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Acute Pulmonary Embolism
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Acute pulmonary embolism (PE) is the third most
common cardiovascular emergency condition; following
acute myocardial infarction and acute stroke, which the
mortality rate is still high. The most common etiology of
acute PE is thromboembolism from deep vein
thrombosis. An acute occlusion of pulmonary vascular
bed leads to the increasing of right ventricular (RV)
afterload, and resulting into RV dysfunction, alveolar gas
exchange disturbance, and hemodynamics collapse,
which may causes sudden death in affected patients.
Diagnostic strategies include evaluation of clinical
probability, clinical presentation, and disease- and
severity-related investigations. Initial treatment is upon
the hemodynamics compensation and RV function, aims
to restore the pulmonary vascular patency and flow.
Long-term treatment is upon the risk of recurrence, aims
to prevent another episode. Careful evaluation of
bleeding, which is the most concern complication of
treatment, should be warranted in all individual patients
and all steps of treatment.
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Epidemiology

Acute PE %uLilu acute cardiovascular disease ‘ﬁwu
Yagdusaufiansndain coronary artery disease Uas
stroke' guAn1nivas PE 81aldszunms 60 f9 70 11
Aausnlszong’ %%aqﬂ'?m'lmimwaa venous throm-
bosis kaz PE 81afiUszanas 0.5 519 1.0 Madadseong
1,000 T8 amﬂsnmm madi1gdanmsnivad PE Wz &9
nifleszanald lasanaansowy silent PE vlmaam
Jauaz 40-50 luw‘i_l’m deep vein thrombosis (DVT)
aummsmmaa PE quawumwmmm Ao e
mmusl,uwﬂ'mmﬂmﬂmw 60 ¥ awernousz W9® Uaz
Vl,mwumwl,mﬂmdamamemaaqumnﬁmnﬁm@
venous thromboembolism (VTE) FEWITIRBILNE

2AMITLTIA  1Ia0 3 L@aumamﬂ’m acute PE
I@m’muﬂrmm‘saﬂa” 17.4° mhm acute PE G5aniaon
waﬂnuwmmanuﬂa aJamwn'maﬂmmvlaJmmaﬂa” 1
muwﬂw submassive PE 9% M@@li’lﬂ'ﬁLﬁ&l‘ﬁ’J@]iaﬁa“ 5-
25 1%°}JM°‘YIN‘1J’J£I massive PE ‘ml cardiogenic shock a2 Y
2AINILFTIAT08az 25-30 LLaw%’mﬂd‘ﬂ’mvl,@]iUﬂﬁ
ﬁ?ﬂﬁ%%}mﬁau (cardiopulmonary resuscitation) 3z
danmuFsTiagtiafasaz 65 uazaainfasaz 25 189
Qﬂw PE 141678871113 sudden death’ asil'mvl,iﬁmu
iwmﬂua@ﬁﬂ’mﬁﬁﬂ%ﬁmmﬂ acute PE 81392010710721%
Lﬂuﬁ]sa Luaaﬁnﬂmammﬂmim autopsy WuIKK1
LFed3aa1n acute PE lag'linsnu pre-mortem
diagnosis gdmiam: 55°

Natural history

PE uaz DVT Jaudulsnlungy VTE Fawutaw fwle
SILH aumwummmmaomsmﬂ PE #ulng anan
DVT W‘.IJ’J’I‘].]?JJ’]M?QEJNW 50 maomhs proximal DVT
224 PE muﬂvlml,ammmﬁmmﬂ wazwu Uyeunm
Jounz 70 w89ty PE 9AIIINY DVT flan a9
mmﬁmmw‘h waz1lo9annns PE uaz DVT #n9id
Hasudsslumaialsasiniu soilunnsRiarson natu-
ral history 28413039A23R TN TUAIWTINVRS VTE Ut
msfasananwizlalaiisolsandie

3'1smumnwﬂwmmmmml,a dawuin file
Jouaz 30 3zLhia DVT fvanpan T9 DVT mﬂmnwmﬂﬂ
wdaneluszes L'val,m'msl,uwﬂammslumu maa’mm
ammiuwﬂwiasm 40 W3901992 anmumnmunmﬂ
Lﬂu prOX|maI DVT uaz PE sl,uwﬂmmumma mJ’m
symptomatlc DVT mulmuimﬁlwwu proximal clot ‘IN
ﬂﬁwmmmmuwaagmumnm’;mm@ PE laosinly
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PE Sniiaauwas DVT Uszanms 3-7 34 lastszanm
Jouaz 10 vasgthoaradsdianoluig 1 7214
wadiia PE Uszunmuiaeaz 5-10 9280112 shock Wi
hypotension LLag szanmiasas 50 BTNUNNE right ven-
trlcular dysfunction %o injury I@m‘ﬂv[&mn’n” shock NflJ’JLI
PE MiFaTaaunnninfasas 90 ﬁ’Jull’valle@liUﬂ'liiﬂH’l
10991089 liNs N334 Ustunmasiniienes
mﬂwwvl,mumﬁﬂma 2619093 residual PE LJula ey
v\m‘ﬂ” szunmingas 0.5-5 maamhm] HERBISI
chronic thromboembolic pulmonary hypertension
(CTEPH)® Uaz3asas 50 madm_l’m symptomatic proxi-
mal DVT uaz PE 7ilalésu antlcoagulant aznauLiu
Tsagnmeluszozog 3 1dan’®™

