February 23, 2017
Ms. Robin Elliott
Health Physicist - Medical Branch
Division of Nuclear Materials
U.S. NRG, Region I
2100 Renaissance Boulevard, Suite 100
King of Prussia, PA 19406-2713

License No. 06-35047-01
Docket No. 030-38622
Dear Ms. Elliott,
This is in response to your email of January 30, 2017, specifically, a response to your request for
additional information:

1.
The criteria that will be used to support release under these conditions. For instance, your
original letter indicated that veterinary research has shown certain biological retention times in cats.
Please provide a copy of this research.
Response: A copy of the cited research has been included . Additional research papers were also
found supporting the effective/biological half life value, and those papers are also included.

Submit the written procedure used for determining when each cat may be released and describe
the steps in this procedure.
2.

Response: The procedure for release will be as follows: At 48 hours post injection, the patients are
measured using a Geiger-Muller radiation meter equipped with a pancake probe (previously approved).
Background radiation levels are measured and recorded . Patient measurements are made in a part of
the room with the lowest background radiation . The measurement is made 1 meter from the ventral
neck (highest expected 1-131 concentration) using a pre-measured tape to assure accurate distance.
The reading is recorded in the patient's log sheet and noted in the patient's medical record . If the level
of radiation is less than 0.5mrem/hr (no compensation for background level) , the patient is eligible for
release so long as the owners have agreed to follow the homecare instructions. If the patient measures
greater than or equal to 0.5mrem/h (no compensation for background level), then they will be
maintained in isolation and measured at intervals until they reach less than 0.5 mrem/h, at which time
they will be eligible for release. Measurements are typically made daily, but may be less frequent for
particularly fractious patients or patients with high initial doses in order to reduce staff radiation
exposure (ALARA) and minimize the potential for staff injuries. If a patient is too fractious to be
removed from its cage, all other patients will be moved to minimize background noise, and the patient
will be measured at 1 meter through the cage door (metal grill). This reading is usually higher due to
increased background noise from nearby patients and patient waste, but no corrections are made to

r

compensate for background to avoid inadvertently over-correcting the patient's measurement. No
patient is eligible for release prior to 48 hours or prior to achieving a measurement of less than
O.Smrem/h at 1 meter (no compensation for background). If owners are unwilling or unable to comply
with portions or all of the homecare instructions, the patient is maintained in our facility until such time
as the owners are able to comply. For example, if the owners are unable to comply with the "week 1"
rules , but can comply with the subsequent restrictions, we will maintain the pet through "week 1", and
then release the patient to continue weeks 2 and 3 at home. All measurements are documented in the
patient's log and records are maintained as previously indicated in our license.

3.
Submit the calculation used to show the dose that will be remaining in each cat at the time of
release and confirm that each calculation will be reviewed to ensure compliance with public dose limits
prior to each cat's release . Confirm that copies of each cat's release calculation will be retained for
inspection.
Response: Please refer to the attached letter from Ms . Betsy Ulrich dated March 29, 2013 for a
calculated estimate of the dose of 1-131 remaining in each cat when they measure O.Smrem/h at 1
meter, and the estimated exposure to the owner/public at that dose. This release level was previously
approved as meeting the public exposure guidelines so long as the patient homecare instructions were
followed.

4.

The written instructions provided to the owner.

Response: A copy of the written homecare instructions that must be signed and agreed to by the
owners has been attached.
5.

Any other applicable information .

Response : As per previous amendments to our license, we will continue to contact the owner 3-5 days
after discharge to ensure that they are following the homecare instructions and to see if there are any
concerns necessitating intervention to prevent excess public exposure. Documentation of the
conversation will be kept in the patient medical record, as previously stipulated.

Thank you for your continued attention to this matter. If you have any other questions, please do not
hesitate to contact us.

~
Mr. Ken Aldrich ,

Chief Operating officer
Management representative
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A novel method of oontinuous rage-side
monitoring of hyperthyroid rats treated
with radio-iodine
E Fbberts, J M. G'ay, E G.Jnn, I. K R3.msey
A oontinuous monitoring system (MG:> DVl2000X) was assessed for monitoring y radiation
em issions and determining appropriate isolation times for hyperthyroid cats treated with
radioact ive iodine (1 131 ). 03.ily radiation emitted by 12 cats who had received a range of
doses of 1131 (80-200 MBq) was measured and average background radiation readings
deducted. The effective half-lives of the 1131 in the cats were found to have a median of
2.54 days (range 1.40-3.24 days) . cats treated with 200 MBq emitted 5 mG;/ day more
exposure than cats treated with lower doses throughout the study period (P=0.032) . All cats
were found to emit a total radiat ion dose exposure less than 100 mG; (range 0-43 mG;)
during days 18-21 of isolation . The potential additional dose exposure to owners was
calculated at various days that might be oonsidered for the cats to be returned to their
owners. Using this provisional data, maximum isolat ion periods at this inst itution oould be
safely reduced to 17 days as long as certain precautions are followed . This preliminary study
demonstrated that this novel cage-side monitoring system can be used to calculat e the
effective half-life of 1131 and to measure y radiation exposure from treated cats, wh ich may
assist other institutions in determining appropriate isolation times for individual cats.

Introduction
Treatment options for feline hyperthyroidism include antithyroid thionamides (met himazole (thiamazole) (Felimazole;
Dechra), carbimazole (Vidalta; MSD Animal Health)), thyroidectomy, radio-iodine (! 13 1) and an iodine-restricted diet
(Feterson 2014). 113 1 treatment is a highly successful treatment
method for this condition with a 94 per cent success rate
(Mooney 1994), but previous work has highlighted that costs
involved with , and length of hospitalisation for 1131 may deter
some owners from pursuing this treatment modality (Boland
and others 2014).
! 131 is both a J3 and y emitter with a physical half-life of
8.1 days (Reiners and others 2008). The J3 radiation is the clinically useful component in the treatment of hyperthyroidism, as it
causes 80 per cent of cell death within the active thyroid tissue,
but does not damage surrounding tissues or inactive thyroid
tissue (Robbins and Schlumberger 2005, Mooney and Feterson
2012, Wyszomirska 2012). The J3 radiation does not pose an
external radiation hazard once the ! 13 1 has been injected, as it
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only penetrates 2 mm into the tissue (Kurland and others 1951 ),
but it does pose a significant internal hazard because its mass
and energy cause damage to cellular DNA. T he y radiation
emitted by ! 131 is of a high energy, and can penetrate tissues
very easily. It therefore, poses both external an d internal radiation hazards to people. However, because it has negligible mass,
these hazards are relatively low . Ibtential causes of internalisation of 1131 include radioactive material , ie, faeces, urine and
saliva being ingested, in haled or absorbed across the skin. Cats
treated wit h ! 131 act as an external radiation hazard to human
beings by virtue of the y emissions from the internalised
radio-iodine.
Many centres use various doses of ! 131 to treat confirmed
hyperthyroid cats. fullowing injection , all cats are isolated;
however, the length of isolat ion varies between institutions both
nationally and internationally. T he length of isolation , in part ,
will depend on the effective half-life of ! 131 , which has been previously calcu lated in hyperthyroid cats using y camera dosimetry
to be 2.5± 0.7 days (Puille and others 2002). The effective halflife is a combination of the fixed physical half-life and the variable biological half-life. Factors that may affect biological half-life
include the rate of radio-iodine uptake wit hin the thyroid gland
and the rate of excretion into the faeces and urine. A previous
study concluded that waste from ! 131 -treated cats can be disposed of wit h the regular refuse 2 weeks after initial treatment
as long as certain conditions are adhered to; th at is, it is mixed
wit h a large quantity of non-radioactive waste (Lamb and others
2012). However, there are no studies that monit or t he radioactive
emissions that owners may be exposed to once treated hyperthyroid cats are released back into their home en vironment.
Su rface exposure at the level of the t hyroid, measured by cali-
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radiation dose emitted is low enough to enable exit from isolation (Feeney and others 2003), but this involves staff being in
close proximity to the cats to measure this, thus exposing them
to radiation.
MOP DM2000X (Mirion Technologies, Berkshire) (www.
mirion .com) is a battery-operated electronic personal dosimeter
(EPD) used by radiation workers in the human field . It is an
energy-compensated silicon diode detector, which features flat
energy responses to x-rays and y rays from 50 keV to 6 Mev and
linear responses to dose-rate fields from natural background up
to more than 10 Sv/hour. The monitor is front facing with
accuracy better than ± 20 per cent over an angular range of - 75 °
to + 75°. They are calibrated at the mid-energy range with
caesium (Cs 137) , which has •a similar energy range as the isotope
(1 131 ) used for radio-iodine treatment in hyperthyroid cats
(Delacroix and others 1998).
The first aim of this study was to ascertain if the EPD could
be used to measure they radiation emitted by hyperthyroid cats
treated with radioactive 1131 by seeing if it could be used to determine the effective half-life of this radioisotope. The second aim
of this study was to assess if it could be used to determine the
release time of treated cats and ascertain what fixed isolation
period could be used for hyperthyroid cats treated with 1131 .

Materials and methods
This was a prospective study carried out at the University of
Glasgow between December 2011 and September 2014. Any cat
that was treated with I 131 for confirmed hyperthyroidism and
kept in isolation for 3 weeks following treatment was eligible for
the study. All cats underwent a standard pretreatment protocol ,
including haematology, serum biochemistry, thyroxine measurement and urinalysis, and they were allowed to adapt to the hospital environment for at least 3 days before being sedated and
injected subcutaneously with 1131 . The dose of 1131 injected was
calculated using a standard scoring system (Mooney 1994).
Cats included in this study were placed into a specific monitoring kennel (height 86 cm , width 86 cm , depth 71 cm), which
was separated from other treated cats by at least one empty
kennel in all directions (minimum distance between treated cats
was 133 cm), and the EPD placed onto the kennel door at the
same height/position for all included cats (42 cm above kennel
floor). The cat's position within the monitor kennel was subjectively observed when they were cleaned out on a daily basis. The
faeces and urine (potential sources of internal radiation to
owners) were removed from the kennel on a daily basis, so that
the recorded data from each day was not affected by the urine/
faeces from previou s days. The EPD was reset before each new
case, and the data downloaded onto a computer database system
(Dosimass Software; Mirion Technologies, Berkshire) (www.
mirion .com) after each cat left the isolation unit. The dose of y
radiation emitted by each cat each day was calculated by downloading the recorded information from the EPD , which measured
radiation -exposure events (measured in sieverts) into a separate
database (Microsoft Excel), and this was then converted into
radiation exposure (measured in grays). The EPD came with a
preset alarm of JO mSv/hour, as it was used by radiation workers.
To take into account the effect of other variables in the 113 1
isolation unit , that is, other treated cats and the lrn waste bins,
a second MOP DM2000X dosimeter was placed into the isolation unit in two separate locations (252 cm (location one) and
346 cm (location two) from the monitor kennel) to calculate an
average background radiation level/day. This value was then subtracted from the daily exposure kennel readings to take these
variables into account.
Ease of use of the dosimeter was also assessed during the
study in regard to how easy it was to attach to the monitor
kennel and how reliably it recorded the radiation information.
The fuarson correlation coefficients of the measured halflives against exponential models were calculated and expressed
')
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calculated effective half-life, t= number of days from first full
day of readings to the last day of detectable radiation , Sv1u-s, is
the radiation measured on the first full day of readings, and Sv 1••,
is the radiation measured on the last day of detectable readings.
The potential additional y radiation exposure emitted by
these cats was calculated had they left the unit after 7, 14 or
17 days of isolation, and the daily y radiation emission of the
study cats was assessed using a multilevel linear regression
model to assess if the daily emission was associated with the
dose of 1131 administered . Both dose (as a categorical variable)
and days since administration (as a continuous variable) were
entered into the multivariable model. A cat identifier was
included as a random effect to account for clustering within
each cat. Explanatory variables were retained if their respective P
values < 0.05 . These analyses were conducted using STATNSE
V.12.1 (STATA, College Station , Texas, USA).

Fesults
At the start of the study, several cases were excluded either due
to the dosimeter alarm being triggered (four cases) or poor
battery life (two cases), both of which resulted in incomplete
datasets being recorded. The EPD alarm was quickly triggered in
the first four cases shortly after injection of radio-iodine. As the
alarm was not necessary for our study, it was disabled, which
prevented any further case exclusions due to this particular
factor. fullowing these six case exclusions, 12 cats that were successfully treated with 113 1 had their total daily y radiation emissions recorded during their isolation period . One of the 12 cats
had incomplete data for the first 2 days of isolation , but could
still be included in the study as there was sufficient data to calcu late the effective half-life.None of the cats included in the study
were azotaemic (defined as creatinine greater than the laboratory
reference range of 91-180 mmol/l) on pretreatment blood work,
or had known concurrent illness, ie, congestive heart failure. The
dosimeters themselves were easily attached to the cage door
where they stayed in place for the whole duration of their monitoring period for each cat , and were not interfered with by any
of the cats included in the study.
The cats included in the study ranged from JO to 16 years of
age (mean age 12.8 years), there were seven male neutered cats
and five female neutered cats, and they were all domestic shorthaired. The dose of 1131 injected for these cases was 80 MBq (two
cases), 120 MBq (four cases), 150 MBq (three cases) and 200 MBq
(three cases). The cats were subjectively noted to move around the
monitor kennel freely during the 3 weeks of isolation , and were,
therefore, at variable distances from the dosimeter during the
study period (average -50 cm away). All cats were successfully
treated using 1131 , with postisolation thyroxine levels less than
50 nmol/l (laboratory reference range 15-50 nmol/l).
The first aim of our study was to ascertain if the electronic
dosimeter we used in this study could be used to measure they
radiation emitted by hyperthyroid cats. The rate of decrease in
radioactivity of the cats was found to follow very closely an
exponential decay pattern with correlation coefficients (r2 ) of
more than 0.93 in 11 cats and 0.84 in the remaining cat
(Table 1). The effective half-lives of 1131 were calculated
(Table 1), and their median was found to be 2.54 days (range
1.40-3.24 days). This was very similar to data previously
described (Puille and others 2002), suggesting that the data collected in our study could be used to assess they radiation emissions from the cats in this study (the second aim of the study).
The range of background daily radiation-exposure readings
were 1-9 mOy from the first background reading location (location one) and 1-8 mOy from the second location . The mean
background radiation reading was calculated as 5 mOy, and this
value was subtracted from all daily cage-side readings to take
into account the effect of background radiation exposures.
The data were analysed to calculate potential additional radiation exposures that owners may be exposed to, should these
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TABLE 1: The dose of radioactive iodine (1 13 1 ) administered, the effective half-lives (t 112 ) of 113 1 , as well as the number of days
from the first full day of readings to the last day of detectable radiation (t) , Pearson oorrelation ooeffidents of measured half-lives
against exponential models (r2), potential additional dose exposure to owners should treated cats leave isolation after 7, 14 and
17 days (the public dose oomm1tment of one-tenth of the annual l1m1t is 100 mSt, which 1s the equivalent of 100 mGf dose
exposure) and serum creatmine levels before and 3 weeks after treatment with 1131 (laboratory reference range 91-180 mmol / I)
r2
Qise (M&J)
7-[6y (mG,t)
14-Clly (mG,t)
17-Doy (mG,t)
Oeatinine pretreatment
Oeatinine posttrealment
t~2
1 (80)
2(80)
3(12"l)
4(120)
5(120)
6(120)
7(150)
8 (150)
9 (150)
10 (200)
11 (200)
12(200)

2.13
2.74
2.15
2.64
2.81
1.53
1.4
2.45
3.24
1.43
2.72
2.97

14
19
18
19
19
11
7
19
19
11
19
19

0.99
0.96
0.98
0.95
0.95
0.84
0.93
0.97
0.99
0.97
0.96
0.98

98

86
264
380
240

86
28
442
617
114
951
271

6
18
29
34
34
0
0
~

110
2

89
65

exposure for days 8-21 for that particular cat was added together
to give a total additional radiation exposure that the owners
hypothetically would have been exposed to (Table 1). Additional
radiation dose exposure to owners following a 7-day isolation
period had a range of 28-951 mGy (mean value 298 mGy), following a 14-day isolation period had a range of 0-110 mGy
(mean 35 mGy) and following a 17-day isolation period had a
range of 0-43 mGy (mean of 13 mGy) (Table 1). On the 21st day
following injection , that is, the last day of isolation , the EPD
was found to measure between 0 and 7 mGy (mean 2 mGy) of y
radiation/ day.
When the data were analysed to assess the different doses of
Irn administered, the EPD measured 5 mGy of y radiation/ day
more from cats injected with 200 MBq than cats treated with
other doses. This was found to be statistically significant
(P= 0.032) using a multilevel linear regression model. There were
no significant differences found between other dose groups.
However, due to insufficient statistical power, we were unable to
ascertain if administered dose had a statistically significant effect
on the hypothetical additional dose exposures after 7, 14 or
17-day isolation periods.
Following a 14-day isolation period, 11 out of 12 cats would
have emitted less than 100 mGy over the rest of their current
21-day isolation period, compared with 12 out of 12 cats following a 17-day isolation period. Only one-third of the cats at day 7
of isolation would have emitted less than 100 mGy over the following 14 days of isolation .
The study group was also retrospectively evaluated to assess
for development of overt renal disease following 113 1 treatment ,
as this may have affected the rate of excretion of 1131 in their
urine. The follow-up period of the study cats was between 3 and
24 months. Only one cat was diagnosed with renal disease following treatment with persistent increases in creatinine of more
than 200 mmol/l (reference range 91-180 mmol/l) in the absence
of known prerenal or post renal causes and a urine specific
gravity of 1.017. This cat received 120 MBq of lrn , and had additional dose emissions less than 100 mGy at both the 14-day and
17-day isolation points (Table I).

Oscussion
Radio-iodine is offered by several centres within the UK and
other countries, but postinjection isolation periods vary due to
local radiation rules and legislation as well as the dose of 1131
administered, that is, fixed dose or variable dose dependent on
the severity of the disease.
The results of this study indicate that the use of this EPD
is a valid and reliable method of measuring y radiation emissions from hyperthyroid cats treated with lrn. This continuous
detection system could, therefore, be used as a method of radi-

164
148

135

1
9
6
16
12
0
0
8
43
0
34
27

102
80
143
117
79
90
105

113
201
128
154
142
Ul
87
96
117
81

78
63
66
95

that currently use other manual methods, for example,
Geiger-Miiller counters.
The current legal dose limit of ionising radiation to
members of the public in the UK is 1 mSv (1000 mSv)/year
averaged over a 5-year period, and a constraint for a single
new source is limited to 0.3 mSv (300 mSv) (Ionising radiations regulations 1999, Principles for the assessment of prospective public doses arising from authorised discharges of
radioactive waste to the environment , 2012). Regulating
bodies can however allow a public dose commitment of onefifthieth of the annual dose, that is 20 mSv, without imposing
major restnct10ns (Principles for the Assessment of
Prospective Public Doses arising from Authorised Discharges
of Radioactive Waste to the Environment 2012). A public dose
commitment of one-tenth of the annual limit , that is,
100 mSv, is the minimal dose constraint of an effective dose
that could be considered for application in any situation
(International Commission on Radiological Protection (ICRP)
recommendation 2005), and therefore, dose commitments less
than this could also be allowed as long as there are restrictions in place, that is, it is a one-off exposure, the
as-low-as-reasonably-practical procedures are followed, and
that the dose commitment is restricted to a small group of
the public, that is, the owners of hyperthyroid cats treated
with 1131 . We therefore analysed our data in this study in
regard to these two different dose commitments (20 and
100 mSv). When assessing these values in regard to the data
collected in our study (taking into account that l mGy exposure is approximately equal to l mSv dose equivalent), only 5
out of 12 cats were within the one-fifthieth of the annual
limit criteria by day 14 of isolation , and 9 out of 12 cat s were
within this by day 17 of isolation. However, by day 17 of isolation, all cats were within the one-tenth of the annual limit
criteria, and only one cat was above this by day 14 of isolation . From this small sample size analysed in our study, it
would appear that the isolation period for treated hyperthyroid cats (using 113 1 doses up to 200 MBq) at this institution
could be reduced to at least 17 days from 21 days. If effective
monitoring such as that provided by the EPD is in place then
many individual animals might be released sooner, for
example, 14 days.
The hypothetical radiation exposure to the owner calculated
from the data in this study assumed that the owner would be
standing 50 cm away from the cat at all times, and included
both external and internal radiation hazards from the treated cat
(as the EPD will have also measured radiation emissions from
the urine, faeces and saliva of the cats). It is very unlikely that
owners will stand 50 cm away when these cats return home following treatment. If an owner were to only spend 1 hour/day at
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study cats during isolation days 15-21, the additional dose
exposure would be 1.5 mGy/hour. As only 1 out of 12 cats
emitted a potential additional dose commitment to the owner
of more than 100 mSv following day 14 of isolation, reducing the
institution's isolation period to 14 days is possible. However,
utilising data from the paper from Lamb and others (2012), an
isolation period shorter than 14 days would not be advisable due
to concurrent levels of radioactivity in the faeces and urine from
treated cats.
Shortening the len gth of hospitalisation after injection of
1131 is likely to make this treatment modality of feline hyperthyroidism more attractive to owners. A previous study revealed
that owners do have moderate concerns about the length of
hospitalisation following treatment (Boland and others 2014),
and this may deter some owners from pursuing this treatment
modality.
As a main route of excretion of 1131 is via the urine, and
previous work has shown that the glomerular filtration rate
of the kidneys decreases with treatment of hyperthyroidism
(Graves and others 1994), unmasking of renal disease due to
definitive treatment of hyperthyroidism could have potentially affected our results. Of the cats in this study, 8 out of
12 had posttreatment creatinine values less than 140 mmol/l
(current lower reference limit for International Renal Interest
Society stage II for chronic renal disease) (www.iris-kidney.
com), but four of the cats had values above this (range 142201 mmol/l). Unfortunately, three of the four cats did not
have a urinalysis performed posttreatment to further assess
this at the time. On follow-up of all 12 cats however, renal
disease was only noted in one cat. As only one cat in our
study developed renal disease, a link between this and the
level of y radiation emission cannot be ascertained, and this
area would need further investigation to assess if this could
affect radiation-emission results in hyperthyroid cats treated
with 1131 .
The main limitations of this study were the sample size and
concerns regarding the battery life of the dosimeter. This study
only utilised data from 12 cats to assess the effectiveness of the
dosimeters, and further statistical analysis may have been
possible with larger numbers, that is, assessing for statistically
significant differences between potential additional dose exposure and the dose of 1131 administered, which were not able to be
calculated from our population size. The battery life did prove to
be a concern at the start of the study, but as long as the battery
was replaced after every third cat and the battery was removed
from the dosimeter when not in use, this did not lead to incomplete datasets.
Another possible limitation was the height of the dosimeter
on the kennel door compared with the height of the cat's
thyroid gland and the distance of the dosimeter from the cat.
The dosimeter was placed at 42 cm above the kennel floor, as
this was the easiest and most secure place for it to be attached.
As the directionality of the monitor was linear over a 150° cone
area, and there were no objects within the kennel that allowed
cats to climb, this was unlikely to have substantially affected
our results. As the dosimeter was in a fixed position , but the position of the monitored cats would vary throughout the day, the
cats' position may have affected the data collected, as radiation
exposure follows the inverse square law (by doubling the distance, you reduce the radiation exposure by a factor of 4). As the
cats were noted to move around the kennel on a daily basis and
be in variable positions, it is likely that this variation in distance
from the dosimeter evened out each day, minimising the effect
on the data.

Cbndusion
The MGP DM2000X dosimeter can be used to effectively
monitory radiation from hyperthyroid cats treated with 1131 ,
and our provisional data suggest that a maximum isolation
period of 17 days at the studied referral centre could be considered as long as certain precautions are put in place. This isolation
period could be shortened further to 14 days within current UK
and ICRP guidelines, as long as the time owners spend in close
contact with their cats posttreatment is limited for the following week. Shortening the isolation period for treated hyperthyroid cats could make this a more popular option for owners of
hyperthyroid cats. Further assessment of this method of radiation monitoring at other institutions that offer 1131 treatment
for feline hyperthyroidism is required to assess if this method
assists the monitoring of their cases.
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Summary
Aim: Establishment of radioiodine treatment of feline
hyperthyroidism in veterinary routine in accordance with
German radiation protection regulations. Patients and
methods: 35 cats with proven hyperthyroidism were
treated with 131 1in a special ward. Thyroid uptake and
effective halflife were determined using gammacamera
dosimetry. Patients were released when measured
whole body activity was below the limit defined in
the German #Strohlenschutzverordnung". Results:
17/20 cats treated with 150 MBq rodioiodine and
15/15 cots treated with 250 MBq had normal thyroid
function after therapy, normal values for FT3 and FT4
were reached ofter two and normal TSH levels after
three weeks. In 14 cots normal thyroid function was
confirmed by controls 3-6 months later. Thyroidal iodine
uptake was 24 ± 10%,effective hollle 2.5± 0.7 doys.
Whole body activity <f MBq was reached 13 ± 4 days
after application of 131 1. Radiation exposure of cat
owners was estimated as 1.97 µSv/MBq for adults.
Conclusion: Radioiodine therapy of feline hyper·
thyroidism is highly effective and safe. It can easily
be performed in accordance with Germon radiation
protection regulations, ohhough this requires hospitulisotion
for approximately two weeks. Practical considerations
on radiation exposure of cot owners do not justify this
long interval. Regulations for the veterinary use of
radioactive substunces similar to existing regulations for
medical use in humans are hig~ desirable.

