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Investigation of Various Intramuscular Volumes
Delivered to the Semimembranosus Muscle of
Cavia porcellus
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Robert G Stafford,? Simon Y Long,* David P Fetterer,> Thomas M Bocan,?
and Christian C Hofer!

The goal of this study is to provide quantitative data on the ideal volume for intramuscular (IM) injections into the semi-
membranosus muscle of guinea pigs weighing between 320 to 410 grams. This evaluation comprised 2 experiments. The first
was to assess dispersion leakage of intramuscularly injected iohexol, a radiocontrast agent commonly used in Computed
Tomography (CT), based on analysis of in vivo imaging. The second used varying volumes of intramuscularly injected sodium
chloride (0.9% NaCl) to assess pain and pathology associated with IM injection. Hartley guinea pigs were injected IM with
varying volumes of either iohexol or sodium chloride (150, 300, 500, 1000 and 1500 pL). In the iohexol experiment, results
suggest IM volumes of 150 and 300 pL remain within the target muscle. In the experiment using sodium chloride, pain and
pathology did not increase as IM volume increased. The pathology noted was related to needle tract through the musculature
rather than the volume size of the injectate. The results did not reveal a correlation between volume of IM 0.9% NaCl and pain
levels. We conclude that volume size correlates more with precision and accuracy of delivery into the intended muscle tissue.
Regarding tissue distribution, our findings also suggest that the optimal capacity for IM injection in the semimembranosus
muscle should be less than 500 pL.

Abbreviations: IM, intramuscular; CT, computed tomography
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Guinea pigs are one of the USDA covered species most
frequently used in research, with much of their popularity attrib-
uted to their docile temperament, commercial availability, and
easy maintenance.>3! They are also one of the most commonly
used rodents in vaccine research.? A majority of these vaccines
are administered through 2 major routes; subcutaneously and
intramuscularly. When evaluating volume, one must consider
multiple effects on the tissue being injected. These effects in-
clude pain, inflammation, damage to the muscle and optimal
absorption without excessive dispersion within or outside of the
intended target tissue. Recommended intramuscular injection
volumes for the guinea pig range from 100 to 1000 pL at one
single muscle site.>%122728 Many of these recommendations did
not account for the varying size, age or weight of the guinea
pig. In this experiment, we used 4 to 10 wk old guinea pigs
that were 320 to 410 g in size. This study sought to determine
the optimal volume for intramuscular injections, with respect
to injectate dispersion, pain and inflammation in guinea pigs.

Refinement is one of the 3 major guiding principles for the
ethical use of animals in biomedical research. The goal is to
minimize pain and distress of the animal in research.!! Efficiency
and effectiveness of even a simple intramuscular injection can
vary in every species. In a recent study, in vivo CT imaging was
used to provide an in depth analysis regarding the evaluation of

Received: 17 Jul 2019. Revision requested: 03 Sep 2019. Accepted: 18 Oct 2019.
IComparative Medicine Division, *In Vivo Imaging, Translational Sciences, 3Statistics
Division, and *Pathology Division, United States Army Medical Research Institute of
Infectious Diseases, Frederick, Maryland

“Corresponding author. Email: Michael.a.bencivenga.mil@mail.mil

intramuscular (IM) injections in mice (Mus musculus).!® Using
in vivo CT, they were able to dynamically assess the temporal
biodistribution of iohexol injected into muscle. The major goal
for this study was to use the same technology and equipment
to evaluate current recommended intramuscular injection
volumes in guinea pigs. Prior guidelines for IM injections in
mice ranged from 1.5 pL up to 100 pL.>12%728 Recent research
using CT in mice concluded that best practices for effective IM
volume absorption was equal to or greater than 50 pL.1? In that
study, additional volume resulted in the dispersion of additional
test material outside the intended muscle into the surrounding
fascia and subcutaneous space.

