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Since accurate quantification of 2-deoxy-2–18 F-fluoro-D-glucose ([ 18 F]FDG) positron emission tomography (PET) 

requires dynamic acquisition with arterial input function, more practical semi-quantitative (static) approaches 

are often preferred. However, static standardized uptake values (SUV) are typically biased due to large variations 

in body weight (BW) occurring over time in animal studies. This study aims to improve static [ 18 F]FDG PET SUV 

quantification by better accounting for BW variations in rats. We performed dynamic [ 18 F]FDG PET imaging with 

arterial blood sampling in rats ( n = 27) with different BW (range 0.230–0.487 kg). By regressing the area under the 

curve of the input function divided by injected activity against BW (r 2 = 0.697), we determined a conversion factor 

f(BW) to be multiplied with SUV and SUV glc to obtain ratSUV and ratSUV glc , providing an improved estimate of 

the net influx rate K i ( r = 0.758, p < 0.0001) and cerebral metabolic rate of glucose MR glc ( r = 0.906, p < 0.0001), 

respectively. In conclusion, the proposed ratSUV and ratSUV glc provide a proxy for the K i and MR glc based on a 

single static [ 18 F]FDG PET SUV measurement improving clinical significance and translation of rodent studies. 

Given a defined strain, sex, age, diet, and weight range, this method is applicable for future experiments by 

converting SUV with the derived f(BW). 
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. Introduction 

Positron emission tomography (PET) using 2-deoxy-2–18 F-fluoro-

-glucose ([ 18 F]FDG) is a functional imaging tool widely applied in

he neuroscience field as it allows visualization and quantitation of

erebral glucose consumption. Specifically, by applying the appropri-

te pharmacokinetic model, dynamic [ 18 F]FDG PET enables calcula-

ion of net influx rate ( K i ) as well as the metabolic rate of glucose

onsumption (MR glc ) ( Phelps et al., 1979 ). However, this procedure

s time-consuming and invasive since arterial blood samples are re-

uired to evaluate the time course of [ 18 F]FDG concentration in arte-

ial plasma (the arterial input function) throughout the scan. Although

his procedure is feasible in rats ( Hori et al., 2015 ; Moore et al., 2000 ;

himoji et al., 2004 ), measuring the arterial input function without

ffecting the animal’s physiology remains challenging. For this rea-

on, alternative approaches using population-based ( Meyer et al., 2006 ;

akikawa et al., 1993 ) or image-derived ( Alf et al., 2013 ; Hori et al.,

015 ; Huang et al., 2004 ; Kudomi et al., 2011 ) input functions have

een developed. Nonetheless, they still require extensive dynamic
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cquisitions (60–90 min), thereby considerably reducing scan through-

ut and they are not compatible with an awake uptake period. 

These practical considerations have led researchers to shift towards

implified measures achievable using a short 10–20 min static scan

fter an awake uptake period. The standardized uptake value (SUV)

 Huang, 2000 ), activity concentration divided by the injected activity

er body weight (BW), represents the most often used metric. How-

ver, the major limitation of SUV (and SUV glc , the SUV multiplied by

lasma glucose level) is its approximative and semi-quantitative nature

 Huang, 2000 ). As a result, the reliability of the SUV measure, espe-

ially in rodents, has been questioned ( Keyes, 1995 ). Indeed, SUV is

ensitive to several factors including, fasting duration, [ 18 F]FDG admin-

stration route, body temperature, and uptake time ( Fueger et al., 2006 ;

chiffer et al., 2007 ) as these factors impact [ 18 F]FDG brain imaging in

he rat ( Deleye et al., 2014 ; Schiffer et al., 2007 ). An often-overlooked

actor is the large weight variations (and consequent fat deposition)

 Schemmel et al., 1970 ) that can occur over weeks and between exper-

mental groups causing biases in the SUV measurement ( Deleye et al.,

014 ). This is because the simple multiplicative BW factor in the SUV
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oes not correctly account for the impact of the varying BW on the

 

18 F]FDG brain uptake due to lower uptake in body fat compared to non-

atty tissue. Consequently, assessing whether a change in SUV or SUV glc 

s attributed to a weight gain, disease condition, or their interaction re-

ains extremely challenging. Similar observations have been made in

uman studies leading to alternative SUV calculations, where the BW in

he SUV definition is replaced by lean body mass (LBM) or body surface

rea (BSA) ( Sugawara et al., 1999 ). Such alternative SUV calculations

ould potentially be extended to small animal imaging; however, meth-

ds to estimate LBM or BSA in rats have not been developed and might

e challenging. 

