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1. Wykaz stosowanych skrotow (w kolejnoSci alfabetycznej)

TKWR

EORTC/MSG

IPA

GGO

COVID-19

BAL

Tomografia komputerowa wysokiej rozdzielczoSci
(High resolution computed tomography)

Grupa badawcza Europejskiej Organizacji Badaf 1 Leczenia Grzybic
Nowotworowych

(European Organisation for Research and Treatment for Cancer
Mycoses Study Group)

Inwazyjna aspergiloza ptucna
(Invasive pulmonary aspergillosis)

Zageszczenia o typie matowej szyby
(Ground glass opacities)

Choroba wywotana zakazeniem koronawirusem Sars- Cov-2
(Coronavirus Disease 2019)

Poptuczyny oskrzelowo- pecherzykowe
(Broncho-alveolar lavage)



2. Streszczenie w jezyku polskim

Wstep

Tomografia komputerowa wysokiej rozdzielczosci (TKWR) jest powszechnie
stosowang metodg diagnostyki obrazowe] umozliwiajacej rozpoznawanie powiktan
infekcyjnych w ptucach. Tomografia komputerowa wysokiej rozdzielczoSci jest badaniem
obiektywnym, powtarzalnym 1 tatwo dostgpnym. ZnajomoS¢ objawéw radiologicznych
typowych dla infekeji ptucnych w odniesieniu do obowigzujacych kryteriow diagnostycznych

koreluje z rokowaniem dla pacjenta oraz przektada si¢ bezpoSrednio na postgpowanie kliniczne.

Publikacja nr 1 wchodzaca w sklad cyklu rozprawy doktorskiej

Hataburda-Rola M, Dziecigtkowski T, Gorka M, Rowinski O, Grabowska-Derlatka L. Clinical

utility of the updated European Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of Allergy and the Mycoses
Study Group Education and Research Consortium computed tomography criteria of invasive
pulmonary aspergillosis in hematological malignancies. Hematology. 2021 Dec;26(1):398-
407.doi: 10.1080/16078454.2021.1931739.

Niniejszy artykul stanowi oryginalng prace badawcza, ktorej celem byta analiza
klinicznej przydatnoSci zaktualizowanych kryteriow European Organisation for Research and
Treatment for Cancer Mycoses Study Group (EORTC/MSG) dotyczacych rozpoznawania
inwazyjnej aspergilozy ptucnej (IPA) na podstawie kryteriow radiologicznych, u pacjentéw z
chorobami hematologicznymi. W pracy zawarty zostat przeglad literatury, szeroko oméwiono
zagadnienie radiologicznych objawéw oraz przedstawiono szczegétowo kryteria rozpoznania
IPA.

Material badawczy stanowily wyjSciowe badania TKWR u pacjentow z chorobami
hematologicznymi i z klinicznym podejrzeniem IPA.

Do badania wiaczono 35 pacjentow, u ktérych wykonano badania TKWR 64-
rzedowym tomografem komputerowym, na pelnym wdechu, jednofazowo, bez podania srodka
kontrastujagcego. Badania wigczone do analizy byly w pelni zanonimizowane i oceniane przez
dwoéch niezaleznych badaczy pod katem jakoSciowym, lokalizacji oraz wielkoSci zmian.
Przypadki dyskusyjne byly konsultowane z trzecim, niezaleznym badaczem. Analiza

jakoSciowa zawierata ocen¢ objawdw radiologicznych typowych dla IPA takich jak dobrze



odgraniczone zaggszczenia guzkowe z halo lub bez, objaw ,,powietrznego rabka w ksztalcie
potksiezyca”, kawitacje, a takze nowego kryterium rozpoznania IPA- skonsolidowanych
zageszczen migzszowych segmentalnych lub subsegmentalnych, klinowatego ksztaltu.
Ponadto, notowane byty radiologiczne objawy nietypowe dla IPA, takie jak zageszczenia o
typie matowej szyby (GGO), ptyn w jamach optucnowych, pogrubienie przegrod
miedzyzrazikowych oraz limfadenopatia Srodpiersia.

U wszystkich pacjentéw w grupie badanej stwierdzono typowe, radiologiczne objawy
IPA. Najczestszymi radiologicznymi objawami byty zageszczenia guzkowe otoczone halo lub
bez, ktore wystepowaly u 88.5% pacjentow. U 60% pacjentdow rozpoznano objawy
radiologiczne nietypowe dla IPA, takie jak GGO, ptyn w jamach optucnowych, pogrubienie
przegréd miedzyzrazikowych oraz limfadenopati¢ Srédpiersia, wystepujace odpowiednio u
314%, 343%, 14.3%, 114% populacji. Skonsolidowane zageszczenia migzszowe
segmentalne lub subsegmentalne klinowatego ksztattu wystepowaty u 48.6% pacjentéw, przy
czym u 11.4% pacjentéw byly jedynymi objawami radiologicznymi typowymi dla IPA.

Zaktualizowane kryteria radiologiczne zaproponowane przez EORTC/MSG wiaczaja
klinowate segmentalne lub subsegmentalne obszary zaggszczen miazszowych jako jeden z
typowych objawdw radiologicznych IPA. Na podstawie przedstawionych wynikéw w naszym
badaniu wykazano, ze aktualizacja kryteriow radiologicznych umozliwita postawienie
rozpoznanie prawdopodobnej aspergilozy ptucnej u 11.4% pacjentow wiecej w porOwnaniu z

poprzednig klasyfikacja.

Publikacja nr 2 wchodzaca w sklad cyklu rozprawy doktorskiej

Hataburda-Rola M, Drozd-Sokotowska J, Januszewicz M, Grabowska-Derlatka L.

Comparison of Computed Tomography Scoring Systems in Patients with COVID-19 and
Hematological Malignancies. Cancers. 2023; 15(9):2417.
https://doi.org/10.3390/cancers15092417

Powyzsza publikacja stanowi oryginalna, retrospektywng analize poréwnawczg skal
potiloSciowych stosowanych w TKWR do oceny rozlegtosci zajecia migzszu plucnego przez
zmiany patologiczne, wystepujace w przebiegu infekcji COVID-19 u pacjentéw z chorobami
hematologicznymi. Do analizy wiaczono 50 pacjentéw z nowotworami hematologicznymi oraz
z potwierdzonym zakazeniem COVID-19. U wszystkich badanych wykonano TKWR Kklatki

piersiowej, jednofazowo, bez podania Srodka kontrastujacego, na pelnym wdechu. Do analizy



obrazoéw tomografii komputerowej wykorzystano trzy skale pétilosciowe tj. CT Severity Score,
CT Score 1 Total Severity Score oraz jedng skale jakoSciowa- modified Total Severity Score.
Badania poddane analizie byty w pelni zanonimizowane i interpretowane przez dwdéch lekarzy
radiologéw z wieloletnim doSwiadczeniem w ocenie obrazéw tomografii komputerowej klatki
piersiowej u pacjentow hematologicznych. W analizie uwzgledniono nastgpujace parametry:
czas interpretacji obrazéw w danej skali, zgodnoS¢ pomig¢dzy obserwatorami w interpretacji
obrazow oraz czuto$¢ 1 swoistoS¢ wybranych skal w rozpoznawaniu COVID-19 o przebiegu
ciezkim 1 lekkim. Na podstawie interpretacji badaf, uzyskano nastgpujace wyniki: CT Score i
Chest CT Severity Score cechuja si¢ bardzo wysoka czutoScig i swoistoScig pod wzgledem
doktadnosci diagnostycznej. Ponadto, biorac pod uwage najkrétsza mediang czasu analizy w
skali CT Severity Score mozna wnioskowac, ze metoda ta jest preferowana w ocenie TKWR

klatki piersiowej u pacjentow hematologicznych z COVID-19.

Podsumowanie

Przedstawione wyniki prac stanowigcych cykl publikacji tworzacych rozprawe
doktorska dowodza, ze TKWR jest cenng metoda obrazowa w rozpoznawaniu powiklan
infekcyjnych u pacjentéw hematologicznych. UmiejetnoS¢ interpretacji obrazow TKWR klatki
piersiowej w oparciu o najnowsze kryteria diagnostyczne rozpoznawania IPA, pozwala na
postawienie diagnozy u wigkszego odsetka pacjentéw, co przektada si¢ bezpoSrednio na
postepowanie kliniczne. W przypadku pacjentow z chorobami hematologicznymi i z infekcja
COVID-19, obiektywna, poétiloSciowa wystandaryzowana ocena stopnia zajgcia migzszu

plucnego koreluje ze stanem klinicznym pacjenta i wptywa si¢ na postepowanie terapeutyczne.



3. Streszczenie w jezyku angielskim
Introduction:

High-resolution computed tomography (HRCT) is a widely used diagnostic imaging
method for diagnosing infectious complications in the lungs. HRCT is an objective,
reproducible and broadly available method. Knowledge of the radiological signs typical of
pulmonary infections in relation to the current diagnostic criteria correlates with the prognosis

for the patient and correlates directly with clinical management.

Manuscript #1 in the dissertation series

Hataburda-Rola M, Dziecigtkowski T, Gorka M, Rowinski O, Grabowska-Derlatka L. Clinical

utility of the updated European Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of Allergy and the Mycoses
Study Group Education and Research Consortium computed tomography criteria of invasive
pulmonary aspergillosis in hematological malignancies. Hematology. 2021 Dec;26(1):398-
407. doi: 10.1080/16078454.2021.1931739.

This article is an original research paper that aimed to analyze the clinical usefulness of
the updated EORTC/MSG criteria for the diagnosis of IPA based on radiological criteria, in
patients with hematological diseases. The paper included a literature review, extensively
discussed the issue of radiological manifestations and detailed the criteria for the diagnosis of
IPA.

The study material consisted of baseline HRCT of patients with hematological diseases,
neutropenia and clinically suspected IPA.

All HRCT were performed on a 64-row CT scanner, on full inspiration, single-phase, without
contrast agent administration. Studies included in the analysis were fully anonymized and
evaluated by two independent radiologists for quality, location and size of lesions. The
differences in interpretation were resolved by third, independent radiologist. Qualitative
analysis included evaluation of radiological signs typical of IPA such as well-defined nodules
with or without halo, the air crescent sign and cavitations, as well as the new criterion for the
diagnosis of IPA- wedge-shaped segmental or subsegmental consolidations. In addition,
radiologic signs atypical of IPA such as ground glass opacities (GGO), pleural fluid, thickening
of interlobular septa and mediastinal lymphadenopathy were noted. All patients in the study

group had typical radiological signs of IPA and met the criteria of probable IPA. The most
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common radiological signs were nodules with halo, which were present in 88.5% of patients.
Radiological signs atypical of IPA, such as GGO, pleural fluid, thickening of interlobular septa,
mediastinal lymphadenopathy, were diagnosed in 60% of patients, occurring in 31.4%, 34.3%,
14.3%, 11.4% of the population, respectively. Segmental or subsegmental wedge-shaped
consolidations were present in 48.6% of patients, with 11.4% constituting the only radiological
signs of IPA. Based on the results, it can be concluded, the updated radiological criteria allowed
the diagnosis of probable IPA in 11.4% more patients in comparison to the previous

classification.

