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OzY OOPAKIKO AAI'Oz 2TA EMNEIIONTA

2007-2008 : 9% TIEPLOTATIKWY TWV ETELYOVTWYV oTIG HIMTA

13% €&'auTWV 08V oTEDAVLIALO ETIELGOOLO
20 CUYVOTEPO AITLO OTLG YUVAIKEG/ 1° OTOUG AVTIPES
6.392.000 OTA ETIE(YOVTA/1.976.000 ELCAYWYES

ATO TO ocUVOoAO TwV aoBevwy Tou TTpoonABav pe 0&L otedaviaio emeLcOOLO,
LOVO 010 25% aTodelYOnKe KATA TNV VOO AELX

2%-5% (29%) amotuyio 0pBri¢ S1dyvwonc ota TEM tou otedaviaiov
ETIELOOOIOV (UIKPOTEPNG NALKLOG, ATUTIO CUUTITWHOTA, N OlayvwoTiko HKT)

25% TWV VOHLKWV QYWYWV Yia latptké AdOn 6toug KAikoUe Twv TEN OTLG
HITA

Kéotog voonAeiac aoBevWV LE TEALKQ 0 pVNTLIKO KAPOLOAOYLKO EAEYYO: 6 &q $
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O=Y OOPAKIKO AAFOX :XTA EMEITONTA
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MUOOKEAETIKO-KNAEG/KATAY AT
Evoomapeyyvpatikeg BAGBeg-Tveupovia
Yrie{wKOTIKES CUANOYEC-TIEPLKOPSLOKEC-TAUTIOVAPLO L

Yrodlappaypatikes BAAPEG
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ITriple Rule-out Cempted Tomographic
Anglography for Chest Pain: A Diagnostic
Systematic Review and Meta-Analysis

David Ayaram, MD, M. Fernanda Bellolio, MD, M5, M. Hassan Murad, MD, Torrey A. Laack, MD,
Annie T. Sadosty, MD, Patricia J. Erwin, MLS, Judd E. Hollander, MD, Victor M. Montori, MD, MS5c,
[an G. 5tiell, MD, M5c, and Erik P. Hess, MD, M5c

ACADEMIC EMERGEMNCY MEDICIME » September 2013, Vol. 20, Na. 9 * www_aemj.org

Table 5
Diagnostic Accuracy of TRO CT Compared to Invasive Coronary Angiography

First Author Number of Coronary Sensitivity, Specificity,
Reference No Year Segments Assessed % (95% CI) % (95% CI) LR+ (95% CI) LR- (95% CI)

Schuchlenz: 39 2010 435 96.6 (90.3-99.3) 98.0 (95.9-99.2) 48.0 (23.0-100.0) 0.04 (0.01-0.11)
Johnson: 19 2008 410 100.0 {78.2-100) 99.0 (97.4-99.7) 85.3(33.9-214.5) 0.03 (0.00-0.48)
Litmanovitch: 41 2008 130 81.0 (58.1-94.6) 92.7 (86.0-96.8) 11.0 (5.5-22.2) 0.21 (0.08-0.50)
Johnson: 42 2007 20% 94.1 (71.3-89.9) 57.1 (18.4-80.1) 2.2(09-5.2) 0.10 (0.01-0.77)

LR+ = positive likelihood ratio; LR negative likelihood ratio; TRO = triple rule-out.
*Diagnostic accuracy data were reported on a per-patient level rather than a per-coronary segment level.
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' age older than 40 years
creatinine clearance greater than 60 mL/min/1.73 m2

” no known history of coronary artery disease
Thrombolysis In Myocardial Infarction Score of 0—2
negative results for the first set of cardiac biomarkers -
no recent history of cocaine use

ability to modify the heart rate to 65 beats/min with the use of B-
blockers '
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helical low-pitch (0.2-0.3) acquisition

'FOV of 250 mm

slice thickness of 0.8 mm
ECG gating

effective tube current time product of 600 mAs (tube current x gantry
rotation time/pitch) and a tube voltage of 100 kVp

To maintain image quality, in patients with larger body habitus, effective
tube current time product was increased to 800—1000 mA, tube voltage
was increased to 120-140 kVp, or both values were increased
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_iv catheter18-20g

* Arm position-ECG leads
caffeine etc.

