeutic dial of IPF (2–4) from harmful agents to Ref. (5) to 
therapies able to slow down the disease progression (2–4). It is important to note that the efficacy 
of the antifibrotic agents, pirfenidone, and nintedanib has been tested only in the context of IPF; 
thus, accurate and timely diagnosis seems to be imperative. It is important to note that disease 
diagnosis does not represent anymore an academic exercise since it directly influences and guides 
therapeutic decisions.

DiAGNOSiS OF iPF

Histologically, IPF is characterized by the pattern of usual interstitial pneumonia (UIP), which is 
denoted by spatial and temporal heterogeneity (6). It is of utmost importance to highlight the fact 
that UIP pathology is not exclusive to IPF, as it may characterize other diseases including chronic 
hypersensitivity pneumonitis (HP), connective tissue disorders-associated ILDs, asbestosis, or 
drug toxicity. In other words, all IPF have UIP pathology, but not all UIP are IPF. High-resolution 
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TAble 1 | Differential diagnosis of radiological honeycombing.

Causes of 
honeycombing

Comments

Idiopathic pulmonary 
fibrosis

Distribution predominantly bibasilar and subpleural

Collagen tissue disease Honeycombing mainly seen in rheumatoid arthritis-ILD

Chronic hypersensitivity 
pneumonitis

Honeycombing can be seen predominantly in the 
upper/middle zones. Clues to diagnosis: mosaic 
attenuation, air trapping in expiratory scans

Asbestosis Distribution predominantly bibasilar and subpleural. 
Clues to diagnosis: pleural plaques (±calcification), 
subpleural lines

NSIP When seen, honeycombing is minimal. Clues 
to diagnosis: subpleural sparing, central/
peribronchovascular predominance of findings

Sarcoidosis In rare cases, the distribution is bibasilar and 
subpleural. Typically, honeycombing is seen in upper/
middle zones extending from the periphery toward 
the hilum. Clues to diagnosis: perilymphatic nodules, 
hilar/mediastinal lymphadenopathy (±calcification), 
progressive massive fibrosis

Radiation Confined to radiation port

End-stage ARDS Usually involves anterior lung (barotrauma)

Drug toxicity
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computed tomography (HRCT) revolutionized the diagnosis 
of IPF. The presence of honeycombing in a predominantly 
peripheral and bibasilar distribution has a sufficient positive-
predictive value (PPV) for underlying UIP pathology obviating 
the need for tissue confirmation (7–9). Even in that case, exclu-
sion of other causes of UIP is mandatory to finally establish IPF 
diagnosis. Furthermore, IPF diagnosis represents a dynamic 
pro cess and, therefore, close monitoring of the patient is man-
datory. In particular, therapeutic decisions can be altered based 
on disease natural course and treatment responsiveness on  
an individual basis. In addition, disease diagnosis could be 
revisited in light of emerging symptoms compatible with 
connective tissue disorder or exposure to potentially harmful 
environmental agents.

The patient with IPF typically presents with progressive 
dyspnea on exertion of insidious onset and non-productive 
cough. The most characteristic clinical finding is the presence 
of Velcro rales that can be proven an extremely useful diag-
nostic tool for early disease diagnosis (10). Clubbing is almost 
found in 30–50% of patients; yet, its prevalence is much higher 
following disease progression and development of pulmonary 
hypertension. Multisystemic manifestations in the context  
of IPF are highly uncommon and should alert the physician 
toward alternative diagnoses. Median time from onset of symp-
toms to first evaluation in an ILD center quite often exceeds 
1 year and the length of delay has been associated with increased 
mortality (11, 12).

Pulmonary function tests usually exhibit a restrictive 
pat tern with concomitant reduction in diffusing capacity of 
carbon monoxide (DLco). However, the absence of restriction 
does not exclude the diagnosis of IPF, especially in the context 
of combined pulmonary fibrosis and emphysema, which is 
characterized by relatively preserved lung volumes with dispro-
portionately reduced DLco (13). There are also cases discovered 
early and presumably with an initial FVC > 100% that do not 
fulfill the criteria of a restrictive pattern, nevertheless, fibrosis 
is evident on HRCT.