Manuscript #2 in the dissertation series

Hataburda-Rola M, Drozd-Sokotowska J, Januszewicz M, Grabowska-Derlatka L.

Comparison of Computed Tomography Scoring Systems in Patients with COVID-19 and
Hematological Malignancies. Cancers. 2023; 15(9):2417.
https://doi.org/10.3390/cancers15092417

The publication is an original, retrospective comparative analysis of semiquantitative
scales used in HRCT to assess the extent of pulmonary parenchymal involvement by lesions
occurring in the course of COVID-19 infection in patients with hematological diseases. Fifty
patients with hematologic malignancies and confirmed COVID-19 infection were included in
the analysis, and all patients underwent chest HRCT without contrast agent administration, on
full inspiration. Three semi-quantitative scales, i.e., CT Severity Score, CT Score and Total
Severity Score, and one qualitative scale, the modified Total Severity Score, were used to
analyze HRCT images. The studies analyzed were fully anonymized and interpreted by two
radiologists with the experience in interpreting chest CT images in hematology patients. The
time of analysis, interobserver concordance and the sensitivity and specificity of the selected
scales in diagnosing COVID-19 with severe and mild disease were analyzed. Based on the
interpretation of the studies, the following results were obtained: Chest CT score and Chest CT
Severity Score have very high sensitivity and specificity in terms of diagnostic accuracy.
Additionally, considering the shortest median of the interpretation time in the chest CT Severity
Score, the method can be proposed as dedicated for semi-quantitative assessment of chest CT

in hematological patients with COVID-19.
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Conclusions

The presented results of the work constituting the series of publications forming the
dissertation prove that HRCT is an indispensable imaging method in the diagnosis of infectious
complications in hematological patients. The ability to interpret HRCT images of the chest
based on the latest diagnostic criteria for the diagnosis of probable IPA, allows the diagnosis to
be made in a higher percentage of patients, which translates directly into clinical management.
For patients with hematologic diseases and COVID-19 infection, an objective, semi-
quantitative standardized assessment of the degree of pulmonary parenchymal involvement
correlates with the patient's clinical status and translates into therapeutic management of the

patient.
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Rozprawa doktorska- cykl publikacji

Zastosowanie kliniczne tomografii komputerowej wysokiej
rozdzielczosci w diagnostyce ptucnych powiktan infekcyjnych u

chorych z chorobami hematologicznymi.
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4. Wstep

Pacjenci z nowotworami hematologicznymi sa w grupie ryzyka rozwoju powiktan
infekcyjnych zaréwno bakteryjnych, wirusowych jak i grzybiczych, ze wzgledu na zaburzenia
odpornoSci wystepujace w przebiegu choroby podstawowej badz jako powiktanie leczenia.
Jedng z czestszych infekcji u chorych hematologicznych jest inwazyjna aspergiloza ptucna
(IPA), wywotana przez grzyb z rodzaju kropidlakowcéw Aspergillus spp. Choroba wywotana
jest naciekiem Sciany oskrzela oraz towarzyszacych naczyn tetniczych przez strzepki grzyba.
Do czynnikéw predysponujacych do rozwoju IPA nalezg choroby hematologiczne, w
szczegoOlnoSci ostra i przewlekta biataczka szpikowa, chemioterapia, sterydoterapia, leczenie
immunosupresyjne oraz przeszczepienie szpiku kostnego. Szczegdlnie narazeni sg pacjenci z
poziomem neutrofili we krwi obwodowej <500/uL.

Wzrost czgstoSci stosowania chemioterapii oraz leczenia immunosupresyjnego na
przestrzeni ostatnich 30 lat spowodowatl wzrost zachorowan na inwazyjng grzybice ptucng z
0.4% na 3.1% w populacji ogdlnej oraz podwyzszenie odsetka pacjentow z rozpoznaniem IPA
z 18% do 65% posrod wszystkich inwazyjnych grzybic ptucnych. Ze wzgledu na wysoka
SmiertelnoS¢, przekraczajaca 50% u pacjentow nieleczonych, konieczna jest szybka i
miarodajna diagnostyka w celu wdrozenia odpowiedniego leczenia.

Na podstawie najnowszych kryteriow European Organisation for Research and
Treatment for Cancer Mycoses Study Group criteria (EORTC/MSG criteria), rozpoznanie IPA
kategoryzuje si¢ jako mozliwe, prawdopodobne badZz pewne, w zaleznoSci od czynnikéw
ryzyka, objawow klinicznych, radiologicznych 1 mikrobiologicznych. U pacjentow, u ktérych
pobrano biopsj¢ zmian podejrzanych 1 w badaniu histopatologicznym uwidoczniono strzgpki
grzybni rozpoznanie mozna postawi¢c w stopniu pewnym. Rozpoznanie w stopniu
prawdopodobnym mozliwe jest w przypadku obecnych czynnikéw ryzyka IPA, obecnoSci
strzepkéw grzybi w badaniu mikroskopowym pobranym z popluczyn oskrzelowo-
pecherzykowych (BAL), biopsji szczoteczkowej oskrzeli badz plwociny lub stwierdzenia
obecnoSci dodatnich antygendéw grzybiczych we krwi obwodowej i BAL. Rozpoznanie w
stopniu mozliwym mozna postawi¢ u pacjentOw z immunosupresja, z dodatnimi objawami
klinicznymi, przy braku dodatnich objawéw mikrobiologicznych. Dobrze poznane i opisane w
literaturze radiologiczne objawy IPA w TKWR to: dobrze odgraniczone zaggszczenia guzkowe

otoczone halo lub bez, objaw ,,powietrznego ragbka w ksztalcie poétksiezyca” oraz kawitacje.
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Zaktualizowana wersja kryteriow EORTC/MSG z 2020 roku, oprocz powyzej opisywanych
objawoéw radiologicznych IPA, wiacza obszary klinowych, segmentalnych badZ ptatowych
zageszezen migzszowych jako nowe, mozliwe radiologiczne objawy IPA. W naszej pracy
skupiliSmy si¢ na nowym i dotychczas nieopisanym zagadnieniu jakim jest zastosowanie
kliniczne zaktualizowanych kryteriow EORTC/MSG. Pierwsza praca prezentowanego cyklu
(Hataburda-Rola M, Dziecigtkowski T, Gorka M, Rowinski O, Grabowska-Derlatka L.
Clinical utility of the updated European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and
the Mycoses Study Group Education and Research Consortium computed tomography criteria
of invasive pulmonary aspergillosis in hematological malignancies. Hematology. 2021
Dec;26(1):398-407. doi: 10.1080/16078454.2021.1931739.) jest pracag oryginalng i stanowi
retrospektywng analiz¢ TKWR u pacjentéw z nowotworami hematologicznym i neutropenia.
W pracy opisano objawy kliniczne oraz omdéwiono czynniki ryzyka rozwoju IPA. Ponadto
szczegbtowo zostaly przedstawione najnowsze radiologiczne kryteria diagnostyczne oraz
szeroko zostaly opisane zmiany radiologiczne wystgpujace w przebiegu IPA. PodkreSlono
istotno$¢ nowego objawu radiologicznego jakim sg zaggszczenia migzszowe klinowatego
ksztattu. W naszym materiale objaw ten notowano u 48.6% pacjentow, przy czym u 11.4% byt
to jedyny objaw radiologiczny IPA. Zwrécono uwage na trudnoSci diagnostyczne w
interpretacji obrazow TKWR. Objawy radiologiczne opisane w kryteriach EORTC/MSG moga
wspotwystepowa¢ wraz z objawami nietypowymi dla IPA. Zageszczenia migzszowe
klinowatego ksztaltu moga wystepowac rowniez w przebiegu zakazen bakteryjnych, zatoréw
septycznych badZ krwawienia do migzszu ptucnego.

Guzkowe zaggszczenia z halo lub bez, opisywane w TKWR u pacjentéw z zaburzeniami
odpornoSci 1 z czynnikami ryzyka rozwoju IPA maja wysoka wartoS¢ predykcyjna dla
rozpoznania choroby. W populacji ogélnej zmiany te czesto wystepuja w innych sytuacjach
klinicznych m.in. w przebiegu infekcji o innej etiologii, w tym wirusowej. Nowy wirus Sars-
Cov-2, opisany w 2019 roku, ktéry spowodowat pandemi¢ COVID-19, ogtoszong w marcu
2020, stanowi wyzwanie diagnostyczne i terapeutyczne. Z dotychczasowych doniesien wynika,
ze infekcje COVID-19 u pacjentéw hematologicznych moga miec nietypowy, przewlekly
przebieg, a takze cechuja si¢ wysoka Smiertelnoscia, siegajaca 50%. Radiologiczne objawy
infekcji COVID-19 sa podobne do objawdw innych infekcji wirusowych i zmieniajg si¢ wraz
z czasem trwania infekcji. Poczatkowo wystepuja zageszczenia o typie ,,matowej szyby”,
najcze¢sciej zlokalizowane obwodowo, symetrycznie w ptatach dolnych oraz zmiany o typie

kostki brukowej z pogrubieniem przegrdd Srédzrazikowych. W okresie od okoto 7 do 14 dni
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od poczatku wystgpienia infekcji pojawiaja si¢ zmiany o typie zaggszczeh migzszowych,
natomiast objawami pdéZnymi s3a zmiany widkniste 1 rozstrzenia oskrzeli. Zwidknienia

zazwyczaj ustepuja powoli 1 obserwowane sa w odlegtych badaniach kontrolnych.

Objawy radiologiczne choroby COVID-19 s3a nieswoiste. Zgodnie z zaleceniami
Fleischner Society, TKWR nie jest metoda diagnostyczng zalecang do rozpoznania choroby,
natomiast jest wskazana u pacjentéw z potwierdzong infekcjag COVID-19 u ktérych doszto do
pogorszenia wydolnoSci oddechowej, a takze u osob z tagodnymi objawami klinicznymi, u
ktorych istnieje duze ryzyko progresji choroby, migdzy innymi u pacjentdéw z immunosupresja.
U os6b zakazonych COVID-19, ze wskazaniami do wykonania diagnostyki obrazowej,
badaniem zalecanym jest tomografia komputerowa wysokiej rozdzielczoSci TKWR klatki
piersiowej bez podania Srodka kontrastujacego, natomiast w uzasadnionych przypadkach,
szczegOlnie u pacjentow z podejrzeniem powiklan, takich jak zatorowoS¢ plucna, badanie
mozna dodatkowo wykonaé ze Srodkiem kontrastujacym. TKWR umozliwia ocen¢ stopnia
zajecia migzszu plucnego, rozpoznania ewentualnych powiktan badZz wspdtistniejacych
infekcji. Druga praca prezentowanego cyklu (Hataburda-Rola M, Drozd-Sokotowska J,
Januszewicz M, Grabowska-Derlatka L. Comparison of Computed Tomography Scoring
Systems in Patients with COVID-19 and Hematological Malignancies. Cancers. 2023;
15(9):2417. https://doi.org/10.3390/cancers15092417) stanowi pierwsza opublikowang
analiz¢ poréwnawcza skal stosowanych do oceny rozlegtoSci zmian w migzszu plucnym w
przebiegu COVID-19 u pacjentéw z nowotworami hematologicznymi. W pracy oméwiono
wskazania do wykonania diagnostyki obrazowej u pacjentow z COVID-19, przedstawiono
objawy radiologiczne COVID-19, diagnostyke réznicowa oraz opisano szczegétowo trzy skale

potiloSciowe oraz jedng skalg jakoSciowa wykorzystane w analizie.