Anatomic differences between species and size ranges of
mammals may lead us to over- or under-dose animals which
may have profound affect on the data derived from animal re-
search. A great example of volume affecting research results was
shown in a study using a high dose of intramuscularly injected
botulinum-toxin A.!® The aim of that particular study was to
investigate what effect high doses of the toxin would have on
the muscle and surrounding tissue. The authors found that the
increased dose caused microstructural damage to the muscle
tissue. This becomes particularly important when assessing the
dispersion of an injectate to unintentional sites. Studies in rats
have revealed that the rate of absorption after IM injection of a
given substance is greatly affected by the volume of the solu-
tion, with both very small and large volumes eliciting a delay
in absorption.?”

Intramuscular injections are used frequently in biomedical
research to deliver anesthetics, analgesics, antibiotics, and
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infectious agents. Research animals are also commonly used for
the assessment of test articles intended for IM use in humans.
One example of this is the strain 13 guinea pigs which were
used for testing a DNA vaccine against both Lassa and Ebola
virus for the development of protective immunity.® The rate
and accuracy of administration of an IM injection could lead to
inaccurate or distorted findings in such a study. Furthermore,
any imprecision could complicate the interpretation of results in
how the therapeutic levels would function in a human patient.
It is critical to further assess the range of volumes that may be
administered IM to common laboratory species and how these
volumes impact the precision of delivery and systemic absorp-
tion of injected solutions.

Assessing pain in guinea pigs can be extremely difficult. In hu-
man medicine, conservation withdrawal is defined as a reaction
to tangible or emotional antagonists in which the individual is
likely to remove themselves from their environment.'” Essentially,
this is a way of preserving energy and collecting lost physical
and mental stamina encountered during depression. Like most
rodents, guinea pigs exhibit a ‘conservation withdrawal’ response
and tend to hide overt signs of illness in the presence of an
observer. This prey-species behavior makes the discernment of
painful behaviors more difficult due to guinea pigs’ natural tonic
immobility.3133! Thus, clinical signs of pain may go unnoticed
until the development of changes secondary to loss of normal
behavior, such as dehydration, loss of body weight or body
condition due to decreased consumptive behaviors, or unkempt
hair coat due to decreased grooming behaviors. These signs of
pain are nonspecific, may fail to indicate pain intensity, and are
retrospective in nature.’® An ethogram was created (Figure 1)
by the study team, based on previous research regarding pain
in guinea pigs, with the added observation of watching for signs
of biting or licking (or both) at the injection site.*8

The histopathologic changes seen after the intramuscular
administration of saline have not been well documented.?’
Inflammation or damage to the local site can potentially be
assessed through histopathology. Prior studies using iohexol
injections in mice could not account for pathologic changes due
to euthanizing mice 3 h after injection.!” Recommended times
for pathologic evaluation can range between 8 and 72 h ,and
regeneration of muscle tissue is normally not seen before day
10.2 Based on recommendations, the minimum time chosen to
assess any type of pathologic change was 48 to 72 h.?? In the cur-
rent study, the euthanasia of guinea pigs that received iohexol
prior to allowing time for an effective pathologic response was
due to the potential acute renal toxicity caused by the iohexol it-
self.’ Using allometric scaling, we compared the recommended
pediatric safe dose of iohexol for a 3 mo old human child (in-
trathecal injection maximum 2 to 4 mL of 180 mg/iodine for a
6 kg child) to our guinea pigs.”?* We determined the maximum
dose to be 132 mg of iohexol for guinea pigs weighing between
325 and 450 g. The dose was too low and the dilution would
be too high to accurately compare a 150 pL dose to a 1500 pL
dose. The decision was made to not dilute the iohexol solution
(240 mg/mL). Iohexol is not designed to be given IM, but in a
previous study, iohexol was effective in assessing dispersion of
iodine in an injected site.!? Due to potential postexposure effects
of iohexol described in a prior experiment with mice,'” and the
potential pathologic effects of this solution on the muscle tis-
sue, our experiment with guinea pigs included both iohexol IM
injections with CT evaluation and a separate evaluation using
sodium chloride IM injections.

Prior research has shown that injecting saline is an effective
approach for examining pain and inflammation solely due to

Assessment of intramuscular injection volumes in guinea pigs

volume and needle variances. Saline was effective in focusing
on volume related changes in pain and distress in mice, rats
and rabbits.?’ Using anything other than a neutral medium like
saline could add additional confounding variables to the result.
As previously described, time after injection and the choice
of medium is crucial to assess postinflammatory pathology.?’
Iohexol solution can cause necrosis; therefore using iohexol to
address pathologic differences due to volume alone would not
be informative.?’

