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PET scanning
of pigs since 2002
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We are using both domestic and minipigs

Young domestic pigs Adult Gottingen minipigs
Non-recovery studies Recovery studies
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CT scanning

Rotating X-ray tube
and detector

Takes few seconds
Dead or alive pigs

Anatomy (bones)
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MRI scanning

Radiofrequency field

Takes some minutes
Dead or alive pigs

Anatomy (soft tissue)
Some functional




Reduced possibilities for functional MRI
scans of the pig's brain
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MRI with stereotactic frame used for brain surgery
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PET scanning

Radiotracers e

(isotope
synthesis)

Takes minutes to hours

Only alive pigs

Isotopes (t1;)

- 150 (2 min)
- ¢ (20 min)
- '8F (110 min)
- others

1 : 1 R d 3D f Cerebral
Functional imaging S o

["*O]H,0 PET
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Radioche-
mistry
(tracer
synthesis)

Tracers

- ['0]-H,0

- ["'C]-raclopride
- "F]-FDG

- others

Tracer injection and PET/CT
scanning of anaesthetized pig.
Tracer is detected by annihilation
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Figure 1. CT (left), C”O-PET (middle), and fused
PET/CT (right) images of the porcine liver region.
Without the CT 1mage 1t 1s difficult to localize the
anatomy of the liver and 1ts supplying vessels.
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Procedures for

PET/CT scanning

idazolam + ketamin IM
Propofol IV (bolus)
Propofol IV (infusion) og isoflurane

Temperature
SatO2+pulse
ETCO2
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Procedures

Premedication, IM
IV access

Induction, IV

Intubation*+ventilation
Maintain anaesthesia
Monitoring
Capnography

Blood storage and
analysis

Bladder catheters*
Surgery, femoral A+\W*
Wrapping in plastic

Placing in scanner

Tracer injection
Blood sampling
Time of anaesthesia

Transport between
scanners

End of experiment

Blood sampling

Ketamine + midazalam
Ear vein catheter
Ketamine  Propofol
midazo-

lam

Yes

Isoflurane  Propofol

Yes

Yes

No

Mostly
No
Yes

Yes
(sternal recumbence)

Ear vein
No
1-6 hours (or more)

Yes No

Mostly survival

+
Ketamine + midazolam
Ear vein catheter
Ketamine  Propofol
midazo-
lam
Yes
Isoflurane  Propofol

Yes
Yes/no
Yes

Mostly
Yes
Yes

Yes
(dorsal recumbence)

Femaral vein
Yes, femoral artery
2-8 hours {or mare)

Yes No

Maostly euthanasia
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Placing of catheters in arteries and veins

Urinleder nyrevene og arterie

Hjerne

Carotis
Jugularis

i j / Femoralvene
PR = Femoralarterie

PET Center Aarh
i @ K, &Mugg&gsga@ﬁgyﬁmﬂg%ﬁgting, K Meier, JC Soerensen, CR Bjarkam & AKO Alstrup:
Basic Surgical Techniques in the Gottingen Minipig: Intubation, Bladder Catheterization,
oral Vessel Catheterization, and Transcardial Perfusion. J Vis Exp. 2011; (52): 2652.
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Pig model of osteomyelitis

Inokulationin 7 days CT, PET and SPECT Necropsy & grafting
femoral artery with Painkillers Monitorering
Stafylococcus aureus
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Table 3. Number of gross pathology and/or CT lesions identified by the individual tracers

Lesion s il

number 18 FDG %8Ga-citrate C-methionine YC-PK11195 in-eukocytes
Osteomyelitis 5 4 1 2 0 44
Soft tissue abscess 5 5 3 4 1 4
Arthritis 2 0 0 0 0 0
Enlarged lymph node 5 3 2 2 | 08

*In one of these four lesions, the patella, the ***In-leukocytes had only accumulated in the cortical part of the bone. *Only two
lymph nodes were scanned.