In this study, we aim at identifying a BW-dependent conversion

ethod for static [ 18 F]FDG PET SUV to provide an improved proxy for

 i and MR glc in rats without introducing the BW-related biases as seen in

he conventional SUV. As a gold standard, we first performed 60-min dy-

amic [ 18 F]FDG PET imaging while continuously measuring [ 18 F]FDG

n arterial blood in rats with different BW. Based on theoretical approx-

mation, we regressed a multiplicative conversion factor and used this

actor to introduce ratSUV and ratSUV glc for which we validated their

alue as proxies for K i and MR glc over a large BW range. 

. Material and methods 

.1. Animals 

Male Sprague Dawley rats ( n = 27) (Janvier Labs, France) with dif-

erent BW (200–360 g, 5–8 weeks old at time of delivery) were co-

oused (3 animals/cage) in individually ventilated cages under con-

rolled standard laboratory conditions: 12 h light/dark cycle, temper-

ture (20–24 °C), and humidity (40–70%). Food (SSNIFF V1534–000

egular chow) and water were provided ad libitum , except for the fast-

ng period before the PET scan, during which only water was accessible

n cleaned cages to prevent food hoarding. 

Animals were treated under the European Ethics Committee guide-

ines (decree 2010/63/CEE) as well as the ARRIVE guidelines, and the

tudy protocol was approved by the Ethical Committee for Animal Test-

ng (ECD) of the University of Antwerp, Belgium (ECD 2013–42). 

.2. [ 18 F]FDG PET acquisition and reconstruction 

Small animal PET imaging was performed using two Siemens In-

eon PET-CT scanners (Siemens Preclinical Solution, Knoxville, USA)

 Kemp et al., 2009 ). On the scanning day, rats displayed a BW range of

30–487 g (approximately 6–10 weeks old). Animals were fasted start-

ng at 18:00 of the day before the PET scan (average fasting period:

5.2 ± 3.1 h). Animal preparation and monitoring were performed as

reviously reported ( Deleye et al., 2014 ). At the start of the 60-minutes

ET scan, animals were injected with 33.8 ± 2.5 MBq of [ 18 F]FDG

0.6 ml) into the femoral vein via the arterio-venous shunt (see below)

ver a 35 s period (1 ml/min) using an infusion pump (Pump 11 Elite,

arvard Apparatus, USA). PET data were acquired in list-mode format.

ollowing the PET scan, a 10 min CT scan was performed for attenuation

orrection and co-registration purposes. 

Acquired PET data were reconstructed dynamically into 33 frames

f increasing length (12 × 10 s, 3 × 20 s, 3 × 30 s, 3 × 60 s, 3 × 150 s,

nd 9 × 300 s) using 8 iterations and 16 subsets of the OSEM 3D

lgorithm with spatially variant resolution modeling ( Miranda et al.,

020 ). Normalization, dead time, and CT-based attenuation corrections

ere applied. Since the adult rat brain size does not change over time

 Mengler et al., 2014 ), and given the negligible contribution of scat-

er in FDG PET imaging of the rat brain ( Konik et al., 2011 ; Spangler-

ickell et al., 2016 ) scatter correction was not included. PET image

rames were reconstructed on a 128 × 128 ×159 grid with a pixel vol-

me of 0.776 ×0.776 ×0.796 mm 

3 . 
2 
.3. [ 18 F]FDG plasma input function 

Before scanning, an extracorporeal AV shunt was installed connect-

ng the femoral artery to the ipsilateral femoral vein in series with a

eristaltic pump (300 μl/min) ( Weber et al., 2002 ) and coupled to a

etector system (Twilite, Swisstrace, Switzerland) to continuously mea-

ure [ 18 F]FDG whole blood activity during the PET scan. The activity

easured with the detector was decay- and background-corrected as

ell as cross-calibrated with the PET scanner each experimental day us-

ng a phantom scan. A biexponential function was fitted to the decaying

art of the data to reduce the noise. Due to a problem with the blood

easurement, one animal was omitted from the analysis. 

