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# # 6370122230 : MAJOR MEDICINE

KEYWORD: Citrullinated histone H3, NETosis, Acute respiratory distress syndrome, Sepsis
Nuntanuj Vutthikraivit : Bronchoalveolar lavage and serum citrullinated histone H3 concentrations
differentiate patients with sepsis versus non-sepsis-induced acute respiratory distress syndrome.

Advisor: Prof. NUTTAPONG CHAIMJARIYATAM, M.D. Co-advisor: Monvasi Pachinburavan, M.D.

Background: Sepsis-induced acute respiratory distress syndrome (sepsis-induced ARDS) is associated
with significant in-hospital mortality. According to current evidence, neutrophil extracellular traps (NETs) mediate
alveolar-endothelial damage, leading to acute lung injury. Citrullinated histone H3 (CitH3), which is increased in
patients with septic shock, is highly involved in a program for formation of NETs. We aim to differentiate patients

with sepsis versus non-sepsis- induced ARDS by using CitH3 in serum and bronchoalveolar lavage (BAL).

Methods: Retrospective analysis of prospectively collected samples including clinical data and
laboratory characteristics was conducted between June 2021 and February 2022. Intubated patients with ARDS
defined by Berlin criteria were enrolled. Levels of CitH3 in both serum and BAL were performed with Enzyme-
linked Immunosorbent Assay (ELISA) developed in house. The etiology of ARDS was based on microbiological

evidence and primary physician’s diagnosis.

Results: There was no significant difference of both serum and BAL CitH3 concentration between
sepsis-induced ARDS and non-sepsis-induced ARDS patients [median (IQR): serum CitH3 118.4 ng/ml (63.13-
215.57) vs 63.3 ng/ml (38.86-89.4), p=0.15; BAL CitH3 61.92 ng/ml (42.22-106.98) vs 41.25 ng/ml (28.19-50.1),
p=0.23]. There was positive correlation between levels of CitH3 in serum and BAL (r, =0.77, p =0.005). No
correlation was observed between levels of CitH3 in serum and severity of lung injury defined by P:F ratio,

APACHE score and SOFA score.

Conclusion: This finding suggests that levels of CitH3 in both serum and BAL tend to be higher in the
patients with sepsis-induced ARDS. However, the levels did not reach statistical significance. Additionally, serum
CitH3 concentration is positively correlated with BAL CitH3 concentration. Data interpretation was limited due to
small sample size resulting in reduced power of the study. Future investigations with greater sample size are

required to evaluate CitH3 patterns of BAL in the patients with ARDS.

Field of Study: Medicine Student's Signature .......ccooevereeecineene
Academic Year: 2021 Advisor's Signature ..........cccecveeieeeenns

Co-advisor's Signature ..........cccceeeeeenee
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1.1 anuduauazanudidyvestym
AUaediinguennismeladiuin (Acute respiratory distress syndrome) 3 ndusios

lan3astiemela (Mechanical ventilation) fialdinaglunnziduledngs (Critical

'
=2 o o s

illness) YIAUNUS

U =

Augnsnsidedinlulseneruia (Hospital mortality) 46.1% Tu
n3dififlsefuTULTINN (Severe ARDS) wag 34.9% lunsdlfiseiusuusetion (Mild
ARDS)" aveasamzianunsaialdnavaisamnlasansauiseenididuassngu
udnfio amnINMIARLTe (Sepsis-induced ARDS) vioawvilalldannisiinide
(Non-sepsis-induced ARDS) uainnissntautasasndonidssluysn (Pulmonary
vasculitis) iAnideneenluieUsnuuuinsnsyate (Diffuse alveolar hemorrhage) N3
VMU (Traumna) auth (Drowning) nMslésuidenuazdiulsznauvesden (Blood
transfusion) 8uazasiail (Drug overdose and inhalation) AMSUNSNIEALVBIULLSS
(Metastatic cancer) lsaloueaf (Interstitial lung disease, ILD) udu 91nn15Anw
The Large Observational Study to Understand the Global Impact of Severe Acute
Respiratory Failure (LUNG SAFE)” wuinaueimsmeladiuiniiinainawngnnsan
Foluden (Pneumonia) 59.4% LLazaWquﬂWiamL%auaﬂUaﬂ (Extrapulmonary sepsis)
16.0% sy 75.4% mﬁﬁ‘ﬂﬁﬂLLEJﬂﬁ’]L‘Viﬁ]ﬂ@::u’mmiﬁwslﬂﬁﬁ‘iﬂﬂmﬂmiaﬂL%@LL@%M
e o1dEannITnUsETR nvvesnie mamamawwﬁaqﬂﬁﬁamimﬂﬁwﬁw
naenauargday (Bronchoalveolar lavage, BAL) Han13n5339naviaaufjiin1sanniiaen
LAZINIAEDS (Blood and serum) mamaﬁmm%'ﬁ;u%mm (Serology)
Hagtudslifidsdnisdanm (Bomarker) #l439ads (Diagnosis) unitheansngy
Hoonmntuldedresngs sudshudmedanmilanunsavenwetnsallsa (Prognosis)

o 1

d{' aa o LY LY [<3 d' a £ 1 1 =
LW@U’]IUESFI’]TJM‘\]QEJ ShwnazdesiunisuinduvestaniagiinTuluiaiseunagned