Risk factors

Hasudsvnlwidendudninouaziio VTE wn
ﬂﬁ‘“ﬂauvl,ﬂmﬂﬂmmm\‘lwuﬁm‘m (inherited throm-
bophilias) LLae ﬂ%ﬂmn@m%msmad (acquired condl-
tions)'>"° ((ﬂ’]ﬁd‘ﬂ 1) 1@ inherited thrombophilias o
anwulugihe VTE argasniaiduiiniuaundnnans
auluasauail Lu idiopathic vﬁa recurrent VTE #1383
recurrent spontaneous abortion ‘Nﬂ’l’]&l“ﬁﬂ“lla\‘i inherited
thrombophilias % % snansnaiwlu wudz zngulszTng

M50 1 TRTuEseInsAa venous thromboembolism

Inherited conditions Acquired conditions

Factor V Leiden mutation Age
Prothrombin gene mutation Smoking
Deficiency of antithrombin Il Obesity
Deficiency of protein C or protein S Malignancy

Antiphospholipid antibody syndrome
Hyperhomocysteinemia

Oral contraceptive pills

Hormone replacement therapy
Atherosclerotic disease

Personal or family history of VTE
Recent trauma, fracture, surgery, or
hospitalization

Immobilization

Pregnancy

Long-haul air travel

Pacemaker or implantable cardiac
defibrillator leads and indwelling

venous catheters

VTE indicates venous thromboembolism
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§7% acquired conditions ﬁuLﬂuﬂ%%ﬂﬁLﬁﬂﬁ]’m endot-
helial injury, blood flow stasis en) hypercoagulability
(Virchow’s triad) Fafadunensouazwuldtasnin
inherited thrombophilias

ﬁﬂao%mﬁn VTE lagliwuiladunszdu (idiopathic
%3 unprovoked VTE) wuvl,nﬂivmm'sar_lav 20 madw‘ﬂ'w
VTE Ninua’ Lﬂ%‘}’]%’lﬁi«klﬁ]’ﬂ‘l"mﬂ’a’mﬁll‘wuﬁi‘”‘ﬁil’ld
NILAa VTE Wae atherosclerosis risk factors'’ S’J&I‘H\‘lﬂ\‘l
WUANMNFNWWEIZ®ININ1TLAA idiopathic PE was
myocardial infarction %38 stroke 8nal8'™

Pathophysiology

NANIENUNANYEY acute PE Aanadaszuunalian
Tafindaaziiniuidailanaeaidoauaslulan (pulmonary
arterial bed) nﬂanﬂﬂ@ﬂamaa@mﬂm'ﬁaua” 30-50"
LRENANTY ‘Yl‘]J‘Y]a'lﬂnJaﬂ‘]Ji nInitefanadanis
waniasuioludan (gas exchange)

luLL\ﬁ“Hadi”UUVl‘HaL’JEI%IE\]‘H@]‘I/L‘I/L L&lam@miaﬂﬂﬂu
pulmonary artery I@mm&luwau v right ventncular
(RV) afterload awuam\ﬁ’am‘nua LHINALALAG RV
dilatation, trlcuspld regurgitation WLz RV dysfunction Iu‘ﬂ
ga #anand RV dilatation La489vinl#LAa interventricular
septal bulging 5ﬁ0ﬁ1°vlﬂ‘i‘l_lﬂ’au left ventricular (LV) dias-
tolic filling il systemic cardiac output @83 RINALA
coronary artery blood flow 8aaIAINNN Gﬁw“n’]sl,‘ﬁ RV
mﬁﬂLaa@rmﬂﬁwuLLa NIENUGNNINIWYaY RV 1%
vicious cycle sl,ummlq@” (gﬂﬂ 1)

Acute PE
T RV pressure overload
e T~
RV dysfunction T RY wall tension
iL\/ preload T RV ischemia

v 4
L LV output | Coronary blood flow

N\ A

i Systemic arterial blood pressure

gﬂﬁ 1 Pathophysiology 184 acute pulmonary embolism
daszuuinaioulaiia (PE indicates pulmonary embo-
lism; LV, left ventricle; RV, right ventricle.)

ASUATUNT YT 2557;29 (5) ¢ Srinagarind Med J 2014; 29 (5)

luLL\‘imaam’mamﬂaﬂuﬁ”’m%aLﬂuwaﬁ@imﬁadmﬁ]’m
Tywivasszunlnadoulafiaru Tywinsnfinude
arterial hypoxemia %dLﬁﬂmﬂ ventilation-perfusion
mismatch, N13aA8IVYBY cardiac output, n’mﬁu dead
space LazNIILAA right-to-left shunt 114119 patent foramen
ovale (PFO) wazlugisusnazwy hypocapnia Wae respi-
ratory aIkansrs ‘ﬁ\‘lL‘L]uNaﬁ]’m alveolar hyperventilation

uaﬂmnu miaﬂﬂulu%aamaa@ﬂarﬂ“ummaﬂ
sunTanmliiia pulmonary infarction GsazviliiAa
alveolar hemorrhage, pleuritis L8 pleural effusion AMUNN