According to current diagnostic criteria (1), HRCT plays a 
pivotal role in the diagnostic procedure. There are three diag-
nostic categories based on HRCT appearance: UIP pattern, 
possible UIP pattern, and inconsistent with UIP. The definition 
of each category is based on morphological as well as distribution 
characteristics. UIP pattern is characterized by the presence of 
reticular abnormalities and honeycombing (with or without trac-
tion bronchiectasis) with a subpleural and basal predominance 
in the absence of inconsistent features. The above radiological 
features in the absence of honeycombing constitute the possible 
UIP pattern. Inconsistent features can be categorized as those 
involving distribution (upper or mid lung and peribroncho-
vascular predominance) and those involving morphology  
(extensive ground glass opacities, consolidation, mosaic attenu-
ation, nodules, discrete cysts).

The presence of honeycombing is not synonymous with 
IPF, as it can be seen in other diseases as chronic HP, collagen 
tissue-related interstitial lung diseases, asbestosis, drug-induced 
lung toxicity, sarcoidosis, postradiation pneumonitis, and post 
ARDS. Minimal honeycombing can also be encountered in cases 

of fibrotic NSIP, which represents a major component of the  
differential list.

The distribution of honeycombing can offer significant 
information. Typically, in IPF, it has a subpleural and basilar 
distribution. Chronic HP can be a great mimic of IPF. However, 
sometimes in chronic HP, honeycombing can be more marked in 
the upper/mid lung zones giving a hint to the actual diagnosis. 
The same upper lobe predominance of honeycombing can be seen 
in sarcoidosis as well. Furthermore, in sarcoidosis, the fibrotic 
process often follows the expected perilymphatic route, thus 
creating a “swath” of honeycombing extending from the hilum  
to the periphery of the lung. In patients who develop fibrosis  
post ARDS, it has a striking anterior distribution (Table 1).

Besides the distribution of honeycombing, there are other  
findings on HRCT that increase suspicion toward certain diag-
noses. Silva et  al. (14) studied 66 patients with biopsy proven 
IPF, HP, and NSIP. The presence of lobular areas with decreased 
attenuation, centrilobular nodules, and cysts favored the diag-
nosis of HP. The best predictors of NSIP were the presence of 
subpleural sparing and the absence of honeycombing.

In the appropriate clinical setting in patients with a UIP 
pattern, IPF diagnosis can be established without the need for 
surgical lung biopsy (SLB). In the cases of possible UIP and 
inconsistent with UIP, a SLB is recommended in order to reach 
a final diagnosis. When SLB is necessary, close cooperation with 
the thoracic surgeon is necessary in order to point the optimal 
sites for biopsy in order to increase the possibility of an accurate 
diagnosis. Areas of honeycombing should be avoided in lung 
sampling since they may reveal non-specific end-stage lung dam-
age and absence of spatial and temporal heterogeneity suggestive 
of UIP. Samples should be obtained from at least two different 
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lobes, because of the possibility of discordant findings (UIP in 
one lobe and NSIP in another). In such cases, the UIP pattern 
drives diagnosis and prognosis as well (15, 16).

Regarding histopathology, current guidelines have classified 
patients into four categories: UIP, probable UIP, possible UIP, 
and not UIP (1). Specific combinations of HRCT and SLB pattern 
with the integration of clinical data are evaluated by a multidisci-
plinary (MDT) team in order to achieve a final diagnosis.

MDT approach is acknowledged as a major advance in 
IPF diagnosis. It refers to the constructive exchange of views 
between a respiratory physician, radiologist, and pathologist 
with expertise in the field of ILDs. The added value of MDT 
diagnosis is its association with higher levels of diagnostic con-
fidence and better interobserver agreement (17, 18). Walsh et al. 
(19) were the first to evaluate the agreement between different 
multidisciplinary teams in diffuse lung diseases after the 2013 
ATS/ERS update (20) on the classification of IIPs. Inter-MDT 
agreement was acceptable for cases of IPF (weighted kappa coef-
ficient, κw = 0.71), while it was moderate for NSIP (κw = 0.42) 
and rather disappointing for HP (κw = 0.29) reflecting the lack 
of diagnostic guidelines for the last two clinical entities. This 
indirectly impacts the accuracy of IPF diagnosis as well, given 
the fact that NSIP and HP are frequently major components of 
its differential.