In this study, we administered IM injections into the semi-
membranosus muscles of 2 sets (1 = 25 and n = 26) of guinea
pigs. The first part of the study mirrored the original mouse
study, but we injected both legs, rather than only one, with
iohexol to assess dispersion by volume to 26 guinea pigs using
CT (Figure 2).1° Data from the first set of 26 guinea pigs would
determine which volumes could be reliably delivered to the
muscle without inadvertent delivery into the vasculature or
leakage into adjacent tissue compartments. In the second part
of the study, 25 guinea pigs were administered sodium chloride
IM to the semimembranosus muscle to assess and compare
both pain and inflammation responses specific to variations in
volume. The major difference in the second experiment is we
did not perform CT and only one leg received an IM injection
as the contralateral leg served as the control. Both rear legs were
submitted for histopathology to be assessed by a veterinary
pathologist. These animals were monitored for 72 h after the
sodium chloride injection using an ethogram to assess them
for distress (Figure 1). In both portions of the study, the iohexol
portion and the sodium chloride study guinea pigs were injected
IM with a range of volumes that might be encountered in a
research setting (150, 300, 500, 1000 and 1500 uL).

Using CT imaging during the first iteration of this experiment,
we dynamically assessed the temporal biodistribution of the
delivered volumes of iohexol in muscle. We hypothesized that
as the injection volume increased, so would the risk of distribu-
tion of the injectate beyond the intended target tissue and of
delayed systemic absorption from the muscle. The second part
of the study (sodium chloride IM injection) we hypothesized
that an increasing injection volume would be associated with
greater muscular damage and inflammation in the target tissue.
In addition, we hypothesized that increased volume would
be associated with greater pain and decreased activity. The
results of this study will support or allow refinement of the
current guidelines for IM injection volume for this commonly
used species.

Materials and Methods

Animals. Hartley guinea pigs (age, 4 to 10 wk; weight, 320 to
410 g; 27 male and 24 female) were obtained from Charles River
Laboratories (Frederick, MD). All procedures were approved by
the United States Army Medical Research Institute of Infectious
Diseases IACUC.

Housing parameters were in accordance with the Guide for
the Care and use of Laboratory Animals,'! with all animals being
housed in an AAALAC-accredited facility. All guinea pigs were
socially housed in same-sex groupings of 2 to 3 animals in 20 x
20 x 8.5 inch stainless steel cages (Allentown Caging, Allentown,
NJ; Lab Products, Seaford, DE), which were an open caging
system. Guinea pigs were fed a fixed formula pelleted diet (2040
Teklad Global guinea pig diet 18% Protein, 33% carbohydrate,
Envigo, Frederick, MD) and municipal water (on automatic
watering systems with no further treatment) was provided
without restriction by using an automatic watering system. Food
enrichment items such as leafy greens, fruits, forage mix and
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Parameter Description Score
Normal smooth coat 0
Appearance Ruffled Fur <25% of body (Excluding head) 1
Ruffled Fur 25% to 50% of body 2
Ruffled Fur >50% of body 3
100 % open 0
Eye Opening 25% Closed 1
50% Closed 2
75% Closed 3
Normal 0
Breathing Rapid Breeding, no abdominal involvement 1
Rapid Abdominal breathing 2
Rapid abdominal breathing with pronounced effort 3
Animal moves around when cage is disturbed 0
In-Cage activity Animal moves around a bit, but quickly settles down 1
Animal barely moves from its position 2
Normal pink 0
Mucous membrane Pale white 1
color -
Blue or Purple, cyanotic 2
o ) Animal struggle to escape 0
Acttl]::é’];ﬂr:gmg Struggles at ﬁrjst but quickly quiets 1
Doesn’t move in hand 2
Body Weight | 0% to 5% loss 0
ody Weight loss 175y 5 10% loss 1
*Compare with initial 10% to 15% loss 2
weight
15% to 20% loss 3
Score Action
0-5 A minimum of twice daily observations
8= Increase monitoring to three times daily*
>10 Moribund — Euthanize