Schlusselwiirter

Kotze, Hyperthyreose, Rodioiodtherapie, Strohlenschutz

Zusommenfossung

Nuklearmedizin 2002; 41: 245-51

Ziel: Etoblierung der Rodioiodtherapie ols veteriniir·
mejlizinische Routinetherapie der felinen Hyperthyreose
in Ubereinstimmung mit der deutschen Strohlenschutz·
verordnung. Palienten und Methoden: 35 Kotzen mit
gesicherter Hyperthyreose wurden in einen Kontrol~
bereich stalioniir mit lod-131 behonde~. Uptake und
effektive Halbwertszeit wurden mittels Komerados~
metrie ermittelt. Der Behondlungserfolg wurde labor·
chemisch gepriift. Die Entlassung erfolgte noch Unter·
schreiten der Freigrenze fur lod-131 . Ergebnisse:
17 /20mit150 MBq und 15/15 mit 250 MBq mit
lod-131 therapierte Kotzen erreichten eine Euthyreose,
im Mittel war die periphere Euthyreose noch zwei,
die Normalisierung der TSH-Konzentration noch drei
Wochen erreicht. 14 der zuniichst euthyreoten Patienten
wurden 3-6 Monote noch Therapie kontrolliert und die
euthyreote Stoffwechsellage bestiitigt. Der thyroidole
loduptake betrug 24± 10%, die effektive Holbwertszeit
2,5 ± 0,7 Tagen. Eine Ganzkorperaktivitiit <1 MBq war
nach 13 ± 4 Tagen erreicht. Basierend auf den Werten
for effektive Halbwertszeit und thyroidalen loduptoke
wurde die Strahlenexposition der Patientenbesitzer
obgeschiitzt. Fur einen Erwachsenen ergaben sich
1,97 µSv/MBq. Schlussfo~erung: Die Radioiodtherapie isl eine effektive, nebenwirkungsfreie Therapie
der felinen Hyperthyreose, die unter Beachtung der
deutschen Strahlenschutzvorschriften problemlos
durchruhrbar ist. Die etwa zweiwochige Hospitalisierung
erscheint oufgrund praktischer Strahlenschutzuber·
legungen nicht erforderlich. Regularien zum Einsatz
radioaktiver Stoffe in der Veteriniirmedizin analog zur
Richtlinie Strahlenschutz in der Medizin, die die derzeitige
strahlenschutzrechtliche Betrachtung der behandelten
Tiere a~ Sachen ablosen, sind dringend erforderiich.

ie Hyperthyreose der Katze gewann in den vergangenen Jahren
in Deutschland an Bedeutung. Lag
die lnzidenz dieser Erkrankung an der
I. Medizinischen Tierklinik der LMU Mtinchen 1995 noch <0,5%, so stieg sie bis 1998

auf >2,5% (7). Die Hyperthyreose gilt als
haufigste endokrinologische Erkrankung
der Katze (2, 12). Sie betrifft vor allem
altere Katzen, wird nur selten bei unter
10-jahrigen Katzen gefunden und fiillt klinisch auf <lurch Gewichtsverlust und Poly-

D

phagie, Polydipsie und Polyurie, Diarrho
und Erbrechen, Tachykardie und Hyperaktivitiit (20). Haufig sind die Katzen auch
aggressiver. Besteht die Hyperthyreose
lange Zeit, kann haufig im Schilddriisenbereich ein Knoten palpiert und sonographisch nachgewiesen werden. Die Diagnose Hyperthyreose wird <lurch Laboruntersuchungen gesichert (4, 9, 17). Die zunehmende Vorstellung von Patienten mit feliner Hyperthyreose fiihrt in der tierarztlichen Praxis zu einem hOheren Bedarf an
therapeutischen Moglichkeiten.
Zurzeit besteht die Therapie in
Deutschland iiblicherweise in einer Thyreostase mit Carbimazol (oder Thiamazol)
oder in der Operation. Die Thyreostase
muss lebenslang vorgenommen werden,
was sich bei der Katze haufig aus Grtinden
mangelnder Compliance als problematisch
erweist (21) und oft mit ausgepragten unerwiinschten Arzneimittelwirkungen verbunden ist (11). Nach operativerTherapie wird
als Komplikation haufig Hypoparathyreodismus beobachtet, gelegentlich kommt es
zu Rezidiven, und selten stellt sich auch
eine Hypothyreose ein (24). Als Alternative zu diesen beiden Therapieformen wird
in den angelsachsischen Liindem - vor
allem in den USA - an Spezialkliniken eine
Radioiodtherapie vorgenommen (6). Die
in manchen Zentren bei menschlicher
Schilddriisenautonomie praktizierte Ethanolinjektion ist bei der Katze wenig erfolgversprechend (25).
Die Anforderung hoher Wirkung und
geringer Nebenwirkung bei einfacher,
sicherer Anwendung wird <lurch die
Radioiodtherapie optimal erfiillt (9, 14).
Sie hat im Vergleich zu den anderen Therapieformen die geringste Nebenwirkungsrate und mit einer Heilungsrate von 95%
den hOchsten Therapieerfolg. Sie ist metho-
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disch einfach und in den USA als allgemein
anerkanntes Therapiekonzept etabliert (10,
22). In Deutschland wurde die Radioiodtherapie bisher nicht in die veteriniirmedizinische Routine integriert, da tragfiihige Konzepte fur die Behandlung der
Katze im Einklang mit der deutschen
Strahlenschutzverordnung (StrlSchV) fehlen (23). Bisherige Erfahrungen beschriinken sich daher im Wesentlichen auf Einzelfallberichte (1, 18).
Eine Richtlinie zum Strahlenschutz in
der Veterinarmedizin ist zurzeit in Vorbereitung. Klare und praxisgerechte rechtliche Vorgaben zum Strahlenschutz bei der
Anwendung oftener radioaktiver Stoffe in
der Veteriniirmedizin werden zur Verbreitung der Radioiodtherapie der Katze auch
in Deutschland beitragen. Aus diesem Anlass berichten wir iiber die Erfahrungen mit
der Radioiodtherapie der Katze in einer
interdisziplinaren Kooperation der veteriniir- und humanmedizinischen Fakultaten
der Justus-Liebig-Universitat GieBen.

Material und Methoden
Bei 35 Katzen mit klinisch vermuteter
Hyperthyreose wurde die Verdachtsdiagnose mittels laborchemischer Analysen
erhiirtet und anschlieBend <lurch eine
Schilddriisenszintigraphie gesichert. Fiir
die Analyse der Blutproben kam ein in
der Humanmedizin verwendeter Immunfluoreszenzassay zur Anwendung (ACS:
180, Bayer Vital GmbH & Co KG, Femwald), <lessen Aussagekraft zur Bestim-

mung feliner Serumparameter zuvor evaluiert worden war (16). Hierbei fand sich
insbesondere, <lass mit einem geeigneten
Assay auch felines TSH bestimmbar ist, so
<lass die Hyperthyreose zuverlassig diagnostiziert werden kann. Auf aufwandigere Bestimmungstechniken (4, 17) konnte daher
verzichtet werden.
In Kurzanasthesie wurden 40 MBq
99mTc-Pertechnetat iiber eine Venenverweilkaniile dem auf der Gammakamera
liegenden Tier appliziert, wodurch die
sichere intravenose Lage der Kaniile bestatigt wurde. Planare Szintigramme wurden 15 Minuten danach in anteriorer und
rechts lateraler Sicht (Abb. 1) akquiriert.
Unmittelbar nach Durchfiihrung der
Szintigraphie erfolgte die Applikation der
therapeutischen Dosis Iod-131 als Natriumiodidlosung am noch anasthesierten
Tier iiber die Venenverweilkaniile. AnschlieBend wurde die Kaniile entfemt und
gemeinsam mit den iibrigen Materialien in
einem luftdicht verschlieBbaren Behiilter
verbracht, in dem wahrend des stationiiren
Aufenthalts anfallende Ausscheidungen
sowie Abfall, der mit dem Tier in Kontakt
gekommen war, gesammelt und aufbewahrt wurde.
Die applizierte Aktivitat betrug bei den
ersten 20 Patienten 150 MBq. Da in 3 Fallen kein ausreichender therapeutischer Erfolg festgestellt wurde, gingen wir dann
dazu iiber, die therapeutische applizierte
Aktivitat in Abhiingigkeit von der szintigraphisch festgestellten Ausdehnung des
Befunds zwischen 150 MBq und 250 MBq
zu variieren. Eine routinemaBige sonographische GroBenbestimmung- insbeson-

Ahb. 1
Katze mil ausgedehntem
Schilddriisentumor, Szintigraphie in anteriorer und
rechts loteraler Sicht 15 und
20 Minuten noch lnjektion
von 40 MBq 99'"Tc-Pertechnetat
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dere der deutlich vergroBerten Schilddriise - schien wenig erfolgversprechend,
da die Strumen meist bis deutlich retrosternal reichten und einer sonographischen Bestimmung nicht zuganglich waren (Abb.1).
Auf sonographische Volumenbestimmung
wurde daher verzichtet.
Die im Tier vorhandene Restaktivitat
wurde arbeitstaglich mittels Kameradosimetrie bestimmt. Hierzu wurde die
manuell fixierte Katze sowie eine Iod-131Referenzaktivitat szintigraphiert und die
vorhandene Aktivitat mit rechteckigen
ROis (regions of interest) iiber Referenz,
Schilddriise sowie einer der Korperkontur
des Tieres angepassten unregelmaBig begrenzten ROI quantifiziert. Zur Qualitatskontrolle diente die Messung der Referenzaktivitat im Vergleich zur aufgrund des
physikalischen Zerfalls berechneten Aktivitat.
Posttherapeutisch wurden am 7., 14. und
21. Tag die Serumparameter iiberpriift,
Kontrollen 3-6 Monate nach Therapie wurden bei 14 Katzen durchgefiihrt. Nach Abfall der Restaktivitat <100 Bq/g, seit InKraft-Treten der aktualisierten Strahlenschutzverordnung 1 MBq pro Tier, wurden
die Patienten wieder in die Obhut ihrer
Besitzer iibergeben.

Ergebnisse
Die Serumparameter zeigten bereits eine
Woche nach Radioiodtherapie eine deutliche Reduktion der FT3- und FT4-Konzentration. Nach zwei Wochen lagen - mit Ausnahme von drei Fallen - bei alien Patienten
diese Parameter im Referenzbereich. Die
TSH-Konzentration erreichte drei Wochen
nach Radioiodtherapie den Referenzbereich (Tab. 1). Laborchemische und klinische Kontrollen 3-6 Monate nach Therapie
bestatigten in den untersuchten Fallen die
Euthyreose. Eine szintigraphische Uberpriifung des Therapieerfolgs hatte eine erneute stationare Aufnahme und Sedierung
der Tiere erfordert und wurde bei euthyreoten Tieren nicht durchgefiihrt.
Die Kameradosimetrie ergab einen thyroidalen Ioduptake von 24 ± 10% (max.
44 %, min. 8% ), die effektive Halbwertszeit
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errechnete sich zu 2,5 ± 0,7 Tagen (max.
4,4, mind. 1,5 Tage ). Eine Ganzkorperaktivitat <1 MBq entsprechend der aktuellen
Grenzaktivitat fur die Entlassung der Tiere
aus dem Kontrollbereich war nach 13 ±
4 Tagen erreicht (max. 20, min. 6 Tage).
Anhand der Kontrolle der Referenzaktivitat ergab sich eine Messgenauigkeit von
±5,5%. Abbildung 2 veranschaulicht den
typischen Verlauf der Aktivitaten in Schilddriise und Ganzkorper sowie den der Referenzaktivitat. Da eine Volumetrie der
Schilddriise nicht durchgefiihrt wurde, war
die Berechnung der erreichten Dosis nicht
moglich.
Da eine Nebenwirkung der Radioiodtherapie der Katze die Demaskierung
einer vorbestehenden Niereninsuffizienz
ist, wurden posttherapeutisch entsprechende
Laborparameter kontrolliert (Abb. 3). Hier
zeigte sich ein Anstieg der Retentionswerte, der auf die nach Beseitigung der
Hyperthyreose reduzierte glomerulare
Filtrationsrate zurtickzufiihren ist (3), allerdings bei keiner Katze kritische Werte erreichte.

Tab. 1 Freies Triiodthyronin, freies lhyroxin und TSH im Serum von Kotzen nach Radioiodtherapie; Referenzbereiche
nach (16)
Tag 7

Tag 14

Tag 21

Referenzbereich

FT3 (pmoVl) 7.2 ± 3,5

3,6 :!: 1,5

2,7 .t 2

2,7±2

3,9 ± 1,2

FT, (pmol/I) 76 .I: 42

31±20

16± 17

18± 23

TSH(mU/I) 0,03±0,03

0,05 ± 0,11

0,10 ± 0,2 1

0,31

Parameter

TagO

0,74

16±5
0,28±0,20

10
a"

al

:E

-<>- Referenz
-o- SO
..._GK
_J

Abb.2
Typischer Aldivitiitsverlauf
bei einer Kotze noch Rodioiodtherapie (SD: Schilddriise, GK: Ganzkiirper)

0
19. Jan.

24. Jan.

29. Jan.

3. Feb.

8. Feb.

13. Feb.

Krealinil

Homstoff

Diskussion
Die Radioiodtherapie der Katze erwies
sich als praktisch nebenwirkungsfrei und
hocheffektiv, was die im Vergleich zu Beobachtungen beim Menschen (15) erstaunlich
rasch erreichte euthyreote Stoffwechsellage eindrucksvoll belegt. Auch unter
Beriicksichtigung der in Deutschland geltenden Strahlenschutzvorschriften ist die
Therapie methodisch einfach durchfiihrbar. Die bekannte, auch bei den von uns behandelten Tieren aufgetretene Demaskierung einer Niereninsuffizienz <lurch die Beseitigung der Hyperthyreose (3) stellt die
einzige relevante unerwiinschte Wirkung
dar. Aufgrund des Pathomechanismus der
Reduzierung einer zuvor (pathologisch) erhOhten glomerularen Filtrationsrate tritt
dieser Effekt unabhangig vom therapeutischen Verfahren bei Beseitigung der
Hyperthyreose auf und kann daher nicht
als therapiespezifisch betrachtet werden.
Dennoch sollte dies Anlass zur pratherapeutischen Kontrolle der Nierenfunktion
sein.

Abb.3
Veriinderung der Kreotininund Hamstoffkonzentrotion
im lheropieverlauf (Median, Standardabweichung
und Range; gestrichelte
Linien: obere Grenze des
Referenzbereichs)

o_,__ _ _ _ __
o ~------

wr RJT

Die bei Applikation einer Standardaktivitat von 150 MBq erreichte Erfolgsrate
(17/20) ist allerdings nicht als optimal
zu bezeichnen. Unter Verwendung von
250 MBq wurden bisher 15/15 Patienten
erfolgreich therapiert, wobei Ergebnisse
zur moglichen Entwicklung einer Spathypothyreose noch nicht vorliegen.Weitere
Untersuchungen zur Definition der individuell erforderlichen applizierten Aktivitat
in Anlehnung an das beim Menschen gtiltige Prinzip der optimierten Radioiodtherapie (19) sind daher erforderlich. Die
sonographische Volumenbestimmung ist

21d noch

vor RJT

21 dnoch

bei retrostemaler Struma auch beim Menschen schwierig (5), bei der Katze ist sie
in ausreichender Prazision unmoglich.
Aufgrund der Hiiufigkeit retrostemaler
Strumaanteile im unserem Patientenkollektiv sind hier alternative Methoden erforderlich: Die planimetrische Abschlitzung
des Zielvolumens aus einer prlitherapeutischen Schilddriisenszintigraphie bietet sich
an.
Der notwendige Aufenthalt der Tiere im
Kontrollbereich von im Mittel zwei Wochen wurde von allen Patienten gut toleriert, wozu die Bereitstellung groBztigig di-

Downloaded from www. nuklearmedizin-online.de on 2017-02-01 I IP: 198.0. 171.177
For oersonal or educational use onlv. No other uses without oerm ission. All riohts reserved.

Nukleormedizin 6/2002

248
Puille et al.

mens1oruerter Kiifige wesentlich beitrug
(Abb. 4). Die Dauer dieses Aufenthalts ergab sich aus der Freigrenze fiir Iod-131
nach Anlage ill StrlSchV (23) als Grenzaktivitiit zur Entlassung, da die Katze im
Sinne der Str!SchV als Sache zu betrachten
ist.
Da die Restaktivitat die Freigrenze
unterschreitet, ist Patientenbesitzem der
Umgang mit den Tieren nach § 8 Abs. 1
Str!SchV gestattet. Da die Grenzwerte zur
Freigabe radioaktiver Stoffe entsprechend
§ 29 StrlSchV iiberschritten werden, miissen die Katzen zu diesem Zeitpunkt noch
als offener radioaktiver Stoff im Sinne der
StrlSchV betrachtet werden. Patientenbesitzer sind daher iiber die Tatsache vorhandener Restaktivitat zu unterrichten. Zu
diesem Zweck wird den Patientenbesitzem
neben einer ausfuhrlichen miindlichen
Aufklarung vor Beginn der Therapie bei

Entlassung der Katze ein Merkblatt ausgehandigt (siehe Anhang).
Die stationiire Aufenthaltsdauer ist bestimmender Faktor sowohl der Therapiekosten wie auch der -akzeptanz bei Katzenbesitzem. Dies gab unabhangig von rechtlichen Vorschriften Anlass zu Uberlegungen zur ZweckmaBigkeit der Iod-131-Freigrenze als Grenzaktivitat im Sinne des
Strahlenschutzes der Bevolkerung im Allgemeinen und der Tierhalter als besonders
exponierter Personengruppe.
Unter Verwendung der Formel

f

T1
T2
r1
r2
r3

n
WRK
WG

Abb. s
Strohlenexposilion des Kotzenholters in Abhiingigkeit vom Entlossungszeitpunkt: bei Entlossung der
Kotze zwei Toge nach Applikation <0,l mSv (fiir &wachsene). Tag 0: Zeitpunkt
der Uptakemessung (24 h
nach Applikation); Aktivitm:
250 MBq; thyroidoler Uptake 25%; effektive Halbwertszeit 2,5 d (aus Beobachtungen bei uns behandelter Tiere)

effektive Aquivalentdosis in µ.Sv
Iod-131-Aktivitat in der Katze
Dosisleistungkonstante

[

r4

Abb.4
Kotze mil Hyperthyreose
wiihrend des stationiiren
Aufenthohs im Kontrollbereich der Medizinischen
und Gerichdichen Veteriniirklinik I, Justus-Liebig-Universitiit, Gie6en
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Hett

Ao

µ-Sv* m2]
h *GBq

physikalische Halbwertszeit in h
effektive Halbwertszeit in h
mittlerer Abstand zur Katze in m
mittlerer Abstand zur Katze bei
engem Kontakt in m
Abstand der Gonaden der Kontaktperson zur Katze bei engem
Kontaktinm
mittlerer Abstand zu den Ausscheidungen der Katze in m
tiigliche Zeit des engen Kontakts
inh
Wichtungsfaktor fiir Korper mit
Ausnahme der Gonaden
Wichtungsfaktor fiir die Gonaden

ergibt sich eine Strahlenexposition der
Katzenbesitzer von 1,97 µ.Sv!MBq, den
ungiinstigen Fall eines Kindes als enger
Kontaktperson vorausgesetzt 8,77 µ.Sv/
MBq. Eine ausfuhrliche Darstellung der
zugrunde gelegten Annahmen sowie eine
Herleitung der verwendeten Formel findet
sich im Anhang dieser Arbeit.
Abbildung 5 zeigt die Strahlenexposition in Abhangigkeit vom Zeitpunkt der
Entlassung einer Katze, die 250 MBq erhielt und entsprechend den Beobachtungen bei den von uns behandelten Tieren
einen thyroidalen Uptake von 25% sowie
eine effektive Halbwertszeit von 2,5 Tagen
aufwies.
Die Strahlenexposition eines Patientenbesitzers kann selbst bei Entlassung bereits
am Tag nach Erreichen des maximalen thyroidalen loduptakes als geringfiigig betrachtet werden, sie unterschreitet die in
§ 46 Str!SchV festgelegte Expositionsgrenze der Allgemeinbevolkerung von
1 mSv um den Faktor 10, den ungiinstigen
Fall eines Kindes als enger Kontaktperson
vorausgesetzt noch um den Faktor 2,5. Eine
eventuelle Strahlenexposition <lurch Inkorporation wurde bei dieser Abschiitzung
nicht beriicksichtigt, da unsere bisherigen
Erfahrungen bei der Radioiodtherapie der
Katze zeigten, <lass diese, sachgerechten
Umgang mit dem Tier und seinenAusschei-
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dungen vorausgesetzt, nicht auftritt, wie
regelmaBige Inkorporationskontrollen bestatigten. Ausfiihrliche Aufklarung iiber die
zugrunde Iiegenden Sachverhalte vorausgesetzt kann hiervon auch beim inforrnierten Patientenbesitzer ausgegangen werden,
analog beispielsweise zu Uberlegungen
zurn Infektionsschutz (8), der in diesem Zusarnmenhang ein wesentlich groBeres objektives Risiko darstellt.
Somit ist der Einschiitzung von Reinartz
et al., die eine langere Hospitalisierung
radioiodtherapierter Katzen auch in
Deutschland fur unnotig erachten (18),
aus Sicht des praktischen Strahlenschutzes
nur zuzustimmen. De jure steht dem das
Fehlen einer Ausnahmeregelung fur die
Anwendung radioaktiver Stoffe in der
Veterinarmedizin analog der Richtlinie
Strahlenschutz in der Medizin entgegen, so
dass zum jetzigen Zeitpunkt ein zweiwochiger stationarer Aufenthalt der Tiere das
einzige praktische Argument darstellt, die
chirurgische oder medikamentose Therapie
der Hyperthyreose der Katze der Radioiodtherapie vorzuziehen. Aus rechtlichen
Grunden ist der stationare Aufenthalt bei
Radioiodtherapie zurzeit unumganglich.
Eine Richtlinie zum Strahlenschutz in
der Veterinarrnedizin ist in Vorbereitung.
Es ist zu hoffen, dass mit ihrem ln-KraftTreten die Radioiodtherapie der Katze
auch in Deutschland den ihr zustehenden
Stellenwert erhalt.
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unddaher:
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Beriicksichtigt man das Sozialverhalten
mancher Katzen, die sich regelmiiBig fiir
ktirzere Zeit in unmittelbarer Niihe einer
Kontaktperson aufhalten, ist ein Zeitraum
von n Stunden in unmittelbarer Niihe der
Person (Abstand r2) , beispielsweise auf
dem SchoB sitzend, fiir jeden Tag i zu addieren. Gleichung 2.1 gilt dann fiir die 24-n
librigen Stunden des Tages.

A:

wobei Ti: physikalische Halbwertszeit, T2:
effektive Halbwertszeit. Mit (1) ergibt sich
zur Berechnung der hierdurch hervorgerufenen Strahlenbelastung unter der Voraussetzung, dass die ausgeschiedene Aktivitiit
zwischenzeitlich nicht entsorgt wird, und
der mittlere Abstand zur ausgeschiedenen
Aktivitiit r4 betriigt:

unddaher:

t•O

wobei:

(3)

insgesamt also (da HWZ == T2)

2

r* A0 * HWZ
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Beriicksichtigt man zusiitzlich, dass bei
einem Kind als Kontaktperson und auf
dem SchoB sitzender Katze der Abstand zu
den Gonaden r3 deutlich geringer als der
mittlere Abstand zum Korper r2 ist, ist
dieser Term unter Beriicksichtigung des
Wichtungsfaktors fur die Gonadenexposition wa zu erweitem (wobei wRK = 1-wa):

Bei kontinuierlicher Exposition im Abstand ri bis zum vollstiindigen Abklingen
der Strahlenquelle (t = 00 ) ergibt sich
f.;...:,C

,.2

- la(2)'t

Ao *e r,- -Ao •e- r,-

Zusiitzlich tritt eine Strahlenexposition
durch ausgeschiedene Aktivitiit auf Diese
berechnet sich (kontinuierliche Ausscheidung vereinfachend vorausgesetzt)
nach:
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Mit den physikalischen Konstanten fur Iod131 (f = 59 ~
h'GBq , Ti == 192,5 h) und den
Annahmen T2 == 60h, ri = 2m, r2 ==1 m, r4 =
5 m, n = 1 h (Erwachsener, keine separate
Beriicksichtigung von r3, WRK =1, Wa =0)
errechnet sich die Strahlenexposition zu
1,97 µSv/MBq. Mit den Annahmen r2 =
0,3 m, r3 = 0,1 m und den Wichtungsfaktoren (Anlage VI Str!SchV) WRK == 0,8,
WG == 0,2 (Kind) ergeben sich 8,77 µSv/
MBq.
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Medizinische u. Gerichtliche Veterinarldinik I - lnnere Krankheiten der Kleintiere
Universitl!tsldinikum - Klinlk fOr Nuklearmedizin
Justus-Liebig-Universitat Giel1en

Merkblatt fur Tierhalter
Tlerhalter:

Vomame

Name

Anschrift

___________

Patient:

.__

__, .J w

TierarVRasse

I wk

cm

Geschlecht

"' mk
Geburtsdatum

Verantwortlicher Tlerarzt:

Name

Vomame

Sehr geehrter Tierhalter.
bei lhrem Tier wurde zur Beseitigung einer SchilddrOsenOberfunktion eine
Behandlung mit radioaktivem lod (1 311) durchgefOhrt. Der weit Oberwiegende Teil der
am _ ._ .20_ verabreichten Aktivitat ( ___ MBq) isl mittlerweile ausgeschieden
oder zertallen.
Eine Restmenge von o._ MBq ' 31 1 isl am heutigen Entlassungstag in lhrem Tier
noch vorhanden. Die jetzt vom Tier ausgehende Strahlung ist jedoch so niedrig, dass
sie im Vergleich zur natOrlichen Umgebungsstrahlung, der wir standig ausgesetzt
sind, als unbedenklich angesehen werden kann.
Aufgrund der physikalischen Eigenschaften des verabreichten lod-lsotops sollten Sie
direkten Kontakt mil Ausscheidungen lhres Tiers in den nachsten zwei Wochen
vermeiden , da diese noch in geringen Mengen radioaktives lod enthalten kOnnen.
Direkter kOrperllcher Kontakt mit lhrem Tier (Streicheln etc.) Isl unbedenkllch, sollte
in den nachsten Tagen aber auf ein bis zwei Stunden taglich beschrankt bleiben.
Durch lhre Unterschrift bestatigen Sie, dass Sie diese AusfOhrungen verstanden
haben und eventuelle F ragen mit dem verantwortlichem Tierarzt zu lhrer
Zufriedenheit klaren konnten.

Datum

Unterschrift des Tierhallers

Unterschrift des Tierarztes
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USE OF MULTISUCE HELICALCT TO DETERMINE AN ATTENUATION VALUE (HU) OF ADRENAL
GLAND IN HEALTHY DOGS AND DOGS AFFECTED BY HYPERADRENOCORTlCISM

COMPARISON OF COMPUTED TOMOGRAPHY USING IOHEXOL AND 99mTC-DTPA SCINTIGRAPHY
FOR DETERMINATION OF RELATIVE CANINE GLOMERULAR RLmATION RATE

Bertolini G , Caldin M , Piaia T , Furtanello T . Veterinary Clinic " San Marco'', 35141 Padua,
Italy.

Lipman AH Hildreth BE Ill, Robertson ID, Thrall DE. Department of Molecular and Biomedical
Sciences, College of Veterinary Medicine, North Carolina State University, Raleigh, North
Carolina 27606.