Y

Usyansn Fadununvesnsfnwinisianuressasialnsila (Neutrophil) dadu
wadeuwsnlunIneuauBveIsEUUIALusanIsuInuveIlanssa s deunay
(Acute lung injury)® ¥ iiiemfiau@nistinmlddwivitadenguainismeladiuin

LRYUNAUINNNITAALTD



1.2 A19UN15938 (Research questions)

A1973 (M)
seau CitH3 Tuihdawmseeauiargeauvesthengueinismeladiuineunay

9
(%
a1

aunsnuesnawnNIaRnnduen st duanmsindeldviel
A1013 (584)

1. 58 CitH3 Tuthindesasdihenguannmamelagiunidsunduannsousnas
nafanguernsiiamaduannsiadeliviels

2. 5y CitH3 Tudhivesuagsedu Cit3 Tuihdrmaonanuazgsauvositaondy
omamglagunidsundunnmsindeiaruduiusluuwamaierfuvdols)

3. 3wy CitH3 Tuthwesvesithenduamemneladunidsunduianuduiuss
FEAUANUTULIIVBINGNDINIEladUINREUNE LAY Berlin definition w3all

4. sy CitH3 Tudhmdesesdtasnguoinismeladuindeundudinrudiniusiv
ANNTULTIRILIAlAENTFUTEIIUATY Acute Physiology and Chronic Health
Evaluation (APACHE) Il score %3l

5. 5% CitH3 Tuwidesvesitanguennsvmeladuinidsundusiaudiniusiy
ANNTULTIRILIALAENTTUTEIUATY Sequential Organ Failure Assessment
(SOFA) score #3584l

1.3 ngUseaeAvan1sivy

nUszaA(man)

e

\eAnwIANENITAvRITEAY CitH3 Tuihdnamaenauuageaulunsitadeuen

nauoINIelasuIndEuNauIINNIsAReiunaueIn1seladuInBeunduann

a di/
N5 klRnLe

[y

nOUsrasA(sag)

1. WefnwiAnuanansavesseau CitH3 Tutmdedunsiddeuwenndueinismela
SundguNauINNISARGeRUNaNeIN1T meladundeunauaInNnIsliRnLe
2. WieAinwanuduiusvesseau CitH3 ludwaswazseeu CitH3 Tuihaawaenay
A L L5 a U =) 1
wazgeaudianuduiusiulunwimaseiunsely
3. WeRnwiAnuduiusvasseau CitH3 Tutdimdesiuanugulseinglainsmels

AUNNLREUNAUAIY Berlin definition @



4. \efnwanuduiusvesszau CitH3 ludivdesiuaiuunsedsalagnis
Useldiueig Acute Physiology and Chronic Health Evaluation (APACHE) Il score
5. WieAnwmanuduiusvesseau CitH3 ludimassiuaugunse vadlsalagns

Uszliiugy Sequential Organ Failure Assessment (SOFA) score

1.4 duyAgu (HYPOTHESIS)
seau CitH3 Tuihdawaeeauiageauvesthengueinismeladiuindeunay

anunsanenagnsianauen1sinamduainnsiaidela

1.5 NSAULUIAINAA LUNT5I8 (CONCEPTUAL FRAMEWORK)

Sepsis-induced
ARDS
Pulmonary
k vasculitis
. Non-sepsis-induced
NETosis ‘. e

' ' K Inflammatory
process

Figure 1 NS0ULLIAMUAALLNITINY

1.6 Aadumsidelaege
fefidunasinisinuimunasfesiunszuiumsvermuBusenlidniuns
338 (Informed consent) Jud1dn1sdny lngagiimsduiinteyanisussunsuagiuys
139paiin (Demographics and clinical and laboratory variables) fiddauuwuunasy
dnfutiufindeya (Case record form) iwdesuazihdravaenauuazgiauveadie
Sepsis-induced ARDS Wag Non-sepsis-induced ARDS W 2 nau NQuay 16 AUILYN
UnunsiageuUsuie CitH3 1ne388lawn (Enzyme-linked Immunosorbent Assay,

ELISA) TnglunisiiuihanaviasnauuasgeanvesiisazujuRnuisnisuasgiu &9



1. Wedge ndesdasmadumelafivaenavdiufifeinisiivisdinga (Wedge the
bronchoscopy in the affected segment)

2. 14 sterile saline solution USuneu 40 1adans (Instill 40 mL of sterile saline
solution)

3. gAtdwnenaLLAYIaNeE19sEiinsE Tl (Manually aspirate the
bronchoalveolar lavage fluid gently)

4. 1d saline solution A¥say 20 Taddns gathdvnenauuazgsaundsld solution
uiazAS 9uAsU 120 fiadans (Instill saline solution in 20 mL aliquots,
aspirating after each aliquot, until 120 mL are instilled)

5. lunsdifihdeiivilddesndt 40 fiaddms ild saline solution ASsay 20
findans auliindrmaenauuazgsan 40 Tadans Taefilalld saline solution 1Ay
200 1adans (If < 40 mL of effluent are retrieved up to a maximum of 200

mL instilled)

