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Abstract

Background The influence of anaesthetic depth and the potential influence of different anaesthetic beds and thus
different handling procedures were investigated in 86 severe combined immunodeficient (SCID) mice using semi-sta-
tionary dynamic single photon emission computed tomography (SPECT) for kidney scintigraphy. Therefore, isoflurane
concentrations were adjusted using respiratory rate for low (80-90 breath/min) and deep anaesthesia (40-45 breath/
min). At low anaesthesia, we additionally tested the influence of single bed versus 3-mouse bed hotel; the hotel mice
were anaesthetized consecutively at~ 30, 20, and 10 min before tracer injections for positions 1, 2, and 3, respectively.
Intravenous [°™Tc]Tc-MAG3 injection of ~ 28 MBq was performed after SPECT start. Time-activity curves were used

to calculate time-to-peak (Tmax), T50 (50% clearance) and T25 (75% clearance).

Results Low and deep anaesthesia corresponded to median isoflurane concentrations of 1.3% and 1.5%, respec-
tively, with no significant differences in heart rate (p=0.74). Low anaesthesia resulted in shorter aortic blood clearance
half-life (p=0.091) and increased relative renal tracer influx rate (p=0.018). A tendency toward earlier Tmax occurred
under low anaesthesia (p=0.063) with no differences in T50 (p=0.40) and T25 (p=0.24). Variance increased with deep
anaesthesia. Compared to single mouse scans, hotel mice in position 1 showed a delayed Tmax, T50, and T25 (p < 0.05
each). Furthermore, hotel mice in position 1 showed delayed Tmax versus position 3, and delayed T50 and T25

versus position 2 and 3 (p < 0.05 each). No difference occurred between single bed and positions 2 (p=1.0) and 3
(p=1.0).

Conclusions Deep anaesthesia and prolonged low anaesthesia should be avoided during renal scintigraphy
because they result in prolonged blood clearance half-life, delayed renal influx and/or later Tmax. Vice versa, low
anaesthesia with high respiratory rates of 80-90 rpm and short duration (<20 min) should be preferred to obtain
representative data with low variance.
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Introduction

Preclinical evaluation of medicinal products is an impor-
tant step in the development and approval of diagnostic
and therapeutic tracers. For example, the value of pep-
tide-based tumor therapies in nuclear medicine is often
compromised by increased kidney uptake and potentially
toxic side effects [1-3]. Therefore, reliable and repro-
ducible preclinical in vivo tests on kidney toxicity are of
utmost importance for the establishment of new thera-
peutic radiopharmaceuticals in the preclinical phase.

Renal scintigraphy is a non-invasive functional imag-
ing technique used to measure side-related glomerular
filtration rate (GFR), effective renal blood flow (RBF) and
blood clearance, to assess urinary tract infection, and
to diagnose renal cortex scarring due to urinary tract
infection. In addition, renal scintigraphy is also used in
oncology for assessing treatment-induced renal function
impairment. *™Technetium mercaptoacetyltriglycine
(®*™Tc]Tc-MAGS3) is a tubular tracer that is commonly
used for renal scintigraphy. Renal function is quantified
by renal tracer uptake kinetics by calculating the effec-
tive renal plasma flow in humans [4-6], surrogated by
effective RBF in mice [7], and excretion from the kidneys.
Because of its robust reproducibility, renal scintigraphy is
widely used in both preclinical and clinical settings. The
renal [**™Tc]Tc-MAGS3 clearance in mice has been quan-
tified using three parameters, namely the time-to-peak
uptake in the kidneys (Tmax), T50 (50% clearance), and
T25 (75% clearance) (7, 8].

Renal excretion is influenced by various physiological
factors such as age, sex, genetic predisposition, hydra-
tion, temperature and also circadian rhythm [7, 9, 10]. In
addition to the physiological factors, it is strongly influ-
enced by external factors such as anaesthesia. Inhalation
anaesthesia results in low GFR, decreased RBF and less
urine output in humans [11, 12].

Isoflurane anaesthesia is used preclinically for trans-
lational research due to its non-toxic properties and it
helps minimizing stress levels during the investigations
[13]. Isoflurane is widely used owing to its capability
to induce immediate onset of anaesthesia in compari-
son with its counterparts barbiturates or ketamine and
its good controllability of anaesthesia [14, 15]. It gained
widespread significance in translational research as it
could sustain anaesthesia over a longer period of time
without multiple interventions. In radionuclide imag-
ing, longer imaging time and immobilization is required
in order to study tracer kinetics, making isoflurane the
anaesthesia of choice in laboratory rodents [16, 17].

Isoflurane has been shown to affect the tracer pharma-
cokinetics in functional imaging. Alstrup et al. reported
differential effects of isoflurane and propofol on the
pharmcokinetics of radiotracers targeting dopamine
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receptors D1 and D5 in minipigs [18]. Another exam-
ple is '8F-fluorodeoxyglucose (['*F]JF-FDG), a glucose
analog mapping glucose metabolism, which is widely
used in oncology and neurology [19, 20]. For this tracer,
an altered ['8F]F-FDG distribution has been reported in
different regions of the rat brain during isoflurane anaes-
thesia [21]. In nephrology, isoflurane has also profound
effects on tubular functions of nephrons, which could
directly affect the pharmacokinetics of [*™Tc]Tc-MAG3
[22].

Shikano et al. reported that the transport of [*™Tc]
Tc-MAGS3 is mediated by the organic anion transporter
1, which is expressed in the basolateral membrane of the
proximal tubules of the kidney [23, 24]. The effect of iso-
flurane on both tubular cells and RBF could potentially
affect the renal clearance of [**™Tc] Tc-MAGS3.

Although the impact of isoflurane on various physi-
ological mechanisms affecting renal function is well
known, there is few data regarding its influence on [*™Tc]
Tc-MAGS3 excretion and renal scintigraphy. This could be
a major hurdle for the adequate assessment of renal func-
tion impairment both at clinical and translational levels
of drug development. Therefore, the main objective of
this study was to determine renal excretion parameters
under different depth levels of isoflurane anaesthesia by
dynamic single photon emission computed tomography
(SPECT) imaging in mice. We further assessed the effect
of anaesthesia duration on renal [**™Tc]Tc-MAG3 kinet-
ics by comparing anaesthesia in single beds and multiple
mouse bed hotels (hotel) because renal function may be
influenced by both depth and duration of anaesthesia.