Introduction
Appropriate WO<l<up of dogs with suspected Cushing's Syndrome includes adrenal and pituitary
imaging. In human medicine, on basis of adrenal glands attenuation values at unenhanced and
enhanced examinations, comrxited tomography (CT) are helpful in differentiating normal from
abnormal adrenal glands. Nonenhanced CT and dynamic contrast-enhanced CT are usually
pertormed to further differentiate benign from malignant lesions, with high sensitivity and
spectticity. In a recent meta-analysis of 10 studies, it was determined that a threshold of 10 HU
(Hounsfield units) is associated to a 71 % sensitivity and 98% spectticity for characterizing
adrenal masses and 100% spectticity, when additional features such as size , shape, and

margins were considered.
In veterinary medicine, ultrasonography is the most useful imaging modality for evaluating the
adrenal glands in dog; CT and magnetic resonance imaging (MRI) are usually res01Ved to
pitl.itary gland examination.

The purpose of our study was to assess attenuation values of canine adrenal glands in non-enhanced and enhanced CT, pertarmed on healthy and diseased dogs, as preliminary use a
multislice helical c omputed tomography (MSHCT) in wor1<up of dogs with suspected hype-

radrenocorticism .
Materials and methods
CT studies were pertormed wth GE Lightspeed 16 slices MSHCT, Medrad Envision Injector
System, GE ADW 4 .1 Workstation . We considered 2 different groups of dogs: 40 dogs affected
by nonadrenal diseases [acute orthopedic patiens, otherwise healthy (bone fracture or disc
hemiaton) n= 20; miscellanea of systemic diseases n= 20], and 20 dogs affected by hyperadrenocorticism (pituitary dependent n= 17, adrenocortical dependent n = 3).
Inclusion criteria were: history, physical examinaton, laboratory findings (CBC, biochemical
profile, urinalysis, coagulaton tests), thoracic radiographs, abdominal ultrasound and appropriate endocrinological tests (adrenocorticotropin hormone (ACTH) stimulation test, endogenous ACTH determination, high-dose dexamethasone suppression test). Dogs were
anesthetized with midazolam, remttentanil, and propofol and intubated for oxygen supplementation; the apnea was induced with a remifentanil bolus after manual hyperventilation; a scan
time for entire abdomen was 12- 20 s depending on shape of dog, with a 1.25-mm slice
thickness. lodixanolo (Vispaque® 320 mg I/ml) at 2 mVkg was injected intravenously at 1.0mVs
infusion rate. Tv.o series of images before and after the injection of contrast media were
pertormed. A third delayed series (30 min after contrast injection) was pertormed in a small
percentage of dogs. In dogs with suspected Cushing's Syndrome, pituitary CT studies were
also carried out. The images were consequently reformatted. Precontrast and postcontrast
attenuation values were determined.

Introduction
Glomerular filtration rate (GFR) is measured to assess canine renal function. Several techniques exist including inulin clearance, creatinine clearance, 99mTc-OTPA scintigraphy , and
iodinated contrast medium clearance . Relative GFR can be determined by 99mTc-DTPA sc~
ntigraphy and invasive inulin clearance techniques. A computed tomography (CT) technique
usng nonionic contrast medium clearance (lohexol) has been descri>ed in humans; however,
this technique has not been evaluated in the dog. lohexol is an adequate mar1<er of GFR as it is
filtered with little or no metabolism, secretion , or reabsorption. Determination of relative contrast
medium filtration by both kidneys should therefore enable estimaton of relative GFR. In this
projec~ the relative GFR determined from the contrast medium CT technique was compared to
relative GFR determined from 99mTc-DTPA scintigraphy.
Methods
Ten healthy dogs with no evidence of renal disease were used. Anesthesia was induced by i.v.
Propofol bolus and maintained with a constant rate infusion (0 . 3m~nin). Standard 99mTcDTPA scintigraphy was used to determine relative GFR; this was compared with a CT iohexol
technique. CT consisted of acquisition of transverse images through both kidneys. 10-mm
contiguous slices were acquired in a helical mode followed by 5-mm slice reconstruction . An
identical postcontrast series was acquired after injection of 300 rngkg iohexol (300 mg/ml). This
dose was sufficient for opacttication of the kidneys and serum iohexol clearance studies. A 20 s
scanning delay after injection yielded excellent parenchymal opacttication without contrast medium present in the renal pelvis. Hand drawn regions of interest (ROI) were placed around each
2
kidney in each slice. The area in cm and mean Hounsfield value in each slice were multiplied
givng the total number of Hounsfield units per slice. These numbers were summed for each
kidney pre- and postcontrast medium administration. The pre contrast total for each kidney was
subtracted from the postcontrast total as only the contrast medium, not the renal parenchyma
was being assessed. Finally, a ratio of the difference in pre and postcontrast total Hounsfield
units for both kidneys was determined. This ratio was hypothesized to reflect relative GFR for
each kidney, and to be comparable to 99mTc-DTPA scintigraphy. All dogs recovered whhout
incl:tent.

Results
Relative GFR determined from 99mTc-DTPA scintigraphy and the CT technique using iohexol
were compared using a paired Studenfs ~test. The mean relative GFR for the right kidney was
51 .5% usng scintigraphy and 50.8% using the CT technique. The mean relative GFR for the left
kidney was 48.5% using scintigraphy and 49.2% using the CT technique. There was no significant difference in relative GFR for the right (P= 0.725) or left (P = 0.712) kidney using the 2
techniques.

Results

Conclusion

Adrenal glands and all spatial planes were recognized in every patients. In unenhanced CT
images the peripheric part of the gland have a lower attenuation value than the other part of
gland; not signtticant differences in cranial or caudal pole of gland were obs01Ved. According to
our results, attenuation measures must be realized with a region of interest (ROI) as large as
possible, in order to fill the gland in all its structures and complexities.

The CT iohexol technique is useful for determination of relative GFR, especially where sc~
ntigraphy is not available or contraindicated, where immediate surgical intervention is warranted, or where the additiona l anatomic information acquired with CT is desired. Absolute total
GFR can be determined using the iohexol clearance technique after the CT study has been
completed .

Conclusions
Unenhanced and enhanced MSHC may be useful to characterize the morphology and attenuation values of adrenal gland in dogs . Dogs affected by Cushing's Syndrome can be recognized by different attenuation values .
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HIGH-RESOWTION COMPUTB> TOMOGRAPHY (HRCT) OF THE NORMAL CANtlE WNG
Johnson VS' , Schwarz T' , Sullivan T". 'Department of Clinical Studies, School of Veterinary
Medicine, University of Pennsylvania, Philadelphia, PA 19104-4107 and 2 Division of Small
Animal Clinical Studies, Glasgow University Veterinary School, Bearsden, Glasgow G61
1QH, UK.

Introduction
High-resolution computed tomography (H RCD is widely used in the assessment of human lung
disease. HRCT is increasing in availability for use in veterinary patients and has great potential
for imaging the canine pulmonary parenchyma. To date, there have been no desc!l>tions of the
normal canine lung on HRCT. The aim of this study was therefore to describe the normal
appearance of the lung and to establish normal ranges for various anatomical parameters using
this imaging modality.
Materials and methods
Forty dogs from a hospital population underwent HRCT of the lung. The dogs were assessed
as having no history or clinical evidence of thoracic disease and had normal thoracic radiographs. The HRCT images were analyzed subjectively and objectively. Cross-sectional areas
were calculated for certain features and these we<e cmelated with the body weight and a
vertebral body measurement. CT attenuation values were obtained for all lung lobes. Statistical
analyses were performed.
Results
The mean lung attenuation was - 713 CT untts [± SD 15]. There was no statistically significant
difference in attenuation for the different lung lobes (P= 0.05). Atelectasis was a common
finding . Cross-sectional areas were established for the caudal lobar bronchi, pulmonary arteries, and veins. Caudal lobar pulmonary veins were found to be sign~icantly larger than their
corresponding arteries. Ratios were determined for the bronchial walls to external bronchial
cross-sectional areas and for the arterial to bronchial cross-sectional areas.

Conclusions
HRCT provided excelient cross-sectional images of the canine pulmonary parenchyma. It is
hoped that the normal values established here will be of use in recognizing and understanding
lung pathology using this imaging modality in future.

MRI FEATURES OF FELINE FllROSARCOMAS

Uabres-Diaz F. Animal Health Trust, Lanwades Park, Kenttord, Newmarket, Suffolk CB8
7UU, England, UK
Purpose of the study
To present the results of a retrospective study on the magnetic resonance imaging (MRI)
appearance of 21 fibrosarcomas , 1 fibromyxosarcoma , 3 undifferentiated soft tissue sarcomas
(in the absence of immunostaining), 1 spindle cell sarcoma, and 1 case of a focal interscapular

injection reaction .
Methods
The MRI archives of the Animal Health Trust (November 1992 to March 2004) were reviewed
and feline patients wtth superficial soft tissue sarcomas were selected. Only those cases where
histopathology had confirmed the diagnosis were finally included in the study. The MRI scans
were canied out using 3 different MR systems, a General Electric 1.5 T system (22 cases) , a
Philips 0.5 T system (1 case), and a SMIS 0.5 T system (4 cases). The number of planes and
type of sequences pertormed in each case were recorded. Whenever possible, a postprocessing st.btraction study (postcontrast T1W minus plain T1W) was pertormed to investigate
whether this particular protocol helped in the MRI evaluation of this type of cases. The type of
pre-MRI diagnostic procedure (incisional biopsy, excisional surgery) and the period between
this procedure and the MRI were also noted. Cases where the pathology report mentioned the

suspk:ion of a vaccine-induced fibrosarcoma were also listed.
Results
Study Population: Twenty-six cats were originally selected. The histopathology results were as
follows : 1 fibromyxosarcoma, 3 undifferentiated soft tissue sarcomas, 1 spindle cell sarcoma,
and 21 fibrosarcomas. Onty few reports mentioned the possibility of the latter being vaccine
induced, even if the majority were or had been interscapular in kx:ation. 1 patient with an
interscapular injection reaction was also included in the study for comparison. The 27 cats were
medium to old (mean age 9.2 years, ranging from 4 to 13 years); there were 1O neutered males
and 17 neutered females. The most common location of the lesions was interscapular, although
lesions affecting the head, neck, flank, or tail base were also identified.
MRI findings. Although all 3 planes (dorsal, sagtttal, and transverse) were not available for each
case, images on the transverse plane were always performed. The most commonly pertormed
sequences were plain T1W, T1W after the administration of paramagnetic contrast medium,
with or without suppressed fat signal, and postprocessed st.btraction sequences. The last 2
sequences were considered the most helpful, as all cases except one showed postcontrast
enhancement. The cases could be divided in 2 main groups: (1) cases where a mass was
present, either because only incisional biopsy had been performed before the MRI or where the
lesion had already recurred prior to imaging and (2) those where excisional surgery had been
performed before the MRI and a discrete mass was not identttied on imaging. In all cases MRI
helped the dinicians to decide whether radical surgery was indicated and to define the limtts of
the surgical field. It was felt that MRI was more useful in those cases imaged before any
extensive surgery, as in the majority of postsurgical cases it was very difficult to define whether
the MRI changes were postsurgical scarring or extension of the previous pathology.
Discussion/conclusions
MRI is very useful for the evaluation of feline patients presented with soft tissue sarcomas and

in particular interscapular fibrosarcomas, where radical surgery with wkte margins is recommended to avoid or delay local recurrence. Plain and postcontrast T1 W images are most useful.
Both st.btraction and postcontrast fat suppressed T1 W sequences are recommended for d~
ficult cases, the advantage of the former being that no extra scanning tine is needed. STIR
sequences can also be pertormed, but better anatomical detail is provided by T1 W sequences.
Belter results will be obtained when the MRI is performed after incisional biopsy rather than

recent excision al surgery.
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QUANTITATIVE ULTRASOUND ANALYSIS AND MAGNETIC RESONANCE IMAGE ANALYSIS OF IRON
ACCUMULATION tl THE LIVER OF BIRDS
Matheson J , Paul-Murphy J , O'Brien R, Steinberg H, Waller K. University of WisconsinMadison, Madison, WI 53711 .

Introduction
Identification of iron accLmulation in the avian liver is a diagnostic challenge. Clintcal signs
associated with iron overload in both mammalian and avian species are directly related to
declining liver function. Specific tests are available to assess total body iron stores in mammals.

In the avian species, there is a wK:le species variation for serum iron levels and normal reference ranges have not been well established. Liver biopsy wtth histologic examination of the
tissue is currently the most reliable method to quantttatively meast.re body iron status. The risk
of the procedure in the avian species lim~s tts acceptability for use in monitoring body iron levels

over

time. A quantitative means of measuring txx:ty storage iron that is non-invasive, safe,

accurate, and readily available would be uselul. Two methods that have been investigated in
humans incude magnetic resonance imaging (MRI) and ultrasonographic analysis of the liver.
Both these modalities are available in veterinary medicine and meet the criteria of being safe,

noninvasive, and readily availa.bie.
The purpose of this study was to evaluate MRI and ultrasonographic imaging methods for

quantitative measurement of avian hepatic iron accLmulation.
Materials and methods
Iron overload was induced by 4 intravenous injections of iron dextran at a dose of 25 mgl<g at
the start of weeks 1-4 in 8 clinically healthy adult pigeons (Columbia liva). 4 additional pigeons

received no iron injections. Surgical liver biopsies were perlormed on all iron overloaded birds at
weeks 0, 2, and 6. A single liver sample was collected at week 6 on the control birds. Histological
analysis, special staining, and tissue iron analysis were pertormed on each liver sample.
Ultrasound examination of the liver in the iron-over1oaded birds was performed at weeks 0, 2, 4,
and 6. No ultrasound images were collected on the control pigeons. Ultrasound images were
obtained using a General Electric Logic 400 ultrasound machine equipped with a 7 .5 mHz linear
transducer. MRI exams were pertormed at weeks 0, 2, 4, and 6. T1-weighted, T2-weighted, and
gradient recalled echo (GRE), imaging sequences were collected. The MRl's were performed
using a 1.5 T EchoSpeed Plus System manufactured by General Electric Medical Systems.
Results and discussion
Hemochromatosis was induced in all study birds. None of the pigeons showed dinical signs or
symptoms of ~on overload during the 6-week study. No signrricant change in pixel intensity of
the ultrasound images was seen at any point in the study. No trend in ultrasound pixel values
was noted throughout the study. MRI signal intensity changes corresponded to changes in
hepatic tissue iron concentration and notable histological changes . MRI signal intensity, in all
imaging formats (T1-weighted, T2-weighted, and GRE) decreases as the accumulation of iron
increases. T1-weighted images were easier to analyze because of the distinct margination
between different tissue types.

'·
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THE E'IOLUllON OF A WHOLE-BODY MRI PROTOCOL

MAGNETIC RESONANCE IMAGING OF CANINE CRANIAL NERVE ANATOMY AND PATHOl.OGY

Randall EK, Kraft SL, Wilhelm MW. Environmental and Radiological Health Sciences
Department, Colorado State University, Fort Collins, CO 80523.

99164.

Introduction/purpose Routine staging of cancer can involve multple procedures, some of
which may be invasive and still underestimate the extent of disease. Whole-body magnetic
resonance imaging (MRI) may provide a noninvasive imaging procedure for staging cancer.
Historically, whole-body MRI has been lengthy and potentially expensive but hardware and
software advances continue to shorten the time needed for the exam. The purpose of our study
was to develop a practical protocol for whole body MRI for staging cancer.
Methods The scanning protocol was optimized using 3 normal, young adult Beagle dogs and a
series of dogs with advanced cancer. Various imaging planes and limb positions were eva~
uated to determine the best viewing efficiency. All dogs were imaged in 3 "slabs", or regions,
including the head and neck, thorax and cranial abdomen, and caudal abdomen and pelvis. T1 ,
T2, and STIR pulse sequences were evaluated using conventional and more rapid acquisitions.
Pulse sequences and imaging planes were compared by 2 radiologists for overall image quality,
artifacts, and imaging time. Organs, lymph nodes, and axial and appendicular bone marrow
were evaluated on the basis of visibility, pattern and relative signal intensity from measured
regions of interest Lymph nodes were identified anatomically and measured (Advantage Windows Workstation 4.0, GEMS, Milwaukee, WI.)
Results T1 sequences provided the best anatomic detail, but the least contrast differentiation
between tissue types. When surrounded by fat, lymph nodes were well visualized and had
similar intensity to muscle. Appendicular yellow (fatty) bone marrow was hyperintense to muscle. T2 sequences provided better tissue contrast Lymph nodes and bone marrow had variable
signal intensity depending on fat content. STIR sequences had the greatest contrast differences
between organs. Lymph nodes and some abdominal organs were very hyperintense relative to
the Sl.l'.'P'essed fat. Normal appendicular marrow was relatively isointense to muscle. Lymph
nodes that were routinely visua lized in the normal dogs included the submandibular, medial
retropharyngeal, Sll'."'rficial cervical, and iliosacral lymph nodes. Smaller, normal lymph nodes
could not usually be detected.
Diffuse neoplastic lung infiltrate, bone marrow infiltrate, lymphadenornegaly and various mass
lesions in the dogs with advanced stage cancers were best depicted by a combination of T1 and
STIR pulse sequences.
Discussion/conclusions A whole-body technique that takes approximat8'y 45 min has been
established. Based on initial experience in dogs wnh advanced cancer, whole-body MRI has
potential value as an imaging moclality for staging cancer. It is particularly he"ful in determining
bone marrow involvement, lymph node enlargement, and mass characterization . Ongoing
studies of abnormal dogs are being performed to further evaluate detection of cancer lesions
using this protocol.

Schultz RM , Tucker RL, Gavin PR, Saveraid TC. Washington State University, Pullman, WA

The purpose of this study was to demonstrate the potential for magnetic resonance (MR)
imaging in the diagnosis of cranial nerve (CN) disorders in dogs. The study summarizes all the
canine cases that displayed CN signs and received an MR at Washington State University
Veterinary Teaching Hospital from January 1998 to August 2003. Addnional cases were prcr
vided from lams Pet Imaging Center and private practice referrals.
Relevant normal canine CN anatomy was documented wnh a concurrent series of MR images
labeled for reference. Cases are presented and corresponding CN lesions are shown on MR
images. Cases documented include 2 CN II lesions, 2 cases of CN Ill masses, eleven cases
wnh CN v lesions, 2 cases of a mass in the area of CN VII and VIII, and 2 cases of CN VIII
masses. In addition, 2 dogs presented for CN signs and did not have a lesion on MR. Of the 21
total cases, none have been previously published.
In this study, the sensnivity of MR at diSpiaying CN lesions was 93"/o, and the positive predicted
value of these findings ranged from 83% to 100%. MR characteristics of the lesions confirmed
by histology are presented for interpretation of future CN lesions in veterinary medicine. These
findings are compared and contrasted to findings in the human medical field.
The study included 7 cases in which a CN lesion was removed by surgery or necropsy. Six of
those cases had reports confirming a lesion of the suspected CN. The MR images of CN

neuritis and CN nerve sheath tumors displayed a contrast enhancing mass with or without a
more diffuse enlargement of the affected nerve. Information suggested that an enhancing CN,
without an associated mass lesion, should be diagnosed as neuritis and not neoplasia. However, compatible clinical signs must be present as bilaterally enhancing and symmetric CNs
have been noted in normal patients. Atrophied and enhanced masticatory muscles were seen
with CN neuritis or neoplasia and were associated with denervation of CN V. A decrease in
extravasation of contrast was also noted following surgical removal of a lesion.
Early diagnosis and treatment of CN lesions may lead to a more favorable prognosis. MR
examination of any dog wnh CN signs is likely to yield a visualized lesion and narrow the
differential diagnoses. The ranking of differential diagnoses, such as inflammation vs. neoplasia,
may need to be based on signalment, history, and other examination or laboratory findings.

A COMPARISON OF RADIOLOGY VS. COMPUTED TOMOGRAPHY IN THE DIAGNOSIS OF
MIDOl..E-EAR DISEASE IN THE DOG

COMPUTED TOMOGRAPHY FOR IDENTIFICATION OF EARLY THllD METACARPALTRAUMATIC

Rohleder JJ, Jones JC, Duncan R, Larson MM, Waldron DR, Tromblee TC. Virginia-Maryland
Regional College of Veterinary Medicine, Blacksburg , VA 24061 .

Thomas HL, Galuppo LD, Wisner ER, Stover SM, DeCock HE. University of California, Davis,
CA 95616.

Introduction
The diagnosis of middle-ear disease can be challenging, especially in dogs wnh chronic otnis
externa. Two noninvasive modalities commonly used for evaluating dogs with suspected middle-ear disease are conventional radiography and computed tomography (Cl). Previous studies comparing these imaging modalities with surgical findings in dogs did not include a
comparison of imaging and surgical findings wnh histopathology of excised tissues. Recent
adVancements in CT scanning technology may allow improved visualization of middle ear
pathology. The use of thinner slices may also improve diagnostic sensnivity for CT over what
was previously reported. The purpose of this study was to compare CT and conventional
radiography for diagnosing the presence and severity of middle-ear disease, and to evaluate
the effect of imaging modality on inter-rater variability.
Materials and methods
Clients that presented their dogs for treatment of ear disease that inciuded a total ear canal
ablation (TEGA) were solicned to participate in the study. All participating dogs were required to

have a lateral or ventral bulla osteotomy with histopathologic sample sli:>mission from at least
one bulla to be included in the study. In addnion, 3 dogs without history of otic disease and
without evidence of otitis extema on otoscopic exam were recruited. A total of 33 dogs were
examined using conventional skull radiographs and CT. Ttvee raters of varying experience
levels independently evaluated the radiographs and CT images in random order. A visual
analog scale method was used tor scoring certainty and severity of mickUe ear disease. Raters
were blinded to surgical and histopathologic findings. Surgical findings were recorded intraoperatively by use of a questionnaire. Bulla lining samples were obtained and slbm"1ed for
routine histopathology. Samples were evaluated by a single pathologis~ who also used a visual
analog scale system to score certainty and severity of middle ear disease. Findings from the 2
modalities were then compared to histopathology and surgery findings. Inter-rater variance of

scores for imaging characteristK::s and overall presence of middle ear disease was also tabulated.

Results
Findings from both modalities agreed more closely with surgical findings than with histopathology findings. With either surgery or histopathology as the gold standard, CT was more
sensnive and as specttic as radiographs for predicting presence and severity of middle ear
disease. Overall severity of middle-ear disease was lower in the right vs. the left ears. When the
results of the left and right bulla were analyzed separately, we found that CT inter-rater variance
of middle ear certainty was 217.04 while radiographic variance was 126.14 on the side with
lower severity estimates. Both radiography and CT were more accurate for predicting the
severity of the disease process than ns presence.
Conclusion
The results of the study indicate that CT is more acc1.rate and reliable than radiography in
diagnosing middle-ear disease for dogs wnh chronic otnis extema, but only when severity of
disease is moderate or high. Wnh low severity of disease, reader diagnostic certainty for both
modalities becomes more variable.

PALMAR SUBCHONDRAL BONE LESIONS

Introduction/purpose

Traumatic subchondral bone disease is a common degenerative condition invotving the palmar
surface of the articular condyle on the distal aspect of the third metacarpal or metatarsal bone of
horses in race training. Earty stages of the disorder are reversi:>le; hOYJever, progression of this
condition invariably leads to irreversible osteoarthritis. Currently, standard radiographic techniques are not sensitive enough to detect early, potentially reversible, changes . Therefore, a

need exists for a more sensitNe diagnostic technique. The major objective of this study is to
assess the usefulness of computed tomography (Cl) for detection of early, potentially reversible, traumatic subchondral bone lesions affecting cadaver fetlock joints from racehorses. U~
timately, this will facilnate earlier disease detection in live horses.
Methods
Twenty, third metacarpal bones were selected from racehorses that died or were euthanized at
California racetracks for reasons unrelated to the metacarpophalangeal joints. On gross ex-

amnation, cartilage lesions were classified as no lesions, mild, moderate, or severe. Five bones
were selected in each classification. The articular surface of each bone was photographed
before a 125° DP radiograph was made. Radiographic evidence of subchondral bone changes

was graded as normal, mik1, moderate or severe. CT examination of each bone was then
performed. 1~mm transverse slices were made of the entire condyle, including the articular
surface. A potassium phosphate standard was included wnh each limb during CT imaging for
quantnative analysis of bone density. Two, 5-mm-thick slices centered on the most common
sne of cartilage erosions in the lateral condyle, were made wnh a bandsaw. The 2 slices each

inck.tded hatt of the gross lesion and were in identical locations for all limbs. One slice from each
condyle was embedded in me!hylmethacrylate and processed for microradiograph production.
The second slice from each condyle was processed for staining wnh hematoxylin and eosin,

before microscopic examiiation.
Results
Early palmar subchondral bone lesions were not consistently identttied on the 125°DP radiograph; however, they were clearly visible on the CT images. The CT images showed subchondral bone defects, wnh underlying sclerosis. The CT images also allowed assessment of
the trabecular bone structure. All of these CT findings correlated well wnh histopathology and
microradiography.
Discussions/conclusions
Orthopedic disease, including osteoarthritis, is an enormous source of economic loss to the
equine industry every year. The results of this study show that CT is a more sensnive method
than plain radiographs, for detection of early third metacarpal traumatic palmar subchondral
bone lesions. The results will facilnate earlier disease detection and more accurate prognostication . This wil allow for management and treatment of early changes to promote resolution of
the disease and thus prevent the progression of disease to irreversible osteoarthritis. Consequently, fewer racehorses will suffer from fetlock arthritis and losses to the equine industry could
be reduced.
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SPIRAL CT ANGIOGRAPHY OF PULMONARY ARTERY TREE IN DOGS: DEVELOPMENT AND USE OF
TEST BOWS INJECTlON PROTOCOL

COMPARISON OF CUllCAL FINDINGS AND COMPUTED TOMOGRAPHY CHARACTERISTICS IN
FEUIE SINONASAL DISEASE: A RETROSPECTIVE STUDY

Tidwell AS , Welcome J, Kinney LM. Tufts University School of Veterinary Medicine, North
Grafton, MA 01536.

Tromblee TC , Jones JC, Etue AE, Forrester SD. Virginia-Maryland Regional College of
Veterinary Medicine, Blacksburg, VA 24061 .

