
49

© The Authors 2024. This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial 4.0 International License 
(https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Histopathological findings in lung biopsies with usual interstitial 
pneumonia: Definition of a new classification score for histological 
fibrotic stages 

Mária Makovická1,2, Adela Vrbenská3, Peter Makovický1,4, Barbora Durcová5, Jozef Škarda6, 
Vojtěch Kamarád1, Mária Miklošová7, Kvetoslava Rimárová8, Patricie Michalčová1, Klaudia 
Kráľová2,9 and Jozef Muri1 

1 Department of Histology and Embryology, Faculty of Medicine, University of Ostrava, Czech Republic 
2 Cancer Research Institute, Biomedical Research Centre of the Slovak Academy of Sciences, Bratislava, Slovakia
3 Department of Pathology, National Institute for Tuberculosis, Lung Diseases and Thoracic Surgery in Vyšné Hágy, Slovakia
4 Infectious Diseases and Preventive Medicine, Veterinary Research Institute, Brno, Czech Republic 
5 Department of Pneumology and Phtisiology, National Institute for Tuberculosis, Lung Diseases and Thoracic Surgery in 

Vyšné Hágy, Slovakia
6 Institute of Molecular and Clinical Pathology and Medical Genetics, Faculty of Medicine, University of Ostrava, Czech Republic 
7 Department of Anatomy, Faculty of Medicine, University of Ostrava, Czech Republic 
8 Department of Public Health and Hygiene, Faculty of Medicine, Pavol Jozef Šafárik University in Košice, Slovakia
9 Department of Zoology, Faculty of Natural Sciences, Comenius University, Bratislava, Slovakia

Abstract. The objective of this article is to describe and classify usual interstitial pneumonia (UIP) 
changes according to their relevance in the pathology of the idiopathic pulmonary fibrosis (IPF) 
process. In a cohort of 50 patients (25♀, 25♂) with UIP findings, the percentage ratio between fibrotic 
and preserved parts of the lungs was quantified. Three quantitative stages of fibrotic involvement 
of the lung parenchyma and concomitant changes were defined. These are initial (≤20%), advanced 
(21–40%), and diffuse (≥41%) fibrosis of the lungs. Histologically, temporal heterogeneity is pre-
dominant with thickened alveolar septa, interstitial fibrosis, and the presence of fibroblastic foci up 
to mature diffuse fibrosis with honeycomb changes. The finding is accompanied by variably mature 
lymphocytic inflammation, presence of macrophages, emphysema, bronchioloectasia of the alveoli, 
bronchiectasis, bronchial muscle wall hypertrophy, hypertrophy of the vessel walls, alveolar mucosa, 
focal haemorrhage, and hyalinization of the lungs. Pneumocyte hyperplasia, occasionally atypical in 
appearance with hobnail changes, as well as squamous metaplasia are observed. In the methodically 
quantified stages of fibrous involvement, 14 subjects were classified (6♀, 8♂) into the stage of initial 
fibrosis, 21 subjects (11♀; 10♂) into the stage of advanced fibrosis, and 15 subjects (8♀; 7♂) into the 
stage of diffuse fibrosis. 
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Introduction 

In the 1980s, when coal mining in Czechoslovakia was 
gradually eliminated, the major mines were definitively 
closed and currently only some of them are working. In 
a relatively short period of time, these events were reflected 
in the realm of specialized medical practices, particularly 
in the field of pneumology. By that time, the prevailing 
pulmonary diseases of silicosis and miners’ pneumoconiosis 
had been replaced by lung tumours, respiratory infections, 
civilization diseases and congenital developmental lung 
diseases. This was also reflected in the practices of other 
medical disciplines such as post-acute and spa medicine, 
which were compelled to adapt to these circumstances. 
Perhaps this is the reason why oncologic issues, inflamma-
tory fibroproductive pulmonary processes, and infectious 
pneumonias dominate pneumopathology today (Wang et 
al. 2021; Holubova et al. 2022; Podolanczuk et al. 2023). 
Some of the interstitial inflammatory processes of the lungs 
remain of unclear origin and are associated with progressive 
fibrosis of the lung parenchyma with gradual shrinkage of 
the alveolar spaces. There is also a significant increase in 
fibrous tissue, leading to thickening and fusion of the alveo-
lar septa with a consequent reduction in the vital capacity 
of the lungs. These changes are accompanied by secondary 
cardiac damage and associated cardiovascular pathology. 
Although interstitial pneumonias have undergone several 
classification changes over the past few decades, a number 
of these diseases are difficult to classify (Wijsenbeek et al. 
2022; Hosseini and Salvatore 2023). These include also idi-
opathic pulmonary fibrosis (IPF), which is associated with 
the histological findings of usual interstitial pneumonia 
(UIP). The latter is microscopically characterized by loss 
of alveolar architectonics, remodeling of lung tissue, pres-
ence of fibroblast foci, and a final honeycombing. Although 
epidemiological data are partially divergent, it is assumed 
that the worldwide prevalence is 13-20/100,000 and the 
incidence is in the range of 6.8–16.3/100,000 individuals 
(Vasakova 2017). From our setting, we report the results 
of a paper which suggests that the prevalence in the Mora-
vian-Silesian Region in 1981-1990 was 6.5–12.1/100 000 
individuals and the incidence fluctuated at 0.74–1.28/100 
000 individuals (Muri et al. 2022). Nowadays, despite the 
continuous improvement of diagnostic procedures, the 