Severity of acute PE

ANVUIUUIIVBY acute PE vl&lvl,@mml,m@rm"uu’m
anwmmiaﬂimmmadamaa@‘ﬂa@mulu pulmonary
arterial bed mmm“uuaﬂﬂua@r‘i’lﬂ’r‘naw’miu‘sw Y
(in-hospital or 30-day mortallty) sﬁwua Elﬂ‘]_lm’lllmmm
289 RV lumsdsudida afterload “/lLWlI‘IluaFJ’lx‘ill’msL%
N luﬂﬁl’%'i_luvl,ﬂ“fﬂﬂ’]iLLlldﬂ’ﬂll‘iuLL‘i\Wa\'i acute PE
aamﬂumm‘“@mmu

1. Low risk PE nanufis fjilas PE alaig hypoten-
sion uazlidl RV dysfunctlon #3a RV injury smam']
mMaReTIaluszes a‘mjadwﬂwhna&muaﬁm'ﬁaﬂa” 1

2. Submassive PE nmymwﬂw PE #ilud
sustained hypotension ULGWU RV dysfunctlon (WY RV
dilatation 91N transthoracic echocardiography
(TTE) ¥38 computed tomography (CT) #3awu RV
systolic dysfunction 91nN1IYIN TTE WIDWUITLALVDI
brain natriuretic peptides (BNP) ;:r\‘lLﬁuﬂ’h 90 pg/ml %30
WUIE@UVad N-terminal pro-brain natriuretic peptides
(NT-proBNP) ;:r\‘lLﬁuﬂ’i’] 500 pg/ml RIOWURN LU right
bundle branch block (RBBB), anteroseptal ST-segment
elevation, depression, or T-wave inversion 3TNN1IAII3
aawlni $219) wiawy myocardial necrosis (xé’wad
cardiac troponln T win | mmummmﬂnn) emam'lmi
\WFoT3a luszas aumadwﬂ’mﬂauuauwiaﬂm 3-15

3. Massive PE %momwﬂw PE #i§l sustained
hypotension (systolic blood pressure (ﬂ’m’n 90 wu.1van
Wuiundn 15 winsedndudasld inotropic support
iiasanann PE Tagldfigadasiuniisau) w5ad persis-
tent profound bradycardia (@wasasnin 40 ﬂ%y'a@iamﬁ
TINURansme shock) PERIGH cardlac arrest ‘Ii\'i 20N3
WweTialuszes aw‘uam‘ﬂamﬂauummﬂm’ﬁaﬂm 15%%
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Diagnosis

Clinical presentation

mms'ﬂwuuamamiuwﬂm acute PE flaa1n1y
molalisuuazsosasandasmaiuniion Tasasny
maadmmimnmamunuluwﬂw acute PE 171171
fasaz 9022 mmsmalﬂuawmﬂumﬂ@mu‘nsl,u
YULANTAID UL TR DL 9 Huanniufiazioavia
formslurmzaanuss axmsiivnihenaraduuuy
pleuritic chest pain %Mﬁ(ﬂﬁ]’lﬂ pulmonary infarction 738
oralluuuy angina-like @atflunaain RV ischemia
onmi3levieladlwioadaulunaan pumonary infarc-
tion wu'lastas #3815 syncope wu'lsivasuadidn
mnﬁéﬁﬁtyl,ﬁaamﬂm%h PE &IWANITNUBLIININGS
sruunaioulafio wazludil ElﬁE]’]ﬂ’liE%LLidﬁ’]&l’]iﬂ&l’]
@1881M"3 shock, arterial hypotension %38 cardiac arrest

mmmamﬁﬂﬂnﬁﬁwuﬂaﬂﬁqﬂﬁa tachypnea 784
a9lfa tachycardia @1aWLBINSUEAIUES DVT el
PNMOUasEIwiasTiaza3Iany cyanosis LAZE19A379
WUAN®WVad RV pressure overload LT jugular vein
engorgement, RV heaving, loud P sound RV gallop
LAY tricuspid regurgitation murmur uaﬂﬁ]’mul,l,&m‘ﬂ’s alag
mluasiinnne hypoxemia memmw'ﬂw acute PE
Urzanmingas 20 ﬂmn"luwummmﬂnmmaa Pao,
LLRe alveolar-arterial oxygen gradient 310 arterial blood
gas (ABG)*

3111 2 usa4 right lung oligemia

Initial investigation

nwdnesiEnTsenatanusnsmsindnanla
UN1ZNU acute PE L% plate-like atelectasis, pleural
effusion 38 elevation of hemidiaphragm? NIDBNANL
snwmzidandrosuwizuanyldlaivosign lung
oligemia (Westermark sign) LAz prominence of pulmo-
nary artery (sﬂ‘n 2) agelsiany mwmmaamwan
aniludlse Iﬂ‘mﬂ%ﬂ’ﬁ"ﬁ’sEJ’J%%QEJLLEJﬂIiﬂE]%5] dw
mm@ypaamﬂﬁmﬂlﬁ]vluauLLazLauﬂuﬂaﬂ

Aaw WA lanwuanw e sinus tachycardia ke
IAWURNMIUEVDI RV pressure overload LT% T wave
inversion 14 leads V1-V4, S1Q3T3 uaz RBBB® (gﬂﬁ 3)

31U 3 usasndnlwiialalugdiae acute pulmonary embolism (anAIRNIUAAIANBIAZ S1Q3T3 gneTaen