Figure 1. Guinea pig ethogram form for daily observations taken twice a day for 72 h (Actions were taken if there is any evidence of biting/
licking at the site of injection. If the activity was noted it was placed on the daily observation sheets)

vegetables were provided twice a week along with enrichment
devices to include certified guinea pig huts (Guinea Pig Hut Bio
Serv, Product K3261). The cage bedding was cellulose (7070 C
Teklad Certified Diamond Dry Cellulose Bedding, Envigo, In-
dianapolis, IN). The room temperature range was maintained
at 68 to 79 °F (20.0 to 26.1 °C) with a set point of 74.5 °F (23.6
°C), and relative humidity was kept between 30% to 70% on a
12:12-h light:dark cycle.

Serum samples from dirty-bedding sentinel guinea pigs
were tested quarterly (VRL, Rockville MD) for Sendai virus,
Pneumonia virus of mice, Reovirus and Lymphocytic chori-
omeningitis virus. Additional quarterly testing included gross
necropsy exams, PCR analysis of feces for Helicobacter spp., peri-
anal tape testing for endoparasites, and fur pluck examinations
for ectoparasites. Additional serology testing was performed
annually to detect mouse adenovirus types 1 and 2, simian

virus 5 and Reovirus type 1,2 and 3. A complete necropsy with
histopathologic examination by a veterinary pathologist was
also performed yearly. All testing was negative throughout
this study.

Drugs and materials. The first experiment used Iohexol.
Iohexol (240mg/mL, Omnipaque 240, GE Healthcare, Chicago,
IL) is an iodine-based radiopaque dye, commonly used in radi-
ography and CT imaging studies and is labeled for intravenous
use. We chose this radiocontrast agent for off-label intramuscu-
lar use because it is sufficiently concentrated to produce reliable
imaging results at low volumes (150 uL) and due to various
characteristics (pH, 6.8 to 7.7; osmolality of 520 mOsm/kg H,O),
it is less likely to cause irritation than other contrast agents.!
Despite its lower irritancy, Iohexol has been known to cause
potential muscular damage which is why it was not used in the
second experiment. The second experiment used bacteriostatic

312

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-10



Assessment of intramuscular injection volumes in guinea pigs

Figure 2. Guinea pigs were positioned for imaging in sternal recumbency. Anesthesia was maintained with a modified nose cone that scavenged
waste anesthetic gas. The animal was secured for imaging with hook and eye fabric fasteners to ensure it remained still for imaging. The same
2 individuals positioned all guinea pigs throughout the entire study.

0.9% Sodium Chloride (30 mL Multiple-dose, Hospira, Lake
Forest, IL). This normal saline reagent was isotonic to ensure
any tissue damage observed within the muscle tissue would
be related to volume rather than the substance being injected.?

For both experiments, we used Covidien Monoject needles
and BD Luer-Lok syringes, both of which arecommonly used
within veterinary research and practice. The materials used were
the same for both the first and second experiment. For volumes
less than or equal to 1000 uL, a 1 mL syringe BD Luer-Lok Tip
was used. Volumes greater than 1000 uL used the Covidien
Monoject 3 mL syringes (REF 309628). The same needle type
BD Precision Glide 25 g x 5/8(0.5mm x 16mm) (REF 309628)
was used regardless of volume size injected.

Guinea pigs used in the second experiment (sodium chlo-
ride) were implanted with IPT-300 antimigration Implantable
Programmable Transponders (Bio Medic Data Systems chip
size 14mm x 2mm) subcutaneously between the scapula, as
per manufacturer recommendations, 3 d prior to beginning the
experiment. These animals were coded and randomized by the
biostatistician. The microchip was used to ensure the correct
animal was evaluated during the 72 h observation period. The
microchip was not used for the CT evaluation because of the po-
tential visual distortion effects it could create on the CT images.

