OPUTTHAJIBHI IOCIIIPKEHHA / ORIGINAL RESEARCHES

YIK 616.24-002.5+616.98:578.828]-073.756.8-089 DOI: http://doi.org/10.30978/TB2023-2-36

I.A. Kalabukha, E.M. Maietnyi*, A.G. Vlysotsky?

1ST «National Institute of Phthisiology and Pulmonology
named after F.G. Yanovsky NAMS of Ukraine, Kyiv, Ukraine

v 2Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine

Clinical use of densitometric analysis

of lung pathology and digital data processing
programs for determining surgical tactics in
phthisiosurgical patients with HIV status

Objective — to determine the possibilities of using densitometric indicators of computed tomography (CT)
and digital software processing of CT data in lung pathology for the formulation of personalized treatment tac-
tics for phthisiosurgical patients with concomitant HIV pathology, and to justify the indications for surgical
treatment.

Materials and methods. A retrospective analysis was conducted on the results of the examination and treat-
ment of 11 patients with specific tuberculous lesions of the lungs. Specific therapy was initiated 2—3 months
after the initial visit to the medical institution, and immunochromatographic tests for HIV and hepatitis, which
were performed in advance, yielded doubtful (questionable) or negative results.

Patients underwent a general clinical examination, echocardiogram, fibrobronchoscopy with examination of
bronchoalveolar lavage for Mycobacterium tuberculosis, and molecular genetic tests of sputum or bronchoal-
veolar lavage. Express tests for HIV, hepatitis B, and hepatitis C, as well as routine blood and urine tests, were
carried out. The Aquilion TSX-101A Toshiba (Japan) tomography was used as the main research tool.
Densitometric analysis of lung parenchyma was performed using DICOM-VIEWER PHILIPS in the areas of
interest. Digital analysis of images obtained from CT slices was conducted using the Dragonfly program.

Results and discussions. The clinical manifestation of patients’ «radiological findings» was asymptomatic in
81.8 % of cases and mostly perceived as a «post COVID-19 syndrome». The analysis of the laboratory data did
not indicate specific signs of the disease in 72.7 % of cases. The study of the verified focal lesions without signs
of destruction of the lung parenchyma during densitometric analysis of CT revealed densities that characterize
exudative processes in the lung parenchyma (0—15 HU), which is a characteristic sign of a specific inflamma-
tory process in the context of HIV infection. Histologically, high activity of a specific inflammatory process was
detected in operated patients. During digital software processing, we observed a shift in densitometric indicators
that are characteristic of the exudative phase of inflammation. Situations of HIV-associated infection and
alteration-exudative reactions were noted, which were 100 % determined by densitometric analysis and digital
software processing of the chest CT scan. Six patients underwent surgery on (2 lobectomies, 1 combined resec-
tion and 3 sublobar resections). Among the non-operated patients, 3 experienced a recurrence of a specific
inflammatory process, and 1 patient still exhibits significant morphological changes in the parenchyma.

Conclusions. Densitometric analysis and digital software processing of CT scan allows you to objectify the
patient's condition and reasonably prescribe personalized therapy. Identified patients with X-ray lesions of the
lungs require a mandatory consultation with a thoracic surgeon and consideration of the issue of surgical treat-
ment within 2—3 months after the start of specific therapy.
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ccording to the WHO, annually more than

10 million people get tuberculosis [4]. The
COVID-19 pandemic mostly led to a significant
reduction in TB testing, but contributed to an
increase in X-ray examinations. Difficulties in the
functioning of the health care system caused by the
COVID-19 pandemic led to a significant decrease
in the number of people diagnosed with tuberculosis.
As a result, there is an increase in a tuberculosis
mortality [2]. Quite often, patients with established
HIV and undetermined HIV status sought medical
help. The tactics of treatment for this category of
patients cause polemical debates up to this day.
Morphological features of the course of the specific
inflammatory process in HIV-infected patients are
known, and they significantly affect the clinical
manifestations of the disease [1, 2, 13].

