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Epidemiology

* Patient presenting with abdominal/pelvic pain will undergo CT as part of their
evaluation was almost 10 times higher in 2007 compared with in 1996. At this period
,just 30% patient increased (1).

* |tis estimated that the total number of CT examinations annually performed in the
United States has increased from 3 million in 1980 to more than 100 million CT in
2016 (2).

* Mostincreased abdominal CT (10 times), thorax CT 5 times(3)

* 25% of CT in emergency department (4)

1. Kocher KE et al. (2006) National trends in the use of computed tomography in the emergency department, 2000—-2005.
Emerg Radiol 13:25-30.

2. 2.World Health Organization communicating radiation risks in paediatric imaging (2016).
http://www.who.int/ionizing_radiation/pub_meet/radiation-risks-paediatric-imaging/en.

3.Laack TA et al. Comparison of trauma mortality and estimated cancer mortality from computed tomography during initial
evaluation of intermediate-risk trauma patients. J Trauma. 2011;70:1362-5.

4. Kocher KE et al. National trends in use of computed tomography in the emergency department. Ann Emerg Med.
2011;58:452-462.



Epidemiology

3.217.396 patients,a meta analysis

Adult patients,emergency CT using 16.7%
Children 5.3%

24,6% older than 65 years

Kirsch et al. Computed Tomography Scan Utilization in Emergency Departments:A multi-State
Analysis, The Journal of Emergency Medicine, Vol. 41, No. 3, pp. 302-309, 2011
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Increasing CT in ED

Over the last 20 years, CT scanner availability has rapidly
increased worldwide .

CT is more accessible in the ED .(even resus room)

Low availability of other imaging modalities, such as MRI,USG-
CT is preferable by ED staff .

Malpractice lawsuit in busy ED
Defensive medical decision

Procedural advantages

— Non-dependent to personal

— Abdominal gases,obesity not connect to the image quality
— Retroperitoneal visualization

— New technologies of CT machines
* High image quality (especially helpful in children)
* Multiplanar reconstruction(transvers,sagittal,coronal)
e Multidedector machines



Indications of Abdominal CT in ED

Life-threatening reasons

Abdominal aortic aneurysm

Thoracoabdominal aortic
dissection

Intraabdominal hemorragia
Penetran abdominal trauma
Mesenteric ischemia

Perforation of gastrointestinal
tract (peptic ulcer, bowel,
esophagus, or appendix)

Acute bowel
obstruction,volvulus

Splenic rupture
Incarcerated hernia
Ectopic pregnancy

Others

Appendicitis

Renal stone

Hernia

Pancreatitis

Biliary obstruction
Malignancy
Intraabdominal abcess
Gynecological pathologies



ACR Appropriateness Criteria Acute Nonlocalized Abdominal Pain

2018 American College of Radiology
https://doi.org/j.jacr.2018.09.010

Variant 1. Acute nonlocalized abdominal pain and fever. No recent surgery. Initial imaging

Procedure
CT abdomen and pelvis with IV contrast

MRI abdomen and pelvis without and with |V contrast
US abdomen

CT abdomen and pelvis without IV contrast

MRI abdomen and pelvis without IV contrast

CT abdomen and pelvis without and with [V contrast
Radiography abdomen

FDG-PET/CT skull base to mid-thigh

In-111 WBC scan abdomen and pelvis

Tc-99m cholescintigraphy

Tc-99m WBC scan abdomen and pelvis

Fluoroscopy contrast enema

Fluoroscopy upper Gl series with small bowel follow-through

Appropriateness Categor

Relative Radiation Level

May Be Appropriate
May Be Appropriate

May Be Appropriate

May Be Appropriate
Usually Not Appropriate
Usually Not Appropriate
Usually Not Appropriate
Usually Not Appropriate
Usually Not Appropriate
Usually Not Appropriate

Variant 2. Acute nonlocalized abdominal pain and fever. Postoperative patient. Initial imaging

Procedure Appropriateness Category Relative Radiation Level

CT abdomen and pelvis with IV contrast

MRI abdomen and pelvis without and with IV contrast
US abdomen

CT abdomen and pelvis without IV contrast

MRI abdomen and pelvis without IV contrast

CT abdomen and pelvis without and with IV contrast
Radiography abdomen

Fluoroscopy contrast enema

Fluoroscopy upper Gl series with small bowel follow-through
FDC-PET/CT skull base to mid-thigh

In-11T WBC scan abdomen and pelvis

Tc-99m cholescintigraphy

Tc-99m WBC scan abdomen and pelvis

Usually Approprate Fre
May Be Appropriate
May Be Appropriate
May Be Appropriate
May Be Appropriate
May Be Appropriate
May Be Appropriate
May Be Appropriate
May Be Appropriate

Usually Not Appropriate

Usually Not Appropriate

Usually Not Appropriate

Usually Not Appropriate

Table 2. Relative radiation level designations

Adult Effective Dose Estimate Range (mSv) Pediatric Effective Dose Estimate Range (mSv)

ote: Relative radiation level (RRL) assignments for some of the examinations cannot be made, because the actual patient doses in these
procedures vary as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is used).
The RRLs for these examinations are designated as “varies.”




ACR Appropriateness Criteria Acute Nonlocalized Abdominal Pain

Table 2. Relative radiation level designations
Variant 3. Acute nonlocalized abdominal pain. Neutropenic patient. Initial imaging
Adult Effective Dose Estimate Range (mSv) Pediatric Effective Dose Estimate Range (mSv)
Procedure A ateness Categor

CT abdomen and pelvis with IV contrast Usually Appropriate
CT abdomen and pelvis without |V contrast May Be Appropriate
MRI abdomen and pelvis without and with [V contrast May Be Appropriate
US abdomen May Be Appropriate
BRI abdomen and pels without IV contrast May Be Appropriate ote: Relative radiation level (RRL) assignments for some of the examinations cannot be made, because the actual patient doses in these

CT abdomen and pelvis without and with |V contrast May Be Appropriate procedures vary as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is used).
FDG-PET/CT skull base to mid-thigh I TFP P Ay e The RRLs for these examinations are designated as “varies.”

In-T1 WBC scan abdomen and pelvis Usually Not Appropriate

Te-99m WBC scan abdomen and pelvis Usually Not Appropriate

Radiography abdomen Usually Not Appropriate

Te-99m cholescintigraphy Usually Not Appropriate

Fluoroscopy contrast enema Usually Not Appropriate

Fluoroscopy upper Gl series with small bowel follow-through Usually Not Appropriate

Variant 4. Acute nonlocalized abdominal pain. Not otherwise specified. Initial imaging

Procedure Appropriateness Category Relative Radiation Level
CT abdomen and pelvis with IV contrast

CT abdomen and pelvis without IV contrast
MRI abdomen and pelvis without and with IV contrast

MR abdomen and pelvis without [V contrast May Be Appropriate

CT abdomen and pelvis without and with IV contrast May Be Appropriate

Radiography abdomen May Be Appropriate

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate
In-M WBC scan abdomen and pelvis Usually Not Appropriate
Te-99m cholescintigraphy Usually Not Appropriate
Te-99m WBC scan abdomen and pelvis Usually Not Appropriate
Fluoroscopy upper Gl series with small bowel follow-through Usually Not Appropriate
Fluoroscopy contrast enema Usually Not Appropriate




Diagnostic efficiacy of abdominal CT

* In a prospective study, assessing impact of CT on management decisions in the ED,
a total of 584 patients presented with nontraumatic abdominal complaints;

— CT changed leading diagnosis in 49%
— changed admission status in 24%
— altered surgical plans in 25% .(1)

* A prospective trial,547 patients, presenting to the ED with abdominal pain
demonstrated that CT altered the diagnosis in 54% of patients and frequently
changed disposition patterns.(2)

* More recently, a multicenter prospective observational trial of 460 patients
referred for AbdCT for AAP. Pre and post AbdCT diagnoses and admission plans
were compared. AbdCT changed the provider's diagnosis in 51% of patients and
the admission plan in 25%(3)

1.Abujudeh HH et al. Abdominopelvic CT increases diagnostic certainty and guides management decisions: a
prospective investigation of 584 patients in a large academic medical center. AJIR Am J Roentgenol
2011;196:238-43.