improvement of instrumentation and the introduction of 
more sensitive laboratory parameters, IPF is often not veri-
fied in practice until an advanced stage. At present, we can 
define the main challenges of addressing and approaching 
the early diagnosis of IPF in several points. The introduction 
of new, more sensitive markers that can detect predisposi-
tion to disease or signal the onset of the disease at an early 
stage is needed. The identification of risk factors involved 
in the initiation and progression of the disease itself as 
well as the development of new therapeutic approaches are 
important. Studies based on the identification and descrip-
tion of individual changes in the lung parenchyma during 
the development of UIP might be helpful in addressing 
the above challenges. The identification of correlations 
between pathological changes in the lungs and their causal 
temporal consistency is crucial. The objective of this article 
is to describe and classify changes in the lung parenchyma 
according to their relevance in the pathology of the IPF 
process based on a representative cohort of patients with 
histological findings of UIP.

Material and Methods

Samples and material processing

The material was obtained by video-thoracoscopic lung 
biopsy from patients who were hospitalized with unspeci-
fied interstitial lung disease in the National Institute for 
Tuberculosis, Lung Diseases and Thoracic Surgery in 
Vyšné Hágy, Slovakia (NITLDTS). The cohort consisted of 
50 patients (25♀ and 25♂). Basic data on the patients are 
presented in Table 1. The collected specimens were deliv-
ered to the Pathology Department and were processed by 
a standard histological technique down to paraffin blocks. 
Subsequently, they were sliced on a microtome and stained 
with Hematoxylin-eosin staining (Bamed, s.r.o., Czech Re-
public) and with Masson’s trichrome (Bamed, s.r.o., Czech 
Republic) for evidence of fibrosis. The prepared slides were 
examined under a light microscope BX53 (Olympus, Japan). 
Using the ZEN program (Zeiss, Germany), the percentage 
ratio between fibrotic and preserved part of the lungs was 
quantified in each slide. The possibility of using the samples 
for research purposes was approved by the ethics committee 
of the NITLDTS (1/2022 Ek NITLDTS). 

Results

Histological findings

The specimens are dominated by remodeling of the lung 
parenchyma with fibroblastic foci, exhibiting variable degrees 

Table 1. Basic patient data

n Age

average min max
Women 25 65 49 75
Men 25 62 32 77

n, number of patients. 
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of fibrosis with areas of initial, advanced, confluent, and dif-
fuse fibrosis and accompanying lymphocytic inflammation, 
individual or focally multiplied macrophages, and a  focal 
purulent exudate. In the lung tissue, there are ruptured 
alveolar septa, bronchioloectasia of alveoli, bronchiectasis 
with peripheral smooth muscle hypertrophy, smooth muscle 
hypertrophy of blood vessels, and focal intimal proliferation 
of small vessels. Pneumocytes with hobnail changes, includ-
ing the presence of atypical pneumocytes with hyperplasia 
and focal squamous metaplasia of pneumocytes. Mucostasis 
in the alveoli, focal haemorrhage and hyalinization of the 
alveolar spaces are present in some places as well focal oe-
dematous and fibrotic pleura.