Intramuscular injection. A total of 26 guinea pigs (12 female
and 14 male) were randomized by volume/sex/leg to receive
one of the 5 assigned injection amounts (150, 300, 500, 1000
and 1500 pL) into each right and left hind leg. Broken down by
volume,5 female and 5 males received 150 pL, 7 female and 8
males received 300 uL, 5 female and 6 males received 500 uL,

5 female and 6 males received 1000 uL, and 2 females and 3
males received 1500 uL. Placing a different amount of animals
in each group was a statistical decision. The volume assign-
ments were selected with 2 objectives in mind. The first was
to maintain the total volume (sum of left and right legs) below
levels which would be entirely too large. This prevents cases
where a guinea pig gets 1000 uL in one leg and 1500 pL in the
other. The second is that there is greater statistical power where 2
volumes are given to the same guinea pig. Itis desirable to have
the greatest statistical power when comparing volumes which
are close together, and in the critical range of doses around 500
pL, which is approximately the current best practice volume.
The net result is the design used in the previous mouse experi-
ment.’ The guinea pigs were anesthetized with Isoflurane (3%
induction, 1% to 3% maintenance, Isoflurane, USP, IsoFlo Ab-
bott Laboratories), by using an anesthetic vaporizer outfitted
for guinea pig use (Integrated Multi-Patient Anesthetic Center
[IMPACS6], VetEquip, Piney River, VA). Once anesthetized, the
guinea pigs were placed in sternal recumbency on a tabletop,
and checked for anesthetic depth by a negative toe pinch. All
guinea pigs received an IM injection of Iohexol (240mg/mL)
in the caudal thigh muscle (location of the semimembranosus
muscle). The caudal thigh muscle was visually and manu-
ally isolated. The syringe plunger was aspirated to check for
inadvertent placement within a blood vessel. Once the proper
location was verified, the injection was delivered. Volumes as-
signed to each leg were coded and randomized by the assigned
biostatistician. Each guinea pig received their assigned volume
in the right and left hind legs. To prevent deviations in the
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injection procedure, a single, proficient veterinary technician
performed all of the intramuscular injections.

In the experiment using sodium chloride, 25 guinea pigs
were removed from their cages and weighed individually.
Guinea pigs were anesthetized and received IM injections as
described above. They each received a microchip as described
previously, 3 d prior to being given their assigned IM injec-
tion volume of sodium chloride. Microchipping occurred at
the location of the dorsal scapula region in accordance with
manufacturers recommendations (Bio Medic Data Systems).
Volumes assigned to each leg were coded and randomized by
the assigned biostatistician. The other hind leg was untouched,
acting as a control.

CT imaging. Each guinea pig was injected intramuscularly
with its assigned volume of iohexol into each hind leg. Guinea
pigs were then positioned into the CT imaging trough (Figure
2) and maintained on isoflurane (2%) and oxygen (3 L/min)
via nose cone (Patterson Scientific anesthesia machine/nose
cone). They were placed with a modified cup around the an-
esthesia system to suction anesthetic waste. Guinea pigs were
secured using double sided fabric hook-and-loop fasteners
to limit movement of the legs during the 180 min evaluation.
During the imaging study vitals measured included heart rate,
ECG and respiratory rate. They were not recovered following
the iohexol study. During the imaging study vitals measured
included heart rate, ECG (3M Red Dot prewired ECG monitor-
ing electrode) and respiratory rate (visually by the technician).
Isoflurane anesthesia was adjusted during the 180 min when
heart rate increased above 250 beats per minute or respiratory
rates exceeded 25 breaths per minute. The same 2 individuals
positioned all guinea pigs throughout the entire study.

The time at which each guinea pig received its first assigned
IM injection was designated time 0. After time 0, guinea pigs
were positioned in the CT machine as described above and a
short acquisition scan was completed to ensure correct place-
ment. The first CT scan occurred 10 min following time 0. The
entire process from the injection, placement in CT and acquisi-
tion took less than 6 min for each guinea pig. A total of 18 CT
scans were completed for each animal (a scan every 10 min,
for a total of 180 min, following iohexol administration). Once
scanning was completed, the guinea pigs were placed at 5%
isoflurane to achieve deep anesthesia (verified by a negative
toe pinch response) and were euthanized by intracardiac in-
jection of 0.4 mL Sodium Pentobarbital (Sodium Pentobarbital
390 mg/mL, Fatal Plus Vortech Pharmaceuticals) in accordance
with the AVMA Guidelines for Euthanasia of Animals.'* Second-
ary confirmation was an absence of vital signs, including lack
of respiration and heart sounds, at 10 min after intracardiac
injection of sodium pentobarbital.