A PRAGMATiC APPliCATiON OF 
GUiDeliNeS iN eveRY DAY CliNiCAl 
PRACTiCe

The 2011 guidelines are a clear step forward considering that 
they provide clear guidance on an evidence-based approach. The 
most crucial caveat of these guidelines is that, in a significant 
percentage of “real-life” patients with IPF, lack clinical practical-
ity regarding diagnosis, prognosis, and therapeutic decisions.

Challenge 1: interpretation of HRCT
High-resolution computed tomography plays a pivotal role in 
disease diagnosis and determines the need of SLB to establish 
a definite diagnosis. However, accurate identification of honey-
combing is not straightforward even amongst thoracic radiolo-
gists. Interobserver agreement has been proven poor, and this 
has been validated in recent studies (21–24). This problem is 
further accentuated on a community level.

Possible UIP Pattern
An increasing number of studies has shown that in patients with 
a high suspicion of IPF, a possible UIP pattern retains sufficient 
PPV for underlying UIP pathology in order to obviate the 
need for tissue based diagnosis. Raghu et  al. (25) studied 315 
patients with IPF study that had both HRCT and SLB samples. 
As expected, UIP pattern had a high PPV for UIP pathology 
(97.3%). This high PPV was retained for patients with a possible 
UIP pattern (94%). Though a selection bias is quite obvious given 
that this evidence refers to patients screened for recruitment 
into clinical trials and thus should not be generalized; yet, this 
study highlights the importance of pretest clinical probability. 

Chung et al. (26) studied 201 patients with pulmonary fibrosis 
that were subjected to lung biopsy within 1  year of chest CT. 
Patients with possible UIP on CT scan were more likely to have 
histologic probable/definite UIP comparing to patients with 
indeterminate UIP on CT scan (82.4 vs 54.2%, p = 0.01). Finally, 
in the INPULSIS trials, a significant proportion of patients 
(31.9%, n = 338) were enrolled based on possible UIP pattern 
(with traction bronchiectasis) and no confirmation by SLB. 
This group of patients exhibited the same progression of disease 
based on the annual decline of FVC compared to patients with 
honeycombing on HRCT and/or confirmation by SLB as well as 
similar treatment response to nintedanib (27). This observation 
adds further to the notion that in the appropriate clinical setting, 
possible UIP pattern carries sufficient PPV for UIP pathology.

Recently, a study by Brownell et  al. offered valuable new 
information on this topic (28). Avoiding selection bias, they 
elegantly showed that the PPV of possible UIP for predicting 
UIP pathology directly depends on the pretest probability of 
IPF and the prevalence of IPF in the examined population.  
In the derivation cohort, possible UIP had a specificity of 91.2% 
and a PPV of 62.5%. By using two key clinical predictors (male 
sex, increasing age) and a radiographic predictor (total traction 
bronchiectasis score), the PPV increased above the acceptable 
threshold of 90%.

Inconsistent with UIP Pattern
According to guidelines, even if histology is that of a typical UIP 
pattern when the HRCT appearance is inconsistent with UIP, 
the diagnosis of IPF is deemed only to be possible. However, 
the term inconsistent seems to be a misnomer. IPF is actually 
a great mimic. UIP pathology can exhibit a wide variety of 
radiological expressions ranging from the typical UIP pattern 
with peripheral, bibasilar honeycombing, to a pattern resembling 
HP with areas of mosaic attenuation or to a pattern character-
ized by extensive ground glass opacities (29, 30). Interestingly, 
NSIP pathology seems to be much more consistent regarding its 
radiological expression (31). The key point is that an inconsist-
ent with UIP radiological pattern does not rule out the diagnosis 
of IPF, but mandates histological confirmation regardless the 
pretest probability of the patient. In the study by Brownell et al., 
the maximum PPV achieved for the inconsistent UIP pattern 
regarding IPF diagnosis was just 38% (28). Figure 1 summarizes 
a proposed algorithm for IPF diagnosis based on recent findings 
as described previously.

