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This work addresses the issue of using 18F-FDG PET in patients
with renal failure. Methods: A model analysis has been devel-
oped to compare tissue 18F-FDG uptake in a patient who has
normal renal function with uptake in a theoretic limiting case
that assumes tracer plasma decay is tracer physical decay and
is trapped irreversibly. Results: This comparison has allowed
us to propose, in the limiting case, that the usually injected activ-
ity be lowered by a factor of 3. We also proposed that the PET
static acquisition be obtained at about 160 min after tracer injec-
tion. These 2 proposals were aimed at obtaining a similar patient
radiation dose and similar tissue 18F-FDG uptake. Conclusion:
In patients with arbitrary renal failure (i.e., between the 2 ex-
tremes of normal function and the theoretic limiting case), we
propose that the injected activity be lowered (without exceeding
a factor of 3) and that the acquisition be started between 45 and
160 min after tracer injection, depending on the severity of renal
failure. Furthermore, the model also shows that the more severe
the renal failure is, the more overestimated is the standardized
uptake value, unless the renal failure indirectly impairs tissue
sensitivity to insulin and hence glucose metabolism.
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An 18F-FDG PET examination begins with the intravenous
injection of the tracer. Then, from blood, the tracer enters tissue
cells, where it is phosphorylated and hence trapped. Con-
versely, the tracer can be dephosphorylated and therefore
can go back to the blood while being simultaneously cleared
from the blood by the kidneys. For simplicity, the 18F-FDG
blood time–activity curve can be assumed to exponentially
decrease within a time period T1/2. The value of this constant
is critical since it is required to manage the acquisition
timing (1,2) and to assess the tracer residence time (t 5 1.44
T1/2), which is involved in the patient radiation dose (3–5).

To the best of our knowledge, the issue of how to use
18F-FDG PET in patients with renal failure has not yet been
considered, except when intravenous CT contrast material is to
be applied (6). The aim of this work was to establish a model
describing tissue 18F-FDG uptake in a theoretic limiting case
that has allowed us to propose landmark injected activities and
acquisition timings for use in clinical practice to reduce the
radiation dose to the patient and medical staff.

MATERIALS AND METHODS

The limiting case is defined by theoretic conditions that lead,
after an arbitrary 18F-FDG injected activity, to the highest possible
patient radiation dose and the longest possible time to peak tracer
activity in the tissue. The first condition (highest possible dose) is
fulfilled by assuming that the tracer plasma decay is the tracer
physical decay (no biologic decay). The second condition (longest
possible time to peak) is fulfilled with the first condition and by
assuming that the tracer is trapped irreversibly.

In patients with normal renal function, a 2-compartment model
(the blood pool is counted as 1 compartment) has been proposed
to quantify the 18F-FDG uptake rate in tissues, assuming the tracer
is trapped irreversibly (1). At the steady state, the rate of trapped
tracer change per tissue volume unit dCT/dt is

dCT=dt 5 KCpðtÞ 2 lCTðtÞ; Eq. 1

where K is the uptake rate constant, l is the 18F physical decay
constant (l 5 Log2/110 min21), and Cp(t) is the tracer concen-
tration in the plasma at any time t. For simplicity, let us assume
that Cp(t) decays monoexponentially:

CpðtÞ 5 Cpðt 5 0Þe2at; Eq. 2

with a 5 (Log2)/T1/2. In patients with normal renal function, T1/2

involves both the physical and the biologic decay of the tracer.
Furthermore, Cp(t 5 0) is usually assessed by the ratio of the
injected activity to the patient’s weight, assuming that the patient’s
weight is proportional to the patient’s volume (Cp(t 5 0)� Ainj/W)
(7). The solution of Equation 1 is

CTðtÞ 5 Ke2lt

Z t

0

CpðtÞeltdt: Eq. 3

Therefore, the equation of the time–activity curve of trapped
18F-FDG per tissue volume unit is

Received Dec. 5, 2007; revision accepted Sep. 23, 2008.
For correspondence contact: Eric Laffon, Service de Médecine Nucléaire,
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lCTðtÞ 5 lKCpðt 5 0Þ½ðe2lt 2 e2 atÞ=ða 2 lÞ�: Eq. 4

Furthermore, let us note that dividing Equation 4 by lCp(t)
yields a ratio R, which reflects the tumor-to-background ratio.

