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Phién l16ng ngwc mach mau
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THUYEN TAC PHOI: TONG QUAN

% Tac nghén cac dong mach phaoi, dién hinh do huyét khai

A~ sinh Iy bénh

39-115 / 100,000 nguwdi - nam
Thudng gap & ngudi I&n tudi, sau phau thuat va
mot sO bénh canh dac biét

Ty |& tlr vong 30 ngay: 9-11% vdi thuyén tac phdi
cap
Lén dén 30% néu khoéng diéu tri

Bat twong xirng thong khi — twdi mau
Cang, gidn that phai
Giam O0xy mau
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Yéu t6 nguy co’ Tang nguy co’

) \ Bat dong 5.6 lan
Ton thuvong |&p ndi mo
g Phau thuat I1&n 6.9 lan
.
Mau khong lwu thong Ung thu 6.5 lan
J
Dot bién yéu td V Leiden 3-7 lan
Tang dong
Thudc nglra thai 2-4 1an
Mang thai / Hau san 4-5 |an
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SINH LY BENH THUYEN TAC PHOI

Virchow's
triad

Deep venous thrombosis

Pulmonary
embolism

7 N
Large Smal

4 R

T
Of blood vessels

v

T
Released by inflammation

Central PE Peripheral PE Pleuritic
=== == — - m— === . === -
| in larger vessels near the pleura chest pain
' I I

More likely to
CEI;!SE * *
Mechanical Chemical
occlusion mediators

v

\ \ 4
Hemodynamic Vascular L -
consequences compromise 1 dead space Vasoconstriction Bronchoconstriction
b4
Hypoxemia
\J A\ \J
Parasternal heave V:Q 1 pulmona
Loud P2 RV overload 1 surfactant . rzsi stanoery
Increased JVP | mismatch
o ant
hypoxemia receptor_s
v 4 MOSTCOMMON v
Tachycardia ; Dyspnea SYMPTOM
p LV forward . T minute .
Hypotension heart failure Atelectasis ventilation - Tachypnea SIGN Alveolar hypoxia
Death |
Tries to compensate
hypoxemia by T ventilation, Secondary

Shunting V:Q MISMATCH Dead space leading to 4 CO2 bronchoconstriction

No ventilation No perfusion

[v=0 a=0|

Vascular compromise f Initially, the clot blocks Hypocapnia

leads to atelectasis in v:a=1 perfusion, giving rise to

parts of the lung. Perfectly matched dead space.

RSHCM

Right ventricular Decreased cardiac output

dysfunction Increased right

ventricular volume

Subendocardial
ischemia

Increased
right ventricular
pressure

Increased myocardial
oxygen demand

Right ventricular

ischemia Right ventricular

over dilation

Septal deviation
Left ventricular compromise
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SINH LY BENH THUYEN TAC PHOI &
[}
( Decision to test in outpatient setting for pulmonary embolism (PE) ] RSHCM
Clinician has implicit sense Clinician has implicit sense that PE is very unlikely
that the likelihood of PE is =15% (estimated likelihood, <15%)
AND
PERC positive PERC negative
|
Have a chosen strategy and use it for all patients
Be familiar with one score in combination with one D-dimer option

4 ‘L

N\ N\
Wells or Geneva score ®Wells ccore @ Revised @ Simplified @
@ @ @ =4.0 Geneva score <10 Geneva score =4
No YEARS
ABOVE -
prespecified threshold AND |tem: :r[e)sent
Use and know one D-dimer option: )
o-dimer D-dimer <1000 ng/ml
0006 (A) (B (C)
p-dimer < manufacturer-  D-dimer<age-  D-dimer <1000 ng/ml OR
AT OR ABOVE recommended cutoff adjusted cutoff
prespecified threshold
\. J \ Any YEARS
items present
Y
p— ™ AND
angiogram or .
ventilation—perfusion O-dimer <500 ng/ml
SPECT ) [ | J
Positive Negative
Y 4

[ PE diagnosed ] PE ruled out ]

N Engl J Med 2022;387:45-57. RSHCM 2025
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Xac dinh chan
doan

