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Wykaz stosowanych skrotow

MR - rezonans magnetyczny

TK — tomografia komputerowa



Streszczenie

Krtan 1itchawica stanowig bardzo istotne elementy ukladu oddechowego.
Zaburzenia zwigzane z ich budowa i funkcja moga mie¢ zarowno bezposredni jak
1 posredni wplyw na przebieg adaptacji pourodzeniowej oraz dalszy rozwdj noworodka.

W praktyce klinicznej diagnostyka krtani i tchawicy skupia si¢ na laryngoskopii,
endoskopii, tomografii komputerowej czy rezonansie magnetycznym. s3 to metody
dobrze poznane, ktére pozwalaja na doktadne obrazowanie struktur oraz funkcji tych
narzagdow, jednak nie sgpozbawione wad. Naleza donich dyskomfort, czegsta
konieczno$¢ sedacji pacjenta, transportu, jak rowniez ograniczona dostepnosc.

Ultrasonografia jest nieinwazyjna, bezpieczng metodg diagnostyczna, od wielu lat
z powodzeniem wykorzystywang w diagnostyce choréb noworodka. Pomimo jej
powszechnego zastosowania wiedza natemat badania ultrasonograficznego krtani
itchawicy pozostaje skapa. W pismiennictwie dostepne sg prace opisujace obrazy
ultrasonograficzne krtani w przypadkach konkretnych wad wrodzonych, czy zaburzen
funkcji faldow glosowych, jednak dotad nie publikowano prac opisujacych w sposob
calo$ciowy badanie ultrasonograficzne krtani i tchawicy w wieku noworodkowym.

Niniejsza rozprawa jest podsumowaniem cyklu prac, ktoérego celem byt
kompleksowy opis badania ultrasonograficznego krtani itchawicy w populacji
noworodkow urodzonych pomiedzy 32. a 42. tygodniem zycia plodowego.

Ze wzgledu nabrak w dostgpnym piSmiennictwie innych, podobnych prac,
w pierwszej publikacji opisano protokél zawierajacy szczegdtowa charakterystyke
metodologii badania. Oméwiono w nim szczegotowo aspekty techniczne badania, w tym
sposob utozenia pacjenta, ustawienia aparatu ultrasonograficznego, wykorzystywang
aparature, projekcje ultrasonograficzne oraz sposob akwizycji, analizy obrazéw oraz
pomiaru poszczegolnych struktur krtani i tchawicy.

Opublikowany protokot postuzyt do przeprowadzenia prospektywnego badania
na grupie 300 zdrowych noworodkéw, uktéorych wykonywano badania
ultrasonograficzne krtani oraz tchawicy. Wyniki pomiardw poszczegoélnych struktur tych
narzadéw, pochodzace z badan 298 uczestnikow postuzyly do dalszej analizy
statystycznej, ktorej efektem byly dwie kolejne publikacje.

W drugiej z prezentowanych prac opublikowano normy wielko$ci struktur krtani

i tchawicy u dziewczat i chtopcow. Wykazano réwniez istotnie statystycznie rdznice



w wielko$ci wigkszo$ci badanych struktur u obu pici. Ponadto, nie stwierdzono istotne;j
statystycznie rdznicy szeroko$ci $wiatta glosni u chtopcow i dziewczat.

W trzeciej publikacji omowiono wyniki analizy korelacji pomiedzy wielkoscia
krtani itchawicy oraz ich §wiatlem w odniesieniu do pomiaréw antropometrycznych
noworodkow. Stwierdzono istotnie statystycznie zalezno$ci wigkszo$ci analizowanych
struktur do masy ciala noworodkéw. Ponadto, wykonano siatki centylowe pozwalajace
na ocen¢ uzyskanych pomiaréw struktur krtani i tchawicy w odniesieniu do masy ciata
noworodkow obu pfci.

Czwarta z prezentowanych publikacji jest odpowiedzig na list do redakcji
czasopisma European Radiology. Odniesiono si¢ wniej do pytan autoréw listu
dotyczacych drugiego z omawianych artykutéw. W odpowiedzi zwrdécono réwniez
uwage na odmienno$ci badania ultrasonograficznego noworodkow, ktore stanowia
szczegblng grupe pacjentow, wymagajacych szczegdlnej dbatosci o ich komfort w czasie
badania.

Prezentowany w niniejszej rozprawie doktorskiej cykl prac pozwolit
na wysunigcie wnioskow, iz metoda ultrasonograficzna pozwala na zobrazowanie
ipomiar struktur krtani itchawicy w wieku noworodkowym oraz uzyskane
w przeprowadzonych badaniach wyniki umozliwity wyznaczenie pierwszych, jak dotad
niepublikowanych, norm wielko$ci jak rowniez siatek centylowych struktur krtani

1 tchawicy w populacji noworodkow.



Summary

The larynx and trachea represent crucial components of the respiratory system.
Disorders related to their structure and function can have both a direct and indirect impact
on postnatal adaptation and the further development of the newborn.

In clinical practice, the diagnosis of thelarynx and trachea is based
on laryngoscopy, endoscopy, computed tomography, and magnetic resonance imaging.
These are well-known methods that allow for accurate imaging of the structures
and functions of these organs, but they are not without their disadvantages. These include
discomfort, the frequent need for patient sedation, transport and limited availability.

Ultrasonography is anon-invasive, safe diagnostic method that has been
successfully utilised for many years in the diagnosis of neonatal diseases. Despite
its widespread utilisation, knowledge concerning the ultrasound examination
of the larynx and trachea in newborn remains limited. The available literature comprises
studies that detail ultrasound images of the larynx in cases of specific congenital defects
or vocal fold dysfunction. However, to date, no studies have been published that describe
a comprehensive ultrasound examination of the larynx and trachea in the neonatal period.

This dissertation summarises a series of studies that were conducted
with the objective of providing a complete description of the ultrasound examination
of the larynx and trachea in a population of newborns born between 32 and 42 weeks
of gestation.

In view of the paucity of similar studies in the extant literature, the initial
publication delineated aprotocol comprising acomprehensive  description
of the examination methodology. The examination's technical aspects were discussed
in detail, including patient positioning, ultrasound machine settings, equipment used,
ultrasound projections, and the method of image acquisition, analysis, and measurement
of individual structures of the larynx and trachea.

The published protocol was used to conduct a prospective study on a group of 300
healthy newborns who underwent ultrasound examinations of the larynx and trachea.
The findings from the measurement of individual structures of these organs, obtained
from the examination of 298 participants, were utilised for further statistical analysis,
which resulted in two subsequent publications.

The second of the presented studies published standards for the size of the larynx

and trachea in girls and boys. Statistically significant differences in the size of most



of the examined structures in both sexes were also demonstrated. Moreover,
no statistically significant difference in glottis width was identified between boys
and girls.

The third publication presented the findings of a correlation analysis between
the measurements of the larynx and trachea and their lumen, in relation to anthropometric
measurements of newborns. Statistically significant correlations were identified between
the majority of the analysed structures and the body weight of newborns. Furthermore,
centile charts were developed to facilitate the evaluation of the obtained measurements
of the larynx and trachea structures in relation to the body weight of newborns of both
sexes.

The fourth publication presented is aresponse to aletter to the editor
of the European Radiology journal. The present article addresses the authors' questions
regarding the second of the articles discussed. Furthermore, it draws attention
to the differences in ultrasound examination of newborns, who constitute a special group
of patients requiring particular care to ensure their comfort during the examination.

The series of studies presented in this dissertation concluded that the ultrasound
method enables imaging and measurement of laryngeal and tracheal structures
in newborns. The results obtained in the conducted studies determined the first,
as yet unpublished, size standards and centile charts for laryngeal and tracheal structures

in the neonatal population.
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Wstep

Prawidlowa budowa i funkcja krtani oraz tchawicy sg jednymi z kluczowych
elementow uktadu oddechowego, niezbednymi do zapewnienia wilasciwej mechaniki
oddychania, fonacji czy potykania. W wieku noworodkowym zaburzenia zwigzane z tymi
narzagdami moga mie¢ wpltyw na stan pacjenta bezposrednio po urodzeniu (zaburzenia
oddychania (1), trudna intubacja (2)) jak réwniez w czasie jego dalszego rozwoju
(trudnosci w karmieniu (3), nawracajace infekcje drog oddechowych (1)).

Wrodzone choroby krtani oraz tchawicy wystepuja 2z czgstoscig
0,2-1 na 10 tysigcy urodzen zywych noworodkéw (4). Do tej grupy schorzen nalezy
miedzy innymi laryngomalacja, porazenie faldow glosowych, podglo$niowe zwezenie
krtani, naczyniaki podglo$niowe czy zwezenie tchawicy (1,4). Poza zaburzeniami
wrodzonymi, do pojawienia si¢ nieprawidlowosci zwigzanych z budowa i funkcja krtani
i tchawicy u noworodkéw moga przyczyni¢ si¢ procedury medyczne. Sg one niezbedne
w ratowaniu ich zycia w zwiazku z ich przedwczesnym urodzeniem, zaburzeniami
oddychania czy leczeniem wad wrodzonych dotyczacych innych narzadoéw. Powyzsze
zaburzenia budowy i funkcji krtani dotycza migdzy innymi pointubacyjnego zwe¢zenia
krtani (5,6), uszkodzenia fatdow gltosowych (7) czy zaburzenia funkcji krtani w zwigzku
z zabiegami chirurgicznymi, np. ligacja chirurgiczng przetrwatego przewodu
tetniczego (8).

