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Overview
- Imaging investigation
- Plain radiograph
- Contrast media
- Fluoroscopy
- (T scan

- PET scan

Imaging Investigation
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RADIATION
1.1 Plain film X-ray
1.2 Fluoroscopy
1.3 CT scan
1.4 PET scan

1.5 Angiogram

2. Non-ionizing radiation: 1df59d viuaiUasade
2.1 Ultrasound
2.2 MRI
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X-Ray Exposure

Fffect vaesadond wuadu 2 Usewnn

1.

Deterministic effect

Tuodnnulaluy n1sseidavedsalnihdundss, n1svin angiogram alunau

Yagtunuldlivey

Andleldsusadluysinannn aufls threshold wéhisaziAnenis

81n13: skin erythema, nausea and vomiting, acute radiation syndrome (Lﬁmﬁﬂlﬁ%ﬂ%ﬁmﬂﬂ’j’l 1 Gy #
oafstudeTinld)

Yoz ivlutlagiu wu CTA Brain auldlsalaudaliliusu dose

will not occur could occur

Deterministic Effect

Radiation Dose

Stochastic effect

Hunssudadlugsinantosluume azauluidess Ll threshold

?jqﬂ%mm%ﬁazammnﬁu ?J'ﬂLﬁﬂamamiLﬁumL%Q 19U leukemia, thyroid tumor, bone tumor, skin cancer
wazaziuIamsUszidiuFes imaging indication feudwihynads silwldlsiosfignuiiidudusasiin
‘Uiﬂ%ﬁ@d?jm (as low as reasonable achievable, ALARA)

Stochastic effect

Effects are clearly
abservad

Probability of effect

# Effects not clearly
§—" measured

#

Dose equivalent / Sv
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Plain Radiograph
1. Frontal projection: acute abdomen series
a. Supine
b. Upright - free air
2. Lateral projection: 938 locate lesion U84 mass 3188 anterior 38 posterior
3. Decubitus view
a. g pleural effusion :  fasdedulvy Tenduiuag
b. g pneumothorax:  fasdedulvy Trendutudu
4. Lateral cross table: Siuszloviilupuldfiuguslalls tormumusin upright Liteq free air

5. Expiratory view: iusglovilu CXR Lﬁ"e)@ bronchial obstruction aneLUIeuLiey inspiratory and expiratory

SUPINE
)

Copyright (C) 2006 ! Copyright (C) 2006
All Rights Reserved All Rights Reserved

Small bowel obstruction
- Supine: wWiu small bowel 38afaiududuniu mesentery 38n1 Step ladder pattern

- Upright: Wiy different height 904 air fluid level Tu loop Weariu
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Duodenal perforation
- Case 50-year-old male with HCC S/P TACE presented with acute abdominal pain

- Film supine: Mass dnwaganglufeumilou dense calcification uinuasaudundu lipiodor Adueansi

T4lun15911 TACE, free air under both dome of diaphragm

Gastric perforation
- Case 18-day-old girl

- Film lateral cross table - 1‘1’ﬂuLﬁﬂL§ﬂ, aultnaaueellng, free air

Contrast Agents
Contrast media 92928 AUAULANAIILALAIUNUINLUYA tissue LoTauilaviandlse wuadu 2

UJsgnn
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Negative contrast agents: agifiuatniendisdiludan Jaguiuldlives

- Air

- Carbon dioxide wu 314 CO, 1u contrast agent Tun15%1 angiogram ﬁm%’ué’ﬂwﬁﬁ
contraindication Tun132¢ contrast media Lmﬁ’mi%ﬁ’mé’uﬁamﬁagmﬁa dome of diaphragm losan
azyilimAnluaves air emboli 1ilUlu brain

Positive contrast agents: agwunendisdiiudun

Barium agents

1.

Double contrast study

. positive and negative contrast agent

- 1%@ ulcer, mucosal lesion Iﬂﬂﬁﬁ]ﬂéawﬁ’mﬂ Lﬁ@WLﬁﬂ bowel distention wagliudamdau mucosa ba
a‘ﬁu 19U barium enema, upper Gl study

Single contrast study

-4 positive contrast agent

- diglund anatorny wihtiu 1wy fiu vide Yes nasluy

Partial obstruction

Child < 7 years

WolusAnuiiasds bowel perforation 13im25ds barium study Llesa1naziiin barium leakage vliin

barium peritonitis

Water soluble contrast media

1.