Introduction

Introduction
Differentiation between rhinnis and sinonasal neopfasia in feline patients can be challenging
because of nonspecttic dinicaf signs. Computed tomography (CT) has been found to be more

Spiral computed tomography (CT) angiography permits scanning during optimal contrast medium opacttication, thus eliminating the need for selective catheterization. A test bolus injection
technique has been desaibed in people to faciitate scanning during peak enhancement of the
vessel of interest.' The purpose of this study was to develop a protocol for spiral CT angiography of the pulmonary arteries and other thoracic vessels in 5 dogs using a modttied test
bolus injection technique for detennining the optimal scan time delay.
Methods
Five healthy research dogs (4 mixed breed, body weight range = 22- 25 kg; 1 beagle = 11 kg)
spiral CT scanner. A nonwere anesthetized and scanned using a Picker Venue PO
contrast CT scan of the thorax was pertormed with the dogs in ventral recumbency using
120kV, 300mA, and a pitch factor 1.25 to obtain images with 3-mm thickness end 2-mm
reconstruction interval. After the noncontrast scans, the optimal contrast scan delay was determined using a modttied test bolus injection technique. Serial single level (i.e., no table
movement) transverse images were obtained at 4 different sites during the administration of
four 10-15-ml test boluses of 60% diatrizoate meglumine (Hypaque-60, 282mgiodine/mQ
through an 18-gauge, Jelco-type cephalic catheter. Stte #1 was posttioned at the aortic arch;
stte #2 at the Murcation of the left and right pulmonary arteries off the main pulmonary trunk;
stte # 3 at the left atrium; site #4 at the caudal vena cava. For each test injection, contrast was
administered at a rate of 3 mVs with a maximum PSI of 300 using a Medrad Vistron CT pressure
injector. Each series of transverse images were acquired beginning immediately at the onset of
injection at a rate of 1 image/2s. Hounsfield untts (HU) were generated over the different sttes
using region-of-interest (ROI) cursors in order develop a time-density curve. Based on this

sooo-

curve, the time to peak enhancement or opacification was determined for each vessel in

sensitiv'e and acrurate in demonstrating the extent of sinonasal disea.se than conventional
radiography in dogs end humans. At the time this study was inniated, no pti>lished reports in
which cinicaf and CT findings were compared with histological diagnoses in cats with suspected sinonasaf disease were found. Since inttiation of this study, one such report has been
published. 'The purpose of this retrospective study was to detennine the association of dinical

and/or CT characteristics with rhinitis or sinonasal neoplasia in cats.
Methods
From 1995 to 2002, medical records of feline patients with suspected sinonasal disease were
reviewed. Cats evaluated wnh CT and nasopharyngeal endoscopic examination with nasal
biopsy and histopathology were selected for inclusion in the study. Clinical data recorded were:
age, gender, body condttion score, duration of clinical signs, presence, lateralization and character of ocular and nasal discharge, presence of respiratory stertor or sneezing, endoscopic
findings, method of biopsy, and histofogic diagnosis. Cats were assigned to either neoplastic or
nonneoplastic groups based on results of histopathology. A single radiologist re-evaluated the
CT examinations of all cats in random order, wtthout knowledge of final diagnosis. Data recorded from each CT study were: presence and lateralization of abnonnaf soft tissue in the
nasal cavity end paranasal sinuses, retrobubar space and nasopharynx, and osteolysis or
hyperostosis of the paranasaf bones, turbinates, and nasal septum. Frequencies of clinical and
CT characteristics were calculated by group, and odds ratios were calculated to identify characteristics associated with neopfasia.
Results
A total of 43 cats met indusion crtteria, with 15 in the neoplastic and 28 in the nonneoplastic
groups. Chronic mucopurulent and variably hemorrhagic types of nasal discharge were com·
mon in both groups. Unilateral ocular discharge was more frequently observed in cats with
neoplastic (40%) than wnh nonneopfastic disease (7%). Seventy-nine percent of cats with
neoplasia had visible masses on retroflex phaiyngoscopy vs. 15% in the nonneoplasia group.
Nonneoplastic nasopharyngeal masses included inflammatory polyps and mucosal hyperp~
asia. The majority of cats with neoplasia had evidence of paranasal bone lysis (86%) and extra-

question. This was considered the optimal seen delay. Heart rate and respiratory rate were
recorded every 30 s to detennine tt they influenced circulation times. A spiral postcontrast seen
of the pulmonary artery tree (from 1 sice cranial to the pulmonary outflow tract extending
caudally to the diaphragm) was then pertonned using the same scanning parameters as the
non-contrast scan, but after the administration of 1 mVkg of body weight of contrast at a rate of
3 mVs (except in one dog where 2 .2 mVkg was given). Injection was begun end scanning was
inttiated after the optillaf seen time delay (as determined by the test bolus injection for stte 2)
minus 5-s spiral rafTll up tine. This pennttted scanning to occur in spiral mode through the ROI
(i.e., pulmonary artery tree) near its peak opacttication time.
Results
Optimum scan time delay for the pulmonary artery (stte 2) ranged from 5 to 1O s in the larger
dogs and was 5s in the beagle (range = S--10s, mean = 6.8). Other values: site 1, range 1217 s, mean = 14.6; sne 3, range 8-13s, mean = 10.8; stte 4 , range 32-59s, mean 41 .4 . Heart
and respiratory rates did not appear to influence circulation times. The test bolus injection
technique did allow for good opacttication of the pulmonary artery tree, although uneven opac·
ttication of some of the branches was noted.

lateral maxilla (OR = 6.9) were signtticantly associated wnh neoplasia. Lysis of maxillary turbinates was a non-specific finding. Lysis of ethmoturtinates (OR = 11) and unilateral (OR = 6 .7)
or bilateral lysis of the vomer bone (OR = 4.5) were highly associated with neoplasia. Most
cases with neopfasia had unilateral opacttication of frontal (OR = 10.4) and sphenoid sinuses
(OR = 15.3). Bilateral erosion of the orbttal lamina (OR = 4.1), abnonnal retrobulbar soft tissue
(OR = 12.2), and psilateral ocular discharge (OR = 9.6) were also signtticantly associated with
neoplasia. Cats with non-neoplastic disease did not share this combination of characteristics.

Conclusion

Conclusions

Although limned by the small sallllle number, variation in circulation times for different vessels
and variation between individuals merits the use of a test bolus technique during spiral CT
angiography of the thoracic vasculature .
Reference
1. vanHoe L, Marchal G , Baert AL, et al. Determination of scan delay in spiral CT-angiography:
utility of a test bolus injection. JCAT 1995;19:21&-220.

Findings from this study were consistent wtth those previously reported by Schoenborn et al. 1 In
addition, the presence of ethmoturbinate lysis, unilateral paranasaf sinus opacttication, and
unilateral (ipsilateraf) ocular discharge were found to be associated with neopfasia.
Reference
1. Schoenborn et al. Vet Radiol Ultrasound 2003;44:185--195.

sioonasal extension of disease (60%), vs . 36% and 7% of cats with non-neoplastic disease
respectively. Unilateral lysis of the ventral maxila (OR = 28.8), dorsal maxilla (OR = 8.3), and
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MAGNETIC RESONANCE IMAGING ACCURATELY DETERMINES SYNOYIAL FLUID VOW ME IN
CANINE STIR.E JOINTS

COMPUTED TOMOGRAPHIC ANALYSIS OF CANINE AND FELINE URINARY CALCULt AN IN VITRO
STUDY

Kijowski R 1 , Buckwalter KA'. Widmer WR", Brandt KD 2 , Rankin JL2 , Abrecht ME2 . 'University of Wisconsin, School of Medicine, Wisconsin, WI , 2 1ndiana University School of
Medicine, Lafayette, IN and 3 Purdue University School of Veterinary Medicine, Purdue, IN

Yee CS, Frank PM. Department of Anatomy and Radiology, College of Veterinary Medicine,
University of Georgia, Athens , GA 30602.

Purpose
Surgical destabilization of the canine stifle joint results in a welklocumented experimental model
of osteoarthritis. This model produces pathologic changes that closely resemble those of spontaneous osteoarthritis in man and animals and is used to evaluate new drugs for the treatment of
osteoarthritis. Most anti-arthritic drugs are anti-inflammatory agents that ameliorate synovial
changes and reduce pain. Previously, response to drug therapy in clinical trials has been
measured by subjective dinical methods, induding grade of lameness, force plate analysis and
radiography. A potential measure of the degree of inflammation within an osteoarthrttic joint is
synovial fluid volume. Studies have shown a direct correlation between synovial fluid voiume and
the amount of joint inflammation in patients with osteoarthritis and rheumatoid arthritis. 1.2 We
propose that magnetic resonance (MR) imaging can be used to measure accurately synovial
fluid voiume and may be a proxy for inflammatory changes in an osteoarthritic joint.
Methods

Four normal canine cadaveric strfle specimens were injected with koown amounts of saline and
imaged with a 1.ST MR scanner. Following baseline imaging, various increments of saline were
introduced into the joint space via an angiographic catheter. After each injection a transverse,
FSEIR, interteaved MR scan was obtained using the followng scan parameters: 15-cm field of
view, 4-mm slice width wtth a 1-mm gap, repetttion time of 2Q00--5000 ms, echo time of 34 ms,
inversion time of 150 ms, echo train of 8, 192 phase encodes, 256 matrix, and 2 signal averages. The transverse images were extended proximally and distally to identify all the fluid
within the stifle joint. Images were archived and later analyzed on an OminiPro 30 workstation.
The volume for each slice was cak:ulated by multiplyng area times slice thickness. The volume

Introduction
Clinical management of canine and feline urinary cak:uli can be facittated once the precise
chemical composttion of the calculus is known . Currently, determnation of chemical composttion requires obtaining a sample uroltth for chemical analysis. The purpose of this study was to
ascertain the feasibility of using computed tomography (CT) to analyze and determine the

chemical composition of urinary calculi in vivo.
Methods
One hundred 4 canine and 89 feline uroliths of known type and composttion were obtaned from
the Minnesota Uroltth Center. Uroliths were deemed chemically pure (100% of each mineral
type) based on quantitative analysis. lndivi:lual uroliths were placed in phantoms containing
saline. Spiral computed tomography was performed on the phantoms using 3-mm slices with a
2-mm table feed at 130 kV and 83 mA. For analysis, a soft tissue window with a level of 500 and

a center of 100 was chosen. CT attenuation values were measured using circular, free-form
and si1gle point regions of interest drawn on slices in which stones were seen in their greatest
diameter.
Results

Canine uroliths analyzed were ammonium acid urate, calcium oxalate monohydrate, calcium
oxalate dihydrate, cystine, and struvite. Differentiation between stones and consequentty determination of chemical composttion could not be made based on CT attenuation values ob-

tainect Feline uroliths analyzed were ammonium acid urate, calcium oxalate monohydrate,
cystine and struvtte. Cystine stones could be differentiated from ammonium acid urate, cak:ium
oxalate monohydrate, and struvite stones. The latter three could not be differentiated from one
another.

of each sltce was added to determine the total syoovial volume for each increment of saline

Conclusion

injected. The volume of fllid measured by MR was compared to the actual volume of fluid
injected in each s@e joint and statistical analysis was pertormed.
Results
The imaging protocol provided excellent image contrast and resolution, allowing visualization of
the boundaries of the joint space and injected fluid. Data regarding volume of saline injected
and volume measured by MR are presented in Table 1. In all specmens, the volume of saline
injected and that determined with MR compared favorably (coefficient = 0 .9891). Both small
( < 1 cm') and larger volumes (1 - 7cm') were accurately measured by MR.

CT attenuation values obtained usng the scanning parameters in this stucly could not differentiate between of any of the canine uroltths examined. Of the feline uroliths examined, only the

chemical composition of cystine stones could be ascertained based on CT attenuation values.
Further studies using varied collimation widths and energies may allow further differentiation
and determination of chemical composttion of canine and feline uroliths.

Table 1. Linear Regression Analysis

MR volume vs. actual volume
9-r-~~~~~~~~~~~~~~~~~~~~~~~~~~~

y = 1.048x - 0.0906
2
R =0.9891
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COMPUTED TOMOGRAPHY-GUIDED SAMP!.ING OF INTRAlllORACIC LESIONS IN 30 DOGS AND
CATS

Zekas W , Crawford JT. School of Veterinary Medicine, University of Wisconsin-Madison ,
Madison, WI 53706.
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Conclusion
MR can provide an accurate noninvasive measure of synovial fluid volume in canine stifle joints.

Computed tomography (CT)-guided sampling for diagnosis of thoracic disease has been reported, with the most common complications being pneumothorax and hemorrhage. The purpose of this stucly was to describe the diagnostic results of CT-guided fine-needle aspirates
(FNA) and core biopsies (Bx) in a larger sample of patients than previously reported and to
determine the frequency and severity of associated complications.
Methods
Records and images were reviewed for patients that had CT-guided FNA or Bx of an intrathoracic mass. Recorded data included signalmen!, whether normal lung was penetrated, lesion
location, depth of the lesion in the direction of sampling, length of normal lung penetrated and
results of clotting profiles. Cytologic and/or histopathologic results were listed as nondiagnostic
or diagnostic and categorized as neoplasia or benign disease (inflammatory or infectious).
Complications (pneumothorax or hemorrhage) identmed by CT or dinically were graded as
mild, moderate or severe. CT-guided aspirates and biopsies were performed as previously
descriled (Tidwell and Johnson 1994).
Results
Twenty-seven dogs, 2 domestic cats and a cougar met inck.Jsion criteria. Five lesions were
mediastnal and 25 pulmonary. Twelve patients (40%) had a FNA only, 10 (33%) Bx only and 8
(27% ) had both. Cytology on 13 of 20 (65%) FNA samples was diagnostic (1 benign, 12
neoplastic), while 7 (35%) were nondiagnostic (1 neoplastic, 1 benign. and 5 lesions wtth no
final diagnosis). Fifteen of 18 (83% ) Bx samples were diagnostic (3 benign, 12 neoplastic), while
3 (17% ) were non-diagnostic (1 inconclusive. 2 misinterpreted as benign). FNA and Bx agreed
on 7 of the 8 animals, which had both procedures. One sample was interpreted as benign with
Bx and neoplastic wtth FNA. Samples from 3 of 21 neoplasia lesions were interpreted as
inconclusive (1 Bx, 1 FNA) or inoorrectly misdiagnosed as benign (1 Bx), stbsequently diagnosed with surgery I necropsy. Complications were noted on CT images in 13 (43°/o) patients
(pneumothorax in 8, hemorrhage in 9 and both in 4). No clinical complications were seen in any
patient. One patient developed a body wall hematoma afler a biopsy. Normal aerated lung was
crossed in 20 patients (67%), the width ranging from 2 to 35 mm (mean 15.1 mm). Normal lung
was penetrated in all animals in which pneumothorax or hemorrhage was identmed. There was
a sign~icant correlation between penetration of normal lung and the occurrence of CT identmed
complications (P= 0.0003). The average length of normal lung penetrated for animals that
developed pneumothorax was slightly longer than those that did not, 14.3 and 8 .5mm, respectively, but this was not statistically significant. Normal clotting profile examinations were
pertormed in 4 (44%) animals with identmed hemorrhage. Type of disease (neoplastic vs.
benign), location of lesion, and size of lesion did not correlate with complications.

Conclusions
CT-guided FNA or Bx is a useful and safe procedure for obtaining diagnoses of intrathoracic
lesions, especially neoplasia. FNA was nonctiagnostic more often than biopsy. Pneumothorax
and hemorrhage are common when normal lung is penetrated to reach the lesion, but clinical

manifestations were not noted in this series.

.,
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ULTRASOUND GUIDED TRANSPLENIC PORTAL SCl'mGRAPHY WITH ,.MTC04 ANO ITS
COMPARISON TO PERRECTAL PORTAL SCINTIGRAPHY

USE OF UURASOUND GUIDED TRANSPLENIC PORTAL SCINTIGRAPHY WITH ,.MTC04 TO

Cole RC , Morandi F, Avenell J, Daniel GB. University of Tennessee College of Veterinary
Medicine, Knoxville. TN 37901 .

Cole RC, Morandi F, Tobias KM, Avenell J, Daniel GB. University of Tennessee College of
Veterinary Medicine, Knoxville, TN 37901.

Introduction
Per-rectal portal scintigraphy (PAPS) is a non-invasive, rapid, highly sensitive, and specific
method of diagnosing portosystemic shunts. PAPS does not consistently penTiit morphologic
de~tion of the shunt vessel or differentiation between single and multiple shunts. PAPS is
limited by poor radioisotope absorption and the resulting poor image oount density. The purpose of this study was to: (1) establish a technique for ultrasound-guided percutaneous
transsplenic portal scintigraphy (TSPS) using ,."'Teo; , (2) evaluate portal vein morphology, (3)
oompare the radiation exposures for TSPS vs. PAPS, and (4) to oompare the quality of numerical data from the TSPS vs. PAPS.
Methods
Eight, juvenile female intact beagle dogs weighing 3.&-4.5 kg underwent both PAPS and TSPS
(48 h separation between studies) after initial screening tests including blood wor1<, ultrasound
and radiographs. Dogs were sedated with intravenous acepromazine and butorphanol for both
sdntigraphic studies. All PAPS studies were done according to a previously established
protoool using 425 ± 36MBq (mean ± SD) of """'TcO;. For all of the TSPS studies, the
dogs were positioned in right lateral recumbency over a gamma camera. """'Teo; (57 ±
13.91 MBq) was injected into the splenic parenchyma through a 22-G, 1.5-in. needle via ultrasound guidance. A dynamic acquisition was initiated after needle placement and 1- 2 s prior to
injection of the """'TcO; . The frame rate was 4 trames/s for 5 min. Shunt fraction values and total
organ oounts were oompared between the 2 studies. Absorption of the radioisotope from the
spleen and colon were calculated. Transit time of the """'TcO; from the liver to the heart was
determined for the TSPS studies. Radiation exposure (mRlh) and radiation dose measurements
(mRemhl) were taken for each dog after each procedure.

Introduction
Ultrasound-guided percutaneous transsplenic portal sdntigraphy (TSPS) using """'TcO; can
be used to image the portal venous system in normal dogs. When this test was compared to
per-rectal portal scintigraphy, it proved to provide higher oount density, consistent nuclear
angiograms of the splenic and portal vein, and signnicantly decreased radiation exposures.
TSPS was used to diagnose portosysternic shunts in dogs.
Methods
From November of 2003 to March of 2004, twenty-two TSPS studies were pertormed at
UTCVM. 40.7- 136.16 MBq of 99"'TcO; was injected into the splenic parenchyma with ultrasound guidance. A dynamic acquisition at a frame rate of 4 frames/s for 5 min was initialed after
placement of the needle and 1- 2s prior to injection.
Results
Of the 22 studies attempted, 21 were of diagnostic quality. The one nondiagnostic study was
the result of intraperitoneal rather than intrasplenic injection. Of these 21 cases, 15 had surgical
confonTiation and the surgery reports were compared to the scintigraphic results. The following
table summarizes the surgical findings:

Portal V
Splenic. V

Liver

DIAGNOSE PORTOSYSTEMIC SHUNTS IN DOGS

Portoazygos
2

lntrahepatic

Splenocaval

Portocaval

2

3

3

Unclassified

Portophrenic Multiple
3

Three patterns were recognized on the scintographic images: (1) Portoazygos shunts-the
radioactive bolus traveled dorsally, running parallel to the spine and entering the dorsal area of
the heart, (2) Single Portocaval shunts-the radioactive bolus ran from the area of the portal
vein/splenic vein junction in a linear fashion toward the caudal vena cava and heart, and (3)
Multiple shunts-the radioactive bolus ooukl be seen in discrete shunt vessels in a variety of
locations followed by activity within the heart. There were no distinguishing features between
intra and extrahepatic shunts.

Portoazygos shunt

Spleen
Results
There was a significantly lower dose of """'TcO; given and signnicantly higher total counts
recorded during the TSPS studies oompared to the PAPS studies. The total counts for the
TSPS and PAPS were 7120 ± 4386 and 830 ± 523 (mean ± SD), respectively. The percent
absorption of the radioisotope from the spleen was 52.50 ± 19.06%, oompared to
9.23 ± 5.66% (mean ± SD) for the colon. The transit time calculated for the TSPS studies
was 7.03 ± 2.28 s (mean ± SD), and this value was used to calculate shunt fractions for the
TSPS. In all studies, it was possible to clearly identity the splenic and portal vein. The exposure
levels of the dogs following TSP$ were signnicantly lower than after PAPS, regardless of the
method of measurement.
Conclusion
TSPS appears superior to PAPS as a method to image the portal venous system. This test was
easy to pertorm, rapid, and provided a nuclear angiogram of the portal vasculature in normal
dogs . This test provides signnicantly higher count density within the liver and heart, while at the
same time significantly reducing radiation exposure to the patient and staff. TSPS represents a
valid alternative diagnostic test for animals with suspected portosystemic shunts.

Portocaval shunt

Multiple Acquired Shunts
Conclusion
TSPS allowed for the positive identnication of portosystemic shunt(s) in all 15 with surgical
confonTiation. FurthenTiore. this test allowed the clinician to distinguish between single and
multiple shunts, and differentiates between a shunt entering the caudal vena cava and a
portoazygos shunt. This test has replaced per-rectal scintigraphy for the diagnosis of portosystemi'.: shunts at our institution. Further studies will be needed to detenTiine ff there are
additional distinguishing patterns for the different types of portosystemic shunts.
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~OFRELEASECRITBIAFOR 1-131 THERAPY CATS

ACCURACY OF El£VATED THYRIOO: SALIVARY RATIO DURING SUBCUTANEOUS THYROID
SCl'mGRAPHY FOR DIAGNOSING FELINE HYPERTHYROIDISM

Miles KG Simpson, SA, Zimmerman, TL, Evans. RB, Armstrong, EK. Iowa State University.
Ames, IA 50011 .
Introduction/purpose
Radioactive iodine (1-131) therapy represents the current gold standard treatment option for
feline hyperthyroidism. At present, release criteria for treated cats are non-unfform, poorly
standardized, and largely extrapolated from experiences in treating humans with hyperthyroidism. At our institution, the duration of radiation isolation confinement has been determiled by a
~ 2 mremlh (20 uSvhl) dose rate at patient surface resulting in an average total hospitalization
period of 14 days. Hospitalization fees comprise 35% of the total cost of therapy and substantial
owner anxiety may occur while they are separated from the~ pet. The objective of the present
study was to prospectively collect feline patient dose rates and owner demographic data that
could be analyzed to determine client exposure. Resulting data has been sLbmitted to the Iowa
Department of PLblic Health, Bureau of Radiological Health to support a change in our licensure
and permit cat hospitalization time to be decreased.
Methods
The owners of 30 hyperthyroid cats treated with radioactive iodine were given a 13-item questionnaire at the tine of discharge to be completed on-site. This form evaluated a spectrum of
demographic parameters including owner age (e.g.. adults vs. minors), the estimated time that
the owner would spend daily in close physical contact with their cat (petting, grooming, holding),
whether or not cats were allowed to sleep with the owners, if cats were confined entirety indoors
or spent time outdoors, and whether indoor-confined cats were confined to a single room or
allowed access to all parts of the house. Survey completion time was approximately 10 minutes.
Owner responses were tabulated and statistically integrated with patient dose rate data obtained at patient surface, 1 and 3 ft distances.
Results
Cats _,, treated with an average of 4mCi (148MBq) of 1·131; range 3--4.5ffiCi (111 167 MBq). The average effective haW-lif8 of ~131 in the C8IS was 2.3 dayS The vast majority
(>96%) of households surveyed were comprised solely of adult (> 18 years of age) owners.
Eighty-seven percent of owners planned to spend 6 or fewer hours daily in close physical
contact with their pet. Fifty-seven percent planned to allow the cat to sleep with a member of the
household. Only 13% of owners planned to spend 12 or more hours daily in close physical
contact with their cat; most owners in this group stated that their cat slept on the bed. Lastly, the
majority (n%) of indoor cats were not confined to a silgle room but were alklwed to roam
throughout the house.

Page RB, Scrivani PV, Dykes NL, Erb HN. Cornell University, Hospital for Animals, Ithaca, NY
14853-6401 .
Introduction

The purpose of this study was to determine the accuracy of detecting an elevated thyroid:
salivary ratio (T :S) during sLbcutaneous thyroid scintigraphy (SOTS) for diagnosing hyperthyroidism in cats suspected of having that disease.
Methods
SOTS was perfooned by injecting pertechnetate (4 mCi, SQ) in the right-dorsal-lumbar region.
Static-acquisition images were obtained 20 min after injection by positioning the cat in sternal
recumbency over a gamma camera with a Low Energy High Resolution parallel-hole collimator.
The images were acquired for 250,000 counts using a dedicated nuclear-imaging computer.
Regions of interest were drawn and the T:S was calculated.
Results
To date, the sample population consisted of 11 cats; 8 (73%) of these cats were determined to
have hyperthyroidism based on a serum total thyroxine (TT4) level greater than 4 µg/dl. Usng a
Wilcoxon Rank Sum tes~ a significant difference (P< 0.01) in the T:S was detected between
cats with and without hyperthyroidism. Usng a decision crtterion of 1.0, the preliminarily assessment of an elevated T:S during SOTS appeared highly sensitive and moderately specffic
for feline hyperthyroidism; whereas a cut-point of 5.0 appeared moderately sensitive and highly
specffic. However. the 95% confidence intervals were large due to sampling variability.
Discussion

The study will continue until a reasonable number of cats wnh and wnhout hyperthyroidism are
enrolled. Additional decision criteria and predictive values will be evaluated.

Discussion/conclusions

The final release criteria recommended following statistical analysis of the patient dose rate
data with respect to owner contact time is a dose rate of 5mrem/h (50uSv/h) at 1 ft (30cm).
These criteria are based on maintaining a total effective dose equivalent to any member of the
general public to less than 100mrem (1 mSv). A minimum 3-day confinement in radiation
isolation will be required, with the owners restricted from sleeping with the pet for 7 days
postrelease. These revised guidelines will sharply reduce the length of hospitalization sLbsequent to 1-131 injection at our institution.

EFFECTS OF METHIMAZOLE ON THYROID GLAND UPTAKE OF 99M'TC-PERTECHNETATE IN
HYPERTHYROID CATS

COMPARISON OF THE CELLULARITY OF ULTRASOUND GUIDED BIOPSY SAMP!.ES USING SPINAL
AND STANDARD NEEDLES

Fischetti AJ 1 , Drost WT' . DiBartola SP 1 , Chew DJ 1 , Schenck PA2 , Meadows C3 . ' Department of Veterinary Clinical Sciences, The Ohio State University, Columbus. OH, 2 Diagnostic
Center for Population and Animal Health, Michigan State University. East Lansing, Ml and
3
Department of Veterinary Preventive Medicine, The Ohio State University, Columbus, OH .

Feleciano JA, Menard M, Papageorges M, Hanson J, Tepavich J, Girard E. 16900 SE 82nd
Drive, Clackamas, OR 97015.