B-blocker metoprolol was administered to all patients with a heart rate
greater than 65 beats/min, unless a history of active asthma was noted

Metoprolol was administered in IV doses of 5 mg given every 5 minutes
(up to a maximum dose of 30 mg), until the heart rate stabilized to lower
than 65 beats/min or systolic blood pressure dropped to less than 100
mm/Hg

Sublingual nitkoglycerin was administered at a dose of 8oo ug,
approximately 2—3 minutes before initiation of the scan, as long as
systolic blood pressure was greater than 200 mm/Hg

Practice a small breath-hold of 15 sec
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Biphasic contrast injection protocol
with-60 mL IVC, followed by 60 mL of a 1:1 mixture IVC and saline

Imagi-_ng was initiated by bolus tracking with automatic triggering on the left atrium. The |
.tracker was set to start the scan for an increase in attenuation of 200 HU, with a scan delay of g
seconds ' '

However, the scans were almost always manually started with a 5-second delay as soon as
contrast medium was visible in the left atrium, to begin imaging earlier in the bolus than would
occur with use of the automatic trigger

This minimized washout of the pulmonary arterial circulation
Images were obtained in a cranial- to-caudal direction

All scans extended from 1 to 2 cm above the aortic arch through the base of the heart
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Excluding the'apicés from TRO CT reduces the scan length by
approximately 4—5 cm, which we estimate is associated with
. a15%-20% reduction In effective radiation dose

Isolated subsegmental pulmonary embolus above the level of
the aortic arch’is extremely uncommon '

Manual stopping of the scan at the heart base can reduce
scanning length'by 1.5-2.0cm -

The radiation dose estimates of 8.75-18 mSv

We estimate that the use of real-time monitoring to reduce
acquisition length can reduce the radiation dose by another
7%—-10%




Jefferson University, Philadelphia, AJR 2016; 207:W1-W7

1196 total cases

A total of 970 patients (81.4%) had a negative study result without a significant
coronary or noncoronary diagnosis |

A total <))f 139 patients (11.7%) had significant coronary artery disease (50% stenosis or
greater _ |

One hundred six patients (8.9%) had a noncoronary diagnosis that could explain chest
pain (p < 0.02), most commonly pulmonary embolism (28 patients [2.3%]), aortic
aneurysm (24 patients [2.0%]), or pneumonia (20 patients [1.7%])

Thirty cases (27.3%) of pulmonary embolism and aortic pathologic findings would not
have been detected with coronary CT angiography because of unopacified rightside

g g

circulation or limited z-axis coverage

A total of 528 incidental findings not considered to explain chest pain were noted in 418
patients (35.1%)

Amelia M. Wnorowski, Ethan J. Halpern, Department of Radiology, Thomas S et Sl RO



64-year-old man.who presented with 62-year-old man who presented

acute - - . with acute coronary syndrome
coronary syndrome :

maximum-intensityprojection
image MIP (> 70%) stenosis
of origin of left anterior
: descending




TABLE |: Nonceronary Diagnoses That Could Explan the Prasestation of
Acute Chest Pain







A 52-year-old male patient

with acute onset of severe, B8
tearing, and radiating chest pain

Curved MPR -
of the coronary
arteries
demonstrated
extension of
the dissection
flap into the
right coronary
artery ostium

b



56-year-old male
patient with acute chest pain and
= tachycardia

axial MPR of an abdominal CT
obtained 3 days later clearly
showed the pericardial enhancement

short axis reconstruction showed pericardial
effusion with a slight enhancement-
pericarditis




54-year-old female-leftsided
_ chest pain. Two years
earlier, the patients had a myocardial
infarction

g - = - —

Long axis and sagittal oblique reconstruction of the left ventricle
large pseudoaneurysm on the apex




TABLE 2: Significant Incidental Findings That Required Further Evaluation or
Follow-Up But Did Not Explain the Presentation of Acute Chest Pain