) r B *FFDG PET/CT C"In-leukocyte SPECT/CT
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Nielsen OL, P Afzelius, D Bender, HC Schenheyder, PS Leifsson, KM Nielsen, JO Larsen, SB Jensen & AK Alstrup:
Comparison of autologous (111)In-leukocytes, (18)F-FDG, (11)C-methionine, (11)C-PK11195 and (68)Ga-citrate for

diagnostic nuclear imaging in a juvenile porcine haematogenous staphylococcus aureus osteomyelitis model.
J. Nucl. Med. Mol. Imaging. 2015, 5, 169-182.
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Tracers lesion Total number **C-methionine **C-donepecil **"Tc-DPD **!Indeukocytes **F-FDG

Pig A Osteomyelitis 3 2 1 (o} 1 3
Contiguous periosseous abscess 0 - - - - -
Hematoma/Abscess at inoculation site 0 - - - - -
Lymph node enlargement 0 - - - - -

Pig B Osteomyelitis 5 5 5 0 5 5
Contiguous periosseous abscess (0] - - - - -
Hematoma/Abscess at inoculation site 1 1 - 0 (1) (1)
Lymph node enlargement 1 1 1 0 (o} o

PigC Osteomyelitis 6 4 3 0* 4* NT®
Contiguous periosseous abscess 1 (1) : o* (an NT®
Hematoma/Abscess at inoculation site 0 - - -+ A NT®
Lymph node enlargement 2 2 : ] 0* (ar NT®

Pig D Osteomyelitis 4 4 0 4
Contiguous periosseous abscess 1 1 (1) 0 1
Hematoma/Abscess at inoculation site 0 - - - - -
Lymph node enlargement 3 3 2 0 (1) 1

PigE Osteomyelitis 6 4 3 0 5 6
Contiguous periosseous abscess 2 2 2 0 2 2
Hematoma/Abscess at inoculation site 5 | 0 0 0 0 0]
Lymph node enlargement 2 2 2 0 1 2

Total Osteomyelitis 24 19/24 14/24 0/24 19/24 18/18
Contiguous periosseous abscess 4 4/4 4/4 0/4 4/4 3/3
Hematoma/Abscess at inoculation site 2 0 0 0/8 0 0
Lymph node enlargement 8 8/8 6/8 0/8 3/8 3/6

A- Scans performed on dead pig. B: NT, not tested, as the pig had died.

Afzelius P, AKO Alstrup, HC Schenheyder, P Borghammer, SB Jensen, D Bender & OL Nielsen: Utility of 11C-
methionine and 11C-donepezil for imaging of Staphylococcus aureus induced osteomyelitis in a juvenile porcine
model: comparison to autologous 111In-labelled leukocytes, 99m Tc-DPD, and 18F-FDG.

Am. J. Nucl. Med. Mol. Imaging 2016, 30, 6, 286-300.
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Bile tracers

N-{4-[*¥fHluarebenzyl)-chalylghvcine
{[**FIFBCGIY)

Liver = Bile ducts

Portal venous circulation Small intestine (and gallbladder)
Terminal ileum
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[3H] og [11CISCH23390 J7¥2; ¢

- 1.33

0.0

[3H] og [11C]raclopride

- 1.03

0.0

pB D

Minuzzi L, AKO Alstrup, D Bender, S Arnfred, R Grant, EH Danielsen & P Cumming: Quantitative
autoradiography of ligands for dopamine receptors and transporters in brain of Géttingen minipigs:
comparison with results in vivo. Synapse 2006, 59, 211-219.
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[1*C]MDL100907 (5HT,,-receptors)




[1*C]MDL100907 (5HT,,-receptors)
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Figure 5: Binding potential (BP,,) of ['"C]MDL100,907 (A) and R1 blood flow surrogate marker (B) in five brain regions during propofol and
isoflurane anaesthesia in Géttingen minipigs Two-way ANOVA shows effects of both anaesthesia and region for (A) and (B). Bonferroni post-hoc
testing of anaesthesia effects: **: P<0.01, ***: P<0.001 and ****: P<0.0001 (Figure 2 in paper P-XI).
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Raclopride binding in the
A G.. B striatum of anesthetized rats