Ocena TKWR Kklatki piersiowe] pacjentow z nowotworami hematologicznymi jest
trudna, wymaga znajomoSci objawow radiologicznych wystepujacych w chorobach
hematologicznych i niejednokrotnie wiedzy klinicznej dotyczacej podstawowej jednostki
chorobowej, czynnikow ryzyka rozwoju powikfafi infekcyjnych i stosowanego leczenia.
Przedstawione publikacje potwierdzaja zasadnoS¢ stosowania najnowszych kryteriow
rozpoznawania inwazyjnej aspergilozy ptucnej u chorych hematologicznych oraz sugeruja
zastosowanie skal oceniajacych zmiany w migzszu plucnym w przebiegu COVID-19 celem
bardziej obiektywnej korelacji objawéw radiologicznych ze stanem klinicznym pacjentow z

chorobami hematologicznymi.
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Przedstawiony cykl prac, stanowigcy moja rozprawe doktorska, przyczynia si¢ do
poszerzenia wiedzy dotyczacej obrazowania w tomografii komputerowej wysokiej

rozdzielczoSci powiktan infekcyjnych u pacjentow hematologicznych.
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5. Zalozenia i cel pracy

1. Celem pracy byta ocena przydatnosci klinicznej tomografii komputerowej wysokie;j
rozdzielczosci u pacjentdw z nowotworami hematologicznymi w rozpoznawaniu
prawdopodobnej inwazyjnej aspergilozy ptucnej wedlug zaktualizowanych kryteriow

EORTC/MSG.

2. Analiza poréwnawcza i wybor najbardziej przydatnej skali stuzacej ocenie ilosciowej zmian

w migzszu ptucnym u pacjentéw hematologicznych z COVID-19.
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6. Kopie opublikowanych prac
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ABSTRACT

Introduction:: Invasive pulmonary aspergillosis is a life-threatening complication in the cases
of patients with hematologic malignancies. In December 2019, the European Organization for
Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the
National Institute of Allergy and the Mycoses Study Group Education and Research
Consortium published a revision and an update of the consensus definitions of invasive
fungal disease. The aim of this study was to evaluate the signs and radiologic patterns of
early-stage invasive pulmonary aspergillosis in computed tomography in patients with
hematologic entities according to the latest criteria.

Material and methods:: This retrospective analysis of a baseline high-resolution computed
tomography included neutropenic patients with hematological malignancies and probable
invasive pulmonary aspergillosis. The data were collected between the years 2017 and 2019.
Computed tomography was performed within 72 h from the beginning of clinical
symptoms: fever, dyspnea or nonproductive cough. CT scans were analyzed by two
independent radiologists according to the standardized protocol based on predefined criteria.
Results:: All 35 evaluated patients had typical lesions for early-stage invasive aspergillosis.
Wedge-shaped infiltrates were noted in 48.6% of patients. In this group, 40% of patients
had coexisting atypical radiological findings. In 11.4% of patients, wedge-shape
consolidations were noted as the only type of lesions.

Conclusions:: Employment of the latest EORTC/MSG criteria increased diagnostic value of the
baseline high resolution computed tomography in our study group by 11.4%.

KEYWORDS
Hematology; invasive
pulmonary aspergillosis;
computed tomography;
radiology

Introduction
neutropenia, prolonged therapy with high-dose corti-

Invasive pulmonary aspergillosis (IPA) is the most
prevalent mold infection. The frequency of IPA is sig-
nificantly increasing in hematology patients. It is
caused by excessive antibiotic therapy, employment
of more intensive and immunosuppressive chemother-
apy regimens and longer patient survival [1]. IPA is a
life-threatening and lethal condition unless promptly
diagnosed and treated. One out of the two for early
IPA diagnosis is computed tomography.

The incidence of invasive pulmonary aspergillosis
is 8% in acute myelocytic leukemia (AML), 6.3% in
acute lymphocytic leukemia (ALL), 12.8% in the
cases of the patients following allogeneic hemato-
poietic stem-cell transplantation and 1.1% following
autologous hematopoietic stem-cell transplantation
[2]. The major risk factors for developing IPA include

costeroids, age over 65 and type of hematologic
malignancy [3]. In stem cell transplant recipients,
other factors such as graft-versus-host disease play
a role in the development of IPA [4,5]. Clinical symp-
toms of IPA are non-specific. Patients usually
present with fever, dyspnea, cough and deterioration
of clinical condition. Patients may also present with
pleuritic chest pain and hemoptysis [6]. Despite the
use of mold-active prophylaxis since 1990s, invasive
fungal infections remain a leading cause of morbidity
in patients with hematological malignancies [7]. The
criteria of the European Organization for Research
and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group and the National Institute of
Allergy and the Mycoses Study Group Education and
Research Consortium (EORTC/MSG) for diagnosing
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IPA are based on clinical features, host factors and
microbiological evidence. Depending on which cri-
teria are fulfilled, the diagnosis of an IPA is graded
into possible, probable or proven categories. Proven
IPA is when histopathologic, cytopathologic or
direct microscopic examinations of specimens are
positive and clinical, host criteria are met. Probable
IPA is when clinical and host criteria are met and
galactomannan antigen is detected in serum,
plasma, bronchoalveolar lavage (BAL) or cerebrosp-
inal fluid (CSF). Cases that meet the criteria for a
host factor and a clinical criteria but mycological cri-
teria are absent are considered possible [8].

The clinical criteria include high-resolution com-
puted tomography (HRCT) evaluation. In IPA, findings
such as dense, well-circumscribed lesions with or
without a halo sign, air crescent sign, cavity and
wedge- shape, segmental or lobar consolidations
may occur in HRCT (Figure 1). Consolidations have
been included to the criteria lately in the latest revision
and an update of the EORTC/MSG criteria (Figure 2) [8].

Early diagnosis and treatment are essential for
improving patients’ outcome. Proven or probable IPA is
associated with a low survival rate of 14% compared to
32% for patients without IPA [9]. The diagnosis of early-
stage IPA may be challenging. High resolution computed
tomography (HRCT) is a rapid and useful tool for diagnos-
ing IPA. In contrast to bronchoscopy or lung biopsy it is
not invasive and easy to perform in patients with
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respiratory failure and comorbidities, such as severe
thrombocytopenia or hypoxemia [10,11]. Accurate
radiological evaluation is essential for the diagnosis of
IPA and initiation of anti-fungal treatment.

The aim of this study was to evaluate if the appli-
cation of updated radiological EORTC/MSG criteria
increases the diagnostic value of HRCT.

Materials and methods
Study design and patient population

The data were collected retrospectively from January
2017 to January 2019. The period was chosen due to
the availability of updated clinical and microbiological
database system. To perform the study we used the
following inclusion criteria: hematology patients pre-
senting with clinical symptoms such as fever and
lower respiratory tract infection, without any improve-
ment after broad-spectrum antibacterial treatment. In
all cases, a HRCT was performed within 72 h from the
beginning of the symptoms. None of the patients
had a previous history of an invasive mold disease.
According to the revised EORTC/MSG criteria, all
patients were diagnosed with probable invasive
fungal disease, and were started on anti-mold treat-
ment after the baseline HRCT. A follow-up HRCT was
performed in all cases within 14 days from the
diagnosis. None of the patients had positive bacterial

Figure 1. 66-year-old male with chronic lymphocytic leukemia, presenting with crepitations over the lung, cough and fever. High
resolution CT scan obtained at level of pulmonary veins shows massive segmental consolidations with air bronchogram located in
both lungs (black narrow arrows), nodules with halo sign (white narrow arrow) in lingular segment in left lung and free fluid in

right pleural cavity (black wide arrow).
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Figure 2. 35-year-old male with acute myeloid leukemia presenting with dry cough. High resolution CT obtained at level of pul-
monary veins shows wedge-shape consolidations located in lingular segment in left lung (black narrow arrow). Nodule in the

middle lobe of the right lung (white narrow arrow).

blood or sputum cultures nor PCR tests for 15 respirat-
ory viruses (including Influenza, Respiratory Syncytial
Virus, Parainluenza, Metapneumovirus and others) or
Pneumocystis jiroveci in bronchoalveolar lavage (BAL).
Patients with negative galactomannan antigens from
serum blood tests or BAL and with mixed etiology of
pulmonary infection were excluded from the study.
The study was performed according to the seventh
revision of Declaration of Helsinki. The Institutional
Review Board approved the study. Informed consent
was not required due to the retrospective nature of
the study.

HRCT scan evaluation

The HRCT scans were acquired using the GE 64-row
scanner. The HRCT scans were obtained on supine pos-
ition at the end-inspiratory effort. The thoracic scan-
ning parameters were 120 kV, 240-460 mA, 1.25 mm
collimation and a pitch of 0.984:1 (Table 1). From this
dataset axial slices of 1 mm were obtained. The
coronal and sagittal slices were as high resolution mul-
tiplanar reformation (MPR) images. All HRCT exams
were obtained without intravenous contrast adminis-
tration. Images were analyzed at picture archiving
and communications systems (PACS).

The HRCT were reviewed twice and evaluation was
made by two independent radiologists (one board
specialist with more than 15-year experience in oncolo-
gic imaging and one senior resident) according to

standardized protocol based on predefined criteria.
The differences in interpretation were resolved by dis-
cussion or by the third board certified radiologist. All
the clinical data required were accessible to radiologists.
For the study purposes, all pulmonary lesions were
analyzed and grouped according to its morphology,
size and location (Table 2). The lesions were divided
into typical and atypical for IPA in line with the latest
criteria. The criteria included typical lesions, such as
nodules, nodules with halo, consolidations, air crescent
signs and cavities (Figure 3). The atypical findings were
as follows: ground glass opacities (GGO), septal
thickening, pleural effusions, enlarged lymph nodes.
A standard glossary of terms for computed tom-
ography was applied to describe the lesions [12]:

e nodule was defined as a well marginated round or
ovoid shape soft tissue lesion, with the diameter up
to 50 mm. Nodules smaller than 10 mm were con-
sidered to be micronodules and greater than
50 mm were considered as a consolidation (Figure 4).

Table 1. HRCT acquisition parameters.

HRCT parameters Value
FOV Large
Detector coverage (mm) 40.0
Helical thickness (mm) 1.25
Pitch 0.984:1
Rotation time (s) 0.7
Tube voltage (kV) 120

Tube current (mA) 240-460




Table 2. Characteristics of pulmonary findings.

