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Abstract

Acute pulmonary embolism (APE) is a common cardiovascular condition with considerable
high morbidity and mortality. Computed tomography pulmonary angiography (CTPA) is the gold
standard for the diagnosis of pulmonary embolism (PE). However, contrast media is
contraindicated in some patients. The purpose of retrospective descriptive study was to
determine the diagnostic accuracy of hyperdense clot sign in central pulmonary artery on
unenhanced multidetector CT (MDCT) for diagnosis of acute pulmonary embolism using CTPA as
the gold standard. The records of patients with clinically suspected acute pulmonary embolism
and underwent computed tomosgraphy pulmonary angiography between January 2021 and June
2022 were retrospectively reviewed. Patients were divided into two groups as patients with
documented acute central pulmonary embolism and patients without documented acute central
pulmonary embolism as a control group. hyperdense clot sign in central pulmonary artery, main
PA dilatation, and peripheral wedge-shaped opacity on unenhanced multidetector CT were
evaluated. This study reported presence of hyperdense clot sign in the main pulmonary vessels
was the key for diagnosis of acute central pulmonary embolism. This sign had accuracy of 0.648
(95%Cl:0.525-0.758), specificity of 100% (95%Cl: 90.3-100.0%) and sensitivity of 28.6% (95%Cl:
14.6-46.3), positive predictive value (PPV) of 100%, and negative predictive value of 59.0%
(95%C1:53.9%-64.0%) indicating hyperdense clot sign was reliable for detecting acute central
pulmonary embolism. The conclusion, hyperdense clot sign on unenhanced multidetector CT is
reliable for detecting acute central pulmonary embolism as compared with CTPA. This sign is an
alternative finding for the diagnosis of acute central pulmonary embolism when CTPA is not
available. The finding is useful in patient with renal problem or history of severe contrast allergy.
However, this hyperdense clot sign has limitation due to low sensitivity therefore no visualization
of hyperdense clot sign on unenhanced MDCT in patient with clinically suspected acute
pulmonary embolism could not excluded acute pulmonary embolism disease so clinically

correlation and further investigation is necessary.

Keywords: Hyperdense clot sign, Acute central pulmonary embolism, Unenhanced multidetector

CT, Computed tomography pulmonary angiography
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unsUandiunauuuidsundutuillsaussadaosniinduitedliidulsedumdengeiuluvaeniien
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AUrenguliidulsmegnefitduddny (p=0.031) InediAnriniu 3484.5 (247.0-33111.0) mg/dL uaz 2872.5
(18.0-33111.0) mg/dL Tungudulse uazliidulsamudiiu Adauansluaised 1 euidedling
Hyperdense clot sign Tungulaifiulsn lurnefingudulsnduiengaiulunaonidonunsoadiunans
WUULBEUNEUNU Hyperdense clot sign 3713w 10 518 (28.6%) Fauansnafuet1aitod iy p<0.001
YuzLAEiU Pulmonary trunk diameter, Peripheral wedge-shaped opacity, Wells criteria waz Wells

score vawsapangulfiauuane1aiy Asanslunisem 2
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Variables Total Without PE confirmed by With PE confirmed by p-value
CTPA (n=36) CTPA (n=35)
Age (years) 59.82 + 16.60 59.22 + 15.86 60.43 + 17.53 0.762
Sex; female 46 (64.8%) 23 (63.9%) 23 (65.7%) 0.872
Underlying disease 54 (83.1%) 30 (96.8%) 24 (70.6%) 0.005

Symptom
Dyspnea 56 (87.5%) 28 (87.5%) 28 (87.5%) 1.000
s¥auAl D-dimer 2872.5 996.5 3484.5 0.031
(mg/dL) (18.0-33111.0) (18.0-15888.0) (247.0-33111.0)
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#131991 2 wanadeya Wells criteria, Wells score uazanwaugnmssdnnulaanengisdaouiineing