1.7 4aNa190191U38555Y

1. Mﬁﬂﬂ?ﬂMLﬂﬂiwiuqﬂﬂa (Respect for person)
A3BveMNBUYaNIINDIEANATTINSITUNTIRE VS e uULAL YO USTTUN AN

ananadiasldanunsadadulaeald fiduanmsmlunisiivsnwenuduvesenanaling

% Ay v = & wa v & o I ) 0 =X = a a

ToyanldanmsfnusumalseitvesiUigasgniiusnuiduanudulaeilafedns

AUreduddyy wazmsinawenansfinwazdunmsiuveanmsinwivianun Jaagh

Wauetoyasieynna lagaraainsvsegunulagveusssunsaiionaainsliaunse

Y [

dndulatedls azlisudeyaneaziBunifniunuide fnquszasduazusslonilasu
Mnmadinnuite sufuseulumafuiwdouasihiveonauuazgiay
amgunsndeuiienaifatuldseminnisviwinans oraadinsviedunulaevoussaunsd
foraasinshianinsodadulaedld Idndulansdrsiulasiniside demsafundnaany
wsnluyang
2. vannmsliuselesilineliiindunsne (Beneficence/Non-maleficence)
msiteilfiamdssnnmahinansdesndesmaiumela egndlsAnuinanisd
ﬁwﬁﬂumwﬁﬂummgfmmsaLLa%’ﬂmmmaﬁmmmﬁaﬁq%vmmmwwéﬁaﬁ;ﬁu ekl
o

fonsiAvitevedlaseinisilafiuanudsdeglusndulnotanaing aseiunannisla

nolmindumns1e dmsunanmsiiuselevd oranadasinsinlunisideazlasunis



p31MUTINAYEY CitH3 Feonafinnudiuiudiumsfinge wavaruuussresnay
omsmeladunideundu ilugnmsinuninaifasivssavsnmdely
3. NANANUYFATIIU (Justice)

Aofinausinsdniinuazesniidmaudalinariudrdnesiy dnsfiarsanisanmides

warlseleviinIninaglasuaInlasinIsive wareanalasazlasulseleviiannnisivey

1.8 923111AN19N15338 (LIMITATION)
Fnunguiegalildmudivang endnfiunisiaevensssezainisiiudoyald

=
UTUVU

1.9 Uszlgvinaiadnazlasu (EXPECTED BENEFIT AND APPLICATION)
WUIIRRIUNSAN®IAEINY CitH3 kagn13033aesu CitH3 Naveslfdmnis
Waduiumadinm iilvgnaidadeamauennguiinainnsfadeuazlifinide

nssneardastunisuinriuraslaniaziindulunaiseusely
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a A v
NUNIUIFIUNIIUNLNYIVDN

nsnavaueaganiilasiansequliiinnszuiun1seniau (Inflammatory
process) LAANMsUINLAIUTBIGIaL (Alveolar damage) waziinnsuinliuvenasniion
Wow (Endothelial injury) musn nszuruMsHansafialdrutamlusauildluns
ﬁams;wwiuazuugﬁﬁu Sufiiiuninlalalat (Cytokines) wu TNF, IL- 1, IL-6, IL-8
Tusiuunsya (Granules protein) TuanaiiAgdosiunisinfuveasad (Cell adhesion
molecules) @ anmsinuittinuan® gelifilelalaivielusiulafianansalditadouas
uenanvamsAnnguenamelasinidsundunnmsindeld edslsfnnutiagould
finsdununszurunsfiviiliananznisuinduresvenanisaddansflaniunisasng
Neutrophil extracellular traps (NETs)

Neutrophil extracellular traps (NETs) ﬁaimaa%’wﬁagjmauam%ﬁ (Extracellular)
anwazanenU1e Usenaulumediuveslalanaiady (Cytoplasm) way lUsAuwnIya
(Granule proteins) Inefiununanadulasinfufiinunisranesuds (Decondensed
chromatin) ® nsiAn NETs d@allugiinannalniSenin NETosis Wunalnnismieves
waatiilnsila (Netrophil) eghaduseuu (Programmed cell death) vilsiinnisuen
drurenfioriuead (Plasma membrane) uazwds NETs sonuuenizad © uenainil
NETs dhutiosansnsaiialaainnalnnisaansvesialasiafidedidin (Non-lytic NETosis,

rapid release from live cells) wagUsgnoududu NETs uShauenwadiunenda

11)

'
P

nmsAnwlutiagiunuin NETs WWudumisdunsifanesanmmangegisiiddny
Tus19ne (NET-mediated pathology) Tugunsanie NETSs EQJJUEQ?Qﬂ’]iLLWﬁ'ﬂ'i%]’IEJ“UEN
Wouuafide (Bacteria) o (Fungi) saudadelnda (Viruses) usluvaiziiientiu NETs
Rerestunsrurumssnaulunnizinide (Sepsis) 2 Tnsnsifn NETosis Tudndawi