L — | E! E.
i
Injection i |
| Gas Inection

Type of anesthesia

NN

—

(DVR-1)

Binding potential

o

o

Figure 1. Isoflurane treated rats have significantly higher striatal [''C]raclopride binding potential than
fentanyl-fluanisone-midazolam treated rats. (4) PET images are shown for ["'CJraclopride binding in one
representative rat in each group. (B) Binding potential values for ['C]raclopride are shown for each rat
in the experiment, determined by subtracting I from the distribution volume ratio (DVR). Circles represent
rats treated with isoflurane (N=4) and squares represent rats treated with fentanyl-fluanisone-midazolam
(N=3). Binding potential was significantly greater in rats treated with isoflurane (2-tailed student t-test
*P<0.001).
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Table 1 Estimated

cerebral

blood flow and meas-

ured physiological variables expressed both as mean

and median

Mean Stddev  Median Range N
CBF (mL/mL/min) 0.54 016 0.51 0.15-0.91 37
pH 744 0.04 744 7.35-7.52 28
PaCO, (kPa) 6.3 0.7 6.2 5.0-79 28
PaO, (kPa) 18 5 16 10.7-29.0 27
HCT (%0) 30 3 30 243-359 26
HR (min~") 115 25 116 53-160 21
5BP (mmHag) 114 14 110 Bo-142 23
DBP (mmHg) 76 17 70 51-118 23
GLC (mmol/L) 49 14 48 2.3-8.1 26
TEMP (°C) 377 1.3 379 34.8-399 23
TIME (min) 115 ot 127 79-314 37

CBF cerebral blood flow, PaCO, arterial carbondioxide tension, Pa0, arterial
oxygen tension, HCT haematocrit, HR heart rate, SBP systolic blood pressure,

DEBF diastolic blood pressure, GLC blood glucose, TEMP body temperature, TIME
duration of anaesthesia, N number of observations

PET Center Aarhus
Aarhus University Hospital — Aarhus Hospital
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pH FaCo, Faly, HCT HR SBP DBEF TEMP GLC TIME
CRF - 035 045 - 022 022 044 008 - 0O7 041 013 026
0,064 O.01E 028 0249 0,024 080 0.7 0052 053 011
28 28 27 ] 21 23 23 23 26 37
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Figure 1. Time—activity curves after five HEHD injections in Pig 4. The
shape of the activity concentrations as function of time clearly varies
depending on whether the pig is normocapnic (white symbols) or hy-
percapnic (black symbols).



pCCR vs ETOCE
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Figure 8: The relationship benween end-tidal carbon dioxide (ETCO,) and partial pressure carbon
dioxide (PaCO,) in 40 kg female domestic pigs (N=9) during anaesthesia. Data was recorded both
during normocapnia (o) and hypo- and hypercapnia (). The left figure shows a plot of PaCO,
measurements as a function of ETCO , measuvements. The right figure is a Bland-Alrman plot of the

same data.



- Marker for hypoxia

Table 14: Blood lactate levels (mmaol/l; mean £ SD) in pigs.

Pig breed N Anaesthesia Weight Surgery Blood Lactate D

Géttingen minipigs 19 Isoflurane 35kg Minor 2.53+1.10 FEE
Domestic pigs 16 Isoflurane 40 kg Minor 0.68 +£0.48 NS
Domestic pigs 16 Propofol 40 kg Minor 0.77 £0.34 NS
Domestic pigs 22 Propofol 40 kg Major 0.88 £ 0.65 NS
Domestic pigs 08 Propofol 70 kg Minor 0.71 £0.39 NS

*% % Significant (P<0.001) differences between Gdéttingen and domestic pigs. N: number of pigs.

NS: not significant. Data from Iable 1 in paper P-VI.