Morphometry

Three groups of pulmonary fibrosis were defined and as-
signed a classification score in the form of descriptive and 
diffuse appearance. Changes in the affected and preserved 
parts of the lungs were added to these groups (Table 2). 
The results are presented in Table 3. The results show that 
in each methodologically quantified stage, 14 subjects (6♀, 
8♂) were classified with initial, 21 subjects (11♀; 10♂) with 
advanced and 15 subjects (8♀; 7♂) with diffuse fibrosis, 
respectively. In the quantified mean percentage appear-
ance, the extent of fibrosis was 35% of the total lung area 
(36.8♀; 33.2♂).

Discussion 

Pneumopathology is developing very dynamically in the 
context of increasing incidence of lung diseases world-
wide. This also applies to progressive idiopathic interstitial 

pneumonias (IIP). IPF is classified as IIP (Maxwell 2022). 
It is a specific form of adult chronic fibrotic interstitial lung 
disease of unclear aetiology with pneumocyte damage and 
fibroblast dysregulation. Disease progression is defined by 
a combination of clinical, functional, and radiological pa-
rameters, as well as the histological pattern. IPF is directly 
related to UIP, and it is recognized that not every UIP finding 
corresponds to IPF. The term UIP was first used in 1969 as 
part of a classification scheme for interstitial pneumonias 
(Liebow and Carrington 1969). The definition at that time 
was based on a pattern of interstitial proliferation excluding 
other subtypes of interstitial pneumonias with the presence 
of hyalinised membranes, exudate, and diffuse alveolar 
damage. Later, the presence of fibroblastic foci was added 
to the typical pattern (Myers and Katzenstein 1998), and the 
finding of UIP became part of chronic fibrotic interstitial 
lung diseases with a causal relationship to IPF (Katzenstein 
and Myers 1998). The 2011 guidelines brought changes in 
diagnosis that also affected pulmonary pathologists. Based 
on high-resolution CT (HRCT), bronchoalveolar lavage 
(BAL), surgical lung biopsy, transbronchial lung biopsy or 
cryobiopsy may or may not be recommended (Raghu et al. 
2018). In cases of HRCT of indeterminate pattern, histo-

Table 2. Changes and relationships between individual findings

Changes in the affected and preserved parts of the lungs

Descriptive 
appearance

Percentage
appearance Histological appearance Inflammation Histological finding

Initial ≤20% Fibrosis of the alveolar septa Lymphocytic inflammation
Individual macrophages

Emphysema
Bronchioloectasia of the alveoli

Bronchioectasia

Advanced 21–40%
Fibroblastic proliferation
Confluent fibrotic areas

More or less expressed fibroblast foci

Lymphocytic inflammation
Focal macrophage  

multiplication

Hypertrophy of the bronchial wall
Hypertrophy of the vessel wall

Diffuse ≥41% Fusing and diffuse fibrosis

Lymphocytic inflammation
Individual lymphocytic follicles
Focal multiplied macrophages