2.Barksdale AN et al.Diagnosis and disposition are changed when board-certified emergency physicians use CT
for non-traumatic abdominal pain. Am J Emerg Med 2015;33:1646-50

3. Pandharipande P et al. CT in the emergency department:a real-time study of changes in physician decision ,,
making. Radiol. 2016;278:812e821.



The utility of CT scan for the diagnostic evaluation of acute abdominal

pain

Timothy Bax 2, Matthew Macha®,

The American Journal of Surgery

journal homepage: www.americanjournalofsurgery.com

ohn Mayber

Representative key studies on the utility of AbdCT for the evaluation of generalized acute abdominal pain.

Authors/Year

Study Type

CT Technique Patients

y o,
Changed plan/helpful

Rosen et al. 2000

Nagurney et al. 2001
Modahl et al. 2006

Lewis et al. 2007'*

Lameris et al. 2009~

Abujudeh et al 2011"
Lehtimaki et al. 2012%¢

Pandharipande et al. 2015
Caporale et al. 2016™

Alshamari et al. 2016""

Velissaris et al. 2017°*

Prospective

Prospective
Retrospective

Prospective
Prospective

Prospective

Prospective Randomized

Prospective
Prospective

Prospective

Prospective

Helical 57
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Trauma/penetran injury

Al Rawahi et al World Journal of Emergency Surgery (2018) 13:55
httpsy/doiorg/10.1186/513017-018-0215-0 World Journal of

Emergency Surgery

RESEARCH ARTICLE Open Access

Outcomes of selective nonoperative @
management of civilian abdominal gunshot
wounds: a systematic review and meta-

analysis

d'Wa

peritonitis. [Faillre of SNOM may be Iower In patients wﬁh GSWs to the
back, ﬂank or right thoracoabdormen and be decreased by mandatory use of abdominopelvic CT scans.

injuries
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Trauma/penetran injury

Current Pediatric Reviews, 2018, 14, 59-63

REVIEW ARTICLE

Pediatric Abdominal Trauma

Tim Lynch"”", Jennifer Kilgar' and Amal Al Shibli®
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Abstract: Abdominal trauma 15 present m approximately 25% of pediatne patients with major
trauma and 1s the most common cause of unrecognized fatal iyury m children. Pediatne abdominal
trauma 15 typically blunt in nature with the spleen bemg the most common organ injured. Non-
operative management 15 employed m over 95% of patients.

Penetrating mjuries are less common but often require operative management. Knowledge of
spectfic mechanisms of myury aids the clmician m the diagnosis of specific junes.

Computed Tomography (CT) is the gold standard in the dentification of infra-abdominal mjury.
Focused Assessment with Sonography for Trauma (FAST) can detect the presence of free fluid
suggestive of intra-abdommal mjury. In children, the utility of FAST 1s limited because less than
half of pediatric patients with abdominal imjury have free fluid. Bowel perforation and pancreatic
mjuries may not be evident on mitial CT scannmg of the abdomen.

Initial management of the trauma patient in shock includes fluid boluses of nommal saline or
Ringer’s lactate with two, large-bore upper extremity catheters. Transfusion with packed red blood
cells 15 done 1f the patient remains hypotensive after the second fluid bolus. Emergent laparotomy is
indicated in patients with: free mraperitoneal air, hemodynamic instability despite maximal
resuscitative efforts (transfusion of greater than 50% of total blood volume), gunshot wound to the
abdomen or other penetrating traumas, and evisceration of intrapentoneal contents.

Initial FAST followed by abdominal computed tomography is important in the evaluation of the
seriously or critically injured patient. The combination of the FAST exam along with selected
abdominal computed tomography can further aid in the detection of injuries that may not be
clinically apparent.




Asian Journal of Surgery (2019) 42, 148-154

Auvailable online at www.sciencedirect.com
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ORIGINAL ARTICLE

CT-guided tractography is a safe and
complementary diagnostic tool in the
management of penetrating abdominal
trauma

Muzaffer Akkoca **, Sener Balas “, Kerim Bora Yilmaz °,
Idil Gunes Tatar ®, Melih Akinci ?, Serhat Tokgoz ?,
Selim Tamam “, Harun Karabacak *

® University of Health Sciences, Diskap: Yildirim Beyazit Research and Training Hospital, Department of
General Surgery, Ankara, Turkey

® University of Health Sciences, Diskapi Yildirim Beyazit Research and Training Hospital, Department of
Radiology, Ankara, Turkey

Received 12 April 2018; received in revised form 7 May 2018; accepted 28 May 2018
Available online 7 July 2018

KEYWORDS Summary Background/Objective: Despite extensive published research, the surgical
Computed approach to penetrating abdominal trauma patients is still under debate. Computed
tomography guided tomography-guided tractography (CTT) is an imaging modality in which water soluble iodinated
tractography; contrast medium is administered into the site of the injury in the CTunit. The aim of this study

Penetrating was to determine the diagnostic accuracy of the CTT.

abdominal trauma; Methods: A retrospective evaluation was made of patients admitted to the Emergency Depart-

Therapeutic trauma ment with penetrating abdominal trauma and who underwent CTT. Contrast enhanced abdom-

laparotomy; inal CT and CTT reports, surgical findings and clinical results were examined.

Negative laparotomy Results: Evaluation was made of a total of 101 patients comprising 89 males (88.1%) and 12 fe-
males (11.9%). CTT was determined to have 92.8% sensitivity, 93.6% specificity, 97% positive
predictive value, and 85.5% negative predictive value. In 27 patients (26.7%) where the CTT
indicated passage through the peritoneum, no parenchymal organ injury was present. Only
one patient (2.9%) without peritoneal penetration on CTT had organ injury at exploration.

I -
Conclusion: CTT is a safe imaging modality for the evaluation of hemodynamically stable pa-
tients. Compared to other imaging modalities, there is clearer demonstration of whether or
not the peritoneum is intact. However penetration on CTT does not exactly correlate with or-
gan injury.

* Corresponding author. University of Health Sciences, Digkap1 Research and Training Hospital, Department of General Surgery, Altindag/
Ankara, 06110, Turkey. Fax: +90 312 596 20 00.
E-mail address: muzafferakk@gmail.com (M. Akkoca).




Abdominal CT

It provides more accurate diagnosis
Cost effective

Non-personel dependent

Fast

Gold standart mostly
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Radiation exposure of CT?

Table 1
Effective Radiation Dose by Radiologic Study [51,52]

Examination Average effective dose (mSv)

WBCT 24

1.8

2.5
Sinuses 0.6
Cervical spine 3
CTA carotids 4.4
Chest 5.1
CTA chest 24

Thoracic spine 12
Abdomen 11
Kidney

Lumbar spine 12
Pelvis (dedicated) 45

Whole body computed tomography versus selective radiological imaging strategy in
trauma: An evidence-based clinical review. Long B et al. Am J Emerg Med.2017 March 21.
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Lifetime attributable risk for cancer

 US population, age dependent risks combine to produce an average lifetime
attributable risk(LAR) of one radiation-induced cancer per 100,000 patients receiving a
100-mSv effective dose.(1)

* Astudy by Pearce et al. demonstrated 2-3 fold increase in incidence of leukemia and
brain tumors in people who were exposed to radiation during their childhood (2).