Modern trends in the detection of tuberculosis
lesions by questionnaires, as well as the use of diag-
nostic test, are definitely effective in a significant
number of cases, but do not fully allow to solve
clinical tasks. In a significant number of observa-
tions, the optimal and most effective measure is a
combination of specific therapy with surgical treat-
ment methods [10, 14, 18, 20].

Despite global trends towards the universaliza-
tion of the diagnostic and treatment process for both
tuberculosis and HIV, and the combination of these
diseases, significant challenges remain for health
care institutions [10].

In the context of resource constraints caused by
the COVID-19 pandemic, which has been observed
since 2019, and the social and demographic chang-
es that have arisen in 2022, universal funds are not
always available in full. On the other hand, the other
hand, the relevance of the problems of differential
diagnosis of generally accepted diagnostic proce-
dures remains. Thus, radiological examination has
a significant impact on the medical and diagnostic
process, both as a screening, associated with the
standard radiological methods and with the high-
tech differential diagnostic tools, if we are talking
about advanced and promising developments at the
intersection of obtaining high-resolution radiologi-
cal images and processing the obtained results with
the use of modern information technologies. Mobile
applications, decision support programs and other
digital technologies that have entered our lives are
becoming more and more widespread [6].

CT scan allows non-invasively and objectively
assessing pathological changes in the lung paren-
chyma, using densitometry, both at the tertiary stage
of providing care by specialists of a narrow profile and
primary care doctors, when forming a patient treat-
ment program [11]. Digital image analysis has confi-
dently entered into a clinical practice over the last

decade and is used in specialized treatment centers
[9]. CT scan — is an image processing, with the
involvement of various tools and ways, has been
widely used in general medical diagnostics, particu-
larly in oncology, and in the detection of tuberculosis
recently [17, 19]. The use of intelligent CT scan
evaluation systems, based on convolutional neural
networks or artificial intelligence, is actively being
implemented in everyday practice, significantly speed-
ing up the diagnostic and treatment process, allowing
to objectify and substantiate decision-making [12, 19].

Objective — to determine the possibilities of
using densitometric indicators of CT scan and
digital software processing of CT data to form per-
sonalized treatment tactics phthisiosurgical patients
with concomitant HIV pathology and justify of
indications for surgical treatment.

Materials and methods

A retrospective analysis of the results of the
examination and treatment of 11 patients with spe-
cific tuberculous lesions of the lungs were carried
out. Specific therapy and examination was started
2—3 months after the initial visit to the medical
institution. Of the studied patients, 3 men and
8 women were observed. The age of the patients
ranged from 30 to 55 years. The mmunchromoto-
graphic tests for HIV and hepatitis, which were
made in advance, were doubtful (questionable) or
negative. During hospitalization, patients under-
went a general clinical examination, echocardiogra-
phy, fibrobronchoscopy with examination of bron-
chial lavage for mycobacterium tuberculosis, molec-
ular genetic tests of sputum or bronchial lavage.
Express tests for HIV, hepatitis B and hepatitis C,
routine blood and urine tests were carried out. Chest
CT scan studies were performed on the Aquilion
TSX-101A Toshiba (Japan) tomograph with densi-
tometric analysis of the lung parenchyma DICOM-
VIEWER PHILIPS. The Dragonfly program,
provided free of charge by OBYECT RESEARCH
SYSTEMS (ORS), Montreal, Canada, was used to
study CT slices, enabling digital software image
processing of the received data, segmentation, math-
ematical and statistical analysis of images, and
construction of normal and segmented histograms.
The results of identical clinical-diagnostic examina-
tions were analyzed when patients repeatedly
sought medical help.