CT image acquisition, reconstruction and analysis. As per the
previous study,!? each scan consisted of a single, approximately
4.5 min static frame (80 kV, 500 pA, 98 um, 360° rotation in
220 steps) on a CT imaging system (Inveon, Siemens Medical
Solutions, Knoxville, TN). All CT images were reconstructed
into a 3D volume with 512-um isotropic resolution by using
the Inveon Acquisition Workplace version 2.1 software pack-
age (Siemens). Hounsfield unit (HU)-calibrated CT data were
reconstructed by using the Feldkamp reconstruction algorithm,
with a Shepp-Logan reconstruction filter, slight noise reduction,
and beam-hardening correction applied.

CT data were analyzed by using image processing software
(VivoQuant version 2.5, inviCRO, Boston, MA) and results were
reported in terms of mean HU per region of interest (ROI). For
CT image analysis, the distribution and intensity of the iohexol

signals were examined to determine tissue distribution over
time for each volume group. Signal intensity was determined
by quantifying mean HU within each ROI over time. Initial
injection-volume ROI were automatically and objectively de-
fined by placing a seed point within the hyperintense injection
site on the first (time, 10 min) image for each guinea pig and
then letting the analysis software define the borders of the injec-
tion volume by using a lower-limit thresholding algorithm that
includes voxels into the ROI when they are contiguous with
the seed point, and have a value at or above 2 times muscle
background plus 2 standard deviations (SD). Pelvic limb ROI
were manually drawn on the last image in the time series (180
min) to include the hyperintense region of distributed iohexol
within the pelvic limb and surrounding tissues. Pelvic limb ROI
were drawn by an experienced data analyst. Once completed,
ROI for the 10- and 180-min time points were applied to each
time point in the 18-image series, and average HU intensity was
determined for each ROI over the duration of the study. Leak-
age of HU-intense iohexol away from the initial intramuscular
injection site was measured as increases in mean HU intensity
in the surrounding pelvic limb ROI over time.

The determination of intramuscular leakage was computed
as previously described in the literature.!® As in the previous
study,!? the methodology used to assess leakage from the initial
injection site was to define ROI for both the initial injection site
(time, 10 min; illustrated as the green ROI in Figure 3) and the
final surrounding pelvic limb ROI (time, 180 min; the pink ROI
in Figure 3). To measure leakage, the final ROI excluded the
initial ROI HU value, to quantify changes in HU intensity across
time. Increases in CT-measured HU value in the final ROI were
interpreted as leakage of HU-intense iohexol from the injection
site (blue ROI) into the surrounding tissue. For the larger injec-
tion volumes (1000 and 1500 pL), leakage from the injection site
into adjacent tissues created pockets. As in previous studies! the
best way to capture any leakage out of the initial intramuscular
injection site was to create a final pelvic limb ROI that was based
on the last time point (t = 180 min) for every animal, regardless
of injection volume. Drawing the pelvic limb ROI on the final
image was necessary to capture the pockets that did not exist
at the earlier time points and that swelled only as HU-intense
iohexol leaked from the injection site and into the adjacent sur-
rounding tissue (Figure 3). The pelvic limb ROI that was drawn
according to the 180-min image for each guinea pig was then
applied to all of the other imaging time points to capture any
leakage into this space throughout the study.