Material and methods

Due to the importance of severe combined immunode-
ficient (SCID) mice as a tumor model in oncology, they
were used for all experiments in this study. Animals were
housed under standardized conditions with a light—dark
cycle following a 12-h rhythm. Further details of the ani-
mal husbandry are described elsewhere [25].

Renal scintigraphy was performed with combined
SPECT and computed tomography (CT) using the Nano-
SPECT/CTplus (Mediso, Hungary /Bioscan, France).
Each detector was equipped with a nine pinhole mouse
aperture for high resolution (d=1.0 mm) with a spa-
tial resolution of 0.7 mm full-width-at-half-maximum
(FWHM) for *™Tc when using a single mouse bed or a
high resolution rat aperture (d=1.5 mm) with a spatial
resolution of 1.16 mm FWHM [26] when using the hotel.

Figure 1 shows the study design for the experiments
on the influence of anaesthesia depth (Fig. 1a) and dura-
tion (Fig. 1b) in mice, which is described in the following
subsections.
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Fig. 1 a Investigation of isoflurane anaesthesia depth controlled by respiratory rates (low =80-90/min, deep=40-45/min) in a single mouse bed.
[®MTc]Tc-MAGS3 injection started approx. 10 min after anaesthesia induction. b Investigation of isoflurane anaesthesia duration at low anaesthesia
in comparison between mice imaged in a single mouse bed and in a 3-mouse bed hotel. At the time of tracer injection, anaesthesia duration

was approx. 30 min for mice in hotel position 1, 20 min in position 2, and 10 min in position 3 and single mouse bed. Mice created with Biorender.

com

Investigation of isoflurane anaesthesia depth on renal
function

Seven male SCID mice aged 5 months with a median
bodyweight of 25.0 g (23.4-27.0) underwent renal
scintigraphy. In order to evaluate the effects of anaes-
thesia depth on murine renal function, imaging was
performed under low and high isoflurane concentra-
tion with an interval of 7 days in between. Mice were
anaesthetized with 1-2% isoflurane with oxygen at a
flow rate of 0.8 1/min and placed in prone position on
a heated (37 °C) single mouse bed (Equipement Vété-
rinaire Minerve, France) in the scanner. A respiratory
pillow was used to monitor respiratory rate for anaes-
thesia adjustment throughout image acquisition. Since
mice react differently to the same anaesthesia con-
centration, the depth of anaesthesia was controlled as
a function of the respiratory rate. Respiratory rates of
80-90/min and 40-45/min were used for adjust to a
low and deep anaesthesia, respectively. Additionally,
neonatal monitoring electrodes for electrocardiography
(ECG; Red Dot"", 3 M Health Care, Neuss, Germany)
were fixed to the paws.

To avoid possible bias due to carry-over effects from
the previous anaesthesia, half of the animals were first
examined at low isoflurane concentration and then
at high concentration; while, the examinations in the
other half started with initial examinations at high
isoflurane concentration. Although Huang et al. [7]
demonstrated that circadian rhythm has no significant
effect on renal function in mice, in the same animal in
the present study the two follow-up studies were per-
formed at the same time of day to exclude possible
effects of circadian rhythm on anaesthetic outcomes.

Investigation of isoflurane anaesthesia duration on renal
function at low anaesthesia

Because female mice have a later renal Tmax after
3 months of age in contrast to males [7], the comparison
between single and multiple beds was examined in mice
of the same sex.

Twelve female SCID mice, aged 3 months with a
median body weight of 19.6 g (16.5-26.4), underwent
renal scintigraphy in a heated single mouse bed (Equi-
pement Vétérinaire Minerve), and each detector was
equipped with a high resolution mouse aperture. A res-
piratory rate of 80-90 breaths/min was maintained
throughout the investigation. Tracer injection immedi-
ately followed SPECT start at approx. 10 min after anaes-
thesia induction.

Another 67 female SCID mice age 3—4 months with
a median body weight of 20.3 g (15.5-24.3) underwent
renal scintigraphy in a heated 3-mouse bed hotel (Equi-
pement Vétérinaire Minerve), providing 21-24 mice
per bed position. Due to the hotel size, detectors were
equipped with high resolution rat apertures. Measure-
ment of isoflurane concentration for the individual
mouthpieces in the hotel proved a uniform concentra-
tion distribution with less than <0.01% difference in iso-
flurane concentration between the three bed positions
(MultiGasAnalyser OR-703/FlowAnalyser PE-300, IMT
Analytics, Switzerland; accuracy 0.15 vol%+5% of read-
ing). A maximum isoflurane concentration of 1.2% was
maintained as respiration monitoring was not feasible
in the hotel. After the first mouse had been fitted with
an intravenous tail catheter for tracer injection, it was
placed in the hotel. Then the 2nd and 3rd mouse was
also prepared for scintigraphy with approx. 10 min time
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difference between mice. Tracer injection after SPECT
start was performed in the three mice in the same order
as catheter placement, with an interval of approx. 30 s.
Thus, at the time of tracer injection, duration of anaes-
thesia was approx. 30 min for mice in position 1, 20 min
in position 2, and 10 min in position 3.

Renal scintigraphy by semi-stationary SPECT/CT

The mice were under isoflurane anaesthesia during
catheterization, tracer injection and the entire SPECT/
CT acquisition. Intravenous tail injection of [*™Tc]
Tc-MAG3 was carried out with a 30 G cannula and a
0.28%0.61 mm catheter of 40 cm length (A. Hartenstein,
Portex, Germany) filled with 2 I.U. heparin (Medunasal®)
per ml 0.9% NaCl, as described by Huang et al. [7]. The
kidneys were positioned in the scan range for semi-sta-
tionary SPECT by a low-dose CT scan (one bed position
only with 14 mm for high resolution mouse apertures
and 22 mm for high resolution rat apertures). Thereafter,
SPECT acquisition was started directly before the intra-
venous injection of approx. 28 MBq [*™Tc]Tc-MAG3
in a maximum volume of 0.2 ml including flushing the
catheter. The semi-stationary dynamic SPECT acquisi-
tion with intersampling was performed with two detec-
tor positions per frame displaced by 45°, and consisted
of 10x20 s frames (10 s per detector position) followed
by 25x50 s frames (25 s per detector position) creating
a total of 68 reconstructed images. The total duration of
the scanning procedure was 35 min. As the three mice in
the hotel were injected consecutively after SPECT start,
the dynamic data set started with time frames of 15x20 s
to ensure the detection of Tmax of the 3rd mouse dur-
ing the 20 s frames as well. This resulted in a total of 78
reconstructed images over a period of 38 min. The total
duration of anaesthesia of an animal depended on the
time of catheterization and the time until the SPECT
acquisition started. This additional anaesthesia time was
10 min for the mice in the single mouse bed and in hotel
position 3. In contrast, the additional anaesthesia time
for the mice that were first placed in the hotel (position
1) was approx. 30 min, and approx. 20 min in position 2.
After completion of the SPECT acquisition, tail catheters
were removed and animals were placed in a heating box
to wake up before being returned to their respective ani-
mal group.