M3ty contrast media Wudv13 i iodine Jududiudszneuves benzene ring Taeiilu 1
benzene ring Usenaulusae iodine 3 atoms

1 benzene ring 138A11 monomer, 2 benzene rings 138A71 dimer

lonic AUBAIINIT a@lﬂaaﬂuﬁmﬁumﬂﬁﬂé’

Nonionic mneaari asluagluthudauandlalls

1 ionic monomer weasluluth wdauansalald 2 Usy¥q = iodine atoms:particle = 3:2
‘fjﬁ]ﬁgﬂuﬁé’dwﬁm nonionic monomer k&g nonionic dimer tnefidnlngjiiou 100% ae4du nonionic

monomer @eiiusylevillunsalndlyniises creatinine g9 UN98vio max. creatinine 8g#1 4 me/dl



+
Cation
A. lonic monomer (HOCM) Coo B
Conventional contrast medium salt | I
[e.g., sodium iothalamate (Conray)]
Rs Rs
I
B. Nanionic monomer (LOCM) CONH-R
Substituted amide [e.q., ichexol | |
(Omnipaque), iopamidol (Niopamy)]
Rs R3
I
+
Cation
C. lonic dimer (LOCM) R Coo

Mono-acid dimeric salt | |
[e.g., sodium ioxagiate
(Hexabrix)] B

D. Nonionic dimer (LOCM) R R
[e.g., iodixanol (Visipaque) | I I
iotralan (lsovist)]

ACR Manual on Contrast Media (version 10.2 2016)
1. Acute adverse reactions
1.1 Allergic like reaction
- Anaphylactoid, idiosyncratic (unexpected)
- Independent of dose and concentration
1.2 Physiologic reaction

- Dose and concentration dependent
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lodine atoms Osmolality
osmols/kg H;O

Particles 280 milligrams

l/mL
3:2 1500
3:1 600
6:2 560
6:1 300

- CVS effect, pulmonary edema, vasovagal §wnngUleiilsalszdndviseilnudesiaziineinis

fanaeguay n1sld contrast media AgBaLial risk
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1.3 Risk factors for acute contrast reactions

- A prior allergic-like reaction (onafusn 10% — 35%)

- Atopic eczema, severe allergic reaction

- Asthma and those receiving beta-adrenergic blocker therapy

- Significant cardiolvascular disease (severe AS, CHF)

- Prior allergic-like reaction to gaadolinium based contrast media inection - no greater risk

for allergic-like reaction to iodine based contrast media injection

wwaztunndnusyTRuda fuaed risk factor imanil aasfiansanlien pre-medication
Delayed adverse reactions
30 - 60 mins 89 1 week
Allergic like & cutaneous
0.5% - 14%

No treatment, observe

Surgical consultation extravasation of ICM

1.

ook LD

Severe extravasation - 100 ml(efif) witlaquugilsiffraviuduiiuiuou
Progressive swelling or pain

Altered tissue perfusion

Change in sensation

Skin ulceration or blistering

mmiuaﬂmﬁaﬁnﬂﬁw observe, supportive treatment

uAUlY cold compression tean pain @uu9auld warm compression Lienisliitin vasodilatation @4

AR tissue perfusion LWLTU LagliNATS reabsorption U84 contrast media

Contrast induced nephropathy (CIN)

11999711 water soluble contrast media b4 aU 90% TupaNN9la Ws1Eaviuilanayinlminnie
contrast induced nephropathy 1t

Lilannaundesgan creatinine enyiu

Require serum creatinine screening

1.
2.

