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Simplified Methods for Estimation of Plasma Clearance of Iohexol

in Dogs and Cats

Isabelle Goy-Thollot, Stéphane Besse, Francois Garnier, Magali Marignan, and Paul Y. Barthez

The purpose of this study was to evaluate simplified methods for iohexol plasma clearance estimation in dogs and cats. Serial
blood samples were taken before and 5, 20, 40, 60, 80, 100, 120, 150, 180, and 240 minutes after a bolus injection of iohexol in
51 dogs and 25 cats. Iohexol plasma concentration was determined with X-ray fluorescence. Clearance was calculated by
dividing the injected dose by the area under the plasma tracer elimination curve estimated with a 2-compartment
pharmacologic model. Clearance was normalized to body surface area (BSA). The 10-point clearance was used as a reference
for the evaluation of simplified methods. A 2-sample method based on a single exponential fit and a single-sample method
based on a linear quadratic model were investigated. Simplified methods were evaluated by calculating the standard deviation
of the difference (SDD) between the clearances obtained with the simplified methods and the 10-point reference method. All
combinations of sampling times were evaluated. The best sampling times were chosen for dogs and cats as the ones yielding
the lowest SDD. Linear regression analysis was performed between the reference method and the optimized simplified
methods. The best combination of time for the 2-sample method was 5 and 120 minutes in dogs and 20 and 180 minutes in
cats. The best time for sampling in the single-sample method was 120 minutes in dogs and 80 minutes in cats. Plasma

clearance of iohexol can be estimated in dogs and cats from 1 or 2 blood samples with a reasonable margin of error.
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Limited sampling strategies for plasma clearance
procedures have been investigated extensively in
humans,'® and more recently in animals,” ' for a quick,
inexpensive, and clinically acceptable estimation of
glomerular filtration rate (GFR). Decreasing the num-
ber of samples from 12 to 4 in a 2-compartment
pharmacologic model for ?’™Tc-pentetate and '*'I-
OIH plasma clearance in dogs and cats yielded only
limited error on clearance estimation.'® Further decrease
in the number of sample requires simplification of the
pharmacologic model to a single compartment, or
making assumptions regarding tracer distribution that
could depend on demographic characteristics of the
population (ie, species, body size, age, sex, expected
clearance). Different strategies based on pharmacologic
backgrounds have been used to estimate clearance on
the basis of 1 or 2 samples. Most of these methods use
a finite population sample to establish the relationship
between clearance and tracer concentration, at given
times, with the use of linear or nonlinear regression
analysis, from which equation parameters and best
sampling times are extracted.”>>!'"!* Vvalidation of
these methods is needed to estimate the error associated
with the simplified procedure and to establish an
algorithm for simplified methods that can be used in
practice. The larger the sample, the more reliable the
simplified method will be.
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The purpose of this study was to validate a 2-sample
and a single-sample method for estimation of plasma
clearance of iohexol in dogs and cats.

Materials and Methods

Animals

Fifty-one privately owned adult dogs and 25 cats of different
breeds were included in the study. Thirty-one dogs and 19 cats were
clinically healthy. Twenty dogs and 6 cats presented at the
veterinary teaching hospital for evaluation of renal function. The
ages of the dogs ranged from 2 months to 12.5 years (mean * SD,
4.8 £ 3.6 years), and the ages of the cats ranged from 1 to
15.6 years (5.2 = 4.4 years). Body weight (BW) ranged from 2.1 to
66 kg (24.1 = 13.6 kg) for dogs and from 3 to 6.5 kg (4.2 = 1.0 kg)
for cats. All animals were well hydrated and were allowed to drink
water ad libitum during the experiment.

Procedure

Catheters were placed in 2 peripheral veins, and 1 heparinized
blood sample (2 mL) was collected. One catheter was used for
injection of the tracer and the other was used for blood collection.
The injected volume of iohexol* was 1 mL/kg in dogs and 1.5 mL/
kg in cats. Iohexol was administered as a bolus over a 30—60-second
period. The completion of the injection represented time 0. The
catheter was flushed and removed. Ten heparinized blood samples
(2 mL) were obtained at 5, 20, 40, 60, 80, 100, 120, 150, 180, and
240 minutes after injection. Blood samples were centrifuged at
3,000 X g for 15 minutes; plasma was separated and then frozen at
—30°C. Iodine concentration was measured in plasma by an X-ray
fluorescence technique.'>® Todine concentration found in the Ist
sample, taken before the injection of the tracer, was subtracted
from iodine concentration of samples taken after the injection.