Quantification and statistical analysis

The SPECT device is regularly calibrated by the manu-
facturer, including high voltage, energy and count rate
linearity, energy resolution and spatial uniformity using
point sources and different phantoms. Finally, the SPECT
system is cross-calibrated with a dose calibrator for each
nuclide by imaging a defined amount of radioactivity
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within either mouse or rat phantoms, depending on the
imaging task. This generates absolute values in kBq for
each calibrated nuclide with sufficient quantitative accu-
racy [27].

Aortic and renal uptake kinetics of [*™Tc]Tc-MAG3
was evaluated by windowing the data to 0%-40% of the
maximal activity in the time frame with highest uptake
(approx. frame 6) and defining a volume-of-interest
(VOI) with an isocontour of 1.0% threshold (refers to
metric =(maximum-minimum of voxel values)) using
PMOD 3.5 (PMOD Technologies Ltd., Switzerland).
Contouring a VOI for each kidney included renal cortex,
medulla and the pelvicalyceal system as shown in Fig. 2b.
The time activity curve of each kidney was obtained by

Fig. 2 a Maximum intensity projection of a semi-stationary dynamic
SPECT acquisition fused with whole-body CT of mice acquired

in a 3-mouse bed hotel with 22 mm scan range (high resolution

rat apertures) after intravenous injection of [*"Tc]Tc-MAG3. The
color bar represents kBg. b SPECT acquisition in a single mouse

bed with 14 mm scan range (high resolution mouse apertures)

and manual contouring of a volume-of-interest (VOI) to quantify
(M Tc]Te-MAG3 uptake



Schmitz-Peiffer et al. EINMMI Research (2024) 14:4

plotting the absolute measured activity values of each
VOI against time. Time-to-peak (Tmax), T50 (50% clear-
ance) and T25 (75% clearance) and blood excretion half-
life (aorta 50% clearance) were calculated and used for
further statistical analysis as described previously [7].

Data are presented as median, interquartile range [IQR,
25th-75th percentile], minimum and maximum and pic-
tured as boxplots. The comparison of paired groups (i.e.,
low vs. deep anaesthesia) was performed with the Wil-
coxon test whereas unpaired groups (i.e., single bed vs.
hotel) were compared with the Mann—Whitney U test.
Significance was assumed at p <0.05.

Due to the low total blood volume of a mouse, repeated
blood sampling to determine serum creatinine (clear-
ance) and other physiological renal blood parameters was
not possible in this longitudinal study.

Results

Since the right kidney in mice is located further cranially
than the left kidney, placing both kidneys is difficult or
often insufficient when using mouse apertures with only
14 mm scan range. Consequently, rat apertures with a
larger transaxial field of view of 22 mm are suitable for
renal scintigraphy with semi-stationary SPECT in mice.
Figure 2 shows the use of two different apertures (Fig. 2a
rat aperture, Fig. 2b mouse aperture) and that resolution
of the images is comparable.

Effects of isoflurane anaesthesia depth on renal function

A summary of different parameters during renal scin-
tigraphy under the influence of the depth of anaesthe-
sia is given in Table 1. The depth of anaesthesia in this
study was regulated on the basis of the respiratory rate,
instead of isoflurane concentration. Correspondingly, a
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significantly different respiratory rate (89 [87-90] 81-92
versus 47 [44—48] 43-51; p=0.018) was obtained for res-
piratory monitoring.

In comparison, only a non-significant trend (p=0.078)
was observed for isoflurane concentration as a func-
tion of depth of anaesthesia with a correlation factor
rho=-0.54 (p=0.049).

Heart rate monitoring showed no significant differ-
ence (p=0.74) between the two anaesthetic regimes
(rho=0.18, p=0.54). This was also reflected in the low
correlation between heart rate and respiratory rate
(rho=-0.02, p=0.94).

Low anaesthesia with high respiratory rate resulted in a
tendency for shorter blood clearance half-life (T50aorta,
p=0.091) and significantly increased relative renal tracer
influx rate (p=0.018). However, as a function of heart
rate, blood clearance half-life (rho=-0.63, p=0.015) and
relative renal tracer influx rate (rho=-0.50, p=0.071)
accelerated with increasing heart rate.

Kidney [*™Tc]Tc-MAG3 uptake kinetics showed a
tendency for an earlier time-to-peak (Tmax) under low
anaesthesia (p=0.063). In comparison, T50 (p=0.40)
and T25 (p=0.24) did not show any significant differ-
ence depending on the depth of anaesthesia. Data vari-
ance increased during deep anaesthesia, which can be
seen in Fig. 3. Heart rate had no impact on [**™Tc]Tc-
MAG3 uptake kinetics (Tmax: rho=0.04, p=0.16; T50:
rho=-0.04, p=0.91; T25: rho=-0.22, p=0.45).