Age > 60 years old #iliiAelanzen creatinine wnre
History of renal disease, including

- Dialysis

- Kidney transplant

- Single kidney
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- Renal cancer

- Renal surgery

- Hypertension requiring medical therapy

- Diabetes mellitus

- Metformin or metformin-containing drug combinations — 5¥34%842a contrast media LaANNIE

AKI Feaguitulon1anissinniie lactic acidosis 1o

Nephrogenic Systemic Fibrosis (NSF)
afforioufinnudoinauldfilalif liamsavih CT scan with contrast media I Sadsuluvh MRI And 3
aruasandluauldiia GFR Ldd winvih MRI with gadolinium azilon1alAinn1e nephrogenic systemic fibrosis 1
&en creatinine < 4 §afimadenidiu water soluble contrast media sy nonionic monomer widsduFoInTI
MRI with gadolinium 9339 lsiduaudn GFR fieusziduriou
1. CKD 1 or 2 (GFR > 60 ml/min/1.73 m?)
- No associated with NSF
2. CKD 3 (GFR 30 - 60 mU/min/1.73 m?)
- Rare NSF, precaution of GFR < 40
- Gd 0.1 mmol/kg
3. CKD 4 or 5, no chronic dialysis (GFR < 30 ml/min/1.73 m?)
- No proof any Gd-based completely safe
- If needed Gd, recommend macrocyclic agents e.g. Datarem, Godavist
4. ESRD and on chronic dialysis*
- Consider administering iodinated contrast media and performing CT rather than in MRI dlosn
A1 CIN 1 reversible condition v hemodialysis fianansa recover 18 wSeanunsavidu MR
with tissue contrast ligosdn gadolinium Ale
Mg nephrogenic systemic fibrosis wulaliusy sty irreversible fibrosing disorder IuéﬂaﬂﬁLﬂu renal
failure ﬁﬁ]zﬁﬂﬁﬁ fibrosis LNNEANML organs Gi’NG] Wi skin, muscle, lungs, diaphragm, myocardium, pericardium,
pleural, and dura mater lagsinagwunasaIniuszael 2 - 4 weeks (latent period) W#dl report range I¥daus 2

JulUauns 8 U



Gl fluoroscopy
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Tulendise) LasaraNNTAIUUY NTUNMAZBYAIENY @3 fluoroscopy HuandUi Inefiuadazanain

v

MUEN wasfisunmazegiuuy wazazuUasdayganatedu monitor il

Fluoroscopic examinations of adult alimentary tract in a large academic medical center 2008

msstiuansliiudisiildues fluoroscopy lutlagiu

Examination

Numbers (% of total)

Video esophagrams

342 (10.1%)

Double contrast upper Gl examinations

551 (16.2%)

Esophagrams

315 (9.3%)

Upper Gl series

236 (7.0%)

Single contrast upper Gl examinations

1644 (44.5%)

Esophagrams

505 (14.9%)

Upper Gl series

1139 (33.6%)

Small bowel examinations (delicated exams and

“follow-throughs”)

490 (14.4%)

Double contrast enemas

13 (0.4%)

Single contrast enemas

353 (10.4%)

Total

3393 (100.0%)
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Why the fluoroscopic still surviving?
- Motility information tesananunsaliideyaiiu real time
- Ildentify the presence and exact location of an extraluminal leak
- Post-operative patient

- On-the-spot diagnoses allowing repeat, refine, or perform additional tests

Gl fluoroscopic examinations that are presently performed?
1. Video esophagrams — oropharyngeal dysphagia Lu I‘Lmuﬁﬁﬂzymﬁiaﬂmiﬂﬁu
2. Double contrast UGI study
O Esophageal and gastric motility
O GER
O Erosions and ulcers not well visualized at CT or in patients for whom endoscopy cannot be
performed.
3. Single contrast UGI study
O Anastomotic leak following surgery latUsy
4.  Small bowel study
O Obstruction, morphology
O Degree, length of focal narrowing
O Evaluate partial or complete obstruction before capsule ingestion
5. Double contrast barium enema
O Not tolerate complete colonoscopy
O utagdu fwawi CT colonoscopy 11ANIN
6. Single contrast barium enema
O Post-surgical anastomotic leak ex. LAR, ileoanal anastomosis with J-pouch

1% o

U93213 TuAuiivin colonoscope and full thickness biopsy 11 LaA8INI5UBYI Barium enema #s® contrast study

fivilaensanu e delay procedure at least 7 days
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Case a 52-year-old man with frank aspiration in the setting of jaw fracture

M LeamingRadiology.com (C)
All Rights Reserved

Barium has passed beneath the epiglottis (red arrow) and is well below the level of the glottis in the trachea

(white arrow)

Case a 58-year-old woman with leakage at anastomosis

Site of Extraluminal contrast material leaking
anastomosis from anastomosis site
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Multi-detector computed tomography