Introduction

Thyroid uptake of "'"'Tc04 is increased when normal cats are made hypothyroid using the antithyroidal drug, methimazole. The effect of thyroid "'°'Tc04 uptake in hyperthyroid cats made
euthyroid with methimazole is unknown.
Methods Fifteen hyperthyroid cats underwent thyroid scintigraphy using 99'"Tc04 before and
after approximately 36 days (range, 2&-56 days) ol methimazote (2.5 mg BID). We hypothesized that methimazole would increase thyroid uptake of ~c04 . Quantitative analysis of
thyroid gland uptake incl.Jded thyroid-to-salivary gland ratio (T:S) 20 and 60mn after injection
and percentage thyroid uptake of injected dose (% uptake) 20 and 60 min after injection. The
maximum (Max) and average (Avg) thyroid densities were used to calculate T:S ratios.
Results The cats were 13 ± 3.2 years old; 7 male and 8 female . Before treatment, 4 cats had
unilateral hyperthyroidism and 11 cats had asymmetric, bilateral hyperthyroidism. Median total
serum thyroxine (tT4 ) concentration before treatment was 6.9µg/dl (range, 4.1-15.0µg/dQ and
after treatment was 1.6 µg/dl (range, 0.3-4.1 µg/dl). Thyroid stimulatng hormone concentration
was undetectable before treatment with methimazole and increased in 4 cats after treatment.
NI quantitative methods of thyroid uptake analysis correlated with tT4 concentration before
treatment (f = 0.74--0.85). Thyroid uptake did not signfficantly increase after treatment (sign
test P> 0.1) (table). Subjectively, 2 unilaterally hyperthyroid cats became bilaterally asymmetric
hyperthyroid after treatment. These 2 cats had the greatest increase in thyroid stimulating
hormone after treatment.
Conclusions Methimazole treatment does not signfficantly affect the scintigraphic diagnosis of
hyperthyroidism in cats. The change from unilateral to bilateral hyperthyroidism may have
clinical relevance if surgical correction is considered.
Pre

T:S 20 Max
T:S 60 Max
T:S 20 Avg
T:S 60 Avg
% uptake 20
% uptake 60

Post

Median

Range

Median

Range

P-value

4.7
4.2
4.6
4.1
10.2
16.1

1.4-11 .9
1.2- 14.2
1.2- 10.8
1.2- 12.4
3.:Hl1 .0
4.(}-90.0

5.3
3.7
4.7
3.3
12.1
13.8

12- 14.2
1.3-14.6
1.6-11.7
12-13.1

0.15
0.15
0.50
0.70
0.50
0.50

3.~7 . 4

4.5--72.5

Introduction

Ultrasound guided fine needle biopSy is a commonly used noninvasive procedure that can
provide a high diagnostic yield. A modffied nonaspiration fine needle biopsy technique usng
spinal and standard needles that increases cellularity of the samples has been described. In our
practice, samples obtained with long spinal needles appeared to have higher cellularity, especially for the liver. The purpose of this study is to determine if there is a signfficant difference
in cellularity between samples obtained with spinal needles and standard needles.
Methods
Five hundred and three fine needle biopsies were performed by 3 board-certified radiologists. a
certified radiology resident, and a 3rd year radiology resident. The biopsied organs included
liver (229), spleen (68), ki:!ney (13), pancreas (13), masses (115), intra-abdominal lymph nodes
(51 ), soft tissue/muscle (3), prostate (7), and urinary bladder (4). The biopsies were obtained by
ultrasound guidance using a non-aspiration technique. The biopsy needle was attached to an
extension set which was attached to a 12-ml syringe that was prefilled with 5 ml of air (1 - 2 ml tor
kidney biopsies). The needle was directed with ultrasound guidance into the target tissue. Once
the needle was within the "target" tissue the needle tip was moved back and forth S-10 times to
pack a cellular slurry into the needle. The sample was rapidly expelled onto a microscope side
and a gentle squash preparation was made. Samples were obtained with 1! -in. 22-gauge
standard and spinal needles, 3-in. 22-gauge standard, and 3!-in. 22-gauge spinal needles. The
choice of needle length was decided by the operator and was usually determined by depth of
target tissue. The slides were labeled in a randomized fashion and the pathologist was blinded
to the needle type. A board-certffied clinical pathologist reviewed the slides and the cellularity of
the sample was graded on a scale of CH'i. A grade of 0 represented no cells of the target tissue
and a grade of 5 represented a sample of excellent cellularity.
Results
Liver biopsies obtained with Y,-in. spinal needles were of signfficantly higher mean cellularity
compared to 1!· and 3-in. standard needles (P= 0.003). Liver biopSies obtained with the short
spinal needles had a higher mean cellularity but the difference was not statistically significant.
When comparing the 4 needle types in all of the sampled tissues, the 3!-in. spinal needle had
signfficantly higher mean cellularity compared to the 3-in. standard needles (P= 0.020), but
differences in cellularity compared to the other needles were not statistically signfficant. The
1!-in. spinal needles had higher mean cellularity than the 1! -in. standard and long standard, but
the differences were not statistically signfficant.
Conclusions

The results of this study support our hypothesis that 3!-in. spinal needles provide more cellular
samples of the liver as compared to standard needles. Suspected causes include increased
exfotiation due to the shorter bevel and longer needle passes.
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ECHOCARDIOGRAPHIC INDICES IN NORMAL BELGIAN MAUNOIS AND GERMAN SHEPHERD
MILITARY WORKING DOGS

Fletcher DJ, Boon J, Mann K, Mathey WS. James L. Voss Veterinary Teaching Hospital,
Colorado State University, Fort Collins, CO 80523.

Introduction Noninvasive evaluation of canine cardiac size and function is commonly performed by the use of cardiac ultrasound. Echocardiography allows accurate and timely assessment of congenital and acquired cardiac disorders and with continual improvements in
ultrasound quality has become commonplace as a valuable routine diagnostic as well as
prognostic tool. The determination of normal anatomical measurements and blood flcm profiles
is essential for accurate interpretation of the echocardiogram. Previous studies have established normal echo parameters for various breeds of clogs; however, to date, no breed-specttic
indices have been determined for the Belgian Malinols (BM) and German Shepherd (GS) dog.
The objective of this study is to establish breed-specttic cardiac anatomical and blood flow
measurements for the previously mentioned breeds of dogs.
Materials and methods Echocardiography was pertormed on 20 BM (5 intact male and 15
neutered female) and 20 GS (8 intact male, 4 neutered male, and 8 neutered female) dogs.
Weights ranged from 44.5 to 79 lb in the BM and 56 to 87 lb. for the GS. Young healthy animals
were used and ranged in ages from 18 to 41 months. Fifty-two dogs were screened via physical
exam, thoracic radiographs, blood-work, and ECG prior to selection of the 40 animals for the
study. Right and left short and long axis views were used during each study to obtain data. Mmode measurements were correlated with body surtace area (BSA) and weight and statistically
compared wnh predicted values based upon previously published data Doppler derived measures of diastolic function, systolic function, and peak aortic, left ventricle, and pulmonary artery
flow were measured.
Results The mean, standard deviation, 95% confidence intervals, and range were cak:ulated
for each measurement. Comparison of M-mode mean values with predicted mean values after
adjusting for BSA and weight revealed statistically significant differences between the means of
several parameters. Results were similar for both breeds. Statistical significance was also noted
in the Doppler-derived indices between the observed means and previously published data as
well as when mean values were compared between the BM and GS.
Discussion In conclusion, we established breed specttic echocardiographic indices for the BM
and GS dog. Several cardiac indices were statistically different from previously published normal measurements suggesting the probable existence of breed-specific differences relating to
normal echocardiographic parameters.

ECHO ENDOSCOPIC VS. TRANSABOOMINAL UllllASOUND OF THE CANINE STOMACH: A CASE
SERIES

Gaschen L, Kircher P, Lang J. Department of Clinical Veterinary Medicine, Division of
Radiology, University of Bern, Bern 3001, Switzerland.
Introduction Ultrasound and endoscopy are currently the two most commonly used clinical
tools for examination of the canine stomach. In humans, endoscopic ultrasound has been used
for over 20 years where it has become a routine method of examiling the stomach and
contiguous organs. Echoendoscopy is preferred over transabdominal scanning since a highfrequency transducer can be brought into close contact wfih the gastric wall to produce highresolution images. The purpose of this case series is to descrile our first experiences wnh
echoendoscopic examination of the stomach in 9 dogs with vomiting and compare those
findings with that of the transabdominal ultrasound findings and histological results of gastric
mucosal biopsies.
Methods Nine dogs wfih a history of vomiting (range 4 days to 2 years) underwent transabdominal ultrasound, echoendoscopy, gastroduodenoscopy, and gastric mucosal biopsy,
sequentially, wfihin a 2-day period. Two-dimensional gray-scale and power Doppler ultrasound
examination of the gastric wall was performed in all dogs. Transabdominal ultrasound examinations were pertormed in the conscious state wnh a multttrequency {5--10MHz) curved array
transducer"' and echoendoscopically under general anesthesia with a multifrequency (510 MHz) Olympus video gastroendoscope. t In addnion, contrast-enhanced! power Doppler
ultrasound of the gastric wall was pertormed in 4 of the dogs.
Results Transabdominal ultrasound in 7 dogs showed localized gastric wall thickening and 2
were diffuse. One dog with diffuse thickening was a false positiv"e and the stomach wall was
found to be normal echoendoscopically and histologically. Histology in the 8 other dogs showed
that 1 had a diffuse gastric wall edema, 1 an ulcer, and 6 had focal neoplastic disease. Gastric
wall layering and the exact localization of lesions could be better assessed with echoendoscopy. The cardia, lesser curvature of the stomach, and gastric antrum could all be better
visualized wnh endoscopic vs . transabdominal ultrasound. Obesity, large penetration depths, a
deep-chested thoracic conformation and reverberation echoes due to Juminal air were all found
to be factors contributing to difficulty in the examination of the stomach wall transabdominally.
Wnh echoendoscopy, these factors played a much smaller role. Furthermore, power Doppler
and contrast-enhanced power Doppler evaluation of the stomach wall were easier to pertorm
echoendoscopically. Echoendoscopically guided tissue sampling of the stomach wall was performed in 1 dog wnh a submucosal lesion that could not be identttied wnh conventional endoscopy.
Conclusions Endoscopic ultrasound allowed a more complete assessment of the stomach
wall , its layering and draining tyrll'.>h nodes as well as detection of increased mural vascularization in this series of 9 dogs. Endosonographically, the stomach could be easily investigated
from the cardia to the pylorus in all instances that was not the case for the transabdominal
examination. In deep-chested, obese or large dogs, the transabdominal examination of the
antral and pyloric regions as well as the cardia are the most difficult to pertorm. Endoscopic
ultrasound made the Doppler examination of the gastric wall easier in all instances. In our
experience, st.bmucosal vessels can be M:Jentified even in normal dogs which is much more
difficult with transabdominal scanning. Endoscopic ultrasound shows great promise for the
examination of the stomach in clogs and is very compatible wnh conventional endoscopy.

• Aloka ProSound SSD-5500, Aloka Europa.
t Olympus GF-UC140-AL5, Olympus Optical Co. (Europa), Hamburg, Germany.
j SonoVue® , Bracco Suisse SA.

PANCREATIC DUCT DILATION IN CATS-A PROSPEC11VE AND RETROSPEC11VE STIJDY

Hedit S 1 , Penninck DG 1 , Mahony OM2 , King R1, Pearson S1 . 1Department of Clinical
Sciences, Section of Radiology and 2 Section of Medicine, Tufts University School of
Veterinary Medicine (TUSVM), North Grafton, MA 01536.
Introduction/purpose
The ultrasonographic diagnosis of feline pancreatic diseases, especially pancreatitis, is difficult.
Dilation of the pancreatic duct has been described as an ultrasonographic feature in pancreatitis
in a cat. 1 In humans, gradual increase of pancreatic duct diameter can be observed with
increasing age.2 Normal pancreatic duct width in cats aged 1-9 years was reported to range
between 0.05 and 0.13cm. 3 The purpose of this study was to determine normal pancreatic duct
width in healthy older cats and determine the signtticance of pancreatic duct dilation observed in
a cinical population.
Materials and methods
In a prospective study, an ultrasonographic examination of the pancreas was pertormed in 15
healthy cats aged 10-20 years, and the maximum diameter of the pancreatic duct was determined. In a retrospective study, the ultrasound log of TUSVM was searched from 01 /2000 to
06/2003 for cats that had been diagnosed wnh a dilated pancreatic duct. These patients were
evaluated wnh respect to clinical, clinical pathologic, and ultrasonographic findings, and-tt
avallable-followup, cytologyhlistopathology, intraoperative findings, or necropsy. The. cats
were divided into 4 groups according to the clinical and ultrasonographic suspicion for pancreatic disease (1 = pancreatic disease unlikely, 2 = suspected pancreatic disease, 3 = confirmed pancreatic disease, 4 = diabetes mellitus) and into 4 groups according to age ( < 1-!.>
years, &-10 years, 11- 15 years and > 15 years) . Pancreatic thickness, location, and width of a
dilated pancreatic duct were recorded. Frequency and signtticance of pancreatic duct dilation
with regard to age and clinical findings were examined.
Results
In the prospective part of the study, pancreatic duct diameter was calculated as 0.12 ± 0.04 cm
(range 0.06--0.24cm) for the left limb, 0.11 ± 0.03cm (range 0.05---0.15cm) for the body and
0.09 ± 0.04cm (range 0.06---0.16cm) for the right limb. In 4/15 (26.7%) healthy cats, the
pancreatic duct measured wider than reference values published previously. Retrospectively ,
pancreatic duct dilation was diagnosed in 104/1445 (7.2%) cats. In younger cats ( < 1-!.> years),
pancreatic duct dilation was observed in 2.7% of the cases, while 18.1 % of cats aged 15 years
or older were affected. Forty-three cats (41.3%) were categorized as group 1, 36 cats (34.6%)
as group 2, 9 cats (8.7%) as group 3 and 16 cats (15.4%) as group 4. In 41.3% of all cats,
dilation of the pancreatic duct was considered to be most likely of no clinical significance.
Conclusion
A dilated pancreatic duct is commonly encountered in healthy older cats and is not necessarily
an indicator of active pancreatic disease.
References
1. Wall M, et al. Pancreatitis in a cat demonstrating pancreatic duct dilatation ultrasonographically. J Am Anim Hosp Assoc 2001 ;37:49-fil.
2. Hastier P, et al. A study of the effect of age on pancreatic duct morphology. Gastrointest
Enclose 1998;48:53-<>7.
3. Etue SM, et al. Ultrasonography of the normal feline pancreas and associated anatomic
landmarks: a prospective study of 20 cats. Vet Radiol Ultrasound 2001 ;42:330-336.
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CROSS-SECTIONAL ANATOMY AND COMPARATIVE ULTRASONOGRAPHY OF THE EQUl'IE
STIR.EJOINT

AN EVALUATION OF THE l'ITRA- AND INTER-OBSERVER VARIABILITY OF THE ULTRASOUND
MEASUREMENT OF THE THYROID GLAND l'I BEAGLE DOGS

Hoegaerts M, Nicaise M, Saunders,!!:!. Department of Medical Imaging, Faculty of Veterinary
Medicine, Ghent University, Salisburylaan 133, 9820 Merelbeke, Belgium.

Taeymans 0 , Saunders JH, Schreurs E, Kramer M, Daminet S, Duchateau L. Small Animal
Department, Facuity of Veterinary Medicine, Ghent University, Salisburylaan 133, 9820
Merelbeke, Belgium.

Introduction Injuries of the equine stme are frequent causes of hind limb lameness. Ultrasonography (US) has been proved to be useful for the diagnosis of meniscal lesions, lesions of
collateral, patellar, cruciate, and meniscotibial ligaments and, the evaluation of the synovial
structures, cartilage, Slbchondral bone, and per~articular remodelling. The US approach for the
visualization of the cranial and caudal parts of the menisci, the cruciate ligaments, the meniscofemoral ligament, and the cranial meniscotibial ligaments has been described. However, a
comparative study using gross anatomic sections to identify all structures visible on US images
of the equine stme has not been reported.
Purpose The aim of this study was to provk:le a comprehensive comparative cross-sectional
atlas of the normal equine stifle joint and its related structures using US.
Methods Hind limbs of horses euthanatized for gastrointestinal disease were used. The animals had no history of orthopedic problems. Body weight ranged from 350 to 400 kg. A complete US examination of the stifle joint was pertormed using a systematic approach. The limbs
were properly prepared by clipping the hair, washing the skin with hot water, and the application
of acoustic gel. The examination was pertormed with a linear 7-12MHz matrix transducer
(Logiq 7, GE Medical Systems) and/or a linear !Hl MHz transducer and a convex <H> MHz
transducer (Logiq 200, GE Medical Systems). The entire stifle was scanned in 2 peipendicular
planes. Firstly, the medial femorotibial joint (MFT), the femoropatellar joint (FP), and the lateral
fernorotibial joint (LFT) were evaluated with the leg in extension. Then, the joint was flexed for
the evaluation of the cranial part of the medial meniscus and, the cranial and caudal cruciate
ligaments. Finally, the leg was re-extended for the evaluation of the caudal parts of the MFT,
LFT, and the caudal cruciate ligament.
The anatomical landmarks were exactly located US on each limb and labelled on the skin. The
recesses of the MFT, the LFT, and the FP were punctured under US guidance with a 1B-G
needle and the synovial fluid was aspirated if present. Each compartment was filled with a
pigment (technovit T 7143): the MFT with an orange, the FP with a red and the LFT with a
yellow color. The limbs were frozen for at least 48h at - 18°C and each leg was cut in 10-15mm thick slices using a motorized sawing machine. Each leg was cut in a different plane
corresponding to the scanning planes of the transducer during the US examination as described above. Each slice was defrosted, photographed using a digital camera (Cybershot DSC
F707), and digitalized.
Results From the collection of anatomC sections, representative images were selected. Instead of producing s..-ies of slices in 3 different planes, only sections comparable with the
different US reference images were used. Bony and soft tissue structures were identified on
these sections and subsequently iocated on the corresponding US images. The results of the
study are shown in sequential matched photographs of the anatomical sections with their
corresponding US images.
Discussion/conclusions US provided excellent anatomical detail of the stifle joint. The images
of this study may serve as reference for clinical US imaging studies of the equine stifle joint

Introduction
Ultrasonography (US) may represent an interesting tool in the diagnosis and follow-up of dogs
with hypothyroidism.' References values for measurement of the thyroid gland in some breeds
predisposed to hypothyroidism have been published.1 However, the repeatability and accuracy
of the US measurements have not been investigated.
Purpose
To evaluate the intra- and inter-Observer variability for measurement of the thyroid gland in
healthy beagles by use of US.
Methods
Three observers scanned independently both thyroid glands of 5 randomly presented euthyroid
beagles, and tlls for 3 separate tines. Each obs..-ver was asked to measure the maximum
height, length, and width of each thyroid gland. A linear transducer with a frequency of 12 MHz
was used for this purpose (Logic 7, GE Medical Systems, Milwaukee, WI). The data were
statistically evaluated and the volume of the gland was calculated using the formula of a rotation
ellipse (volume = height x length x width x 0.479).
Results

The average measurement of the thyroid glands was: height = 0.5276cm (std error = 0.05293),
length = 2.4469cm (std error = 0.08714), width = 0.6191 cm (std error = 0.02170), volume =
0.379 (std error = 0.04099).
The intra-observer variability was the lowest for the measurement of the height and volume and
the highest for the measll"ement of the length. The inter-Observer variability of the volume had
the lowest variability.
Discussion/conclusions
The measurement of the volume, using the rotation-ellips formula, appears the less variable
parameter for the evaluation of the thyroid gland. The measurement of the height is more
precise than that of the width and length. Further studies are necessary to define the accuracy
of the meas ...ements on normal dogs and hypothyroid dogs.
Reference

1. Briimel C, Nelson R, Pollard R, Samii V, Davidson A, Kass P. ECVIM Congress: ultrasonographic evaluation of the thyroid gland in canine breedis predisposed for hypothyroidism ,
Munchen, September 2002.

DOPPLER UCTRASONOGRAPHIC EVALUATION OF GASTROINTESTINAL BlOOD FLOW l'I DOGS
WITH IBDAND FOOD HYPERSENSIT1V!T1ES

EFFECT OF PHENSTATl'I PHOSPHATE ON TUMOR PERFUSION: EVALUATION IN A RAT MODEL
USING MICROBUBBLE CONTRAST AGENT

Kircher P', Lang J', Allenspach K2, Gaschen F2 , Gaschen L. 1 'Division of Clinical Radiology
and 2Division Companion Animal Internal Medicine, Department of Clinical Veterinary Medicine, Faculty of Veterinary Medicine, University of Berne, Switzerland.

Matheson J, O'Brien R, Waller K. University of Wisconsin-Madison, Madison, WI 53706.

Purpose
Doppler ultrasound has been applied to the diagnosis of inllammatory bowel disease in humans. Chronic diarrhea is a common clinical problem in dogs; however, the etiology often
remains unclear. Furthermore, 180 and food hypersensitivity are common components of the
disease process in dogs. The goal of the study is to correlate Doppler findings with ciinical
disease activity and histology both pre- and post-therapy in clinically affected dogs.
Material and methods
Eleven dogs w;th chronic diarrhea were inck.tded in this study after parasites and nongastrcr
intestinal causes of diarrhea were ruled out. Transabdominal ultrasound., endoscopy, intestinal
biopsies and a colonoscopic antigen provocation (COi.AP) test were carried out. Doppler
waveform analysis of the celiac artery (CA) and the cranial mesenteric artery (CMA) were
pertormed both in the fasted state and at 20, 40, 60, and 90 min after feeding the dog's regular
diet. The dogs were fed a restriction diet for 4 weeks and the ultrasound, endoscopic and
COLAP examinations repeated. Resistive (RI) and puisatility indices (Pl) were calculated and
compared statistically between dogs and between time points.
Results

The dogs were dMded into 2 groups based on their response to therapy and change in clinical
activity and were diagnosed with either IBD or food hypersensitivity. Group A (n = 5) did not
completely recover from disease;Group B; (n = 6) was free of clinical signs. Group A (CMA:
Rl = 0.84 ± 0,03, P1 = 2.72 ± 0.44; CA: 0,77 ± 0.04, Pl = 2.04 ± 0.25) had fasted values
sign~icantly higherthan group B (CMA: Rl = 0.72 ± 0.04, Pl = 1.77 ± 0.17; CA: 0.70 ± 0.04,
Pl = 1.66 ± 0.21). Prior to therapy, group A showed a suboptimal decrease in RI and Pl values
compared to normal dogs in a previous study. 1 Group B showed no hemodynamic response
during digestion. Post-therapy, fasting values normalized in Group B (CMA: RI = 0.80 ± 0.02,
Pl = 2.34 ± 0.15; CA: RI = 0.76 ± 0.06, Pl = 1.97 ± 0.37) compared to pretherapy measurements. However, an abnormal hemodynamic response was stil present in both groups
during digestion.
Conclusion
Fasting Doppler parameters of gastrointestinal vascular bed resistance in dogs with food
hypersensnivity and IBD may correlate to the severity of disease and therapeutic outcome. We
conclude that Doppler US investigations of gastrointestinal blood flow in dogs shows promise to
quantify disease activity and to monitor therapy and a larger study population should be examined.
Reference
1. Kircher P, Lang J, Blum J, et al. Influence of food composition oo splanchnic blood flow
during digestion in unsedated normal dogs: a Doppler study. Vet J 2003;166:265--272.

Introduction
Vasrulature is critical to the surv;vaJ, continued growth, and metastasis of tumors. New antineoplastic agents focus on preventing the growth of new vessels within the tumor as well as
rapidly shutting down and destroying vesselS already formed within the tumor. By evaluating
tumor pertusion, the effects of the treatment can be monitored and adjusted for optimal effectiveness. Cootrast harmonic ultrasonography has the potential to be an excellent modality to
monitor tumor pertusion before, during, and after treatment.
The research was conducted in 2 phases. Phase I focused on establishing a tumor model to
estimate pertusion using contrast harmonic ultrasound and to establish the optimal phenstatin
phosphate (PP) dose for use in this rat tumor model. Phase II evaluated the effect of PP on
tumor perfusion.
Methods
In phase I, eight 6-8-week-old male Asher 344 rats were inoculated subcutaneously with
1 x 105 9L glioma cells (ATCC, Manassas, Virginia) to produce 1-cm tumors. Rats received a
single intravenous injection (i.v.) of the antivascular drug, PP, at one of the following dosages:
20, 80, or15011'l!}'kg. Each tumor was imaged prior to administration of PP, 1 , 4, and 24h postpp injection using a General Electric Logic 9 ultrasound machine equipped with a 7·MHz linear
array transducer. Microbubble contrast agent (Sonovue™, Braaco Research SA, Geneva,
Switzerland) was injected i.v. at a dose of 0.2ml per injection. The tumor was imaged until peak
contrast was seen and continued unti the contrast disspated.
In phase 11 , 12 Fisher 344 adult female rats were inoculated in the mammary fat pad with
1 x 1a5 MATBlll tumor cells (American Type Culture Collection in Rockville, MD) to produce 1cm tumors. Six rats received a single i.v. injection of 150 lll!}'kg of PP. Six rats received a similar
volume i.v. injection of normal saline and served as controls. Imaging occurred 2h post·PP
or postsaline injection. The tumors were imaged in the same manner as in Phase I except a
3.5-MHz linear array transducer was used.
All contrast harmonic cine loops collected were analyzed by determining the time of peak
pertusion and a digital still image was captured. Percent tumor perlusion was assessed.
Results
Clinically, no adverse effects were seen at the highest PP dose of 150 m!}'ml. For phase I of the
study the data were pooled regardless of PP dose as no significant differences were noted
between percent tumor pertusion and dose of PP. At 1-h post-PP injection the percent tumor
pertusion was signnicantly different (less pertused) from all other time points (P< 0.05). There
was no signnicant difference between any other time points. For phase II of the study, the
PP treated group had signnicantly less percent tumor area pertused than the control group
(P< 0.0001). Tumor pertusion can be evaluated using contrast harmonic ultrasound.
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UL"TRASONOGRAPHIC EVALUATKlN OF THE CANINE EXTERNAL EAR CANAL, TYMPANIC MEMBRANE, ANO TYMPANIC BULLA AFTER SALINE INFUSION INlO EAR CANAL OR TYMPANIC BULLA

EVALUATION Of A SCANNER AND DIGITAL CAMERAS COMPARED lO DllECT VIEWING OF
RADIOGRAPHS FOR DETEC110N OF PULMONARY NODULES

Eom K1 , Lee H1, Sung Y1 • Lee H2 , Chang 0 3 , Yoon J.4 1 Coll~e of Veterinary Medicine,
Kyungpook National University, Daegu 702-701, South Korea, College of Veterinary Medicine, Gyeongsang National University, Jinju 660-701 , South Korea 3 College of Veterinary
Medicine, Chungbuk National University, Cheongju 361-763, South Korea and 4 College of
Veterinary Medicine, Seoul National University, Seoul 151-742, South Korea .

