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Role of Imaging physician: 
Outline

 Assign radiologist and technologist

 Determining appropriateness of indication for CT

 Designing indication driven scan protocols 

 Implementation on CT scanners 

 Periodic review of scan parameters: QatchAll



Assign Responsibility: The MGH way  

 Radiologist
 One subspecialty radiologist responsible for their section CT 
 Makes protocols with or without help from……
 Shares with Division head (depends) or others (variable)
 Relays to the CT technologist supervisor 
 Monitors trial run and quality 
 Listens to complaints

 Supervisor Technologist
 May or may not participate in making protocols
 Responsible for saving, printing and installing protocols
 Listens from the Radiologists for issues



Establishing appropriateness

 First step to all dose reduction 
 Review indications for CT
 External guidelines: Ex: ACR appropriateness criteria 
 Internal dialogue:
 Amongst subspecialty radiologists
 Key referring physician

 Automating Radiology exam ordering: ROE 
 Simplifying process of selecting appropriate exam order: 
Decision support



Justification of scanning indications



Avoid Unintentional Repeats  & INFORM



Justified CT: Effect on volume

 Choo

Sistrom et al. Radiology 2009

Appropriateness for CT is 
not an optional scan 
factor. 

Decision support and  
practice guidelines help.



Know the CT Inventory

 Scanner vendors
 Company that made the CT

 Scanner types:
 Number of detector rows for MDCT 
 Number of x‐ray sources

 Reconstruction options on individual scanners:
 FBP 
 FBP and partial IRT



Steps to Design Protocol

 For each scanner: 

 Separate protocols for different body regions

 In each body region: 

 Start always from indications 

 Next optimize scan parameters for patient size 

 Always separate adult and pediatric CT

 Start designing from the “routine” or “general” protocol

 Migrate to specific higher or lower dose protocols



Clinical indications: Image 
Quality
 Requirement of image quality and dose is specific 
to the clinical indication 

 Tailoring CT protocols to clinical indications is 
therefore important 



Region

 Subspecialist or generalist or technologist
 Important to make & save Head protocol in head 
section and not in body section
 Eg. Siemens 
 specific kernel for head and body
 Dose specific to head with 16 cm phantom

 Eg. GE  
 Dose specific to head with 16 cm phantom

 Likewise, save and archive pediatric protocols in 
pediatric page or section on CT console



In each region: Indication driven protocols

Protocol Clinical Reasons Specific 
instructions

Routine chest 
with IV contrast

Lung masses, infections,
assessing mediastinum/ hilum/ 
pleura, chest wall mass, trauma 

Rules for prone series

Routine chest
without contrast

Elevated creatinine for above, 
Follow-up pulmonary nodule

Rules for prone series

Diffuse lung 
disease protocol

e.g. Sarcoid, bronchiolitis obliterans, asthma, 
COPD, ILD, pulmonary fibrosis

+ Expiratory &  Prone images

Lung nodule 
follow up 

Lung nodule on prior CT Do not cover beyond lungs 
(no adrenals)

Lung cancer 
screening

Lung cancer screening in high risk patients Do not cover beyond lungs 
(no adrenals)

CT PE Suspected or known pulmonary embolism Apices to lung bases 
(no adrenal coverage)

Tracheal protocol Tracheobronchomalacia
Tracheal stenosis

+ Inspiratory & expiratory
(MPR, virtual Bronchoscopy)



Tailoring Dose to indications 

Kubo et al. AJR 2008



Specific parameters: kVp and mA

 What kVp should be used 
 Higher kVp: routine CT, abdomen
 Lower KVp: CTA, perfusion 
 Manual versus automatic KVp selection: CarekV, Siemens

 Tube current
 Most body CT and even head CT: Use AEC
 AEC adapts for body size and region

 Radiologist adapts AEC to clinical indications



Other players

 Pitch: 
 Head CT: Close to 0.5 or 0.6
 Body CT: Set per requirement of scanning speed (≥ 1)
 Fast scanning: Flash DSCT pitch can go much higher (>1.5)