Type of pulmonary findings ~ Typical for IPA Nodule
Nodule with halo sign
Air crescent sign
Cavity
Consolidation

Atypical for IPA Ground glass opacity

Septal thickening
Pleural effusion
Enlarged lymph nodes

Number of lesions <10

>10

Micronodule <10

Nodule 10-50

Consolidation >50

Location Central
Peripheral

Size of lesions (mm)

e GGO was defined as hazy increased attenuation of
lung with preserved bronchial and vascular margins.

« nodule with halo sign was described as a nodule sur-
rounded by a peripheral rim of GGO (Figures 5 and 6).

« consolidation was considered to be an increase in
pulmonary parenchymal attenuation that obscures
the airways and vessels.

* wedge- shape consolidations- were considered to
be well, sharply marginated, with triangle shape in
axial planes (Figures 7 and 8).

e air crescent sign — was the crescentic collection of
air surrounding the consolidation or nodule.

e cavity- was a well-defined air space.

o pleural effusion was described as a free fluid in the
pleural cavity.
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e Other, non-infectious findings such as bronchial
wall thickening, bronchiectasis and bullae, were
also noted.

The distribution of lesions was considered to be
central when located near the central, lobar or seg-
mental bronchi or peripheral when surrounding the
subsegmental bronchi (Figure 9).

The radiologists described the number and location
of the lesions.

Microbiological analysis

Galactomannan is a highly immunogenic antigen
therefore it has been recognized as a good marker of
invasive aspergillosis. In soluble form, galactomannan
antigen can circulate in body fluids at concentrations
of 1-500 ng/ml.

In accordance with the guidelines of EORTC/MSG
from 2002 to 2008, serological detection was per-
formed once or twice weekly. Aspergillus spp. galacto-
mannan antigen detection was performed using a
sandwich immunocapture ELISA (Platelia- Aspergillus,
Bio- Rad), according to the manufacturer’'s recommen-
dations in sera samples and/or bronchoalveolar lavage
fluid (BALF) specimens. Results were expressed as an
index of positivity. They were considered positive
when >0.5 either in sera samples or BALF.

Figure 3. 40-year-old female with cutaneous T-cell lymphoma presenting with fever and dyspnea. High resolution CT scans
obtained at level of lower lobes shows consolidations (black narrow arrow) and multiple nodules with halo sign located in

both lungs (white narrow arrow).
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Figure 4. 72-year-old woman with acute myeloid leukemia presenting with fever. High- resolution CT scan obtained at level of
main bronchi shows micronodules and nodules located peripherally in middle right lobe (black narrow arrow).

Statistical analysis and size of lesions a chi-square was applied. A two-
sided p-value of less than 0.05 was considered statisti-
cally significant. All statistical analyses were done with
Statistica 13.3 package.

The comparative data were analyzed by x? or Fisher’s
exact test for categorical variables. For the location

Figure 5. 62-year-old female with acute myeloid leukemia presenting with cough and fever. High resolution CT scan obtained at
level of lower lobes shows nodules with halo sign located peripherally in right lower lobe (black narrow arrow).
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Figure 6. 56-year-old male with primary myeloid fibrosis 30 days after bone marrow transplantation presenting with fever. High
resolution CT scan obtained at level of lower lobes shows peripherally located nodules with halo sign in right lower lobe (black
narrow arrow).

Results neutropenia, hospitalized in the Hematology Depart-

The study included 35 patients, with a median of 65 ment of the Medical University of Warsaw between
(range 22-84), with hematological malignancies and January 2017 and January 2019.

Figure 7. 28-year-old female with congenital neutropenia presenting with productive cough and fever. High resolution CT scans
obtained at level of lower lobes shows massive consolidations with air- bronchogram located in basal segments of left lower lobe
(black narrow arrow).
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-

2

Figure 8. 35-year-old male with acute myeloid leukemia presenting with dry cough. High resolution CT in coronal plane shows
wedge-shape consolidations located in lingular segment in left lung (black narrow arrow).

Patients characteristics are presented in Table 3.

Invasive pulmonary aspergillosis was confirmed by
positive galactomannan blood (n = 35) or BALF (n=2)
test.

All patients had abnormal findings in HRCT (Table 4).

In all patients typical findings of IPA occurred. In
11.4% wedge-shaped consolidations were seen
without any other typical lesions.

In 21 patients (60%) we found coexisting atypical
radiological lesions. GGO occurred in 31.4% and

Figure 9. 37-year-old male with acute myeloid leukemia 26 days after bone marrow transplantation presenting with fever. High
resolution CT scan obtained at level of lower lobes shows peripherally located nodules and micronodules with halo sign in left

lower lobe (black narrow arrow).
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pleural effusion occurred in 343% of patients.
Enlarged lymph nodes occurred in 11.4%. None of
the patients had the atypical lesions alone.

The most common HRCT findings in our study were
nodules with halo (88.5%) and wedge shape consolida-
tions (48.6%). None of the patients presented any air
crescent signs or cavities.

In patients with micronodules which are considered
to be typical lesions, concomitant atypical findings
were observed in 57.1% (p = 0.007) (Table 5).

In patients with 10 or more lesions, the atypical
pattern was dominant, and occurred in 48.6% (p=
0.02).

When lesions were located simultaneously centrally
and peripherally, the atypical IPA features were coex-
isting in 62% of patients (p = 0.08).

In patients with 10 or more lesions, in 66.6% the dis-
tribution was both central and peripheral (p <0.001)
(Table 6).

Progression of the IPA was observed in the control
HRCT in 10 patients (28.6%), the majority of this
group (70%) consisted of patients with atypical IPA
lesions. The early mortality rate, within three months
after the baseline HRCT, was 25.7% and related to
IPA progression. The overall mortality rate was 28.6%.

Discussion

The type of lesions considered typical for IPA has been
expanding over time. Traditionally the most typical IPA
findings were air-crescent signs and cavities [13]. With

Table 3. Patients characteristics.
Patients characteristics

Sex(f/m) 11/24
Age: range, median 22-84, 65
Disease*

AML 14
MM 6
ALL 3
MDS 2
AA 2
Other 8
alloHSCT 13
Progression of [PA** 10
Mortality*** 9

*AML, acute myeloid leukemia; MM, multiple myeloma; ALL, acute lym-
phoblastic leukemia; MDS, myelodysplastic syndrome; AA, aplastic
anemia.

**progression of radiologic findings in control HRCT after 2 weeks.

***early mortality within 3 months from the baseline HRCT.

Table 4. Characteristics of pulmonary findings.

HRCT findings % (n=35)*
Nodules with halo 88.5 (31)
Nodules 37.1 (13)
Wedge-shape or lobar consolidations 486 (17)
Ground glass opacities 314 (11)
Cavity -

Air crescents sign -

Pleural effusion 343 (12)
Septal thickening 143 (5)
Enlarges lymph nodes 11.4 (4)

*each patient could have more than one type of lesion.
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Table 5. Location and number of lesions.
Typical for IPA Atypical for IPA

n (%) n (%) p-value
Location
Central 1(7) 1(5) 1
Peripheral 9 (64) 7 (33) 0.09
C+P* 4 (28) 13 (62) 0.08
Number of lesions
<10 7 (20) 4(11.4) 0.72
>10 7 (20) 17 (48.6) 0.02
Size of lesions (mm)**
<10 8(22.8) 20 (57.1) 0.007
10-50 8(22.8) 10 (28.6) 0.79
>50 3 (8.6) 5(14.2) 0.71

*central+ peripheral.
**each patient could have more than one type of lesion.

Table 6. Location of the lesions according to the number of
lesions.

<10 >10 p-value
Central 2 0.49
Peripheral 8 8 1
C+pP* 1 16 <0.001

*central + peripheral.

the advent of diagnostic methods currently they are
regarded as late signs. In our study group, they were
not observed in any of the patients.

Currently, the majority of patients are diagnosed
early in the course of IPA and typical HRCT findings
include nodules, nodules with halo and consolidations
[14]. Interpretation of such findings must be always
done in the context of patients’ clinical symptoms
and results of laboratory tests. All patients in our
study group presented with typical findings. The diag-
nostic procedures in hematology patients should be
guided by the underlying disease, leukocyte count
and clinical symptoms [15].

According to the latest EORTC MSG criteria, the
wedge shape, segmental or lobar consolidations
were introduced as typical for IPA. This type of lesion
occurred in 48.6% of our patients while 11.4% occurred
as the only typical finding (see Table 4). Segmental,
lobar or wedge-shaped consolidations occur in bac-
terial pneumonia or pulmonary infarction due to pul-
monary embolism. Other conditions that should be
considered in differential diagnosis include septic pul-
monary emboli and pulmonary hemorrhage [16].

Nodules were found in 37.1% of patients (see Table 4).
As the differential diagnosis of pulmonary nodules is
broad, the occurrence of relevant symptoms, the
number of nodules, and their imaging characteristics
(location, shape, presence and type of calcifications,
and presence of spiculation or cavitation) may narrow
the differential diagnosis. Even though considered
typical for IPA their size and number should be verified
with previous HRCT whenever possible. Nodules can
be the manifestation of previous pneumonias [17].

The halo sign is a well-known pattern of IPA [18]. In
our study group, it occurred in 88.5% (see Table 4). The
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sign itself is non-specific. Apart from infection-related
condition, many neoplastic and inflammatory pro-
cesses can cause halo sign. However, in the context
of patients with hematological malignancies, it
suggests IPA [19].

In the study group, 31.4% of patients had GGO (see
Table 4). However, when overlapping typical and atypi-
cal findings are seen, especially GGO, mixed pneumo-
nia etiology should be considered. In such cases,
differential diagnosis should include viral lower respir-
atory tract infections and Pneumocystis jiroveci [20].

Pleural effusions were categorized as atypical
findings. It occurred in 34.3% of patients, however,
due to the older age of our study population and
comorbidities the IPA etiology of pleural effusions is
unlikely (see Table 4). Overall, fungal infections
account for less than 1% of all pleural effusions [21].

Enlarged lymph nodes are a rare finding in IPA itself
and this finding is reported in the literature occasion-
ally, rather in case reports [22,23]. In our study group
enlarged lymph nodes occurred in 11.4% (see Table 4).

Another atypical finding for IPA is septal thickening.
This finding may be the manifestation of different enti-
ties, corresponding with the Kerley B lines seen on X-
rays [24].

The major limitations of our study were retrospec-
tive data collection and a small study group. None of
the patients in our study group had a histologically
or culture proven IPA.

As the sensitivity of the serum testing is relatively
low and radiologic signs of IPA have been shown to
precede serum galactomannan testing [25], the HRCT
is a major diagnostic tool.

It suggests that in the cases of hematological malig-
nancies, neutropenia and symptoms of infection,
occurring with consolidations in baseline HRCT, the
differential diagnosis should consider IPA.

Conclusions

Wedge-shape consolidations may add useful infor-
mation for the diagnosis of invasive pulmonary asper-
gillosis in patients with underline disease of
hematological malignancies. Employment of the
latest EORTC/MSG criteria increased diagnostic value
of the baseline high resolution computed tomography
in our study group by 11.4%.
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Simple Summary: COVID-19 pneumonia poses a serious threat in hematologic patients. Computed
tomography is an indispensable tool supporting diagnosis. A better and more objective analysis of
the extent of pneumonia enables assessment of the extent of the disease as well as the selection of
prognostic factors of death. The aim of this study is to compare four different computed tomography
scoring systems (three semiquantitative and one qualitative) in hematology patients to better select
patients at risk of death and choose the scoring system that is the most feasible for this group of
patients.