PET Center Aarhus
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Long-term anaesthesia: 15-18 hours §
- versus 8-14 hours

Blood sampling: 20 ml/kg
- versus 14 ml/kg

Road transport: 1% hours
- Versus no transport

PET Center Aarhus
E Aarhus University Hospital — Aarhus Hospital

www.pet.au.dk
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Atelectasis after long-term anaesthesia
2% h 4% h 6 h 14 h 17 h




No effects of long-term anaesthesia on brain

.

Table 17: Brain necropsy, histologv, Fluoro-Jade-B and median (min-max) FDG uptake.

No findings (N=9) |No findings (N=9) | All negative (N=9) |1.8 g/ml (1.5-2.6) (N=9)
X-XVIII |No findings (N=9) |No findings (N=9) [All negative (N=8) |1.9 g/ml (1.4-3.0) (N=9)

SUV: standardized uptake values. FDG: fluorodeoxvglucose. N: number. Data from paper P-X.
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Short scans and animal welfare

CT before and after 2 hours of PET scanning
- No pathology

14 day periods post-scanning without blood sampling
- 95 procent without any notes

14 day periods post-scanning with blood sampling
- 50 procent without any notes (most small bleedings)

14 days periods (controls)
- 98 procent without any notes

Alstrup et al (2021) PET imaging sessions do not cause detectable organ pathology in Géttingen minipigs. In prep.

PET Center Aarhus
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Figure 5: PET images showing tracer residues in ear catheters from [MCJPK11195 in 6 Géttingen

minipigs after injection of 300-400 MBq tracer in a volume of 10 ml. The catheters were flushed




: 4 w
x , s
// e
o Tracer residues (%) :
0.0204 0.020=

B
0,015+ . 0.015+
A ¢ .
2ootd ° 3 0,010+ B
—— .
0.005- . : 0.005- 3 o e
amglbing
OM T T L | T o-m  J L) L) L
s‘v \@, .p‘p .9‘°V 9& 's@' @é’ ‘Ps
Tracer volume Flushing volume

Figure 6: Results of in vitro study with the tracer [°F]FDOPA with different tracer volumes (3-50
ml) (A) and flushing volumes (5-50 ml) (B). The residues of the tracer are shown as % of the

injected tracer dose. The study was performed nvice.
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ELLEGAARD **

GOTTINGEN MINIRPIGS

Gottingen Minipigs MR and CT Imaging Atlas

A romprahershes Imaging sblss prasenting detalled Information
shout the physiolegy of Chitirgen Winipigs has besn mads
Arallabio for SNYOMA INsrsted In Eha snatomicel evmlgion
of GIIngEn MNIPIES. ThiS CooUmEntation onabks & unique
SppOMUnity 10 fallow tha dowslopmant of sl ofgans over tme
and obtain new data.

The Images arw mada from high-resolution CF and MAl-scars
and tha stlzs cowsrs awide rangs of information based on the
scans [sae page 2). With thass, 2 usar-friendly wirtua minipig
can be crasted wsing frasly awallable softwara, and organ
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The vake of MRk scans

MRS scans lkstrate hgher detall In soft tissues and has the
20iiky to charge tha cortrast of the images, which highlight
dfferont typas of tissug. For examplq the signal intansky for
Nuids Is bow In T1 waightad Images, bt high In T2 weighted
mages Based on this most soft tisso structures can be
dffsrontistad through okher Inharant contrast or comparison
batwaen tha two. The high resciution Images dapict and enabie
most organs for segmentation, and soquantial scan sets anablka 3
time-avolution ourve of all organs.

The vakie of CFscans

CT-scare are great for Imaging the bom structurg, good for soft
fizouq dffersriiation [particularty with rtravancws comtrast),
and gonarally provides higher imaging resolution with less
motion artifact. The x-ray basad CFscans outling high danse
materials vary dearty, when segmenting bone nbures based
oo the CFxcans The cardiovasodar System bacomes visible
through contrast agent administratica, and can te segmanted
with proat results.
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