Effects of single or multiple mouse beds on renal function

Figure 1b and Fig. 2a show the positions 1-3 of individual
mice in the hotel. Mice in position 1 were under anaes-
thesia longest (approx. 30 min) and in position 3 short-
est (approx. 10 min) until the onset of scintigraphy. An

Table 1 Different parameters during renal [*™Tc]Tc-MAGS3 scintigraphy in single mouse bed examinations as influenced by the depth

of anaesthesia controlled by respiratory rate

Low anaesthesia Deep anaesthesia p value
Respiratory rate: 80-90/min (n=7) Respiratory rate: 40-45/min (n=7)
Isoflurane (%) 1.3[1.1-1.5]0.8-1.5 1.501.5-1.711.2-1.9 0.078
Respiratory rate (breaths/min) 89 [87-90] 81-92 47 [44-48] 43-51 0.018
Heart rate (beats/min) 328 [326-336] 290-365 343 [307-356] 281-369 0.74
Relative renal tracer influx rate (MBg/ml/min) 6.0[5.1-6.2] 3.5-6.5 4.1 [34-43]28-49 0018
Aorta excretion (seconds)
T50aorta 29 [28-36] 25-40 35[32-37] 28-42 0.091
Kidney uptake (min)
Tmax 1.5[1.5-15]13-1.8 1.8[1.6-22]14-29 0.063
T50 4.5[4.1-4.7135-49 4.1[4.0-5.8]3.6-6.7 040
125 7.0[6.5-8.7]16.1-9.2 8.6[7.4-10.5] 7.2-12.1 0.24

Aorta tracer excretion half-life is expressed as T50aorta in seconds and kidney uptake as time-to-peak (Tmax), T50 (50% clearance) and T25 (75% clearance) in minutes.
Each set of data includes the median, interquartile range [IQR], min-max and number of animals



Schmitz-Peiffer et al. EINMMI Research (2024) 14:4

3.5

3.0

2.5

2.0

Tmax [min]

1.5 4 \__L_l €L

1.0 4 low deep

Depth of anaesthesia

Fig. 3 Time-to-peak (Tmax) of [*™Tc]Tc-MAG3 kidney uptake
during low and deep anaesthesia in single mouse bed examinations
(p=0.063)

influence of the hotel position is clearly shown for mice
in position 1 by a significantly delayed Tmax, T50 and
T25 in comparison with mice in positions 2 and 3 as well
as in comparison with the mouse in single bed (Table 2).
In contrast, no difference could be found between the
single bed examination and positions 2 or 3 in the hotel
(p=1.0 each). When comparing the different positions in
the hotel alone, there was a significant difference between

Table 2 [*MTc]Tc-MAG3 kidney kinetics compared between
single mouse bed and 3-mouse bed hotel examinations

Single Position 1 Position2 Position 3
Aorta excretion
(seconds)
Tspaorta 649 # 28.2# 314 44.2
[32.1-179.6] [21.2-53.1] [22.9-61.0] [25.8-664]
215-2469 10.7-685 10.3-237.1 17.1-111.1
No. of animals 12 22 24 21
Kidney uptake (min)
Tmax 14 # 18# ¢ 15 14 4
[13-1.5] [1.6-2.1] [1.3-19] [1.1-2.2]
12-56 13-56 1.2-23 1.1-29
T50 38+# 53#+4¢ 37+ 4.1 4
[3.5-4.3] [4.1-7.1] [3.3-4.7] [3.2-5.1]
3.1-49 33-153 23-79 23-69
T25 6.5 # 921#+ ¢ 59+ 6.6 ¢
[5.8-7.3] [68-113] [5.2-7.8] [5.1-8.5]
49-78 53-263 36-132 2.5-109
No. of animals 12 22 24 21

Aorta tracer excretion half-life is expressed as T50aorta in seconds and kidney
uptake as time-to-peak (Tmax), T50 (50% clearance) and T25 (75% clearance) in
minutes. Each set of data includes the median, interquartile range [IQR], min—
max and number of animals

# p<0.05 between single versus position 1
+p<0.01 between position 1 versus 2
4p <0.05 between position 1 versus 3
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position 1 and position 2 (delayed T50 and T25; p<0.01
each), as well as between position 1 and position 3
(delayed Tmax, T50, and T25; p<0.05 each). Figure 4
shows the time activity curves of renal function of three
mice of the same acquisition. The mouse in position 1
had an obvious delay in Tmax.

Discussion
As mentioned in the introduction, preclinical studies are
an important step in translational research in which new
target molecules are tested for their effect. Inhalation
anaesthesia is not only used in preclinical radionuclide
imaging, but also in various other preclinical analyses.
Therefore, it is extremely important for drug develop-
ment, biodistribution studies and application to evaluate
the effects of isoflurane in experimental animals to enable
accurate translational research. Inhalational anaesthesia
is known to impair cognitive functions such as learn-
ing and memory in neonates, humans and mice [28, 29].
Radionuclide imaging has also shown altered ['*F]F-FDG
distribution in different brain regions of the rat under
anaesthesia compared to consciousness [21]. Similarly, Li
et al. reported that prolonged exposure to 1% isoflurane
for four hours impairs brain function and ultimately MRI
brain imaging parameters in both mice and humans [30].
Anaesthesia can indirectly affect renal function
through influences on hemodynamics, sympathetic activ-
ity and humoral regulation, which may be more pro-
nounced than the direct effects on the kidney. Direct
effects, which are dose- and drug-dependent, include

—O— position 1
—e— position 2
—O— position 3

Kidney uptake [MBq]
E

Time [min]
Fig. 4 Example of [*™Tc]Tc-MAGS3 time activity curves of renal
function (left and right kidney pooled, respectively) from three mice
imaged simultaneously within a 3-mouse bed hotel after intravenous
tracer injection. At time of tracer injection, duration of anaesthesia
was approx. 30 min for position 1, 20 min for position 2, and 10 min
for position 3. The mouse in position 1 showed delayed time-to-peak
(Tmax), T50 (50% clearance) and T25 (75% clearance). Mice created
with Biorender.com



Schmitz-Peiffer et al. EINMMI Research (2024) 14:4

effects on autoregulation of RBEF, alterations of antidiu-
retic hormone action and tubular transport of sodium
and organic acids [11]. Given the wide-ranging effects
of anaesthesia on renal function and other physiological
processes with impact on RBF [31, 32], this study focused
on the role of the widely used preclinical inhalational
anaesthetic isoflurane on [*™Tc]Tc-MAG3 kinetics and
kidney scintigraphy.

A dose-dependent respiratory depression and an
increase in respiratory rate in humans was observed
when isoflurane concentration was increased [33].
Murat et al., however, reported no change in respiratory
rate with different isoflurane concentrations in children
[34]. In the present study, the depth of anaesthesia was
adjusted on the basis of respiratory rate. There was a sig-
nificantly reduced respiratory rate with deep anaesthesia
compared to a lower depth of anaesthesia in SCID mice.
However, a high variability in individual animal-specific
susceptibility to isoflurane was indicated because only a
tendency for a higher isoflurane concentration could be
found for deep vs. low anaesthesia.