Ocena prawidlowosci budowy oraz funkcji krtani itchawicy w wieku
noworodkowym stanowi istotne wyzwanie kliniczne. W ich diagnostyce wykorzystuje
si¢ techniki radiologiczne, takie jak tomografia komputerowa (TK), czy rezonans
magnetyczny (MR) oraz badania endoskopowe. Sa to metody dobrze znane oraz
pozwalajace na prawidtowe rozpoznanie chordb krtani i tchawicy i w wielu przypadkach
uznawane za zloty standard diagnostyczny (9,10). Pomimo niewatpliwych zalet nie
sa one pozbawione stabosci mogacych mie¢ wplyw na przebieg diagnostyki i dalszego
leczenia pacjenta. Tomografia komputerowa pozwala na doktadne obrazowanie struktur
krtani, jednak naraza pacjenta na promieniowanie jonizujace, co ma szczegOlne
znaczenie w odniesieniu do rozwijajacych si¢ tkanek, wtym tarczycy polozone;j
w bezposrednim sgsiedztwie badanych narzadéw (11). Rezonans magnetyczny, ktory
pozbawiony jest wplywu promieniowania jonizujgcego na pacjenta, umozliwia nie tylko
statyczng diagnostyke, ale rowniez dynamiczng ocene¢ struktur krtani. Niestety brak

wystarczajacej ilosci badan dotyczacych jego wykorzystania w diagnostyce w wieku
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noworodkowym nie pozwala w petni go wykorzystac¢ (11). Endoskopia jest powszechnie
stosowanym, diagnostycznym, pozwalajagcym nie tylko na diagnostyke struktur krtani,
ale réwniez na leczenie. Cho¢ jest procedura inwazyjng o niskim ryzyku moze
skutkowa¢ powiklaniem w postaci zaburzen oddychania (12). Ponadto duza zalezno$¢
jakos$ci badania endoskopowego od doswiadczenia osoby je przeprowadzajacej znacznie
zmniejsza jego dostepnos¢. Dodatkowo, nalezy zaznaczy¢, ze przeprowadzenie
powyzszych badan wigze si¢ z koniecznoscig (w zaleznosci od modalnosci) zastosowania
znieczulenia miejscowego lub sedacji (12—14). Co wiecej samo wykonanie powyzszych
procedur wiaze si¢ dyskomfortem noworodka zwigzanym z miejscem ich
przeprowadzania czy halasem. Czas oczekiwania, a niejednokrotnie rowniez koniecznos¢
transportu pacjenta do specjalistycznego osrodka moze znaczaco wydhuzy¢ proces
diagnostyczny. Nie pozostaje to bez wptywu na rozwdj i komfort zycia noworodkow.
Wazna kwestia wydaje si¢ by¢ rowniez mozliwo$¢ obecnos$ci rodzica przy badanym
noworodku, ktora w przypadku badan zwigzanych z promieniowaniem jonizujacym jest
ograniczona. Powyzsze argumenty kieruja nas w stron¢ poszukiwania lub rozwijania
innych metod diagnostycznych, ktére pozwolityby na ograniczenie dyskomfortu pacjenta
iumozliwity rozpoczecie diagnostyki chorob krtani 1itchawicy juz w oddziale
neonatologicznym. w efekcie mogloby to przyspieszy¢ diagnostyke tych narzadow
i ukierunkowac ja tak aby stata si¢ bardziej celowana.

Ultrasonografia jest nieinwazyjna, fatwo dostepna metoda diagnostyczng szeroko
stosowang w diagnostyce chorob w noworodkéw. Pomimo tego, jej wykorzystanie
w diagnostyce chordb krtani itchawicy wtej grupie pacjentdéw jest ograniczone.
w dostgpnym piSmiennictwie, do czasu opublikowania omawianego Ww ponizszej
rozprawie badania naukowego, publikowano prace opisujace polozenie, ruch i obraz
ultrasonograficzny  faldow  glosowych  w populacji noworodkéw urodzonych
przedwczesnie (15). Ponadto w piSmiennictwie mozna znalez¢ liczne opracowania
dotyczace wykorzystania ultrasonografii w diagnostyce choréb krtani itchawicy
w populacji noworodkéw. Dotyczyty one diagnostyki funkcji fatdéw gtosowych (16—18),
stridoru krtaniowego (12,19) czy laryngomalacji (20). Po dzi$ dzien nie opublikowano
standardu badania ultrasonograficznego opisujacego technike badania, anatomie
ultrasonograficzng, normy wielkosci poszczegdlnych struktur krtani i tchawicy
w badaniu ultrasonograficznym w populacji noworodkéow. Brak takich danych moze

stanowi¢ istotng przeszkod¢ w wykonywaniu diagnostyki ultrasonograficzne;j
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omawianych narzadéw, pomimo szerokiej dostepnosci aparatow ultrasonograficznych

w oddziatach neonatologicznych.

Omowienie cyklu publikacji

Przedstawiony w niniejszej rozprawie doktorskiej cykl publikacji dotyczy
diagnostyki ultrasonograficznej krtani 1itchawicy w populacji noworodkéw rasy
kaukaskiej urodzonych pomiedzy 32.a42. tygodniem wieku cigzowego. W $wietle
opisanego powyzej braku podobnych publikacji w omawianych pracach podjeto probe
usystematyzowania wiedzy dotyczacej ultrasonografii krtani i tchawicy w tej populacji,
skupiajac si¢ na jej najwazniejszych aspektach.

Pierwsza publikacja pod tytutem: ,,Ultrasound Assessment of Larynx and Trachea
in the Neonatal Period, Examination Standard with Predictive Values-Study Protocol”
jest protokotem badania zarejestrowanego w ClinicalTrials.gov (identyfikator
NCT05636410), ktora zostata opublikowana w czasopi$mie Diagnostics (IF 3,3; punkty
MNiSW 70). Praca miala nacelu szczegétowe omodwienie metodologii badania
ultrasonograficznego krtani itchawicy unoworodkéw z wykorzystaniem glowicy
liniowej wysokiej czestotliwosci. Opisano w niej techniczne aspekty badania zwracajac
uwage na optymalne miejsce oraz czas badania wskazujac na zapewnienie najwyzszego
komfortu badanego noworodka. W pracy omoéwiono roéwniez ustawienia aparatu
ultrasonograficznego, pozwalajace na uzyskanie najwyzszej jako$ci obrazu oraz opisano
wykorzystywane projekcje ultrasonograficzne. Ponadto skupiono si¢ na technice pomiaru
struktur na poszczegdlnych poziomach krtani itchawicy, w ktorych uwzgledniono:
szerokos¢ 1 glgbokos¢ krtani, wielko$¢ kata tworzonego przez blaszki chrzastki
tarczowatej, grubo$¢ chrzastki tarczowatej posrodkowo oraz w cze$ciach bocznych,
grubo$¢ naglo$ni oraz przestrzeni przednagto$niowej, grubos¢ fatdow glosowych
i mig$nia migdzynalewkowego, szeroko$¢, wysokos¢ oraz powierzchni¢ glosni, kat
tworzony przez rozwarte faldy glosowe, szerokos¢ i glebokos¢ czesci podgnykowe;j
na wysokosci chrzastki pierscieniowatej oraz tchawicy wraz z szeroko$cig 1 gtebokoscia
ich $wiatla, grubo$¢ migsnia  mostkowo-gnykowego i mostkowo-tarczowego
na wysokosci glosni ikosci gnykowej. w celu zapewnienia uczestnikom badania
najwyzszego komfortu, czas badania ultrasonograficznego skréocono do minimum. Z tego
powodu zaplanowano wykonanie pomiarow powyzszych struktur w programie

komputerowym, na czas po zakonczeniu rekrutacji uczestnikow.
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Dwie kolejne publikacje o tytutach: ,,Ultrasound assessment of larynx and trachea
in the neonatal period — reference values” opublikowana w czasopismie European
Radiology (IF 4,7; punkty MNiSW 140) oraz ,,Ultrasound assessment of larynx and
trachea in the neonatal period — analysis of correlations and percentile charts.”,
opublikowana w czasopi$mie Journal of Ultrasonography (IF 1,5; punkty MNiSW 20)
to prace oryginalne. Dokonano w nich analizy danych pochodzacych z badania
przeprowadzonego zgodnie z opublikowanym uprzednio protokotem. Technik¢ badania
ultrasonograficznego zmodyfikowano jedynie w zakresie pomiaru faldow glosowych
w sposob pozwalajacy ich lepsza wizualizacje oraz na skrocenie czasu badania
i zwigkszenie komfortu badanego noworodka. Badania ultrasonograficzne wykonano
u wszystkich 300 zakwalifikowanych noworodkéw. w analizie statystycznej
wykorzystano dane pochodzace =z badan 298 uczestnikow. Brak danych
antropometrycznych dwoch uczestnikow wykluczyt ich z dalszej analizy. Duza grupa
badana iistotne statystycznie rdznice w pomiarach antropometrycznych migdzy
dziewczynkami a chtopcami pozwolita na podzielenie wynikéw w zaleznosci od pici.