Armbrust W , Hoskinson JJ, Biller OS, Ostmeyer RM , Milliken GA. Departments of Clinical
Sciences and Statistics, Kansas State University, Manhattan, KS 66506-5601 .

Introduction/purpose Ultrasonography has several advantages over traditional ionized imaging teclYliques for the evaluation of ear structure. However, the air and bone hamper ultrasonographic image quality. The method infusing the flt.id into ear canal has been employed
to overcome this pitfall and to facilitate more accurate imaging. Thus, the purpose of the present
study is twofold: to describe the ultrasonographic appearance of ear canal and to assess the

varying in price and performance were tested for line pair and contrast resolution . 1 In this study
scanned images and digttal images from the cameras were evaluated and compared to direct
viewing of radiographs for detection of pulmonary nodules.
Materials and methods Two or 3 view thoracic radiographs were obtained from 44 dogs.
Thirty four of these patients were diagnosed wtth pulmonary nodules and 10 were normal. Fi ms
ranged in size from 10 x 12 to 14 x 17in. For each camera, radiographs were illuminated
using a horizontal light box, and the digttal camera was positioned above the film using a tr'pod .
The camera fim distance was adjusted so that the entire film was captured . Images were
randomized and viewed (2 radiologists, 1 undergraduate student) using Adobe Photoshop 6.0.
Eight of the cases were randomly chosen and dl4llicated twice to evaluate intra-observer
variance. The observers independently recorded the number of nodules. The radiographs were
randomized and evaluated independently (3 radiologists, 1 undergraduate student) for number
of nodules. A consensus number of nodules was then determined by the grol4> and used as the
standard for comparison. Kappa values were determined individually and for the combination of
the following : view, type (radiograph, scanner, cameras), and rater. A pairwise comparison
between raters wtth adjustment for multiple comparisons was performed.
Results For• values averaged over all views and all raters to compare delection of pulmonary
nodules to the consensus detection of pulmonary nodules signfficant differences between the
radiographs , scanner, and cameras were noted. Radiographs were signtticanUy better than all
other detection methods (P< 0.01). The scanner (Kodak LS75) was significantly better than the
Kodak DC 4800 and the Sony OSC-707 (P< 0.05). The Nikon 995, Canon EOS-030, and
Ricoh iSOO were signtticantly better than the Sony DSC-707 (P< 0.05). There was no statistically significant difference between the Kodak DC 3800, Kodak DC 4800, and the Sony
OSC-707. For the pairwise comparison of raters (when evaluating the radiographs individually
compared to the consensus), the raters matched the consensus rating from 85--92% with no
signfficant difference belween raters.
Conclusion For detection of pulmonary nodules direct viewing of radiographs proved signtticantly better than evaluation of digital images. Significant variations exist belween cameras.

relevance of noninvasive detection of the tympanic membrane intactness in live healthy beagle
dogs and with otitis extema after introducing warm saline into ear canal.
Methods Seven beagle dogs (5 healthy dogs and 2 dogs with severe otitis externa), average 2
years old, weighing 8. ~10 kg were used. Hair of the region overlying the external ear canal and
caudal and ventral part of the mandible was removed. The SONOACE 9900 PRIME® (Madison Co., Seoul, South Korea) equipment with an 11 MHz linear probe and a 6.5 MHz convex
probe was used. In left-side 5 normal and 3 otttic ears, warm saline was infused into ear canal
and massaged for thorough distribution. Ultrasonographic examination for the external ear
canal and tympanic bulla was performed on transverse and longitudinal plane. In right-side, 5
normal ears, the tympanic cavity was fiUed wtth warm saline by a 23-G spinal needle bypassing
the tympanic membrane under the guidance with video-otoscopy. And in left-side 5 normal
ears, a complete tympanic membrane ""'ture was induced using an 18-G needle under the

guidance with video-otosoopy. Warm saline was infused into the ear canal and massaged.
Ultrasonographic evaluations of the external ear canal and tympanic bulla were performed in

the same manner.
Results Ultrasonographic examination using saline infusion into ear canal as an acoustic
window was very useful to evaluate the internal structures of external ear canal, ty"llanic
membrane, and tympanic bulla. The lumen of the ear canal was imaged as an anechoic
structure and directed medially to the tympanic membrane, which was identified as a hyerechoic acoustically enhanced line. Although fluid filled tympanic bulla was easily visualized and
assessed, tt was almost impossible to identify whether the tympanic membrane was ruptured or
not when tympanic bulla was aiso filled wtth fluid. An 11 MHz linear probe was more adequate
for serial evaluation of the external ear canal, tympanic membrane, and tympanic bulla than a
6.5 MHz convex probe.

Discussion/conclusions The results of the present study suggest that ultrasonographic exami'lation of the ear canal wft:h 11 MHz linear probe after saline infusion into ear canal is useful
to evaluate the ear canal and to detect the ear canal disease such as otitis extema, otitis media,

Introduction Teleradiology, or the transfer of digital images for consultation or interpretation, is
expanding in veterinary medicine. For small or remotely located practices it is a time- and costeffective means of obtaining the opinion of a specialist. In a previous study, 7 digital cameras

Reference
1. Brault B, Hoskinson JJ, Annbrust W , Milliken GA. Comparison of 7 digital cameras for
digitizing images. Vet Radiol Ultrasound 2003;44(1):104.

and possible tympanic membrane rupture in dogs.

TRAHSCUTANEOUS UllRASONOGRAPHYOF THE ABDOMEN IN THE NORMAL COMMON
MARMOSET (CALUTHRJX JACCHUS)

Wagner WM, Kirberger RM . Diagnostic Imaging Section, Department of Companion Animal
Clinical Studies, Onderstepoort Veterinary Academic Hospital, University of Pretoria,
Onderstepoort 0110, Republic of South Africa (wencke.wagner@up.ac.za)
Introduction The common marmoset (Callithrix jacchus) is a popular pet in the Republic of
South Africa and is a common patient of our Diagnostic Imaging Section. Two ultrasonographic
reports1 ~ could be found concerning the common marmoset or any other representative of the
Callttrichidae, but to the best of the authors' knowledge, there is no detailed publication on
transcutaneous ultrasonography of the abdomi1al organs of the normal common marmoset.
Purpose The object of this paper was to describe the normal echoanatomy of the abdomen of

the common marmoset and to provide reference values for selected abdominal organs.
Materials and methods Ultrasonographic abdominal examinations were performed on 17
clinically healthy, anesthetized adult common marmosets utilizing a multi-frequency linear array
transducer (5-9 MHz). The marmosets were 1.5-9 years old and weighed belween 320 and
506 g. Since the marmosets fonned part of an interactive study, hematology, biochemistry,

abdominal ultrasound, and skull radiographs were also performed and were normal. All ultrasonographic examinations were performed and evaluated by 1 author (W.M.W.) and results

entered on a custom-made form.
Results There was good visualization of kidneys, bladder, spleen, adrenals, the liver, and the
gastrointestinal tract Images of the spleen were difficult to acquire inttially. The pancreas,

caecum , and abdominal lymphnodes were not seen. The spleen was the least echogenic
organ, followed by the medium echogenic liver and the sometimes isoecholc, but mosUy
hyperechoic renal cortex. The kidneys had a poor corticomedullary distinction. The prominent
right lobes of the liver extended caudally far beyond the costal arch. The galllladder had a bi- to
multilobed appearance with a wide, tortuous cystic duct The pylorus was more centrally posttioned. The adrenals were readily seen without a landmark approach. A statistically significant
(P :5 0.05) difference between female and male kidney, and right adrenal length was present.
There was a signfficant correlation (P :5 0.05) belween body weight and splenic thickness.

General limitations were the size of the common marmoset requiring a high-frequency transducer with a small footpad . Reference values for the abdominal organs will be presented.

Discussion Ultrasonographic examination is simple, fast, noninvasive. and easily repeatable
in the common marmoset. This study emphasizes that significant species-specific differences
exist in the echoanatomy of the abdomen. Simply applying canine or feline echoanatomy to the
common marmoset wil easily result in misdiagnosis such as chronic renal disease, hepatomegaly, obstructive disease of the biliary system, and adrenal disease. Gender dimorphism
existed concerning the size of the ki:Jneys and needs further investigation.

References
1. Jaquish CE, Toal RL, Tardie SD, Carson RL Use of ultrasound to monttor prenatal growth
and development in the common marmoset ( Cal/ithrix jacchus) . Am J Primatol 1995;36:
259-275.
2. Myung-cheol K, Jae-ii L, Soo-jin L. et al. Ultrasonography of abdominal organs in common
marmoset (Callithrixjacchus). J Vet Clin 2001 :18(4):354-<357.

SERVING MAGES TO THE TEACHING HOSPITAL: A PILOT STUDY USING TABLET PC'S

Barbee DD Saveraid T, Benczik J. Department of Veterinary Clinical Sciences , College of
Veterinary Medicine, Washington State University, Pullman, WA 99164-7060.

Introduction
Institutional imaging departments welcome rrigration to "mostly" or entirely digttal imaging. The
various client S01Vices in the teaching hospital may be less supportive due to the natural inertia
toward change and real logistic problems in accessing images. This presentation discusses a
piiot project using tablet PCs and an inexpensive commercial DICOM viewing software approach.
Methods
A tablet pc• was selected from various models available. The untt had 768 MB RAM , a 40 GB
hard disk, 1 GHz processor and a standard operating system.t Internet commlJ1ication was by
both an integral 802.11 b (11 mbs) wireless, and a 100mbs Ethernet wired connector. The
commercial OICOM viewert used by the Radiology section was installed. This computer was
configured wtthout a password, so that anyone could use tt without logging on. The computer is
stored on the docking and charging station in the Radiology reading room . Client services
request the check-out of the tablet the same as scheduling a study. The request identffies the
image set required and it is transferred to the ta~et hard disk. Technologists from the varioos
client services are trained to transfer their cases. Otherwise Radiology personnel perform this
task. The tablet is usually checked out wtthout an external charger, as the battery lffe is
approximately 3 h starting fully charged. For prolonged surgeries, the external charger can
accompany the tablet providing unlimited on time.
Results

The faculty of our client services has developed appltcations for the tablet that were not envisioned by the Radiology section. While the use in the surgery rooms is very successful, faculty
are often checking the tablet out for use in the examination and consultation rooms. They
appreciate the ability to display animated studies such as fluoroscopy. The tablet can be passed

to the client sin~ar to a photographic print and this allows more natural communication postures
as compared to facing a desktop or laptop computer. lntraoperative use has been well received .
An assistant can posttion the tablet to the satisfaction of the surgeon. For involved image
manipulations, the tablet and stylus can be piaced in a sterile plastic bag. The tablet is especially good at displaying complex, multi-image studies such as CT and MRI. The ability to
track axial images on sagittal or coronal images simply cannot be dl4llicated on conventional
illuminatcxs. The tablet is often used in rounds, replacing a stack of fim jackets.

Discussion
The acceptance has been as posttive as tt was unexpected. If the client services can be
weaned from the laser hardcopies of digttal studies, the fim savings will pay for a tablet PC
every 2 months. As wireless access spreads through the teaching hospital, the tablets may
replace illuminatcxs.

*TC-1000, Compaq-HP, 3000 Hanover Street, Palo Alto, CA.
t XP Personal Edition, Microsoft, Corporation, One Microsoft Way, Redmond, WA.
j efilm Workstation, Merge efilm, 522 Universfy Ave., 10th Floor, Toronto, ON, Canada
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RADK>GRAPHIC DIAGNOSIS OF WNG LOBE TORSION
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d'Anjou MA , Tidwell A , Hecht S.

SUBJECTIVE AND OBJECTIVE RADK>GRAPHIC ASSESSMENTS OF SAND ACCUMULATION IN THE
EQUINE GASTROINTEST..aAL TRACT

Facult0 de M0decine V0t0rinaire, Universrt0 de Montr0al,

QC, Canada J2S 384 and "Tufts University School of Veterinary Medicine, North Grafton, MA
01536.
Introduction
Lung lobe torsion (LLT) is rare in dogs and cats , but can represent a ltte-threatening condttion
that warrants prompt diagnosis. The purpose of this study was to evaluate the radiographic
features of LLT in a series of dogs and cats and attetll't to identify unique features, or a
corrbination of feat1Xes, that may help differentiate LLT from other thoracic conditions.
Material and methods
A search for medical records and thoracic radiographs of dogs and cats wtth confinned LLT
was conducted at Tufts University School of Veterinary Medicine and at the Faculty of Veterinary Medicine of the University of Montreal over a period of 7 years. The sgnalment, clinical
sgns, hematology, pleural fluid cytology, histopathology and surgical reports were reviewed
when available. Thoracic radiographs were evaluated for pleural effusion (amount and distribution), lung opacity (pattern and distri:lution), lung lobe posttion, lobar bronchi appearance
(opacity, orientation and shape), posnion and shape of the trachea and the carina, as well as

chronok>gic changes. Finally, ultrasonographic findings were reviewed when available.
Results
Medical records and radiographs of 11 dogs and 2 cats wnh confirmed LLT at surgery or

necropsy were available for review. There was no breed, chest conformation or sex predilection
idenlffied for dogs, and their age median was 8.7 years (range 0.3-12 years). The 2 cats
affected were Domestic Short Hairs and were 10 and 14 years oid, respectively. Clinical signs
were variable , nonspecrric and varied in chronicity. An elevated white blood cell count was
noted in 7/ 13 patients. Pulmonary hemorrhagic infarction with or wnhout fibrosis was identffied
histologically in 12/12 patients. A concurrent thoracic disease was found in 5/13 patients,
including neoplasia in 2. The lobes affected were: right middle (6), left cranial (4), right cranial
(2), and a combination of right cranial and middle (1). Extensive lobar bullous emphysema was

observed on thoracic radiographs in 4 paOents. A variable number of fragmented gas foci were
seen in the affected lobe of 8 of the 9 other patients. This emphysematous pattern was
progressive in 516 patients in which radiographs were successively obtained. A variable amount
of pleural effusion was identffied in all dogs and cats , which was asymmetrical in 9113. Other
common radiographic findings included medial displacement of a nonnal Jung lobe by the
twisted lobe extending along the chest wall (7), rotation of the carina (6), curved and displaced
trachea (6) , and a mediastinal shift (6). When it could be identmed, the main bronchus of the
affected lobe was displaced in 3 patients and focally narrowed in 5 patients. Ultrasonography
was performed on 6 dogs and commonly revealed a unifonn and poorly echogenic consolidated
lung lobe that had central fragmented gas echos, no flow on color Doppler, and which was
surrounded by pleural effusion.
Conclusion
LLT should be strongly suspected in dogs and cats when a pattern of lobar bullous emphysema
is observed, especially the lobe is displaced and surrounded by pleural effusion. Ultrasonography may be useful in some cases to rule out the presence of neoplasia and to confinn
venous congestion or perfusion deficits.

Keppie N, Rosenstein D, Holcombe S, Schott H. College of Veterinary Medicine, Michigan
State University, East Lansing, Ml 48824.

Introduction/purpose
Gastrointestilal sand acc1Xnulation Is a common cause of equine colic. Slbjective assessment
of sand accumulation on abdominal radiographs has been used as a diagnostic aid; however,
there is a poor correlation between clinical signs, diagnostic findings, and surgical findings . The
purpose of this study was to define an objective method of assessment of radiographic sand
accumulation in order to improve the diagnostic utility of radiography for sand colic.

Methods
Fifty-four sets of abdominal radiographs were reviewed from horses admitted to Michgan State
University-Veterinary Teaching Hospital (1996-2003). These cases included 27 horses wtth a
final diagnosis of sand colic and 27 horses w<h other diagnoses. Three observers independently graded these radiographs for amount of sand (score CH>) and whether or not this sand
was likely sufficient to cause colic (Y/ N). The same radiographs were then re-examined wtth a
more objective system, measuring amount of sand relative to the width and thickness of a ri>
(0-2), number of sand accumulations (~) . sand opacrly (0-2), sand homogeneity (0-2), and
location of accumulation(s) (0-1). Summation of these scores provided a total value (0-12) for

observed sand. Data anatysis included inter-observer variance for each method and correlation
of radiographic scores to final diagnoses.
Results
Inter-observer results using the subjective scoring method had sgnrricant differences among all
observers. There was also poor subjective assessment as to whether or not the visible amount
of sand was of enough quantity to cause colic. Using the objective method of sand assessment,
there were no sgnnicant differences between the observers' results. A score of 7 out of 12 was
found to predict a posttive diagnosis of colic wnh 80.7% precision.

Discussion/conclusions
Current slbjective radiographic assessment of gastrointestilal sand accumulation is hghly
variable and has a poor predictive value for disease. The designed objective scoring method
creates a more unfonn method to assess the sand accumulation. This method also provides
the observer to quantify the amount of sand seen as this system uses a relative ordinal scale of
0-12. The objective scoring method has a hgh predictive value for colic if the obtained score is
7 or hgher. To further validate this scoring system, this retrospective study is to be implemented
in a prospective study to test whether this objective scoring system is sensitive to varyilg

amounts of known gastrointestinal sand.
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REMOYlNG SCATTER WITHOUT A SCATTER REMOYlNG GRID

RADIOGRAPHIC INTERPRETATION OF THE EQUINE CENTRAL AND THIRD TARSAL BONES FOR
DEVELOPMENTAL ORTHOPEDIC DISEASE

O'Brien TR, Puchalski SM. University of California, Davis, Davis, CA 95616.
Scatter radiation appears as fog on the radiograph , and can result in severe image quality
degradation, particularly in large patients wtth thick body parts. In screen/film radiography the
contribution of scatter is so detrimental to image quality that a scatter absorbing grid must be
used to absorb selectively a portion of the unwanted scatter from the radiation reaching the
detector. Unfortunately sgnificant absorption of the primary beam also occurs when grids are
used resulting in the need to increase patient and tech1ician exposure by a faclor of 3-4. The
distribution of scatter reaching the detector is related to body thickness, composttion, and beam
energy. However, the distribution of scatter is difficult to model and attempts at digitally simulating and subtractilg scatter have had limtted success. We embarked L4J011 a more SirrlJlistic
approach by devising a geometrically SirrlJle phantom. The simple geometry pennitted creation

of a theoretical scatter free, primary beam image using minimal assumptions. The phantom was
then radiographed both wnh and w<hout a grid, w<h identical technique and positioning, usilg a
14-btt digital radiographic system. By slbtracting the wtth-grid image from the nongrid image,
we created an image of the scatter and the primary beam that the grid had absorbed. The
theoretical primary beam image was neratively slbtracted from that image until the phantom

was no longer visib'9, resultilg in an image of pure scatter. The pure scatter image was then
tteratively slbtracted from the original image until as close a match as possible to the theoretical
primary beam image was obtained. The result of various frequency domain histogram equa~
ization algortthms were then visually compared to the "primary beam" image. We conclude that
in dgttal systems, scatter can be effectively removed without the use of grids, thus permittilg a

reduction in patient exposure.

Introduction/purpose
Developmental orthopedic disease (DOD) is seen in the central and third tarsal bones of the
equine tarsus. Radiographic signs seen wnh a severe degree of DOD in the neonatal foal are
easily identmed as an abnonnally developed central ancVor third tarsal bone. A mild to moderate
degree of DOD in these bones is a more difficult radiographic diagnosis. This presentation
describes the nonnal radiographic meas1Xements and appearance of the central and third
tarsal bones and correlates this diagnostic infonnation to recognizilg the mild degree of DOD in
these bones.

Methods
Radiographic examinations of the tarsi of 15 thoroughbred yearlings free of clinical sgns were
evaluated. The proxirnodistal dimension of the medial and lateral regions of the central and third
tarsal bone was measured from the dorsoplantar (DPI), lateromedial (LM), and the dorso45' 1ateraf.i>lantaromedial oblique (MO) radiographs . The radiographic appearance of each
bone was evaluated for increased density in medial vs. lateral aspect of each bone and the
central vs. the third tarsal bone. The presence of periarticular change at the dorsum of the distal
intertarsal joint and periosteal productive change at the dorsum of the central and third tarsal

bones was determined.
Results
The medial and lateral proximodistal measurements of the central and third tarsal bones from

the OPI view were equal. The measurements of the medial proximodistal thickness of the
central and third tarsal bones were equal as well as those for the lateral aspects of these bones.
The trabecuar pattern for the central and third tarsal bones was similar wtthout evidence of
increased subchondral density. Periarticular and periosteal remodeling on the dorsum of the
central and third tarsal bones was not identmed.

Discussion/conclusions
The normal proximodistal measurements of both the central and third tarsal bones made from
the DPI view revealed each bone is equal in thickness when comparing the medial to lateral
aspects of a single bone. The results also revealed equal thickness when comparing the medial
aspects of the central and third tarsal bones on the DPI, LM, and MO views. Periarticuar and
periosteal productive changes were not identrried on the dorsum of these bones.
The radiographic findings of a proximodistal thickness difference between the medial and lateral
aspects of either the central or 3rd tarsal bones or between the medial aspects of the central
and 3rd tarsal bones is indicative of a developmental orthopedic disease. Increased density of
the bone w~h the reduced proximodistal measurement is also indicative of DOD. Periarticular
and periosteal remodeling commonly occurs in the involved bone(s).

..
VOL 45, No. 5

491

UMllED IMAGE QUALITY COMPARISON OF FILM SCREEN, DIRECT DIGITAL RADIOGRAPHY AND
COMPUTED RADIOGRAPHY

RADIOGRAPHIC ANJQ'OMY OF THE THORAX AND ABDOMEN IN THE NORMAL COMMON
MARMOSET (CALLJTHRIX JACCHUS)

Puchalski SM, Homof WJ . Universtty of California, Davis, Davis, CA 95616.

Wagner WM, Kirberger RM. Diagnostic Imaging Section, Department of Companion Animal
Clinical Studies, Onderstepoort Veterinary Academic Hospital, University of Pretoria,
Onderstepoort 0110, Republic of South Africa (wencke.wagner@up.ac.za)

Introduction
Digttal radiography is becoming increasingly more common in veterinary medicine, particular1y
in equine practice. Currently there are 2 basic types of digttal radiography systems available in
the veterinary market. Even though there have been a considerable nurrtier of investigations
comparing these 2 systems in the ltterature frequented by physicists and engineers, there is a
paucity of information available regarding even basic image quality evaluation of these systems
in the veterinary literature. The purpose of this study was to simplistically ~re 3 systems
reprasented by a 400 speed film/screen combination, a computed radiography system (CR)
and an indirect digttal radiography system (DR). Each system was evaluated for speed, dynamic range, spatial resolution, and contrast resolution.
Methods
Speed comparisorr: LM radiographs of an equine cadaver carpus were made at a fixed FFD
wtthout a grid using the 3 different systems. All radiographs were made at 80 kVp wtth sequential variation of mAs. The resultant fim radiographs were subjectively evaluated to de-

termine an optim1.J11 technique. Both systems have a manufacturer recommeMed optimum
range (numeric value) and the mAs required to produce a radiograph wtth a value at the
midpoint of this range was recorded.
Dynamic range: Once an optimum mA s at 80 kVp was determined for each system, lateromedial radiographs were made a 0.25 x , 0.5 x , 1 x , 2 x , 4 x and 8 x of the optimum
mA s and evaluated for diagnostic quality.
Spatial resolution Radiographs of a line pair phantom using a range of exposures were made.
Corr4>arisons were perlormed on all systems using radiographs made wtth 70 kVp and
1.0mA s.
Contrast resolution Radiographs of a 20 well contrast phantom were made using a range of
e:xposures. Comparisons were performed using radiographs made wtth 70kVp and 1.0mAs.

Results
Dynamic range

kVp

Range (mAs)

Filrntscreen (F/S)
CR
DR

80
80
80

0 .64-2.5
0.32- 10.0
0.32-10.0

Speed
FIS
CR
DR

1.25 mAs
2 .5 mAs
2 .5 mAs

Optimum
S = 120
E = 100

Spatial

Line

Contrast

resolution

pairs/mm

resolution

FIS
CR (8 x 10)
DR (8 x 10)
DR (13x16)

10-11.1
2 .8-3.0
5.!Hi
2.8-3.0

F/ S
CR
DR

Visible
wells (20)
8-11
20
20

Discussion
Film screen was able to resolve far more line pairs than either of the digital systems, which were
comparable. Both digttal systems provided a much wider range of e:xposures resl.lting in a
diagnostic radiograph than screer\lfilm and a better ability to separate subject density differences than screer\lfim. The advantage of screer\lfilm systems is their inherent resolution . An
advantage of digital systems is their ability to compensate for exposure errors.