Clearance Calculation

A plasma tracer elimination curve was generated from the 10
data points. A conventional 2-compartment model was used, and
the curve was fitted to a double exponential function in the form of
y = ae"* + be” ¥ by a least squares method.® The area under the
curve (AUC) was calculated from the integral of the above double
exponential function between 0 and infinity: AUC = alo + b/B.
Iohexol clearance was calculated as the injected dose divided by
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Fig 1. Linear regression analysis between 10-point clearance and
2-sample estimation (5 and 120 minutes) in 51 dogs.

AUC.3! Clearance values (mL/min) were normalized to body
surface area (BSA; mL min~' m™~?). BSA (m?) was calculated from
BW (g) by the general formula'”: BSA = K x (BW)¥10*, where K
is a shape constant (10.1 for dogs and 10.0 for cats) and « is the
mass exponent (0.71 for dogs and 0.66 for cats).'>!7!® The
normalized 10-point clearance was considered a reference for the
evaluation of simplified methods.

Two-Sample Clearance Estimation

The AUC was estimated by fitting 2 selected data points to
a monoexponential function in the form of C = Cye™“, where C is
the concentration at time #, and Cy and a are parameters calculated
from the plasma concentrations of iohexol C; and C, at times T}
and 7,. The AUC was calculated from Cy and « by integration of
the monoexponential function from 0 to infinity: AUC = Cpla.
Plasma clearance of iohexol was obtained by dividing the injected
dose by AUC. Two-sample plasma clearances were calculated with
all possible combinations of 2 points from the 10-point experi-
mental data. Clearances were normalized to BSA.

Single-Sample Clearance Estimation

The volume of distribution of the tracer V,, was calculated as the
dose injected, D, divided by the plasma concentration, C: V, = D/C.
A nonlinear regression analysis was performed between the
unnormalized 10-point plasma clearance and ¥, at a given time with
a linear quadratic model in the form of Clearance = aV;> + bV, + ¢.
The parameters of the regression equation were determined for dogs
and cats for all sampling times. Clearances then were estimated from
the linear quadratic equation and normalized to BSA.

Statistical Analysis

The mean and standard deviation of the difference (SDD)
between the simplified single- and 2-sample methods, and the 10-
point reference clearance were determined for all combinations of
sampling times for the 2-sample method and for all sampling times
for the single-sample method. The combination of time yielding the
smallest SDD between the 10-point reference and the simplified
method was selected as the optimum. A linear regression analysis
was performed between the 10-point reference method and each
optimized simplified method. The concordance correlation co-

efficient, Pearson correlation coefficient, and accuracy coefficient
were computed for each optimized simplified method.'® Signifi-
cance was set at P < .05.

Results
Two-Sample Method

In dogs, 10-point iohexol plasma clearance ranged
from 7.8 to 115.4 mL min ' m~2. The smallest SDD
was obtained for the combination of sampling times 5
and 120 minutes (SDD = 6.99, mean = —0.16). Linear
regression analysis between the 10-point reference
clearance and the 2-sample clearance (5, 120) yielded
a regression equation not significantly different from the
line of identity (Fig 1) with coefficient of determination
R? = .9009. Concordance coefficient was .930 (Pearson
= .949, accuracy coefficient = .980).

In cats, 10-point iohexol plasma clearance ranged
from 6.10 to 72.85 mL min~ ' m™~ % The smallest SDD
was obtained for the combination of sampling times 20
and 180 minutes (SDD = 2.42, mean = —1.55). Linear
regression analysis between the 10-point reference
clearance and the 2-sample clearance yielded a regression
equation not significantly different from the line of
identity (Fig 2) with coefficient of determination R> =
.9700. Concordance coefficient was .939 (Pearson =
.985, accuracy coefficient = .954).

Single-Sample Method

In dogs, the smallest SDD was obtained for the 120-
minute sampling time (SDD = 9.9, mean = —1.1). Linear
quadratic regression analysis between ¥V, of iohexol at
120 minutes and the unnormalized 10-point clearance
yielded the following regression equation (R*> = .9473).

Clearance (120 minutes) = —0.0099 V'
+2.8436V,—4.9238
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Fig 2. Linear regression analysis between 10-point clearance and
2-sample estimation (20 and 180 minutes) in 25 cats.
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Fig 3. Linear regression analysis between 10-point clearance and
single-sample estimation (120 minutes) in 51 dogs.

Linear regression analysis between the 10-point
reference clearance and the estimated single sample
clearance (120 minutes) yielded a regression equation
significantly different from the line of identity with
coefficient of determination R> = .8529 (Fig 3).
Concordance coefficient was .895 (Pearson = .925,
accuracy coefficient = .970).