W pierwszej z prac oryginalnych wyznaczono normy wielko$ci poszczegdlnych
struktur krtani i tchawicy w populacji zdrowych noworodkéw. W badaniu stwierdzono
istotnie statystyczne réznice w wielkosci wickszosci analizowanych struktur krtani
i tchawicy w zaleznos$ci od ptci. W pracy stwierdzono u chlopcéw wieksza szerokosé
1 glebokos¢ krtani, wielkos$¢ kata tworzonego przez blaszki chrzastki tarczowatej, grubosé
naglo$ni 1 przestrzeni przednaglo$niowej, grubosci faldéw glosowych 1mig$nia
migdzynalewkowego, szerokos¢ 1 gleboko$¢ czesci podglosniowej na wysokosci
chrzastki pierScieniowatej oraz tchawicy jak réwniez ich $wiatta w poréwnaniu
do populacji dziewczat. W odniesieniu do mi¢$ni podgnykowych podobne obserwacje
dotyczyty tylko ich pomiaréw na wysokos$ci kosci gnykowej. Ponadto wykazano brak
réznic w pomiarach szeroko$ci oraz powierzchni glo$ni miedzy dziewczynkami
a chtopcami. Co wigcej, analizujac dane zwrdcono uwage na wezsze Swiatto tchawicy niz
$wiatlo cze$ci podglosniowej krtani. Ten fakt moze stanowié istotny element
w rozwazaniach dotyczacych szeroko$ci stosowanych rurek intubacyjnych w badanej
populacji.

W drugiej pracy oryginalnej przeanalizowano zalezno$ci wielkosci wybranych,
struktur krtani itchawicy (szerokos¢ i glgbokos¢ krtani, czeSci podglosniowe;j
na wysokosci glos$ni, tchawicy wraz szerokoscig i glebokosciag $wiatta czesci

podgtosniowej 1itchawicy oraz szeroko$cig glo$ni) z danymi antropometrycznymi
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populacji noworodkéw oraz utworzono siatki centylowe wielko$ci ocenianych struktur
w odniesieniu do masy ciata noworodkéw. Stwierdzono istotne statystycznie zalezno$ci
wielkosci ocenianych parametréw od masy ciala u obu ptci. W zakresie gltgbokosci czesci
podgtosniowej krtani u chlopcow zaleznos$¢ ta byla dobra. W przypadku pozostatych
parametroOw u obu pflci korelacje oceniono jako umiarkowane i stabe. W odniesieniu
do dlugosci ciata oraz wieku ptodowego noworodkéw nie wszystkie analizowane
struktury wykazywaty istotng statystycznie zaleznos$¢. Z tego powodu stworzono siatki
centylowe odnoszace si¢ tylko do masy ciata noworodkow.

Czwarta publikacja o tytule: tytule: ,,Reply to the Letter to the Editor: Neonatal
laryngeal and tracheal ultrasound” stanowi odpowiedz na list do redakcji czasopisma
European Radiology(21). w pracy dokonano odpowiedzi na wskazane przez autorow
listu ograniczenia dotyczace prezentowanego badania, ktore dotyczyly osoby
wykonujacej badanie ultrasonograficzne. W odpowiedzi zaznaczono, iz populacja
noworodkow ze wzgledu na swoja specyfike wymaga zapewnienia im petnego komfortu
iograniczenia czasu badania, dlatego badania przeprowadzat doswiadczony
ultrasonografista. Ponadto odniesiono si¢ do faktu dynamicznych zmian wielkosci
struktur krtani podczas oddychania. Zaznaczono, iz w badaniu oceniano maksymalng
iminimalng grubo$¢ faldow glosowych imigsnia migdzynalewkowego podczas
spokojnego oddychania, co zgodnie z dostgpnym pi§miennictwem mozna uznano za faze
wdechu 1 wydechu(22). Odniesiono si¢ rowniez do uwagi dotyczacej wyboru glowicy
ultrasonograficznej i ocena wytacznie projekcji poprzecznych. Wyjasniono, iz taki wybor
byt podyktowany dbatoscig o komfort uczestnikow badania i ograniczenie jego czasu, jak
rowniez brakiem w czasie wykonywania badan narynku glowicy hokejowe;j
o porownywalnej czgstotliwosci pozwalajacej na rownie dobre obrazowanie niewielkich
struktur. Ponadto w pracy réwniez zwrocono uwage na odmiennosci w wykonywaniu

tego typu badan w populacji noworodkow.

Zalozenia i cel pracy

Staly postep technologiczny oraz rosngca dostgpnos$¢ wysokiej klasy aparatury
ultrasonograficznej nie tylko przyspiesza diagnostyke, ale réwniez zwigksza komfort
diagnostyki noworodkow juz w pierwszych dniach zycia. W ostatnich latach
wykorzystanie ultrasonografii obserwowane jest niemal na kazdym polu diagnostyki

ileczenia tej populacji pacjentéw. Umiejetnos¢ badania ultrasonograficznego krtani
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itchawicy moze stanowi¢ istotny element w praktyce lekarzy zajmujacych sie
noworodkiem, pozwalajacy na szybszg i lepiej ukierunkowana diagnostyke ograniczajac
jednoczesénie konieczno$¢ wykonywania inwazyjnych procedur diagnostycznych.

Celem prezentowanego w niniejszej rozprawie cyklu prac byt zintegrowany opis
badania ultrasonograficznego krtani itchawicy w populacji zdrowych noworodkow
urodzonych pomigdzy ukonczonym 32. a 42. tygodniem zycia plodowego
sktadajacy si¢ z:

1. Opisu techniki badania ultrasonograficznego krtani i tchawicy.

2. Wyznaczenia norm wielko$ci poszczeg6élnych struktur krtani w badaniu

ultrasonograficznym.

3. Oceny korelacji pomiedzy wielkoscig krtani itchawicy oraz ich §wiattem

a parametrami antropometrycznymi badanej populacji.
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1. Introduction

Diseases of the larynx and trachea constitute a heterogenous group of disorders. They
may include congenital anatomical disorders, neoplastic changes, vocal cord paralysis of
varied aetiology or narrowing of the larynx associated with long-term intubation. The
multitude of disorders of these organs necessitates the continuing search for diagnostic
methods which will not only provide answers to clinical questions, but will also be safe
and have the least level of interference with the wellbeing of the patient.

Diagnosis of diseases of the larynx and trachea with respect to neonates and infants
is mainly based on endoscopy, magnetic resonance imaging and computer tomography.
There are some challenges associated with these investigations which result in them being
rarely used in everyday practice. One challenge concerns the invasiveness of the procedure
during endoscopy of the upper respiratory tract or ionizing radiation in CT. Others include
the not infrequent necessity of anaesthetizing the patient and the need to obtain special
parental consent for the procedures, which is also not without significance. Moreover, the
application of these techniques requires high numbers of highly qualified specialists for
their performance and evaluation. Finally, an important constraint is the limited availability
of fiberoscopy, MRI or CT in most neonatal departments, which results in the necessity of
transporting the patient to another facility.

In recent decades, only a few studies have been reported which described the ultra-
sound anatomy of the larynx in pediatric populations, especially in diagnosis of infant
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laryngomalacia prior to and following intubation or that of the mobility of the vocal
cords [1-6]. Some of the studies which involved small groups of subjects—intensive care
unit patients—were performed using lower quality ultrasound devices or addressed only
part of the larynx and thus did not provide for unequivocal conclusions to be drawn [6-10].
In the literature, there are also reports where ultrasonography is used to assess patholo-
gies such as laryngeal cysts or paralysis of the vocal folds [11,12]. To date, no standards
have been published concerning the size of the structures of the larynx and trachea or the
mobility of the vocal cords on ultrasound examination in the neonate. Additionally, there
are no studies describing the technique of ultrasound examination of these organs with
respect to the neonates, which would cover all relevant aspects, starting from a comfortable
position for the patient, through the assessment of individual levels of the larynx, and
ending with the description of the norms of the size of the structures of the larynx and
trachea based on a large group of neonates. Additionally, there are no recommendations
which include ultrasound examination as a reliable component of the diagnosis of con-
genital disorders of the larynx or other diseases of this organ in the pediatric population.
With regard to adult patients, in the literature we can find high-value descriptions of ultra-
sound anatomy of the larynx using high-resolution ultrasonography [13]. Ultrasound is
a non-invasive, repeatable and safe diagnostic method, which has recently provided for
very accurate imaging of even small structures. Furthermore, the easy availability of this
examination may in the future contribute to the early diagnosis of diseases of the larynx and
trachea without the need to prolong neonatal hospitalization, anaesthesia or transportation
of the patient.

We plan to provide a complete ultrasound examination standard for the larynx and
trachea. Initially, the study will describe the preparation of the office, the exact placement
of the neonate and the examination technique that will least affect the patient’s comfort.
Subsequently, the focus will be placed on determining the size and mobility standards of
specific parts of the larynx and trachea in neonatal populations. Additionally, we plan
to prepare an examination protocol of those organs to unify the results with other future
studies. The expectation is that this protocol will allow clinicians to learn about laryngeal
ultrasound and will allow other researchers to perform similar studies in other pediatric
populations, as well as size and mobility standards of specific parts of these organs in the
neonatal population. In addition, the use of neural networks to analyze the ultrasound
images obtained will provide for the development of algorithms which could become an
irreplaceable tool, not only in the diagnosis of disorders, but also in predicting disorders
affecting further development of a newborn.