* 1945 atomic bomb survivors in Japan who experienced a mean effective dose of 40
mSv. These survivors are known to have an increased cancer risk,and a similar exposure
can be reached in five to six CT scan.(3)

1.Health Risks from Exposure to Low Levels of lonizing Radiation: BEIR VII Phase 2. http://www.nap.edu/catalog/11340/ health-risks-
from-exposure-to-low-levels-of-ionizing-radiation (2006).

2.Pearce MS et al. Radiation exposure from CT scans in childhood and subsequent risk of leukaemia and brain tumours: A retrospective
cohort study. The Lancet. 2012;380(9840):499—505

3. Rohner D et al.Cumulative total effective while-body radiation dose in critically ill patients.Chest.2013;144(5):1481-1486

17



Eur J Trauma Emerg Surg (2018) 44:19-27 F 4
https:/fdoi.org/10.1007/s00068-016-0665-6 CrossMark

ORIGINAL ARTICLE

Cumulative radiation exposure and estimated lifetime cancer risk

in multiple-injury adult patients undergoing repeated or multiple
CTs

S. K.r'il:s:lnt::e[:rail:n:u:r]ll - AL .]ul:i}.;onl - A. Krisanachinda®
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Fig. 4 High risk of radiation-induced cancer in effective dose
>100 mSv and LAR >1 %




Reduced-dose CT

Original Article
Ada Radiclogia
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Evaluation of reduced-dose CT for acute & """
. . . . Reprints and permissions:
non-traumatic abdominal pain: evaluation  sewscspmemsony

DOl: 10.1177/02841 851 17703152

of diagnostic accuracy in comparison to Egzg?mwm'”
y
standard-dose CT "

Ahmed E Othman', Malte Niklas Bongers', Dominik Zinsser',
Christoph Schabel', Julian L Wichmann?, Rami Arshid?,

Mike Notohamiprodjo', Konstantin Nikolaou' and

Fabian Bamberg'

Abstract

Background: Patients with acute non-traumatic abdominal pain often undergo abdominal computed tomography (CT).
However, abdominal CT is associated with high radiation exposure.

Purpose: To evaluate diagnostic performance of a reduced-dose 100 kVp CT protocol with advanced modeled iterative
reconstruction as compared to a linearly blended 120kVp protocol for assessment of acute, non-traumatic abdominal
pain.

Material and Methods: Two radiologists assessed 100 kVp and linearly blended 120kVp series of 112 consecutive
patients with acute non-traumatic pain (onset < 48 h) regarding image quality, noise, and artifacts on a five-point Likert
scale. Both radiologists assessed both series for abdominal pathologies and for diagnestie confidence. Both 100 kVp and
linearly blended 120kVp series were quantitatively evaluated regarding radiation dose and image noise. Comparative
statistics and diagnostic accuracy was caleulated using receiver operating curve (ROC) statistics, with final clinical
diagnosis/clinical follow-up as reference standard.

Results: Image quality was high for both series without detectable significant differences (P=0.157). Image noise and
artifacts were rated low for both series but significantly higher for 100kVp (P=0.021). Diagnostic accuracy was high for
both series (120kVp: area under the curve [AUC]=0.950, sensitivity=0.958, specificity=0941; 100kVp:
AUC=0910, sensitivity = 0.937, specificity =0.882; P>0516) with almost perfect inter-rater agreement
(Kappa =0.939). Diagnostic confidence was high for both dose levels without significant differences (100 kVp 5, range
4-5 120kVp 5, range 3-5; P=0.134). The 100kVp series yielded 26.1% lower radiation dose compared with the
120kVp series (5.72+223mSv versus 7.75£3.02 mSv, P <0.001). Image noise was significantly higher in reduced-
dose CT (13.3 £ 2.4 HU versus 10.6 = 21 HU; P <0.001).

Conclusion: Reduced-dose abdominal CT using 100kVp yields excellent image quality and high diagnostic accuracy for
the assessment of acute non-traumatic abdominal pain.

Advanced iterative
Image reconstruction
algorithms increase
image quality.
Standard-dose 120 kVp

to reduced 100kVp CT
protocol series.

Radiation dose 5.7mSV

19



Reduced-dose CT

120 kv 100
P kvp 120 kVp 100 kVp

A Y R
\ @q}’r

Fig. 3. Standard-dose and reduced-dose images of a 75-year-old obese female patient with acute left-sided abdominopelvig
Patient was diagnosed with acute pyelonephritis. Note the comparable image quality of both 100 kVp and linearly blended
series.

Fig. 4. Linearly blended 120 kVp and 100 kVp series of a 34-year-old male patient with acute right lower abdominal pain. Patient w|
diagnosed with acute appendicitis.

Table 2. Diagnostic accuracy, sensitivity and specificity with corresponding 95% Cls for both dose levels (i.e. both series) and both
readers.

AUC (95% ClI) Sensitivity (95% CI) Specificity (95% CI)
CT protocol Reader A Reader B Reader A Reader B Reader A Reader B

120 kVp series 0950 (0.881-1.00) 0.950 (0.881-1.00) 0.958 (0.890-0.986) 0.958 (0.890-0.986) 0.941 (0.692-0.996) 0.941 (0.692-0.9%)
100 kVp series 0910 (0.816-1.00) 0.920 (0.828-100) 0937 (0.862-0.974) 0.958 (0.890-0986) 0.882 (0.623-0.979) 0.882 (0.623-0.979)




Reduced-dose CT

80-kVp scan

RADIATION SENSIBILITIES

RICHARD L. MORIN, P4D, DONALD P. FRUSH, MD

Abdominal CT Imaging Applications of
Low Kilovoltage Peak Techniques

Michael I. Levinson, DO, Matthew Hoerner, PhD, Adel Mustafa, PhD, Jay K. Pahade, MD

Fig 1. (A) Radiation dose of liver donor CT angiography (CTA) at 80 kilovoltage peak (kVp). (B) Radiation dose of a liver donor
CTA at 120 kVp. Representative images from both CTAs show similar image quality in these similar-size patients but substantial
reduction in total examination Dose-Length Product (DLP) using low-kVp technique and slightly shorter z axis coverage.

Abdominal CT imaging Applications of Low Kilovoltage Peak
Techniques

Michael L Levinston et al, Journal of American College of
Radiology,2018,D0Il:Jacr2018.09.053

FULL PAPER

@ 2018 The Authors. Published by the British Institute of Radiclogy

Application of 80-kVp scan and raw data-

based iterative reconstruction for reduced iodine load
abdominal-pelvic CT in patients at risk of contrast-
induced nephropathy referred for oncological
assessment: effects on radiation dose, image quality
and renal function

'2YASUNORI NAGAYAMA, MD, “2SHOTA TANOUE, MD, TAKINORI TSUJI, MD, 1JOJI URATA, MD,
TMITSUHIRG FURUSAWA, MD, 2SEITARC ODA, MD, 2TAKESHI NAKAURA, MD, 2DAISUKE UTSUNOMIYA, MD,
12ER| YOSHIDA, MD, 2MORIKATSU YOSHIDA, MD, 2MASAFUMI KIDOH, MD, "2 MACHIKO TATEISHI, MD and

2YASUYUKI YAMASHITA, MD

Objective: To evaluate the image quality, radiation
dose, and renal safety of contrast medium (CM)-
reduced abdominal-pelvic CT combining 80-kVp and
sinogram-affirmed iterative reconstruction (SAFIRE) in
patients with renal dysfunction for oncological assess-
ment.