Polymorphonuclears
Purulent inflammatory exudate

Mucostasis of the alveoli
Focal haemorrhage

Hyalinization of the lungs
Hyperplasia of pneumocytes

Atypical pneumocytes
Squamous metaplasia of pneumocytes

Table 3. Results of morphometry

Fibrosis of the lungs

Appearance (n) Appearance 
(%)Initial Advanced Diffuse

Women 6 11 8 36.8
Men 8 10 7 33.2
Total 14 21 15 35

n, number of patients. 
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logical examination may provide evidence of other types of 
lung disease. Thus, it is always advisable that several biopsy 
specimens or a larger surgical resection extending beyond 
the zone of florid fibrosis should be submitted for histo-
logical examination. However, this is not always possible in 
individuals with reduced vital capacity of the lungs and in 
patients where the utility of sampling from multiple areas is 
questionable. In the material we have examined, it appears 
that some types of UIP may also be more aggressive, which 
could be related to genetic predisposition. Regarding this, we 
have already published papers that point to the importance 
of recognizing previously undescribed types of mutations 
that could function as triggers for diseases (Makovicky 2015; 
Rimarova et al. 2022). Several papers have already confirmed 
the existence of relationships between genetic predisposition 
and the development of fibrosis (Tirelli et al. 2022). Perhaps 
part of IPF research might go in a similar direction. In fact, 
it seems that the aetiology of the disease could correspond 
to the histological patterns of fibrosis. Our observations 
suggest that UIP is characterized by architectural changes in 
the lungs parenchyma, fibrosis, and concomitant histological 
changes. We classified the concomitant histological changes 
based on their presence in the affected and preserved parts of 
the lungs. Fibrosis remains the predominant finding, which 
is regularly reported in other literature references (Visscher 
and Myers 2006). Based on the pathophysiology of IPF, the 
agent is thought to initiate type I pneumocyte damage or 
even endothelial damage with a  subsequent response in 
the form of fibroblast activation (White at al. 2003). Thus, 
it is questionable whether the presence of inflammation is 
one of the primary causes of UIP progression or whether 
it is merely a secondary response of the immune system to 
lung injury. Some papers have failed to demonstrate a causal 
relationship between the presence of inflammation and UIP 
because fibrosis developed in experimental material even in 
the absence of inflammation (Selman et al. 2001). On the 
other hand, if we assume that the presence of macrophages 
may play a negative role in relation to fibroblast proliferation, 
then inflammation may represent a potentially important 
change in the development of UIP. We have classified fibrosis 
into three separate groups corresponding to its extent. It 
can be concluded that the entire process is highly dynamic 
with variable progression and distribution, which we have 
to describe (Figure 1A–I). In addition, we have tabulated the 
attributes of inflammation. These causalities can be useful 
in recognizing the stage of the disease and as prognostic 
indicators of IPF. It is assumed that the finding of UIP starts 
in several places into the centre of the lungs with extension 
to the periphery of the lungs. Unshaped fibrosis and/or 
thickened fibrotic portions in the subpleural and paraseptal 
regions have been observed (Klingerman et al. 2009; Wuyts 
et al. 2014). This corresponds with our observations of fo-
cal oedematous pleurae with subpleural foci of prominent 

interstitial fibrosis, occasional foci of hyalinization with 
the presence of lymphocytic inflammation as well as areas 
of dense fibrosis with mature collagen fibres. In the micro-
scopic image, less or more prominent fibrotic parts alternate 
with partially preserved sections of the lungs, and fibroblast 
proliferation are initiated from multiple locations simultane-
ously (Figure 2A–I). In some cases, the fibrosis is in contact 
with the periphery of the blood vessels and extends into the 
adjacent alveolar septa. These frequently rupture and there 
is a proliferation of fibrous tissue in their vicinity with an 
accompanying inflammatory reaction. However, this is not 
a homogeneous pattern as in other parts the alveolar septa 
are thickened by fibrosis or there is alveolar compression 
even with the presence of macrophages in the lumen. In 
doing so, fibroblast foci are formed. In advanced stage mass 
of fibrotic tissue with some compressed, or ruptured alveoli 
are visible. Such findings were present in diffuse fibrosis 
samples. However, these may no longer be diagnostically 
relevant because the microscopic image is dominated by 
massive fibrosis. Areas of adequately aerated, partially aer-
ated, and non-aerated lungs alternate in the specimens with 
the presence of chronic alveolar emphysema with peripheral 
thickened alveolar septa and varying percentages of honey-
comb changes. A part of the bronchi is dilated with hypertro-
phy of the adjacent smooth muscle. There is compensatory 
hyperplasia of pneumocytes in the alveolar septa and the 
presence of atypical pneumocytes with squamous meta-
plasia of pneumocytes. These changes are pathognomonic 
at first, documenting the persistent activity of the process. 
Concomitant changes include variably developed lympho-
cytic inflammation, macrophages, purulent inflammatory 
exudate, and focal haemorrhage. Similar changes have been 
described in several UIP specimens and are comparable to 
our findings (Figure 3A–I). As part of the comparison of 
diagnostic and morphometric findings, it would be useful 
to compare our quantified fibrosis stages with the clinical 
findings, including findings of the percentage area of fibrosis 
of the lungs with the quantified areas from other imaging 
techniques based on magnetic resonance imaging. Any dif-
ferences could be useful in deciding the location of sampling 
for histopathological examination.

Conclusion

In the cohort of diagnosed IPF patients, whose video-
thoracoscopically collected lung samples were sent for 
histopathological examination, well-developed UIP criteria 
with the presence of main and concomitant changes are 
evident. Fibrosis predominates in the findings. Correlations 
between the percentage extent of fibrosis, inflammation 
and other concomitant changes are also suggested. The 
identification of individual changes and the relationships 
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between them are partly dependent on the sampling loca-
tion, the number of samples taken as well as the stage of 
differentiation of fibrosis and the stage of progression of 
the disease itself.
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