2. Experimental Design

The design is a prospective, multi-center cohort study. The trial protocol was approved
by the Bioethics Committee of the Medical University of Warsaw on 10 October 2022
(decision number KB 65/A2022) and has been registered at ClinicalTrials.gov (Identifier-
NCT05636410). Once the eligibility criteria are fulfilled and written consents are obtained,
the newborns will undergo an ultrasound examination according to the established protocol.
After examination, the captured images will be analyzed prospectively by researchers in a
computer program to collect data on the dimensions of particular structures. Additionally,
data obtained from each patient will be analyzed with the use of neural networks in order
to develop artificial intelligence algorithms. The study design diagram is shown in Figure 1.
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Information for parents / legal guardians

Patient preparation:

. last feeding between 0.5h - 2h
before examination
30% oral glucose solution right
before examination

Collecting of additional patient information:
date and time of delivery
gestational age
age at the time of the study
Apgar score at the 1st, 5th and 10th minutes of life
type of delivery
birth weight and length
weight on the day of the examination

Measurements of specific larynx and Analysis of gathered information with

trachea structures use of neural networks

Statistical analysis of gathered Development of artificial intelligence
informations algorithms

Figure 1. Study design diagram.

3. Materials and Equipment

Ultrasound examination of larynx and trachea will be performed in the Department
of Neonatology and Neonatal Intensive Care at the Medical University of Warsaw and the
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Department of Neonatology at Ujastek Medical Center in Cracow, in 2022-2023, in a group
of three-hundred randomly selected neonates, born between 32 and 42 weeks of gestation,
who are stable and do not require intubation. The examination will take place in a specially
prepared ultrasound room; therefore, only stable newborns who do not require intubation
will be included. Prior to that, written consent will be obtained from at least one parent
prior to the examination.

Inclusion criteria:

e  Gestational age >32 weeks.
Exclusion criteria:

Gestational age <32 weeks;

Presence of significant congenital anomalies;
Intubated neonate;

Unstable neonate.

As recommended by WHO for similar research projects, a representative study group
should include at least 200 study participants [14]. To improve the quality and reliability
of the results, the number of participants for this study was set at 300. The calculated
inter-observer and intra-observer concurrence (Kappa coefficient) will be calculated for
all measurements.

The examination will be performed with high-class ultrasound machine (Philips Epiq
97G device, using the eL18-4 linear probe), using water-based, hypoallergic ultrasound
gel (Aquasonic 100, Parker laboratories Inc., Fairfield, CT, USA), previously warmed to
body temperature.

4. Details of the Procedure
4.1. Test Methods

Examination of the larynx and trachea will be carried out in the ultrasound room. To
avoid neonate anxiety, windows will be shadowed and the ambient light will be kept low.
Each time during examination, at least one parent will be able to accompany the child and
make it feel comfortable. To avoid newborn anxiety, it will not be transferred to a special
couch, but rather the ultrasound examination will be conducted in its crib. Prior to that,
the researcher will make sure that the newborn has eaten between half and two hours
before examination, and is fully calm or asleep. Right before examination, the baby will be
sedated with a 30% oral glucose solution (Glux) and if a given neonate uses a pacifier, it
will be removed. A small diaper roll will be placed under the newborn’s shoulder blades to
ensure that the head is slightly tilted back to clearly show the structures of the neck. Each
time the researcher will make sure that the newborn’s face and chest surface is parallel or
nearly parallel so the test will not disturb its breathing (Figure A1). The study procedures
will not affect neonatal and mother-infant care practices at the participating centers. The
ultrasound examination will last up to 5 min or shorter in cases of newborn anxiety. At
any time during ultrasound, the patient’s parent will have an opportunity to interrupt it
without giving a reason. In such cases, the patient will be removed from the study.

The examination will be performed using a high-class ultrasound device (Philips Epiq
7G), with the eL18-4 linear probe, using water-based, bacteriostatic and hypoallergic ultra-
sound gel, previously warmed in the special ultrasound gel warmer to body temperature.
In every possible case, the researcher will try to use the same settings, which include most
of all the highest possible frequency (18 Mhz), examination depth set at 2.5 cm, ultrasonic
signal gain set between 45 and 50%, dynamic range set at 55-60, focus zone range width of
about 2 cm and placed on 1 cm depth. In cases in which the images obtained with respect
to single patients, using these settings, prove to be of low quality, the researcher will change
them to receive the best image quality and resolution.

All ultrasound data will be gathered by doctors with at least 6 years’ experience
in US examinations. Every patient will receive an individual number and a three letter
code (e.g., 000 XXX), that will allow the collection of anonymous data. In each case, at
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least six cine loops and several still images will be collected, according to the following
plan. Every cine loop will have a duration of 10 s to provide for slow movement of the
probe and the most advantageous visualization of the structures under examination. The
researcher will exert as little pressure as possible with the ultrasound transducer in order
to best visualize individual structures, so as not to disturb the patient’s comfort and not
to change the anatomy of the examined structures. The first projection will show the
transverse section of the medial part of the neck from the base of the tongue, through the
larynx, up to the jugular notch of the sternum. This will be firstly made with a linear probe
placed on the midline of the neck, with the probe angled 90 degrees to the skin and then
slowly moved upward towards the tongue, and downward towards the jugular notch.
During upward movement, the probe will be tilted, so that it remains at the same angle
to the skin surface. This cine loop will show the general structure and position of the
hyoid bone, larynx and trachea with their anatomical relationships. This image will also
visualize supraglottis with preepiglottic space, as well as infrahyoid muscles on the level of
hyoid bone. To obtain second and third bilateral recordings, the researcher will place the
transducer parallel to each thyroid lamina angled 90 degrees to the skin and move it slowly
up and down a few centimeters to show the thyroid level of the larynx. Those images (left
and right sides) will show the transverse, lateral section at the level of the glottis in order
to accurately visualize the laryngeal cartilages, vocal cords and structures posterior to the
thyroid cartilage. Furthermore, this image will be used for the evaluation of the posterior
part of the piriform recess, the interarytenoid muscles and the anatomical relationship
between the larynx and esophagus. The fourth and fifth recordings will also be bilateral,
obtained technically in the same way as the previous two cine loops, but only at the level
of a glottis. Those images will show the transverse, lateral section applying the M-mode
option, which allows for the accurate measurement of the amplitude and duration of the
movement of the vocal cords. The sixth recording, also through the transverse section in
the midline of the larynx, will be carried out by arranging a probe similarly to the first
cine loop, but only at the glottal level. These images will document the movement and
thickness of the vocal cords and the shape of the glottis while breathing. This view will
also allow one to measure the thickness of the thyroid cartilage and the angle of its lamellae
and to evaluate subglottic muscles. Recordings will be archived as DICOM files. After
examination, the recordings will be saved to a dedicated, password-protected external
drive for further processing of the images.

In every case, during further evaluation, the researcher who carried out the ultrasound
examination and other researchers with at least 5 years’ experience in ultrasonography will
take the following measurements using the dedicated software (Horos, Nimble Co. LLC
d/b/a Purview, Annapolis, MD USA):

e Width of the larynx at the level of the glottis (measurement taken in the transverse
plane from the external margins of the thyroid cartilage) (Figure A2);

e Depth of the larynx at the level of the glottis (measurement taken in the transverse
view from the external margin of the thyroid cartilage to the external border of the
annular cartilage) (Figure A2);

e  Thickness of the thyroid cartilage in the midline and on both sides transversely at
the level of the glottis (in the transverse plane measurement from external margins
of thyroid cartilage and vertical measurement of thyroid cartilage above the anterior
commissure at the level of well-visualized arytenoid cartilages in the transverse plane)
(Figure A3);

e Angle formed by the lamina of the thyroid cartilage (measurement taken in the trans-
verse plane with two lines drawn tangentially to the thyroid laminae) (Figure A4);

e  Width of the glottis during calm breathing (measured in the transverse plane with
lines drawn between two medial margins of arytenoid glands when they are farthest
apart during breathing) (Figure A5);

e Angle formed by the vocal cords during calm breathing, considering the opening
angle of individual chords (measurement taken in the transverse plane with a line
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drawn from posterior part of the anterior commissure to the medial margins of the
arytenoid gland) (Figure A6);

e Surface area of the glottis during calm exhalation (in order to avoid distorting the result
of measuring the glottal area using the outline of its visible borders, this measurement
will be taken by calculating the area of a triangle, the basis of which will be the
width of the glottis, and the height will be the depth of the glottis measured from the
posterior part of the anterior commissure to the line drawn to measure glottis width,
measurement taken in the transverse plane) (Figure A7);

e Thickness of the arytenoid muscle during inhalation and exhalation (measurement
taken in the transverse plane in the midline from the outer surfaces of this muscle)
(Figure A8);

e Thickness of the vocal cords in transverse projections, tangentially to the midline
(measure in the transverse, lateral plane, ventral and tangentially to the arytenoid
cartilages) (Figure A9);

e Amplitude and duration of vocal cord movement during breathing at rest (measure-
ment taken in the transverse, lateral plane, using M-mode as the distance between two
lines drawn by the movement of the outer surface of the vocal cord—lighter than the
surrounding lines);

e  Width and depth of the trachea (measurement taken in the transverse plane of the
longest transverse dimension of the trachea from the external edges of the tracheal
cartilages and measurement of the longest depth of the trachea from the external
margin of the tracheal cartilage to the outer part of the membranous wall) (Figure A10);

e Width and depth of the tracheal lumen (measurement made in the transverse plane of
the longest transverse dimension and longest depth of the hypoechoic area limited
by the inner edges of the tracheal cartilages and membranous wall of the trachea)
(Figure A11);

e Thickness and width of the supraglottis (measurement taken in the transverse plane
of the thickest and the widest visible part of the supraglottis) (Figure A12);

e Thickness of the preepiglottic space (measurement taken in the transverse plane of the
thickest part) (Figure A13);

e Thickness of the infrahyoid muscles at the level of the thyroid cartilage and hyoid bone
(measurement taken in the transverse view of the thickest dimension between the
outer edges of thyrohyoid and sternohyoid muscles as a group of infrahyoid muscles
in the transverse plane, at the level of well-visible hyoid bone and glottis) (Figure A14).