Methods: We included 45 patients with renal dysfunc-
tion (estimated glomerular filtration rate  <45mi
per min per 1.73 m%) who underwent reduced-CM abdom-
inal-pelvic CT (360 mgl kg™, 80-kVp, SAFIRE) for anco-
logical assessment. Another 45 patients without renal
dysfu on (estimated glomerular filtration rate >60ml
per Imin per 173m? who underwent standard onco-
logical abdominal-pelvic CT (

filtered-back pro ion) w included as controls.
CT attenuation, image noise, and contrast-to-noise
ratio (CNR) were compared. Two observer: ormed
subjective image analysis on a 4-point scale. Size-spe-
cifl stimate and renal function 1-3 months after
CT were measured.

Results: The size-specific dose estimate and iodine
load of 80-kVp protocol we and , respectively,
lower than of 120-kVp protocol (o < Q.01 attenua-
tion and contrast-to-neise ratio of parenchymal organs
and vessels in B0O-kVp images were significantly better
)-kVp images (p < 0.05). There w
no significant differences in guantitative or qu
image nc or subjective overall quality (o > 0.05). No
significant kidney injury associated with CM administra-
tion was observed
Conclusion: 80-kVp abdominal-pelvic CT  with
SAFIRE yields diagnostic image quality in oncology
with renal nction under substantially
reduced iodine and radiation dose without renal safety
CONCems.




Reduced-dose CT,appendicitis

European Radiology

Mesoywoiewars: e Reduced-dose CT shows

GASTROINTESTINAL @
CrosshMark

The diagnostic performance of reduced-dose CT for suspected exce I | e nt d I a g n O St I C
appendicitis in paediatric and adult patients: A systematic review
and diagnostic meta-analysis
- o performance for

ng Yoon' - Chong Hyun Suh”- Young Ah Cho ' - Jeong Rye Kim ' - Jin Seong Lee' - Ah Young Jung ' -
Jung Heon Kim* - Jeong-Yong Lee*: So Yeon Kim'
T suspected appendicitis

©1 European Society of Radiology 2018

Abstract O O O O

Objective To aalu:m: the dmgnoalu. pertommnw of rrdu.td-dcar CT for van.m:l appendicitis.

v Tl b dngoic s of o T s S with pooled sensitivity of
evaluating Lhc dmgnosm. pcrramnm.c of reduced-dose L‘T for iuipct‘lﬂ‘] appendicitis in paediatric and adull patients were

selected. Pooled summary estimates of sensitivity and specificity were calculated using hierarchical logistic regression model-

o s s i o325 v ot s 96 % and specificity of 94

prov ldmg a hc:]d lo—hc:]d comparison bm en rcdmcn‘]-dchTand ilandard-dc CT, rtdm -dose CT demcmlmlcd a com-

parable summ:

; 0
radiation dose of tl'n: reduced-dose CT was 1.8 mSv (1 4b—4 ]b mSv), \-\hld'l was a 78 % reduction in effective radiation dose 0 °
compared to the standard-dose CT.
Conclusion Reduced-dose CT shows excellent diagnostic performance for suspected appendicitis.

Table 4 Head-to-head comparison of effective radiation dose between h d 2 ff =
ri'_'l:|1.lv|'_'l:1:|-1:|1.'35.1'_1'- CT":'im:IL‘:m::Iard-q:ln;c {;T:II :::Iul:'-p:nmt: - ; o T e m e I a n e e Ct I Ve
e rodion dose @) radiation dose of reduced
First author (vear of publication) Reduced-dose CT Standard-dose CT
dose CT was 1.8 mSv.

Chang etal. (2016) [18]
Keyzer etal. (2004) [23]
Kim et al. (2012) [24]
Kim et al. (2011} [25]
Platon etal. (2009) [
Seo et al. (2009) [29]
Yun et al. (2016) [30]
Median
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Methods to reduce radiation exposure

ALARA (As Low As Reasonably Achievable) principle;

ALARA is an acronym used in radiation safety for “As Low As
Reasonably Achievable”

The ALARA radiation safety principle is based on the
minimization of radiation doses and limiting the release of
radioactive materials into the environment by employing all
“reasonable methods.

ALARA is not only a sound radiation safety principle, but it is a
regulatory requirement for all “radiation protection programs

— resulted in a reduction of 62.7% in the rate of abdominal CT phases
per visit during the study period,

— concurrently with a rise in the number abdominal US scans ordered
by the ED

Sodhi KS et al. Clinical application of 'Justification' and 'Optimization’ principle of ALARA in pediatric CT
imaging: How many children can be protected from unnecessary radiation? European Journal of Radiology.
2015.
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Multidisciplinary European Low Dose Initiative (MELODI): strategic
research agenda for low dose radiation risk research
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Abstract

MELODI (Multidisciplinary European Low Dose Initiative) is a European radiation protection research platform with focus
on research on health risks after exposure to low-dose ionising radiation. It was founded in 2010 and currently includes 44
members from 18 countries A major activity of M 1s the continuous

Research Agenda (SRA) on low-dose risk for radiation protection. RA 1s intended to identify priorities for nationa
and European radiation protection research programs as a basis for the preparation of competitive calls at the European level.

U 4 US Yy P U S Id C DO L) d N N N U CTAPOSUITS U5 L) U ON N U W
and to reference levels for the population in emergency situations. Another activity of MELODI is to ensure the availability
of European key infrastructures for research activities, and the long-term maintenance of competences in radiation research
via an integrated European approach for training and education. The MELODI SRA identifies three key research topics in
low dose or low dose-rate radiation risk research: (1) dose and dose rate dependence of cancer risk, (2) radiation-induced
non-cancer effects and (3) individual radiation sensitivity. The research required to improve the evidence base for each of
the three key topics relates to three research lines: (1) research to improve understanding of the mechanisms contributing to
radiogenic diseases, (2) epidemiological research to improve health risk evaluation of radiation exposure and (3) research to
address the effects and risks associated with internal exposures, differing radiation qualities and inhomogeneous exposures.
The full SRA and associated documents can be downloaded from the MELODI website (http:/www.melodi-online.ew/sra.
html).

Keywords Low-dose - Health effects - Cancer - Non-cancer - Individual sensitivity - Ionizing radiation




Contrast/non-contrast enhanced CT

Intravenous (i.v.) contrast is helpful for diagnosing;
— vascular abnormalities

— Infarctions

— Abscesses

— inflammatory disorders

— distinguishing bile ducts

— enhancing solid viscera

lodinated i.v. contrast material is the third leading cause of
acute kidney injury in the hospitalized patient.

— mild to heavy allergic reactions

— nephrotoxicity to death.

Kagan A et al. Contrast-induced kidney injury: focus on modifiable risk factors
and prophylactic strategies. Clin Cardiol 2010;33:62—-6.
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Orally contrast in ED

* Oral contrast is used to opacify the lumen of the gastrointestinal tract.

* Tolerance in the nauseated or vomiting patient and the time required to opacify
the entire bowel have always been obstacles of oral contrast.

* Transit time through the gastrointestinal tract can take several hours, thereby
increasing patient time spent in the ED.

* The time interval between arrival to the ED and disposition can be increased up
to3 h .(1)

* Who underwent abdominal and pelvic CT for various causes of acute abdominal
symptoms in the emergency department, the elimination of oral contrast did not
lead to any misdiagnosis.(2)

1.Huynh LN et al. Patient encounter time intervals in the evaluation of Emergency Department patients
requiring abdominopelvic CT: oral contrast versus no contrast. Emerg Radiol 2004;10:310-3.

2. Alabousi A et al. Is oral contrast necessary for multidetector computed tomography imaging of patients
with acute abdominal pain? CARJ 66(4):318—-322,2015
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Oral contrast necessary in ED?

Original Investigation

CT for Acute Nontraumatic
Abdominal Pain—Is Oral Contrast
Really Required?