The [ 18 F]FDG plasma fraction was determined from manual blood

amples at 8 time points between 2 and 60 min p.i. in a total of 6 animals

or two significantly different BW classes (range 230–234 g, 6 weeks old

ats and range 396–411 g, 9 weeks old). As no difference in the plasma

raction between the low and high BW was observed (Supplementary

ig. 1) a population-based plasma fraction model was obtained by a

i-exponential fit to the average over the six animals. The [ 18 F]FDG

lasma input function for each animal was generated using the individ-

al (whole) blood activity multiplied with the population-based plasma

raction. 

Glucose concentrations in whole blood and plasma were determined

rom manual blood samples 5 min p.i. using glucose strips in duplicate

One Touch Ultra 2, Lifescan). 

.4. Image processing and quantification 

Image processing and quantification were performed in PMOD v3.6

PMOD Technologies, Switzerland). Each PET image was transformed

nto the space of the Schiffer rat [ 18 F]FDG PET template ( Schiffer et al.,

007 ) as it features several brain volume-of-interests (VOIs) which were

sed to extract the time-activity curves for quantification. 

Kinetic modeling of the regional [ 18 F]FDG time-activity curves was

erformed using the standard [ 18 F]FDG irreversible 2-tissue compart-

ent model (2TCM) ( Sokoloff et al., 1977 ) as well as the Patlak

raphical analysis ( Patlak et al., 1983 ) using the plasma input func-

ion described above. The lumped constant (LC) was fixed at 0.71

 Tokugawa et al., 2007 ). From the irreversible 2TCM and Patlak model,

he net influx rate ( K i , [ml/cm 

3 /min]) was determined, and the glucose

etabolic rate (MR glc , [μmol/min/100 g]) was calculated as 

 𝑅 𝑔𝑙𝑐 = 

𝐾 𝑖 × 𝐶 𝑝 

𝐿𝐶 

𝑥 100 (1)

here C P represents the glucose concentration in plasma and LC the

umped constant. Given the high agreement between the two meth-

ds for both K i ( r = 0.982, r 2 = 0.965, p < 0.0001) and MR glc ( r = 0.991,

 

2 = 0.983, p < 0.0001), the values obtained from the Patlak plot will pri-

arily be considered in further analysis. 

In addition to the gold standard K i and MR glc , we calculated the

emi-quantitative standardized uptake value (SUV), the SUV glc (defined

s SUV x C P ), the percent of injected activity per gram (%ID/g), and the

%ID/g) glc (defined as%ID/g x C P ). All semi-quantitative values were

alculated using the time interval of 50–60 min p.i. 

.5. Defining ratSUV 

Using the Patlak graphical analysis of the 2TCM, we can derive an

pproximate relation between the true quantitative values and the static

emi-quantitative measures based on body weight. [ 18 F]FDG tissue con-

entration C T (t) in a pixel or VOI at later time points is approximated

s ( Patlak et al., 1983 ): 

 T 
(
𝑡 > t ∗ 

)
= 𝐾 i ∗ AUC ( t ) + 𝑉 𝐶 𝑝 ( t ) (2)
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Fig. 1. Body weight and glucose measurements on [ 18 F]FDG PET acquisition day following the fasting period. (A) body weight was measured before the PET scan, 

while glucose levels (B) were measured 5 min post [ 18 F]FDG injection. (C) Relationship between the two variables. ∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ ∗ p < 0.0001. 
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Where t ∗ is a time point (e.g. 4 min), AUC(t) represents the area

nder the plasma input function ( 
t 
∫
0 
𝐶 𝑝 (τ) dτ) and V accounts for the re-

ersible compartment and the fractional blood volume. 