URAIAN TS right ventricular pressure overload)
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Fednwasasnsmannulu PE ﬂﬂau“uwmu‘mm”ma wu'le
IuISﬂauﬂwﬂlﬁLn@ RV pressure overioad uaﬂmuavlm'm
PE uaﬂmﬂuma}wuaﬂwmz ST-segment elevation S]j\‘i
inwusaslu lead V1 wasvinlWRuaunun1ae acute
myocardial infarction (pseudoinfarction pattern)”’

Clinical probability

ANBIUTNIARANLAZNANIIATIANIRBIU [N
Hasduutlufianusimafisanelumiifiade acute
PE meauamﬂmaLﬂuaumﬂmmmumsﬂ?mu clini-
cal probablllty snuﬂumumam%ﬂmwamvlﬂa diagnos-
tic strategy Tuaaunald n3vsziiin clinical probablllty
m'ﬂwnﬂamuLLaJLﬂjamamwmwoluﬂmuuﬂa Cana-
dian rule (Wells score)” (@l’li’]d“n 2) I@ﬂmmm{lwﬂw
aamﬂumuna’uﬁa low, intermediate %o high probablllty
visudseaniiedmaIngufa PE unlikely uaz PE hkely
Fslamadiaz swurile PE lundw low, intermediate %38
high probablllty atl'ﬂll'i“’&nm‘iaila” 10, 30 ez 65
RPN

D-dimer

D-dimer %dL‘ﬂu degradation product 284 crosslinked
fibrin wazaansaaTanyldiiiedl acute clot 1Andulu
umelesunmafinsnetnanheamnsumsldiieifedonne
VTE® 1fi8991n D-dimer Lﬂumsmmﬁﬁmmvhga ST
emwTarinmitessusnlse PE sanldldwinszau
2849 D-dimer Un@ ue@szauvad D-dimer mm‘maumu"l@
Tulseauidmasns fibrin wanmitaan VTE 1w cancer,
mflammatlon infection, aortic dissection #38 pregnancy
F9UNNIATIINY D-dimer gaRaUn@de lisnananldtn
funailu PE 18 tselominiendfinuas D-dimer s7iia
ag’mww:lu;ﬁﬂm low #38 intermediate clinical probability

A13199 2 Wells score 813U pulmonary embolism

Variables

Clinical signs of DVT +3
Alternative diagnosis less likely than PE +3
Previous PE or DVT

Heart rate > 100 bpm

Recent surgery or immobilization

Hemoptysis +1
Cancer +1

Points

+1.5
+1.5
+1.5

%38 PE unlikely lasaunsaynmsifiaasusnlsa PE
sanluldlugihongudindnaminwuszauses D-dimer
agluinmusiun@®

Compression ultrasonography

l,‘u,ad?n'mm’rsaalaw 90 maamhu PE wuiauidan
1AAN19IN DVTY °n°mu,a Jaas 70 maowﬂw PE s14170)
@379WL DVT®' flmnanmIvin venography LLa“’ﬂ"i]ﬁ]‘.lJu
NI compressmn uItrasonography (CUS) &lm’mvl,’s
0F mwmmwwmm GIUUMINN CUS tiaLszidin DVT
aauazulunwsmuaumv PE wazldidnanunufinisyin
conventional venography laga 1AWy DVT 1S
@72968 CUS 3auaz 30-50 luwﬂaﬂ PE*% Iﬂﬂmﬂ Cus
44103fiasn PE lunsdifidosnsan false- -negative rate
INMIN" single-detector CT Wi TUNUNIATID CT
Tunsdifidasmmaniasmadnafsmesssfiusiinsa

> As

WH

Ventilation-perfusion scintigraphy

N1IA3IIWY ventilation-perfusion mismatch 31nN1Y
11 ventilation-perfusion scintigraphy (V/Q scan) 14uan
'j']ﬁﬂ'ﬁ@'@ﬁ’:ul%%ﬁﬂ@nﬁﬂ@ﬂa@ WNAaN1IRN3I33 V/Q scan
wiidaanidlu 4 wuuleun normal %38 near-normal, low
intermediate (non-diagnostic) k& high probability* lag
sydudimuisavinmyifiadouenlsa PE aanldldwin
NAN1IAT29 normal HIBWLHANIIATIA non-diagnostic
lug{)ae low clinical probability uazaanInlwn1sifadn
PE vl,@mﬂwuwamsmw hlgh probablllty luw‘ﬂ’m high
clinical probability Iuﬂimauﬂ uaﬂmuaﬁ]’mu VIQ scan
lisnunsadudurlausnlsa PE aan'ldldatuiga uas
uludasanfominTadug id’

Clinical probability Total point
3 levels
Low 0-1
Intermediate 2-6
High >7
2 levels
PE unlikely 0-4
PE likely >4

DVT indicates deep vein thrombosis; PE, pulmonary embolism.