Abstract: Background: Numerous computed tomography (CT) scales have been proposed to assess
lung involvement in COVID-19 pneumonia as well as correlate radiological findings with patient
outcomes. Objective: Comparison of different CT scoring systems in terms of time consumption and
diagnostic performance in patients with hematological malignancies and COVID-19 infection. Ma-
terials and methods: Retrospective analysis included hematological patients with COVID-19 and
CT performed within 10 days of diagnosis of infection. CT scans were analyzed in three different
semi-quantitative scoring systems, Chest CT Severity Score (CT-SS), Chest CT Score(CT-S), amd To-
tal Severity Score (TSS), as well as qualitative modified Total Severity Score (m-TSS). Time consump-
tion and diagnostic performance were analyzed. Results: Fifty hematological patients were in-
cluded. Based on the ICC values, excellent inter-observer reliability was found among the three
semi-quantitative methods with ICC > 0.9 (p < 0.001). The inter-observer concordance was at the
level of perfect agreement (kappa value = 1) for the mTSS method (p < 0.001). The three-receiver
operating characteristic (ROC) curves revealed excellent and very good diagnostic accuracy for the
three quantitative scoring systems. The AUC values were excellent (0.902), very good (0.899), and
very good (0.881) in the CT-SS, CT-S and TSS scoring systems, respectively. Sensitivity showed high
levels at 72.7%, 75%, and 65.9%, respectively, and specificity was recorded at 98.2%, 100%, 94.6%
for the CT-SS, CT-S, and TSS scoring systems, respectively. Time consumption was the same for
Chest CT Severity Score and TSS and was longer for Chest CT Score (p < 0.001). Conclusions: Chest
CT score and chest CT severity score have very high sensitivity and specificity in terms of diagnostic
accuracy. The highest AUC values and the shortest median time of analysis in chest CT severity
score indicate this method as preferred for semi-quantitative assessment of chest CT in hematolog-
ical patients with COVID-19.

Keywords: COVID-19; computed tomography; hematological malignancies; pneumonia; imaging

1. Introduction

In December 2019, the COVID-19 pandemic, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), began in Wuhan, China, and spread worldwide, es-
pecially affecting the elderly and those with comorbidities [1]. In patients with hemato-
logic malignancies, COVID-19 caused a high mortality rate and often required
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withdrawal of anticancer treatment [2]. The pandemic has forced healthcare providers to
develop dedicated diagnostic procedures. The primary method of diagnosing SARS-CoV-
2 virus infection is real-time reverse transcription polymerase chain reaction (RT-PCR) or
next-generation sequencing from nasopharyngeal swabs. Imaging techniques are consid-
ered additional diagnostic methods performed depending on the severity of clinical
symptoms. Chest X-ray has been proven to have no predictive value in patients with
COVID-19, as it can give false negatives in patients with mild symptoms [3]. However, in
patients admitted to an intensive care unit (ICU), who require oxygen support, mechani-
cal ventilation, sedation, and are in severe clinical conditions, a portable chest X-ray re-
mains an indispensable basic imaging tool [4]. Computed tomography (CT) shows high
sensitivity in the diagnosis of suspected COVID-19 and is used to guide patient manage-
ment [5]. According to the Polish Medical Society of Radiology, the main indications for
chest CT are a high risk of progression of COVID-19 or development of its complications.
As long as the pulmonary embolism is not suspected, contrast administration is not rou-
tinely recommended [4].

Chest CT findings in COVID-19 pneumonia are nonspecific and resemble those in
other viral pneumonias, usually presenting as bilateral areas of ground glass opacities
(GGO) and consolidations located predominantly peripherally, bilaterally in the lower
lobes. Superimposed thickening of the interlobular septum results in a “crazy-paving”
appearance. In severe cases, patients present radiological features of acute respiratory dis-
tress syndrome (ARDS) [6].

Patients with hematologic diseases usually present with immune deficiencies, in-
cluding neutropenia either due to the hematological condition itself or anticancer therapy.

Thus, there are often infectious complications and superinfections of the diseases
themselves and treatment. Chest CT is an indispensable tool in these cases to assess lung
involvement in COVID-19 pneumonia and to evaluate any possible concomitant abnor-
malities such as nodules with halos or other features suggestive of invasive fungal infec-
tions or other pathologies. Chest CT provides an opportunity to objectively assess the de-
gree of lung involvement in patients with COVID-19. Several scales have been developed
to evaluate the lesions and enable more objective semi-quantitative and qualitative anal-
ysis.

There are a few papers describing the challenges and pitfalls of chest CT imaging in
hematologic patients, but there is a lack of information on quantitative CT analysis in this
particular group of patients [7]. The aim of this study was to compare the sensitivity and
specificity of three semiquantitative CT scoring systems in terms of diagnostic accuracy
and time-consumption in patients with hematologic diseases and COVID-19 and interob-
server agreement in the qualitative analysis of lung parenchyma.

2. Materials and Methods
2.1. Study Design and Patient Population

This single-center, retrospective study includes 50 consecutive patients with hema-
tological diseases and positive RT-PCR test results for COVID-19, diagnosed between
March 2020 and October 2021.

The severity of COVID-19 was assessed according to the recommendations of the
Polish Association of Epidemiologists and Infectiologists [8]. According to this classifica-
tion, stage 1 is asymptomatic or mildly symptomatic, with oxygen saturation as measured
by pulse oximetry (SpO2) of 294%. In stage 1, patients do not require hospitalization be-
cause of COVID-19. Stage 2 is fully symptomatic, with SpO2 < 94% and the requirement
for hospitalization because of the need for oxygen therapy. Stage 3 is defined as respira-
tory failure with SpO2 < 90% and requirement for high-flow oxygen therapy. Stage 4 is
defined as ARDS with the need for invasive mechanical ventilation (IMV) and ICU treat-
ment. Stages 1 and 2 were considered as the non-severe COVID-19 group, while stage 3
and 4 were considered as the severe COVID-19 group. The indications for CT were mild,
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non-specific symptoms of respiratory tract infection and clinical risk factors for develop-
ing complications. CT was performed immediately after a positive SARS-CoV-2 RT-PCR
test. Comorbidities, complete blood count parameters, laboratory parameters such as D-
dimer, and C-reactive protein (CRP) at the time of admission diagnosis were recorded.

2.2. Chest Computed Tomography

The CT scans were obtained on supine position at the end-inspiratory effort using a
GE 64-row scanner. The thoracic scanning parameters were as follows: tube voltage of 120
kV, tube current of 240460 mA, 1.25 mm collimation, a pitch of 0.984:1, and applying a
large field of view and a rotation time of 0.7 s. From this dataset, axial slices of 1 mm were
obtained. The coronal and sagittal slices were obtained as high resolution multiplanar
reformation images. All CT exams were obtained without intravenous contrast admin-
istration. Images were analyzed using picture archiving and communications systems
(PACS).

The CT evaluation was performed by two independent, board-certified radiologists.
Each observer analyzed the examination in four scales. Time consumption on reporting
of each patient scoring system was recorded and calculated in the same reading environ-
ment using the same diagnostic monitors.

The software used for the image analysis was GE AW Server 3.2 ext. 4.0.

According to Fleischner Society, a standard glossary of terms for computed tomog-
raphy was applied to describe the lesions [9]:

- GGO was defined as hazy increased attenuation of lung with preserved bronchial
and vascular margins;

- Consolidation was considered an increase in pulmonary parenchymal attenuation
that obscures the airways and vessels;

- Crazy paving was the area of GGO with coexisting thickening of interlobular septae;

- Pleural effusion was described as a free fluid in the pleural cavity;

- Septal thickening comprised abnormal widening of an interlobular septum or septae;

- Subpleural lines comprised a thin curvilinear opacity of a few millimeters or less
thickness usually less than 1 cm from pleural surface and paralleling the pleura.

The chest CT exams were evaluated according to four scoring systems described be-
low:

- Chest CT Severity Score (CT-SS): According to the anatomic structure, the 18 seg-
ments of both lungs were divided into 20 regions, in which the posterior apical seg-
ment of the left upper lobe was subdivided into apical and posterior segmental re-
gions, whereas the anteromedial basal segment of the left lower lobe was subdivided
into anterior and basal seg-mental regions. The lung opacities in all of the 20 lung
regions were subjectively evaluated on chest CT images using a system attributing
score of 0, 1, and 2 if parenchymal opacification involved 0%, less than 50%, or equal
to or more than 50% of each region, respectively. The CT-SS was defined as the sum
of the individual scores in the 20 lung segment regions, which may range from 0 to
40 points [6];

- Chest CT Score (CT-S): Each of the five lung lobes was visually scored on a scale of 0
to 5, with 0 indicating no involvement; 1, less than 5% involvement; 2, 5-25% involve-
ment; 3, 26-49% involvement; 4, 50-75% involvement; and 5, more than 75% involve-
ment. The total CT score was the sum of the individual lobar scores and ranged from
0 (no involvement) to 25 (maximum involvement) [10,11];

- Total severity score (TSS): The TSS was calculated for each of the 5 lobes in all pa-
tients. According to the extent of pulmonary involvement, each lobe could be scored
from 0 to 4 points as the following: 0, no involvement; 1, from 1 to 25% involvement;
2, from 26 to 50% involvement; 3, from 51 to 75% involvement; and 4, more than 75%
involvement. The sum of each individual lobar score resulted in the TSS, which
ranged from 0 to 20 [12];
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- Modified Total Severity Score (m-TSS): m-TSS scale includes additional qualitative
features of lung involvement: A-ground glass opacity, B-crazy-paving pattern, C—
consolidations, and X—character other than enlisted [13].

2.3. Viral Analysis

Nasopharyngeal swab analysis was performed in each patient at admission to the
hospital and afterward in patients with clinical symptoms of viral infection or in patients
with known contact with SARS-CoV2-infected patients.

The diagnosis of SARS-CoV-2 infection was based on a nucleic acid amplification test
(Seegene STARIet®, Bio-Rad CFX®, Hologic Panther®, Warsaw, Poland) using nasopha-
ryngeal swabs.