Retrospective screening of hospitalized patients
is available for analysis according to identical param-
eters, which was carried out using the electronic
medical system MCMEDScientific, which operates
at the Institute. The frequency of such patients
seeking medical help is 10—11 % of the total number
of treated individuals.
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Table 1. Clinical symptoms of patients with HIV status
at initial visit

Symptoms Quantity Percentage
No complaints 10 90.9
Dry cough 1 9.09
Discharge of sputum 0 0
An increase in body temperature 0 00
Dyspnea 2 18.1
Night sweats 2 18.1
Weakness 1 9.09
Hemoptysis 0 0
Appetite disorder 0 0
Fatigue 2 18.1

Table 2. Laboratory symptoms of patients with HIV status
at initial visit

Symptoms Quantity Percentage
Doubtful HIV rapid test 4 36.3
Leukocytosis 3 27.2
Thrombocytopenia 4 36.3
Positive hepatitis B or

hepatitis C express test 2 18.1
Mucobacterium tuberculosis

in bronchoalveolar lavage waters 0 0
GenExpert 0 0

Fig. 1. X-ray of the patient at the initial request for help,
direct projection

Fig. 2. X-ray of the patient at the initial request for help,
lateral projection

Taking into account the confirmed diagnosis
when the patients were referred to the medical
institution again, and the identical diagnostic set of
examinations was carried out in the future, densi-
tometric analysis of CT scan indicators and digital
analysis of chest CT scan images were used for
5 patients.

Results and discussions

The data of the general clinical examination are
presented in Table 1.

We did not observe clinical manifestations of lung
diseases. Quite often, an asymptomatic picture and
X-ray changes were considered at the primary care
level as a «post COVID-19 syndromes». Three
patients had symptoms of intoxication (27.3 %).
Shortness of breath bothered 2 patients, 1 patient
noted a dry cough. 81.8 % had an asymptomatic
disease pattern.

Patients applied to the Institute with practically
no complaints. Mostly, the appeal was aimed at
clarifying the radiological changes detected during
the radiological examination.

The generally accepted analysis of laboratory data
did not indicate specific signs of the disease
(Table 2). Much more informative was the analysis
of the Echocardiogram when patients first visited
the Institute, in which 36.3 % showed changes —
increased pressure in the pulmonary artery.

X-ray changes that led to seeking help had char-
acteristic features (Fig. 1 and 2). Verified focal
lesions without signs of destruction of the lung
parenchyma.

A study of the primary analysis of the hospitalized
patients’ CT in the visual mode confirmed the
absence of destruction of the lung parenchyma.
Densitometric analysis of the typical focus of the
affected lung parenchyma proved the high activity
of the specific tubercular inflammatory process in
the lung parenchyma, which is characterized by
density indicators of —8 HU (Fig. 3) [8].

The next stage was a digital software processing
of CT slices, during which indicators in the zones of
interest (ROT), segmentation and histograms of
changed areas of the lung parenchyma were studied.

According to our data, the ROI areas were
dominated by a density close to zero, which charac-
terizes exudative processes in the lung parenchyma,
characteristic of a specific inflammatory process
against the background of HIV infection. The his-
tological analysis of the patients’ resected material
showed a high activity of the specific inflammatory
process in the studied areas. Fig. 4 and 5 present a
normal histogram and a segmentation histogram of
a patient with high activity of a specific tuberculous
inflammatory process in the lung parenchyma, which
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are characteristic of morphological changes of
patients with a HIV status.

Digital software image processing makes it pos-
sible to reliably detect density shifts characteristic
for the formation of a specific morphological under-
standing of a tuberculous lesion. It should be noted
that the predominance of density indicators tend-
ing to zero is typical for HIV status. An example
of a typical histogram of a morphological picture
formation of a lung parenchyma lesion with HIV
association (Fig. 6) and the formation of a specific
lesion without concomitant HIV status (Fig. 7) are
given below.

Segmentation histograms (Fig. 8 and 9) make it
possible to precisely study the morphological fea-
tures of pathological processes observed in the lung
parenchyma in case of tubercular lesions, and make
it possible to form assessment algorithms that
become the basis for the development of intelligent
networks and assessment systems [12].

Generally, HIV-associated tuberculosis was dis-
tinguished by an atypical clinical and morphological
situation. HIV-associated infection cases were noted
by an alteration-exudative reactions, which were
100 % determined by densitometric analysis or
digital software processing of the chest CT scan
images.
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Fig. 3. Densitometric analysis of the typical focus
of the affected lung parenchyma with a high activity
of a specific inflammatory process (-8 HU)

As in most similar observations, we have noticed
generalization and dissemination of the process in the
lung parenchyma, which is one of the manifestations
of HIV-associated pulmonary tuberculosis [14, 17].