anlaglyldans7iused (Unenhanced MDCT) vosnguliidulsnrdudanganaulunasndonuniven

drunananuuidsundu waznquidulsrduidongandulunasnidenunsUandiunasuuuldeundu

Variables Total Without APE confirmed by With APE confirmed by p-value
CTPA (n=36) CTPA (n=35)
Wells criteria
DVT 1(1.4%) 1(2.8%) 0 (0.0%) 1.000
HR > 100 28 (39.4%) 15 (41.7%) 13 (37.1%) 0.697
Recent surgery or 7(9.9%) 4 (11.1%) 3 (8.6%) 1.000
immobilization
Hemoptysis 2 (2.8%) 1(2.8%) 1(2.9%) 1.000
Malignancy history 8 (11.3%) 5(13.9%) 3 (8.6%) 0.710
Wells score 3.76 £ 0.79 3.82 £ 0.67 3.70 £ 0.89 0.527
>5.0 7(9.9%) 3 (8.3%) 4 (11.4%) 0.710
<5.0 64 (90.1%) 33 (91.7%) 31 (88.6%) 0.720
Unenhanced MDCT
findings
Hyperdense clot sign 10 (14.1%) 0(0.0) 10 (28.6%) <0.001
Pulmonary trunk
diameter
>29 mm. 50.0 (70.4%) 23 (63.9%) 27 (77.1%) 0.221
<29 mm. 21 (29.6%) 13 (36.1%) 8 (22.9%) 0.243
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Peripheral wedge- 18 (25.4%) 6 (16.7%) 12 (34.3%) 0.088
shaped opacity
al' oA A .
AT 3 UARIAMUUNYBADUBY Hyperdense clot sign
Sensitivity (%) | Specificity (%) PPV (%) NPV (%) PLR NLR AUC p-value
28.6 100 100% 59.0 0.71 0.648 <0.001
(14.6-46.3) (90.3-100.0) (53.9-64.0) (0.58-0.88) (0.525-0.758)

91015797 3 WUINAIAIURLILYEY (CT attenuation) ¥83duLE8n Hyperdense clot sign 0¢
U749 45-80 Hounsfield unit (HU) n1swu Hyperdense clot sign Tunaenidenuaseniinnuindedie
guileiouiu CTPA FafudSmsnumunsgu (Gold standard) Tnefienausiug (Accuracy) winfu
0.648 (95%Cl: 0.525-0.758) HAUT NN (Specificity) Wiy 100% (95%Cl: 90.3%-100%) waziainu
12 (Sensitivity) M1AU 28.6% (95%Cl: 14.6%-46.3%) Tun1sneaedii Hyperdense clot sign iALU19E
Hudigiheazidulsaasa (Positive predictive values) Windu 100% uazanaazduiiguaelailddy

15A (Negative predictive values) AU 59.0% (95%Cl: 53.9%-64.0%)
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REUNAULTNBUAUNITNTIIMBLENTLTEABUT M DI NaDALEanLAIUaAlauN15Ta197USsd (Computed
tomography pulmonary angiography; CTPA) @ 1tJun19m5291aW18L21234 (Gold standard) annwa
N15ANYINUIT Hyperdense clot sign TunaanidonuanslanainnisniiameLenglsgAsuiimoIngisen
Inglyldansiused dulimnudndeiegddunisvigiiadelsndudengaiuluvaeaiionunslanifisuiu
NINTI9A2BLENTLTTABNN LA aDALd oALAIUBALABN1TITa157USE (Computed tomography
pulmonary angiography; CTPA) @s@annadiun1IAn®Ives Hassan et al. (2021) (8) way Chien et al.

(2019) (9) Ainu3n n1588 Hyperdense clot sign Tunaenidanunivaniiuia1auusiug (Accuracy)
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Winfu 0.737 way 0.859 fianudumng (Specificity) winfu 100% fassazduiiguisazdulsaass
(Positive predictive values) 11AU 100% LLazm’mu"]%Lﬂuﬁﬁgﬂ’sﬁiﬂﬁﬁuhﬂ (Negative predictive
values) Wiy 61.1 % wag 78% muddu Wuiinsuieammuuduiigaluresdudoninainnisd
Usinmdiutsznavvedlusiufigeandeadeaunsiifanududuuiniy (concentrated red blood

cells) Mdunan1aInNN15anasveIuId wdussaUsenaunid sluduidonti ed Uidaniln1suasaa (clot

=2

retraction) ¥ 9@analid@1uUsenouveIdlulnT Ul ANULT NI UT U VlsiA1 CT attenuation vl UTU