Introduction The common marmoset (Ca.llfthrlx jacchus) is a popular pet in the Republic of
South Africa and is a common patient of our Diagnostic Imaging Section. Five articles could be
found on radiography of Callitrichidae, but to the best of the researchers' knowledge there are no
publications on normal radiographic anatomy of the common mamnoset or associated species.
Purpose The object of this paper was to develop a standard radiographic procedure, and to
provide a descr1Jtion and reference values for the radiographic anatomy of thoracic and ab-

dominal organs in the normal common marmoset.
Materials and methods Seventeen clinically healthy, anesthetized mature common marmosets (1 . ~ years) were examined radiographically . Since the marmosets formed part of an
interactive study, hematology, biochemistry, abdominal ultrasound, and skull radiographs were
also performed and were normal. A selection of dorsoventral, ventrodorsal, right and left lateral
recurrtlent whole body and collimated thoracic and abdominal radiographs were made at
different respiration phases and centering points. All radiographs were evaluated by one author
(!N.M .W .) and results entered on a custom-made form.
Results Right-to-left lateral and ventrodorsal whole body radiographs made at end inspiration
gave optimal resuts. The common marmoset had 7 cervical, 12/13 thoracic, fil7 lumbar, and 3
sacral vertebrae and 4/5 stemebrae. Images of the heart, lungs, liver, gastric axis, and at least 1
kidney could be evaluated consistently. A generalized interstitiaVperibronchial pattern was normally present. The mean of the VHS on the ventrodorsal view was 9.42 (± 0.44) wnh a range
of 8.8 to 10.6. Abdominal detail was mostly poor. The gastrointestinal structures oould often
only be identified due to their luminal gas. The pylorus was posttioned in the midline. The right
lobes of the liver extended caudally far beyond the costal arch. A statistically significant
(P $ 0.05) difference between female and male kidney length was observed. The spleen,
pancreas, lymphnodes, bladder, and ureters were not seen in this study. Reference values for
the remaining organs w~ be presented.
Discussion Considering the often poor abdominal detail, the benefit of radiology as a diagnostic tool for abdominal pathology in the common marmoset may be limtted. However, tt
should nevertheless provide useful inforr:nation in a multttude of cases, such as foreign bodies,

renal cak:uli, and dystrophic mineralization. Additional abdominal ultrasound examinations
should be considered. Other diagnostic imaging techniques such as contrast studies of the
gastrointestinal tract and urogenttal system, and CT/MRI could also be considered, but baseline
values have not yet been described. This study emphasizes that significant species-specific
differences exist in the radiographic anatomy. Simply applying canine or feline radiographic
interpretation principles to the common marmoset will result in misdiagnosis, such as bronch<r
pneumonia, masses displacing the pylorus toward the midline, marked focal hepatomegaly, and
ascitis. Gender dimorphism existed concerning the size of the kidney and needs further in-

vestigation.
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ACCURACY OF MYELOGRAPHY AT LOCAUZING THORACOLUMBAR INTERVER1EBRAL DISC
PROLAPSE, USING POSTMYELOGRAPllC COMPU1ED lOMOGRAPHY AS THE GOLD STANDARD

Rist PM, Graham JP, Thompson MS, Clemmons R, Blaik M. University of Florida College of
Veterinary Medicine, Gainesville, FL 32610.
Introduction The purpose of this study is to determine the accuracy of myelography for
localizing intervertebral disc prolapse in comparison to postmyeiographic computed tonnography (CT). Surgical findings have been used as the gold standard in previous studies.
Surgical findings may be prone to error and bias, because the surgical approach is based on
the myelographic interpretation. Postmyelographic CT is a Sl4J<lrior gold standard for determination of the sne of intervertebral disc prolapse, and will provide a better estimate of the
accuracy of myelography.
Methods/Results Twenty dogs presented to the UF-Veterinary Medical Teaching Hospital for
suspected thoracolumbar disc prolapse were evaluated wtth standard myelography and postmyelographic computed tomography. Standard myelography included lateral, ventrodorsal , and
both oblique views of the thoracolumbar spine. All myelograms were perlormed using a lumbar
injection at L.5-6 or L4-5. lohe:xol (240 mgl/mQ was injected into the subarachnoid space at a
dosage of 0.3 mVkg. Adequate filling of the subarachnoid space was determined using fluorosoopy or postinjection radiographs . After myelography, CT scans of the suspected lesion area
were obtained. Transverse, 3-mm sices of the suspected site of prolapse, and at least 1
intervertebral disc space cranial and caudal to the suspected lesion stte were obtained. The CT

scans were performed using a Phillf>s Tomoscan-M 3rd generation helical scanner.
The radiographs from the myelographic e:xams were anonymized and evaluated by 5 independent reviewers (3 radiologists, 1 neurologist, and 1 radiology resident). Review..-s graded
the quality of the myelograms and stated whether the examinations were normal or abnormal. If

abnormal, the reviewers were asked to state the predominant longitudinal and circumferential
stte of spinal cord compression, and quantify the confidence of the diagnoses.
The CT scans were interpreted independent of the myelograms at a C00'4'Uter workstation
using a-Film® software. CT scans were determined to be normal or abnormal. A consensus
localization of the lesion site was determined by the reviewers. The CT scans were used as the
gold standard for determining the aocuracy of the myelograms for AOC statistical evaluation.
Additional cases are currently being enrolled for data collection. Final statistical analysis will be
presented.
Discussions/conclusions Preliminary trends show that myelography may be less aocurate
than previously reported at localizing thoracolumbar intervertebral disc prolapses. The discrepancies between the resuts of this study and previous ones are most likely due to the use of
postmyelographic CT as the gold standard, which appears more satisfactory.
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EFFECTS OF BREATHING AND CARDIAC MOTION ON THE SPATIAL RESOWTION IN MICROSCOPIC
IMAGING TECHNIQUES OF RODENTS

DIAGNOSTIC IMAGING OF OSA IN DOGS USING RADIOGRAPHY, ""'TC-HOP AND mlN-LABELED
VITAMIN S,. SCINTlGRAPHY: A COMPARATIVE STUDY

Mai W, Badea CT, Wheeler CT, Hedlund LW, Johnson GA. Duke University, Center for In
Vivo Microscopy, Box 3302, Duke University Medical Center, Dumam, NC 27710.

Cruz - Arambulo R de J, Steyn PF, Collins o •, Powers BE, Uhrig J. Department of
Environmental and Radiological Health Sciences, Colorado State University, Fort Collins,
CO and *Mayo Clinic, Rochester, MN.

Introduction High-resolution imaging techniques have been developed over the past few years
to provide researchers with noninvasive tools allowing to study the huge number of rodent

models of diseases. Some techniques like micro-computed tomography or magnetic resonance
microscopy require the acquisition of very large datasets to reconstruct anatomic images. Tris
necessitates to anesthetize the animals for in vivo studies and also to develop strategies to limit
the impact of cardiac and respiratory motions, and thus fully benefit from the very high-resolution
levels provided by the new technologies. These imaging techniques are now capable of producing very detailed pulmonary and cardio-vascular images in live rodents by synchronizing the
image acquisition across multiple breaths and cardiac cycles. The precisk>n with which one can
control motion wll probably define the resolution limit that can be attained in such studies. Tris
work was performed to evaluate how reliably the respiratory and cardiac structures return to the

same position from breath to breath, and heart beat to heart beat, each time data are acquired.
Methods In 1 group of 10 anesthetized, mechanically ventilated rats, radio-opaque tunsgten
beads (0.28-mm diameter) were surgically glued on the abdominal surtace diaphragm. Their
range of motion (relative to a reference vertebral bead) was evaluated using a high-resolution
(50 µm) digital radiography system. Images sets were acquired using 2 biological pulse sequences: (1) ventilation synchronous acquisition, and (2) both ventilation synchronous and
cardiac gated acquisition. Series of 150-200 consecutive images were acquired and the dis·

tance between the diaphragmatic beads and the reference bead was calculated on each image
using an semi-automated algorithm. In a second group of animals {n = 3) beads were glued at
the surtace of the heart after thoracotomy, and the animals were allowed to recover for a few
weeks. Then the animals were re-anesthetized and mechanically ventilated and the range of
motion of the beads in reference to a static vertebral bead was also evaluated, using ventilation

synchronous (end-expiration) and cardiac gated digital X-ray acquisition.
Results Without any control of the motion, a displacement of up to 2 mm of the diaphragm can
be expected over the ventiatory cycle. In the diaphragmatic motion studies, the standard
deviation of the displacement was on the order of, or less than 100~1m . On noncardiac gated

images, the bead on the dome of the diaphragm showed the highest range of motion due to the
vicinity of the cardiac apex. Images acquired with cardiac gating in addition to the synchronization with the ventiation did not improve significantly the results. In the cardiac motion
studies, the standard deviation of the displacement was on the order of 35 µm.
Discussion/conclusion This work provides the first quantitative measure of the motion imposed resolution limits for high resolution in vivo imaging of rodents. For the diaphgram, the
standard deviation of the displacement was comparable to the resolution limit for in vivo magnetic resonance imaging imposed by signal-to-noise constraints . As methods for improving the

sensitivity develop, methocls to limit the impact of motion must follow. Cardiac gating in addition
to synchronization to the ventilation does not improve significantly the results observed, due to
the necessity of defining an acquisition window. For the heart, the standard deviation of the

Introduction The accurate determilation of the proximal extent of a primary bone tumor is

important for limb spare procedures. There are publications comparing multiple imaging modalities, to try to determine wrich image modality is the best for the accurate determination of
tumor extent of osteosarcoma (OSA) in long bones. Results from those publications are variable. Diethylene triaminopentaacetate adenosyk:obalamin is a vitamin B1 2 analog that has
been labeled with

111

1ndium. Increased uptake has been seen in malignant tumors when

compared with surrounding tissues. The purpose of this study was to compare radiography,
planar bone scintigraphy using 9 ""Tc-l-IDP, and 111 ln--Vtt B12 SPECT to determine the size of
osteosarcoma in long bones in dogs.

Materials and methods This study was pertormed at the Colorado State University, VTH. Ten
dogs were included in the study. Histopathology macroslides (gold standard) from the affected
area, lateral views of the radiographs, and planar scintigrams (""'Tc--HDP) and sagital plane
image from 111 1n-Vit 8 12 SPECT scan were used to get the measurements. Region of interest
analysis to obtain lesion to background ratio was used. Radiographic images were corrected for
magnification. Statistical analysis included simple regression anatysis, Spearman's rank correlation for a non parametric data, and correlation coefficient (Ff) adjusted for sample size.

Statistical difference between Ff was compared with F test. The statistical difference of radiopharmaceutical uptake ratio was tested with paired Hest.
Results The mean percentage of tumor overestimatK>n was 9.29% on radiographs, 5.35% on

"'"'Tc planar bone scintigraphy, and 33.25% on

111

1n--Vit B12 SPECT scintigraphy. After sep-

arati1g the data into 2 groups, overestimated and underestimated tumor size, it could be seen

that on radiographs tumor size was overestimated by a mean of 19.8% in 70% of the patients
and underestimated in 30°/o of the cases. On planar bone scans tumor size was overestimated
in 60% of the dogs by the mean of 13.6%, and underestimated in 40% of the cases. Tumor size

was overestimated by the mean of 49.7% in 70% of the dogs on SPECT images and underestimated in 30% of the cases. There was positive linear relationship between variables

studied. The correlation coefficient was signfficantly higher (P< 0.01) for ...,,Tc-+iDP (75.5%)
and radiography (61.3%) compared to 111 ln--Vit B12 (28.3%). Correlation coefficient for """'TcHDP was higher than the one obtained for radiograph but statistical difference could not be
encountered (P< 0.05). The mean ratio of radiopharmaceutical uptake obtained on "'"'Tc-HOP
bone scan was significantly higher than 111 1n--Vit B, 2 SPECT (P< 0.01).

Discussion and conclusions The measurements obtained on ~c bone scans more accurately reflect measurements obtained on the macroslides and, therefore, it is better predictor
of tumor size than radiograph and 111 1n-Vit 8, 2 • 99"Tc bone scan is an acceptable good
estimator of tumor size. There is no indication to use 111 1n-Vit 8 12 SPECT to determine tumor

size of OSA in dogs. MRI has been established as the best estimator in dogs (Wallack et al.,
2002). However, when technical and financial limitations related to the use of MAI are present,

disptacement was less than the actual resolution currently achievable for in vivo cardio-vascular
MA imaging in rodents. As demonstrated here, with careful control of mobon, its impact on
resolution can be limited.

...,,Tc bone scan should be considered as an appropriate technique to obtain the tumor extent

BIODISIBIBUllON OF RAOIOLABELED MORPHOLINO OUGOMERS AND ANTIBODIES IN 5 NORMAL
DOGS-FEASIBILITY STUDY OF TUMOR PRETARGETED tMMUNOSCINTIGRAPHY

ASSESSMENT OF VASCULARITY AND PERFUSION IN SPONTANEOUS CANINE TUMORS Willi
CONTRAST-ENHANCED DOPPLER ULTRASOUND BEFORE AND DURING FRACTIONATED
RADIATION THERAPY

Azuma C1, Liu G2, Payne S1, Johnson K1, Hunt K, Dou S2, Solano M1, Rusckowski M2,
Hnatowich 0 .2 'Tufts University Veterinary School, Grafton, MA 01536 and 2University of
Massachusetts Medical School, Worcester. MA 01655.
Introduction/purpose Radioimmunotherapy has been effective for the treatment of nonHodgkin's lymphoma and may have simiar efficacy for the treatment of canine lymphomas.
Tumor pretargeting immunoscintigraphy and immunotherapy aim to minimize radiation exposure to normal tissue while maximizing delivery of a radiolabeled substance to a pretargeted
lesion. A pretargeting protocol showing a high tumor-to-normal tissue ratK> has been performed

in a mouse model using synthetic oligomer, morpholino (MORF) conjugated antitumor antibocly,
and radiolabeled complementary MORF (cMORF). Tumor pretargeting involves 2 separate
steps. (1} Bhding of antbodies with MORFs to tumor cells with subsequent clearance of

nonbound antibodies from the bocly and (2) injection of radiolabeled cMORFs and subsequent
binding to tumor cells due to the high affinity of oligomers, MORFs, and cMORFs. The purpose
of this study was to evaluate the clearance and biodistribution of radiolabeled morpholino
oligomers and anti:>odies in 5 normal dogs.

Methods Five adult mixed breed dogs weighing between 22 and 30 pounds of body weight

of osteosarcoma in long bones.

Ohlerth S1, Laluhova 0 1, Wergin M1, Rohrer Bley C1, Melzer K1, Roos M2, Kaser-Hotz B.1
1Section of Diagnostic Imaging and Radio-Oncology, Department of Small Animal Medicine,
Vetsuisse Faculty, Switzerland and 2Department of Biostatistics, University of Zurich,
8057 Zurich, Switzertand.
Introduction/purpose Vascularity and perfusion play a crucial role in tumor diagnosis and

prognosis. Ultimately, they also influence the design of cancer treatment protocols. Recent
experimental studies suggest that during radiation therapy both, tumor cells and endothelial
cells of the microvasculature, are damaged by radiation. Therefore, the purpose of this study
was to non-invasively investigate vascularity and perfusion in spontaneous canine tumors with

contrast-enhanced color (CD) and power Doppler (PD) ultrasound (US) before and during
fractionated radiation therapy (RT).
Methods Tumors were sonographically examined during general anaesthesia with gray-scale,
CD and PD US before and after intravenous injection of an US contrast agent (Levovist®,
Schering AG, Switzertand). With a computer program (Qwin®, Leica Microsystems AG, Switzertand), 3 parameters each were obtained for pre- and postcontrast CD and PD US. Fractional

were used. All agents were administered through the left c~halic vein and blood was drawn
from the contralateral leg vein to measure clearance . Following a 5-7-day interval dogs re-

area (FA) represents a vascularity index and calculates the percentage area of the tumor

ceived 5 µg (166.5MBq) of "''"'Tc-labeled cylosine-free MAG,-<:MORF (5' -TAG TTG TGA
AGT AGA AGA) , (2 dogs); 1 mg (107.3MBq) of 99"'Tc-MAG3-nonspecific lgG, (1 dog) ; unlabeled non-specffic lgG conjugated with MORF followed by 5µg (166.5 MBq) of 99"'Tc-labeled
cMORF 2...;J days later (3 dogs). Static planar whole-bocly images were taken immediate 1-5,
and 24 h after radiopharmaceutical administration. Nine blood samples (0.3 mQ were drawn at

assess perfusion. Tumors were localized in the oral cavity, on the skull, or on extremities.
Preradiation US was perfonned in 60 tumors: 35 soft tissue sarcoma, 7 bone sarcoma, 7
squamous cell carcinoma, 5 oral melanoma, 3 acanthomatous epulis, and 3 miscellaneous

specific time intervals and their activity measured using a well counter. Regions of interest

placed in all major organs were generated using dedicated postprocessing imaging software.
Results Similar to the mouse model studies, clearance from circulation of 9 ""Tcx:MORF was
rapid with a 1112 a of 4.8min and 1112 ~of 57min (n = 2) when administered alone with the
kidneys as the target organ (0.83% ID at 4 h) with minimal accumulation in other tissues. The
gall bladder was evident after 1 h (0.6% ID) and was visible throughout the imaging protocol.
Following administration of the antibody-MORF, the labeled cMORF showed a rapid 1112 a of
3.3min (n= 3) and an almost identical 1, 12 ~of 56min.There was a pronounced 1,12 y of about
20 h, most likely due to lgG remaining in circulation. The acci.mulation in kidneys was similar

after antibody-MORF administration (1 .54% ID at 4h). Liver and spleen showed 8% and 11 %
ID at 1hand4h and 5% and 2.4% ID for """'Tc-cMORF alone, which was lower than thal of
"""'Tc-lgG alone (18% at both times). The 99"'Tc-lgG cleared with a 48min 1112 a. and 33h 1112 ~
Conclusion Although the clearance and biodistribution of MORF conjugated lgG antibody and
radiolabeled cMORF show some differences in the dog compared to the mouse model, the
pharmacokinetics of both injectants are suitable to develop an effective radioimmunotherapy
and tumor imaging protocol in dogs.

occupied by blood vessels. Mean color level (MCL) and color-weighted fractional area (CWFA)

tumors. Forty-four dogs underwent either palliative (31 animals) or curative (13 dogs) fractionated RT. In the palliative group (4 x 6 , 5 x 6, or 3 x 8Gy), US was done before each
fraction, while in the curative group (14- 16 x 3.5, or 15 x 3Gy) animals underwent US before
fraction 1, 3, 6, 8, 10, 12, 14, and 16.
Results Before RT, vascularity, and perfusion were high in squamous cell carci1oma, whereas

all sarcomas and the miscellaneous tumors were poorty vascularized and pertused. In the oral
melanoma and acanthomatous epulis group, vascularity and pertusion were moderate. A significantly higher vascularity and pertusion was observed in small tumors compared to large
tumors. During the course of RT, vascularity and pertusion did netther change sign~icantly in
the palliative nor in the curative gro~ . Significant changes were also not observed in soft tissue

and bone sarcomas; vascularity and pertusion stayed poor during RT. Other tumor histology
groups were too small in numbers to be analysed during RT.
Discussion/Conclusions Vascularity and perfusion appear to significantly depend on tumor

size and histology groups. During the course of RT, no change in vascularity and pertusion was
observed in sarcomas. Other tumor histology groups will be investigated in the near future for
comparison. In order to gain more meaningful information on tumor vascularity and perfusion,
especially during various treatment procedures, spontaneous canine tumors may serve as a

useful model.
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EPIDERMAL GROWTH FACTOR RECEPTOR EXPRESSION IN CANINE ORAL CAVITY SQUAMOUS

CEU. CARCINOMA
Proulx DR'. Auslander OM' , Malarkey 0 2, Thrall DE. 1 'College of Veterinary Medicine, North
Carolina State University, Raleigh, NC 27606 and 2NIEHS, Research Triangle Park, NC
27709.
Introduction
Overexpression of the epidermal growth factor receptor (EGFR) has been demonstrated in
most human epnhelial neoplasms. Excessive EGFR·mediated signaling culminates in loss of
cell cyde control, inhibition of apoptosis, and stimulation of angiogensis. Such overexpression
of EGFR has been correlated wnh a resistance to chemotherapy and radiotherapy and, hence,
a poor prognosis. The role of EGFR abenance in the development and progression of neoplastic disease supports the notion that the EGFR is a relevant target for cancer therapy.
Currently, little information is known regarding the role of EGFR in companion animal epnhelial
neoplasms. Definnive therapy using surgery and radiation therapy can provide long·tenn dis·
ease control for many dogs wnh oral cavity squamous cetl carcinoma (SCC), particularly those
patients wnh small, rostrally located tcmors . However, tumor size and location hinders longterm disease control for many patients with oral SCC. Anti-EGFR therapy may enhance the
efficacy of definnive therapy for these patients. The purpose of this study is to determine the
level of EGFR expression in naturally occurring canine oral cavity squamous cell carcinoma.

Methods
Twenty-nine fonnalin fixed, paraffin embedded biopsy samples from canine oral cavity
squamous cell carcinomas were analyzed for EGFR expression using immunohistochemical
evaluation. Specimens were collected from untreated clinical patients during the period of
1996-2003. nssue sections were deparaffinized, rehydrated, and prepared wnh peroxide,
PBS, and blocking serum. Monoclonal mouse anti-human EGFR antibody was used as the
primary antibody. A biotir>-avidin peroxidase secondary antibody system was used for
immunoreactive complex detection. DAB chromogen was used to visualize immune complexes.
EGFR staining intensity and distribution was evaluated using light microscopy. Normal oral
mucosa and various known EGFR-postive and EGFR-negative tissues were used as controls.
Results/Discussion
Analysis of results is currently ongoing. ldentWication of EGFR overexpression may not only
yield prognostic information but may also provide the rationale for the investigation of targeted
anti-EGFR therapy for dogs wnh oral cavity squamous cell carcinoma.

ACTERNA11VEBOLUSMATERIALSFORCOllAU-60TElETHERAPYRADIATIONTREATMENTS-AN
EVAUJATION OF PLAY-DOH® AND OF WATER-SOAKED COTTON GAUZE SPONGES

Walker M, Cohen N, Menchaca D. College of Veterinary Medicine, Texas A&M University,
College Station, TX 77843·4475.
Introduction
Over the years , a wide variety of materials have been used as '~issue equivalenr bolus for
radiotherapy purposes (Moyer et al., 1983). A potential benefit of using a bolus is to have
maximum radiation dose occur at the surface or at reduced depth within the irradiated tissue
(Bente!, 1996). In veterinary radiotherapy, the commercial bolus Supefflab (GR Feaster) and
the homemade boluses of Play-Doh (Hasbro, Inc) and of water-soaked cotton gauze sponges
are among the materials that have been utilized. However, documentation of the validity of
utilizng enher Play·Ooh or water-soaked gauze sponges as bolus material was not found.
Purpose
This study was peffonned to determine if carefully made boluses of enher Play-Doh or watersoaked gauze sponges differed from the commercial bolus material, Superflab, in producing
maximum radiation dose when irradiated with a cobalt-60 teletherapy source.

Method
One bolus of Superflab, 5 boluses of Play-Doh, and 5 boluses of water-soaked gauze sponges
were inadiated wnh cobalt-60. The radiation doses were measured wnh thennoluminescent
dosimeters (TLD's) calibrated to be accurate for cobalt-60 photon energies at doses less than
10.0 centigray. Six TLD's were utilized to measure each irradiation. The 1 Superflab bolus was
irradiated 5 separate times; each of the 5 boluses of Play-Doh and the 5 boluses of watersoaked gauze sponges were inadiated 1 time. Thus, there were a total of 30 TLD readings from
5 separate irradiations of each of the 3 types of bolus material.
Results
The resulting radiation doses were similar when utilizng the Play-Doh, the water-soaked
sponges, or the Superflab. Statistically, there were no signtticant differences in dose results
obtained from inadiating these 3 types of bolus material. Doses resulting from the Play·Doh
boluses more consistently approximated those of the Superflab. Some experiment effects were
detected, i.e., variation in results occurred both wnhin each type of bolus material and among
types of bolus material.

Conclusion
The results of this study indicate that enher Play-Ooh or water·soaked cotton gauze sponges
can suffice as material for carefully made bolus for cobalt-60 teletherapy. However, the failure to
detect a statistically significant difference between these materials is not statistical proof of their

equivalence.

PREVALENCE OF ANEMIA IN FBJNE PATIENTS UNDERGOING CURATIVE INTENT RADIATION
THERAPY

ASSESSMENT OF PERFUSION AND HYPOXIA IN SPONTANEOUS CANINE TUMORS USING
POSITRON EMISSION TOMOGRAPHY

Treuil PL' , Woods JP', Wright Bo', LaRue SM. 1 'Department of Environmental and Radiological Health Sciences and 2 Department of Clinical Sciences, College of Veterinary
Medicine and Biomedical Sciences, Colorado State University, Fort Collins, CO 80523.

Kaser-Hotz B 1 , Bruehlmeier M2, Allemann K 1 , Rohrer Bley C' , Wergin M , Ametamey S.2
'Section of Diagnostic Imaging and Radio-Oncology, Vetsuisse Faculty of the University of
Zurich, Swnzerfand and 2Center for Radiopharmaceutical Science, Paul Scherrer Institute,
Villigen, Switzerland.

Introduction

n

Anemia is important in the feline radiation therapy patient because may lead to tumor hypoxia
thereby reducing the effectiveness of radiation therapy. In addnion, these patients undergo
multiple episodes of anesthesia during the course of their treatment and anemia may increase
their anesthetic risk . Moreover, in people anemia has been associated wnh fatigue, which leads
to a decrease in quality of life.
The purpose of this study was to determine the prevalence of anemia before and during
radiation therapy, and to identify potential risk foctors for anemia in feline cancer patients treated
wnh radiation therapy at Colorado State University (CSU).

Methods
The medical and radiation records of 110 cats treated wnh curative intent radiation therapy at
CSU between 1994 and 2004 were reviewed . Signalmen!, tumor type, radiation dose, fraction
number, field size, anesthetic protocol, and blood parameters (including packed cell volume) at

the beginning and during the course of treatment, were obtained.
Results
There were 110 cats in the study consisting of 60 castrated males, 1 intact male, and 49 spayed
females, wnh a median age of 10 years [range 2- 19], and median weight of 4.8kg (range 2.510.5]. Tumor histological classifications included 79 soft tissue sarcomas, 14 carcnomas , 6
lymphomas, 2 mast cell tumors, 3 meningiomas, 5 pnuitary tumors, and 1 osteosarcoma.
Tumor locations included 35 head, 16 lumbar, 2 limb, and 57 thorax. Median field length was
18.5 cm [range 4-35], median fraction number was 19 [range 10-31 ], and median radiation
dose was 57Gy [range 3:H;9.75]. At the start of radiation therapy 23 cats were anemic and
during radiation therapy 55 additional cats became anemic.
Conclusion
Twenty one percent of cats were anemic at the beginning of radiation therapy, and 63% of the

1

Introduction/purpose
Tumor hypoxia plays an important role in cancer treatment in general, and in radiation therapy

n

in particular. Hypoxic tumors behave biologically more aggressive and has been shown in
several clinical studies that the prognosis for hypoxic tumors is significantly worse compared to

normoxic tumors. The current gold standard for measurement of tumor hypoxia is an invasive
needle technique using a polarographic system. The purpose of this study was to validate the

potential of a new hypoxia tracer, 18 F~EF5 to determine hypoxia ln spontaneous canine tumors.
Further, we wanted to assess the relationship between tumor hypoxia and tumor perfusion
using a continuous injection of 1 ~,0 .
Methods
PET studies were performed in 11 dogs with various spontaneous tumors (8 sarcomas, 2
carcinomas, 1 epulis). In 7 dogs dolble-tracer studies could be acquired. The animals were
imaged in a whole-body PET scanner using a dynamic protocol (Advance, GE Medical Systems) . At different time points urine and arterial blood samples w..-e collected from these dogs
to detennine by High-Performance Liquid Chromatography (HPLC) how 18 F-EF5 was metabolized and how long activity was present in the plasma crculation . Five of 11 dogs had invasive
p02 measurements wnh the Eppendorf apparatus.

Results
Tumor hypoxia could be detected in 5 of 11 dogs. 18 F-EF5 accumulation occurred primarily in
low perfused tumors . In the HPLC analysis no 18 F·EF5 metabolites were observed in urine or
plasma for a period of 150mn after injection. In 3 of the 5 tumors both techniques , PET and
Eppendorf revealed tumor hypoxia. In 1 tumor, hypoxia was detected wnh PET but not wnh the
Eppendorf measurement. In 1 tumor neither wnh PET nor wnh the invasive technique could
hypoxia be detected.

remaining cats became anemic during treatment. Hence, 78 cats (71 %) were anemic at some

Discussion/Conclusions

point during their radiation therapy. Factors involving the patient (sex, age, and weight), tumor
(type and location), and treatment (anesthetic regimen, field length, fraction number, and total
dose) were investigated for association wnh anemia. Identifying the associated risk factors for
anemia may help abate the incidence of anemia in cats undergoing radiation therapy.