 Detector configuration:
 Bigger is better (16 * 1.25 is better than 16* 0.625mm)
 Caveats: head or higher res (Siemens : 12*0.3mm > 64*0.6mm)

 Slice thickness: Acquire thins, reconstruct thick: Less noise

 Number of scan phases: Abdomen routine non contrast eliminated 

 Scan coverage: scan length 

 Rotation speed: Keep fastest…for most regions



Tailoring Indications For Patient 
Size

Patient 
weight

FBP CT 
(64,16, 8 -CT)

ASiR CT 
(GE HDCT)

Young 
patients  (<40 

years)

Lung nodules
(fixed mA)

<135 lbs 25 NI
(75 - 250 mA)

32 NI
(75 - 200 mA)

30 NI
(50 -150 mA)

30 mAs

135-200 lbs 30 NI
(75 - 350 mA)

35 NI
(75 - 250 mA)

30 NI
(50-200 mA)

60 mAs

>200 lbs 30 NI
(75 - 550 mA)

38 NI
(75 - 350 mA)

35 NI
(75 - 350 mA)

90 mAs

AEC AEC AEC No AEC

Chest CT

2.5 mm section thickness
Protocol for GE MDCT with Auto mA 3D



                                              CT PROTOCOL
                                                         64 SLICE

Feb-08                                                     GE Scanner

Under 135 lbs
Indications: Lung mass, lymphoma, adenopathy, infection, pneumonia, pulmonary obstructive,

disease, abnormal chest x-ray, lymphadenopathy, lump in chest, back pain, chest
pain, hemoptysis, fatique and malaise

IV Contrast: 370mg 65 cc 
Saline 40 cc

IV: 20 Gauge
Oral Contrast: 
Delay: 35 sec
Rate: 2.5 cc/sec
SERIES 1: SCOUTS-  SEND TO PACS AS SERIES 1
Landmark SN
Scout AP and LAT
Technique 80 kV  20mA
SERIES 2:  CHEST I+
Location
Mode Helical Thickness: 1.25 mm
Time 0.5 Interval: 0.625 mm
Thickness 2.5 mm Algorithm: ASIR 30 STD
Detector 64 x 0.625mm DFOV: Skin - Skin
Pitch 0.984 Recon Mode: RETRO (NOT PROSP)
Speed 39.75 Send to PACS? NO
Interval 2.5 mm
Gantry Tilt 0 Thickness: 1.25mm
SFOV Large Interval: 20mm 
KV 120
Auto MA min mA 75 Algorithm: ASIR 30 BONE

max mA 440 (Do NOT exceed 440 mA for patients less than 200 lbs) DFOV: Rib-rib
Noise Index 16.3 (12.5) Recon Mode: RETRO
DFOV skin to skin (do not exclude axilla) Send to PACS? YES
ALG ASIR 30 detail No ASIR detail
SERIES 3:  PRONE SCOUTS (if pleural fluid)  DO NOT SEND TO PACS Thickness: 2.5 mm
Landmark: SN Interval: 2.5 mm
Scout: AP only Algorithm: STD
Technique 80Kv  10mA DFOV: Skin - Skin
SERIES 4:  DELAYED PRONE (if pleural fluid)   SEND TO PACS      Send to PACS? YES
Location Limit to area of effusion
Mode Helical
Time 0.5
Thickness 7.5 mm
Pitch 1.375
Speed 55 mm / rotation
Interval 7.5 mm  (limit to area of effusion)
Gantry Tilt 0
SFOV Large
KV 100
Fixed mA 100
Noise Index Do not use Auto mA
DFOV skin to skin
API Inspiration
ALG Standard

APEX THROUGH ABDOMEN

SAG AND COR MPR

CHEST

Chest - Routine / with Contrast   I+

Positive contrast for CHEST ONLY exams

Apices to adrenals [ADHERE TO LANDMARKS (define)] RETRO RECON

LUNG HRCT RETRO
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Thickness: 1.25 mm
Interval: 0.625 mm
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Thickness 7.5 mm
Pitch 1.375
Speed 55 mm / rotation
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Cardiac CT



