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Background

ÅMajority of abdominal CT scans: 120 kV

ÅIt is possible to reduce to 80-90 kV*

ÅBenefits of low-kV CT:

ïRadiation dose reduction**

ïIncreased contrast provides increased conspicuity to 

enhancing lesions and structures ***

*Funama, et al., Radiology 2005 

*Nakayama, et al., Radiology 2005

**Ende, et al., Invest Radiol 1999

**Huda, et al., Med Phys 2004

***Nakayama, et al. AJR 2006

*** Macari, et al.  AJR 2010
80 kV 120 kV



Lower-kV Benefits ï

Increased Iodine Contrast



Lower-kV Benefits ï

Increased Iodine Contrast

140 kV80 kV



Lower-kV Benefits ï

Reduced Radiation Dose

120 kV, CTDIvol=5.18 mGy 100 kV, CTDIvol=3.98 mGy



140kV 80kV

Lower-kV Risks ï

Increased Noise or Artifacts
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The appropriateness of using 

lower-kV is highly dependent on 

patient size anddiagnostic task
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Overview

ÅHow does kV affect iodine enhancement and noise?

ÅHow does patient size affect this relationship?

ÅHow can I safely pick lower kV imaging without 

sacrificing diagnostic image quality?

ÅWho is going to benefit from low kV imaging?

ÅHow can I integrate lower kV imaging into my 

practice?

ÅHow do lower kV images look different?

ÅFuture of lower kV imaging
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How does kV affect iodineenhancement?

ÅIodine attôn at 

80 kV twice that 

of 140 kV

ÅRelative to 

iodine attôn at 

120 kV

ï70% higher at 

80 kV

ï25% higher at 

100 kV

Iodine Contrast vs. kVp
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How does kV affect water enhancement?

ÅRelative contrast 

changes only 

hold for high 

atomic number 

substances

ïIodine, barium

ïNOTwater, soft 

tissue, calcium

0.1

1.0

10.0

100.0

1000.0

10000.0

100000.0

0 50 100 150

x-ray energy (keV)

li
n

e
a

r 
a

tt
e

n
u

a
ti

o
n

 c
o

e
ff

ic
ie

n
t 

(1
/c

m
)

Water

Cortical Bone

Pure Iodine

80 

kV 140 

kV

Courtesy Dr. Lifeng Yu

Bruesewitz et al.  RSNA 2009



Technology Assessment Institute: Summit on CT Dose

How does kV affect iodine enhancement?

80 kV

1193 HU

120 kV

695 HU



140 kV 80 kV



Relative Contrast Differences due to 

Iodine Also Increase at Low kV

120 kV 100 kV



Relative Contrast Differences due to 

Iodine Also Increase at Low kV

140 kV 80 kV

Macari M et al.  AJR 2010
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How does kV affect iodine noise?

For large 

patients, lower 

kV imaging 

can result in 

excessive 

beam 

hardening and 

other artifacts

Noise vs. kVp (CTDIvol=23mGy)
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F G

80 kV imaging with excessive artifacts limiting diagnostic quality
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Figure 5
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Low kV Imaging: Maintaining Image Quality

ÅIssue is noise (patient size)

ïOrgan of interest

ïMeasurements of size

Guimaraes et al.  RSNA 2008

Å116 pts undergoing 80 kV CT

Å2 ï3 mm slices

ÅIQ, artifact, confidence

ÅMultiple pt size measures
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Association of Patient Sizewith Unacceptability

Odds Ratio p-value

14 x 1.2 mm

Liver 2.5 0.005

Pancreas 1.9 0.014

Kidneys 1.2 0.42

Ileum 1.4 0.11

64 x 0.6 mm

Liver 1.8 0.005

Pancreas 2.0 0.014

Kidneys 4.8 0.42

Ileum 1.7 0.11
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Association of Patient Sizewith Unacceptability

Dimension cut-offs (cm) that would achieve Ó90%sensitivity and 

Ó80%sensitivity for prediction of an unacceptable exam

* Likely underestimated due to small # of unacceptable cases (n=2 or 3)

cm 14 x 1.2 mm 64 x 0.6 mm

90%

Sensitivity

90%

Sensitivity

Liver 36 33

Pancreas 35 34

Kidney 36* 37

Ileum 35* 35



Technology Assessment Institute: Summit on CT Dose

ÅLateral width the best predictor of acceptable 

image quality

< 36 cm => 80 kV imaging acceptable

< 41 cm => 100 kV imaging acceptable

ÅLarger patients may not be able to undergo low kV 

imaging

ÅPatient size selection only insures good quality

ïDose reduction is considered separately (later)

Association of Patient Sizewith Unacceptability
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Who is going to benefit from lower kV imaging?
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Who is going to benefit from lower kV imaging?

ÅLimited IV access

ÅLimited contrast dose

ÅSubtle attenuation differences

ÅYoung patients

ÅSmall and medium-sized adult 

patients
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Limited IV access

80 kV

< 1 cc injection over 3 minutes
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2 cc/s with pedal access

Imaged at 85 sec

Limited IV access
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Who is going to benefit from lower kV imaging?

ÅLimited IV access

ÅLimited contrast dose

ÅSubtle attenuation differences

ÅYoung patients

ÅSmall and medium-sized adult 

patients 
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Limited Contrast Dose

80 cc Omnipaque due to solitary kidney
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Who is going to benefit from lower kV imaging?

ÅLimited IV access

ÅLimited contrast dose

ÅSubtle attenuation differences

ÅYoung patients

ÅSmall and medium-sized adult 

patients
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Subtle Attenuation Differences

120 kV

21 HU difflesion-liver

80 kV

45 HU difflesion-liver