In order to reduce the variability of the results, only measurements taken from patients
who are breathing calmly will be considered. Crying, anxious or heavy breathing patients
will be marked and will not be included in the measurements. These patients will not be
excluded from the study to determine the percentage of patients who can be examined
without compromising comfort in this population.

In addition to the data obtained from the ultrasound examination, the following
patient information from the medical history will be collected: date and time of delivery,
gestational age, age at the time of the study, Apgar score at the 1st, 5th and 10th minutes of
life, gender, type of delivery, birth weight and length, weight on the day of the examination.

During the next stage of the study, the images acquired in the ultrasound examination
will be analyzed with the use of neural networks in order to develop artificial intelligence
algorithms. The method of these analyses will be determined at a later date, depending on
the quality and quantity of information collected.

To date, there is no established standard technique for ultrasound examination of the
larynx and trachea with respect to newborns. Furthermore, at the time of designing and
commencing the study, there is no reference standard that would allow one to compare the
obtained results.
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4.2. Analysis

Statistical analysis will be conducted using R software, version 4.2.1. or later. Norms
for measurements of the larynx and trachea will be defined with the following percentiles:
5th, 10th, 25th, 50th (median), 75th, 90th and 95th. Additionally, density charts will be
drafted to visualize the distribution of data for each measurement. Normality of distribution
will be assessed using the Shapiro-Wilk test and based on visual assessment of histograms.
Differences in each measurement between subgroups (sex, Apgar score, delivery method)
will be verified using t-test and ANOVA or their non-parametric equivalents, as appropriate.
Correlation analysis will be conducted between measurements of the larynx and trachea
and gestational age, age at the time of the study, Apgar score at the 1st, 5th and 10th
minutes of life, gender, type of delivery, birth weight and length, and weight on the day of
the examination. Additionally, regression analysis (univariate and multivariate) will be
used to determine the relationship between the above anthropometric measurements and
measurements of the larynx and trachea.

5. Expected Results

The main aim of the study is the accurate description of the ultrasound anatomy of
the larynx and trachea, as well as the establishment of an examination standard for these
organs in neonatal populations. The next objective is to set reference ranges for the size of
individual structures of the larynx and trachea with respect to newborns. The study also
aims to develop a universal method of ultrasound assessment of the mobility of the vocal
cords on dynamic examination and to determine a rule for predicting the expected size of
the laryngeal and tracheal structures in relation to anthropometric measurements.

Another purpose of the study is to promote the use of a non-invasive examination,
such as ultrasonography, in the diagnosis of diseases of the larynx and trachea with respect
to the youngest patients. Additionally, the study will be conducted to develop artificial
intelligence algorithms based on artificial neural networks, which will allow one to make
larynx and trachea diagnostics easier in the future.

6. Discussion

This study will be effected subject to the following limitations. The first is the restriction
of the research group to the Polish population. In order to increase the research group and
increase its heterogeneity, recruitment of patients will take place in two Polish neonatal
centers. The second limitation is the lack of a valid ultrasound examination standard and
reference size standards for the larynx and trachea in the study population, so the obtained
images and measurements may differ significantly between individual researchers. To
reduce this problem, each researcher will be trained in the technique of obtaining the
required images before the study begins. Furthermore, each researcher will be instructed in
identification and measurement of individual trachea and larynx structures. Additionally,
high-class ultrasound machines will be used to acquire the highest quality images.

To avoid bias, the ultrasound will be performed in the presence of one researcher, who
will then measure the individual structures of the larynx and trachea. The other researcher’s
measurements will take place independently with no information about patient history
and without any contact between the researchers.

To date, no detailed description of the ultrasound anatomy of the larynx and trachea
in the newborn population has been published considering the norms of the measurements
of individual structures of these organs. We hope that our study will contribute to the
further development of this part of ultrasonography and will reduce the number of invasive
procedures performed on newborns in the future.
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Appendix A

Figure Al. Ultrasound examination technique—patient position.

Figure A3. Measurement of the thickness of the thyroid cartilage in the midline and on both sides
transversely at the level of the glottis.
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Figure A6. (a) Measurement of the angle formed by the vocal cords during breathing. (b) Measure-
ment of the opening angle of individual vocal cord.

Figure A7. Measurement of the surface area of the glottis during exhalation.
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(@) (b)

Figure A9. (a,b) Measurement of the amplitude and duration of vocal cord movement during
breathing at rest.

L ST ISSSS—_— |

Figure A10. Measurement of the width and depth of the trachea.

i

Figure A11. Measurement of the width and depth of the tracheal lumen.
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Figure A12. Measurement of the thickness and width of the supraglottis.

Figure A14. Measurement of the thickness of the subglottic muscles: (a) at the level of thyroid
cartilage, (b) at the level of hyoid bone.
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Keywords Abstract
ultrasound; Introduction: Assessment of the larynx and trachea presents a considerable challenge, particularly in the
larynx; neonatal period, as conventional evaluation of these structures relies predominantly on invasive and un-
trachea; comfortable methodologies. Ultrasonographic examination emerges as a non-invasive, readily accessible
pediatrics; diagnostic modality that minimally compromises patient comfort. Methods: The investigation was de-
neck signed as a prospective study. Between 2022 and 2023, ultrasonographic examinations of the larynx and
trachea were performed during the first days of life in a cohort of 300 Caucasian neonates, born between
32 and 42 weeks of gestation. Measurements of the anatomical structures of the larynx, trachea, and their
lumens were obtained. Results: Statistical analysis of the collected data examined correlations between
the dimensions of the studied laryngeal and tracheal structures and the neonates’ anthropometric param-
eters, as well as their birth age. Using a percentile regression model, centile charts were generated to il-
lustrate the relationships between the measurements of the larynx, trachea, and their lumens and the body
weight of the newborns. Conclusion: The findings contribute novel, previously unpublished insights into
the ultrasonographic evaluation of the larynx and trachea in neonates. This publication offers an analyti-
£ cal account of data derived from the study, which has been registered with ClinicalTrials.gov (Identifier
NCT05636410).
Introduction provide measurements of individual anatomical components or re-

Neonatal laryngeal and tracheal diagnostics often present consider-
able challenges, necessitating collaborative efforts among specialists
across various disciplines. When a structural defect, focal lesion, or
mechanical damage is suspected, diagnosis is primarily based on
endoscopic examinations-?. These procedures, while remarkably
precise, are invasive and frequently require sedation, which can ad-
versely affect patient comfort®. Moreover, despite their numerous
advantages, access to endoscopic assessments remains substantially
limited in many medical facilities.

The existing medical literature includes studies on the ultrasono-
graphic anatomy and functional assessment of the larynx and tra-
chea in both adults and children®”. Historically, some publications
described ultrasonographic imaging of the larynx and trachea in
newborns for diagnosing congenital and acquired laryngeal condi-
tions®'?. Attempts have also been made to compare the dimensions
of the larynx with body length, head circumference, or gestational
age; however, these studies were based on autopsy examinations
of a small group of patients"". Notably, none of these publications

late these components to neonatal anthropometric parameters. To
date, no percentile nomograms or research evaluating correlations
between the sizes of specific laryngeal and tracheal structures, as
measured by ultrasonography, and neonatal anthropometric data
have been published.

Ultrasonography stands out as a non-invasive, widely accessible
diagnostic modality that enables rapid, bedside evaluation of the
larynx and trachea. Importantly, particularly in the neonatal pop-
ulation, ultrasound examination allows for minimal disruption to
patient comfort.

This manuscript discusses the relationships between ultrasono-
graphic measurements of the larynx, trachea, and their lumens
in relation to neonatal weight, length, and gestational age. More-
over, percentile charts for the dimensions of laryngeal and tracheal
structures and their lumens were constructed based on the co-
hort’s body weight. The findings presented here are derived from
data collected in a study registered at ClinicalTrials.gov (Identifier
NCT05636410).

