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Abstract

Background: Clinical and pathological studies suggested the presence of a relation between active viral hepatitis
and interstitial lung diseases (ILD) ranging from mild to moderate relation. Most studies attribute this relation to
viral geno-physiological characteristics. The purpose of the study is first to assess the role of high-resolution
computed tomography (HRCT) in evaluating the relation between viral hepatitis and ILDs, then to characterize the
predominant pattern of ILD that affects patient management and prognosis.

Results: This prospective study was conducted on 300 patients with viral hepatitis. They were divided into three
groups of patients according to blood viremia assessed by polymerase chain reaction (PCR) as well as the diffusing
capacity of carbon monoxide (DLco) in examined pulmonary function tests (PFT). Group [A] included 100 patients
with low or moderate viremia and showing normal or low to moderate Do decline (> 50%). Group [B] included
100 patients with high viremia and showing normal or low to moderate Dicg decline (> 50%). Group [C] included
100 patients with high viremia and showing a restrictive DLco decline pattern (< 50%). The study included 182
males and 118 females with a ratio of 3:2, while the age ranged between 40 and 70 years (mean age of 55 years).
No ILD was found among the group [A] patient. Meanwhile, 27% of patients in the group [B] showed a non-fibrotic
pattern of ILD and 50% of patients in the group [C] showed a fibrotic pattern of ILD. Among patients in group [B]
and group [C] together, 77 patients showed ILD accounting for 38.5%.

Conclusion: In concordance with the results of the previous clinicopathological and geno-physiological studies, our
HRCT results further established a mild to moderate relation between active hepatitis and ILD regardless of the
pulmonary functions. The fibrotic pattern of ILD with poor response to therapy and poor prognosis was found in
those patients with concomitant restrictive PFT and rapidly progressive symptoms.

Background

Hepatitis is inflammation of the liver which may be
caused by several infectious and non-infectious causes.
Late diagnosis usually took place and the process will be
progressing to fibrosis, cirrhosis, and hepatocellular can-
cer [1]. Egypt is one of the most prevalent countries in
the world in the hepatitis C virus (HCV) infection with a
great burden on health care services. Hence, treatment
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and elimination of which have become a national prior-
ity [2]. Hepatitis C virus (HCV) is serious public health
problem with limited lines of treatments including pegy-
lated interferon (IFN) and ribavirin [3]. HCV is consid-
ered as hepato-tropic and lymphotropic virus resulting
in hepatic and extra-hepatic diseases [4]. HCV can affect
the lung either indirectly (more common) or directly
(less common). The indirect effects included pulmonary
hypertension, corpulmonal, and hepato-pulmonary syn-
drome while the direct effects included exacerbation of
pre-existing chronic obstructive pulmonary disease
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(COPD) and interstitial lung diseases (ILD) including
interstitial pneumonias (IIPs) and lung fibrosis [5].

Pathological wise; HCV can cause chronic activation
in the immune system because it is lymphotropic with
consequent direct tissue damage attributed to HCV-
RNA or deposition of the immunoglobulin immune
complex [6]. This pathogenic correlation has been evi-
denced by several observations. Several shreds of evi-
dences for this pathological relation are reported
including that many patients with idiopathic pulmonary
fibrosis (IPF) had elevated HCV markers. Broncho-
alveolar lavage (BAL) revealed high neutrophils and lym-
phocytes. Lung biopsy revealed HCV genome. HCV
hepatitis treated with interferon showed IPF in serial
follow-ups [7], also cryptogenic organizing pneumonia
(COP) and sarcoidosis were reported [6].

Several types of interstitial lung diseases were de-
scribed in patients with active hepatitis. These include
predominantly fibrotic diseases, mainly IPF. There are
other non-fibrotic diseases such as non-specific intersti-
tial pneumonia (NSIP). COP, one of interstitial pneumo-
nias, as well as sarcoidosis, was reported with interferon
therapy [6, 7]. HRCT currently plays a major role in the
characterization of IIP with its major advantage as a
non-invasive examination, also to differentiate them
from non-interstitial diseases with lung fibrosis [8]. New
guidelines stated that multi-detector computed tomog-
raphy (MDCT) can diagnose usual interstitial pneumo-
nia (UIP) without the need for tissue confirmation [9].
Still, for the non-UIP patterns, there is a dilemma;
hence, communication and collaboration between pul-
monologists, radiologists, and pathologists is mandatory
to yield a more specific diagnosis [10, 11].

