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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.

Thoracic Imaging

The Indeterminate CT
Pulmonary Angiogram:
Imaging Characteristics and
Patient Clinical Outcome’

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
scans. Reread or follow-up images depicted thromboembolic disease in 4.2% of
patients. Nineteen patients (8%) with indeterminate final result were treated for
thromboembolic disease with either anticoagulation or IVC filters. Reports on 22%
of indeterminate studies contained recommendations for follow-up imaging, and
those recommendations nonsignificantly increased the rate for those examinations
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

RSHCM 2025 Radiology 2005; 237:329 -337



THACH THUC

Table 1  Different causes of abnormal contrast flow, key imaging findings and solutions to obtain a diagnostic CTA RSHCM
Etiology of altered contrast flow Key imaging features Solution
Access cannula and vein mismatch 1. Suboptimal target vessel opacification 1. New cannula or access vein
2. Injection flow rate may be lower 2. When access veins are small: Dual energy scan

than planned with 50-60 keV monoenergetic reconstruction
Incorrectly placed region of interest 1. Assess location of region of interest from Correct placement of ROI, reinjection, and reimage

the bolus tracker/ bolus timing images
Extravasation 1. No target vessel opacification 1. New cannula and access vein at a different site

2. Contrast presence in soft tissues of
access vein extremity

Thoracic venous outlet obstruction 1. Contrast pooling in the collaterals 1. Asymptomatic: reinjection with arm down position
around axilla & chest wall 2. Symptomatic: new access site in contralateral extremity
Transient interruption of contrast bolus 1. Transient decreased contrast attenuation. 1. Shallow breath hold
2. Presence of normal contrast in upstream 2. End expiratory imaging
vessels 3. Free breathing high pitch acquisition
Differential enhancement in 1. Delayed acquisition
pulmonary artery 2. Biphasic injection
Differential enhancement in aorta 1. Multiplanar reformats to evaluate coarctation, shunts.
Mixing artifact in aorta Contrast blood level, dependent pooling 1. Assessment of cardiac function
of contrast Repeat delayed (30 sec) limited Z axis scan
Mixing artifact in left atrium Contrast blood level in left atrium, Assessment of cardiac function
pulmonary veins
Poor opacification of left ventricle No opacification of left ventricle on a Assessment of cardiac function
pulmonary artery CTA
Early enhancement on left Intracardiac shunt Assessment of cardiac function
compared to right heart
Asystole Dependent pooling of contrast in central veins, liver Initiate cardiopulmonary resuscitation and page

the code team

RSH[:M 2|]25 Insights Imaging (2017) 8:127-140



Poor pulmonary arterial
contrast opacification

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)
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Too early

Too late

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

RSHCM 2025 Canadian Association of Radiologists’ Journal 2022, Vol. 73(1) 214 -227



KY THUAT KHAO SAT CTPA )

KHONG bU'QC LUA CHON PpUQC LUA CHON
<+ Nguwdi bénh % Cac yéu to ky thuat
= Tinh trang strc khoe = Ky thuat Test / Care bolus
= Pworng truyén tinh mach = Vi tri / Ngwéng RO
< May CT Scan = +/-Dong by ECG
< Chat twong phan - Saline " Luong chat tvong phan

= Tc do tiem
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GIAlI PHAP

PUNG THO'I BIEM

- PAng mach phdi
tai vi tri khao sat
lap d0 can quang

- Khéng xao anh
chuyén ddng
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Test bolus / Care bolus
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Bolus Tracking Result
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Care bolus Test bolus S
s* Thuan loi s* Thuan loi
- Pon gian - Kiém tra dwérng truyén
- Giadm lwong chat twong phan - C6 thé ROI nhiéu vi tri
< Bat loi - Co thé lap lai

Tranh xao anh

Kiém tra phan &rng ctia NB

< Bat loi

- Tdn thoi gian

- Hai lan tiém > Tang lwong chat twong phan

- Chi chup mét lan > Khéng danh gia
nguy co sai sot

T,,, = Thoi gian chat twong phan dat ngwéng & cau tric muc tiéu
~Nguwéng: 100 /120 / 150 HU
That phai / BPM phoi chinh / Nhi trai
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Time in seconds
Delay time (T,): Thoi gian tw luc dat
nguwdng HU dén luc bat dau khao sat
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T, = Thoi gian chat twong phan dat nguwong ¢ c,éu trdc muc tiéu RSHCM
T4 = Thoi gian tw luc dat ngwéng HU dén luc bat dau khao sat

Céu tric muc tiéu # Dong mach phdi tai vi tri khdo sét
Nguwdng HU # Bam dé Iong mach

Cardiac output
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scan = 1hOi gian khao sat
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RESEARCH ARTICLE

Incidence of transient interruption of contrast
(TIC) - A retrospective single-centre analysis in
CT pulmonary angiography exams acquired
during inspiratory breath-hold with the
breathing command: “Please inspire gently!”

RSHCM

Fig 1. Aorto-pulmonary ratios <1 and >1 -Examples. a) Case of a patient presenting with an aorto-pulmonary ratio < 1. b) Case of a
patient with TIC, presenting with an aorto-pulmonary ratio > 1, while contrast material inflow can still be seen within the compressed/
collapsed aspect of the SVC superior vena cava (SVC) (red arrow).

Conclusions

TIC is a common phenomenon in CTPA studies with inspiratory breath-hold commands After we received the study results, we changed the breathing command of the CTPA stud-
after patients were told to inspire gently with an incidence of 22% in our retrospective cohort.  1€$ at our site t0|‘ end-expiratory breath-hold” Lmd are planning a large randomised prospective
Occurrence of TIC shows a significant negative correlation with increasing age and dispro- trial where the reduction of TIC as one factor leading to reduced image quality and consecu-

portionately often occurs in patients with lower absolute contrast density values within their ~ tively reduced diagnostic power of the CTPA exam will be further examined. One patient
pulmonary arteries.

RSHCM 2023



Contents lists available at ScienceDirect

Clinical Radiology

journal homepage: www.elsevierhealth.com/journals/crad

Use of expiratory CT pulmonary angiography to reduce

inspiration and breath-hold associated artefact:

Contrast dynamics and implications for scan protocol

Pulmonary CT Angiography
Protocol Adapted to the
Hemodynamic Effects of Pregnancy

Transient Interruption of Contrast Material by
Unopacified Blood From the Inferior Vena Cava
This artifact was confirmed in 11 of 28
CTA studies in group A (39%) and two of 20
CTA studies in group B (10%) (p = 0.05). Of

100 4

M Inspiratory
m Expiratory

<100 100-150

RSHCM

150-200 >200
PA trunk attenuation (HU)

TABLE I: Pulmonary CT Angiography Contrast Medium Administration Parameters

Image Acquisition Parameter

Group A

Group B

Breathing instruction

Contrast medium

Deep inspiration breath-hold

Shallow inspiration breath-hold

Volume (mL) 75 95
Concentration (mg I/mL) 370 370
Injection rate (mL/s) 4 6
Bolus triggering Yes Yes
Scan delay (s) 5 5

RSHCM 2023



Breath-hold Solution
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- Van dé chinh anh hwdng chat lwong hinh anh CTPA: Khéng du
can quang long ddng mach va xao anh chuyén dong

- Can nam virng nguyén ly xac dinh dung thoi diém khao sat

+ Contrast media arrival time (T,,,)

+ Delay time (T)

+ Scan time (T,.,,)

- Phwong phap tho phu hop
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