ASUATUNT YT 2557;29 (5) ¢ Srinagarind Med J 2014; 29 (5)
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Compute d tomography

MIANTIVAE single-detector CT (SDCT) fanuh
fouaz 70 uazaNNINWIETaEa: 90 lumsifaay PE®
wazedaInamnaiarinlisesas 5-8 VaINNIATI
spcT liimunsavinldmuysal sorinisliaansnrnms
Fhauuenlsa PE sanldldlasandunisnsia SDCT
LNEIRTANILNNAATI992UNE §IHNIATI08 multi-de-
tector CT (MDCT) Gswaimn lushaudaaunwuiniana'ls
LAZAUINNIZNINNTNT08R: 90°° LAzAI8aNHLTDd
mwdaniasvia i MoeT lesumswensuuas l9iuagng
wwsnanslunnsifiaay PE

I@&lﬁ@ﬂwud’ﬂmgﬂ’m low $38 intermediate clinical
probability #¥1NNAN1TATI3 MDCT Und aunsaling
mmmmﬂkﬂ PE aanluld udlugihe high clinical
probability F9HaNIAT9 MDCT dndsiu nedidsslag
mﬂaiﬂLL%’ﬁ@’J’lﬂ’Ji“/l'm'ﬁ@]i’Jﬁ]ﬂ%“] LIUNNIATIIAIY
CUS, V/Q scan %18 pulmonary anglography LW&IL@I&IL‘W@
Sudumsinaaensell ussvnwusudaansualuszey
segmental 4w lumansalimydiessiiugu PE 1ol
Q2 Lﬂuﬂ’]‘m’i’)ﬁ]@]’m SDCT %38 MDCT (sﬂ‘n 4) udwinwy
thrombus 3L eL subsegmental avnlanfiasraliny
proximal DVT 323678 ﬂimmuuvlummmm;ﬂvl,m'lmi
lwmAflaasnsasnsuuy PE®

Echocardlography

aNBILANUINNMINN TTE Immvl,ﬂsl,umﬂw PE
fia RV dilatation smwuvlﬂamauaﬂuwﬂmsaﬂaw 25
Wlasaninasilunisdfiess PE snnmsvin TTE lagande
tricuspid regurgitation jet L8z RV dimension g9 lafiany
winaukarany hasanasiasnandissdszanudouay

60-70% @INUNANITATI? TTE NUn&dsbuausals

aasusnlya PE aan'ldle uazfiaudin PE azvinlAifa
RV pressure overload Waz RV dysfunction Wein1e
mnmaa’lmmwuvl,@n,uma’m cardlo resplratory disease
aug Al PE mwin® wanantmsnemefisnine sy
acute PE t3% McConnell sign (RV free wall hypokinesia
WawSoufisuiy RV apex) Mfanusumziioona
Tum s tesouazamansanuldlunzang wu RV infarc-
tion®*4° é’aﬁ?ulu;jﬂ’;uﬁﬁm’s:i:uuvlmﬁmuiaﬁ@ﬂdﬁ
Foldunzsin 1Al TTE lumstieifiaasusnlsamwazas
Vf’lsl,ﬁl,ﬁ@l‘t% false negative LLae false positive diagnosis
WA lUN19IaTIN U mmuwﬂwmu high clinical prob-
abilty sz cfmmzzunnad sulafialinsfifinios shock
%30 hypotension winidu acute PE 339A17920313NL
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anwme RV dilatation 138 RV dysfunction NNV TTE
daiumslinudnsasdinanluna §oasmaunanld
'JmammﬂI'm acute PE aan lldlugils high clinical
probability me's csmunadpuladaliagd

wenaniu MsasuanEealwialavesn G
wu'ldUszanmiasas 4-18 aannIvin TTEY wazmswy
?imﬁa@lu main pulmonary artery 3101139
transesophageal echocardiography (TEE)* anuniniag
suuaRuNTIieal acute PE laitunu lasatusinis
@373 bedside echocardiography &101370%283%a0e
wsnlsa acute PE aaﬂ"lﬂvlé‘luwmwmmmaﬂluma”
Ingauas Sz nadaulafalinsfiminasialinyg RV
dilatation, RV dysfunction #5alainusuiiaaluinlakas
277uaz 1 pulmonary artery #iuRiaY low w3a inter-
mediate clinical probability N13®333 echocardiography
fszlomlamzamIumIut e auaNATMIIuaE NNl
Tsaud hiflununlunmsaaaumiitaag®

Pulmonary angiography

snwosdedadunmeilumyifiady acute PE 970
pulmonary angiography fan1Inwy filling defect %38
amputation U84 pulmonary artery laganunsaasiany e
wif luduidaaumnadnyszanm 1-2 faswas lunssaidon
WDUITEAY subsegmental®® anwmzduianawy'ldigu
slow flow of contrast, regional hypoperfusion LLag
delayed pulmonary vein flow

Pulmonary angiography fatduwnsasia definitive
standard Tunsifess PE adhilsfianuflasanidums
(ﬂi’aﬁ]‘ﬂ invasive ﬂ’liLLﬂﬂN@ﬂ']vL@lﬂ’l‘]J’m 133+ ‘]j'ﬂ'ﬂ‘uu
mﬂuﬂm‘smm CT vlﬂwwm“uuamau’mua adhunui
muumim’sﬁl pulmonary angiography Lwa’suﬁmﬂ PE
S9vtasasanzlunsdiinan13asaa non-invasive
ligansnldasydld

Dlagnostlc strategies

JuaanmMIIiady acute PE Sudusiomydsziiv
mzvasrzuyinadoulaie SLHN‘L]’JEI‘Y]QJI]’]’JW‘SWUMVLWQ
Foulafinnsilwvinisdszidu clinical probability
1Huanaunaly win clinical probability agsluﬂagu low W38
intermediate 1%15213% D-dimer ‘%dwm‘izﬁu D-dimer
UnfisuntniBeasusnlsa acute PE aanlle wdnn
J2qU D-dimer ;;mﬁ@ﬂﬂmﬁﬁﬂmimwﬁuﬁu@ia@i”’m
MDCT mngﬂwa%ﬂuﬂa‘;u high clinical probability a3
ymIaTadutuals MDCT waalaslisndudas ande
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31U 4 usasansuzduBaalu right main pulmonary
artery 91NN13Y1N computed tomography (ane9)