C BY-NC-ND)
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Methods

Study design

The study was designed as a prospective investigation. Ultrasono-
graphic examinations of the larynx and trachea were performed
during the first days of life in 300 stable neonates with Caucasian
ethnicity born between 32 + 1/7 and 42 + 0/7 weeks of gestational
age, following the completion of their postnatal adaptation. Video
recordings (DICOM files) obtained during these procedures were
subsequently reviewed, without participant involvement, using
specialized computer software (Horos, Nimble Co LLC d/b/a Pur-
view), where precise measurements of individual laryngeal and tra-
cheal structures were performed. The study was approved by the
Bioethics Committee of the Medical University of Warsaw (KB/65/
A2022). The results presented in this manuscript constitute
an analysis of data obtained from a previously published study pro-
tocol"” and represent a consecutive publication focusing on ultra-
sonographic diagnostics of the larynx and trachea in the neonatal
period.

Setting

Ultrasonographic images analyzed in this study were collected be-
tween December 2022 and March 2023 at two neonatal centers in
Poland: the Princess Anna Mazowiecka Hospital in Warsaw and
the Ujastek Medical Center in Krakow. Video recordings of the ex-
aminations were reviewed post-recruitment by two experienced
ultrasonographers, proficient in diagnostic ultrasonography, who
performed measurements of the laryngeal and tracheal structures.
These data facilitated an analysis of correlations with neonatal body
weight, length, and gestational age. Furthermore, percentile refer-
ence charts were constructed for the dimensions of the larynx, tra-
chea, and their lumens, based on these measurements in relation
to neonatal weight.

Participants

Inclusion criteria for this study encompassed stable neonates
born after 32 + 0/7 weeks of gestation, within the first week of life
(less than 7 days old). Neonates born before the specified gesta-
tional age, exhibiting signs of congenital anomalies, and those
who were intubated or deemed clinically unstable were excluded.
The selection criteria aimed to assemble a diverse and representa-
tive cohort.

Variables

Ultrasonographic examinations, along with subsequent measure-
ments of the larynx, trachea, and their lumens, were conducted in
accordance with the previously published protocol?. Relationships
between these measurements and the weight, body length, and ges-
tational age of the newborns were analyzed. As part of further
analysis, percentile charts depicting the dimensions of the larynx
and trachea, including their lumens, were generated, considering
the neonates’ body weight.

30

Data sources / measurement

Ultrasound examinations of the larynx and trachea were performed
by physicians with a minimum of six years’ experience in ultrasono-
graphic evaluation of cervical structures. Procedures took place in
a dimly lit, quiet room. Each neonate was positioned supine in a neo-
natal bed, with a small fabric roller placed beneath the shoulder blades
to align the face parallel to the chest. Prior to examination, it was as-
certained that the infant had been fed between 30 minutes and 2 hours
previously, and following detailed information, parenteral consent
was obtained. Pacifiers were not used. In isolated cases of anxiety, 30%
glucose solution was administered orally before imaging.

A Philips Epiq 5G ultrasound machine equipped with a linear probe
(eL18-4) was employed. To ensure consistency and comparable im-
age quality, standardized ultrasound settings were applied (frequen-
cy 18 MHz, examination depth 2.5 cm), with slight adjustments
made as needed for individual examinations.

To maximize participant comfort, minimize procedure duration,
and enhance measurement reproducibility, all ultrasound assess-
ments adhered to a predetermined protocol. Recordings were stored
in DICOM format. After data collection, measurements of indi-
vidual structures of the larynx and trachea were performed using
computer software (Horos, Nimble Co LLC d/b/a Purview). Fig-
ure 1 illustrates the ultrasound images of the discussed structures,
along with detailed measurement techniques. Statistical analyses
were performed using SAS/STAT software.

Bias

To ensure a highly diverse cohort of patients, recruitment was con-
ducted randomly, independent of gender, gestational age, body mass,
or length, beyond the established inclusion and exclusion criteria.
Analysis of the ultrasound images was performed after the completion
of all ultrasound examinations. The researchers responsible for mea-
suring the specific structures of the larynx and trachea were blinded
to the participants’ anthropometric data at the time of measurement.
Previous studies have documented considerable variability in neona-
tal body length measurements, influenced by both the measurement
technique and the individual performing the assessment*-'*). Conse-
quently, this study discusses the relationships between various laryn-
geal and tracheal measurements and body length in newborns. How-
ever, percentile charts stratified by this parameter were not generated.
The authors consider that referencing the obtained ultrasonographic
measurements to potentially inaccurate neonatal length assessments
could lead to misinterpretation of the results.

Study size

To assemble a sufficiently heterogeneous and sizable cohort for ul-
trasonographic evaluation, 300 participants were recruited. During
the study planning phase, a hypothesis was proposed suggesting no
differences in measurements between genders. Therefore, emphasis
was not placed on recruiting comparable numbers of boys and girls.
Nonetheless, the analyzed group comprised an equal number
of both sexes (each with 149 participants). Due to significant statisti-
cal differences in the dimensions of various laryngeal structures be-
tween males and females, as discussed in a previous publication®”,
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Fig. 1. Measurements of: A. laryngeal width (double-arrow line) - transversely from the outer borders of the thyroid cartilage at the level of the glottis; laryngeal
depth (dashed line) - sagitally between the outer borders of the thyroid and annular cartilages; B. glottis width (double-arrow line) - between the medial
borders of the arytenoid cartilages; C. subglottic width (double-arrow line) - transversely from the outer borders of the annular cartilage; subglottic depth
(dashed line) - sagitally from the outer borders of the annular cartilage; the measurements are taken at the level of the arch of the annular cartilage.
D. subglottic lumen width (double-arrow line) - transversely from the inner borders of the annular cartilage; subglottic lumen depth (dashed line)
- sagitally medially from the inner borders of the annular cartilage; E. tracheal width (double-arrow line) - transversely from the outer borders of the tra-
cheal cartilage; tracheal depth (dashed line) - sagitally from the outer border of the tracheal cartilage to the tracheal muscle membrane; F. tracheal lumen
width (double-arrow line) - transversely from the inner borders of the tracheal cartilage; tracheal lumen depth (dashed line) - sagitally from the inner

border of the tracheal cartilage to the tracheal muscle membrane

the research group was subdivided into female and male subgroups.
An exception was made for the measurement of the glottic lumen
width, which is addressed further in this publication.

Statistical methods

All statistical analyses were performed using the SAS/STAT software
package. To evaluate the significance of differences between sexes,

the t-test, Kruskal-Wallis test, and Wilcoxon signed-rank test were
applied. The Spearman rank correlation coefficient (r) was used
to examine relationships between variables and anthropometric
measurements. Based on existing literature!'¥), correlations were clas-
sified as weak (r <0.3), moderate (0.3-0.49), good (0.5-0.7), and strong
(r>0.7). The threshold for statistical significance was set at p <0.05.

Percentile grids for assessing the distribution of selected factors were
estimated empirically using a percentile regression model. Usually,
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the quantile is considered a method of ordering observed values.
According to Koenker!"”, a key aspect of quantile regression theory
is that the problem of sorting ordered values can be converted into
an optimization problem. Specifically, the objective is to minimize

Elpe(X = )] = (x = 1) [* (x = R)dF () + 7 [ (x = D)dF (x)

where Pt is the appropriate smoothing function. This formula deter-
mines the quantile levels of X. The quantreg procedure from the
SAS/STAT rel. 15.2 system was used for implementation. Linear
. . ! .

splines were chosen as functions Pt S. The differences among re-
searchers were analyzed using Bland-Altman analysis and Bablock-
Passing regression, with the range of agreement defined as the mean
bias of +2 standard deviations.

Results

Participants

A total of 300 participants meeting the inclusion criteria were ini-
tially enrolled. Due to incomplete anthropometric data, the final
statistical analysis utilized data from 298 neonates. A flow diagram
illustrating participants progression is presented in Figure S1.

Descriptive data

The analyzed study group comprised an equal number of females
(n = 149) and males (n = 149). No statistically significant differ-
ence was observed in gestational age between sexes (mean gesta-
tional age: females 38 + 5/7 weeks, males 38 + 6/7 weeks, p = 0.1).
Birth weights differed significantly based on sex (p <0.05), averag-
ing 3.182 grams for females and 3.381 grams for males. Similarly,
a statistically significant but less pronounced difference was noted
in body length (p = 0.04), with females measuring an average of
52.82 cm and males 53.62 cm. The structure of the study group is
presented in Table S1. Details of the number of measurements ob-
tained for individual structures across sexes are provided in Table 1.
Missing data resulted from inadequate-quality ultrasonographic
images.

Main results
Correlations of laryngeal and tracheal measurements

1. Correlations with neonatal body weight (Tab. 1A):

a) Females:

A moderate correlation was observed between body weight and la-
ryngeal depth (r = 0.32, p <0.05), subglottic laryngeal width (r = 0.37,
p <0.05), and subglottic lumen depth (r = 0.34, p <0.05).

b) Males:

A good correlation was found between birth weight and subglottic
laryngeal depth (r = 0.55, p <0.05). Additionally, moderate correla-
tions were identified between body weight and the width of the sub-
glottic part of the larynx (r = 0.37, p <0.05), and the width (r = 0.33,
p <0.05) as well as depth (r = 0.34, p <0.05) of its lumen in boys.
Other parameters analyzed showed weak but statistically significant
associations with birth weight in both sexes.
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¢) The correlation between maximum glottic width across the entire
research group (both sexes combined) and body weight was weak
and not statistically significant (r = 0.11, p = 0.06) (Tab. 1D).