Rivka Kessner, MD, Sophie Barnes, MD, Pinchas Halpern, , Vadim Makrin, MD, Arye Blachar, MD

Rationale and Objectives: This study aims to compare the diagnostic performance of abdominal computed tomography (CT) per-
formed with and witho ntrast in patients presenting to the emergency department (ED) with acute nontraumatic abdominal
pain.

Materials and Methods: Betwsen December 2013 and December 2014, 348 adult patients presenting to the ED of a large tertiary
medical center with nontraumatic abdominal pain were evaluated. Exclusion criteria for the study were history of inflammatory bowel
dise: it abdominal operation and suspected renal celic, abdominal aortic ansurysm rupture, or intestinal obstruction. All pa-
tients underwent intravenous contrast-enhanced abdominal €

pling. A control group of 174 patients was matched to the cohort groups’
material during the same period. The patients’ medical records were re
diagnosis. The CT exams were initially iewed by a senior attending radiclogist to determine the exams’ technical adequacy and to
decide whether an additional scan with oral contrast was required. Two senior radiolo| blinded to the clinical diagnosis, later per-
letermine the contribution of oral contrast adi stration to the radiologisis’ ignostic confidence and
on diagnosing various radiological findings.

Results: Each group i 0 E 2 nen. The average ag two groups was 48 's. The main clinical diag-
noses of the pathologi inati 17.5%), itis .| . and colitis (5.2%). A normal CT examination
was found in 34.8% of the patients. There was no significant difference between the groups regarding most of the clinical parameters
that were examined. None of the examinations of all of the 174 study group patients was found to be technically inadequate,

fore no patient had to undergo add | scanning to establish a diagnosis. The consensus reading of the senior radiolo de

that the lack of oral contrast was insignificant in 96.6% of the cases and that contrast material might have been useful in only 6 of 174
study group patients (3.4%). The radi iound oral contrast to be helpful only in 8 of 174 control group patients (4. . There
was no significant difference between the clinical and radiological diagnoses in both groups (study group, P = 0.261; group,
P=0.075).

Conclusions: Our study shows that oral contrast is nencontributory fo radiclogical diagnesis in most patients presenting to the ED
with acute nontraumatic abdominal pain. These patients can therefore undergo abdominal CT scanning without oral contrast, with no
effect on radiological diagnostic performance.

Figure 4. Two cases of colitis showing similar findings: (a) study
group, (b) control group. The circles show inflammatory signs around
the cecum in both patients.

Acad Radiol 2017; 24:840—-845
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REVIEW ARTICLE

Oral contrast for CT in patients with acute non-traumatic
abdominal and pelvic pain: what should be its current role?

Anmnia Z. Kielar' - Michael N. Patdas™ - Douglas 5. Kate*

Iable 1 Compilation of published studies comparing final abdominal CT diagnoses between patients in the Emergency Department who did not
receive oral contrast versus those who did

Author Year of Indication Number of Number of changes in final
publication patients diagnosis after oml contrast

Hopkins CL 2012 Appendicitis, divernculis, SBO*, perforation 395 0

Levenson R 2012 Abdominal symptoms (not specified) 1218
Razavi SA 2014 Abdominal pain 2668

Alabousi A 2015 Abdominal pain 375

*SBO small-bowel obstruction

Year of publicaton Number of Median reduction in length of stay when no oral
patients contrast used (compared to use of oral contrast) (min)

Huynh LH 2004
Schuur JD 2010
Hopkins CL 2012
Kepner AM 2012
Razawi SA 2014




Nephrotoxicity due to contrast agent

e According to the American College of Radiology(ACR)
guidelines, CT of the abdomen and pelvis after
intravenous contrast administration is the radiologic
procedure with the highest diagnostic performance
rating.

* Nephrotoxicity from i.v. contrast ranges;
— 0% to 10% of people with normal renal function
— 12% to 27% in those with preexisting renal impairment.

 Kagan A et al. Contrast-induced kidney injury: focus on modifiable risk
factors and prophylactic strategies. Clin Cardiol 2010;33:62-6.
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IMAGING/SYSTEMATIC REVIEW/META-ANALYSIS

Acute Kidney Injury After Computed Tomography:
A Meta-analysis

Ryan D. Aycock, MD, MS*; Lauren M. Westafer, DO, MPH; Jennifer L. Boxen, MLS, MA; Nima Majlesi, DO;
Elizabeth M. Schoenfeld, MD, MS; Raveendhara R. Bannuru, MD, PhD

*Corresponding Author. E-mail: ryanaycock@gmail.com.

CrossMark

Study objective: Computed tomography (CT) is an important imaging modality used in the diagnosis of a variety of
disorders. Imaging quality may be improved if intravenous contrast is added, but there is a concern for potential renal
injury. Our goal is to perform a meta-analysis to compare the risk of acute kidney injury, need for renal replacement, and
total mortality after contrast-enhanced CT versus noncontrast CT.

Methods: We searched MEDLINE (PubMed), the Cochrane Library, CINAHL, Web of Science, ProQuest, and Academic
Search Premier for relevant articles. Included articles specifically compared rates of renal insufficiency, need for
renal replacement therapy, or mortality in patients who received intravenous contrast versus those who received
no contrast.

Results: The database search returned 14,691 articles, inclusive of duplicates. Twenty-six unique articles met our
inclusion criteria, with an additional 2 articles found through hand searching.
participants were included in the final analysis, all of which were observational. Meta-analysis demonstrated that,
compared : either acute kidney injury

(odds ratio [OR] 0.94; 95% confidence interval [Cl] 0.83 to 1.07), need for renal replacement therapy (OR 0.83; 95% Cl
0.59 to 1.16), or all-cause mortality (OR 1.0: 95% Cl1 0.73 to 1.36).

Conclusion: We found no significant differences in our principal study outcomes between patients receiving
contrast-enhanced CT versus those receiving noncontrast CT. Given similar frequencies of acute kidney injury in
patients receiving noncontrast CT, other patient- and iliness-level factors, rather than the use of contrast material,
likely contribute to the development of acute kidney injury. [Ann Emerg Med. 2018;71:44-53.]




Incidentaloma’s

Incidental finding’s

Beyond radiation concerns with CT are the risks of false
positive results or ‘incidentalomas.’

The subsequent cascade testing can lead to increased
morbidity, anxiety, and downstream costs and complications

after that initial CT .
VOMIT (Victims of Modern Imaging Technology)
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Incidental findings detected on emergency
abdominal CT scans: a 1-year review

M. E. Kelly," A. Heeney,' C. E. Redmond,? J. Costelloe,’ G. J. Nason,' J. Ryan,®
D. Brophy,2 D. C. Winter®

'Department of Surgery, St Vincent’s University Hospital, Elm Park, Dublin 4, Ireland
“Department of Radiology. St Vincent's University Hospital, Elm Park, Dublin 4, Ireland
*Department of Emergency Medicine, St Vincent’s University Hospital, Elm Park, Dublin 4, Ireland

Table 2. Breakdown of indeterminate findings

Indeterminate incidental fmding

Adnexal lesions
Pulmonary nodule/lesions
Colorectal lesions

Renal lesions

Liver lesions

Adrenal lesions

Lrastric kesions

Lymphadenopathy
Oesophageal lesions
Bone lesions
Gallbladder thickening
Bladder lesions