Fig. 4. Histogram of a patient with high activity

of a specific tuberculous inflammatory process in the
lung parenchyma, characteristic of the formation

of morphological changes concomitant with a HIV status

Fig. 5. Segmentation histogram of a patient with high
activity of a specific tuberculous inflammatory process
in the lung parenchyma, characteristic of the formation
of morphological changes concomitant with a HIV status

Fig. 6. Histogram of lung parenchyma of a patient
with HIV status, with characteristic density indicators

Fig. 7. Histogram of lung parenchyma of a patient
without HIV status, with typical density indicators
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Fig. 9. Segmentation histogram of the lung parenchyma of a patient without HIV status, with typical density indicators

Usually, the repeated appeal of patients was
prompted by the deterioration of the condition and
the upgrowth of clinical symptoms. During the re-
examination, the clinical symptoms were more
expressive. Hyperthermia was a characteristic fea-
ture, which was observed in 63.6 % and weakness,
which was found in 54.5 % of cases. The upgrowth
of the clinical view was marked by the manifestation
of the intoxication syndrome (data are presented in
Table 3).

Two patients developed hemoptysis, prompting
urgent hospitalization. Sputum was observed in
45.4 % of cases. A specialized study made it possible
to establish a specific tuberculous inflammatory
process. The data are presented in Table 4.

Table 3. Clinical symptoms of patients with HIV status
when referred after 2—3 months

Symptoms Quantity  Percentage
No complaints 0 0
Dry cough 1 9.09
Discharge of sputum 5 45.4
An increase in body temperature 7 63.6
Dyspnea 4 36.3
Night sweats 7 63.6
Weakness 6 54.5
Hemoptysis 2 18.1
Appetite disorder 3 27.2
Fatigue 4 36.36

Retrospectively evaluating the identified features
of the clinical case, we observe the need for addi-
tional examination of such kind of patients: conduct-
ing a PCR study to determine the viral load and
research by the immunoblotting method, without
forming a personalized therapy based on immuno-
chromatographic tests.

After all, it is known that productive inflamma-
tion, particularly the granulomatous process, is
characterized by the infiltration of mononuclear
cells and lymphocytes with the proliferation of
fibroblasts. Fibrosis and destruction of the paren-
chyma are easily distinguished both by automated
complexes in the analysis of CT scan images and in
the densitometric chest CT scan analysis [3, 5, 15].

We would like to make a note that patients with
a satisfactory result of conservative therapy were

Table 4. Laboratory findings of patients with HIV status
when seeking medical help after 2—3 months

Symptoms Quality Percentage
Positive HIV rapid test 5 45.4
Leukocytosis 3 27.2
Thrombocytopenia 7 63.6
Positive express test for hepatitis B

or hepatitis C 2 18.1
Mucobacterium tuberculosis

in bronchoalveolar lavage waters 4 36.3
GenExpert 4 36.3
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Fig. 10. Chest CT scan of a patient with HIV status
after 2 years of treatment. The appearance of focus
and infiltrates in both lungs with a relapse

of the tubercular process is noted

not included in the study. Six of 11 patients under-
went surgical treatment (54.5 %) with satisfactory
results. Two lobectomies, one combined resection
and 3 sublobar resections were performed. The
postoperative period was without any complica-
tions. In one case, a prolonged discharge of air was
noted. The treatment was carried out according to
the phthisiologist’s recommendation. Patients are
observed for 3 years, noting the positive result of
the received treatment.

Five patients refused surgical treatment. Two
patients completed the treatment with a full positive
clinical and radiological effect. At two-year follow-
up, one case was interesting to be observed by the
increase of final major changes in the lung paren-
chyma, and tuberculosis relapsed in two other cases
(Fig. 10—12).

We emphasize that among the major final chang-
es, our patients had focuses with a low density of
lung parenchyma, which significantly increase the
probability of recurrence of the disease. In these
cases, the use of surgical treatment tactics signifi-
cantly reduces the risk of recurrence of the tuber-
culosis process and increases the overall effective-
ness of treatment [1, 18].