Isoflurane has been shown to have a major impact on
the cardiovascular system, mainly, by suppressing the
sympathetic nervous system. Thereby, isoflurane anaes-
thesia commonly decreases blood pressure with increas-
ing depth of anaesthesia as shown for, e.g., rabbits [35],
cats [36] and rats [37]. The heart rate response, however,
appears to differ. In rabbits [35] and cats [36], isoflurane
induced tachycardia that appeared mainly attributable
to an additional vagal withdrawal [35]. In rats, Albre-
cht et al. also observed a significant increase in heart
rate under 2—-4% isoflurane [38]. However, Yang et al.
observed a significant decrease in heart rate, blood pres-
sure and cardiac function in rats when isoflurane concen-
trations increased from 0.5 to 1%, 1.5%, 2% and 3% [39].
Although there was a slight increase in heart rate from
0.5 to 1% isoflurane, this increase was not significant [39].
Similar to our current study, Lee et al. found no changes
in heart rate at 1% and 2% isoflurane anaesthesia in rats
and explained this with an absent vagal withdrawal and
a concurrently blunted baroreceptor reflex [37]. Thus,
the degree of vagal depression appears to be decisive for
increases vs. decreases or non-effects on heart rate dur-
ing isoflurane anaesthesia.

Following isoflurane induction in humans, there was
a 30-50% reduction in RBF, 50% reduction in GFR [40,
41] and total urine excretion [11]. In sheep, where RBF
was measured directly, a reduction was also observed
under isoflurane [42]. A reduction in RBF by isoflurane
was associated with renal hypoxia and increased renal
sympathetic nerve activity (RSNA) in sheep [43, 44].
Sevoflurane also decreased RBF and increased RSNA;
while, renal denervation normalized RBEF, suggesting

Page 7 of 10

that at least part of the RBF reduction during sevoflu-
rane anaesthesia was due to RSNA-induced renal vaso-
constriction [45]. Consistent with those findings of the
above mentioned literature, deep anaesthesia resulted in
a prolonged blood clearance half-life and a significantly
decreased relative renal tracer influx rate in the present
mouse study.

Another important factor responsible for decreased
renal function is thermoregulation. Hypothermia causes
vasoconstriction, thereby, restricting the blood flow to
organs to conserve heat. Reduction of the core tempera-
ture to 25 °C in chloralose/urethane anaesthetized rats
reduced heart rate, arterial blood pressure and GFR [46].
The effects of hypothermia at 28 °C body temperature for
1-2 hin another rat study showed that RBF decreased but
systemic blood pressure remained essentially unchanged
under these conditions [10]. The RBF reduction observed
during hypothermia was due to a 75% increase in vascu-
lar resistance caused mainly by constriction of afferent
arterioles and increased blood viscosity. This was accom-
panied by a decrease in glomerular capillary pressure
and a decrease in GFR [10]. Anaesthetic beds cannot be
adequately closed during renal scintigraphy due to ani-
mal handling and indwelling catheters placed in the tail
vein. The first placed and longest anaesthetized mouse
therefore might adapt its thermoregulation to lower
ambient temperatures despite the bed heated at 37 °C.
Albrecht et al. reported a drop in blood temperature to
36.6 °C in rats during the sixth isoflurane anaesthesia of
40 min duration within three weeks [38]. Therefore, it
might be possible that a slight cooling of animals with
time promoted vasoconstriction and partly contributed
to a reduced RBF. In such scenario, GFR is maintained for
a time due to the Bayliss effect and tubular—glomerular
feedback; however, RBF and thus peritubular perfusion
may decrease, which impedes tubular secretory output
and thus [*™Tc] Tc-MAGS3 kinetics.

Accordingly, [**™Tc]Tc-MAG3 kidney uptake showed
a tendency toward a later Tmax during deep isoflurane
anaesthesia compared to low anaesthesia in the present
study. Even more pronounced were the effects of anaes-
thesia duration on [*™Tc]Tc-MAG3 kinetics for mice
in position 1 in our 3-bed hotel that were anaesthetized
longest due to catheter preparation and placement in the
anaesthetic bed; these mice showed significantly delayed
Tmax, T50 and T25 compared to mice in position 2 or
3 with a much shorter anaesthesia time of only 10 or
20 min until tracer injection. No difference occurred
between single bed examination and positions 2 or 3 in
the hotel. These findings are of high practical relevance
because the use of multiple-bed hotels is attractive in
nuclear medicine for studying as many animals as possi-
ble with one synthesis of tracers [47]. Our results clearly
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demonstrate that prolonged anaesthesia has a negative
effect on renal kinetics. Prolonged anaesthesia could be
avoided by parallel anaesthesia induction and catheteri-
zation of several mice in the hotel. However, this cannot
usually be guaranteed due to the staffing situation in the
laboratories.

Another point of interest in multiple-bed hotels besides
length of anaesthesia is the potentially varying depth of
anaesthesia of different animals. Even if the respiratory
rate can be individually monitored in state-of-the art
manufactured new hotels, the anaesthesia of mice can-
not usually be adjusted individually per bed position
with regard to the individual respiratory rate; and thus,
all animals are receiving the same isoflurane concentra-
tion. Since our results indicate a highly individual ani-
mal-specific susceptibility to isoflurane, this will result
in different individual anaesthesia depths of different
animals with additional impact on individual [*™Tc]Tc-
MAGS kinetics. Therefore, based on our findings, the use
of multiple-bed hotels has clear limitations, and if neces-
sary, it should be limited to two mice per hotel.

Conclusion

Deep anaesthesia with decreased respiratory rate in mice
resulted in prolonged blood clearance half-life, delayed
relative renal tracer influx rate, later Tmax and increased
kinetic variance. Therefore, respiratory rates should be
kept constant between individuals and low depth of
anaesthesia with high respiratory rates of 80-90 rpm
should be preferred during renal scintigraphy to obtain
representative data with low kinetic variance.

A longer duration of low anaesthesia, as experienced by
the mouse placed first in a 3-bed hotel, has also negative
influences on the renal parameters. To avoid prolonged
anaesthesia, investigations in multiple mouse bed hotels
should be limited to a maximum of two simultaneously
examined mice, which still suffers from the impossibility
for individual adjustment to low anaesthesia.