NANNIA337 D-dimer

sl,uwﬂw“num'a ssruvlnaionlafialinefids
%978 acute PE Sl,ﬁmmiﬂiwmumaammwmﬂasﬂ,u
AMAnga (critical ill) #3ald mﬂwﬂmmms‘lwvlﬂaﬂu
AMEIND AR cansniaaauield Wrhnsamafudi
¢85 MDCT Aau sniuwinldanunsaasiaaiy CT la
Tuwmsiuaunsarnnisasade echocardiography
unuled udninddasegluninzAnganialiauin
Lﬂaaumﬂ"lmaamuu hlgh clinical probablllty GREVRI)
NN1INTIG28 echocardiography L‘wm_li L% RV
dysfunctlon %38 RV overload WnumM3aTI3638 CT b6
mu@aumsﬂivLuuwﬂammm@ﬁﬂ'ﬂ 5%

Treatment

M33N®1 acute PE uwilvaaniiusnuszazfa acute
phase, ear1y maintenance phase ez long-term secondary
I@l&llli’]ilﬁ La&l(ﬂ@]du

Acute phase

mM3snelu acute phase a’l‘lﬁ’iuwﬂ’m low risk LR
submassive PE uuﬂ%uu%ulﬁmmumﬂ bridging therapy
32%119 parenteral anticoagulation (ﬂ’iwﬂa‘U@’JfJ
unfractionated heparin, low-molecular-weighted heparin

prevention*

(LMWH) wag fondaparinux) LLae vitamin K antagonist
(VKA) (U3znauee acenocoumarol, warfarin, fluindione
LR phenprocoumone) lasadslw parenteral anticoagu-
lation 1TuszpziI810679%0Y 5 TULATIRNIINIAN
international normalized ratio (INR) &1NNIIWIBLNND
2 1Nt Semansalimsinende VKA iesathaien
lasdsulwszan INR agluzai 23 snviulunsdigihe
cancer A3 @31 parenteral anticoagulation 'lUatngstas
uszoziaan 3 1@an

ﬁj%%’ﬂ;‘?ﬂw massive PE m33nlu acute phase
ATLINAUGAEY systemic thrombolysis ((ﬂ’]i’l\‘lﬁ 3)
L&JaWﬂWiquLa'J'J']VLlJQJmS%']SJI@lU@]@G%ﬁ(ﬂ parenteral
anticoagulant ﬂaulﬁ&l thrombolytic agent ARINAEN
QRl LLa’ﬂ‘Wﬂ’m’ﬁ@l@@l’mg‘imu partial thromboplastin time
(PTT) lasvnszau PTT daunin 2 wihvasedndiuas
'13i§ bleeding complication tiadu F9dasEulimssnm
@28 parenteral anticoagulant Wag bridging therapy ¢ia

Hemodynamically stable

' '

Low or intermediate High clinical probability

clinical probability

v

D-dimer Multidetector CT

Vv |

Normal Elevated Negative PE
¢ confirmed
PE ruled out

Hemodynamically unstable

v v

Not critically ill Critically ill and high

v

Multidetector

clinical probability
Multidetector

CT available CT unavailable

Go for CT Echocardiography
RV dysfunction No RV dysfunction

PE confirmed Search for other Dx

iflJ‘n 5 Dlagnostlc strategies lun33fiaag acute pulmonary embolism a’l‘m‘i_lm‘i_l’aEJ"nm’Jwiw‘uuvL%aL’JsluIammm
(A) Uaz Nﬂ'mwm';wiwuu"l,mnaluiaﬂmvluﬂm (B) (Dx indicates dlagn03|s, CT, computed tomography; PE,

pulmonary embolism; RV, right ventricle.)
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A13191 3 Pharmacological profile 2898NazAN18ANIEEAIWANTINEN acute pulmonary embolism

Fibrinolytic FDA indication for
agent Fibrinolytic dose PE?
Streptokinase 250,000 1U iv bolus followed by 100,000 |U/h infusion for 12-24 h Yes
Urokinase 4,400 1U/kg bolus followed by 4,400 IU/kg/h for 12-24 h Yes
Alteplase 100 mg iv infusion over 2 h Yes
Reteplase Double 10 U iv bolus 30 min apart No
Tenecteplase Weight-adjusted iv bolus over 5 s (30-50 mg with a 5 mg step every 10 kg from No

<60 to >90 kg)

FDA indicates US Food and Drug Administration; PE, pulmonary embolism; IV, intravenous