The majority of basic researches, that discovered a re-
lation between viral hepatitis and ILD, were mainly
pathophysiological and only a few radiological researches
were done. This study aims to prove this relation radio-
logically and correlate this relation to disease activity
(blood viremia) then describe which patterns are more
common to be seen. This will definitely affect patient
management and prognosis.

Methods

The study was carried out from January 2017 till January
2020. It was conducted prospectively on 300 patients
with a known history of viral hepatitis. The principals of
ethics were respected and the rights of participants were
protected. Committee of Ethics in our Faculty of Medi-
cine approved this research.

Medical record review

All patients were subjected to thorough history taking
and clinical examination. PCR and PFTs were done to
all patients. They were divided into three groups of
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patients according to blood viremia assessed by polymer-
ase chain reaction (PCR) as well as diffusing capacity of
carbon monoxide (DLco) in examined pulmonary func-
tion tests (PFT). Group [A] included 100 patients with
low or moderate viremia and showing normal or low to
moderate DLcg decline (DLco > 50%). Group [B] included
100 patients with high viremia and showing normal or
low to moderate DLco decline (DLco > 50%). Group [C]
included 100 patients with high viremia and showing a re-
strictive DLco decline pattern (DLco < 50%).

Exclusion criteria were the following: (1) previous lung
co-morbidity, pre-existing asthma, or COPD; (2) previ-
ous data about indirect HCV effects including pulmon-
ary hypertension and corpulmonale; (3) Kypho-scoliotic
dorsal spine configuration which may result in false PFT
results. The reason for exclusion was to exclude any dis-
ease which will cause secondary pulmonary fibrosis
other than hepatitis and interfere with PFTs such as (1)
combined pulmonary fibrosis and emphysema (CPEF) or
(2) secondary interstitial pulmonary fibrosis sequel to
corpulmonale with chronic interstitial pulmonary edema
or (3) changes in the lung volume with chronic fibro-
atelectasis secondary to kyphoscoliosis.

Further investigations and laboratory data were used
to help diagnosis and characterization of ILD predomin-
ant pattern include (1) broncho-alveolar lavage (BAL)
with cytology, (2) Bronchoscopy with biopsy from medi-
astinal lymphadenopathy as well as (3) video-assisted
thoracoscopy (VATS) with direct lung biopsy.

HRCT technique and acquisition

Chest HRCT was done to all patients using multi-
detector CT; SOMATOM Emotion 16 and Siemens
SOMATOM Sensation 64 (Germany), Toshiba Aquilion
64 and 128 MSCT (USA), and GE LightSpeed Plus 4
slice CT scanner (USA). Volumetric acquisition of
HRCT data acquired during inspiration in the supine
position with a high-spatial-frequency reconstruction al-
gorithm obtained from the root of the neck down to the
level of the adrenal glands.

Scanning parameters were the following: volumetric
high-spatial-frequency kernel algorithm, 1.25 mm slice
thickness, 1 mm detector collimation, kVp (80-120),
and mA (120-240 mA) per slice. Thin slices were sent
to workstations, and MPR was available in axial, sagittal,
and coronal planes. Min-IP used for mosaic attenuation
changes while MIP used for nodular changes.