NsANIUNUIIAIANUUIRILYRIENEeR (CT attenuation) aglutas 45-80 Hounsfield unit (HU) &4
AanARBINUNISANEIURY Wolverson et al. 1518971414439 50-80 HU (10) NSANTUUDIANUINTUE L
Indulududend siinmnunanaiadlawisuiuidond valunasaiden (crculating blood) ®1a311#151
aunsanvdndenfieglunasaidonld (10) egalsinunis@neiinuaiaiiuly (Sensitivity) iy
28.6% F9ADUINNUBY LBLUNUNIE@RINIIANET NAIABNUAT Sensitivity 1NAU 55.3% Lag 71.9%
Tunnsfnwnves Hassan et al. (2021) (8) wag Chien et al. (2019)(9) Mmud1wU F9913nnantase wu
91470983800 (Age of blood clot) fin1sAnwIsIeuINIINUAUGeA (blood clot) imuduiusiu
a A | Ay vo P ¢ a & - ~ | a

91y0sduFenluYILIATFUNMIITIAMmEENYsRaNN IR osTRaAdanwAIUen (10) T5189MUINEN
\Hendillangtiaundt 8 Tu fiA1 CT attenuation Useanad 66 HU vaueiiaudeniiienguinninuy a1 CT
attenuation Uszanay 55 HU (11) @eyunulaingeiieisseziiaidniiulse (onset time) MUy fy
2 = & i . a o« & a o o a = PN a

\HondrilonguIuliuny wazen CT attenuation Y0sRuREATIUY AwEaAaIRNNA1GU IN1SANYIAINUAY
WWoaNHAURUILLLAY (Hypoattenuaion clot) Tu pulmonary artery §485U18710158A89U89AAM

' a a & ' a < A a

PULUUYDIAULEDAUUUILLANAINNTEAANVBUUALADALAY (breakdown of RBC) LLagiN19aAa1Uu9
drulsznoulusiulududen Jaimdedudoniionguiudunudiau (12) fadululddinisny
hyperdense clot sign Tun1s@nw1adl sensitivity 61 819LAna 1575 Urednrsendulsaundu
szuzaInile JudutedidnuesnisaAned Wesnnliiiveyasseziainisandulsavesilie uanan
91890981807 (Age of blood clot) &3 N15NU hyperdense clot sign §1a13dANANRUSAUTEAY
hematocrit %39AMULYUVULA DA LUYULTVINNITATIVAILLDNALSEABUNAADSNADALADALAIUDA D NAE
FadudnnilavedinvesnisAnwinllaiunsafvualiin1snsiaa1 hematocrit VULNIN1TATIVAIE

ongLsdnauinasiaondenundlaiiosainiun1sfinuinuy retrospective study
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Uszlgauinlasuainauiae

Ay o/ o a

msfnigmeivsslomilunsdiidioanmsidede uazdnwfissdou Tnelisenanisnsarsedu
mshauvesls wieneldteuluuazdedinmieg W fuiefiuseiauiansiiused fUieidnsyhay
vaslaunwsesegiiu 1udu IngenafinnsandinsaansdigUisfionnsuuudoundu egdlsfnnm
Hyperdense clot sign fifas1Aniiieanin sensitivity Aeutisios Fatdunislainy Hyperdense clot sign
Tu Unenhanced multidirector CT liianunsaasuléinguashiflsnduiengaiulunasadonunion

dIUNAUUULABUNAU (Acute central pulmonary embolism) NM53l9dedensdesliuvegivenisiay

N13n99UsEURNIIRSgIUsi Y

dadninvasnsideuazdoiauauus

ilosnidumsfinuuuy retrospective study n1s3deiliannsafiutoyassasnanmadiiy
Tsavosfie iilamanziuanguasiudenld vonandlifideyasedu hematocrit vioaududuidon
vesnguinogsluvazivhnmsanafmeenuisdnouinesnasnidenunien dstadosananotaiing
senswu Hyperdense clot sign dwwalyt sensitivity 7ildannisAnuniireudnsi safumadululanis
Helundselumsiamunuuuy prospective study wagdimafiuteyainismenddnrufeszesna

AWAULSA LazA1sEeu hematocrit TUINNTINNIIMSI9IELD NS ABURILADTNADALEDALAIUDATINALEY
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