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A Nuclear Medicine Study

Digital Imaging and Communications in Medicine
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Report:
LVEF (Left Ventricular
Ejection Fraction) is 63%.
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EF Params 5 = S
LT ANT LUNG(%) = 45.03 RT ANT LUNG(%) = 54.97
LT POST LUNG({%) = 46.08 RT POST LUNG{%) =63.92
LEFT GEOMETRIC MEAN(%) =46.66 RT GEOMETRIC MEAN(%) =54.45
 leoic ROK
¥ Background ROI
LPO v. RPO
UP/LOW (%) = 26.67/18.88 UP/MID/LOW Lobe(%) = 18.90/6.14/29.41
Abs Up/Lo(%) = 58.56 /41.44 Abs UM/L Lobe(%) = 34.72/11.27/54.01
EF Results

STRESS FEP(G)
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STRESS_FBP(G)(motion corrected) DELAY_FBP(G)(motion corrected)
1

LEFT POSTEROR  RiOHT
STRESS_FBR(G) DELAY_FBR(G)_

LT ANT LUNG(%) = 45.03 RT ANT LUNG(%) = 6497

LT POST LUNG(%) = 46.08 RT POST LUNG(%) =53.92

LEFT GEOMETRIC MEAN(%) =45.55 RT GEOMETRIC MEAN(%) 64.45

UPILOW (%) = 266711888 UP/MIDILOW Lobe{%) = 18.90/5.14/29.41
Abs UpiLo(%) = 6856/ 41.44 Abs UMWL Lobe(%) = 3472/11.27/64.01

Nuclear Medicine Radiology

Function Anatomy
Activity Morphology
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Image flow: before PACS




Image flow: PACS ere
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Screen Capture of Workstation

Primary images of cardiac blood pool
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Primary Image vs.

Hold information for quantification No information for guantification
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Stack of primary images

Screen Capture of MIP
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Old storage for NM
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Interfile

Digital Imaging and Communications in Medicine

A file format for NM image

1982 COST-B2 project of European community
Need to design quality assurance programs

Define a file format for data sharing

Contains information about study and images

- (EEEERTE =181|
Oy EEE) MA0) 2I0 SsE(H) OrEiFy MWEE) M0y 2 EZEH) DFE BHEE) MA0 HIW ES2(H)

data compression :=none decay corrected :=H tmaximum pixel count :=22 ;I
data encode I=none *STATIC STUDY (General) := total counts :=7781

*GEMERAL IMAGE DATA := number of imagesfenergy window :=2 |*Static Study (each frame} :=

ttype of data :=Static tStatic Study {each frame) := timage number :=2 I
ttotal number of images :=2 timage number :=1 tmatrix size [1] :=64

study date :=1991:88:21 tmatrix size [1] :=64 tmatrix size [2] :=64

study time :=108:88:84 tmatrix size [2] :=64 fnumber format :=signed integer

timagedata byte order :=BIGENDIAH tnumber fFormat :=signed integer tnumber of bytes per pixel :=2

tnumber of enerqgy windows :-=1 tnumber of bytes per pixel :=2 timage duration {sec) :-=2088

energy window [1] := Tc99m timage duration (sec) :=188 image start time :=11:18: 8

energy window lower level [1] := 123 |image start time :=18:28: @ tmaximum pixel count :==21

energy window upper leuvel [1] := 155 [tmaximum pixel count :=22 total counts :=8512

flood corrected :I=H total counts :I=7781 *END OF IMTERFILE := LI
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Interfile: file format for NM image

Old scanner’s workstation produce
‘nice’ interfile but
‘awful’ DICOM formatted file.
Old scanner’s workstation
can export/import interfile,
can export DICOM-file,
CeraSPECT canNOT import DICOM-file.

Limitations of "Interfile
Lacks many information fields such as image position, orientation, ...
Only for images from nuclear medicine
A file format specification, not a transfer protocol

Kim - Nuclear Medicine PACS



Old scanner’s images £DICOM

at N eW WO r k St ati () Digital Imaging and Communications in Medicine

Incompatible DICOM header
DICOM elements to calculate SUV, 3D positioning/orientation
Problems manipulating old PET machines images
(Gemini, Advances, ...) at workstations from other vendor
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Philips Gemini PET image on GE Centricity Viewer
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Quantitation using PET scz
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H OH
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OH OH .
HO il HO Vi
CH
D-Glucose 2-Deoxy - 2 Fluoro - D-Glucose SUV = 26 g/ml
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Quantitation using PET scanner