HRCT reading

The following HRCT characteristics were assessed inde-
pendently in each disease by three consultant radiolo-
gists (having 16, 17, and 18 years of experience in chest
imaging, particularly ILD) and they were informed with
the clinical data.
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e Lobar distribution: including upper versus lower
predominance.

e Axial distribution: including axial peri-bronchial ver-
sus peripheral sub-pleural predominance.

e Mosaic pattern: including ground glass opacities
(GGO), mosaic perfusion or air trapping, ground
glass/mosaic perfusion ratio, and “head cheese
pattern.”

e Reticular pattern: including architectural distortion,
reticulation, interlobular septal thickening, traction
bronchiectasis; and bronchiolectasis, honeycombing,
GG, and super-imposed smooth interlobular septal
thickening “crazy-paving pattern.”

e Nodular pattern: including peri-lymphatic nodules
and centrilobular nodules.

o The semi-quantitative visual method was used to
compare which pattern of ILD is predominant:
whether reticular fibrotic or attenuation/nodular
non-fibrotic. This method [12] divides the lungs into
three levels: upper (above carina), lower (below right
phrenic highest point), and middle level (in be-
tween). A horizontal line is drawn dividing each lung
around 50%. Then, a vertical line is drawn perpen-
dicular leaving around 25% of each lung. Then, every
part is divided into five sections (each around 5%).
Each section will be examined to see which pattern
is predominant? Whether the fibrotic reticular pat-
tern or non-fibrotic attenuation/nodular pattern
(Fig. 1).

Software reconstruction methods were crucial
MPR used for disease distribution analysis. MIP was
helpful for the detection of lung nodules and magnifying
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fibrotic changes. Min-IP was very helpful for the evalu-
ation of mosaic attenuation patterns (GGO and mosaic
perfusion), also evaluation of bronchiolectasis and
honeycombing.

Statistical analysis

The prevalence rate of HRCT findings was estimated as
the percentage of patients showing each radiological ab-
normality. Data were compared using a chi-square test
and p value < 0.05 was considered statistically significant.
Online chi-square and p value calculators were used
(https://www.socscistatistics.com/tests/).  Inter-Observer
Agreement (IOA) co-efficient was calculated using
Cohen’s Kappa test.

Results
This study included 300 patients with viral hepatitis
complaining mainly from different grades of dyspnea.
They were 182 males and 118 females with ratio 3:2,
while age ranged between 40 and 70 years (mean age 55
years). All patients were subjected to history taking and
clinical examination.

Table 1, Figs. 2 and 3 will summarize the following
results:

Regarding group [A]
CT results were unremarkable in 62 patients. No ILD
was found.

Regarding group [B]
CT results were unremarkable in 28 patients. Non-
fibrotic ILD was found in 27 patients.

Fig. 1 Semi-quantitative visual method for assessment of predominant ILD pattern: levels of HRCT and slices quantification

N
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Table 1 Summary of results in group (B) and (C) including ILD characterization, % of patients involved, radiological signs, and
further investigatory tools

ILD Predominant pattern  Final diagnosis Group [B]: high viremia Group [C]: high viremia,
in visual score restrictive PFT
No % Radiological ~ Confirming  No % Radiological signs  Confirming
signs investigation investigation
Fibrotic  Reticular pattern Interstitial ulp Absent 17 PF and “honey No need
ILD pneumonia combing”
IP
() Fibrosing 19 PF and traction BAL (tneutrophils,
NSIP bronchiectasis/ eosinophils and
bronchiolectasis lymphocytes)
Non-IP Chronic HP 10 PF or septal BAL (tmast cells and
(mimic) thickening with lymphocytes with
"head cheese” macrophages)
Sarcoidosis 4 Peri-bronchial Bronchoscopy,
(stage I1IV) fibro-nodular thoracoscopy, and
changes biopsy
Non- Attenuation and Interstitial Cellular 10 Sub-pleural GG No need Absent
fibrotic  nodular pattern pneumonia  NSIP
ILD IP
() Ccop 3 Peri-bronchial “Atol sign” BAL (1
lymphocytes
20-40% and
| CD4/CD8
ratio is 0.3-0.5)
CEP 2 Sub-pleural “Atol sign” BAL

(teosinophils
40-80% and 1
CD4/CD8 ratio)

LIP 1 GG and cysts BAL
(tlymphocytes)
Non-IP Sub-acute 8 Diffuse centrilobular GG Clinical
(mimic) HP nodules and “head cheese” diagnosis
Alveolar 1 “Crazy paving” BAL (1 protein
proteinosis SP-A and SP-D
and Ig-G)
Sarcoidosis 2 Bilateral hilar and nodal Bronchoscopy
(stage 1) enlargement and biopsy
Total 27% (mild relation) 50% (moderate relation)
s 3