Diagnosis Findings, No. (%)
Lung nodule or mass size
<5mm 99(8.3)
>5but<10mm 60(5.0)
= 10mm 18(1.5)
Other cardiac finding
Cardiomyopathy or segmental wall motion abnormality 65(5.5)
Valve disease 20(1.7)
Patent ductus arteriosus 1(0.08)
Patent foramen ovale 7(0.6)
Atrial septal defect 3(0.3)
Ventricular septal defect 3(0.3)
Interatrial septal aneurysm 1(0.08)
Ventricular aneurysm 5(0.4)
Coronary artery aneurysm 1(0.08)
Coronary sinus varix 1(0.08)
Ebstein anomaly 1(0.08)
Mediastinal lymphadenopathy or mass 42(3.5)
Abdominal lesion
Liver lesion 31(2.6)
Adrenal lesion 2(0.2)

Splenic lesion or splenomegaly 4(0.3)
Renal lesion 1(0.08)
Ascites 1(0.08)
Lymphadenopathy 1(0.08)
Abdominal aortic aneurysm 1(0.08)

Esophageal finding
Thickening 13(1.1)
Dilation 2(0.2)
Chest wall findings (axillary adenopathy or breast mass) 12(1.0)
Finding suggestive of pulmonary arterial hypertension 9(0.8)

Other lung findings (atelectasis with possible underlying mass or 5(0.4)
pulmonary arteriovenous malformation)

Other aortic findings
Aortic ectasia 1(0.08)
Fluid of unknown cause around the ascending aorta 1(0.08)




?PERCENT LUNG IN CARDIAC FOV

581/1849 = 31.4%



INCIDENTAL FINDINGS
OUT OF FOV




RADIATION EXPOSURE

Dose (mSv)
Background - Yearly 3.6
Chest radiograph 0.05
Sesta/Thal — rest/stress 1.5-5/6-25
Cardiac Cath 3-15
Chest CT (conventional) 5)
Gated CT - retro 9-15
Gated CT — dose modulated |6-9
Iriple Rule-out 20-30
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TRIPLE R/O TRIPLE R/O - LIMITED




RETROSPECTIVE GATING

Retrospective ECG Tagging Tube output (x-ray) ON

/

/ i

2 Spiral Acquisition

Retrospective ECG Tagging With Dose Modulation

Maximum tube output Reduced tube output
(100%) (20%)

NN UL

Spiral Acquisition




RETROSPECTIVE GATING
WITH DOSE MODULATION

Radiation Dose in a “Triple Rule-
Out” Coronary CT Angiography
Protocol of Emergency

Department Patients Using 64-
MDCT: The Impact of ECG-Based
Tube Current Modulation on Age,
Sex, and Body Mass Index

“The overall effective radiation dose for triple rule-out coronary CTA was

reduced by more than 50% with ECG-based tube current modulation
without loss of image quality.”

Takakuwa AJR 2009:192:866



PROSPECTIVE GATING

Tube output ON Tube output OFF

| \

Retrospective ECG
Tagging




PROSPECTIVE GATING — TRIPLE R/O

Whole-Chest 64-MDCT of
Emergency Department Patients
with Nonspecific Chest Pain:

Radiation Dose and Coronary
Artery Image Quality with
Prospective ECG Triggering Versus
Retrospective ECG Gating

Retrospective: 31.8 £5.1 mSv (range, 27.3—40.5 mSv).

Prospective: 9.2 £ 2.2 mSv (range, 7.2—-11.6 mSv)
= 71% dose savings

Shuman AJR 2009:192:1662



RADIATION EXPOSURE

Dose (mSv)
Sestamibi — rest/stress 1.5-5/6-25
Cardiac Cath 3-15
Gated CT 10-15

Gated C1 — dose modulated |6-9

Gated CT- prospective axial |3-4

Gated CT — iterative recon 2-3

Triple R/O 20-30

Triple R/O-prospective axial |7-10

Triple R/O-iterative recon 5-7
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CT Venography: A Necessary
Adjunct to CT Pulmonary Angiography
or a Waste of Time, Money,

and Radiation”?”