In addition to the reproducibility of renal scintigraphy
results, a low depth and short duration of anaesthesia
should also be considered as a critical refinement option
for the experimental animal.

Abbreviations

cT Computed tomography

ECG Electrocardiography

['8FIF-FDG '8F-fluorodeoxyglucose

FWHM Full-width-at-half-maximum

GFR Glomerular filtration rate

IQR Interquartile range [25th-75th percentile]
LAGeSo Landesamt fir Gesundheit und Soziales, Berlin
RBF Renal blood flow

RSNA Renal sympathetic nerve activity

SCID Severe combined immunodeficient

SPECT Single photon emission computed tomography

Page 8 of 10

PP TTe-MAG3  *™Technetium mercaptoacetyltriglycine

Tmax Time-to-peak

T50 50% Clearance
T25 75% Clearance
VOI Volume-of-interest

Acknowledgements
Not applicable.

Author contributions

FSP, NB, ML and WB contributed to the study conception and design. Data
collection and analysis were performed by FSP, NB, ML, AMM, JA and JRA. All
authors were involved in writing the manuscript, and have read and approved
the final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. This work was
supported in part by Technologiestiftung Berlin (TSB) for NanoSPECT/CTplus
and by Charité 3R|Replace—Reduce—Refine. AM. Mohan is supported by a

grant from the Ruth-Jeschke-Gedenkstipendium, Charité—Universitdtsmedi-
zin Berlin.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the local Committee for Animal Care
(LAGeSo, Berlin) with the reference numbers G0O110/15, G0011/16, L0447/17,
and G0177/18 according to the German Law for the Protection of Animals. Al
applicable institutional and national guidelines for the care and use of animals
were followed. The study was carried out in compliance with the ARRIVE
guidelines.

Consent for publication
Not applicable.

Competing interests
No potential conflicts of interest relevant to this article exist.

Author details

'Department of Nuclear Medicine, Charité - Universitatsmedizin Berlin, Berlin,
Germany. *Berlin Experimental Radionuclide Imaging Center (BERIC), Charité
- Universitatsmedizin Berlin, Augustenburger Platz 1, 13353 Berlin, Germany.
*Department of Radiology, Charité - Universititsmedizin Berlin, Berlin, Ger-
many. ‘Institute of Veterinary Physiology, School of Veterinary Medicine, Freie
Universitét Berlin, Berlin, Germany.

Received: 23 October 2023 Accepted: 20 December 2023
Published online: 05 January 2024

References

1. Kabasakal L, TokluT, Yeyin N, Demirci E, Abugbeitah M, Ocak M, et al.
Lu-177-PSMA-617 prostate-specific membrane antigen inhibitor therapy
in patients with castration-resistant prostate cancer: stability, bio-distribu-
tion and dosimetry. Mol Imaging Radionucl Ther. 2017;26:62-8. https.//
doi.org/10.4274/mirt.08760.

2. Rahbar K, Ahmadzadehfar H, Kratochwil C, Haberkorn U, Schafers M,
Essler M, et al. German multicenter study investigating 177Lu-PSMA-617
radioligand therapy in advanced prostate cancer patients. J Nucl Med.
2017;58:85-90. https://doi.org/10.2967/jnumed.116.183194.

3. Sachindra S, Hellberg T, Exner S, Prasad S, Beindorff N, Rogalla S, et al.
SPECT/CT imaging, biodistribution and radiation dosimetry of a (177)
Lu-DOTA-integrin alphavbeta6 Cystine knot peptide in a pancreatic
cancer xenograft model. Front Oncol. 2021;11:684713. https://doi.org/10.
3389/fonc.2021.684713.


https://doi.org/10.4274/mirt.08760
https://doi.org/10.4274/mirt.08760
https://doi.org/10.2967/jnumed.116.183194
https://doi.org/10.3389/fonc.2021.684713
https://doi.org/10.3389/fonc.2021.684713

Schmitz-Peiffer et al. EJINMMI Research

20.

21

22.

23.

24.

25.

26.

(2024) 14:4

Lindeman RD. Renal and urinary tract function. In: Birren JE, editor. Ency-
clopedia of gerontology. 2nd ed. New York: Elsevier; 2007. p. 424-33.
Oriuchi N, Inoue T, Hayashi |, Mizuiri S, Kosaka N, Nishikawa J, et al. Evalua-
tion of gamma camera-based measurement of individual kidney function
using iodine-123 orthoiodohippurate. Eur J Nucl Med. 1996,23:371-5.
https://doi.org/10.1007/BF01247363.

Sanger JJ, Kramer EL. Radionuclide quantitation of renal function. Urol
Radiol. 1992;14:69-78. https://doi.org/10.1007/bf02926907.

Huang K, Lukas M, Steffen |G, Lange C, Huang EL, Dorau V, et al. Normal
values of renal function measured with 99mTechnetium mercaptoa-
cetyltriglycine SPECT in mice with respect to age, sex and circadian
rhythm. Nuklearmedizin. 2018;57:224-33. https://doi.org/10.3413/
Nukmed-0999-18-09.

Mohan AM, Lukas M, Albrecht J, Dorau-Rutke V, Koziolek EJ, Huang K,

et al. Relationship of renal function in mice to strain, sex and 177lutetium-
somatostatin receptor ligand treatment. Nuklearmedizin. 2020;59:381-6.
https://doi.org/10.1055/a-1103-1661.

Stow LR, Gumz ML. The circadian clock in the kidney. J Am Soc Nephrol.
2011;22:598-604. https://doi.org/10.1681/ASN.2010080803.

Broman M, Kallskog O. The effects of hypothermia on renal function and
haemodynamics in the rat. Acta Physiol Scand. 1995;153:179-84. https://
doi.org/10.1111/j.1748-1716.1995.tb09849 x.

. Burchardi H, Kaczmarczyk G. The effect of anaesthesia on renal function.

Eur J Anaesthesiol. 1994;11:163-8.

Mercatello A. Changes in renal function induced by anesthesia. Ann Fr
Anesth Reanim. 1990;9:507-24. https://doi.org/10.1016/50750-7658(05)
80223-0.

Hillman TC, Matei N, Tang J, Zhang JH. Developing a standardized system
of exposure and intervention endpoints for isoflurane in preclinical stroke
models. Med Gas Res. 2019;9:46-51. https://doi.org/10.4103/2045-9912.
254640.