1 Iﬂﬁ‘ﬁaga systematic review LL8¢ meta-analysis 371N
msﬁﬂmmwwwuuuduLL@”ﬁﬂdumuﬂu (randomlzed-
controlled study) Wm’m’lﬂ‘ﬁ systemic thromboly3|s Wi
WiBuBuAUMITnseae heparin Tugiln massive wia
high-risk PE 813130808a3n3angad laagnalinasan
NRNE Lwiﬁ'fl,ﬁgﬂam%‘meiam’a:l,ﬁa@aanmﬂ’fuhs
LW fatal LLaE intracranial hemorrhage®’ ﬂﬁ]ﬁ!ﬂ‘uﬂ'ﬂ&iﬁ
FoyansanwidIsuifisusznitensinmdas throm-
bolytlc agent Lmav"lju@sluwﬂ’m acute PE agilsfianu
MIINEGY alteplase 100 un. msluszas e 2 Falug
dufluuzsiannnit dessnwuivlvaudeassele
$anmssnenildiaswinuazansasvinldiienae
unsnFenanidensantasnin® usslunsdnddaiulu
M3 thrombolytic agent #3aa1ne sruulnaioulafia
liddunrewasldornasfiansamlinisinedae
catheter-based intervention %38 surgical embolectomy
Wuaaunaby

ﬁ’m%’u;&”ﬂ’m submassive PE 518713 evidence of

shock (any hypotension %38 shock index >1.0) %38
respiratory failure (SaO, <95% 324N Borg score >8
viaszauMIiaaLLAswiag wia appearance of suffering)
#3804 moderate to severe RV dysfunction (RV hypoki-
nesia 3o estimated RV systolic pressure >40 mmHg
en) troponin > borderline value 738 BNP >100 pg/ml
%38 NT- -proBNP >900 pmg/ml) gnan s RIS
e systemic thrombolysis Tdtguin® aglsions Taya
ma@mﬂmiﬂﬂmLL‘.LI‘Uamm”uﬂauﬂ’mﬂmwm“uauamn
systematic review ez meta- anaIyS|s W‘LI’J’m’]‘ﬂ%
systemic thromboly3|s luwﬂ’aﬂl submassive #38
intermediate-risk PE LNaLiJSLIULYIEJUﬂLI heparln GREVERI
ARAATINILNG PE sﬁ’lLLa”ﬂ@m’liLﬂ@m’l’J‘”lelﬂdﬂTa\‘ii”‘]JU
Tnadoulafia (hemodynamic decompensation) VL(ﬂ
ﬂﬁﬂd&l%&lﬁ’]ﬂm LL@IVLMEI’IN’Iiﬂa@]a@ﬁ'm’li(ﬂ’]&llui”ﬂ au
iwmmmuamﬂmsmmaa@aammz stroke I@]ULQ‘W']:
hemorrhagic stroke AU NI acute
PE lu acute phase agﬂvlﬁﬁdgﬂ (Eﬂﬁ 6)

Low-risk PE Submassive PE without

RV dysfunction/injury

|

Parenteral anticoagulation;

Heparin, LMWH, fondaparinux

Submassive PE with Massive PE

RV dysfunction/injury

Heparin anticoagulation

|

No contraindications to systemic thrombolysis

|

Alteplase 100 mg iv over 2 h

Eﬂﬁ 6 Lme\‘lmﬁﬂmgﬂ’m acute pulmonary embolism 1w acute phase treatment (LMWH indicates low-molecu-

lar weight heparin; PE, pulmonary embolism; RV, right ventricle; iv, intravenous.)
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ia@asm’ménﬁ'mﬁaiuﬁﬂ’aﬂﬁmé'ﬂ acute PE @i
cllnlcal probablllty aﬂlui”@m intermediate 38 high
ﬂ’)‘iLiNﬂ’]‘i‘iﬂH’]@]’]U heparm Vl,ﬂﬂaw,l,mummm’ma
FdiwmIanaRuduRaiudumitesudeRanson
wa I lifdawalunslden® wazmnadudaslins
TNEG2E systemic thrombolysis aTRenld heparin i)
parenteral anticoagulant lun33nsINAUT

Early maintenance phase and long-term secondary
prevention

Early malntenance phase Wun3Ins6ae antico-
agulant @lﬂLuﬂ\‘ﬁ]%ﬂT"ﬂdﬂiU 3 mausﬁmaﬂ‘ﬁluwﬂw
‘Ylﬂ‘i’]?;l mamﬂumm L“ll’]ﬁ long-term secondary preven-
fion Fnilumsinmndas VKA Tasusuldszauaes INR
amvm’m 2-3 ﬂ’]iW"i]’ﬁRL’]’)’]N‘L]’] m’mlm%ﬂumﬂmu
m‘sin‘mrﬂaLuaﬂuiwywa@mwmavlwmasmmum'ﬂ@
‘1]%9 EIﬂUﬂ’J']&ILﬁ&IO‘lIa\‘lT‘l'IiLﬂ@] VTE qﬁmnw'ﬂ'swm an-
tlcoagulant 1934 ﬂ’J’]NLﬁﬂd“ﬂadﬂ’]‘iLﬂ@]LaaﬂaaﬂN@]
Un@mindilngensldiu anticoagulant daly sauluf
ﬂ’J’]&l@ladﬂ’l‘S"nad@l’mﬂ’mLaa (patient preference)