Table 1. Summary of incidental findings encountered at emergency CT

(N = T00)
Finding N
Liver Cyst 49
Lesion/met 18
Haemangioma 12
Steatosis/cirrhosis 4
Biliary Gallstones 48
Biliary tree dilatation 16
Gallbladder thickening/distension 5
Adenomyatosis 3
Pancreas Cyst 9
Lesion (Tneoplasm/TPMN) 14
Calcification 5
Dilated pancreatic duct 4
Adrenal Adrenal lesion/adenoma 46
Renal Cyst 0
Lesion/mass 14
Caleulus 20
Hydronephrosis 8
Infarct/atrophy 3
Congenital anomaly (duplex ureters) 4
Angiomyolpoma 4
Horseshoe kidney 1
Bludder Wall thickening/lesion 6
Calculus 1
Spleen Splenomegaly 7
Cyst/lesion 5
Upper GI Hiatus herma 9
Duodenal diverticulum 9
Gustric lesion 11
Oesophageal lesion 6
Varices 2
Colorectal Diverticulosis colon 100
Thickened colon 15
Malrotation 2
Gynaecology Ovarian cyst(s) 43
Fibroid 14
Adnexal /pelvic mass 23
Congenital anomaly 4
Pulmonary Lesion/met 22
Prneumonia/effusion 11
Fibrosis 4
PE 5
Pleural plagues 4
Vascular Abdominal aortic aneurysm 19
Common iliac ancurysm 12
Splenic artery aneurysm 7
Thrombosis (SMA, PV, SV.IVC) 10
Other Hernia 13
Lymphadenopathy 11
Vertebral compression fractures 4

Bony abnormality

700 patients. Though the vast majority (79.5%, n = 557) was benign.

11% additional workload effect as a result of the initial emergency.
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INCIDENTAL FINDINGS ON PEDIATRIC ABDOMINAL COMPUTED TOMOGRAPHY
AT A PEDIATRIC TRAUMA CENTER

Youanna Daoud, mp,” Alexander Philip, mp,T Gal Altberg, mp, T Hadassa Leader, mp,” Jeremy Neuman, mp, T
and Barry Hahn, mpT

*Department of Pediatrics, Staten Island University Hospital, Northwell Health, Staten Island, New York, T Department of Emergency Medicine,
Staten Island University Hospital, Morthwell Health, Staten Island, MNew York, and £ Department of Radiology, Staten Island University Hospital,
Northwel Health, Staten Island, New York
Comesponding Address: Barry Hahn, mo, Department of Emergency Medicine, Staten Island University Hospital, 475 Seaview Ave, Staten
Island, NY 10305

0 Abstract—Background: The increasing availability and
use of computed tomography (CT) in pediatric abdominal
trauma has increased the detection of incidental findings.
While some of these findings are benign, others may require
further evaluation for possible clinical importance.
Objectives: This study aimed to identity the frequency and
type of incidental findings and their need for follow-up on
abdominal CT in patients at a pediatric trauma center.
Methods: This was a retrospective, observational study on
trauma patients =21 years of age who presented to the
emergency department between January 1, 2004 and July
31, 2016 and underwent CT scans of the abdomen and pelvis.
Findings were classified as benign anatomic variants, benign
pathologic lesions, and pathologic lesions requiring addi-
tional work-up. Results: There were 1073 patients included
in the study population, with a mean age of 15.5 years; 707
(66% ) were males. A total of 418 incidental findings were
identified in 345 patients. Of these, 290 (69 %) were benign
and 60 (14%) were likely benign pathologic that required
possible outpatient monitoring. Of those requiring
additional evaluation, 5 (1%) patients warranted further
evaluation before discharge. Conclusions: Nearly one-third
of patients had at least one radiographic finding unrelated
to their injury. Of these, more than two-thirds did not
require additional evaluation, but nearly one-third of

Reprints are not available tfrom the authors.

patients required some form of further work-up. © 2017
Elsevier Inc. All rights reserved.

O Keywords—CT scan; incidental findings; trauma

INTRODUCTION

Pediatric trauma cases have increased over the past several
years, becoming one of the leading causes of morbidity
and monality in the pediatric population (1). Approxi-
mately 80% of pediatric trauma cases are related to blunt
abdominal trauma (2). In such pediatric abdominal trauma
cases, there had been an increasing use and availability of
computed tomography (CT), which is both sensitive and
accurate in determining the exact location and extent of
an injury. Although current literature suggests a decreased
utilization of CT in hemodynamically stable patients, until
recently, according to the Eastern Association for the
Surgery of Trauma, despite the risk of radiation, CT
remains the imaging modality of choice in hemodynami-
cally stable patients whose initial physical examination
is suggestive of abdominal injury (3-5).

The increased use of imaging in the medical field has
led to increased detection of incidental findings, which
can be benign without health risks. However, some may
require follow-up and others may require urgent




Paediatric age groups

Over 10% of CT scans in the world are made on patients aged less than
18 years (1).

About 3% of all CT scans done annually in Japan, 11% in the US are
performed in children (1)

Currently, approximately 33% of all pediatric CT examinations are
performed in children in the first decade of life, with 17% in children at
or under the age of five years.

Most pediatric CT examinations are for imaging of the cranium and
body trunk.(2)

1.UNSCEAR (2000) Sources and effects of ionizing radiation. Volume I: Sources. UNSCEAR 2000 Report. United
Nations Scientific Committee on the Effects of Atomic Radiation. 2000 Report to the General Assembly, with
scientific annexes. United Nations, New York

2.Radiation Risks from Pediatric Computed Tomography Scanning
Gabriel Chodick et al. Pediatr Endocrinol Rev. 2009 December ; 7(2): 29-36.
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Why radiation sensitive children?

Children’s longer life expectancy from the time of exposure,
which provides more time for a cancer to manifest.

Their longer latency period, many radiation-induced
malignancies, particularly solid cancers.

Radiation effects on proliferating cells

Growing children have more dividing cells, and hence greater
radiation sensitivity than adults.

Pediatric CT radiation exposure: where we were, and where we are now
Thomas R. Goodman et al.Pediatric Radiology (2019) 49:469-478
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Estimated risk for paediatric patients

* Estimates of the risk of future malignancy in pediatric patients
receiving CT scans vary.

* One study assessed the risks of developing a fatal cancer from CT
scanning and estimated the lifetime attributable cancer mortality
risk attributable to ;

 Asingle radiation exposure in a one year-old child to be 1 in 550
following an abdominal CT and 1 in 1500 following a brain CT.(1)

* Adolescent girls undergoing breast development have higher
breast radiosensitivity compared with younger children or adult
women. Adolescents also have higher thyroid radiosensitivity.

1.Brenner D et al.Estimated risks of radiation-induced fatal cancer from pediatric CT.AJR Am J
Roentgenol 2001;176:289
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Pediatric CT radiation exposure: where we were, and where we are now

Thomas R. Goodman' - Adel Mustafa® - Erin Rowe '

Table 1 Effect of age at time of
exposure and gender on excess Mewhom compared to 5 years compared to 15 years compared to
cancers: risk ratios obtained from 30 years old 30 years old 30 years old

Fig. 3 and calculated for0, 5 and
15 years old to that at 30years old F M M F M

at time of exposure

Cancer incidence . 1.78
Cancer mortality 2 . 168

F female, M male

Fig. 1 Incidence of all forms of
leukemia (except chronic
hymphocytic leukemia) and the
effect of age at the time of
exposure among the atomic bomb
survivors [7, 10]. (Reprinted with
permission from Wolters Kluwer)

incidence of Leukemia

I I
10 15 20

Time After Exposure (years)




Trauma/academic centers

01 (@ VYR N [WH= CLINICAL PRACTICE MANAGEMENT

Injured Children Receive Twice the
Radiation Dose at Nonpediatric Trauma

Centers Compared With Pediatric

Trauma Centers

. N4 2 h h <
ert 1. M narles | r, 4 I G 1°h
Abstract
increaci -.' H e [ H Crease FFEnNe. o o o < s

Background: Use of cranial €

wo

or to medical udunnn exposure, 3
children chan for adults because children are more ndns nsitive and have a ke hng er in which toaccumulate
exposure from multiple scans.
Study Aim: To compare the radiation exposure injured children receive when imaged at nonpediarric hospitals (NPHs) versus pediarric
hospitals.
Methods: Injured children yo mn.g erthan 18 years who received a CT scan ar areferring hospital during calendar years (C
were included. Pari s i
induded region of state
Results: Four hundred eighty-seven children were transferred to the pediatric trauma center du
7.2 years (interquartile range 5-13). The median effecive radiation dose received ac NPHs was twice
H 8 versus 1.6 mSv, P< 001). Resulis were c mhmmimmdep:nd nmndpumd.lmhm.ak
deparement dis position, level of injury severity, and ar the NPH trauma center level, hospital type, size, region, and radiology services location.