HRCT results in each group }

70

60

50

2
£
D
S
© 30
a
20
10
Unremarka Pleural Pulmonary Pulmonary Neoplastic Non- Fibrotic ILD
ble effusion edema embolism. fibrotic ILD
only
® Group [A] 62 32 0 4 2 0 0
B Group [B] 28 18 8 4 15 27 0
u Group [C] 0 12 12 8 18 0 50

Fig. 2 Chart summarizing results of HRCT in each group of examined patients
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Further characterization of the non-fibrotic pattern of
ILD was performed based on radiological and further in-
vestigatory data; all patients showed higher attenuation
and nodular pattern scores. Interstitial pneumonia (IP)
was found in 16 patients and sub-classified as mentioned
in (Table 1). Non-interstitial pneumonia (non-IP) was
found in 11 patients and sub-classified as mentioned also
in (Table 1).

Regarding the diagnostic criteria and methods used to
confirm the diagnosis

Those patients with NSIP showed sub-pleural ground-
glass attenuation pattern (Fig. 4). Those patients with
COP showed peri-bronchial patches of central ground-

glass opacities and peripheral organized consolidated
material (Atol sign) (Fig. 5). All findings were found
shortly after therapy, suggesting the relation to treat-
ment (mainly IFN). A very good response to corticoster-
oid was noticed in the next follow-ups. Those patients
with CEP showed peripheral sub-pleural ground glass
patches with a peripheral sclerotic rim. Those patients
with LIP showed scattered air-filled cysts on a back-
ground of faint ground-glass opacity. Five patients out of
10 with sub-acute HP showed widely dispersed centri-
lobular ground-glass nodules. Meanwhile, other seven
patients showed alternating areas of air trapping and
ground-glass attenuation (head cheese pattern) (Fig. 6);
of them, two patients showed mixed nodule and head

-

N
[Al Bl =
Fig. 4 A 51-year-old patient with active hepatitis, normal PFT, and mild dyspnea. a, b Axial HRCT showing bilateral sub-pleural GGO without
appreciable reticular changes. Cellular NSIP
- J
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changes. COP
A

Fig. 5 A 42-year-old patient with active hepatitis, normal PFT complaining from progressive dyspnea following therapy. a, b Axial HRCT chest
(lung window) showing bilateral patchy areas of air trapping admixed with GGO "head cheese pattern” without appreciable reticular

cheese results. One patient with alveolar proteinosis
showed diffuse ground-glass attenuation pattern with
smooth septal thickening (crazy-paving pattern) (Fig. 7).
Those patients with stage I sacroid disease showed bilat-
eral hilar and mediastinal enlarged lymph nodes. The
history of IFN therapy is positive. All methods for diag-
nosis confirmation were summarized in (Table 1).

Regarding group [C]

Fibrotic ILD pattern was found in 50 patients. Non-
fibrotic ILD pattern was not seen. Further
characterization of the fibrotic pattern of ILD was per-
formed based on radiological and further investigatory
data; all patients showed higher reticular fibrotic pattern
score. Usual interstitial pneumonia (UIP) was depicted
in 17 patients, fibrosing NSIP was depicted in 19 pa-
tients, chronic HP was depicted in ten patients while
sarcoidosis (stage II: IV) was depicted in four patients.

Regarding the diagnostic criteria and methods used to
confirm the diagnosis

Those patients with UIP showed interstitial thickening
and classic (honeycombing bronchiectasis) (Fig. 8).
Those patients with fibrosing NSIP showed interstitial

thickening and traction bronchiectasis/bronchiolectasis
without honeycombing (Fig. 9). Those patients with
chronic HP showed head cheese pattern with superadded
interstitial fibrosis. Those patients with sarcoidosis
showed isolated upper and mid zonal peri-bronchial
fibro-nodular changes or mixed with hilar and medias-
tinal nodal enlargement (Fig. 10). All methods for diag-
nosis confirmation were summarized in (Table 1).