Wndudaasulrdnsiaveduazlunneindanuaiitse (Sepsis-associated organ

[y

dysfunction) 1@ A1sUIAUMMSUBARBUNG Y (Acute lung injury) Aazlaneideunauy

13-17

(Acute kidney injury) d@awasiadnsinisidedin (Mortality) ' lunsdinsiinn1iegdl

FrumuLaEanuLad NETs aradusunidauwaufiauseanienutad (Source of self-

v
o aaa ! =

antigen) thlugmaiinlusiuminufisedellietonuewiseniionit eelakauived



'
YR

(Autoantibody) lnglanizeslaleufvefnduiusiulusiuainilasila

(Autoantibodies against neutrophil-derived proteins) fndngiununisagauved NET
(NET deposition) fiuileln (Kidney biopsy samples) 31ngU1e31938 Antineutrophil
cytoplasmic autoantibody (ANCA) -associated vasculitis Fadeolauweufvansolusiu

18,19 ¢ ;9nannl

Fiduduusznauves NETs e Myeloperoxidase uag Proteinase 3 ¢
NETs Sufgadostumainaudengaslunasaden (Thrombosis) MatAansuiaiiu
nNNstradeureddonnendinisunden (Ischemia-reperfusion injury) N3
LNINIZBBIULLS (Tumor metastasis) “? nalneaunu NETosis luszauluana
(Molecular mechanisms regulating NETosis) tina1nnN153UAuYe3A25U (Receptors)

U Y

LLas?hﬂisauﬁﬁmwwmﬂwmaﬁ”’aL%@LLUﬂﬁL’%‘EJ o3 Helada GRERA LRI RKE ALY
(Immune complexes) d@sdayayradluianemennulusiiulfufiau (Effector proteins)
vanguiln vianeidunns (Pathway) unnstsfumadsiiunnsedu thlugnsyuiunmseany
FvedlATuIAU (Chromatin decondensation) n1saawUaslasuifu (Chromatin
modification) n1stArnsideslasvaslusiiu (Crosslink NET proteins) wagn15assnes
NET (NET stability) lunséifiinnisainienisiaudaslaseadnlassnfuinsiiunis
\WasuuUaansnesiilu (Amino acid) 91n913535u (Arginine) udngdu (Citrulline) vo3
lUsAudalau (Histone) #i3un91 Histone deamination %o citrullination Hundnds
ﬂszmumsﬁ%’umﬁauﬁwﬁaLﬁ'wﬁﬁ%m Protein-arginine deiminase type 4 (PAD4) '
2 Faidulaanafiddglunaln NETosis 2% 3 Citrullinated histone H3 (CitH3)
Tneluftheinidolusiudalnuiivaisuosadastlunssuadonioifuiuiomwad
(Cytotoxic) ilpsnniigauantimhansanuanysalveadovuead (Cell membrane
integrity) %2

NMIAnwIlUsAUangviinmingIdedlunseuiun1s NETosis nudeyalanigseau

[ (%
a A A v

USinaues CitH3 Tuthindes (Serum) figeiulunmediinsfindoindngiuuans
AuduusiuANTULseLlsa MIuialumwendaundunazdnsinisdedin
1529 | ghimsfnylunynasesiignnsgduliiAnamefnidouasnisuiniunsendae
lipopolysaccharide (LPS) WUINSTUIUNSSNEUanam s nduSinsTuYes
CitH3 vislapTEn1sdudaiissufizen Protein-arginine deiminase (PAD) fidndiays
N¥UIUNIT citrullination wIanslululaausausufue (Monoclonal antibody) #@

CitH3 dwalinisuiniduveslonuardnsnisidedinveanyvaassignnieniliie



u\lldv =

nsfneanad?” % Jagiudilifiveyan1sfinwseau CitH3 Niludivdosuasinan

Y

vinanaukazgeay (Serum and BAL) lugthenguainismeladiuinieunduainnisin

v
IS a a

Wounazlufne FadunuivednisAneANLaINITaUDITEIUTNTAIUATalAULEYNT U

Y
(% 1%
o v o

dasnauuaviimasdunisuenaivgngueIn1smeladuniBeunauainnisin

¥ -
Wawazlifeae



una 3

A5ALIUN15IY

3.1 3Uuuun15998 (RESEARCH DESIGN)
malinneidoundesdoya fetrahmiesuarihdvasnauuazgiauiiiu

swnulltminanmsAnelisdans (Retrospective analysis of prospectively

collected data and BAL samples and serum samples obtained during a

consecutive enrollment, observational cohort study)

Ussrng

Uszrnsitdmiune (Target population)
fuaennsefidhiunmssnulunertaeings (Intensive care unit) sswenuia
INRINTR
Uszrnsilglunising (Study population)
fuaeildsunmaitadeindunguennsmeladruinideundunu Berlin
definition nsdiTiiu Sepsis-induced ARDS fgnun1531ade Sepsis 91999073

Sepsis-3 @

nauilun1sAnidenyUaedan1sanen (Inclusion criteria)

1. fflhefiflorguinnin 18 U fleeny 80 T

2. fhwilavieriemelauaslfinSosdiomela (Tracheal intubation and
mechanical ventilation) a1glu 7 Jutfuainmsidiueulsaneunaluvediae
NG

nailunsdniienyUieeanainnisany (Exclusion criteria)