Clinical leakage assessment. Once images were reconstructed,
a slide deck consisting of the 18 serial CT scans was created for
each guinea pig leg and placed in a time loop to act as a visual
means to determine iohexol tissue distribution in and away
from the initial site of injection. The 18 CT scans were sequen-
tially compiled to compress the 180-min timeline of iohexol
tissue distribution into 18 static images that were played in
rapid succession. Each slide deck was placed in a time loop,
set to cycle repeatedly from 10 to 180 min over the course of
2 s, effectively creating a video image. Time-looped slide decks
were randomized and compiled into a single, comprehensive
slide deck. To test interrater variability in assessing the degree
of iohexol leakage or tissue distribution in the injection site,
the comprehensive slide deck was presented to 34 blinded
veterinarian raters for scoring according to defined criteria
(Figure 4). Raters received a visual example of each score by
placing synchronized time-looped slide decks side by side for
comparison (one time-looped slide deck for each score, 0 to
4). Raters scored all 54 time- looped slide decks at their own
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Figure 3. To quantify and measure leakage from the site of injection, we used a region of interest (ROI) analysis template. A 3D ROI image was
drawn for the initial injection (pink arrow; pink ROI) at the beginning of each initial scan (10 min). Another 3D image was then created to cover
over the entire pelvic limb region (green arrow; green ROI) at the last scan (180 min). During this analysis the volume of final ROI (green pelvic
limb ROI) did not include that of the initial injection volume (pink ROI). The dispersion by time of the iohexol at the site of the injection is as-
sociated with increasing average Hounsfield unit intensity in the pelvic limb (green) ROI over time.

0 - Contrast agent does not appear to move beyond initial injection site and dissipates rapidly.

muscle; rapid dissipation.

1- Minimal expansion of contrast agent within the muscle tissue but little or no contrast leaks from

2 - Minimal expansion of contrast agent within the muscle tissue and minimal contrast leaks from
muscle into intermuscular space; rapid dissipation.

3 - Moderate leakage of contrast agent away from the initial injection site that extends to
intermuscular space and subcutaneous tissues; slower dissipation.

4 - Severe leakage of contrast agent from initial injection site that rapidly extends into the
intermuscular space and subcutaneous tissues; extremely slow dissipation.

Figure 4. Clinical leakage assessment scores and their descriptions were used to score 54-time looped slide decks (52 original, 2 repeats)

pace, but completed scoring the comprehensive slide deck in
a single session.

Statistical analysis. Guinea pigs were randomized to receive
one of the 5 possible pairs of injection volumes. The pairings
were selected to maximize statistical power while minimizing
the total volume of iohexol administered to each animal. The
association between the percent decrease in HU concentra-
tion at the injection site ROI 30, 60, and 90 min post injection
was analyzed by linear mixed-effect model. The effect of the
contralateral volume was analyzed under a similar statistical
model, by comparing the decrease at 60 min across each of the
possible contralateral volumes. The models included a com-
pound symmetric correlation structure to adjust for the pairing
of treatments on each animal. Image scores supplied by blinded
veterinarians were summarized as the frequency and percentage
of all scores having each of the 5 (0 to 4) possible values. The
mean scores at each injection volume were estimated and com-
pared by a repeated measures ANOVA, along with an estimate
of the class correlation, as described by Shrout and Fleiss.?!?
Each veterinarian scored all available images. All analysis was
implemented in SAS version 9.4.2! Statistical significance was
set at P < 0.05 throughout.

Clinical observations and endpoint euthanasia. In the second
experiment, clinical signs of pain were determined from previ-
ous publications describing the development of endpoints for
other species, and surgical endpoints for guinea pigs.#81524
Because we were attempting to identify appropriate endpoints,
we chose a set score for potential euthanasia. If an animal scored
aminimum of 10 from a combination of parameters (appearance,
eye opening, breathing, in-cage activity, mucous membrane, activity
during handling, and bodyweight loss), euthanasia was performed

based on discussion between the attending veterinarian and
investigator (Figure 1). Guinea pigs were observed twice a
day with greater than 8 h between observations for 3 d post
injection. One experienced animal technician who was trained
on the scoring chart (Figure 1) performed all 8 consecutive
observations. Seventy-two h post injection, all of the guinea
pigs had reached the study end point and were euthanized.
Euthanasia was performed by placing the the guinea pigs into
an Integrated Multi-Patient Anesthetic Center [IMPAC6], (Vet
Equip, Piney River, VA) with the Isoflurane va