Standardize activity

SUV(t) = clt)

injected activity(t) [ body weight

CHILG
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Application of SUV

SUV=15g/ml
Metastasis from Colon cancer

Digital Imaging and Communications in Medicine

SUV=3g/ml
Nodular hyperplasia
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Application of S sFDICOM
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Treatment response evaluation (Chemotherapy+Radiotherapy)

After therapy

Before therapy

Partial Metabolic Response:
Decrease in MaxSUV > 25% (20.9->9.5)

Before therapy After therapy

Complete Metabolic Response:
MaxSUV 11.6->background

Kim - Nuclear Medicine PACS
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~[Z] [0010,0030) DA B Patient's Birth Date 19620307
[Z] (p010,0040) cs 2 Patient's Sex F
- [0010,1010) aAs 4 Patient's Age 053y
~[Z] [0010,1020) Ds 4 Patient's Size 1.52
[Z] (po10,1030) Ds 2 Patient
-[Z] (0010,21B0) LT o Additio H Paste Object
-[Z] (0017,0010) LO 12
[£] (0017,1004) DT 18 Arrange lmage
-] [0018.0050) DS 6 Slice T
~[Z] [0018,0071) cs 4 Acquisi
[£] (p018,0073) cs 4 Acquis
;i -] [0018.0074) 15 z Acquisi
Min 13191 ~[Z] [0018,0075) 1S 2 Acquisi
Max 22147 £l (0018,1020) 1O 6 Softwal )
SD 3200.72 -] [0018.1030) Lo 14 Protocc Frint
Xean7167§é4 ; OOA 5 ~[Z] [0018,1060) Ds 2 Trigger
gen /0.2 0N £ (0018,1063) DS 2 Frame Preference,.,
-] [0018.1083) 15 2 Interva P
+
-[Z] (0018,1084) 18 2 Interva Minirnize WiIN+2
2 (0018,1100) DS 4 Recont Fit Alt+FA
-] [o018.1120) Ds 2 Gantry/Detector Tilt 0
~[Z] [0018,1147) cs 16 Field of View Shape CYLINDRICAL RING
[Z] (p018,1149) 15 8 Field of View Dimension(s] 7004153
-] [0018.1181) cs 4 Collimator Type NONE
~[] [0018,1242) 1S5 6 Actual Frame Duration 150000
[£] (p018,5100) cs 4 Patient Position HFS
-2 [0019.0010) Lo 12 SIEMENS CM ¥AD CMS - Net Frequency GEMS_PETD_01
Tag | Name | UR | un | Length Ualue
~ (#628,8811) Columns us 1 2 144
- (8828,0038) Pixzel Spacing DS 2 1 ity
- (@828 ,80851) Corrected Image Cs i 4 DECYWRADLYATTHSCA
- (8628,0108) Bits nAllocated us 1 2 16
- (@828 ,8181) Bits Stored us 1 2 16
- (8828,8102) High Bit us 1 2 15
- {0028,01083) Pixel Representation us 1 2 1
- {@028,8186) Smallest Image Pixel Value us 1 2 o
- (0828 ,81087) Largest Image Pixel Ualue us 1 2 6335
- (8828,1858) Window Center DS 1 11 20863.187184
- (0028,1851)  Window Width DS 1 11 4126 .374368
- (@828 ,10852) Rescale Intercept DS 1 1 a
- {0028,10853) Rescale Slope DS 1 1
FARALA RARARY r© ARLEA | th il 4 I D00
4 I 1
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Quantifyingiy &DICOM
U S I n g D I C O M Dtlgitflnmging and Communications in Medicine

c(t)

injected activity(t) [/ body weight

SUV(t) =

Min 13191
Max 22147

r%1%alw3fggi1%00 ;

Area 76.29 mm*2 E] (0054,1000) Ccs 12 Series Type STATICHIMAGE
E] [0054,1001]) Ccs 4 Units BOML
E] [0054,1002) Cs g Counts Source EMISSION

22147 Bg/ml

IE] (0010,1030] DS 2 Patient's Weight 62
E‘a [0054,0016]) 50 -1 Radiopharmaceutical Information Sequence
=<3 (FFFE,E000) OB -1 ltem
~[£] (0018,0031) LO 26 Radiopharmaceutical FDG — fluorodeoxyglucose
~[£] [(0018,1071) DS 2 Radiopharmaceutical Yolume 0
~[£] (0018,1072) T™ 10 Radiopharmaceutical Start Time 092300.00
~[Z] [0018.1073) TM 10 Radiopharmaceutical Stop Time 092400.00
~[£] (0018,1074] DS 14 Radionuclide Total Dose 459589504
-(Z] (0018,1075) DS 1 Fladiu_rl=
= (0008.0020) DA 8 swayq INj€Cted dose 459589504 Bq
“El 0008,0021) DA 8 series| TIme 10:20:48 - 9:23:00 = 3420 sec
(00007 s TR Aeauio) Half life of F-18 = 6588 sec
-[£] (0008,0023) DA 8 Conten
~[Z] (0008.0030) ™ b Study T .
E [(0008,0031) TM 6 series | D€CAY corrected injected dose = 320.7MBq
~[£] (0008,0032) T™ 6 Acquisition Time 103057
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Quantifying metal v
using DICOM fc Dt i nd oo in Mt