1. ;;’Jfﬂwé?amiﬁ

2 Q’{J’JEJﬁﬁiJiz’"ﬁﬂqﬂziwl‘umz@ﬂﬁaaﬁ’mz

3, ﬁﬂwﬁﬁé@mm%wlﬁmﬁ (Hemodynamic instability)

i ﬁﬂaaﬁﬁmmrﬁwﬁuﬁuamﬂ%wu (Fraction of inspired oxygen, FiO2) u1nn11
0.8 vi3eagluszmitamsinwlaedavitusuadi (Prone position)

5. qUehiinnedensendenyulsuwagliaunsawilula (Severe coagulopathy)



10

3.2 nsliamdenuBeufiaildlun1s3de (Operational definitions)
1. Acute respiratory distress syndrome, ARDS ©1489#1131 Berlin Definition
2. Sepsis 81999014 The Third International Consensus Definitions for Sepsis and

Septic Shock

3.3 MIAUIUVUINAIBE
dnsuinuuvesngumegraiuldiuanduiuveienuatifnniesdes
naewiumela lsameruiagainsalanininalveiiaunsaiudeyaasuldnialu 6
= | v v = | v A o v H &
\Weutiiudayaanmsfnwneuniiieituanuaiansaveansly CitH3 Tudwvies
TuundUleniinngdenannisindouwsyliifnveuasanuduiusiuausunsivedlsa
(Serum citrullinated histone H3 concentrations differentiate patients with septic

[y

verses non-septic shock and correlate with disease severity) Fanuinsesiu
CitH3 TuﬁﬂmﬁaqL‘ﬁuﬁaﬂﬁmﬁamﬂumiﬁﬁLLuﬂ;:Iﬂ’Jaﬁﬁmw%ﬂmﬂmsamsﬁa i

AullagANd g (Sensitivity and specificity) Usganm 89% waziinuasnsaty
N1597UuA (Discriminative ability) Usgiliulae the area under the receiver operating
characteristics curve (AROC) 71 919% Tunsdfild R ilermuas Power a1 ROC fviun
1:1 ratio %aﬂﬂdmﬁgﬂ’m Sepsis-induced ARDS wag Non-sepsis-induced ARDS Usenau
Aunsfinwdnedetnasiuazledn naudegsdnuIunguay 16 Auagli >99% power

&MU AROC wuuiRenffuil 2-sided significance level 71 5% fawandlu Figure 2

> power.roc.test(ncases=16, ncontrols=16, auc=0.91, sig.level=0.05)

One ROC curve power calculation

ncases = 16
ncontrols = 16
auc = 0.91

sig.level = 0.05
power = ©.9997332

Figure 2 LEMINITAIUIIIIUIUAIDYNTADINITIUNTANEY
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3.4 MUY
AUETNMYINSAN YA AR UNTEUIUNMSYRANUE UL oL N SIS

a v

748 (Informed consent) 3ud1dn1sAine Tneaziinistuiindeyan1aussinsiasiiuys
N19Aaln (Demographics and clinical and laboratory variables) fidn Ay uLuUnesy
dmiuduiinteya (Case record form)

5’1mﬁm%Lﬁumﬂﬁamﬁuaqé’ﬂmﬂ%mm 10 fladansthantuiinugs 2,000 seuse
Wi Mnunenfuamsdiuveunan UL (supernatant) sierluasedu CitH3 Tag
FoarlAvlulaseinisgiiinanmssnumnnsgiu z‘i’aumilﬁuﬁﬁwwaamamLLazqqamaq
fureefudiunilsvosnsinumasgu iesnmsdesndesmaiumeladulun
Fovsdvmanmsunnd BnmafuihdvaenauuazgauazujifmuneaziBeaselud
dielidmudunaspuieturaenilasimsuanitulununasitermuaves
American Thoracic Society & ©

1. Wedge ndesdasmadunmglafinaenavdidifeinisiivisdinga (Wedge the
bronchoscopy in the affected segment)

2. 14 sterile saline solution UTueu 40 1ad8an3 (Instill 40 mL of sterile saline
solution)

3. @mfwa’ﬁwaamauLLazqaamashmﬂmﬁﬂ (Manually aspirate the
bronchoalveolar lavage fluid gently)

4. 1d saline solution n¥say 20 faddns gaihdavaenauuarqeaundsld solution
uiazASs 9uAsU 120 fiadans (Instill saline solution in 20 mL aliquots,
aspirating after each aliquot, until 120 mL are instilled)