Key Words: Effective radiation dose, nonpediatric hospitals, CT scan
J Am Coll Radiol 2018;15:58-64. Copyright © 2017 American College of Radiology

010and 2013
of transportation, and Injury
s, and hospital type and size. Our primary outcome
vith a median age of
aem:d at the pediatric rauma center
nerolling for mode of transportation, emergency

* Children who were initially
evaluated for appendicitis in
a community hospital were
about 4.5 times more likely
to have a CT scan and were
less likely to have an
abdominal US as compared
to an academic center.

e Saito JM et al. Use and accuracy of
diagnostic imaging by hospital type in
pediatric appendicitis. Pediatrics.
2013;131(1):e37--44.
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Overuse of CT in paediatric emergency departments

Teaching hospitals Vs. Non-teaching facilities

Hoshiko et al. (16) | An earlier and more considerable decline in CT rates was demonstrated in
teaching hospitals during the study period (2005-2012).

Marin et al. (43) Non-academic non-paediatric EDs had higher odds of using any type of CT
during injury-related visits (OR = 1.51, 95% Cl = 1.16 to 1.96).

Saito et al. (89) Children who were initially evaluated for appendicitis in a community hospital
were about 4.5 times more likely to have a CT scan and were less likely to have
an abdominal US as compared to an academic center.

Blackwell et al. (55) | This study demonstrated no differences in CT use between teaching and non-
teaching facilities (21% CT usage rate in each).

Paediatric-specific facilities Vs. General hospitals

Adelgais et al. (17) | Cervical spine CT usage has increased particularly in children originally assessed
at general EDs (from 6.8% to 42.0%), as compared to patients in paediatric

specific facilities (from 3.5% to 16.1%) between 2002-2011.

Wylie et al. (10) Paediatric training and higher paediatric volumes were associated with less
frequent use of head CT.

Blackwell et al. (55) | CT was used more frequently in general EDs (22%) than in paediatric-specific
EDs (13%) during the study period(1995-2003).

Neff et al. (87) Patients who initially presented at a referral hospital were more likely to
undergo CT scan for presumed acute appendicitis than patients presented at a
children’s hospital. In addition, the Alvarado score has been effective in
preventing unneeded CT scans in the children’s hospital, but was not taken into
account in the referral hospitals.

Michailidou et al. Children that presented at a referral institution with acute abdominal pain had

(88) a 5-fold larger likelihood to receive a CT scan, compared to children presented
at a paediatric ED.

Orly Ohana et al.British Instutite of Radiology,Review
Article,2017,doi.org/10.1259/bjr.20170434

General
hospitals,

non academic
hospitals,

Non-trauma
centers,

provide more
radiation to the
children.
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Geriatric patients

* According to the National Hospital Ambulatory Care Survey in
2011, nearly 15% of all ED visits were by patients older than 65
years.

* After chest pain and shortness of breath, abdominal pain is the
third most common chief complaint in patients older than 65
years who present to the ED.

* These diseases are more complex, in both presentation and
treatment, in geriatric patients than younger counterparts.

* Geriatric patients seen in the ED for abdominal pain
— have higher rates of admission, up to 60%
— longer length of stays in the ED and inpatient units when admitted.

National Center for Health Statistics. Health, United States, 2014. Hyattsville (MD):
U.S. Department of Health and Human Services; 2014
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Geriatric patients

e Geriatric patients admitted
for abdominal pain, nearly
20% underwent an invasive

Table 1
Imaging modalities for geriatric patients with abdominal pain

Imain in Abdominal Pain in the Elderl
Modali Pros Cons Ideal for Evaluation of

Plain ¢ Portable
Radiographs e Widely available
¢ Quick to interpret
o Economical
o High sensitivity
and specificity for
numerous abdom-
inal conditions
o Quickly
accomplished

o Lacks sensitivity
and specificity
compared with
other modalities

o May require
nephrotoxic
contrast

o May not be readily
available

¢ Bowel obstruction

+ Foreign body identification

o Free intraperitoneal air (if of
sufficient

o Abdominal aortic aneurysm
o Appendicitis

o Diverticular disease

o Bowel obstruction

o Portable
o No contrast
required

Ultrasound

¢ High-resolution
images

¢ Avoidance of
nephrotoxic
contrast

Angiography e Useful in both
diagnosis and
treatment

¢ Operator-
dependent

+ Body habitus
limitations

o Not readily
available

¢ Time consuming

o Expensive

o Invasive
o Nephrotoxic
contrast

o Gallbladder disease
o Abdominal aortic aneurysm
o Bowel obstruction

o Diverticular disease
o Abdominal aortic aneurysm

o Mesenteric ischemia

procedure or surgery.

More charges and cost the
health care system
compared with younger
patients.

Of those geriatric patients
presenting to the ED for
abdominal pain who
undergo surgical
intervention, 17% will die,
with mortality approaching
40% for patients older than
80 years.
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Pregnancy

 The European Society of Urogenital Radiology (ESUR) and the American
College of Radiology (ACR) recommend to perform magnetic resonance
imaging (MRI) after indeterminate US, and to only use computed
tomography when MRI is not available.(1)

* They did not give any recommendation with regard to the CT protocols(2)

1.Masselli G et al.Acute abdominal and pelvic pain in pregnancy: ESUR recommendations. Eur Radiol 2013,23:
3485-3500

2.Smith MP et al.2015 ACR appropriateness Criteria® right lower quadrant pain—suspected
appendicitis.Ultrasound Q 31:85-91
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Suspicion of appendicitis in pregnant women: emergency evaluation
by sonography and low-dose CT with oral contrast
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Abstract

Objectives To evaluate non-intravenously enhanced low-dose computed tomography with oral contrast (LDCT) for the assess-
ment of pregnant women with right lower quadrant pain, when magnetic resonance imaging (MRI) is not immediately available.
Methods One hundred and thirty-eight consecutive pregnant women with acute abdominal pain were admitted in our emergency
centre. Thirty-seven (27%) of them, with clinical suspicion of acute appendicitis, underwent abdominal ultrasonography (US).
No further examination was recommended when US was positive for appendicitis, negative with low clinical suspicion or
showed an alternative diagnosis which explamed the clinical presentation. All other patients underwent LDCT (<2.5 mSv).
Standard intravenously enhanced CT or MRI was performed when LDCT was indeterminate.

Results Eight (22%) of 37 US exams were reported normal, 25 (67%) indeterminate, 1 (3%) positive for appendicitis, 3 (8%)
positive for an alternative diagnosis. LDCT was obtained in 29 (78%) patients. It was reported positive for appendicitis in 9
(31%), for alternative diagnosis in 2 (7%), nomal in 13 (45%) and indeterminate in 5 (17%). Further imaging (standard CT or
MRI) showed appendicitis in 2 of these 5 patients, was truly negative in 1, indeterminate in 1 and falsely positive in 1. An
appendicitis was confirmed at surgery in 12 (32%) of the 37 patients. The sensitivity and the specificity of the algorithm for
appendicitis were 100% (12/12) and 92% (23/25), respectively.