Challenge 2: interpretation of Slb
The interpretation of histological findings is subject to the same 
limitations as HRCT. The pathologic distinction between UIP 
and fibrotic NSIP can be especially difficult and is the main 
reason (>50%) for interobserver variation in the evaluation 
of diffuse parenchymal lung disease (32). In the same study, 
the median prevalence for diagnoses with low confidence 
(<70% likelihood) was 18% while diagnoses made with 100% 
confidence were reached in only 39% of cases. Thus, it is not 
surprising that the pathological diagnosis can be reconsidered 
in almost 20% of cases following integration of clinical and 
HRCT data (17). The variability in interpretation is accentuated 
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FiGURe 1 | Proposed diagnostic algorithm for idiopathic pulmonary fibrosis (IPF). Typical findings of UIP are radiological signs of lung fibrosis 
(honeycombing, traction bronchiolectasis, and/or irregular reticular pattern) with a predominantly peripheral/subpleural and bibasilar distribution.  
Atypical findings of UIP are according to the current definition of inconsistent with UIP pattern. HRCT, high-resolution computed tomography; SLB,  
surgical lung biopsy.
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between thoracic and general pathologists with a poor level of 
agreement (κ: 0.21), which was shown to have direct clinical 
implications (33). Also, it is known that biopsies from different 
sites can produce discordant results, specifically, NSIP vs UIP 
histology (15, 16). Consequently, sampling error is a possibility 
and in cases with a definite UIP radiology pattern and NSIP 
on histology, the radiologic diagnosis actually prevails over 
histology (34). Finally, histology patterns in interstitial lung 
diseases are not exclusive to certain diseases. In fact, the same 
histology can correspond to different diseases and furthermore 
to the same disease but with strikingly different progression and 
natural course. SLB is not a gold standard and the risk vs benefit 
ratio should be carefully examined in each patient.

Challenge 3: Safety of Slb
Surgical lung biopsy in patients with ILDs as it can trigger an 
acute exacerbation (35, 36), regardless disease severity (37).  
An alarming observation is that the same parameters that 
increase the likelihood of IPF (increased age and male sex) (28, 
38, 39) represent risk factors that increase mortality following 
SLB in patients with ILDs (40, 41). Actually, a provisional 
diagnosis of IPF was identified as a risk factor for increased 
mortality. Other risk factors are the presence of comorbidities, 
hypoxemic respiratory failure, severe physiological impairment, 
pulmonary hypertension, rapidly progressive disease (42).

Two large series (40, 41) reported postoperative hospital 
mortality rates (1.7%) similar to those reported in patients 
with lung cancer undergoing lobectomy. The actual postop-
erative mortality may vary depending on the nature of the 
proce dure (elective vs non-elective) and the risk factors for 
the individual patient. Thus, the decision to proceed to SLB 
[via video-assisted thoracoscopic surgery (VATS)] should be 

carefully considered on an individual basis, weighing risks vs 
diagnostic benefit.

Challenge 4: Current Clinical Practice
By strictly adhering to current guidelines, a large number of 
patients (almost 50% with a suspicion of IPF) will need to be 
subjected to SLB. Clinical practice seems to have endorsed 
the facts that SLB carries a small but significant risk and that  
the possible UIP pattern in a patient with a high pretest probabil-
ity of IPF retains sufficient PPV for UIP pathology. It is common 
practice that in patients with a high clinical probability of IPF 
(28, 38, 39) (male sex, increased age, and/or extent of fibrosis),  
we establish a working diagnosis of IPF (43, 44) without 
resorting to surgical biopsy. Biopsies are reserved for patients 
in whom establishing a tissue-based diagnosis is clinically 
meaningful and are fit enough to undergo such a procedure. 
This is vividly depicted in the study by Hutchinson et al. (40). 
In a UK study held between 1997 and 2008, only 4.5% of new 
cases with a provisional diagnosis J84.1 were subjected to SLB 
(40). Given the fact that the ICD-10 of J84.1 does not accurately 
describe the IPF population (45, 46), this percentage is likely  
to be even smaller for actual IPF cases. We eagerly wait to see 
how the above will be translated in the upcoming guidelines for 
the diagnosis of IPF.

FUTURe DiReCTiONS

bronchoscopic lung Cryobiopsy (blC)
Bronchoscopic lung cryobiopsy is dynamically emerging dur-
ing the past few years as an alternative diagnostic tool to SLB, 
claiming the same diagnostic efficacy and reduced mortality 
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TAble 2 | Key points for idiopathic pulmonary fibrosis diagnosis.