Therefore, K i is described as: 

 i = 

C T ( 𝑡 ) 
AUC ( t ) 

− 

V 𝐶 𝑝 ( t ) 
AUC ( t ) 

(3)

The offset (V C p (t)/AUC(t)) is region dependent (due to V) and re-

uces with increasing time (Supplementary Fig. 2). Thus, to derive SUV

t a late time point t (e.g. 50–60 min p.i.), we can consider the following

roxy for K i by discarding the offset: 

 i ∝
C T ( 𝑡 ) 
AUC ( t ) 

(4) 

One of the main assumptions to establish the relation with SUV at

ime t, is that the AUC(t) is related to the injected activity (ID) per unit

f BW ( Huang, 2000 ): 

UC ( t ) ≈ 𝑐 × ID 

BW 

(5)

here c is the proportionality constant at the time interval (note c is not

ependent on a specific brain region). By substituting (4) and (5) and

onsidering the SUV definition, SUV = 𝐶 T ∕ 
ID 
BW 

, we obtain: 

1 
𝑐 
SUV ∝ 𝐾 𝑖 (6) 

We hypothesize that the BW dependence of c is the main contrib-

tor to the biases seen in the SUV measurement when the body in-

reases. Therefore, a BW dependent conversion factor is required to

onvert SUV to a proxy of K i or MR glc . The factor can be obtained as

/ c = ID/(AUCxBW), however, this requires the measurement of the

lasma input function which is not readily available from a static PET

can. Therefore, we hypothesize that 1/c could be estimated from BW

sing a population-based quadratic regression curve (f(BW) = 1/c). 

Thus, by defining: 

atSUV = 𝑓 ( BW ) × SUV ∝ 𝐾 𝑖 (7)

nd (cfr. (1)) 

atSU V 𝑔𝑙𝑐 = 

100 × C 𝑝 

𝐿𝐶 

× ratSUV ∝ 𝑀 𝑅 𝑔𝑙𝑐 (8)

e obtain proxies for 𝐾 𝑖 and 𝑀 𝑅 𝑔𝑙𝑐 respectively, which should be valid

or a wide range of BW without introducing a weight-dependent bias.

nce the relation f(BW) is established a priori for a rat strain, sex, and
3 
eight and age range, it can be applied to future experiments to obtain

W independent semi-quantitative proxies to 𝐾 𝑖 and M R 𝑔𝑙𝑐 . 

.6. Statistical analysis 

For representative purposes, animals were divided into 3 different

W classes, namely low ( < 0.3 kg, n = 8), medium (0.3–0.4 kg, n = 10),

nd high ( > 0.4 kg, n = 8). BW was measured prior to preparation for the

ET scan. The Shapiro-Wilk test was used to assess the normality of the

ifferent variables. The variables K i , MR glc , ratSUV, ratSUV glc ,%ID/g,

nd (%ID/g) glc , and c passed the normality test, therefore, an ordinary

ne-way ANOVA with Tukey correction for multiple comparisons was

sed for these variables and they are reported as mean ± standard de-

iation (SD). The variables, BW, glucose levels, fasting duration, SUV,

UV glc , and percentage offset did not pass the normality test in all

roups, thus a Kruskal-Wallis test with Dunn’s test to correct for multiple

omparisons was applied for these variable and they are reported as me-

ian ± interquartile range (IQR). All correlations were investigated with

earson’s correlation tests, except for BW and glucose (Spearman cor-

elation test). Finally, a quadratic function regressed 1/c as a function

f the BW, as it provided better goodness of fit than a linear function.

raphPad Prism (v 8.4) was used for statistical analysis. For consistency

cross graphs, data are represented as median ± IQR, unless specified

therwise. All tests were two-tailed, and significance was set at p < 0.05.

. Results 

.1. Body weight, glucose levels, and [ 18 F]FDG plasma input function 

By experimental design, BW was significantly different among the

 categories ( p < 0.0001) ( Fig. 1 A). Specifically, the low BW group was

.24 ± 0.04 kg, the medium group was 0.37 ± 0.05 kg, and the high BW

nimals were 0.42 ± 0.06 kg. A significant difference in plasma glucose

evels was also found between the low and high BW categories (low:

.08 ± 1.33 mmol/L, high: 7.79 ± 1.62 mmol/L; p = 0.0026), while the

edium group (6.64 ± 0.99 mmol/L) did not display any significant dif-

erence ( Fig. 1 B). Besides, a significant relationship between BW and

lucose levels was observed ( r = 0.703, p < 0.0001) ( Fig. 1 C). 