Regarding statistical relation

Image analysis was done for each group separately by
three observers and inter-observer differences in this
study were negligible as Inter-Observer Agreement
(IOA) Co-efficient (Cohen's K) was calculated (100%,
94%, 96% in groups A, B, and C, respectively).

Regarding the hypothetical connection between “ILD and
active viral hepatitis depicted by high HCV viremia”
Chi-squared critical value (CV) was calculated with
Yates correction (= 10.2207) then p value with calculated
(0.001389). This significant p value < 0.05 confirms this
connection.

[A]

(B]
Fig. 6 A 52-year-old patient with active hepatitis, normal PFT complaining from progressive dyspnea. a, b Axial HRCT chest (lung window)
showing bilateral patchy areas of air trapping mixed with GGO “head cheese pattern” without appreciable reticular changes. Sub-acute HP
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Fig. 7 A 48-year-old patient with active hepatitis, normal PFT complaining from progressive dyspnea. a, b Axial HRCT chest (lung window)
showing bilateral wide spread areas of GGO admixed with inter-lobular septal thickening “crazy-paving pattern.” Alveolar proteinosis

Regarding the hypothetical connection between “non-
fibrotic ILD and active viral hepatitis depicted by high
HCV viremia”

Chi-square critical value (CV) was calculated (= 31.213)
then p value with calculated (< 0.0001). This significant
p value < 0.05 confirms this connection.

Regarding the hypothetical connection between “fibrotic
ILD and active viral hepatitis depicted by high HCV
viremia and associated with restrictive PFT”

Chi-square critical value (CV) was calculated (= 66.667)
then p value with calculated (< 0.0001). This significant
p value < 0.05 confirms this connection.

Regarding the prevalence rate of the diseases

Among group [B] patients, prevalence rate of “non-fi-
brotic ILD” was 27%. Among group [C] patients, the
prevalence rate of “fibrotic ILD” was 50%. Among pa-
tients in group [B] and group [C] together, the preva-
lence rate of ILD was 38.5%.

Discussion

The reports which suggested the relation between viral
hepatitis and pulmonary diseases have recently increased
in number. Furthermore, recent studies of an immune
response to CD8+ T lymphocytes and inflammatory

cytokines are currently encouraging the presence of a
connection between chronic HCV infection and patho-
genesis of ILDs [6, 7].

ILDs were not detected in group [A] patients

Sixty-two percent of patients showed unremarkable CT
results while 32% showed pleural effusion. El-Badrawy
et al. [13] performed this study on different groups of
patients including those with low or moderate viremia
and also did not depict ILD among them.

ILDs were depicted in 27% of group [B] patients

All of them showed non-fibrotic pattern with predomin-
ant attenuation and nodular rather than reticular
changes. Cellular type of NSIP and sub-acute type
hypersensitivity pneumonitis were the most common
types, accounting for 37% and 29.6%, respectively; the
former presented by sub-pleural GGOs while the latter
showed mixed GGO and air trapping (head cheese) with
or without centrilobular ground-glass nodules. COP was
found in 11% of patients, and all of them presented
shortly after immunotherapy; Atol sign was characteris-
tic. CEP and nodal sarcoidosis were both found in 7.4%
of patients; the latter showed a positive recent history of
immunotherapy. LIP and alveolar protreinosis were

Fig. 8 A 55-year-old patient with active hepatitis complaining from progressive dyspnea with restrictive PFT. a X-ray chest PA view. b Axial CT
chest (lung window). Both showing extensive fibrotic changes, and honey combing bronchiectasis is more pronounced in lower lung zones.
Slices visual semi-quantitative assessment of fibrosis done in CT. UIP pattern
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traction bronchiolectasis (green colored arrow). Fibrosing NSIP pattern

Fig. 9 A 47-year-old patient with active hepatitis complaining from progressive dyspnea with mild degree of restrictive PFT. a, b Axial and
sagittal HRCT chest (lung window) showing sub-pleural GGO (orange colored arrow) with mild reticular thickening (blue colored arrow) and

J

depicted only in 3.7% of patients each; the latter showed
characteristic (crazy-paving pattern).