Fleischner Society: The added yield

is marginal...and...CT venography

should be used select y.
Remy-Jardin et al (1)

PIOPED II: Most.. .investigators recom-
mend CT angiography and venography.
Stein et al (2)

CTV does not appear to improve the
diagno. yield. ..enough to justify the
additional irradiation.

Perrier and Bounameaux (3)

Despite potential. . .accuracy of [64 slice]
multi-detector row CT...CT venography
increased the diagnosis of VIE in 27.4
of patients.

A strategy c© ining. . .D-dimer. . .and
] non-inferior to a similar
ing D-dimer followed by ve-

nous. . .ultrasonagraphy.
Righini et al (5)

PIOPED II: The sensitivity of CTA. . .was

90 percent. . .and the speci-
95 percent.
Stein et al (6).

CTV may be of benefit in patients who
have a high likelihood of pulmonary em-
bolism, particularly those with prev
VTE and possibly those with malig-
narcy.

Hunsaker et al (7)

T2 "a'S TR PSR R - T PRSI I, Ry

venous thrombosis (DVT), CT venography
has approximately the same accuracy

As is clear from the quotations that
appear before this editorial, many
arch studies and

lyzing studies that have yielded similar
results. This editorial will re

articles on the subject; try to reco
their diverse conclusions; and s A
for which p: ts CT venography, or
US, may be valuable. In other w

can one improve the risk-benefit ratio?

Beneflis of CT Venography

CT venography has several diagnostic
benefits

1. With single- and four-detector
scanners, CT venography often miss
PEs in the smaller ve: s, and negat;
findings at CT venography were reas-
suring in that an untreated DVT was not
overlooked in the deep veins of the pel-

ren findings at CT angiography

are equivocal or suboptimal (approxi-
of stu ), the results

or negative)

on to treat or not to

3. By using CT venography,
tire work-up for VTE can be completed
in approximately 20 minute,
ient use of time for the radic

minimal additional re-
e Fam 0T ..
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> 825 aoBeveic, 51 (6%) un dIayVWOTIKEC EEETAOEIC.
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> E10IkoTnTa 96%.

> OeTIKN npoyvwaoTikn a&ia 86%.

> =--ino

> 105 aoBeveic e BoolBo@AEBITIOq LIOVQ 3 LIE MPOTROAN TNC KaTw) KOIA
TV TTUEATKWY PAELWV YWDIC OULLIETOXT) TWV PAEBWV TV RATW JKOWV.

” QLIRS AT SR neovvoTich Eia 96% o€ wuh

1. YwnAn PPV kai NPV Orav ummapxel quu@wvia UE TNV KAIVIKN utTowia 1ng

2. Amaiteital rpooBrikn NS YT PAeBoypagiac.




CTV: AlayvwoTiKa KpIThpia 0pouBwoe®g
PAEBwV
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= Mn okiaypa@nUEvo THRHA PAEBAC

= Aigraon pAEBac, BoAepoTnTa Tou Aijouc yupw ano tn @AgBa (oidnua),
oKiaypa@non napdriAcupwv @AELwv
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- TRO TEYVLKT) ETILTPETIEL TNV 00O 8La)\oyn aoBeVWY, 16{WC AUTWV UE
HiKpO/uEco kivouvo OEM-o&eog otedaviaiou ETEL00S(0U

* Emiidoyn aoBevwy, TIPOETOLUACIO, TEYVLKT) EYYXUOTG OKLOYPUDLKOU, TEYVLKT]
g&eTaong

" 2€ QVTIOLOOTOAN PE TLG CUHPATIKEG LEBOOOUG AVTIHETWTILONG TOV BwpaKikoy
AAyoUG oTa ETIELyOVTQ, 1) 0pO1) Xp1iOM TNG TEXVIKNG:

* MELWVEL ONUAVTLKA TOV YPOVO dLaAoyr)G Kot dtayeipriong tTwv acBevwyv

* MELWVEL ONUAVTILKA TOV aPLOO TWV ATIALTOVLEVWYV OLOYVWOTLKWYV
eEETAOEWV

* MEilwOoN TOU KOGTOUG VOOTAELNG

* Meilwon tng €kBeonc aktifoAnong tov e&etalopevou
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