Rosenbaum SB, Gupta V, Patel P, Palacios JL. Ketamine. StatPearls. Treasure
Island (FL); 2023.

Skibiski J, Abdijadid S. Barbiturates. StatPearls. Treasure Island (FL); 2023.
Hildebrandt IJ, Su H, Weber WA. Anesthesia and other considerations for
in vivo imaging of small animals. ILAR J. 2008;49:17-26. https://doi.org/10.
1093/ilar49.1.17.

. Tremoleda JL, Kerton A, Gsell W. Anaesthesia and physiological monitor-

ing during in vivo imaging of laboratory rodents: considerations on
experimental outcomes and animal welfare. EINMMI Res. 2012;2:44.
https://doi.org/10.1186/2191-219X-2-44.

Alstrup AK, Landau AM, Holden JE, Jakobsen S, Schacht AC, Audrain

H, et al. Effects of anesthesia and species on the uptake or bind-

ing of radioligands in vivo in the Géttingen minipig. Biomed Res Int.
2013;2013:808713. https://doi.org/10.1155/2013/808713.

Fletcher JW, Djulbegovic B, Soares HP, Siegel BA, Lowe VJ, Lyman GH, et al.
Recommendations on the use of 18F-FDG PET in oncology. J Nucl Med.
2008;49:480-508. https://doi.org/10.2967/jnumed.107.047787.

Sarikaya I. PET imaging in neurology: Alzheimer's and Parkinson’s
diseases. Nucl Med Commun. 2015;36:775-81. https://doi.org/10.1097/
MNM.0000000000000320.

Spangler-Bickell MG, de Laat B, Fulton R, Bormans G, Nuyts J. The effect of
isoflurane on (18)F-FDG uptake in the rat brain: a fully conscious dynamic
PET study using motion compensation. EJNMMI Res. 2016;6:86. https://
doi.org/10.1186/513550-016-0242-3.

Zager RA, Burkhart KM, Conrad DS. Isoflurane alters proximal tubular

cell susceptibility to toxic and hypoxic forms of attack. Kidney Int.
1999;55:148-59. https://doi.org/10.1046/j.1523-1755.1999.00238 x.
Muller-Suur R, Muller-Suur C. Glomerular filtration and tubular secretion
of MAG-3 in the rat kidney. J Nucl Med. 1989;30:1986-91.

Shikano N, Kanai'Y, Kawai K, Ishikawa N, Endou H. Transport of 99mTc-
MAGS3 via rat renal organic anion transporter 1. J Nucl Med. 2004;45:80-5.
Beindorff N, Bartelheimer A, Huang K, Lukas M, Lange C, Huang EL, et al.
Normal values of thyroid uptake of 99mtechnetium pertechnetate SPECT
in mice with respect to age, sex, and circadian rhythm. Nuklearmedizin.
2018;57:181-9. https://doi.org/10.3413/Nukmed-0978-18-05.

Lange C, Apostolova |, Lukas M, Huang KP, Hofheinz F, Gregor-Mamoudou
B, et al. Performance evaluation of stationary and semi-stationary acquisi-
tion with a non-stationary small animal multi-pinhole SPECT system. Mol
Imaging Biol. 2014;16:311-6. https://doi.org/10.1007/511307-013-0702-3.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 9 of 10

Lukas M, Kluge A, Beindorff N, Brenner W. Multi-isotope capabilities of a
small-animal multi-pinhole SPECT system. J Nucl Med. 2020;61:152-61.
https://doi.org/10.2967/jnumed.119.226027.

Aksenov DP, Venkatasubramanian PN, Miller MJ, Dixon CJ, Li L, Wyrwicz
AM. Effects of neonatal isoflurane anesthesia exposure on learning-
specific and sensory systems in adults. Sci Rep. 2020;10:13832. https://doi.
0rg/10.1038/541598-020-70818-0.

Loepke AW, Istaphanous GK, McAuliffe JJ 3rd, Miles L, Hughes EA,
McCann JC, et al. The effects of neonatal isoflurane exposure in mice on
brain cell viability, adult behavior, learning, and memory. Anesth Analg.
2009;108:90-104. https://doi.org/10.1213/ane.0b013e31818cdb29.

Li CX, Zhang X. Effects of long-duration administration of 1% isoflurane
on resting cerebral blood flow and default mode network in macaque
monkeys. Brain Connect. 2017;7:98-105. https://doi.org/10.1089/brain.
2016.0445.

Cousins MJ, Mazze RI. Anaesthesia, surgery and renal function: immediate
and delayed effects. Anaesth Intensive Care. 1973;1:355-73. https://doi.
org/10.1177/0310057X7300100502.

Cousins MJ, Skowronski G, Plummer JL. Anaesthesia and the kidney.
Anaesth Intensive Care. 1983;11:292-320.

Canet J, Sanchis J, Zegri A, Llorente C, Navajas D, Casan P. Effects of halo-
thane and isoflurane on ventilation and occlusion pressure. Anesthesiol-
ogy. 1994;81:563-71. https//doi.org/10.1097/00000542-199409000-00007.
Murat I, Chaussain M, Hamza J, Saint-Maurice C. The respiratory effects of
isoflurane, enflurane and halothane in spontaneously breathing children.
Anaesthesia. 1987;42:711-8. https://doi.org/10.1111/j.1365-2044.1987.
tb05315.x.

Marano G, Grigioni M, Tiburzi F, Vergari A, Zanghi F. Effects of isoflurane on
cardiovascular system and sympathovagal balance in New Zealand white
rabbits. J Cardiovasc Pharmacol. 1996;28:513-8. https://doi.org/10.1097/
00005344-199610000-00006.

Skovsted P, Sapthavichaikul S. The effects of isoflurane on arterial pres-
sure, pulse rate, autonomic nervous activity, and barostatic reflexes. Can
Anaesth Soc J. 1977,24:304-14. https://doi.org/10.1007/bf03005103.

Lee JS, Morrow D, Andresen MC, Chang KSK. Isoflurane depresses
baroreflex control of heart rate in decerebrate rats. Anesthesiology.
2002;96:1214-22. https://doi.org/10.1097/00000542-200205000-00026.
Albrecht M, Henke J, Tacke S, Markert M, Guth B. Effects of isoflurane,
ketamine-xylazine and a combination of medetomidine, midazolam and
fentanyl on physiological variables continuously measured by telemetry
in Wistar rats. BMC Vet Res. 2014;10:198. https://doi.org/10.1186/
$12917-014-0198-3.