2. Correlations with neonatal body length (Tab. 1B):

a) Females:

Relationships between measured parameters and body length were
weak.

b) Males:

Statistically significant correlations were observed between body
length and laryngeal width and depth, as well as the width and depth
of its subglottic part (respectively r = 0.31; 0.34; 0.35; 0.41; p <0.05).
Other parameters demonstrated weak correlations with body length.

3. Correlations with gestational age (Tab. 1C):

a) Females:

All analyzed parameters showed weak correlations with gestational
age.

b) Males:

Good correlations were noted between gestational age and both la-
ryngeal width (r = 0.32, p<0.05) and subglottic depth (r = 0.35,
p <0.05). Other parameters showed weak but statistically significant
relationships.

Percentile charts

Percentile charts for the dimensions of the larynx, trachea, and their
lumens, adjusted for body weight in females and males, were gener-
ated (Fig. 2, Fig. 3). Previously published data indicated no signifi-
cant sex differences in maximum glottic width (average 4.06 mm in
females and 4.14 mm in males; p = 0.24)"7. Therefore, the authors
decided to create a percentile chart for this parameter, combining all
participants into one group (Fig. 4).

Other analyses

Statistical evaluation using Bablock-Passing analysis and Bland-
Altman regression, demonstrated a substantial degree of concor-
dance between measurements obtained by the two independent
researchers.

Discussion

Key findings

During the first days of life, ultrasound examinations of the larynx
and trachea were performed on 300 stable Caucasian newborns.
Ultimately, data obtained from 298 participants were included in
the analysis, forming the basis for correlation analyses between
individual measurements, body weight, body length and gesta-
tional age. Furthermore, percentile charts depicting the relation-
ship between the sizes of the larynx, trachea, and their lumens
in relation to the body weight of the newborns were also created.
Results demonstrated a more pronounced dependency of these
measurements on body weight than on body length in both female
and male infants.
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Tab. 1. Correlations between ultrasonographic measurements of the larynx and trachea and body weight (A), body length (B), and gestational age (C). Cor-
relation between maximum glottic width and body weight, combined for females and males (D)

Female Male
n r p n r p
A
Laryngeal width 147 0.25 <0.05 147 036 <0.05
Laryngeal depth 147 0.32 <0.05 147 046 <0.05
Subglottic width 146 0.37 <0.05 147 0.37 <0.05
Subglottic depth 146 0.25 <005 147 0.55 <0.05
Subglottic lumen width 146 0.26 <0.05 147 033 <0.05
Subglottic lumen depth 146 034 <0.05 147 034 <0.05
Tracheal width 145 0.25 <0.05 141 0.26 <0.05
Tracheal depth 145 0.17 <0.05 141 0.24 <0.05
Tracheal lumen width 145 0.27 <0.05 141 0.26 <0.05
Tracheal lumen depth 145 0.20 <0.05 141 0.20 <0.05
B
Laryngeal width 147 0.10 0.24 147 031 <0.05
Laryngeal depth 147 0.26 <0.05 147 034 <0.05
Subglottic width 146 0.26 <0.05 147 035 <0.05
Subglottic depth 146 0.21 <0.05 147 041 <0.05
Subglottic lumen width 146 0.30 <0.05 147 0.26 <0.05
Subglottic lumen depth 146 0.28 <0.05 147 0.27 <0.05
Tracheal width 145 0.28 <0.05 141 0.13 0.12
Tracheal depth 145 0.17 <0.05 141 0.06 049
Tracheal lumen width 145 0.27 <0.05 141 0.16 <0.05
Tracheal lumen depth 145 0.25 <0.05 141 0.04 067
C
Laryngeal width 146 0.05 0.53 147 032 <0.05
Laryngeal depth 146 0.28 <005 147 0.24 <0.05
Subglottic width 145 0.16 0.05 147 022 <0.05
Subglottic depth 145 0.15 0.08 147 035 <0.05
Subglottic lumen width 145 0.09 0.29 147 0.20 <0.05
Subglottic lumen depth 145 0.12 0.15 147 021 <0.05
Tracheal width 144 0.07 038 141 0.09 0.28
Tracheal depth 144 0.02 0.85 141 0.14 0.09
Tracheal lumen width 144 0.14 0.10 141 0.18 <0.05
Tracheal lumen depth 144 0.12 017 141 0.17 0.05
D
Female + Male
n r p
Maximum glottic width 289 0.1 0.06
r - Spearman’s rank correlation coefficient; n - number of measurements obtained; p - statistical significance of the correlation
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Limitations

A notable limitation of this study is the lack of comparable litera-
ture evaluating correlations of laryngeal and tracheal dimensions
in ultrasound examinations of newborns. Consequently, during
imaging, utmost care was taken to adhere strictly to the pre-estab-
lished protocol and to ensure measurement accuracy. Additionally,
to maximize patient comfort, the duration of the ultrasonographic
procedure was shortened as much as possible, and measurements
were not performed during the examination itself. This approach
precluded re-evaluation in cases of missing or poor-quality images.
Nonetheless, data gaps were noted in only a small number of mea-
surements. Moreover, conducting measurements in a computer pro-
gram after completing patient recruitment and image acquisition al-
lowed for the elimination of observer bias related to the assessment
of neonatal anthropometric characteristics. Furthermore, the litera-
ture describes various methods for neonatal length measurement,
the results of which vary significantly*-'®. Thus, the evaluation
of the relationship between measurements and body length was
limited to a discussion of the obtained data. The authors decided not
to publish percentile charts dependent on body length to avoid po-
tential misinterpretation caused by inaccuracies in neonatal length
measurements. In addition, the researchers decided not to create
centile charts based on gestational age due to the weak and, in most
cases, statistically insignificant correlations between the measure-
ments obtained and this parameter. For the same reasons, relation-
ships between maximum glottic width and body length and gesta-
tional age of the study group were not investigated.

Interpretation

The measurements of the larynx, trachea, and their lumens obtained
from ultrasound examinations allowed for analysis of correlations
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between these parameters and the anthropometric data of the new-
borns. Moreover, these data facilitated the creation of percentile
charts illustrating the sizes of the larynx, trachea, and their lumens
in relation to body weight. Despite the small size of the structures
under consideration and seemingly minor differences in measure-
ments, including a large group of healthy, stable neonates enabled
a correlation analysis to be performed between the observed param-
eters and the anthropometric data. The results indicate a statistically
significant relationship between the size of the larynx and trachea
and body weight in both male and female infants.

Furthermore, the absence of clear, statistically significant relation-
ships between laryngeal and tracheal measurements and gestational
age, in relation to their body weight, is highlighted. The authors
hypothesize that this finding may inform future considerations on
the standardization of the intubation tube selection process for this
patient population, with a particular focus on its correlation with
birth weight.

As measurements of newborn length can be inaccurate depending
on the technique used and the examiner’s experience, and due to
the weak, mostly statistically insignificant correlations between lar-
ynx and trachea measurements, the researchers decided to develop
percentile charts based solely on body weight.

Considering widespread availability of ultrasound equipment in
neonatal and pediatric wards, knowledge of these correlations
and access to percentile charts for laryngeal and tracheal mea-
surements, and their lumens could provide a vital foundation for
the assessment of normal anatomical development of these organs.
The authors believe that expanding knowledge of ultrasonography of
the larynx and trachea may lead to faster, more accessible, and more
targeted diagnostic procedures that minimize patient discomfort.
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Podsumowanie i wnioski

Niniejsza rozprawa doktorska stanowi podsumowanie cyklu publikacji
dotyczacych ultrasonografii krtani itchawicy w populacji noworodkéw. Publikacje
w sposob catosciowy opisuja technike badania ultrasonograficznego krtani i tchawicy,
sposob pomiaru oraz normy wielkosci badanych struktur, jak réwniez stosunek ich
wielko$ci w odniesieniu do pomiaréw antropometrycznych zdrowych noworodkow
urodzonych pomiedzy 32. a 42. tygodniem zycia ptodowego.

Przeprowadzone badanie pozwolito na wysunigcie nastepujacych wnioskow:

1. Metoda ultrasonograficzna z zastosowaniem glowicy liniowej o wysokiej
czestotliwosci 18 Mhz pozwala na zobrazowanie idokonanie pomiaréw
poszczegolnych struktur krtaniowych takich jak: szeroko$¢ 1 glebokos¢ krtani,
wielkos¢ kata tworzonego przez blaszki chrzastki tarczowatej,
grubos$¢ chrzastki tarczowatej posrodkowo oraz w czesciach bocznych,
grubo$¢ naglo$ni oraz przestrzeni przednaglosniowej, grubos¢ fatdow
glosowych 1migénia migdzynalewkowego, szerokos¢, wysoko$¢ oraz
powierzchni¢ glosni, kat tworzony przez rozwarte fatldy gltosowe, szerokos¢
1 glebokos¢ czegsci podgnykowej na wysokosci chrzastki pier§cieniowatej oraz
tchawicy wraz z szeroko$cig i glebokoscig ich $wiatla, grubo$¢ miesnia
mostkowo-gnykowego i mostkowo-tarczowego na wysokosci gtosni i kosci
gnykowej szeroko$¢ i gltebokos¢ krtani, wielkos¢ kata tworzonego przez
blaszki chrzastki tarczowatej, grubos$¢ chrzastki tarczowatej posrodkowo oraz
w czg$ciach bocznych, grubos¢ nagtosni oraz przestrzeni przednaglosniowe;,
grubo$¢ faldow glosowych 1mig$nia migdzynalewkowego, szerokosé,
wysoko$¢ oraz powierzchni¢ glos$ni, kat tworzony przez rozwarte faldy
glosowe, szerokos$¢ i glebokos¢ czesci podgnykowej na wysokos$ci chrzastki
pier§cieniowatej oraz tchawicy wraz z szerokoscig i gtgbokoscig ich $wiattla,
grubo$¢ migsnia mostkowo-gnykowego i mostkowo-tarczowego
na wysokosci gtosni i kosci gnykowej w populacji noworodkow.