2.4. Statistical Analysis

The MS Power BI Desktop was applied for finding the outliers via scatter chart in the
first phase of the analysis and preliminary statistical analysis. IBM SPSS Statistics (version:
28.0.1.0(142)) was used to analyze the distribution of variables and perform some statisti-
cal tests and calculate some statistics. PQStat (version: 1.8.4.) was used for the same pur-
pose to analyze the data and to prepare all the visualizations seen in this article. To deter-
mine the inter-observer agreement between the two reviewers, two tests were used. The
Kaplan-Meier curve was used to calculate the median overall survival time for ICU cases
and PCR test cases. To check the significance of the nominal variables, the test of kappa
coefficient was applied. Whereas for the interval variables (after checking and confirming
the normal distribution with an appropriate statistical test) a test to check the significance
of the ICC coefficient (intraclass correlation coefficient) was used. Intraclass correlation
(ICC) was used to examine inter-observer agreement for the three quantitative methods
(CT-SS, CT-S, and TSS). The determination of the ROC curve and the calculation of the
area under this curve (AUC), as well as the calculation of sensitivity and specificity, were
used to compare which of the 3 quantitative methods could generate the best results in
assigning patients to the severe and non-severe COVID-19 groups. After comparing the
three quantitative methods, i.e., CT-SS, CT-S, and TSS, in terms of inter-observer agree-
ment and in terms of ROC curve, AUC, and sensitivity and specificity values, the time
consumptions of the three test methods were compared. For this purpose, the normal dis-
tribution of the three variables was checked. When the test showed that one of the varia-
bles did not meet the condition of normal distribution (p-value > 0.05) it was decided to
perform Friedman’s ANOVA test, which was dedicated to the independent interval vari-
able that did not meet the condition of normal distribution. Patients were divided into
two groups: the severe COVID-19 group and non-severe COVID-19 group. To determine
the p-value, three different tests were used. The main aim was to define whether the p-
value was less than 0.05, indicating a statistically significant difference. For interval scale
variables that did not meet the condition of normal distribution and for those that were
independent, the Mann-Whitney U test was used, which is specifically designed for such
conditions. For quantitative variables that met the condition of normal distribution, the
Student’s t-test for independent groups was used. For nominal and independent varia-
bles, the chi-square/Fisher’s exact test was used. In order to compare the time consump-
tion of the three semi-quantitative methods of assessing patients’ lungs (Chest CT severity
score_time, Chest CT score_time, and Total severity score_time), the normal distribution
of these variables was checked at first. Due to the small sample size, the Shapiro-Wilk test
was used to test the normal distribution condition of the variables describing the exami-
nation/interpretation time in seconds. According to the null hypothesis of the Shapiro—
Wilk test, the distribution of the trait under study is a normal distribution. Thus, if the p-
value was less than the chosen o level (a = 0.05 in this study), the null hypothesis was
rejected, and there was evidence that the values did not have a normal distribution. The
p-value for this test for the Chest CT severity score time variable was <0.005, i.e., the Chest
CT severity score_time variable did not meet the normal distribution condition, whereas
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the other two variables met the normal distribution condition. For this reason, it was not
possible to carry out the test that was previously considered, that is, the single-factor re-
peated-measures ANOVA test. Instead of the previously considered test, the Friedman
ANOVA test, which is dedicated to dependent interval variables meeting the condition of
normal distribution, was conducted. Friedman’s ANOVA test for p-value <0.005 indicates
that not all test times are statistically significantly different from each other.

3. Results

50 patients with hematologic malignancies and COVID-19 diagnosed at the Medical
University of Warsaw were included in this study. The clinical data of the patients are
presented in Table 1.

Table 1. Clinical and radiological characteristics of the studied patients according to COVID-19 dis-
ease progression.

Characteristic Total Non-Severe COVID-19 Severe COVID-19  p Value
N 50 28 22
Age [years] 64.94 +17.45 61.32 +18.53 69.55 +15.16 0.096 Y
Sex 0.136 F
Male 33 (66%) 16 (57.14%) 17 (77.27%)
Female 17 (34%) 12 (42.86%) 5 (22.73%)
Mortality rate 20 (40%) 1 (3.57%) 19 (86.36%) <0.05F
Associated comorbidities 1.92+1.44 1.61+1.2 2.32+1.64 0.1097 v
Arterial hypertension 26 (52%) 12 (42.86%) 14 (63.64%) 0.144F
Diabetes 9 (18%) 2 (7.14%) 7 (31.82%) 0.024F
Liver disease 5 (10%) 2 (7.14%) 3 (13.64%) 0.447 F
Hyperlipidemia 18 (36%) 9 (32.14%) 9 (40.91%) 0.522 F
Heart disease 23 (46%) 14 (50%) 9 (40.91%) 0.522F
Kidney disease 15 (30%) 6 (21.43%) 9 (40.91%) 0.136F
Blood pressure
Systolic pressure [mmHg] 120.22 + 18.64 118.86 + 16.19 121.95 + 21.64 0.565¢
Systolic blood pressure out of the 4 (8%) 2 (7.14%) 2 (9.09%) 0.801F
norm
Diastolic pressure [mmHg] 71.16+11.14 72.25+10.51 69.77 +12 0.441t
Diastolic blood pressure out of the 4 (8%) 2 (7.14%) 2 (9.09%) 0.801 F
norm
Admitted to ICU 19 (38%) 3(10.71%) 16 (72.73%) <0.05F
Ventilated by a mask with high oxy- 21 (42%) 2 (7.14%) 19 (86.36%) <0.05F
gen volumes
Intubated 13 (26%) 1 (3.57%) 12 (54.55%) <0.05F
Saturation [%] 89.04 +13.72 94.11 +7.96 82.59 +16.72 0.001 v
D-dimer [ug/L] 2882.42 +2 771.56 2348.39 + 2836.64 3562.09 +2591.12 0.005Y
CRP, C Reactive Protein [mg/1] 141.58 + 86.98 111.04 £ 79.96 180.45 + 81.27 0.004 ¢
WBC, White blood cell count 8.69 + 11.34 9+11.8 8.3+10.99 0.71032V
[tys/mm3]
Neutrophil [tys /ul] 3.9516 £5.79 517+7.21 24+2.61 0.186734 Y

Test of significance: V the Mann-Whitney U test, ¥ chi-square or Fisher’s exact test, t independent
samples f test.
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3.1. Clinical and Radiological Characteristics of the Examined Patients According to
COVID-19 Severity

In the study sample of patients, 22 (56%) were severe cases, and 28 (44%) belonged
to the non-severe COVID-19 group. During the analysis, a statistically significant differ-
ence was noted between the mortality rates of severe and non-severe COVID-19 patients.
The Severe COVID-19 group had a mortality rate of 86.36%, while there was only one case
of death in the non-severe group, resulting in a mortality rate of 3.57% (p-value < 0.05).

Compared to the non-severe COVID-19 group, patients in the severe COVID-19
group were more likely to demonstrate the presence of a comorbid condition, such as di-
abetes. Among severely ill COVID-19 patients, 16 (72.73%) were admitted to the ICU,
while among non-severe patients, only 3 (10.71%) were admitted to the ICU (p-value <
0.05).

Saturation levels were statistically different between the two groups of patients (Fig-
ure 1). The mean saturation level in non-severe patients oscillated at 94.11% (SD 7.96),
whereas for severe patients, this value was 82.59% (SD 16.72) (p-value = 0.001). The D-
dimer value differed significantly in the groups designated for analysis (Figure 2) between
severely ill patients (mean D-dimer 3562.09 ug/L; SD 2591.12) and non-severe patients
(mean D-dimer 2348.39 ug/L; SD 2836.64, p-value = 0.005). The blood-based CRP value
(Figure 3) was also higher in severely ill COVID-19 patients (mean CRP 180.45 mg/L; SD
81.27) and non-severe patients (mean CRP 111.04 mg/L; SD 79.96, p-value = 0.004).

105+ — Mean
- A
100+ T Stand. dev.

95 | -

0T

85T

Saturation

80T

7T

0t
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l 1l

non-severe severe
Covid-19

Figure 1. Pairwise comparisons of saturation values of non-severe and severe cases at diagnosis.
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Figure 2. Pairwise comparisons of D-dimer values of non-severe and severe cases at diagnosis.
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Figure 3. Pairwise comparisons of CRP values of non-severe and severe cases at diagnosis.

The Kaplan-Meier curve was used to determine a curve showing the probability of
survival time for the patients from the time of admission to the ICU (N = 19), assuming a
maximum time in hospital of 15 days. The premise of this analysis was to determine the
median time to death after admission to the ICU and to show by means of a curve how
the probability of survival time was distributed among the patients studied. While ana-
lyzing the Kaplan-Meier curve, it was observed that the median survival from ICU ad-
mission was 11 days, with a mean value of slightly over 9 days (Figure 4).
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Figure 4. Kaplan-Meier curve for survival time analysis for ICU cases.

By using the Kaplan-Meier curve, we also decided to examine the median survival
time of the patients using the PCR test. Kaplan-Meier curves were applied to examine the
median survival time of the patients using the PCR test. Only the patients who died within
2 months of the PCR test were included in this analysis. Based on this curve, a median
value of 10 days and a mean value of 14 days were determined (Figure 5).
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Figure 5. Kaplan—-Meier curve for survival time analysis for PCR test cases.

3.2. Inter-Observer Agreement

For each scoring system, 100 observations were submitted.
There was statistically significant inter-observer agreement between the two observ-
ers in assessing qualitative lung involvement using the m-TSS method. The inter-observer
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concordance oscillated at the level of perfect agreement (kappa value = 1) for four catego-
ries, i.e.,, GGO, crazy paving, consolidations, and normal lungs (Table 2).

Table 2. Test of significance: Fleiss’ kappa for qualitative lung assessment via m-TSS performed by
the two observers.

Category Fleiss’ Kappa (k) 95% CI SE p Value
Overall 1 0.796-1  0.104 <0.001
Nomal lungs 1 0.723-1  0.141 <0.001
Ground glass opacities 1 0.723-1  0.141 <0.001
Crazy paving 1 0.723-1  0.141 <0.001
Consolidations 1 0.723-1  0.141 <0.001

k—kappa value, CI—Confidence interval, SE—standard error.

As part of the inter-observer agreement analysis, an error plot was determined for
the two observers (Figure 6), which graphically shows the same values shown in Table 2.

T 95%cl

B Kappa
Overall + -
nomal lungs —-7=:
consolidation I
crazy-paving pattem =
ground-glass opacity —a
} + ¢ + 4
0 0.2 04 0.6 0.8 1

Figure 6. Error plot for the m-TSS method.

In addition, an agreement plot (Figure 7) was determined, which shows how the pa-
tient from the first to the fiftieth was rated by the two observers, where their agreement
was 100%, which is why each column in the plot is the same color.
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Figure 7. Agreement stacked column plot for the m-TSS method.

Based on the ICC values, excellent inter-observer reliability was found among the
three methods, where ICC > 0.9 (Table 3).

Table 3. Inter-rater reliability for quantitative scoring systems.

Scoring System ICC 95% CI p Value
Chest CT severity score 0.994 0.99-0.997 <0.001
Chest CT score 0.994 0.99-0.997 <0.001
Total severity score 0.992 0.987-0.996 <0.001

ICC—Intraclass correlation coefficient, CI—Confidence interval.

To graphically represent the inter-observer agreement between the two observers in

the quantitative methods shown in Table 3, multiple dot graphs were created (Figures 8-
10).
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Figure 8. Multiple dot graphs for inter-observer agreement for Chest CT-SS.
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Figure 9. Multiple dot graphs for inter-observer agreement for Chest CT-S.
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Figure 10. Multiple dot graphs for inter-observer agreement for TSS.

3.3. Severity Scoring Systems

The ROC curve was used to determine which of the three quantitative methods
would best assign patients to the two groups according to the severity of COVID-19 dis-
ease. The two groups were determined: non-severe and severe, as described in the Mate-
rials and Methods section.