[ 18 F]FDG plasma to whole blood fraction was not influenced by the

W as animals with low and high BW displayed a similar profile (Sup-

lementary Fig. 1). Overall, [ 18 F]FDG plasma fraction decreased from

.62 ± 0.01 at 2 min p.i. down to 1.07 ± 0.03 at 60 min p.i. The resulting

 

18 F]FDG plasma input function curves differed among BW categories

or injected activity ( Fig. 2 A), SUV ( Fig. 2 B), or integral of the plasma

nput function corrected by injected activity and BW ( Fig. 2 C). 
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Fig. 2. Mean plasma input function curves for different BW groups following 

correction for injected activity (A), injected activity and BW (B), or depicted as 

the area under the curve (AUC) in function of time. A difference between the 

three groups can be appreciated in all panels despite the correction approach. 

BW = body weight, ID = injected activity. 
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.2. [ 18 F]FDG PET quantification 

[ 18 F]FDG PET data were measured both dynamically (for quanti-

ative K i and MR glc ) and statically (50–60 min) (for semi-quantitative

UV, SUV glc ,%ID/g, and (%ID/g) glc ) as shown in Fig. 3 for whole brain

nd Supplementary Fig. 3 for cortex, hippocampus, thalamus, and cau-

ate putamen. No difference in the net [ 18 F]FDG influx rate K i was

easured among the 3 investigated BW groups for the whole brain

Low: 0.020 ± 0.003 ml/cm 

3 /min, Medium: 0.019 ± 0.004 ml/cm 

3 /min,

igh: 0.017 ± 0.005 ml/cm 

3 /min; F (2,23) = 1.702, p = 0.204) ( Fig. 3 A).

n the contrary, the metabolic rate of glucose MR glc differed (Low:

3.1 ± 4.9 μmol/min/100 g, Medium: 17.5 ± 3.6 μmol/min/100 g, High:

8.4 ± 3.7 μmol/min/100 g; F (2,23) = 5.275, p = 0.013) ( Fig. 3 B) with a

ignificant difference between the low and high BW groups ( p = 0.0125).
4 
The differences in BW among the 3 categories affected the semi-

uantitative measurements resulting in conflicting data dependent on

he metric used. Indeed, SUV increased with BW (Low: 2.4 ± 0.2,

edium: 2.7 ± 0.3, High: 2.8 ± 0.3; p = 0.0135) with a significant dif-

erence between the low and high groups ( p = 0.0148) ( Fig. 3 C). Simi-

arly, SUV glc increased with BW (Low: 12.8 ± 6.5, Medium: 18.4 ± 2.5,

igh: 23.3 ± 5.1; p = 0.0042) with an overestimated significant dif-

erence between the low and high BW groups ( p = 0.0029) ( Fig. 3 D).

n the other hand, %ID/g decreased with higher BW (Low: 1.03 ±
.13%, Medium: 0.79 ± 0.18%, High: 0.66 ± 0.13%; F (2,23) = 33.49,

 < 0.0001) ( Fig. 3 E), while (%ID/g) glc did not result in any difference

Low: 5.4 ± 2.2%, Medium: 4.7 ± 1.3%, High: 5.0 ± 1.1%; F (2,23) = 0.885,

 = 0.42) ( Fig. 3 F). 

.3. Body weight influences the conversion factor c 

In line with our hypothesis, the factor c was different among BW cat-

gories (Low: 107.8 ± 16.0 g/min ∗ mL, Medium: 120.4 ± 9.8 g/min ∗ mL,

igh: 138.0 ± 31.5 g/min ∗ mL; F (2,23) = 8.638, p = 0.0016) ( Fig. 4 A) with

 significant difference between the low and high groups ( p = 0.0013)

s well as the medium and high groups ( p = 0.0254). 

Importantly, as postulated in Eq. (6) , dividing SUV and SUV glc by the

actor c resulted in a simplified measure for K i and MR glc , respectively,

s demonstrated by the highly significant correlations between SUV/c

s K i ( r = 0.979, r 2 = 0.96, p < 0.0001, Fig. 4 B) and SUV glc /c vs MR glc

 r = 0.960, r 2 = 0.92, p < 0.0001, Fig. 4 C). 

.4. RatSUV and ratSUV glc are proxies for K i and MR glc 

Using the measured conversion factor c values, the regression 1/c

n function of BW was determined based on a quadratic function f(BW)

r 2 = 0.697) as shown in Fig. 5 and described as follows: 

 ( BW ) = −0 . 04425 ∗ B W 

2 + 0 . 02015 ∗ BW + 0 . 006944 (9)

here BW is the BW of the animal. 