Biéu hién |[Am sang
khong dac hiéu
Loai tru’ cac nguyén
nhan khac (Nhoi
mau co tim, boc
tach DM chu)

o ==
o ==
o ==
o ==

Phan ting nguy Lén ké hoach diéu
co’ tri

Hudng dan chién
lwoc st dung khang
dong

Panh gia mic do
tac nghén, vi tri
Panh gia chirc nang

that phai Xac dinh 18y huyét
khoi co hoc hay ly
giai huyét khoi

RSHCM 2023

Theo doi

Panh gia dap ing
diéu tri
Phat hién thuyén
tic tai phat hay dién
ti€én tang ap dong
mach phéi man
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Table 6

CTPA

Planar
V/Q scan

VIQ SPECT

Pulmonary

angiography

Strengths

Readily available around the clock in most
centres

Excellent accuracy

Strong validation in prospective manage-

ment outcome studies

e Low rate of inconclusive results (3—5%)

e May provide alternative diagnosis if PE

excluded

Short acquisition time

Almost no contraindications
Relatively inexpensive
Strong validation in prospective manage-

ment outcome studies

Almost no contraindications
Lowest rate of non-diagnostic tests (<3%)
High accuracy according to available data

Binary interpretation (‘PE’ vs. ‘no PE’)

Historical gold standard

Imaging tests for diagnosis of pulmonary embolism

Woeaknesses/limitations

Radiation exposure

Exposure to iodine contrast:

o limited use in iodine allergy and
hyperthyroidism

o risks in pregnant and breastfeeding
women

o contraindicated in severe renal failure

Tendency to overuse because of easy

accessibility

Clinical relevance of CTPA diagnosis of

subsegmental PE unknown

Not readily available in all centres

Interobserver variability in interpretation

Results reported as likelihood ratios

Inconclusive in 50% of cases

Cannot provide alternative diagnosis if PE

excluded

Variability of techniques

e Variability of diagnostic criteria

e Cannot provide alternative diagnosis if PE

excluded

No validation in prospective management
outcome studies

Invasive procedure

Not readily available in all centres

RSHCM 2023

Radiation issues®
e Radiation effective dose 3—10
mSvP
e Significant radiation exposure

to young female breast tissue

® Lower radiation than CTPA,

effective dose ~2 mSvP®

e Lower radiation than CTPA,

effective dose ~2 mSy®

e Highest radiation, effective
dose 10—20 mSv®

@ESC 2019
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D& nhay: 83% (95% Cl: 76-92%) *TV s6 kha di dwong: 19.6 (95% Cl: 13.3-28.8)
D& dic hidu: 96% (95% Cl: 93-98%) *TV s6 kha di 4m: 0.15 (95% Cl: 0.10-0.22).

Worsley DF, et al. Radiology. 1993;189(1):133-136.
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29 Open

Original Investigation | Imaging
Trends in Imaging for Suspected Pulmonary Embolism
Across US Health Care Systems, 2004 to 2016

Figure 1. Chest Imaging Rates per 1000 Person-Years by Imaging Test and Age Group, With Annual Percentage Changes in Rates Based on Joinpoint

Regression Analysis
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The rate of indeterminate CTPA studies is reported to be 0.5-10.8%. Among indeterminate CTPA
examinations, poor contrast opacification contributes to 40% of examinations and motion artifact to
74%. It has been suggested that optimal opacification in the main pulmonary artery should be 250 H.

RESULTS: The cause cited for indeterminism was most often motion (74%),
followed by poor contrast enhancement (40%). Contrast attenuation in the MPA
was 245 HU = 80 (standard deviation) in patients and 339 HU = 88 in control
subjects (P < .001). Only 46% of indeterminate studies met institutional criteria for
adequate contrast attenuation in the MPA. Rereview of studies demonstrated five
missed PEs. A total of 81 patients (33%) underwent follow-up imaging within 5
days, with one positive pulmonary angiogram and four positive lower-limb US

Thoracic Imaging

The Indeterminate CT scans. Reread or follow-up images depicted thromboembolic disease in 4.2% of
. patients. Nineteen patients (8%) with indeterminate final result were treated for
Pulmonary Anglogram: thromboembolic disease with either anticoagulation or IVC filters. Reports on 22%

. s g of indeterminate studies contained recommendations for follow-up imaging, and
Imaglng Characteristics and those recommendations nonsignificantly increased the rate for those examinations

Patient Clinical Outcomel from 13% to 19%. Review of discharge summaries showed 22% of studies are
clinically interpreted as negative.