Pediatric Body CT

2.5 mm section 



Converting to 
IRT 1st Recon : ASIR 50% - 5 mm

50% lower dose comp. to FBP

Weight Noise Index Minimum mA Maximum mA kVp

BABIES <20 lbs 5 65 130 80

CUTIES 20-60 8 80 160 100

KIDDIES 60-100 11 95 190 120

TEENIES 100-200 13 110 220 120

BIGGIES >200 15 130 300 120

PINK ZONE  

Weight Noise Index Minimum mA Maximum mA kVp

BABIES <20 lb 7 40 80 80

CUTIES 21-60 10 50 100 100

KIDDIES 61-100 14 60 120 120

TEENIES 100-200 17 70 140 120

BIGGIES >200 18 100 240 120

Pediatric Body CT



Adapting to Siemens Equipment: 
Pediatrics
GREEEN ZONE Weight Quality Ref mAs: KVP

Babies  <20  lbs 50 80

Kiddies  20‐80 lbs 50 100

Teenies and biggies >81 lbs to any weight 100 120

PINK ZONE Weight Quality Ref mAs: KVP

Babies  <20  lbs 80 80

Kiddies  20‐80 lbs 80 100

Teenies and biggies >81 lbs to any weight 150 120

RED ZONE Weight Quality Ref mAs: KVP

Babies  <20  lbs 36 80

Kiddies  20‐80 lbs 36 100

Teenies and biggies >81 lbs to any weight 80 120

Pediatric Body CT



Sharing protocol files

 Once protocols are made
 Educating the CT technologists
 Saving CT protocols on individual scanners
 Ensuring protocols for head go to head section only
 Trial run in few cases – Review of images‐
 Full throttle
 Tweak and re‐trial and re‐review images 

 Locked in protocols: Avoid unintended changes 



Sharing protocol files

 Having hard copy protocol books by body region in 
all scanner suites
 Scan length
 Scan phases or passes
 Contrast injection details

 Shared drive access to protocols  with in the 
intranet from any internal personal computer
 Electronic copies of protocols with version date and 
protocol types





MGH‐ Auditing doses with CT

Body  regions NCRP-160 Arch. Intern. Med: 
2009*

MGH-2010

Mean 
Eff. dose 

(mSv)

Range 
Eff.  dose 

(mSv)

Mean 
Eff. dose 

(mSv) 

Range 
Eff. dose 

(mSv)

Mean 
Eff. dose 

(mSv)

Range 
Eff. dose 

(mSv) 
Abdomen 10 3-25 12 - 6.9 3-11.2

Chest 7 4-18 7 - 3.2 1.9-6.2

Neck - - - - 3.3 1.4-14.8
Head 2 0.9-4 2 - 2.0 1.9-2.4

CTA head 5 1-10 5 - 4.5 2.7-5.6

CTA Heart 20 5-32 - - 7.6
retrospective

3-15.6

1.9
prospective

0.6-4.3



Monitoring for Dose Compliance

 Scan range
 Scan overlap
 CT procedure 
 Axial versus helical use 
 Position of arms for localizers and AEC



Scan length
 95% of CT abdomen have extra images acquired beyond the area of 

interest.

 Study showed that 1280 extra images were acquired in 106 patients 
equivalent to that in 12 ‐16 CT exams! 

 Limit scan to intended anatomic area to cut dose by 10%

 Abdomen: 
 Just above diaphragm – Inferior pubic symphysis

 Chest:
 Routine: Apex to adrenals 

 PE or benign clinical reasons: Apex to lung bases

Namasivayam et al, ARRS 2006



86%

14%

89%

11%

Minimize scan 
overlap to reduce 

dose!                          

Scan Overlap

Namasivayam et al, ARRS 2006

Neck‐Chest CT Chest‐Abdomen CT



Position of arms for neck‐chest CT

20 mGy 14 mGy

20 sec later with 
no change in scan factors

Kalra et al. AJR 2004



Conclusion

 Imaging physician plays in important role in 

 Making justification for certain clinical indication 

 Indication driven protocols

 Patient size based dose optimization

 Education of technologists

 Archiving protocols online & in accessible  paper files

 Monitoring compliance with protocols 
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