While SUV did not correlate with K i ( r = 0.228, r 2 = 0.05, p = 0.263),

he ratSUV resulted in a good agreement ( r = 0.758, r 2 = 0.57, p < 0.0001)

 Figs. 6 A and 6 B). Similarly, although SUV glc correlated with MR glc 

 r = 0.818, r 2 = 0.67, p < 0.0001), the slope of the regression was bi-

sed (slope = 1.56) ( Fig. 6 C). On the contrary, the ratSUV glc resulted in

 stronger correlation ( r = 0.906, r 2 = 0.82, p < 0.0001) without affecting

he slope of the regression (slope = 1.00) ( Fig. 6 D). Analysis of individual

rain regions resulted in the same outcome as shown in Supplementary

igs. 4 and 5 and summarized in Supplementary Tables 1 and 2 for K i 

nd MR glc , respectively. 

. Discussion 

The commonly applied semi-quantitative metrics SUV and SUV glc as-

ume a linear multiplicative BW factor that does not correctly account

or the impact of the varying [ 18 F]FDG uptake in body fat compared to

on-fatty tissue. This effect is magnified when large weight variations

ccur over weeks and between experimental groups causing biases in the

emi-quantitative metrics. Male Sprague Dawley rats can almost double

heir weight (from 250 g to 450 g) in just five weeks ( Janvier ). In this

cenario, it is difficult to assess whether a change in SUV or SUV glc mea-

urement is attributed to weight gain, disease condition, or their inter-

ction. This study focused on the identification of a conversion method

or improved [ 18 F]FDG PET quantification based on simple and high-

hroughput static acquisition in rats. We determined a quadratic func-

ion f(BW) that can be applied to future rat experiments to convert SUV

nd SUV glc , obtained in the time interval 50–60 min p.i., by multiplying

or f(BW) as described in Eq. (9) for more stable and accurate estima-

ion of K i and MR glc . Accordingly, the derived ratSUV and ratSUV glc re-

pectively outperformed the semi-quantitative SUV, SUV glc ,%ID/g, and

%ID/g) glc , unable to correctly reflect K i and MR glc . 
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Fig. 3. Overview of [ 18 F]FDG PET measurements for the whole brain. The net [ 18 F]FDG influx rate K i (A) and the metabolic rate of glucose MR glc (B) are 

quantitative measurements and based on dynamic data with the plasma input function. SUV (C), SUV glc (D),%ID/g (E), and (%ID/g) glc (F) are semi-quantitative 

(static) approaches based on the time interval 50 to 60 min post-injection. Note the quantification discrepancies between the static and dynamic measures. # p = 0.051, 
∗ p < 0.05, ∗ ∗ p < 0.01, ∗ ∗ ∗ ∗ p < 0.0001. 
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Fig. 4. Measurement of the conversion factor c. (A) The conversion factor c significantly differs among body weight groups. SUV and SUVglc divided by c highly 

correlate with K i (B) and MR glc (C), respectively. Thus, by applying the inverse of c to SUV and SUV glc according to Eqs. (7) and 8 , it is possible to provide a simplified 

measure for K i and MR glc . 
∗ p < 0.05, ∗ ∗ p < 0.01. 

Fig. 5. Relationship of the conversion factor c in function of body weight. 

Based on the measured conversion factor c values, a quadratic function was 

obtained from the regression of the data as described in Eq. (9) . This function 

can be used to estimate the conversion factor c, ratSUV, and ratSUV glc . The 

quadratic function is shown in grey. 
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4  
In this study, we found that differences in BW are associated with

lterations in the plasma glucose levels. This relationship has been pre-

iously reported both in rodents ( Chang et al., 2015 ) as well as in hu-

ans ( Sepp et al., 2014 ; Walsh et al., 2018 ). Noteworthy, SUV glc cor-

elated with MR glc , although introducing an overestimation (slope =
.56), while SUV did not show an association with K i . By correcting

UV for the plasma glucose levels (which is associated with BW) the

roportionality of fatty/non-fatty tissue is partially taken into account.

evertheless, the application of the quadratic function f(BW) always

mproved the relationship to MR glc . 