Yang C-F, Chen MY-C, Chen T-I, Cheng C-F. Dose-dependent effects of iso-
flurane on cardiovascular function in rats. Tzu Chi Med J. 2014,26:119-22.
Chou YP, Huang WC, Chang CL. Lin CY [Renal effect of isoflurane]. Ma Zui
Xue Za Zhi. 1990,28:410-8.

Mazze RI, Cousins MJ, Barr GA. Renal effects and metabolism of isoflurane
in man. Anesthesiology. 1974;40:536-42. https://doi.org/10.1097/00000
542-197406000-00006.

Frithiof R, Mats R, Johan U, Stefan E, Hans H. Comparison between the
effects on hemodynamic responses of central and peripheral infusions
of hypertonic NaCl during hemorrhage in conscious and isoflurane-
anesthetized sheep. Shock. 2006;26:77-86. https://doi.org/10.1097/01.
shk.0000215314.76370.c3.

Iguchi N, Kosaka J, Booth LC, Iguchi Y, Evans RG, Bellomo R, et al. Renal
perfusion, oxygenation, and sympathetic nerve activity during volatile or
intravenous general anaesthesia in sheep. Br J Anaesth. 2019;122:342-9.
https://doi.org/10.1016/j.bja.2018.11.018.

Iguchi N, Kosaka J, IguchiY, Evans RG, Bellomo R, May CN, Lankadeva

YR. Systemic haemodynamic, renal perfusion and renal oxygenation
responses to changes in inspired oxygen fraction during total intrave-
nous or volatile anaesthesia. Br J Anaesth. 2020;125:192-200. https://doi.
0rg/10.1016/j.bja.2020.03.033.

Taavo M, Rundgren M, Frykholm P, Larsson A, Franzén S, Vargmar K, et al.
Role of renal sympathetic nerve activity in volatile anesthesia’s effect on
renal excretory function. Function. 2021. https://doi.org/10.1093/funct
ion/zqab042.

Sabharwal R, Johns E, Egginton S. The influence of acute hypothermia
on renal function of anaesthetized euthermic and acclimatized rats. Exp
Physiol. 2004;89:455-63.


https://doi.org/10.1007/BF01247363
https://doi.org/10.1007/bf02926907
https://doi.org/10.3413/Nukmed-0999-18-09
https://doi.org/10.3413/Nukmed-0999-18-09
https://doi.org/10.1055/a-1103-1661
https://doi.org/10.1681/ASN.2010080803
https://doi.org/10.1111/j.1748-1716.1995.tb09849.x
https://doi.org/10.1111/j.1748-1716.1995.tb09849.x
https://doi.org/10.1016/s0750-7658(05)80223-0
https://doi.org/10.1016/s0750-7658(05)80223-0
https://doi.org/10.4103/2045-9912.254640
https://doi.org/10.4103/2045-9912.254640
https://doi.org/10.1093/ilar.49.1.17
https://doi.org/10.1093/ilar.49.1.17
https://doi.org/10.1186/2191-219X-2-44
https://doi.org/10.1155/2013/808713
https://doi.org/10.2967/jnumed.107.047787
https://doi.org/10.1097/MNM.0000000000000320
https://doi.org/10.1097/MNM.0000000000000320
https://doi.org/10.1186/s13550-016-0242-3
https://doi.org/10.1186/s13550-016-0242-3
https://doi.org/10.1046/j.1523-1755.1999.00238.x
https://doi.org/10.3413/Nukmed-0978-18-05
https://doi.org/10.1007/s11307-013-0702-3
https://doi.org/10.2967/jnumed.119.226027
https://doi.org/10.1038/s41598-020-70818-0
https://doi.org/10.1038/s41598-020-70818-0
https://doi.org/10.1213/ane.0b013e31818cdb29
https://doi.org/10.1089/brain.2016.0445
https://doi.org/10.1089/brain.2016.0445
https://doi.org/10.1177/0310057X7300100502
https://doi.org/10.1177/0310057X7300100502
https://doi.org/10.1097/00000542-199409000-00007
https://doi.org/10.1111/j.1365-2044.1987.tb05315.x
https://doi.org/10.1111/j.1365-2044.1987.tb05315.x
https://doi.org/10.1097/00005344-199610000-00006
https://doi.org/10.1097/00005344-199610000-00006
https://doi.org/10.1007/bf03005103
https://doi.org/10.1097/00000542-200205000-00026
https://doi.org/10.1186/s12917-014-0198-3
https://doi.org/10.1186/s12917-014-0198-3
https://doi.org/10.1097/00000542-197406000-00006
https://doi.org/10.1097/00000542-197406000-00006
https://doi.org/10.1097/01.shk.0000215314.76370.c3
https://doi.org/10.1097/01.shk.0000215314.76370.c3
https://doi.org/10.1016/j.bja.2018.11.018
https://doi.org/10.1016/j.bja.2020.03.033
https://doi.org/10.1016/j.bja.2020.03.033
https://doi.org/10.1093/function/zqab042
https://doi.org/10.1093/function/zqab042

Schmitz-Peiffer et al. EINMMI Research (2024) 14:4

47. Palumbo G, Kunze LH, Oos R, Wind-Mark K, Lindner S, von Ungern-Stern-
berg B, et al. Longitudinal studies on Alzheimer disease mouse models
with multiple tracer PET/CT: application of reduction and refinement
principles in daily practice to safeguard animal welfare during progres-
sive aging. Animals. 2023. https://doi.org/10.3390/ani13111812.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.3390/ani13111812

	Effects of isoflurane anaesthesia depth and duration on renal function measured with [99mTc]Tc-mercaptoacetyltriglycine SPECT in mice
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Investigation of isoflurane anaesthesia depth on renal function
	Investigation of isoflurane anaesthesia duration on renal function at low anaesthesia
	Renal scintigraphy by semi-stationary SPECTCT
	Quantification and statistical analysis

	Results
	Effects of isoflurane anaesthesia depth on renal function
	Effects of single or multiple mouse beds on renal function

	Discussion
	Conclusion
	Acknowledgements
	References