CONCLUSION: The two major causes of indeterminism are motion artifacts and
poor contrast enhancement.
€ RSNA, 2005

Radiology 2005; 237:329 —337
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Poor pulmonary arterial
contrast opacification

Canadian Association of Radiologists’

Journal 2022, Vol. 73(1) 214 -227

Interrupted bolus Too early Too late
|
I I 1
Poor opacification of the Goot:iugpitii;icaetri;)nh::al\l/IPA Poor opacification of MPA
MPA but bright SVC and ifi PO P hp litt] with bright aorta but little
6rta opacification with no or little

contrast in the LA

contrast in the SVC

CAUSE: interruption of
contrast bolus from
unopacified abdominal
return

CAUSE: trigger too early

CAUSE: trigger too late

FIX: suspend respiration
(rather than big breath hold)

FIX: Increase scan delay by 4
seconds or use timing bolus

AT RISK: pregnant patients,
post abdominal surgery,
large body habitus

AT RISK: right heart failure,
pulmonary hypertension,
focal increased pulmonary
arterial resistance

FIX: decrease scan delay by 2
seconds or increase duration
of contrast administration.
Ensure ROl on MPA, not
aorta

AT RISK: patients with very
high cardiac output (young,

tachycardic), patients with
variant anatomy (TGA)

RSHCM 2023
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Interrupted bolus Too early

Canadian Association of Radiologists’ Journal 2022, Vol. 73(1) 214 -227
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Artifact

RSHCM 2025 Canadian Association of Radiologists’ Journal 2022, Vol. 73(1) 214 -227
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CT HAI MU'C NANG LUONG (DECT)

<*Nguyén tac: Thu nhan dong thoi & hai muc
nang luvgng (thuwong la 80 kV va 140 kV)
Ky thuat: L&p phd ban d6 iod, ban d6 tudi
mau phoi, hinh &nh don nang o
“*Loi thé:
> Lap ban do i6t cho cac khuyét tat tuwdi
mau
»Hinh anh ao khong tuvong phan
»Cai thién kha nang phat hién PE dudi
phan thuy
*»Cac irng dung: Phat hién khiém khuyét tudi
mau, phan biét cap tinh/man tinh

Ref: Meinel FG, et al. Radiology. 2021;298(2):255-273.

CT DEM PHOTON (PCCT)

“*Nguyén ly: Chuyén doi truyc ti€p photon tia
X thanh tin hiéu dién
“*Loi thé:
» Cai thién do phan giai khong gian
> Giam nhiéu dién tl
> Kha nang chup anh quang pho
<*Ung dung trong hinh anh PE:
»Tang cuong khao sat mach mau nho
> Cai thién kha nidng phat hién thuyén tac
cac nhanh phan thuy
»>Thu nhan da nang luong dé phan tach vat
liéu

Ref: Rajendran K, et al. Radiology. 2022;302(1):136-144.
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Table 1. Diagnostic Accuracy of Dual-Energy CT for Patients with Pulmonary Embolism