1%5’]8"/] acute F’E Lﬂ@]ﬁ]’]ﬂﬂ’ﬂﬁ]ﬁﬂi‘”@]%'ﬂﬂﬁﬂLLWIT@]
LR Ltl_lul,w&l\‘rﬁ’mi’l’a (transient, reversible risk factor) L%
hormone replacement therapy, oral pills %38 immobili-
zation 37N hospital admission ﬂiﬂﬁmﬂﬁﬁf’nﬂuﬁad
o5 Iong -term secondary prevention WINHAVIAI8
ﬂi‘“@]%u%%ll@]vLﬂLLﬂ’J LLG]%’lﬂvLﬁJWUﬂ’wlﬁ]Uﬂi“G]WEﬂL%u
(idiopathic or unprovoked PE) mmumwaﬂmu
long-term anticoagulation ﬁ]uﬂsvm‘mwum’mmma}’m
mﬂﬂimmﬂaﬂwm@ PE L%B\‘ﬁ]'m cancer ﬂim%i]'lL‘].]%

daalasy long-term anticoagulant ﬁmﬂ‘i'“‘*fﬁ cancer A1g
%‘Sﬂﬂ’J‘Uﬂlle(ﬂ LR ‘Vi’lﬂN‘]J’JEILﬂ@] PE mmﬂmwm
anticoagulant MnIoLna PE Lua\‘ifﬂ’m strong thrombophilia
LB% antiphospholipid syndrome ﬂimua’ll,ll%madvlmu
long-term anticoagulant (@1'15’1\‘117{ 4)*®

Novel anticoagulants

ﬂmuuwauamad oral anticoagulant %u@l‘mu‘ﬂ
annlFlumainmn acute PE et dabigatran @9
direct thrombin inhibitor sN1T0lEldAN8RAS bridging
therapy lu acute phase treatment LLaxillﬂ"ﬁ@iaLﬁadvlmu
early maintenance phase WLa¢ long-term prevention Lﬁla
flasiumsndudiu VTE srlaslifinanuidssdanisiie
\Femoanidlafiouny warfarin™
apixaban Lﬂumluﬂau direct factor Xa inhibitor mmmm
TN bridging therapy leuaz mmmml’mamaﬂﬁlu
early maintenance phase ni”mm long-term preven-
tion Tag'litRnanudslumiiadansaniafiauny
MITNNATFIWTUAR luwmizil The United States
Food and Drug Administration (U.S. FDA) lél#n133usas
dabigatran, rivaroxaban L8 apixaban Lﬁiasl’ﬁilumﬁ‘ﬂm
acute PE uazilasiumsiia VTE o ma@‘uadmﬂau
Iﬂuuﬂmﬂu oral therapy Vlvl,mmﬂumaamm‘smn
iofamuTzauaaien wdsnidasinaswiunsldle
;jﬂmﬁﬁmiﬁ'rmwuaavl,@mﬂwiamauiwgmm en)
Athodale uazludagiudslifidayavasnsldonds
mﬂm’ﬂu acute phase treatment a’m*i‘.l_lwﬂ’m massive
PE valmu systemic thrombolysis

% rivaroxaban RS

A319N 4 Szuza T long-term secondary prevention

Conditions

First DVT or PE secondary to a transient (reversible) risk factor
(provoked event)
First idiopathic (unprovoked) DVT or PE
At the end of the initial 3-month period
In the absence of contraindication
During long-term treatment
Recurrent DVT or PE or strong thrombophilia
DVT or PE secondary to cancer

Recommended treatment duration

3 months

At least 3 months

Assess for long-term treatment

Long-term treatment

Assess risk-benefit balance periodically

Long-term treatment

Long-term treatment, preferentially with LMWH during the first
3-6 months, then anticoagulate as long as the cancer is
considered active

DVT indicates deep vein thrombosis; LMWH, low-molecular weight heparin; PE, pulmonary embolism.

ASUATUNT YT 2557;29 (5) ¢ Srinagarind Med J 2014; 29 (5)

493



‘ .
Tspaninanganiuluvaasdeslendaundu e Acute Pumonary Embolism

Inferior vena cava filter

WU I inferior vena cava filter (IVC filter) 1w
Hihe proximal DVT FafanuFslunaia PE sanan
AAAMULRLIVINTLAN PE adld ot lshianunauyinled
m3Aa DVT Sufnannduwnuns ismansnaasamms
LFOTINRI bE ﬁauwmaamﬂm IVC filter luilagiiude
l#riugile acute PE 78 active bleeding wiafifarulu
misldin antiocoagulant masl,"ﬁ’luwﬂmml,ﬂ@ PE o1lw
YULAAI LATUNIINEIGE antucoagulant AWNINTZI
TaiuugsinWlE IVC fiter o IuwmssneasuiIniL sys-
temic thrombolysis n3n anticoagulant Iurﬂ/ﬂ’m PE
NN

Prevention

matlasnwnsiia VTE luﬁﬂmﬁﬁmwﬁmwudw
mmma@]aumr}ﬁmmadmnnﬂ symptomatic VTE a4'le
359 33l lunstlasiulsznonludas mechanical mo-
dalities 1% graduated compressmn stocklngs %38 in-
termittent pneumatic compression mmmwumi‘lﬁan )2
°IJa\‘lLaa@mLLa:mﬁm‘i:@luﬂ’mﬂﬂ endogenous fibrinoly-
sis® WAz pharmacologic modalities LTwAN3 BN heparin,
enoxaparin dalteparin, fondaparinux w38 warfarin
sl,mmmdﬂﬂﬁ]ﬁ]ﬂﬂi”@mmam‘im@ VTE fisasag)® ° atndls
A Lmewm'mﬁi'Jaaﬂumim@ VTE uuml?hmw,l,a“
ldlien wdlunsufialesmald nduwudnnis
flasnn VTE dae3ananssnlasunsugdatesndn
fin27°"
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