•	Exclusion of other causes is mandatory
•	Equally important is to define pretest clinical probability based on age, sex, 

extend of fibrosis
•	Even in the absence of honeycombing, in a patient with a high pretest 

clinical probability, the presence of other signs of lung fibrosis (traction 
bronchiolectasis, irregular reticulation) in a predominantly bibasilar/subpleural 
distribution have sufficient positive-predictive value for usual interstitial 
pneumonia (UIP) pathology

•	Atypical features (inconsistent with UIP) mandates the need for surgical lung 
biopsy (SLB), regardless pretest clinical probability

•	SLB is not a diagnostic panacea, it can be potentially hazardous especially 
when performed non-electively and should be performed after carefully 
estimating the clinically meaningful benefit vs risk on an individual basis
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(47). Cryobiopsies are considerably larger and have minimal 
crash artifacts as opposed to forceps biopsies when performed 
by experienced bronchoscopists in appropriate organized cent-
ers. Therefore, they allow confident recognition of histological 
patterns. The vital question that should be addressed is their 
safety and diagnostic yield against lung biopsies obtained via 
VATS. A recent meta-analysis including 16 studies with BLC 
(642 patients) and 14 studies with VATS (1,594 patients) (48) 
reported comparable diagnostic yields for BLC (83.7%) and 
VATS (92.7%). With regards to safety profile, BLC was associ-
ated with severe bleeding in 4.9% of cases and pneumothorax 
in 9.5% of cases while short-term mortality was similar between 
BLC (0.7%) and VATS (1.8%). Similar findings have been dem-
onstrated by earlier studies (49, 50). In order to generalize the use 
of BLC beyond expert centers, it is important to standardize the 
procedure (e.g., size of cryoprobe, number and site of biopsies, 
degree of sedation), offer proper training, since it is an operator-
dependent procedure (51) and prospectively evaluate safety and 
diagnostic profile of BLC as opposed to VATS.

biomarkers
According to the Bayesian diagnostic approach of IPF, it would 
be very useful to have biomarkers that would increase the pre-
test probability of IPF. Ideally, these biomarkers would not only 
have diagnostic value but would also offer clinically relevant 
prognostic information regarding not only the natural course 
of the disease but also response to therapy. While for pulmonary 
embolism, d-dimers are an established diagnostic indicator in a 
complex disease as IPF, it is unlikely that just one “diagnostica-
tor” will suffice. Considering that IPF diagnosis represent the 
least critical question for clinicians (given the major improve-
ments of HRCT), in the real-world clinical practice, an ideal 
biomarker would be the one who could fulfill the unmet need 
for timely prediction of disease progressiveness and treatment 
responsiveness. In line with this, most of the studied biomark-
ers were mostly used as disease prognosticators rather than 
disease-specific diagnostic tools. Matrix metalloproteinase-
(MMP)-7 represents the most extensively studied molecular 
biomarker that showed promising prognostic value in several 
independent cohorts of patients with IPF. Despite the fact that 
elevated MMP-7 levels clearly discriminated patients with IPF 
from those with HP (52); yet, they showed lack of discrimina-
tory ability between IPF and RA-ILD (53). Further studies 
using highly standardized sample collection procedures and 
collection matrices are needed to produce reproducible and 

reliable diagnostic and prognostic cutoff thresholds (54). The 
latter observation represents an amenable need for precision 
medicine approaches (55, 56).

Conclusion
The ILD community has made significant progress in under-
standing IPF. With the development of antifibrotic agents, 
accurate diagnosis is crucial. Guidance is needed to focus on 
practical implementation of current guidelines in a real-world 
clinical setting. An integral first step of the diagnostic process 
is the exclusion of alternative diagnoses. Equally important 
is the definition of the pretest probability for every patient 
with suspected IPF. The diagnostic significance of possible or 
even definite UIP pattern is completely different when fac-
ing a 45-year-old female or a 70-year-old male. Possible UIP 
pattern seems to carry sufficient PPV in patients with a high 
pretest probability of IPF. SLB should be considered in patients 
with inconsistent with UIP pattern after evaluating the indi-
vidualized benefit risk ratio (Table 2). BLC seems an attractive, 
safer alternative to SLB; yet, standardization and prospective 
evaluation of the process is required in order to “escape” from 
expert centers and be embraced by common practice. Finally, 
biomarkers are sorely needed to fulfill the unmet need of cur-
rent clinical practice: early prediction of disease progressiveness 
and treatment responsiveness that will timely guide therapeutic 
decisions.
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