5. lunsdifihédeiiivldesndn 40 fiaddns 1ild saline solution ASsay 20

findans auliindemasnauuarnsan 40 Tadans Tasfilalld saline solution 1Ay

200 Haaans (If < 40 mL of effluent are retrieved up to a maximum of 200

mL instilled)

hivesuazindrmnanauuazgsauvasliae Sepsis-induced ARDS ag Non-

sepsis-induced ARDS 14 2 Ngu nguag 16 Auazgniunsiaaeuysunn CitH3 1naels

' ' v
= L%

8law (Enzyme-linked Immunosorbent Assay, ELISA) @10ugnns193iAs1zindnde
9INUTEN (commercial ELISA kit) wag 9ans193n31gsiniinauesnigluiosdjufnig
338 T ITeTuuImNNIRAILIYANTIVIATIZN ELISA MenannIsuouRuafanimie

solusiu CitH3 vianue 4 dunis agluseniteanisaiiuny
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ludiuvasmitadenensan nvesanindanvsunannsiaiense iluavende
VANIUNaTTINET (Microbiological evidence) M33taduanunndidnvasialy

wiheheninuazumdlungadde mndanuiulinsaiulidndulaeunmdsuideny

'
a

n3

LYY

N153ANISAUFDENTININTLVRS

1 <3

29579619 TonA U1A19a99aULaL0IaN WA LaslYad anNuSNY

9 Y

(% (2
a % ¥

Tnensudifuiaamall -80 osrwaided aWAugALATINITITY doufdniienaeisnis

[V
U A va v

o = a & - N ve o a v £ N va =]
Minastinmiade lnemausnwilasumusenaniteuds nailgideliinng
ihdwegluldienuideau q wnlinsiluldezvinistuveasesssulnday

se08U

3.5 N1531A12YiYaya (Data Analysis and Statistics)
AINNENNNIVDITEAU CitH3 Tudndeuasiiavaenauiasgaulunisuename
| [ a [ a 42{’ ra dy o a ad
naueINImelasuIndeunauIINNIsARaLaliRnYe 2N IR IEilagls Mann-
Whitney U test laz IaTgianuduiusuesszau CitH3 Tulivdetuazinansiasnauuay
IANLAYAIUTULIBINETaN MUaAazANTULURdlsAlAelY Spearman’s rank

correlation coefficient



13

un 4

HaN13ATITTRYA

4.1 dayamluuazdnunznugiuveditnsinide
=2 Movo o« DX S v oo 9 v Yy oa ¢

msfnwilarndenthendfunsshwidiluvediieings lsmeiuiaguiasnsal
& = a ¢ v ¢ N ya ¢ A v a v
AausiLau Aquigu w.a. 2564 f9 NUATUS w.A. 2565 lagdliuinnafndend1nN1TIdY

a Y = & [ Y a < Y !

wazdugouinsINsAnYINn 12 578 \Uuivieg 7 918 §ndls 5 918 ueniduddiengy
915l UINIBEUNAUIINNTAAYE (sepsis-induced ARDS) 31U 5 518 LazgUae
naue1nsmegladguinideunduainnslifiaiie (non-sepsis-induced ARDS) 31U 7 578
ngUIengueIn sglad uINREuNEUAINNSAAWEIIVIA 5 918 TEUIETIUIY 4 5189

Tavinnsdesndeamadunigla

maﬁmﬁmawﬁﬂw mmqumwaamimmL?jusuawam%@maﬂmsiﬁffﬁmmmij
auduveseendauludenunaiisuiudndiusendiaudivngla (PaO,FO,, P:F ratio) i
anas seazanfifthedniunsnwiluvediheings duilaausuussadlsaris Acute
Physiology and Chronic Health Evaluation score (APACHE score) waz Sequential Organ

Failure Assessment score (SOFA score) seninangugUiengueinismeladiuinieunauy

o w [

InMsAndaLazaInnTiRnenuI il uLena i ueg1eilitud Agnisana Aslanslu

L% %

Table 1 dwsuitaduanievasyUlieiauaidnTiunsAneIve 12 918 uagdrwiugthely

9

a

wiayItady s1vasidenadauandly Table 2 Yaduidevasnguainismeladiuinideunauy

NUazDYARILEndlY Table 3



Table 1 uanidoyaviiluuazanualeWugIuveswsiirsise

14

denguennismela  gthenguennismela
. AUINBIUNAY AUINREUNAY p
ayadIuyYAna v v
¥ ’ INNTAALTD 91nNslRae value
(n=5) (n=71)
918, Adsegu [Afideseninnlelng] 52 [35.5] 52 [35] 0.88
LNAEYS, 311U (%) 2 (40) 3 (42.86) 0.69
P-F ratio, Andisegnu [Afiduseninnialvdl 158 [111.2] 200 [118] 0.27
szezhattuveUiednge (Ju), Adsegu [Afideseninmielng 10 [39] 8 [14] 0.76
APACHE score, Ansisegnu [Aiduseninnialvd] 16 [10.5] 16 [13] 0.53
SOFA score, Asegu [A1ideszINemInlng] 4[9.5] 5 [6] 0.76

Table 2 uanvTigasidenIiladegaiiguazTuaugieluunay Ity

Sepsis-induced

RED
ARDS patients

Pneumonia 4
Deep neck infection 1
Diffuse alveolar hemorrhage
Drug induced lung injury
Pulmonary contusion