2@ = =

Nt

Single Row
Detectors —p

Multiple Row
Detectors

luafn CT scan flifieawd 1 slide 138031 single row detectors weitutlagtu ladinmsimulvisialavane slide

\iie cover area 91N 138031 multiple row detectors gegatulagUude 640 slides Aumuiitaedian 0.5 cm

AN 16 cm M 0.275 secs/s8U

Effective dose for CT scan

e nUagtulimsld CT scan Ausgraunsviate sauvdlunisiusazass 9edinssu x-ray exposure

USuaunnn 399Aed stochastic effect 989n151AA carcinogenesis e

Organs Radiation exposure Radiation amount Radiation amount
(mSv) compared with 1 CXR compared with natural
background dose
Brain 2.3 115 1 year
Chest 8 400 3.6 year
Abdomen and pelvis 10 500 4.5 year
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Effectie dose (mSv) Cancer risk Risk concern Example

0.1-1 1:100,000 Very low Spine, abdomen

10 - 100 1:1,000 Low Contrast enhanced CT,

interventional radiology

>100 1:100 Moderate Multiphase CT,

interventional radiology,

cardiac catheterization

CT Hounsfield Units

Hounsfield units Ao wuw7lE81U density ¥e9 CT scan

Tissue CT numbers (HU)

Blood 40

Grey matter (brain) 35 to 45

CSF 15

Fat -50 to -100

Lung -700
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Water

| Eons|

Air Lung Soft tissue Bone
N '
L) L]

-1000 -500 -100 0 100 500 1000

Hounsfield Units

Lung window
display

-— Soft tissue window
display

CT Abdomen/Pelvis
~ NPO 4 hours wietfasfunsui contrast &l aspiration
- Deep inspiration and breath hold \etasunnsiin motion artifact
- 800 - 1000 ml of 1 - 3% diluted water soluble contrast media liAureuUsyana 1 49l
- 400 ml of water Wislilundou upper Gl U stomach, duodenum
- Rectal contrast enema
- Acute small bowel obstruction and KUB stone: relative contraindication for oral contrast media
- wuadua phases: plain, arterial, venous, delay
® Plain
O Calcification
O Blood

O A 43-year-old man with chronic alcoholic pancreatitis
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u non-contrast agifiu calcification Tu pancreas uagandidnluuas azlianunsauweniud contrast ﬁa&ui
melu vessels 1o
® Arterial phase
O Hypervascular lesion

O A 74-year-old man with RCC with liver metastasis

At the operative bed of right nephrectomy there is irregular shape ill defined heterogeneous soft
tissue mass lesion with necrotic and enhancing area. It infiltrates the adjacent psoas muscle and hepatic
parenchyma with associated large right hepatic lobe hypervascular focal lesion and right upper lobe lung

nodule.
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® \Venous and delayed phase

O (Case a 68-year-old man with perihilar cholangiocarcinoma

Extensive intrahepatic biliary dilatation caused by an expansile CBD heterogeneously enhancing
lesion lesion which is invading the liver
Right portal vein appears severely narrowed, highly suspicious of tumor invasion

Ascites and incidental right renal cyst

anwazLALYeY cholangiocarcinoma Avazdl fibrous tissue @13 enhance Tu arterial phase w#ag enhance

Tu delay phase {10931 contrast gL NTANAS

CT Colonoscopy (CTC)
1. lHawdieliiAn bowel distension ¥liin negative contrast media
2. Bowel preparation
3. Polyp
- > 10 mm - sensitivity 93%, specificity 97%
- <10 mm - sensitivity 45 - 97%, specificity 26 — 67%
4. Cancer: sensitivity 96%, specificity 91%
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Age 8D years Dody 1.0
"

22 Oct 2011

092817

kVP 120

mA 350

msoc 600

mAs 210 .