Conclusions The proposed algorithm is very sensitive and specific for detection of acute appendicitis in pregnant women; it
reduces the need of standard CTs when MRI is not available as second-line imaging.




Artificial intelligance(Al) on CT
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NARRATIVE REVIEW Open Access

®

Artificial intelligence in medical imaging:
threat or opportunity? Radiologists again at
the forefront of innovation in medicine

Filip and Fra danelli**

Radiography

Mammeography and b

* Machine learning

e Big data

* Automated report generation
* Multimodality image analysis
e Publicly available datasets
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Progress in Fully Automated
Abdominal CT Interpretation

OBJECTIVE. Automated analysis of abdominal CT has advanced markedly over just

the last few years. Fully automated asse
cle, bow =

oreans. lymph nodes, adipose tissue, mus-

0TS are some examples where tremendo

CONCLUSION. This article reviews the progress and provides insights into what is in
store in the near future for automated analysis for abdominal CT, ultimately leading to fully

automated interpretation.
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breast, automated analysis of im-
ages of the abdomen has been a
relative latecomer to radiology.
However, the pace of innovation for automat-
ed abdominal image analysis has accelerated
in just the last few years. Much of this prog-
ress has focused on CT, the workhorse of ab-
dominal diagnosis. For example, in a concert-
ed effort over the last 15 years, great progress
was made In image processing of CT colo-
nography, leading to such advances as virtual
colonoscopy fiythrough and computer-aided
detection (CAD) of polyps. Beginning in the
same time frame and extending to the pres-
ent, numerous articles describe methods to
automatically detect, quantitate, and classify
imaging findings on routine abdominal CT.
These advances are moving the field closer to
achieving the promise of fully automated im-
age analysis and interpretation [1, 2].

Automated image analysis will be con-

sidered here in the broadest sense, includ-
ing quantitative analyses and CAD and clas-
sification of disease. This review will cover
the broad swath of applications in the abdo-
men, including organ, lymph node, adipose
tissue, muscle, bowel, spine, and tumor anal-
ysis. Some speculations about the future of
this dynamic field will conclude the review.

Overview

Radiologists perform numerous high-lev-
el tasks when interpreting abdominal CT
images. These tasks include assessment of
organs and detection, classification, and mea-

ons. Incidental findings must
be considered and accepted or rejected. The
findings must be put into the proper clinical
context of the particular patient. For example,
the knowledge that a patient has cancer in-
fluences the classification of a new lesion as
metastatic versus infectious or inflammatory.

Each of these tasks is amenable to automa-
tion. Organs can be located by the computer
using atlas- and landmark-based methods. Or-
gan volume and shape can be assessed by find-
ing the edges of the organs in three dimensions,
a process known as segmentation. Lesions can
be detected and segmented by assessing the
patterns of Hounsfield unit intensities in the
organs to identify anomalies. Example pat-
terns include variations in intensities, texture,
and shape. The quantitative measurements of
these patterns are known as features.

To perform accurate detection and seg-
mentation, organs and lesions must be dis-
tinguished from other surrounding tissues
to avoid false recognition. To do so, features
calculated for organs, lesions, and surround-
ing tissues are fed into classifiers to teach the
computer how to distinguish them. The fi-
nal outputs include those useful for diagno-
sis (true-positives) and incorrect ones that
are not useful (false-positives). At the present
time, for most applications, the computer al-
ways produces false-positives, necessitating
radiologist review. However, the number of
false-positives is steadily decreasing as the
computer techniques improve.

There are two approaches to developing
accurate automated radiologic image analy-
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Abstract

Artificial intelligence (AI), particularly deep learning algorithms, is gaining
extensive attention for its excellent performance in image-recognition tasks. They
can automatically make a quantitative assessment of complex medical image
characteristics and achieve an increased accuracy for diagnosis with higher
efficiency. Al is widely used and getting increasingly popular in the medical
imaging of the liver, including radiology, ultrasound, and nuclear medicine. Al
can assist physicians to make more accurate and reproductive imaging diagnosis
and also reduce the physicians’ workload. This article illustrates basic technical
knowledge about AL including traditional machine leaming and deep leaming
algorithms, especially convolutional neural networks, and their clinical
application in the medical imaging of liver diseases, stch as detecting and
evaluating focal liver lesions, facilitating treatment, and predicting liver
treatment response. We conclude that machine-assisted medical services will be a
promising solution for future liver medical care. Lastly, we discuss the challenges
and future directions of clinical application of deep learning techniques.

Key words: Liver: Imaging; Ultrasound; Artificial intelligence; Machine leaming: Deep
leamning

Table 1 Clinical application of artificial intelligence

Detecting fatty liver disease and making risk
stratification

Detecting and distinguishing different focal liver lesions

Evaluating liver steatosis
Evaluating chronic liver disease
Discriminating liver tumors

Predicting treatment response

DCCA-MKL: Deep canonical correlation analysis-multiple kernel learning; MRI: Magnetic resonance imaging; US: Ultrasound.

Deep learning based on US

Deep learning based on US
Deep learning based on US

Machine learning algorithm based on
SWE

DCCA-MKL framework based on US
Machine learning algorithm based on }
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Evaluation of an AI-Based Detection Software fo!
Acute Findings in Abdominal Computed
Tomography Scans

Toward an Automated Work List Prioritization of Routine
CT Examinations
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Objective The aim of this study was to test the diagnostic performance of a deep learning-based triage system for the detecti
bf acute findings in abdominal computed tomography (CT) examinations.

Materials and Methods Using a RIS/PACS (Radiology Information System/Picture Archiving and Communication System)
search engine, we obtained 100 consecutive abdominal CT's with at least one of the following findings: free-gas, free-fluid, or
‘at-stranding and 100 control cases with absence of these findings. The CT data were analyzed using a convolutional neural
hetwork algorithm previously trained for detection of these findings on an independent sample. The validation of the results
vas performed on a Web-based feedback system by a radiologist with 1 vear of experience in abdominal imaging without priy
inowledge of image findings through both visual confirmation and comparison with the clinically approved, written report a
‘he standard of reference. All cases were included in the final analysis, except those in which the whole dataset could not be
processed by the detection software. Measures of diagnostic accuracy were then calculated.

Results A total of 104 cases were included in the analysis, 6 excluded because of technical problems during the extraction of
DICOM datasets from the local PACS. Overall, the algorithm achieved a 93% sensitivity (01/98, 7 false-negative) and 97%
specificity (93 3 false-positive) in the detection of acute abdominal findings. Intra-abdominal free gas was detected with
2% sensitivity (54/59) and 93% specificity (39/42), free fluid with a 85% sensitivity (68/80) and 95% specificity (2

[at stranding with a 81% sensitivity (42/50) and 98% specificity (48/49). False-positive results were due to streak artifacts,
bartial volume effects, and a misidentification of a diverticulum (eachn =1).

Conclusions The algorithm's autonomous detection of acute pathological abdominal findings demonstrated a high diagnostig
>erformance, enabling guidance of the radiology workflow toward prioritization of abdominal CT examinations with acute
ronditions.
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Autopilots for airplanes
changed the role of the pilot.

Self-driving cars will change the
role of the driver.

In both cases, the human is still
ultimately responsible for the
safety of the passengers.

Similarly, fully automated
abdominal CT image
interpretation is likely to change
the role of radiologists, but they
will still be responsible for
taking care of the patient and
making the final diagnosis
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Summary

Management of patients:universal algoritm’s
Good medical practice

No amount of radiation should be considered
absolutely safe.

Special ages group,more attention

Higher benefits than harm in ED(life threating
conditions)
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