Lymphangitis carcinomatosis

Non-sepsis-induced

ARDS patients

Table 3 uansifaveideaveinguainIsmelaaIvinleunay

WEREIGENLE Sepsis-induced

nauensmegladuini@eundu ARDS patients

Non-sepsis-induced

ARDS patients

Direct lung injury 4

Indirect lung injury 1

7
0
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4.2 namsAnmeisziuanududiuves GitH3 (CitH3 concentration) Tuthwes
(serum) uazluthdrsaanauuazgeau (BAL)

sefueaduduves Citd3 ludindesenduithenguernamelagun
eundunnmsinidedmifsegm (Miidbsewinanielvg) wihiu 118.4 ne/ml (63.13-
215.57) dhuszduarandudures Citi3 Tudindesvaanduithengueinismelagiun
deunduannslidfindediintsegiu (Aideszwinenelnd) wihiu 63.3 ng/ml (38.86-

89.4) nunlifianuuanssiuegsiveddgnaiiseninmsaengy (p=0.15) Awansly

Figure 3

seauANUduTuYes CitH3 Tuihdwaenauunargeauveingustienguainismela
aundeunauaInnsindedadsegu (Aduseninemelng) wiriu 61.92 ng/ml

(42.22-106.98) druszAuaututuves CitH3 luthdwaenauuazgeauveinguyUliengy

[y

a1msmeladuiniBeunauainnsiiandelianisegiu (Afidessrineaialng) Wiy

o w a

41.25 ng/ml (28.19-50.1) wuinliianusnnsnsivegeditedfymeatiAsendnmisaengy

o

(p=0.23) fauandlu Figure 4

30 p=0.15

— 250

E

~

o

=

- 200

c

L

=

@

= 150

c e

Q JR—

Q

=

(=]

Q 100

(3]

z

o 50

0

Sepsis- Non-sepsis-
induced Induced
ARDS ARDS

Figure 3 uanaseAumIUTuTUYee CitH3 luunundeslugiagngueinismelaaiuimn

W@eunauInmsiadeuasgiagnqueinismelaarvimdeunauainnisluinige
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p=0.23

E
~
o
c
- 80
c
o
=
[
s 60
e 5
3
- |
3 =
O 4
(]
.
=
o > I

2

Sepsis- Non-sepsis-
Induced Induced
ARDS ARDS

Figure 4 uanaseAumIIUTuTuYes CitH3 luiharevaenauuasgias
lugfhengqueinsmelaaiuimagunauainnisaniteuassaengueinismelaaiuin

WBeunauainnsludnde

4.3 NANITIATIZHAMUFUNUSTENI195AUAMUTUTUVDS CitH3 Tutvaanasseau
AMUiaduag CitH3 Tutdidnsviasnauuazgeay

INNITIANUFUNUSTLNINNTLAUANINTUVDY  CitH3  Tud I mandazseauag

v

Wutuludhdmaenauazgial nurmsasanguianuduiusivluiianaseniu ogad

LY [y

HodAgyyeaia lawilan Spearman’s correlation (1) =0.77 (p =0.005) Asuandlu Figure 5

o
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100
L

BAL CitH3 Concentration (ng/ml)

20
1

T T T T T
50 100 150 200 250

Serum CitH3 Concentration (ng/ml)

Figure 5 ARV INAUNUEIEHINIZAUAIIMUTNTUYDS CitH3 TULIaDuay 52 UA I

Watues CitH3 luhaavaenasuuazgias

4.4 NANITIATISHAMUFUNUSTENIN95EAUAMULTNTUVDS CitH3 Tulwidaanazaay
JULsIwaINsUInUYaslandenulaglddndussrinenuduvaseandauluidoauas
Wisunudadiuaandiauinigla (PaO,:FiO,, P:F ratio) Nianas

1NNSANY IUNUANUAURNUSTEMINSTEAUANUTNTUVDY  CitH3  Tutwvdesuay

o w a

AMUIULTVDINISUINII VYRR ogslidudfgvneada (r, =-0.56, p =0.058) aunansly

Figure 6

300
1
o

P:F Ratio

T T T T T
50 100 150 200 250

Serum CitH3 Concentration (ng/mil)

Figure 6 UaRIAINANIUETZYINTEAUAIMNINTUYOY CitH3 [1UVABIUALAIUTULSTS

& a . oA
7/8\7?77'57./7@4@U?/E?\?‘L/QWUE/']JJZ@U P:F ratio anas



18

HANITIATIENINTIEIUTENINTEAUANUTNTUYDS CitH3 Turtlimdessie P:F ratio
voUIgudarTIenUIAmSnTdlazguegetniau (Levels of Serum CitH3/P:F ratio
>1) lnganzmndinisuinduvesvonluszdusunss (PF ratio <100 mmHg) visluitiengy

pamsnglasuinideunduainnishnidelaz lifnae asuanslu Figure 7

3.00

O Sepsis-induced ARDS
Non-sepsis-induced ARDS

Levels of Serum CitH3/P:F ratio

00
100 200 300

P:F ratio (mmHg)