The PET tracer

18

F-EF5 proofed to be of value for tumor hypoxia detection. Although only a

small group of animals could be studied, a correlation was seen in 3 of 4 animals which had
hypoxia detected wnh invasive methods. However, currently the yield of the synthesis of 18 F·
EF5 is too low, with a maximum of 280 MBq ever produced at once. For a human patient a dose
of at least 370 MBq is needed. Therefore, improvements in the production of the PET tracer
have to be done before routi1e use.
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RADtOSENSmVITY OF CANINE MELANOMA CELI. LINES

UNUNITED MEDIAL EPICONDl'l.E: DIAGNOSTIC ACCURACY AND PREVALENCE IN A COHORT OF
LABRADOR RETRIEVERS

Kent MS, Smith JL, Th<ion JL. Department of Surgical and Radiological Sciences, School of
Veterinary Medicine, University of California, Davis, CA 95616.
Introduction/purpose
Oral melanoma in the dog is a highly aggressive malignant tumor. Combinations of surgery and
radiation therapy are often used to try to obtain local control of this disease. It is thought that

melanomas are resistant to radiation and that the resistance may be overcome by use of large
dose per fraction. Reported protocols include treating melanomas at 4, 6, or 8Gy per fraction.
Despne these efforts, local reci.rrence rates of up to 30"/o are reported.
The purpose of this study was to evaluate canine melanoma cell lines with regard to their
radiosensnivity and to compare the variation of radiosensnivity between cell lines. Addnionally,
the study evaluated the effect of dose per fraction on cell survival.
Methods
Four cell lines were established from biopsies taken from cinical patients diagnosed wnh oral
melanoma. Cells were passed through 20 passages and were then confinned to be melanomas
by immunohistochemistry using a panel of antl:xx!ies that included Mi::rophthalmia transcription
factor, S100a, Melanoma Af>.1 (gp100), and MelanA. A clonogenic assay was used to cletennine the intrinsic cell radiosensitivity (2- 15.Gy). SF2, SF4, and linear quadratic parameters

Paster ER, Biery ON, Lawler OF, Kealy RD , McKelvie PJ, Smith GK. Department of Clinical
Studies, University of Pennsylvania School of Veterinary Medicine, Philadelphia, PA 19104.
Introduction Ununned medial epicondyfe (UME) is reported as uncommon, pooriy defined and
is not well documented.1 .2 UME is more common in Labradors, and is thought to often be
bilateral.' Radiography is the primary diagnostic method and UME may only be visualized on
the craniocaudal (CC) view.' Currently, elbow evaluation by the Orthopedic Foundation for
Animals (OFA) only requires a flexed lateral view. Few cases are reported with radiographic

progression in size or recurrence of fragments folk>wing excision.1 :i

radioresistance was overcome only wnh doses larger than traditionally used in palliative radiotherapy. For the other 2 cell lines, radioresistance was overcome with doses as low as 4 Gy.
The variation in response of the cell lines to irradiation may help explain the heterogeneity of
response of oral melanoma to hypofractionated radiotherapy.
This study was supported by a grant from the Center for Companion Animal Health, School of
Veterinary Medicine, University of California, Davis, CA.

Materials and methods Same-sex littermates of 48 Labrador retrievers from 7 litters were
paired. One of each pair was free-fed (control group). The restricted group was fed 75% the
calories of the control group. Ebows of all dogs were radiographed during 6, 8, 10, and 12 years
of age, and at end-of-ltte.
Results Seven (15%) were diagnosed by radiography from 5 litters. Right elbows (n = 5) were
more affected than left (n = 3). The control group (n = 4) and restricted group (n = 3) were
almost equally represented. Females (n = 5) were affected more than males (n = 2). Six (86%)
had unilateral lesions. One was bilaterally affected and ultimately euthanized due to lameness.
UME was evident on CC views by 6 years in 6 dogs; a bilaterally affected dog was confinned at
8 years . In only 1 elbow, UME was detected on the lateral view; in all others it was not
diagnosed using this view through end-of-life. UME fragments of 1 dog grew in size. Two dogs
had elbow osteoarthrnis.
Discussion/conclusion U ME may be more common than thought. Most cases were unilateral
and diet restriction had no effect on onset, although small population size makes significance
difficult to detennine. Most cases lacked elbow osteoarthritis or fragment growth. The CC view
was critical for accurate diagnosis. The presumed infrequent diagnosis could be attributed to the
singular flexed lateral view as required by the OFA Two views are critical for elbow dysplasia
screening and radiographi:: evaluation should be continued for life parti::ularly in breeding dogs .
Acknowledgment
Research funded by and conducted at Nestle-Purina Petcare.
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1. Brinker WO, Piermattei DL, Flo GL. Handbook of small animal orthopedics and fracture
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SEGMENTATION OF M-MODE ULTRASOUND HEART IMAGES USING ACTIVE CONTOURS (SNAKES)

A STANDARDIZED PROTOCOL FOR THE ULTRASOUND EXAMINATION OF THE EQUINE STIA.E

Kulkarni KU , Denney TS Jr, Hudson J , Holland M. Department of Electrical Engineering &
Department of Clinical Sciences, Album University, AL 36849.

Hoegaerts M, Saunders JH. Department of Medical Imaging, Faculty of Veterinary Medicine,
Ghent University, Salisburylaan 133, 9820 Merelbeke, Belgium.

Introduction The purpose of the study was to develop a method to semi-automatically measure cardiac parameters from M-Mode ultrasonographi:: images. This would allow measurements to be made after the images were made and stored. Parameters measured incuded the
left ventric<Jar diameter and fractional shortening. A snake' algorithm was used to segment the
objects of interest. Snakes or active contours are energy minimizing fl.llCl:ions that are initialized
close to the edge of structures in the image. Snakes are made to conform to the image edges
using finite difference methods. Measurements made using the snake methcxi were compared
wnh the measurements made by 2 radiologists . Early results are encouraging.
Methods The innial phase of the study was the testing of the snake algorithm on phantom

Introduction Injuries of the equine stole are frequent causes of hind limb lameness. Ultrasonography (US) has been proved to be useful for the diagnosis of stifle injuries.
Purpose
The aim of this study was to establish a protocol for the standardized and systernati:: US
examination of the equine stifle and to evaluate its usefulness in horses suspected of stifle joint

were determined to anatyze survival differences.
Results
The median SF2 and SF4 was 0.23 (mean 0.23; range 0.22--0.24) and 0.20 (mean 0.20; range
0.13--0.26) respectively. No significant difference was found between cells lines at 2 and 4Gy. A
strong dose-response relationshp was found in 2 (214) cell lines. In those 2 cell lines, a 2 Gy
dose increase resulted in a significant increase in cell kil at all dose levels. In the other 2 cell
lines, a dose-response threshold reflecting a large shoulder was found. A significant dose
response was found only at doses greater than 8 Gy. A correlation between these findings and
the a/~ ratios was found.
Discussion/conclusions
All of the cell lines tested were radioresistant. Although preliminary, these findings suggest that

melanomas differ in their response to changes in dose per traction. In 2 of the cell lines,

images. Next, M-Mode images were selected from echocardiograms that had minimal noise.
For automatic measurements, one of the investigators (K.K.), using a mouse, clicked the points
on the image close to the edge of the interventricular septum to inniatize the contour. The
algorithm fit a curve through the selected points. The procedure was repeated for the edge of
the left ventricular free wall (LVFW). Numerical methods were used to conform these initial
contours to the interventricular septum (IVS) and the LVFW allowi1g generation of values for
the left ventricular diameter and fractional shortening. Values obtained in this manner were
compared to values obtained by one of 2 radiologists (M.H ., J.A.H .) from the same echocardiograms usilg calipers on the ultrasound machine. A paired I-test was used to determine if

there was any significant difference between measurements made semi-automaticalty and
those made by radiologists. In preliminary work, each parameter was measured once for each
echocardiogram. Addnional images are being evaluated wnh each parameter being measured 3
times.
Results The table shows preliminary results comparing automatic measurement to 1 set of
values obtained at the time of echocardiography. Early results show less statistical difference
between the 2 types of measurement for diastolic values (P= 0.5430) than for systolic values
(P= 0.05375). Evaluation of addnional data is in progress and res<Jts will be described.
Algornhm

Radiologist

LVD (D)

LVD (S)

LVD (D)

LVD (S)

3.153
2. 9506
3.827
3.9671
4.4929
3.3043
5.0618

1.5467
1.5834
2.0488
2.2167
2.9926
1.4483
2.6616

3.2
3.2
3.9
3.9
4.3
3.3
5.2

1.8
1.8
2.1
2.1
3.1
1.9
3.3

LVD, left ventricular diameter, D, diastole; S, systole . Measurements are in centimeters.
Reference
1. Kass M, Wnkin A, Terzoulos D . Snake: active contour models. Int J Corr4Jut Vision
1988;1:321-331 .

disease.
Methods Nine hind limbs of horses that were euthanatized for gastrointestinal disease were
used. The limbs were properly prepared. The exami1ations were performed with a linear
6-9 MHz transducer, a convex -MHz transducer (Logiq 200 pro, GE Medical Systems), and
a linear 7- 12MHz matrix transducer (Logiq 7, GE Medical Systems).
A protocol was established in 5 steps (a "5-step-tou(') for a complete systematic US examination of the equine stttle based on the anatomy of this joint (3 compartments, large caudal
muscular mass) and the position of the leg (weight bearing or flexed). Firstly, the medial
femorotibial joint (MFT) (step I), the femoropatellar joint (FP) (step II), and the lateral femorotbial joint (LFT) (step Ill) were evaluated with the leg weight bearing. Secondly, the joint was
flexed 90' for the evaluation of the femoral conclyles, the cranial menisooti:lial ligaments (MTL),
the tbial attachment of the cranial cruciate ligament (CrXL), and the femoral attachment of the
caudal cruciate ligament (CdXL) (step IV). Thirdly , the leg was weight bearing for the evaluation
of the caudal parts of the MFT, LFT and the tbial attachment of the CdXL (step V) .
The "5-step-tour" was applied to 20 horses suspected of stifle pathology. Five horses had a
meniscal tear, collapse, or mineralization of the MM; 1 horse had a caudal prolapse of the MM;
2 horses had a desmnis of the MCL or LCL; 5 horses had osteochondrosis of the lateral and/or
medial femoral ridge; 13 horses had a synovnis of the MFT, LFT, and/or FP and, 4 horses had
patellar ligament desmnis.

Results The more consistent features were an easier and better visualizatK>n of the MM
compared to the LM and a lesser organized proximal attachment of the MCL compared to the
LCL. The visualisation of the LM was consistently better wnh the convex transducer.
On the 20 living horses, steps 1-111 allowed an appropriate visualization of all the anti::pated
structures. The approach wnh the leg in flexion (step IV) was difficult because the flexion was
only well-tolerated during 3-5 min. The visualization of the cranial part of the LM and the lateral
MTL was not always consistent because these structires are covered by the tendon of the
extensor dignorum longus muscle. The tbial attachment of the CrXL was always anechoic
because the fibers could not be orientated perpendicular to the US beam. On step V,
the visualisation of the femoral condyles and the caudal parts of both menisci depended on the
thickness of the thigh. Due to the topographical anatomic orientation, the tibial attachment of the
CdXL was difficult to viisualize and the MFL was impossible to see.

Discussion/Conclusions The evaluation of the structures of the stifle joint may be overwhelming for a moderately trained practnioner. lnnially, practnioners may choose to perform
routi1ely steps I (MFT), II (FP) and Ill (LFT) of the protocol. When comfortable wnh these,
structures of steps IV and V of the protocol can be added to the examination. However, even
wnh an appropriate training , some structures such as the CdXL, cannot always be correctly

visualized.
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VALIDATION~ A 40 MHZ B-SCAN ULTRASOUND BACKSCATTER MICROSCOPE FOR THE
EVALUATION ~OSTEOARTHRITIS LESIONS IN AN ANIMAL MODEL

Spriet M, Girard C , Foster S, Holdsworth OW, Laverty S. University of Montreal, Saint·
Hyacinthe, Canada, University of Toronto, Toronto, Canada University of Western Ontario,
London, Canada.
Introduction/purpose
An improved understanding of osteoarthritis (QA) pathophysiology has now opened a land·
scape for new therapeutic targets and drug discovery. Currently, much research is aimed at
validating drugs, which may modify disease in QA. Validation of these drugs would require tools
able to diagnose osteoarthritis early and to follow its evolution in a cost effective manner.
Radiography identmes the later stage disease diagnosis and does not image articular cartilage.
MRI and ultrasonography can image soft tissues but, presently, c~nically available systems lack
adequate resolution to image early QA lesions. Very high frequency ultrasound systems with
4(H)() MHz transducers have been designed and attain a resolution on the order of 50 µm.
They have found application in ophthalmology, dermatology, and intravascular fields . Their
capacity to image articular cartilage has been reported but they have never been validated in a
surgical model of osteoarthritis commonly used for OA drug efficacy studies. We hypothesised
that this system should accurately detect many histological lesions of QA. The objective of this
study was to evaluate a 40 MHz EJ..scan ultrasound backscatter microscope for the detection of

OA lesions of varying severity in an animal model of osteoarthritis.
Methods
Thirty-five adult New Zealand White rabbits were used in this study. Unilateral transection of the

anterior cruciate ligament was perlormed under aseptic conditions on 24 rabbits which were
euthanized at 4, 8, and 12 weeks postsurgery and eleven rabbits were used as controls.
Ultrasound backscatter microscopy was performed on the femoral articular surface following
dissection of the knee joint. The articular cartilage was examined and graded macroscopically
using India Ink and histologically for OA lesions. Histological examination was used as a
reference to determine the sensitivity and specificity of ultrasonographic and macroscopic ex-

ami'lation for identification of fibrillation and ulceration of articular cartilage.
Results
The sensitivity and spec~icity of ultrasound backscatter microscopy were, respectively, 92.3"/o
and 96.4% to detect histological fibrillation and 90.9% and 97.6%, respectively, to identify
histological ulceration. By comparison macroscopic examination using India Ink had, respectively, a sensitivity and specificity of 80.0% and 96.4% for fibrillation and 90.9% and 90.5%,
respectively, for ulceration when compared to histology. Identification of slight surface irregulartties was made possible with ultrasonography. An excellent correlation was found between
ultrasonographic and histological scores (r"" = 0.90).
Discussion/Conclusions
B-scan ultrasound backscatter microscopy is a valuable tool for the evaluation of QA lesions as
it allows an accurate evaluation of the cartiage surface with easy detection of fibrillation, a
hallmark of the early stage of osteoarthrttis. It also offers an evaluation of the internal structure
of cartilage without the need for biopsy. Coupling this system to needle or standard arthroscopic

instrumentation for articular cartiage assessment in osteoarthritic patients or animal models
may permit early diagnosis of osteoarthritis and evaluation on the evolution of the disease or the
response to therapeutic intervention in longitudinal studies.
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
REGION I
2100 RENAISSANCE BOULEVARD , SUITE 100
KING OF PRUSSIA, PENNSYLVANIA 19406-2713

March 29, 2013
Docket No.
Control No.

030-38622
580121

License No.

06-35047-01

Lance Rozear, DVM, DACVR
Radiation Safety Officer
New Haven Central Hospital for Veterinary Medicine, Inc.
843 State Street
New Haven, CT 06511
SUBJECT:

NEW HAVEN CENTRAL HOSPITAL FOR VETERINARY MEDICINE, INC.,
REQUEST FOR ADDITIONAL INFORMATION CONCERNING APPLICATION
FOR AMENDMENT TO LICENSE, CONTROL NO. 580121

Dear Dr. Rozear:
This is in reference to your application dated February 22, 2013 requesting to amend Nuclear
Regulatory Commission License No. 06-35047-01. In order to continue our review, we need the
following additional information:
1.

The NRC does not find your proposed release criteria of 1 millirem per hour at a distance
of 1 meter from an animal treated with iodine-131 (1-131) to be acceptable. Current NRC
guidance recommends holding cats treated with 1-131 for a minimum of 96 hours (4
entire days) and a maximum dose rate of 0.25 millirem per hour (mrem/h) at 1 foot, in
order to ensure that no individual member of the public receives more than 2 millirem in
any one hour AND 100 millirem total radiation exposure. Confirm that animals will be
.held for a minimum ~f 96 hours (4 entire days) and will not be released unless the
maximum dose rate is 0.25 mrem/h or less at a distance of 1 foot from the animal.

2.

If you wish to propose alternate radiation level measurement criteria for release of the
animal , the following limitations are acceptable to the NRC providing appropriate human
interaction/isolation instructions are provided to animal caretakers, and you have high
confidence that the caretakers will follow the instructions. Animals would still be required
to be held a minimum of 96 hours.
a. If release is at a radiation level of 0.25 mrem/h measured at 1 foot from the
animal, close contact with the animal should be restricted. NRC calculations
estimate that a cat measuring 0.25 mrem/h at 1 foot retains about 100
microcuries of 1-131 in its thyroid and body. This would expose its caretaker to
about 4 mrem/h at the time of release if held by the caretaker.
b. If release is at a radiation level of 0.5 mrem/h measured at 1 foot from the animal ,
human interaction will be restricted, isolation of the animal will be required for 1-2
days, and close contact with the animal should be limited for several days
following isolation . NRC calculations estimate that a cat measuring 0.5 millirem
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per hour (mrem/h) at 1 foot retains about 200 microcuries total of 1-131 in its
thyroid and body. This would expose its caretaker to 8 mrem/h at the time of
release if held by the caretaker, and a person sleeping within 3 inches of the cat
could approach the 100 millirem limit in about 12 hours.
c. If release is at a radiation level of 0.5 mrem/h measured at 1 meter from the
animal , the animal and its owner will be pre-screened to determine if release of
the animal can be accomplished under the limitations required at this release
level. Release criteria include that the animal should be isolated for several days
to a few weeks, that human interaction should be very limited for several weeks;
and that you will perform post-administration evaluations of the animal to ensure
that instructions are followed, and if instructions need to be amended (more
restrictive or less restrictive), based on dose rates from the animal and/or the
ability of the animal to be isolated as required.) NRC calculations estimate that a
cat measuring 0.5 mrem/h at 1 meter retains about 2.4 millicuries of 1-131 in its
thyroid and body. This would expose its caretaker to approximately 86 mrem/h at
time of release if held by the caretaker; a person could exceed the 100 millirem
limit from holding the animal in less than 1.5 hours.

Specify any alternate criteria for release of animals treated with 1-131 , and confirm the
limitations you plan to use.
3.

Alternate release criteria which specifies a holding time of less than 96 hours, or
radiation levels greater than 0.5 mrem/h at a distance of more than 1 meter from the
animal , may be proposed . However, such criteria requires that you provide dose
calculations and limitations which demonstrate that members of the public, including the
animal caretakers, will not exceed the NRC limit of 2 millirem in any one hour and 100
millirem in a year. Any additional information to justify more lenient release criteria
should be included in your request.

4.

.Confirm that written instructions will be provided to animal caretakers , with each animal
that is released after treatment under your license, and that these instructions will
address ( 1) waste handling, (2) contamination, and (3) appropriate human
interaction/isolation instructions. The instructions should clearly state the regulatory
limits and the need to keep doses as low as reasonably achievable (ALARA), indicate the
potential radiation fields surrounding the animal and potential dose with time at various
distances, describe the permitted exte~t and duration of contact by individuals with the
animal, and indicate how to handle contaminated litter, bedding and other objects with
which the animal comes in contact.

5.

Provide a copy of the written instructions that will be given to owners/handlers when
animals are released after treatment with 1-131. A sample of instructions to animal
caretakers may be found in Appendix Hof NUREG-1556, Volume 7, "Program-Specific
Guidance About Academic, Research and Development, and Other Lice.nses of Limited
Scope." This may be found at http://www.nrc.gov/reading-rm/doccollections/nuregs/staff/sr1556/v?I .

6.

Confirm that your procedures for safe use and emergencies will consider the conditions

~
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under which use of ring dosimetry and syringe shields when administering 1-131, and
bioassay of personnel in the event of a spill, needle-stick or other such emergency, will
be required .

Current NRC regulations and guidance are included on the NRC's website at www.nrc.gov;
select Nuclear Materials; Med, Ind, & Academic Uses; then Licensee Toolkits, see our
toolkit index page. You may also obtain these documents, by contacting the Government
Printing Office (GPO) toll-free at 1-866-512-1800. The GPO is open from 8:00 a.m. to 5:30 p.m.
EST, Monday through Friday (except Federal holidays).
We will continue our review upon receipt of this information . Please reply to my attention at the
Region l Office and refer to Mail Control No. 580121. If you have any technical questions
. · regarding this deficiency letter, please call me at (610) 337-5040.
If we do not receive a reply from you within 30 calendar days from the date of this letter, we will
assume that you do not wish to pursue your application .
Sincerely,

~ /~
~et~sy u1{rich

Senior Health Physicist
Commercial and R&D Branch
Division of Nuclear Materials Safety

•

•

-

Central Hospital for Veterinary Medicine, Inc.
4 Devine Street North Haven, CT 06473
203-865-0878

1-131 Patient Discharge and Home Care Instructions
for
"George" Rozear
<;,~tk\I' k__ /t>iJ.-iu
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Your cat was treated with _ _ mCi of radioactive iodine (1-131) at New Haven Central Hospital for
Veterinary Medicine (NHCHVM) on
for the treatment of hyperthyroidism. He/she has been housed
at CHVM in a safe and secure environment while the radioactivity level has been high. Now the levels are
low enough that he/she can go home to continue his/her recovery in your care.
Because your cat still has a small amount of radioactive material in his/her body, they continue to emit a
low level of radiation. The level is low enough that no member of the public will be exposed to unhealthy
levels of radiation (less than 100 mrem/year and less than 2 mrem per hour as defined by the Nuclear
Regulatory Commission) as long as you follow the guidelines below. This radioactivity will gradually
decline and will be gone about 3 weeks after you take him/her home. During this time you must follow the
safety procedures listed below to minimize any risk of exposure to you or your family or others. If you have
any questions or concerns, please do not hesitate to call us here at CHVM.
Household Safety Procedures
•
Keep your cat in his/her carrier until you get home.
•
Your cat must be kept strictly indoors for 3 weeks to minimize exposure to other people, pets and
wildlife and so you can closely monitor his/her treatment response.
•
Your cat must be isolated to one quiet room in your house for the first week. This should not be an
occupied bedroom, a frequented bathroom or other high-traffic room. After the first week, your cat
may be given access to the remainder of the home.
•
Keep your cat off the counters to prevent the contamination of food-preparation surfaces for 3 weeks.
If this is not possible, make sure you clean any surfaces thoroughly before food preparation.
•
Please do not kiss your cat and avoid contact with your face for 3 weeks. Radioactive
material is excreted in the cat's saliva, which is then deposited onto its fur when they groom.
This material is easily absorbed orally, and we do not want you or anyone else becoming
contaminated.
• Wash your hands thoroughly after any contact with your cat, its food/water dishes and toys.
•
No one under the age of 12 should be allowed to have access to your cat or the room in which it is
isolated for the first week, and should avoid close contact (within 3 feet) for the
subsequent 2 weeks.
•
Pregnant women or women who are breastfeeding should not be allowed near the cat or the
contaminated litter or bedding (within 3 feet) for 3 weeks.
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Personal contact should be restricted at first, but can be gradually increased
over time based on the following
WEEK1
•
•
•
•

Close contact (within one foot) such as petting must be avoided completely
Do not hold the cat or allow it to sit in your lap.
The cat may not sleep in a bed with a person
Maintain a distance of more than 3 feet from your pet

WEEK2
•
•
•
•
•

Petting is allowed, but should be limited to 20 minutes per day
Wash hands after any direct contact
Do not hold the cat or allow it to sit in your lap
The cat may not sleep in a bed with a person
At all other times maintain a distance of more than 3 feet

WEEK3
•
•
•
•
•

•

•
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Petting is unrestricted
Wash hands after any direct contact
Laptime/holding should be limited to 30 minutes per day.
The cat may not sleep in a bed with a person
For 3 weeks, you should use plastic litter pan liners and flushable litter, and you should flush all
waste. You should wear protective gloves while cleaning the litter and wash your hands thoroughly
afterwards. After this 3 weeks, take any residual litter and double bag it. Leave it in an isolated corner
of the garage or basement for another 2 weeks, then discard into the trash. Most landfills do not allow
the disposal of low-level radioactive materials, and have sensitive equipment to detect its presence.
To avoid being fined, please be sure to follow the above guidelines.
All cleaning rags, rubber gloves and other discarded material used to clean the animal's litter box or
contaminated surroundings (for example if they vomit or eliminate outside the litter box) should be
treated as if they are contaminated as well, and kept with the bagged contaminated litter and held for
the additional 2 weeks.
After 3 weeks, you may return to your normal household routine.

What to do if your pet gets sick during the radioactive period
If you have any concerns about your pet's response to the therapy or any other issues that
during this period, please contact us at NHCHVM or your regular veterinarian as
soon as possible.
•

•

•

develop

If your pet requires medical attention, we recommend that you bring him/her back to NHCHVM during
their radioactive period. Our facilities are designed to safely house/hospitalized radioactive patients
and our staff is trained to handle their special needs. If you return , please call ahead of time so that we
may prepare for your arrival.
If your cat requires medical attention and you wish to take him/her back to your regular vet
during this time, call them first and explain the situation. Make sure you bring these
instructions to give to your veterinarian. They can contact Dr. Harley or Dr. Rozear at
CHVM for more information and safety instructions.
Remember to keep your cat in his/her carrier at all times during transport.

What is the standard veterinary follow up that will be needed after treatment?
Initial follow up is with your veterinarian 4-5 weeks after discharge from CHVM to check a T4 level and
Chem istry panel. If the T4 level is LOW at that first visit, it should be rechecked again in 3-4 months. If
your cat had protein in the urine (proteinuria) prior to treatment then we strongly recommend that a
urinalysis be rechecked at the first visit as well.
After the T 4 has been assessed to be normal , you can return to normal wellness visits with your
veterinarian as recommended by them.

I understand that my pet is being discharged from the hospital with residual amounts of radioactive
materials, and that there is the potential for radiation exposure to me, my family and members of the
public. I further understand that these instructions/restrictions are designed to minimize exposure and to
keep any potential exposure within the safe limits as defined by the Nuclear Regulatory Commission. I
understand these instructions, and all questions I have regarding these instructions have been explained
to me in a satisfactory manner. I agree to follow the instructions in this document fully.

Date: _ _ _ _ __
Signature Owner/Primary Caretaker
Date:_ _ _ _ __
Signature Radiation Safety Officer
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