Test goo Test ==
. o c PE Reference c Sensitivity  Specificity Test Sensitivity ~ Specificity Sensitivity Specificity
Reference Design Disease Patient 2 T (Per-Patient (Per
Patients Standard b (%) (%) (Per Lobe) (%) (%) et (%) (%)
Fink et al. Prospective Acute PE 24 4 Siemens CTPA 100 100 N/A N/A N/A Todine map 66.7 90.8
2008 [25] (reader 1)
Todine map 60 99.5
(reader 2)
Thieme et al. Prospective Acute/ 13 6 acute, Siemens Ventilation/ Iodine map 75 80 N/A N/A N/A Iodine map 83 99
2008 [29] chronic PE 7 chronic perfusion
PE scintigraphy
Zhang et al. Prospective Suspected 31 17 Siemens CTPA Todine map 93.8 93.3 Todine map 93.2 94.7 Todine map 76.1 97.6
2000 [85] for PE
Zhang et al. Animal study Acute PE 6 6 Siemens Histopathology CTPA 67 100 CTPA 80 a2
2000 [27] rabbits
Iodine map 80 92
Fused image 89 a2
Lee et al. Retrospective  Suspected 309 21 Siemens Reader 1 CTPA 90.9 93.3
2011 [86] for PE (Combining
all information
from CTPA DECT
and software)
CTPA + PBV 95.5 93.3
Reader 2 CTPA 90.9 100
CTPA + PBV 90.9 100
Chai et al. Animal study  Acute PE 24 24 Siemens Histopathology CTPA 98 100
2012 [31] rabbits
Todine map 100 95
Geyer et al. Retrospective  Suspected 14 5 GE CTPA Iodine map 80 88.9 Iodine map 40 97.6
2012 [24] for acute PE Healthineers
Wu et al. Retrospective  Suspected 53 19 GE CTPA Todine map 93.6 94.2
2012 [30] for PE Healthineers
Okada et al. Retrospective  Suspected 83 30 Siemens CTPA or PBV + CTPA 82.8 87 CTPA 83.1 100
2015 [35] for acute PE clinical/physical
findings
CTPA + PBV 93.1 100
Reader 2 CTPA 86.2 92.6
CTPA + PBV 96.1 96.3
Zhang et al. Prospective Suspected 50 46 Siemens Emergent DSA DEPI + CTPA 89.1 75
2018 [87] for acute PE angiography
Nakazawa et al.  Prospective  Chronic PE 51 51 Siemens Perfusion Todine map 96 76
2011 [88] scintigraphy
Dournes et al.  Retrospective CTEPH 40 14 Siemens Ventilation/ CTPA 100 96.2
2014 [33] perfusion (V/Q)
scintigraphy
Iodine map 100 92
Masy et al. Retrospective CTEPH 80 36 Siemens Multidisciplinary Todine map 97 86
2018 [89] expert decisions

RSHCM 2023
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CAT LOP VI TINI

Al MUC NANG LUONG (0 )"

Korean J Radiol 2021;22(9):1555-1568
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CAT LOP VI TINH HAI MU'C NANG LUONG @)
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The International Journal of Cardiovascular Imaging (2020) 36:2051-2059
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CAT LOP VI TINI

Soft
Water + tissue+
iodine lodine ,

1000 HU

S| AUSoft tissue

“* VNC image

/
/ Water

-1000 HU

d.
RadioGraphics 2020; 40:1284-1308 RSHCM 2075




. - .
Korean J Radiol 2021;22(9):1555-1568 Radiology 2021; 299:524-538

RSHCM 2023



SenS|t|V|t¥ In PE 90-100%
Detection

Specificity in PE 97-100%
Diagnosis

Fe

Effective Radiation Dose 2.5-4.0 mSv

704.

S

3.D
HC

e Cecco

M20

60-82%

91-98%

Diagnostic Performance and Radiation Dose (0

RSHCM

1. Lap ban d6 iod dinh lwong

- D6 chinh xac dinh lwgng iod:
# 10% gia tri thwe

- Phat hién khiém khuyét twoi
mau: 97% twong quan voi V/IQ
2. Danh gia twdi mau phoi

- DECT/PCCT c6 thé phat hién
cac khiém khuyét twdi mau nhd
t&i 0,5 cm?®

- Twong quan vai chi sb tac
ngh&n DM phdi (r = 0,84)
3. Theo dbi diéu tri

- Kha nang theo déi nhirng
thay dbi trong twdi mau phdi sau
diéu tri

- Tang 15-20% twéi mau quan
sat thay 24 gid sau khi tiéu
huyét khoi
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Radiology 2021; 299:524-538
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The NEW ENGLAND JOURNAL of MEDICINE

CLINICAL

DECISIONS

Avoiding Contrast-Enhanced Imaging to Prevent
Contrast-Induced Acute Kidney Injury

This interactive feature addresses the approach to a clinical issue. A case vignette is followed by specific options, neither of which
can be considered either correct or incorrect. In short essays, experts in the field then argue for each of the options as assigned.
Readers can participate in forming community opinion by choosing one of the options and, if they like, providing their reasons.

A Man with a Suspected
Pulmonary Embolism
Clement D. Lee, M.D.