Segna et al. [14]. simply stated that HCV patients
showed a high incidence for the development of ILD
and El-Badrawy et al. [13] also declared the presence of
ILD and variable idiopathic interstitial pneumonias (IIPs)
among those patients with high viremia.

Similar to our findings, Hodnett et al. [15] stated that
sub-pleural ground-glass attenuation was classic for cel-
lular type of NSIP, while “Atol sign” was described for
COP and “crazy-paving pattern” was described for alveo-
lar proteinosis. Also, Lynch et al. [16] similarly clarified
that “head cheese” pattern in HP was attributed to oblit-
erative bronchiolitis.

Fibrotic ILD was found in 50% of group [C] patients
which had high viremia in PCR and restrictive PFT.
They presented with predominant reticular changes and
fibrosis sequel including traction bronchiectasis/bronch-
iolectasis and honeycombing with architectural distor-
tion. Fibrosing type of NSIP and UIP/IPF were the main
detected types accounting for 38% and 34%, respectively;
the latter showed characteristic honeycombing. Chronic

HP was also found in 20% of involved patients with
background of head cheese pattern and fibrosis. Post-
management parenchymal fibrosing type of sarcoidosis
was found only in 8% of them.

Our results agreed with findings of Hodnett et al. [15]
as traction bronchiectasis and bronchiolectasis with sub-
pleural ground-glass attenuation were characteristic in
fibrosing NSIP, while characteristic honeycombing pre-
dominated UIP patients. Also, they agreed with findings
of Abehsera et al. [17] as fibrosing sarcoidosis typically
affects upper and middle lung zones with parenchymal
distortion and peri-lymphatic nodules.

Our results match that of Saleh et al. [18], Hassan
et al. [19], and Rabea et al. [20]; they all correlate the in-
cidence of IPF in HCV patients to their hypoxemia level
in ABG and more restrictive pattern of pulmonary func-
tions. El Badrawy et al. [13] also correlate it to the de-
gree of viral activity using PCR viremia level.

Among patients in group [B] and group [C] together,
38.5% of patients showed ILD. Based on the calculated
chi-square critical value (CV), p values, and prevalence
rates, a mild hypothetical connection between non-

Fig. 10 A 44-year-old patient with active hepatitis and restrictive PFT complaining from progressive dyspnea after 3 months from IFN therapy
complaining from progressive dyspnea and restrictive PFT. a, b Axial HRCT chest mediastinal and lung window showing sub-carinal node with
calcific foci (blue arrow) together with confluent peri-bronchial fibro-consolidative patches with parenchymal distortion and peri-lymphatic
nodules (red-colored squares). Fibrosing sarcoid disease
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fibrotic ILD and high HCV viremia was statistically con-
firmed. A moderate hypothetical connection between fi-
brotic ILD and high HCV viremia associated with
restrictive pulmonary functions was statistically con-
firmed. A mild to moderate hypothetical connection be-
tween ILD and active viral hepatitis depicted by high
HCV viremia was statistically confirmed regardless of
the result of the pulmonary function tests.

The most important merit of this research and used
techniques were the following: (1) proved relation not
only between HCV and ILD but also between blood
viremia and predominant pattern of ILD using PCR,
PFT, and HRCT; (2) characterization of predominant
ILD pattern using HRCT which could replace lung bi-
opsy and save patients from its hazards; (3) semi-
quantitative method for assessment of degree lung fibro-
sis help in disease characterization and patient outcome
determination.

The study was mildly limited by the overlap of the pul-
monary function parameters rendering some results
equivocal hence DLCO was mainly used.

Conclusion

In concordance with the results of the previous clinico-
pathological and genophysiological studies, our HRCT
results furtherly established a mild to moderate connec-
tion between active hepatitis and ILD regardless of the
pulmonary functions. The fibrotic pattern of ILD with
poor response to therapy and poor prognosis was found
in those patients with concomitant restrictive PFT and
rapidly progressive symptoms.
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