o (1)
SUV() = injected activity(t) [/ body weight

c(t) = 0.022147 MBg/ml
corrected injected activity(t) = 320.7MBq
body weight = 62 kg = 62000 g

SUV(t) = 4.28 g/ml

Required data elements for calculating SUV
(0054,1001) Units
(0010,1030) Patient’'s Weight
(0054,0016)
> (0018,1072) Radiopharmaceutical Start Time
> (0018,1074) Radionuclide Total Dose
> (0018,1075) Radionuclide Half Life
(0008,0031) Series Time

Kim - Nuclear Medicine PACS



Problems in Calcu

Digital Imaging and Communications in Medicine

(0008,0021) DA '20131204' # Series Date
(0008,0031) TM '083220' # Series Time

(0018,1072) TM '120000.00' # Radiopharmaceutical Start Time
(0018,1074) DS '2996089088" # Radionuclide Total Dose
(0018,1075) DS '230400" # Radionuclide Half Life

Y-90 Half-life ~ 2.67 days

(0018,1078) DT '20131203120000.00' # Radiopharmaceutical Start Datetime

CP-530 Date 2005/08/22]
Clarifications to PET 10D Status: Final Tex

DICOM Correction Item

Correction Number CP-530

Log Summary: Clarifications to PET 10D

Type of Modification Name of Standard
Enhancement PS 3.3 2004

Rationale for Correction

Working Group 3 has determined that there are ambiguities in the PET IOD that have lead to
compatibility issues between various real world implementations. This CP is intended to rectify
these problems.

1) In the existing PET IOD there is a radiopharmaceutical start time, but no corresponding start




- (@854 ,1000)
- (@854 ,10061)
- (@854 ,1002)

- {7053, 0000)
- (7653, 8018)
- (70853 ,1000)
(70853 ,10081)
- {7053 ,1002)
- (7653 ,1003)
- (70853 ,10085)
{7053 ,1006)
- (7053 ,10089)

DICOM

Conformance Statement

Allegro™ and Gemini™ Systems

v

Problems in Calculating SU

DICOM

Digital Imaging and Communications in Medicine

Series Type CSs 2 5 WHOLE BODY#IHAGE
Units CS 1 L CHTS:
Counts Source CSs 1 8 EMISSION
uL 1 L 115088
LO 1 25 Philips PET Private Group
D% 1 L] a.ag1212
]3] 1 8704
Table 104: Private Elements for PET Images
Tag VR Meaning VM
7053,0010 LO Private Creator Data element 1
7053,1000 DS SUV Scale Factor. This value only applies when Units (0054,1001) is equal to 1
CNTS. The SUV Scale Factor is used to convert the pixel data from counts to
an SUV value. This is done by using the following formula;
SUV Value = ((SV *m) + b) * f
where SV = original stored pixel value
m = Rescale Slope (0028,1053)
b = Rescale Intercept (0028,1052)
f = SUV Scale Factor (7053, 1000)
If the SUV Scale Factor is 0.0, then the pixel data cannot be converted from
counts to an SUV value.
7053,1001 OB Private 1
7053,1002 OB Private 1
7053,1003 ST Criginal image file name 1
7053,1009 DS Activity Concentration Scale Factor. This value only applies when Units 1

(0054,1001) is equal to CNTS. The Activity Concentration Scale Factor is used
to convert the pixel data from counts to Activity Concentration (in Bg/ml). This is
done by using the following formula:
Activity Concentration Value = ((SV " m) + b) * f
where SV = original stored pixel value
m = Rescale Slope (0028,1053)
b = Rescale Intercept (0028,1052)
f = Activity Concentration Scale Factor (7053, 1009)

If the Activity Concentration Scale Factor is 0.0, then the pixel data cannot be
converted from counts to Activity Concentration.
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Problems in Quantification

— Max 1971

" Max 6026

7
|
? : (2] o
' Max 255
[uuzﬂ,umﬁ] ' Bits Allocated 16 BitsAllocated 0028,0100 B8
[0028,0101] Bits Stored 16 BitsStored 0028,0101 8
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Image Compression
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Lossy image compression
2D JPEG 2000 0.625mm slices
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Image Compression

I wanted to compare a study with an older study.
Just after opening the case, I found that images of old study were spoiled.