In this way, the use of densitometric analysis of
chest CT scan and digital software image processing
of chest CT scan provided the basis for an in-depth
additional examination of patients, which made it
possible to establish a specific lesion of the lung
parenchyma, to start anti-tuberculosis therapy and
ART therapy. With the help of specific therapy and
ART therapy we could have a possibility to ensure
the cure of patients with minimal residual changes
in the lung parenchyma, reducing the duration of
treatment by 2—3 months.

Fig. 11. Chest CT scan of a patient with a HIV status
after 2.5 years of treatment. The bullous changes

in the parenchyma and focus of a specific tubercular
process is noted

Fig. 12. Chest CT scan of a patient with HIV status
after 1.8 years of treatment. The appearance of final
major changes in the lung parenchyma with relapse
of the tubercular process are noticed

Conclusions

CT-densitometry allows you to objectify the
patient’s condition and reasonably prescribe per-
sonalized therapy of phthisiosurgical patients, as
opposed to the still widely used subjective justifi-
cations.

According to the data we received, concomitant
HIV infection hides the clinical signs of specific
inflammation, which requires an in-depth examina-
tion in the conditions of a specialized institution
and carrying out ELISA analysis and determining
the viral load in difficult diagnostic cases.

Radiologically detected lung lesions require a
mandatory consultation with a thoracic surgeon and
consideration of the issue of surgical treatment
within 2—3 months after the start of specific therapy.

There is no conflict of interest. Participation of the authors: authors have equal shares of participation in the article.
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KniniyHe BUKOPUCTAHHA LEHCUTOMETPUYHOI'O aHa13y MATOJOrLi 1ereHb
Ta 1M PoBOi MporpamMHoi 06pobKYU JaHUX OJ1f BU3HAUEHHSA XipypriuHoi
TAaKTUKU ¥ QTU310XIpYPrivHux nauienTis 3 BIJI-ctaTtycom

Mema po6omu — BU3HAYNTH MOKJIMBOCTI 3aCTOCYBaHHS JI€HCUTOMETPHYHUX TIOKA3HUKIB KOMIT IOTEP-
Hoi tomorpacdii (KT) ta mudposoi mporpamtoi 06pobku ganux KT marosorii erens asist mepcoHidikosa-
HOI JIKyBaJbHOI TaKTUKU (DTU3IOXIPypriuHux XBOpHUX Ipu cyiryTHiil BILJI-narosorii Ta o6rpyHTyBaHHS
TTOKAa3aHb /10 XiPYPTiYHOTO JIKYyBaHHS.
Mamepianu ma memoou. IIpoBeieHO PETPOCIIEKTUBHIIT aHAIII3 Pe3Y/IbTaTiB 0OCTEKEHHS Ta JIKYBaHHSI
11 marienTiB 3i crienubivHIM TYOEPKYJIHO3HUM ypaskeHHsIM JiereHb. CrierudivHa Tepartist po3rodara 4epes
2—3 Mic Tic/Is IepBUHHOTO 3BEPHEHHS B MeIMIHII 3akyaji. PesyasraTu iMyHOXpoMaTorpadiuHux TeCTiB
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Ha Bipyc imynozmedinuty momunu (BLJT) i Bipyc rematuty GyJii cymHiBHI a60 HeratuBHi. [larientam BUKO-
HyBaJIU 3arajIbHOKJIHIiYHe 0OCcTeKeHHsT, exokapiorpadiio, hibpoGPOHXOCKOTIIIO 3 TOCIIiKEHHSIM TPOMUB-
HUX BOJ OPOHXIB HAa HASBHICTH MiKOGaKTepii TyOEPKYIHO3Y, MOJIEKY/ISIPHO-TEHETUYHI TECTH XapPKOTHHHS
abo mpoMuBHKX Boz OponxiB. ITpoBoanim ekcripec-tectr Ha BIJI, renarut B i C, pyTuHHi 10C/iIKeHHS
KpoBi Ta cedi. Jlocimkentst BukonyBaiu Ha tomorpadi Aquilion TSX-101A Toshiba (Smownist). [lencu-
TOMETPUYHUI aHaJli3 JiereHeBoi mapenximu npoBoauiu 3a jgonomoroio DICOM-VIEWER PHILIPS y
ninstakax intepecy (ROT), mudposuit anamis 306pakeHb OTpUMAaHUX [is gocsipkents 3pisis KT —
3a sronomororo porpamu Dragonfly.