Table 4 shows all the values important for the comparison and analysis regarding the
ROC curve for the three quantitative methods, i.e., range of values, sensitivity, specificity,
cutoff value, AUC value, and p-value.
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Table 4. Sensitivity and specificity of the quantitative methods for identifying the probability of
COVID-19 adverse outcomes in the studied patients (severe and non-severe). The results were ob-
tained based on the analysis of the ROC curves.

Scoring System Range Sensitivity Specificity Cutoff Value AUC p Value

Chest CT severity score  0-40 72.7% 98.2% 214 0.902 <0.001
Chest CT score 0-25 75% 100% >14 0.899 <0.001
Total severity score 0-20 65.9% 94.6% >9 0.881 <0.001

By using ROC curves (Figures 11-13), a selection of the optimal cutoff value was
made, i.e., a certain value of the diagnostic variable that best divides the study population
into two groups: severe and non-severe COVID-19. Comparing the results obtained for
the ROC curves, it can be seen that for the two quantitative methods (Chest CT-SS and
Chest CT-S), the cutoff value is the same at >= 14, and for the TSS method it is >=9.

The three ROC curves revealed excellent and very good diagnostic accuracy for the
three scoring systems. The AUC values were excellent (0.902), very good (0.899), and very
good (0.881) for the CT-SS, CT-S, and TSS scoring systems, respectively. Sensitivity
showed high levels at 72.7%, 75%, and 65.9% respectively, and specificity was recorded at
98.2%, 100%, and 94.6% for the CT-SS, CT-S, and TSS scoring systems, respectively.

Cut-off point>=14 [0,018 x 0,727]
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Figure 11. ROC curve for the diagnostic performance of Chest CT-SS in detection of severe COVID-
19 cases.
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Figure 12. ROC curve for the diagnostic performance of Chest CT-S in detection of severe COVID-

19 cases.
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Figure 13. ROC curve for the diagnostic performance of TSS in detection of severe COVID-19 cases.

In order to be able to compare the mean values obtained when the two observers
performed the three scoring methods for severe and non-severe COVID-19, a t-test for
independent samples was performed. With the obtained p-value <0.05, box plots (Figures
14-16) were created to graphically visualize the obtained results. The same results are also
presented in Table 5.
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Table 5. The mean values of the three quantitative methods obtained with the tests conducted by
the two observers.

Characteristic Total Non-Severe COVID-19 Severe COVID-19 p Value
Chest CT severity score 11.6 +10.78 5.02 +4.53 19.98 +10.64 <0.05¢
Chest CT score 10.62 +7.49 6+4.15 16.5 + 6.63 <0.05t
Total severity score 7.74 +5.81 4.3+2.68 12.11+£5.8 <0.05¢
Test of significance: t independent-samples  test.
; Mean
R 95%Cl
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B+
8
@20
2
14
815+
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5_.
0._

non-severe severe
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Figure 14. Box plot of comparisons of mean chest CT-SS for non-severe and severe COVID-19 pa-

tients.
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Figure 15. Box plot of comparisons of mean Chest CT-S for non-severe and severe COVID-19 pa-
tients.
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Figure 16. Box plot of comparisons of mean TSS for non-severe and severe COVID-19 patients.

A time consumption analysis (Table 6) of each of the three methods was used to de-
cide which method should be chosen first.

Table 6. Comparisons of examination time in seconds of each of the three quantitative scoring sys-
tems.

Interpretation Time [seconds]

Statistic Chest CT Severity Score  Chest CT Score Total Severity Score p Value
Average 35.32 35.62 29.86 0.002
Median 30 35 30 0.002
Q1-Qs 22.75-40 28-45 2238
Range 10-78 10-68 10-55
Pairwise comparisons B B A

p value: Friedman test, Qi—Qs: the first quartile - the third quartile. Pairwise comparisons (Test
POST-HOC Conover-Iman): similar letters = insignificant difference, different letters = significant
difference.

3.4. Time Consumption

Table 6 shows the results obtained during the analysis, which was based on the av-
erage and median time of the study.

The results arranged from the longest to the shortest according to the average were
as follows: Chest CT score_time > Chest CT severity score_time > Total severity
score_time. The results arranged according to the median value: Chest CT score > Chest
CT severity score = Total severity score. In addition, pairwise comparisons showed a sta-
tistically significant difference between all pairs except Chest CT severity score_time and
Chest CT severity score_time, which ended up in the same group (B). Figure 17 shows box
plots comparing the mean interpretation time of the three quantitative scoring systems,
whereas Figure 18 compares the median time.
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Figure 17. Box plot of comparisons of the mean interpretation times of the three quantitative scoring
systems.
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Figure 18. Box plot of comparisons of the median interpretation times of the three quantitative scor-
ing systems.

Figures 19-21 illustrate typical manifestations of COVID-19 pneumonia in analyzed
patients.
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Figure 19. Coronal reconstruction of non-enhanced CT reveals bilateral ground glass opacities in
peripheral distribution in lower lobes.

Figure 20. Axial plane of non-enhanced CT reveals bilateral ground glass opacities with superim-
position of interlobular septal thickening, giving the crazy paving appearance, distributed symmet-
rically in both lungs.
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Figure 21. Axial plane of non-enhanced CT reveals ground glass opacities in subpleural distribution
in lower lobes.

4. Discussion

The role of chest CT in the pandemic era of COVID-19 has been established as an
auxiliary method for assessing the severity and extent of lung involvement in a selected
group of patients. The additional use of a scoring system for evaluation allows for more
objective and standardized results and may also be useful as a short-term prognostic fac-
tor [14]. There have been several studies evaluating scoring systems in COVID-19 pneu-
monia in different groups of patients [5,6,11,14].

According to Tharwat et. al, TSS may have prognostic value in patients with acute
renal failure or chronic kidney disease. Higher TSS scores and a predominant pattern of
pulmonary consolidations were more common in patients in severe clinical condition (p <
0.05) [15]. These findings are consistent with our study, with significantly higher values
in TSS in the severe COVID-19 group.

The m-TSS method was a qualitative method to distinguish the main radiological
patterns present in COVID-19 pneumonia. Category A for the GGO pattern was the most
common observation in our study and predominated in 58% of patients (Figures 19-21).
GGO is not a feature specific to COVID-19 pneumonia and can occur in several conditions.
In hematologic patients, the differential diagnosis of GGO should include other viral in-
fections such as cytomegalovirus, alveolar hemorrhage, drug toxicity and organizing
pneumonia [16]. Our study supports the results of the meta-analysis by Zheng et al.,
where GGO, vascular enlargement, alveolar septal thickening, and subpleural lines were
the most common findings in both normal and severe patients [17]. Furthermore, our re-
sults presented excellent inter-observer agreement in qualitative analysis in the mTSS
method (p <0.001).

In a study by Yang et al., the threshold for identifying patients with severe infection
in CT-SS was 19.5 with 83.3% sensitivity and 94% specificity [6]. In our study, the results
for CT-SS were 14, 72.7%, and 98.2% respectively, confirming excellent diagnostic perfor-
mance of the method. Additionally, the AUC values of analyzed semi-quantitative meth-
ods ranged between 0.881 and 0.902, suggesting that all of them can be considered as ex-
cellent tools for discriminating patients with severe and non-severe COVID-19 disease. In
all semi quantitative methods, patients in the severe COVID-19 group received higher
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scores than non-severe patients (p < 0.005). In the study by Li et al., patients with severe
clinical conditions had significantly higher scores in the CT-S. Moreover, sensitivity, spec-
ificity, and cut-off values for identifying severe cases were 80%, 82.8%, and 7, respectively,
whereas the AUC value for the ROC curve was 0.87 [18]. In our study, the values were as
follows: 75%, 100%, and 14. The AUC value in the ROC curve was 0.899. Our results are
similar, confirming very good diagnostic performance of this scale, even though the ana-
lyzed group was smaller. Another important point of analysis is the repeatability and fea-
sibility of the method. In our study, we achieved excellent inter-observer reliability in all
three semi quantitative methods with the ICC values > 0.9.

During the pandemic era, several CT scales were invented to assess lung involvement
in COVID-19 infection. In a recent study published in May 2022, Dilek et al. proposed an
Early Decision Severity Score. The system includes evaluation of patients based on visual
CT scorings, intubation necessities, and mortality rates. The combination of radiological
and clinical factors had the additional benefit of assessing patient’s prognosis [19]. In our
study, several clinical parameters were analyzed.

Respiratory failure is one of the leading causes of COVID-19 mortality [20]. Patients
with low oxygen saturation have a higher risk of death, which supports results that link
hypoxemia to mortality [21]. In the analyzed group of patients, oxygen saturation varied
significantly with the average values in non-severe and severe patients reaching 94% and
82%, respectively (Table 1 and Figure 1).

One of the laboratory parameters associated with mortality in patients with COVID-
19 is D-dimer. D-dimer levels are elevated in patients of all age groups with COVID-19.
In patients with COVID-19, the existence of a concomitant disease such as diabetes, can-
cer, stroke, and physiological conditions such as pregnancy may contribute to elevated D-
dimer levels. On the other hand, the correlation between high D-dimer levels and survival
rates underscores the importance of detecting D-dimer levels in patients with COVID-19
[22]. In our study, not surprisingly, D-dimer values were significantly higher in the severe
COVID-19 group with the mean value of 3562 ug/L (Table 1 and Figure 2).

CRP levels were found to be significantly elevated in the initial phases of the infection
in patients with severe COVID-19 also prior to indications of critical findings with CT.
Importantly, CRP has been associated with disease progression and is an early predictor
for severe COVID-19 [23]. In our study, patients in the severe COVID-19 group had sig-
nificantly higher CRP levels in contrast to the non-severe COVID-19 group (Table 1 and
Figure 3).

Compared to the general patient population, those with comorbidities have a poor
prognosis and high mortality resulting from COVID-19 [24,25]. In hematological patients,
advanced disease, older age, type of malignancy, and several laboratory parameters, such
as high CRP, lymphopenia, and neutropenia have been correlated with COVID-19 mor-
tality [26-28]. Chronic diseases such as diabetes or arterial hypertension are associated
with a high mortality rate [29]. Our study supports those findings, with significantly
higher mortality in patients with comorbidities, particularly in those with diabetes.

To the best of our knowledge, this is the first study analyzing diagnostic accuracy of
chest CT scales in COVID-19 in hematology patients. A recent study by Elmokadem et al.
analyzed the diagnostic performance of five different CT chest severity scoring systems
in ordinary patients and found that Chest CT-SS had the highest specificity and utilized
the least amount of time when compared to other scoring systems [30]. The results were
concordant with our study, with 98.2% specificity for Chest CT-SS and excellent AUC val-
ues of 0.902 (p < 0.001). Interestingly, the median interpretation time in Chest CT-SS and
TSS was equal, while in Chest CT-S, it was slightly longer (p = 0.002).