When performing small animal dynamic PET imaging, animals must

e anesthetized during the whole scan duration, including the initial pe-

iod following [ 18 F]FDG injection. The resulting reduced cerebral glu-

ose under anesthesia ( Shimoji et al., 2004 ) does not hamper the find-

ngs of the present study as the correction method is brain uptake in-

ependent. Additionally, Hori and colleagues reported the AUCs of the

nput functions between awake and anesthetized rats to be comparable

 Hori et al., 2015 ). Since the correction method proposed is based on

UC, BW, and injected activity, it is applicable for both anesthetized

nd awake studies. 

The main advantage of the presented method is that only the BW

s required to convert SUV to ratSUV for [ 18 F]FDG quantification once
6 
he relationship for a species, strain, sex, weight range, and scan inter-

al has been established in a preceding dynamic experiment, which is

nly to be performed once. While we demonstrated its applicability for

 

18 F]FDG, such a method might be extended to other radiotracers with

n irreversible binding that can be modeled with the Patlak graphical

nalysis. 

Since there is an offset in the estimation of K i from the Patlak method

s described in Eq. (3) and SUV/c ( Eq. (6) ), the choice of the time inter-

al is relevant. As the offset is uptake dependent, it will vary in each ex-

erimental design (e.g. awake, anesthetized, fasted, disease condition,

rain region) and it cannot be estimated without measurement of the

rterial input function and dynamic acquisition. However, the offset re-

uces with time (Supplementary Fig. 2), therefore, if later time intervals

re used, its impact on the relationship between ratSUV and K i is lim-

ted. 

Alternatively to the presented method, [ 18 F]FDG tissue uptake may

e corrected with the use of a blood sample, by choosing between two

pproaches: (i) scaling an average input function curve ( Hori et al.,

015 ) to be used in the kinetic analysis or (ii) normalizing a static

ptake measure by one sample ( Hunter et al., 1996 ; Schiffer et al.,

007 ). However, scaling an average curve still requires the genera-

ion of a population-based characterization due to the differences in

nput function when large BW variations are present. Besides, it re-

ains the need for an extensive dynamic PET acquisition. Otherwise,

ormalizing by one plasma sample would not be a critical limitation

nder anesthetized condition, however, awake PET imaging in small

nimals is becoming a reality ( Miranda et al., 2019a , 2019b ) and

he need for a blood sample during an awake PET acquisition would

e extremely challenging to reconcile without inducing stress in the

nimal. 

A common alternative to SUV quantification to eliminate the weight

ependence considers SUV ratios, i.e. SUV in a VOI divided by SUV

n a reference region. However, this method is critically dependent on

he existence of a brain region not affected across experimental groups

reference region), an assumption difficult to validate a priori and which

s known not to apply to many disease models. 

We observed a significant difference in MR glc between low and high

W groups even though cerebral MR glc is regulated to remain at a rather

onstant rate. While it is unlikely that the MR glc difference was due to

he lumped constant in the range of measured plasma glucose concen-

ration levels ( Schuier et al., 1990 ), a possible reason could be a matu-

ation effect. Indeed, the different weight classes reflected different ages

s the rats of the low and high weight groups were respectively 6 and 10

eeks of age. In humans and non-human primates, the cerebral MR glc 

ncreases steadily from low values in infants to a maximum between

 and 12 years ( Herholz et al., 2004 ; Kinnala et al., 1996 ). Thus, it is
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Fig. 6. Relationship between semi-quantitative 

static and quantitative dynamic measurements for 

[ 18 F]FDG. While SUV does not correlate with the net 

influx rate K i (A), multiplying SUV for the factor f(BW) 

described in Eq. (9) provides a significant correlation 

with K i (B). Similarly, while SUV glc is associated with 

the metabolic glucose rate MR glc (C), conversion of 

SUV glc for the factor f(BW) as described in Eq. (9) im- 

proves the estimation of MR glc (D). Whole brain values 

are reported. 
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onceivable that a similar MR glc increase is present among the different

W categories. 

. Conclusion 

This study determined a quadratic function f(BW) dependent on

ody weight that converts the semi-quantitative measures SUV and

UV glc during the time interval 50–60 min p.i to proxies of K i and MR glc .

iven a defined strain, sex, age, diet, and weight range, this quadratic

unction f(BW) can be applied to all future rat experiments to correct

UV and SUV glc based on a single static [ 18 F]FDG PET scan to estimate

 i and MR glc noninvasively. 
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