Figure 7 UaPNEATIAIUTEHINTZAUADIMNTUTUYDS CitH3 Tushiyaesse P:F ratio

10U I8UAaEIIETIMUNAINSTAUAIILTULTIVBINITUIALIUTDIUBR

4.5 NANITIATIZHAUFUNUSTENIN95EAUAMUTNTUVDS CitH3 Tutwidasway
APACHE score

ANNITANE LUNUAINUFUNUS T2 UINTLAUAMUTUTUVDY CitH3 Tutdaauay

Y 1Y

APACHE score agailtiud1Agyn9add (r, =-0.28, p =0.376) fauanslu Figure 8
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-]
8
g &1
o
2 B 0
¥ R ° r.=-0.28
o ° p =0.376
& -
< 24
L]
9 S
-]
-]
oo
L] LI | 1 L]
50 100 150 200 250

Serum CitH3 Concentration (ng/ml)

Figure 8 WaMIAIINAUNUGSEWINTEAUAIINTUT YOS CitH3 Tuiiydaes
ag APACHE score

4.6 HANITIATIEHAMUFUNUSTENIN95EAUAMUTUNTUVRS CitH3 Tutwdasway SOFA

score
= ] U U 6 1 U 1% 1% . g a
ANASANE LUNUANUFUNUS TEMINTLAIUAMUTUTUYDS CitH3 Tuimdaauay

o

SOFA score ag9iltiad@Agyni9ada (r, =-0.31, p =0.321) Asuanslu Figure 9

o
2
o
@
g 2 e rs = -0.31
6 o0 p=0321
[75) 4
i - -]
o o -]
o
L]
T T T T T
50 100 150 200 250

Serum CitH3 Concentration (ng/ml)

Figure 9 UAANAIINANNUGT¥NINTEAUAIINTNTUYON CitH3 Turiiasauas SOFA score
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unil 5

A3UNAN1338 2AUTIUHEA LazUalauaLuE

5.1 d@5Unan1sIvY

(%
Il [

INMIANYINUIITeYaNI lUazanwy NUg LY TINIIIIWINTIMUA 12

<9 Y

718 wenidufthenguansmeladunideunduannsfiaediuau 5 518 fUengu
91 smelaauIN@eundunnslifnidediuau 7 518 fidnsiddediunuiovun 11 91y
PnnamNe 12 918 Bladeideswengueinismeladiuini@eunedu (Risk factor for ARDS)

Aendesiunisuinduvesdenlaenss (Direct lung injury)

AuSUNISINATEAUANULTNTUYDY CitH3 Naluinwmasakazinatasnaulany

o w a

Anuuansinsiuegaiidyd Ayneataseniaddieisaeingy

NAINNNTIATIZIAMUAUNUSTEMINTEAUAMUTUTUDY CitH3 Tutndoway

AL INSPATNTIAAYNUI SEaAuAITNTUYes CitH3 Tutiuwdes dannuduiusiulu

o w

s iuiuseauanududures CitH3 lulhdmaenauuazgeauagrelllfedifAgmig
a0n aupudTusIENI TR UANNLTUYRY CitH3 Tuiwdssiuadndiusening

Y] a a P~ U o a P . a v
ﬂ'ﬂ']llﬂuGUEN@@ﬂGUL‘i]uiuLa@@LLGNLV]EJ'UﬂUa@a'Ju@@ﬂSULT\]UV]VI']EJFLQ (P:F ratio) NLLU'JIU@J‘VH]%

o w a

wUsHARUAUD LT T @ Ay n19atn Han1sIATIZRORTIEIUIENINNTEAUAMULTNTUTD

CitH3 Tudwwdessia PiF ratio vestheusarsienuinAgnsdiuiiuuiliuazeasdu

TngamgmniinisuiaivresUanluseAuiunss (PF ratio <100 mmHg) visludUaenay

(%
=) 1

o1nsmglagruini@eunauannnisinauaz lufne agrelsAanuldnuanuduRussEnIg

v 1%
o A (%

sEAUANUITUYes CitH3 Tuiwdswwas Avildinarusulswedlsavia APACHE score

o w aa

wae SOFA score 88M19iN8@ANIIEDRA

o

5.2 afUs18NaN153Y

CitH3 uluanaiiddgylunesadsine1vesnisadns NETs Ai3enin NETosis &2
Fadunszuumwilsivilifnanzasuinivveseanuasvasndeniesnivadiolng
fla thlugmsuinduresonssendoundu® ¥ ensuusidetudndudoddriomiomels

nsfnwidunisfinwusnifeaduszauanududures CitH3 Tuihdnsvasnauwazgeay
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waztmdeslugthenguainismeladuindeunauainnisinideuaslifiaie lned

[

TrgUsvasAveInIsAnyieANwIANNaINTaveLsEaU CitH3 Tuihavaonauuazgeay

q
[ ¥

wagludiesd mivitadenennaueinismeladiuini@eunauainnisiaeiungueing

MeladUINREUNAUINNNTS lIRATBALANIAINNFURUSYDISEAU CitH3 Tudwmaaausi

wUsPidnAynemdlin Feinsanddennmeaslasunsguasnwnuuinsgiunsinwiy

Y

[y

Uagtuuazlasunsdesndemmadumelamudevatlnednninuiasndevesiiraduddy

MndayamluuaganuaeiuguveslinTindde wuhgdieifiounmuniiidisiunis

WeolugUeniidaduidowainguanmsglasiuinieunauiesdesiunsuiniiuees
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