Lossy image compression vs. Lossless compression

Kim - Nuclear Medicine PACS



&FDICOM
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Image Compression

Lossy compression in NM image
- NM images have more noise than X-ray or CT or MR
- Severely degraded even in a low compression ratio
- Quantification using lossy compressed image alter study result.

Kim - Nuclear Medicine PACS
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W W 458
L L 230
Z 417%

ssioh_l:l

e e Nl W

Compression 10:1

Lossy
Irreversible

Tag Hame

Lomp

Lossless

Reversible
S \gncompressed
o)
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Loss of Data eleme

I fetched an old study from PACS into my PET workstation.

However, PET workstation didn't show SUV number!

A DICOM file of PET image

: ethod L0 SS-SIHUL
i (B854, 1388) Frame Reference Time DS 97884
E----i:li_iE151|,1321} Decay Factor DS 1
Foae5h,1330) Image Index us 1
' §_ 8 & & & & N F & § § & E & & B & & B § & B §F & & §F § & N & |
| (7053, 0000) Group 7853 Length UL 11468
- (7053 ,86018) L0 Philips PET Private Group I
e (7053 ,1000) DS 0. [ppoas -
. (7853,1081) 0B Private Tags for calculating SUV
LS G U (image from Philips® PET scanner)
| - (7053,1883) ST pliSssomwrrracoTm )
| - (7053,18085) L0 p1488s8 wb.uwls |
l {70853 ,1080856) 0B |
(?FEﬂ,ﬂﬂﬂﬂ} Group 7FEB Length UL 9888

1182) Decay Correction C3 START

1183) Reconstruction Hethod L0 LOR-RAMLA
= 1185) Scatter Correction Method L0 SS-5SIHMUL
?"{ﬂﬂ5u,13ﬂﬂ} Frame Reference Time DS 102000

. . . . ?"{ﬂﬂ5u,1321} Decay Factor Ds A1
| ;
Private Tags Is missing! - 2309 Image Index =7

SUV cannot be calculated. = 7FE8,0808) Group 7FEB Length UL 18690




I opened a study of out-hospital patient
and I felt something wrong...

= {8854, 8822)
@~(ﬂﬂ£h,nu1n}
- (0054, 0414)
- (8655, 0018)
(8055 ,107E)
(86855 ,10C8)

(0054,0414)

Digital Imaging and Communications in Medicine

Detect... 50 1
Patien... S0 1
Patien... 50 1
LD 1

UHKHOWH UR 1
UHKHOWH UR 1

(Sequence with explicit length #=1)
(Item with explicit length #=3)
[G-5191]

[99SDM]

[Feet-first]

(fffe,e000)
(0008,0100)
(0008,0102)
(0008,0104)

(fffe,e00d)

fffe,e0dd)
0055,0010
0055,107e

(ItemDelimitation
(SequenceDelimi
[STEMENS MED
UN 00\00\c8\41

—_ e~ o~ o~

em for re-encoding)
ionItem for rgfencod.)

UN 2£\00\11\00\d1\03\ef\00

0055,10c0

VR is missing somewhere

SIEMEHS

1 PatientGantryRelationship

1 CodeValue

1 CodingSchemeDesignator
1 CodeMeaning
ItemDelimitationItem
SequenceDelimitationItem
PrivateCreator

Unknown Tag & Data

Unknown Tag & Data

Private data elements became unreadable

Implicit VR Little Endian Transfer Syntax?

r=Nuoclear Medicine PACS
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Risk of NM images in PACS

Saving storage by
performing lossy-compression,
removing data elements with private tag,
storing in “Implicit VR Little Endian”

Image is displayed well anyway.
But, Information for quantification is gone!

Kim - Nuclear Medicine PACS
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Digital Imaging and Communications in Medicine

Quantification is crucial in Nuclear Medicine.
Do store “primary” nuclear medicine images if possible
Don’t lossy-compress

“Nuclear Medicine Image” and

“Positron Emission Tomography Image”

(“CT Image” and “Secondary Capture” are okay)

Don’t discard “private” data elements

Kim - Nuclear Medicine PACS



Author Contacts s DICOM
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Kim, Tae-Sung

« taesung.angel@gmail.com

« 111 Jungbalsan-ro, llsandong-gu,
Goyang-si, Gyeonggi-do, 10408 Republic of Korea

Thank you for your attention!
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