In the limiting case, when only the physical decay of the tracer
occurs, that is, T1/2 5 110 min (a 5 l), the equation of the time–
activity curve of trapped 18F-FDG per tissue volume unit becomes

lCTðtÞ 5 lKCpðt 5 0Þte2lt: Eq. 5

Furthermore, dividing Equation 5 by lCp(t) yields a ratio R that
is quite simple:

R 5 lCTðtÞ=ðlCpðtÞÞ 5 Kt: Eq. 6

RESULTS

Figure 1 shows the 18F-FDG blood time–activity curves for
T1/2 5 110 and 37 min, that is, in the limiting case and in
patients without renal failure, respectively. The value of 37
min has been derived from a3 5 0.0125 1 0.0063 min21 by
Hunter et al., when the tracer physical decay is considered (8).

Figure 2 shows theoretic 18F-FDG tissue time–activity
curves from Equation 4 (T1/2 5 37 min) and Equation 5
(T1/2 5 110 min). The value of K has been arbitrarily set to
0.05 min21 (9). The maximal tracer activity in the tissue
occurs at about t 5 85 and 160 min, for T1/2 5 37 and
110 min, respectively. At t 5 160 min, the value of CT(t)
for T1/2 5 110 min is 2.3 times greater than that at t 5 45
min for T1/2 5 37 min. At the peak times, the value of CT(t)
for T1/2 5 110 min is 1.9 times greater than that for T1/2 5

37 min, respectively. At t 5 60 min after 18F-FDG injec-
tion, the value of CT(t) for T1/2 5 110 min is 1.4 times
greater than that for T1/2 5 37 min. When a triexponential
input function is used (patients with normal renal function),
the tracer activity peak is near that obtained with a
monoexponential input function (,5 min difference).

The patient radiation dose depends on T1/2 by way of the
residence time; consequently, for the same amount of in-
jected activity the factor of increase is about 3 (�110/37) in
the limiting case, compared with patients with normal
renal function.

Figure 3 shows the ratio R versus the time delay between
injection and acquisition for T1/2 5 37 and 110 min: R is the
ratio of the curves in Figure 2 to those in Figure 1. The
values of R for T1/2 5 37 min in the 45- to 60-min range are

similar to those found for T1/2 5 110 min in the 60- to 90-min
range. The value of R for T1/2 5 37 min at t 5 45 min is
2.7 times lower than that for T1/2 5 110 min at t 5 160 min.

DISCUSSION

A 2-compartment model has allowed us to compare the
time–activity curve of 18F-FDG tissue uptake in patients who
have normal renal function with that of a theoretic limiting
case that leads to the highest possible patient radiation dose
(for an arbitrary injected activity) and the longest possible
time to peak tracer activity in tissues. The conditions of this
limiting case have been arbitrarily set to define extremes for
tracer activities to be injected and acquisition times. The
condition of the highest possible patient radiation dose is
achieved when one assumes that the plasma decay of the
tracer is the tracer physical decay. The second condition is
fulfilled with the first condition since the tracer plasma
decay is the longest one possible, and the second condition
also requires the tracer to be trapped irreversibly because the
occurrence of a release rate constant can lessen the time to
peak tracer activity (2). An anuric patient might fulfill the
first condition but would not fulfill the second condition.
Indeed, the anuric-patient radiation dose is the highest
possible, even if some tracer is taken up in whole-body
tissues; however, this last feature is not exactly compatible
with the second condition of the proposed framework, that is,
the longest possible time to peak tracer activity in tissues
(even if the tracer may be partly released back to the blood).
Furthermore, the model presented here assumes that, in
patients with normal renal function, the 18F-FDG blood
time–activity curve monoexponentially decays after the
injection, although it has been shown that the 18F-FDG
plasma clearance was triexponential (8). It is suggested that,

FIGURE 1. Theoretic 18F-
FDG blood time–activity
curve for T1/2 5 37 min
(patient with normal renal
function) (1) and T1/2 5 110
min (limiting case) (2). Value
of lCp(t 5 0) has been
arbitrarily set to 1. a.u. 5

arbitrary unit.

FIGURE 2. Theoretic 18F-
FDG tissue time–activity
curve from Equation 4 for
T1/2 5 37 min (1) and from
Equation 5 for T1/2 5 110
min (2). Values of lCp(t 5 0)
and K have been arbitrarily
set to 1 and 0.05 min21,
respectively. a.u. 5 arbitrary
unit.