2. Uzyskane wyniki pozwolilty na wyznaczenie pierwszych, dotychczas
niepublikowanych norm wielkos$ci struktur krtani itchawicy w populacji

noworodkow.
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3. Uzyskane wyniki pozwolity nastworzenie pierwszych, jak dotad
niepublikowanych siatek centylowych opisujacych wielkos$¢ struktur
krtaniowych noworodka.

4. Badanie ultrasonograficzne krtani i tchawicy moze stanowi¢ tatwo dostepna,
bezpieczng metode diagnostyczng tych narzadéw, wywierajaca niewielki

wplyw na komfort noworodka.

Wedlug najlepszej wiedzy autora niniejszej rozprawy dotychczas nie

opublikowano wynikéw podobnych badan w sposdb catosciowy opisujacych badanie

ultrasonograficzne krtani i tchawicy w wieku noworodkowym. w zwigzku z tym, autor

zywi ogromng nadzieje, iz prezentowane wyniki wniosg istotny wktad w rozw¢j wiedzy

dotyczacej prawidlowego obrazu ultrasonograficznego krtani i tchawicy u noworodkow.

Dzigki statemu wzrostowi dostepnos$ci ultrasonografii omawiane dane moga przyczynic¢

si¢ do szybszej i nieinwazyjnej diagnostyki wrodzonych oraz nabytych nieprawidtlowosci

krtani i tchawicy w populacji noworodkow.
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Dr hab. n. med. Renata Bokiniec
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Ul. Karowa 2, 00-315 Warszawa

dotyczacym: wyrazenia opinii w sprawie badania pt.” Ocena ultrasonograficzna krtani i tchawicy
w wieku noworodkowym.”

- Badanie moze by¢ prowadzone wylacznie w okresie obowiazywania polisy ubezpieczeniowe;.
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opinie
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Dr hab. n. med. Renata Bokiniec
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dotyczacym: akceptacii dokumentacji obejmujacych:

- Program badania, wersja 2 z dnia 30.09.2022 r.
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opinie
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Oswiadczenia wspolautorow publikacji
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Warszawa, 07.02.2026 r.

Prof. dr hab. n. med. Renata Bokiniec

OSWIADCZENIE

Jako wspolautor pracy pt. “Ultrasound assessment of the larynx and trachea in the
neonatal period. Examination standard with predictive values. Study protocol”, oswiadczam,
iz mdj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi: wspéludzial w opracowaniu koncepcji
i metodologii badania, finansowanie manuskryptu, wspétudzial w pisaniu, edycji oraz korekcie
ostatecznej wersji tekstu artykulu, akceptacja ostatecznej wersji artykutu.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 35%
Wklad Lukasza Paprockiego w powstawanie publikacji okreslam jako 55%,
obejmowal on: przeglad pimiennictwa, przygotowanie koncepcji i metodologii badania, napisanie

pierwszej wersji artykulu, sprawdzenie ostatecznej wersji artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes$é rozprawy doktorskiej

lek. Lukasza Paprockiego.
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Warszawa, 07.02.2026 r.

Prof. dr hab. n. med. Renata Bokiniec

OSWIADCZENIE

Jako wspolautor pracy pt. “Ultrasound Assessment of Larynx and Trachea in the
Neonatal Period - Reference Values”, o$wiadczam, iz mdj wlasny wklad merytoryczny
W przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: udzial w opracowaniu metodologii, nadzor merytoryczny nad
przeprowadzonym badaniem, udzial w analizie danych i interpretacji wynikow, edycja oraz korekta
ostatecznej wersji tekstu artykutu.

M¢j udzial procentowy w przygotowaniu publikacji okreslam jako 30%

Wkiad Lukasza Paprockiego w powstawanie publikacji okreslam jako 55%,

obejmowal on: przygotowanie koncepcji i metodologii badania, przeprowadzenie badania, analiz¢
danych, interpretacj¢ wynikéw, napisanie pierwszej wersji artykulu, sprawdzenie ostatecznej

wersji artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej
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Prof. dr hab. n. med. Renata Bokiniec

OSWIADCZENIE

Warszawa, 07.02.2026 r.

Jako wspolautor pracy pt. * Ultrasound assessment of larynx and trachea in the nconatal

period — analysis of correlations and percentile charts”, oswiadczam, iz moj wlasny wklad

merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy

w formie publikacji stanowi: udzial w opracowaniu koncepcji i metodologii badania, analizie

i interpretacji danych, edycji oraz korekcie ostatecznej wersji artykutu.

MJéj udzial procentowy w przygotowaniu publikacji okreslam jako 30%

Wkiad Lukasza Paprockiego w powstawanie publikacji okreslam jako 55%,

obejmowat on: przygotowanie koncepcji i metodologii badania, przeprowadzenie badania, analizg

danych, interpretacje wynikéw, napisanie pierwszej wersji artykutu, sprawdzenie ostatecznej

wersji artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢s¢ rozprawy doktorskiej

lek. Lukasza Paprockiego.
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Warszawa, 07.02.2026 r.

Prof. dr hab. n. med. Renata Bokiniec

OSWIADCZENIE

Jako wspolautor pracy pt. * Reply to the Letter to the Editor: Neonatal Laryngeal and
Tracheal Ultrasound--Normative Data or Measurement Variability, o$wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi: edycja i akceptacja ostatecznej wersji
tekstu artykutu.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 5%
Wklad Lukasza Paprockiego w powstawanie publikacji okreslam jako 90%,
obejmowal on: przeglad pismiennictwa, napisanie pierwszej wersji artykulu, sprawdzenie

ostatecznej wersji artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Lukasza Paprockiego.
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Warszawa, 07.02.2026 r.

Dr hab. n. med. Bartosz Migda

OSWIADCZENIE

Jako wspotautor pracy pt. “Ultrasound assessment of the larynx and trachea in the
neonatal period. Examination standard with predictive values. Study protocol”, o§wiadczam,
iz mdj wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi: edycja oraz korekta ostatecznej wersji
tekstu artykutu.

Mo¢j udziat procentowy w przygotowaniu publikacji okreslam jako 10%.
Wktad Lukasza Paprockiego w powstawanie publikacji okreslam jako 55%,
obejmowat on: przeglad pi$miennictwa, przygotowanie koncepcji i metodologii badania, napisanie

pierwszej wersji artykutu, sprawdzenie ostatecznej wersji artykutu.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej

lek. Lukasza Paprockiego.
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Jako wspotautor pracy pt. “Ultrasound Assessment of Larynx and Tracheain the
Neonatal Period - Reference Values”, oswiadczam, iz méj wlasny wkiad merytoryczny
W przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: udzial w opracowaniu metodologii i przeprowadzeniu badania, udzial w
analizie danych, edycja oraz korekta ostatecznej wersji artykutu.

Mo¢j udziat procentowy w przygotowaniu publikacji okreslam jako 15%.

Wkiad Lukasza Paprockiego w powstawanie publikacji okreslam jako 55%,

obejmowat on: przygotowanie koncepcji i metodologii badania, przeprowadzenie badania, analiz¢
danych, interpretacje wynikow, napisanie pierwszej wersji artykutu, sprawdzenie ostatecznej

wersji artykutu.

Jednoczes$nie wyrazam zgode¢ na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej

lek. Lukasza Paprockiego.
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Jako wspotautor pracy pt. “ Ultrasound assessment of larynx and trachea in the neonatal
period — analysis of correlations and percentile charts”, oswiadczam, iz mdj wlasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy
w formie publikacji stanowi: udzial w opracowaniu metodologii badania, udziat
w przeprowadzeniu badania, analizie i interpretacji danych, korekcie ostatecznej wersji artykutu.
Mo¢j udziat procentowy w przygotowaniu publikacji okre§lam jako 15%

Wktad Lukasza Paprockiego w powstawanie publikacji okreslam jako 55%,
obejmowat on: przygotowanie koncepcji i metodologii badania, przeprowadzenie badania, analiz¢
danych, interpretacje wynikow, napisanie pierwszej wersji artykutu, sprawdzenie ostatecznej

wersji artykutu.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej
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Jako wspotautor pracy pt. “Reply to the Letter to the Editor: Neonatal Laryngeal and
Tracheal Ultrasound--Normative Data or Measurement Variability”, o§wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi: edycja oraz korekta ostatecznej wersji
tekstu artykutu.

MJj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.
Wktad Lukasza Paprockiego w powstawanie publikacji okreslam jako 90%,
obejmowal on: przeglad piSmiennictwa, napisanie pierwszej wersji artykulu, sprawdzenie

ostatecznej wersji artykutu.

Jednoczesénie wyrazam zgode¢ na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej

lek. Lukasza Paprockiego.
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