Our study has a few limitations. Firstly, as it was a single-center study, the group
was relatively small and thus further studies with more patients are warranted. To con-
firm our results, larger datasets are needed. Secondly, patients suffered from different he-
matological malignancies at different stages of diseases. Taking this fact into account,
some laboratory parameters could not be reliably interpreted and collected for analysis
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due to different clinical stages of hematological disease. Furthermore, due to the retro-
spective nature of the study, some clinical data were incomplete and thus clinical analysis
was very limited to selected laboratory parameters; however, we managed to collect one
significant to assess prognosis and risk factors such as D-dimer and CRP.

5. Conclusions

The analyzed chest CT scores presented excellent inter-observer agreement. Chest
CT score and chest CT severity score presented very high sensitivity and specificity in
terms of diagnostic accuracy. The highest AUC values and shortest median times of anal-
ysis in chest CT severity scores suggests this method as the most comprehensive for semi-
quantitative assessment of chest CT in hematological patients with COVID-19.
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7. Wnioski

1. Zastosowanie najnowszych kryteriow EORTC/MSG, rozszerzonych o nowe objawy
radiologiczne istotnie wptyneto na postgpowanie kliniczne w badanej grupie pacjentéw i
zwigkszylo warto§¢ diagnostyczng wyjSciowej tomografii komputerowej wysokiej
rozdzielczosci o 11,4% w rozpoznawaniu prawdopodobnej inwazyjnej aspergilozy ptucnej.

2. Na podstawie analizy pordwnawczej skal stosowanych do oceny zaawansowania zmian
zapalnych w migzszu plucnym w przebiegu COVID-19, mozna wnioskowag, iz skala Chest
CT Severity Score stanowi metode rekomendowang w grupie pacjentOw z nowotworami

hematologicznymi i COVID-19.
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8. Opinie Komisji Bioetycznej

Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury nr 61
Fax: 022/57 - 20 -165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

AKBE/ 29t /2022

Warszawa, dnia 12.12.2022r.

Lek. Marta Hataburda-Rola
11 Zaktad Radiologii Kliniczne;j,
ul. Banacha 1a, 02-097 Warszawa

OSWIADCZENIE

Niniejszym oswiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 12 grudnia 2022r. przyjeta do wiadomosci informacj¢ na
temat badania pt. ”Analiza por6wnawcza skal tomografii komputerowej nasilenia COVID-19
u pacjentéw z chorobami hematologicznymi.”

Przedstawione badanie nie stanowi eksperymentu medycznego w rozumieniu art. 21ust.1
ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty (Dz.U. z 2018 r.poz.
617) i nie wymaga uzyskania

opinii Komisji Bioetycznej przy Warszawskim Uniwersytecie Medycznym, o ktérej mowa
w art. 29 ust.1 ww. ustawy.

Przewodniczzisji Bioetycznej

Prof. dr hab. n. med. Magdalena Kuzma -Kozakiewicz
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Komisja Bioetyczna
przy Warszawskim Uniwersytecie Wiedycznym

Tel.: 022/ 57 - 20 -303 ul. Zwir-ki i Wigury nr 61
Fax: 022/ 57 - 20 -165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

AKBE/ 4412022

Warszawa, dnia 17 sty/cznia 2022r.

Lek. Marta Hataburda-Rola
II Zaklad Radiologii Klinicznej,
ul. Banacha 1a,02-097 Warszawa

OSWIADCZENIE

Niniejszym o$wiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 17 stycznia 2022r. przyjeta do wiadomosci informacje na temat
badania pt:” Kliniczna uzyteczno$¢ Tomografii Komputerowej wysokiej rozdzielczosci —HE
u pacjentéw hematologicznych z Covid-19 do diagnozowania inwazyjnej aspergiloozy
ptucnej.” ( Clinical utility of high-resolution computed tomography in COVID-19 hematolog
patients to diagnose invasive pulmonary aspergillosis.) Przedstawione badanie nie stanowi
eksperymentu medycznego w rozumieniu art. 21 ust. 1 ustawy z dnia 5 grudnia 1996 r. o
zawodach lekarza i lekarza dentysty(Dz.U. z 2018 r. poz. 617) i nie wymaga uzyskania opini
Komisji Bioetycznej przy Warszawskim Uniwersytecie Medycznym, o ktSrej mowa w art. 2

ust.1 ww. ustawy.

#niepotrzebne skresli¢

Przewodniczacy Komisji Bioetycznej

by it -

Prof. dr h;rt;. fi.med. Magdalena Kuzma-Kozakiewicz
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9. Oswiadczenia wszystkich wspolautorow publikacji okreslajace indywidualny wklad

kazdego z nich w ich powstanie

Oswiadczenia wszystkich wspélautorow cyklu publikacji stanowigcych

rozprawe doktorska, okreslajace ich indywidualny wklad

Oswiadczenia wspotautora publikacji stanowiacych rozprawe doktorska

Dr hab. n. med. Tomasz Dzieciatkowski (Katedra i Zaktad Mikrobiologii Lekarskiej,
Warszawski Uniwersytet Medyczny) — nadzér merytoryczny nad prowadzeniem
badania, wsparcie w opracowaniu metodologii, nadzér nad interpretacja otrzymanych

wynikéw.

Hataburda-Rola M, Dziecigtkowski T, Gorka M, Rowinski O, Grabowska-Derlatka L. Clinical

utility of the updated European Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of Allergy and the Mycoses
Study Group Education and Research Consortium computed tomography criteria of invasive
pulmonary aspergillosis in hematological malignancies. Hematology. 2021 Dec;26(1):398-
407. doi: 10.1080/16078454.2021.1931739.

M¢j udziat procentowy w przygotowaniu publikacji okreslam jako 8%

Wyrazam zgod¢ na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek. Marty

Hataburdy-Rola.
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Oswiadczenia wszystkich wspolautoréw cyklu publikacji stanowiacych

rozprawe doktorska, okreslajace ich indywidualny wkilad

Os$wiadczenia wspélautora publikacji stanowigcych rozprawe doktorska

Lek. Michal Gorka (Katedra i Klinika Hematologii, Transplantologii i Chor6b
Wewnetrznych, Warszawski Uniwersytet Medyczny) — wsparcie merytoryczne nad

prowadzeniem badania.

Halaburda-Rola M, Dziecigtkowski T, Gérka M, Rowinski O, Grabowska-Derlatka L.
Clinical utility of the updated European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy
and the Mycoses Study Group Education and Research Consortium computed tomography
criteria of invasive pulmonary aspergillosis in hematological malignancies. Hematology.
2021 Dec;26(1):398-407. doi: 10.1080/16078454.2021.1931739.

MOoj udzial procentowy w przygotowaniu publikacji okreslam jako 1%

Wyrazam zgode na wykorzystanie w/w pracy jako czgs$¢ rozprawy doktorskiej lek Marty
Hataburdy- Rola.
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Oswiadczenia wspélautora publikacji stanowiacych rozprawe doktorska

Dr n. med. Joanna Drozd- Sekolowska (Katedra i Klinika Hematologii,
Transplantologii i Choréb Wewnetrznych, Warszawski Uniwersytet Medyczny) —
udostepnienie miejsca i sprzetu do przeprowadzenia badania, nadzor nad

przygotowaniem manuskryptu.

Halaburda-Rola M, Drozd-Sokotowska J, Januszewicz M, Grabowska-Derlatka L.

Comparison of Computed Tomography Scoring Systems in Patients with COVID-19 and
Hematological Malignancies. Cancers. 2023; 15(9):2417.
https://doi.org/10.3390/cancers15092417

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 8%

Wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek Marty
Hataburdy- Rola.
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Oswiadczenia wszystkich wspélautoréw cyklu publikacji stanowigcych
rozprawe doktorsky, okreslajgce ich indywidualny wkiad

Oswiadczenia wspélautora publikacji stanowigcych rozprawe doktorsks

Prof. dr hab. n. med. Olgierd Rowinski (II Zaktad Radiologii Klinicznej, Warszawski
Uniwersytet Medyczny) —udostepnienie miejsca i sprzetu do przeprowadzenia

badania, nadzor nad przygotowaniem manuskryptu.

Halaburda-Rola M, Dziecigtkowski T, Gérka M, Rowirski O, Grabowska-Derlatka L. Clinical

utility of the updated European Organization for Research and Treatment of Cancer/Invasive

Fungal Infections Cooperative Group and the National Institute of Allergy and the Mycoses
Study Group Education and Research Consortium computed tomography criteria of invasive
pulmonary aspergillosis in hematological malignancies. Hematology. 2021 Dec;26(1):398-
407. doi: 10.1080/16078454.2021.1931739.

MGéj udziat procentowy w przygotowaniu publikacji okre$lam jako 1%

Wyrazam zgode na wykorzystanie w/w wymienionej pracy jako czgs¢ rozprawy doktorskie;j

lek Marty Hataburdy- Rola.
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Oswiadczenia wszystkich wspolautorow cyklu publikacji stanowigcych

rozprawe doktorska, okreslajgce ich indywidualny wkiad

Os$wiadczenia wspélautora publikacji stanowigcych rozprawe doktorska

Dr hab. n. med. Magdalena Januszewicz (II Zaktad Radiologii Kliniczne;j,
Warszawski Uniwersytet Medyczny) —udostgpnienie miejsca i sprzetu do

przeprowadzenia badania, nadzor nad przygotowaniem manuskryptu.

Halaburda-Rola_M, Drozd-Sokotowska J, Januszewicz M, Grabowska-Derlatka L.
Comparison of Computed Tomography Scoring Systems in Patients with COVID-19 and
Hematological Malignancies. Cancers. 2023; 15(9):2417.
https://doi.org/10.3390/cancers15092417

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 1%

Wyrazam zgodg na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej lek Marty
Hataburdy- Rola.
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Oswiadczenia wszystkich wspolautorow cyklu publikacji stanowiacych

rozprawe doktorska, okreslajace ich indywidualny wklad

Oswiadczenia wspolautora publikacji stanowigeych rozprawe doktorska

Dr hab. n. med. Laretta Grabowska- Derlatka (11 Zakltad Radiologii Klinicznej,
Warszawski Uniwersytet Medyczny) — nadzor merytoryczny nad prowadzeniem
badania, opracowanie metodologii, nadzor nad interpretacja otrzymanych wynikéw,

pisanie artykulow stanowigcych cykl publikacji.

Halaburda-Rola M, Dziecigtkowski T, Gérka M, Rowinski O, Grabowska-Derlatka L. Clinical
utility of the updated European Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of Allergy and the Mycoses
Study Group Education and Research Consortium computed tomography criteria of invasive
pulmonary aspergillosis in hematological malignancies. Hematology. 2021 Dec;26(1):398-
407. doi: 10.1080/16078454.2021.1931739.

MOoj udziat procentowy w przygotowaniu publikacji okreslam jako 20%

Hataburda-Rola M, Drozd-Sokotowska J, Januszewicz M, Grabowska-Derlatka L.
Comparison of Computed Tomography Scoring Systems in Patients with COVID-19 and
Hematological Malignancies. Cancers. 2023; 15(9):2417.
https://doi.org/10.3390/cancers15092417

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 20%

Wyrazam zgode na wykorzystanie w/w prac jako czes¢ rozprawy doktorskiej lek Marty
Halaburdy- Rola.
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