FIGURE 3. Ratio R vs.
time delay between 18F-
FDG injection and PET ac-
quisition for T1/2 5 37 min
(patient with normal renal
function) (1) and T1/2 5 110
min (limiting case) (2).
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in a first approximation, the use of a monoexponential input
function in this work may be justified: the third exponential
function of a triexponential input function represents the
major portion of the whole-blood 18F-FDG available to the
tumor, 89% by Hunter (8); the 18F-FDG tissue time–activity
curves using a tri- or monoexponential input function are
similar; and this work emphasizes PET beyond 1 h after the
tracer injection, when the third part of a triexponential input
function plays the only role.

The comparison of the 18F-FDG tissue time–activity curve
in the limiting case with that of a patient who has normal
renal function (Fig. 2) shows that the more severe the renal
failure is, the longer is the blood tracer availability to the
tissue, the greater is 18F-FDG tissue uptake, and the later
does tracer activity in the tissue maximize (with a limit of
160 min). This reasoning may be extended to the standard-
ized uptake value (SUV) of a tissue, which includes trapped
tracer, that is, CT(t) (Eqs. 4 and 5), and free tracer in the
blood and interstitial volumes. Consequently, in patients with
renal failure, the tissue SUV should be overestimated (when
comparing 2 similar patients with and without renal failure
and using similar PET examination parameters). As an
example, although free tracer in the blood and interstitial
volumes is not considered in the present model, Figure 2
shows that at 60 min after 18F-FDG injection, the tissue SUV
might be about 1.4 times greater in the limiting case than in a
patient with normal renal function. However, the tissue SUV
should be overestimated in patients with renal failure unless
the failure indirectly impairs tissue sensitivity to insulin and
hence glucose metabolism (10). Indeed, besides results in
various tissues showing an SUV overestimation, Minami-
moto et al. reported a small but significant decrease of
18F-FDG accumulation in the brains of patients with sus-
pected renal failure, compared with healthy volunteers (11).
Although the relationship between kidney disease and insu-
lin resistance of the brain is not known, these authors
discussed this particular result with the results of other
investigators studying diabetes (12,13).

This work presents 2 extremes, that is, normal renal
function and a theoretic limiting case, whereas real patients
present a spectrum of renal function between these 2 ex-
tremes. Therefore, in current clinical practice, this work leads
us to propose landmark injected activities and acquisition
times for the use of 18F-FDG PET in patients with renal
failure. To obtain a patient radiation dose and tissue 18F-FDG
uptake similar to those of patients without renal failure, and to
reduce the dose to the medical staff, we suggest that the
injected activity be lowered and that the static PET acquisition
be obtained later, depending on the severity of renal failure:
the more severe the failure, the lower the injected activity and
the later the imaging. Although the model does not allow us to
accurately propose what activity should be injected and what
imaging timing should be used in a patient with arbitrary renal
failure (i.e., between the 2 extremes of normal function and
the theoretic limiting case), the model nevertheless suggests
that it is not necessary to divide the usually injected activity

by a factor of more than 3 or to start the imaging beyond t 5

160 min after injection. Indeed, the study of the limiting case
shows that to obtain a similar radiation dose to that of patients
without renal failure, the injected activity should be divided
by a factor of 3 and that one cannot fully compensate for such
a lowering factor by performing the acquisition at t 5 160
min, since the value of CT(t) for T1/2 5 110 min is ‘‘only’’ 2.3
times greater than that at t 5 45 min for patients with normal
renal function (usual timing in current practice). However, the
ratio R, reflecting the tumor-to-background ratio, for T1/2 5

110 min at t 5 160 min is 2.7 times greater than that for
T1/2 5 37 min at t 5 45 min.

CONCLUSION

This work shows that 18F-FDG PET in patients with renal
failure can be achieved with an optimized radiation dose,
without reducing the tracer tissue uptake: the more severe
the renal failure, the lower the injected activity (without
exceeding a factor of 3) and the later the imaging (without
necessarily beginning the acquisition beyond 160 min after
injection). Furthermore, the model also shows that the more
severe the renal failure is, the more overestimated is the
SUV, unless the renal failure indirectly impairs tissue sen-
sitivity to insulin and hence glucose metabolism.
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