A 65-year-old-man with type 2 diabetes, class II
obesity (body-mass index [BMI, the weight in
kilograms divided by the square of the height
in meters] >35), coronary artery disease, and
chronic kidney disease (estimated glomerular
filtration rate [eGFR] of 28 ml per minute per
1.73 m? of body-surface area) presents to the
emergency department after sudden onset of
dyspnea 6 hours earlier that was associated with
chest discomfort and slight light-headedness. He
has had no recent surgeries or long-distance
travel, and he reports no hemoptysis or swelling
in his legs or feet.

On physical examination, he is afebrile, with
a heart rate of 109 beats per minute, blood pres-
sure of 135/88 mm Hg, and respiratory rate of
22 breaths per minute. His oxygen saturation is
87% while he is breathing ambient air. He ap-
pears uncomfortable, but his condition does not
appear to be critical. Cardiopulmonary exami-
nation is normal. An electrocardiogram shows
sinus tachycardia with no ST-wave or T-wave

changes. The p-dimer level is 724 ng per milli-
liter (reference range, <650, adjusted for age);
high-sensitivity troponin I is undetectable. A pul-
monary embolism is suspected.

You are the physician evaluating this patient
in the emergency department. You would nor-
mally recommend computed tomography (CT),
preferably with contrast material, to help deter-
mine whether a pulmonary embolism is present,
but you must decide whether contrast-enhanced
CT should be avoided in this patient who has
stage 4 chronic kidney disease.

TREATMENT OPTIONS

Which one of the following approaches would
you take? Base your choice on the literature, your
own experience, published guidelines, and other
information.

1. Recommend performing contrast-enhanced CT.
2. Recommend avoiding contrast-enhanced CT.

To aid in your decision making, we asked two
experts in the field to summarize the evidence
in favor of approaches assigned by the editors.
Given your knowledge of the issue and the
points made by the experts, which approach
would you choose?




CONG HUONG TU THUYEN TAC PHOI

Hwéng dan va khuyén nghi hién tai

< Hwdng dan ctia American College of Chest Physicians
> CTPA dwoc khuyén nghi la chi dinh dau tay (1B)
> MRI goi y khi chdng chi dinh CTPA (2C)
< Hwdong dan cta European Society of Cardiology (ESC)
> MRI dwoc xem xét thay thé & nhirng bénh nhan chéng chi dinh
CTPA
< Dan so cu thé
> Mang thai: Khuyén cao chup MRI khi siéu am khéng xac dinh
(2C)
> Suy than: Bé nghi chup MRI khéng twong phan (y kién chuyén

la
gia) RSHCM 2025
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TABLE |: Summary of Relevant Studies for Assessing Diagnostic Performance of Non-Time-Resolved and
Time-Resolved Contrast-Enhanced (CE) MR Angiography (MRA) for Patients Undergoing Screening for
Pulmonary Thromboembolism on a Per-Patient Basis

Authors No. of Patients Sensitivity | Specificity
= [Reference] Assessed Method(s) Reference Standard (%) (%)
Meaney et al.[70] 30 Mon—time-resolved 30 CE MRA Pulmonary DSA 75-100 95-100
Gupta et al.[71] 36 MNon—time-resolved 3D CE MRA Pulmonary DSA 85 96
Oudkerk et al.[72] 141 Non-time-resolved 3D CE MRA Pulmonary DSA 17 98
Ohno et al.[42] 48 Time-resolved 30 CE MRA Pulmonary DSA 92 94
Kluge et al.[73] 62 Real-time MRl used true FISP sequence, non—time-resolved | 16-MDCT angiography 81 100

- 3D CE MRA, and dynamic 3D CE perfusion MRI

Stein et al.[74] 3N 3D CEMRA Combination of various tests 78 99

RSHCM 2023



CONG HUONG TU MACH MAU (MRA) (O

Lo'i thé cta MRI trong quan ly thuyén tac phoi REHCH

% Khong co blrc xa ion hoa

» Dac biét co6 loi cho bénh nhan tré va phu nir mang thai

> Huru ich cho viéc theo ddi va theo d&i dap ng diéu tri
% Danh gia tim toan dién:

> Do phan suat tong mau that phai: chinh xac véi sai sO #3-5%

> Phat hién rdi loan chrc nang that phai: dd nhay 94%, dd dac hiéu 100%

> Ty lé dwdng kinh RV/LV >1,0 lién quan dén ty & t& vong tang gap 2 lan
< Pac tinh md mém:

> C6 thé phat hién nhéi méau phdi v&i dd nhay 95%

> Phan biét PE cap tinh v&i PE man tinh v&i d chinh xac 90%
< Phéat hién chan doan thay thé: C6 dén 33% ca bénh nghi ng& mac PE
< Danh gia tdng ap phoi thuyén tac huyét khoi man tinh (CTEPH)

» DO nhay: 97% s s e

> 'Dé déC hléu 92% RSH[:M 2']25 Hoeper MM, et al. Lancet Respir Med. 2014;2(7):573-582



Additional
seguences
to consider

oSS < 1 P~
Post T1
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CE-MRA

High temporal, low spatial resolution Low temporal, high spatial resolution RSHCM

RSHCM 2023



CAC CHUOI XUNG BO TRO

Seqguence

T2-weighted (T2W) T1-weighted (T1W) SSFP Flow
Anatomy Anatomy Anatomy
Uses Vessel wall Vessel wall Anatomy Hemodynamics
Needs Typically, done before and after Not needed, but 4D flow CNR
No No .
Contrast? contrast agent improves after contrast agent
Free breathing and breath-hold Free breathing and breath hold Free breathing and breath hold
Breath hold . : Yes : : : i
techniques are available techniques are available techniques are available
ECG gating Should be used, if available Typically, not necessary Yes Yes
Comments Typically done before contrast Can be single-shot, cine, or 3D Can be 2D or 4D

agent

RSHCM 2023
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PE at CE-MRA Looks Similar to CTA
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Perfusion
defects

RV pressure > LV pressure
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BHCEMRA

' A

Axial MIPs, BH CEMRA

Edelman et al. Journal of Cardiovascular Magnetic Resonance (2017) 19:48
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CONG HUONG TU MACH MAU (MRA)

Han ché cua MRI so sanh v@i CTPA

e " 1ea 15-30 phut(thwong quy) ,
Thoi gian thu div liéu 5-10 pht (nhanh) <1 phat

D6 phan giai khdng gian 1-2mm <0.5-1mm

>
[}

g aRe[ER Ve [o]s Bl Lén dén 30% trwdng hop Khoéng dang ké

Chi c6 & cac trung tam Ion San c6
Chi phi Cao hon Thap hon

Hoeper MM, et al. Lancet Respir Med. 2014,;2(7):573-582. Biederer J, et al. Insights Imaging. 2012;3(4):345-353

RSHCM 2023
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PE at MRA: PITFALLS
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CONG HUONG TU

So sanh véi cdc phuwong tién chan dodn khac

Phwong tién chan doan Do nhay (%) Po6 dac hiéu (%)

MRI (CE-MRA) 78-100

CTPA 83-100 89-97

V/Q Scan 50-98 20-60
Perfusion MRI 97 92

 MRI so voi CTPA:
> Liéu xa: MRl 0 mSv so v&i CTPA 10-12 mSv
 MRIvs. V/Q scan:
> Két qua khoéng rd rang: MRI 5-10% so v&i V/IQ scan 50-70%
> Kha nang cung cap chan doan thay thé: MRI vuwot trdi (33% so VO
]_()%) Revel MP, et al. Radiology. 2007;244(3):875-882.

RSHCM 2023



CONG HUONG TU (@ )"

Pinh huwd'ng va nghién ctru trong twong lai

¢ Tich hop Tri tué nhan tao:
> Thuat toan Al cho thay dé chinh xac 91-95% trong viéc phat hién PE
trén MRI

* Ky thuat MRI cwc nhanh:

> Nham muc dich gidm thoi gian quét xuong con <5 phuit
» Cac nghién ctru ban dau cho thay dé nhay 90%, do dac hiéu 97%

RSHCM 2023
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< Chan doan hinh anh rat quan trong dé chan doan
PE, phan tang nguy co va quan ly

< CTPA: tiéu chuan vang

< DECT: Tang giéa tri chan doéan

< MRA: Thay thé khi chdng chi dinh birc xa/chat can
quang

Remember: The right test for the right patient at the right time

RSHCM 2023



| NGHI KHOA HOC CHAN POAN HINH ANH TP.HCM MO RONG LAN THUW XII-2025
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