Thik1 mm WIL 6254500

CT Angiogram
- Aortic aneurysm
- Aortic dissection
- Post EVAR/TEVAR
- Intermittent claudication

- Vascular injury
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68-years-old patient. (A-E) Follow up CTA 6 months post EVAR. (A) and (B) sagittal and coronal 2D
MIP images, (C) 3D VR image, (D) and (E) axial 2D images revealed leakage of contrast material along the left

iliac side of the graft (arrows in A, B and D) consistent with type IB endoleak

Metallic/instrument artifact

Metal artifact reduction (MAR)

FDCT without MAR (A) and with MAR (B) of a left-side ICA aneurysm post-coil embolization

CT in trauma patient

- Indication

1. Limited CT C-spine in decreased consciousness
Thoracic aortic injury
Pulmonary laceration/contusion

Bronchial/tracheal laceration

o LN

Intraabdominal organ injuries in stable vital signs


https://www.sciencedirect.com/topics/medicine-and-dentistry/endovascular-aneurysm-repair
https://www.sciencedirect.com/topics/medicine-and-dentistry/contrast-medium
https://www.sciencedirect.com/topics/medicine-and-dentistry/endovascular-aneurysm-repair
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American Association of the Surgery of Trauma (AAST) grading scale for solid organ injuries

Subcapsular hematoma Laceration

Liver injury grade

Grade | <10% of surface area <1 cm in depth

Grade |l 10-50% of surface area 1-3 cm

Grade |l >50% of surface area or > 10 cm in depth >3 cm

Grade IV 25-75% of a hepatic area

Grade V >75% of a hepatic area

Grade VI Hepatic avulsion
Splenic injury grade

Grade | <10% of surface area <1 cm in depth

Grade |l 10-50% of surface area 1-3 cm

Grade Il >50% of surface area or > 10 cm in depth >3 cm

Grade IV >25 devascularization Hilum

Grade V Shattered spleen

Complete devascularization

- Limitation — low sensitivity for bowel and mesentery

- No need for oral contrast media

Positron Emission Tomography (PET)

gamma ray gamma ray
anhilation

won &~ O
positron

FDG molecule

electron

positron-emitting fluor atom
- msieeyi PET scan 18 zdesiifhads cyclotron vilviAn positron %ﬁﬁlﬂﬂﬁwﬁﬁ%m annihilation Ay
electron 1# photon 88N
- Functional imaging viluiiin LWi’lxazﬁ?uﬁ’lLﬂu%ﬁ@ﬂ%mu@ﬁ'u anatomical imaging 3ananendu fusion

imaging U PET-CT scan, PET-MRI scan
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- ansTiudedTldues fie 18-F-FDG (2-(“®F)fluoro-2-deoxy—D-glucose)
wdnnsie cell Aifinsuusia aeiin1sld slucose Tunseuanns metabolism Fetuazviiliin elucose
uptake WlUlu cell wagiin glucogenesis 18-F-FDG Ju glucose analog a cell 71 uptake Whlvayldausaiia

32U glucogenesis 19 Favilvhunldiluiiinusunas 18-F-FDG 7idsegniglu cell

Standardized uptake value (SUV)

FDG concentration in tissue at time T
FDG dose/BW

SUV =

Fath cell wufidl metabolism G fiagdl increased glucose uptake ¥MlvAlAR increased SUV
WU brain, myocardium, skeletal muscle, larynx, stomach, liver, thyroid, thymus, spleen, brown fat
- Use for follow up recurrence and surveillance
1. Lymphoma
Non-small cell lung cancer
Melanoma
Colonic cancer
Breast cancer
H & N cancer

Esophageal cancer

G N o R LD

Negative in PET FDG: Carcinoid tumor, Adenocarcinoma lung, Mucinous adenocarcinoma, Well-

differentiated NET

brain

This 55-year-old smoking man developed new cough. PET/CT shows a large, active cancer

(arrow) compressing the bronchus leading to the right lung
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PET - beyond FDG
~ dadiaves FDG Ao cell Tafifl metabolism fianunsa uptake FOG lvun 52ulUfia tumors wag infection 7
9zvil¥iNa PET scan positive
- PET scan ‘liju%ﬁ sensitivity g4 1) specificity i
- Tracer for tumor characterization

o aa

\Juans7iusedn specific AU tumor vlintiue il false positive

Glucose metabolism ['*F] FDG

Protein synthesis C-11 methionine
Membrane function C-11 choline
Proliferation [®F] FLT
Hypoxia ['**F] FMISO

['°F] FAZA

['°F] ATSM
Apoptosis ['®F] Annexin V
Angiogenesis ["®F] NFR-peptide
Neuroendocrine tumors ['%n] Octreotide

[**Ga] Dotanoc

Lung Cancer Pulmonary Tuberculosis

CcT

Choline Chaline
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