Pesynomamu ma o6zoeopenns. Kiiniuna manidecrailist y MaiieHTiB i3 PEHTTEHOJOTIYHUME «3HAXIiIKa-
mi» y 81,8 % Bumazkis Oysia 6E3CUMITOMHOIO i cripuiiMasiacst 3/1e01JIbIIOTO SIK «[TOCTKOBIHUMIT CHHIPOM».
AHaJriz 1abopaTOpHKX JaHUX He BUSIBUB crelM(DiYHNX 03HAK 3aXBOPIOBaHHSA y 72,7 % Bumnaakis. Bepudiko-
BaHi BOTHUIIEBI ypaskeHHs Ge3 03HaK AeCTPYKIIii JiereHeBol IMapeHXiMu IPY aHATi3i JeHCUTOMETPUYHUX
nokasaukiB KT BusABIsAMNCS BemmImHaMu MITBHOCTI, AKi CBIiTYATh PO HAIBHICTD eKCYIATUBHUX TPOTIECIB
y napenximi jiereri (0—15 HU), 1110 € XapaKTepHOI 03HAKOHO CIIE(iYHOTO 3aIaJbHOTO IIPOIIECY Ha TJI
BlJI-ypaxenns. [icrosoridyno y mpoonepoBaHUX TAIlEHTIB BUSBIEHO BUCOKY aKTUBHICTH CITEIM(DITHOTO
sanaibHoro mpotecy. Ipu 1udposiii mporpamuiii 06pobii 3adikcoBaHO XapaKTepPHUN A eKCyJaTUBHOL
(hasu 3amaseHHs 3CyB JEHCUTOMETPIYHUX TIOKa3HUKIB. 3a HasgBHOCTI BlJI-acorifioBanoi indeKiii BUSBIEHO
aJIBTepaliiiHo-eKCyIaTUBHI peakllii, SKi B yCiX BUIIQ/[KaX BU3HAUAJINCS [TPU IEHCUTOMETPUUYHOMY aHaJli3i Ta
1poBiii miporpamiii 06pobIi 306paskens KT opraniB rpymanoi kimitku. ITpoornepoBano 6 martienTis
(2 mobekromii, 1 kombGiHOBaHa pesekitisi Ta 3 cybmobapHi pesekirii). Cepesn HEOEPOBAaHNX MAIEHTIB Y
3 BUHUK PENUINB Crenu(ivHOro 3amagbHOro mporiecy, B 1 marieHTku 36epiraioThest 3HauHi Mopdororiumi
3MiHU B ITAPEHXIMI.

Bucnosexu. Jlencutomerprdnuii anamia ta nndposa nporpamua o6pobka 300paskenb KT mae 3mory
00’€KTHBI3yBaTH CTaH Talli€eHTa Ta 0OTPYHTOBAHO IIPU3HAYNTH NepCOHi(iKoBaHy Tepariio hTusioxipypriu-
HIM XBOpPHM. BUsIB/IEHI XBOPi 3 PEHTTEHOJNOTIYHUM YPAKEHHSIM JieTeHb MOTPEeOYIOTh 000B'SI3KOBOI KOH-
CyJIBTAIlii TOPAaKaJIbHOTO Xipypra Ta PO3IJisjily MUTaHHS TIPO ONepaTUBHE JIKYBaHHS MPOTITOM 2—3 Mic
TMICTIST TTOYaTKY crenudiqHol Teparii.

Kmiouoei crosa: Ty6epKyibo3, IeHCUTOMETPIs, ndpoBa nporpamtia o6podka 306pakeHb, Xipypriuyte
gikyBarss, BLJI-iadexrris.
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