In cats, the smallest SDD was obtained for the 80-
minute sampling time (SDD = 4.17, mean = —0.3).
Linear quadratic regression between V, of iohexol at
80 minutes and the unnormalized 10-point clearance
yielded the following regression equation (R* = .9487).

Clearance (80 minutes)= —0.3088 V7 +5.833V, —2.4825

Linear regression analysis between the 10-point
reference clearance and the estimated single-sample
clearance (80 minutes) yielded a regression equation
not significantly different from the line of identity with
coefficient of determination R> = .9378 (Fig 4).
Concordance coefficient was .930 (Pearson = .968,
accuracy coefficient = .960).

Discussion

The results of this study confirm that plasma
clearance of a glomerular tracer can be estimated by
both 2- and single-sample methods, with an acceptable
margin of error, compared with plasma clearance
calculated with a single injection, 2-compartment
method in dogs and cats. The results presented herein
are in agreement with previous studies in dogs and cats,
with the same or a different tracer and support of the
use of a simplified plasma clearance method for routine
glomerular filtration rate (GFR) estimation in clinical
practice.”?>?! Normalization was performed before
calculating error associated with simplified methods,
because normalized clearances are used in clinical
practice. Unnormalized clearances have a larger range
than normalized clearances with a potential positive
effect on regression analysis and calculation of co-
efficient of determination. Normalization to BSA was
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Fig 4. Linear regression analysis between 10-point clearance and
single-sample estimation (80 minutes) in 25 cats.

used because it has been shown to be the optimal
method of normalization in dogs."’

Iohexol is an iodinated, water-soluble, nonionic, low-
osmolar contrast medium that has been shown to be
a good alternative to inulin and radioactive tracers
for estimation of GFR in human,?** pig,24 horse,®
dog,” %7 and cat.?®* Advantages of iohexol over other
tracers include lack of radiation hazard and associated
radiation protection measures, its availability, the ease
of measuring plasma concentration, and the possibility
of remote and delayed assay.’® Iodine is stable in
plasma, allowing samples to be frozen for several weeks
or sent by mail, which could simplify procedures and
might be attractive for small-animal practitioners, who
can send serum samples to a reference laboratory.*® In
this study, X-ray fluorescence was chosen for the ease of
measuring plasma iodine concentration with a commer-
cially available analyzer at a relatively low cost.'> The
amount of iodine injected was determined by the limit of
detectability of iodine in plasma with X-ray fluores-
cence, and was estimated so that iodine could be
measured in normal animals for the duration of the
clearance procedure (4 hours). A relatively high concen-
tration of iodine (300 mg I/mL) was used to reduce the
volume to be injected.

Disadvantages of iohexol over other tracers might
include a large injection volume in large dogs and
potential nephrotoxic effects of the contrast medi-
um.*>262731 Although acute nephrotoxicity of water-
soluble iodinated contrast media has been reported in
humans, several studies failed to demonstrate contrast
medium-induced acute renal failure in animal mod-
els.’>3? In addition, there has been evidence of fewer
adverse effects of nonionic low-osmolar contrast media,
including iohexol, over ionic, high osmolar contrast
media.** Acute effects of low-osmolar contrast media on
renal function have not been demonstrated in hu-
and iohexol plasma clearance has been
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considered a safe procedure even in high-risk pa-
tients.>'*%7 Adverse effects after IV administration of
iodinated contrast media have been reported rarely in
dogs and cats, suggesting an even lower incidence of
adverse reaction to IV injection of iohexol in these
species. No adverse reaction was observed in this study
and in other studies in dogs and cats using iohexol for
GFR estimation.?®?3 273 Moreover, no effect of
consecutive iohexol injections on GFR was identified
in dogs.>

Iohexol distribution space in the body is the
extracellular volume and can be described with a 2-
compartment pharmacokinetic model, including the
plasma as the 1st compartment and the interstitial space
as the 2nd compartment.*'®?* Its protein binding is
negligible (<1%) and almost 100% is recovered un-
metabolized in the urine 24 hours after an IV injection.*”
A conventional 2-compartment pharmacokinetic model
was chosen as the reference method in this study for
calculation of the area under the curve, because it
describes accurately the distribution of contrast medium
in the body.*'®

The use of 10 samples to estimate plasma clearance of
a tracer and a 2-compartment model is an accurate
method when performing curve fitting with nonlinear
regression analysis, but it is time-consuming and
expensive and could be stressful for debilitated patients.
Efforts to reduce the number of samples is justified by
both cost effectiveness and patient well-being. The
minimum number of samples required to calculate
plasma clearance with a 2-compartment pharmacologic
model is 4, because 4 unknown parameters must fit
in the double exponential equation.'” Below 4
samples, assumptions have to be made regarding the
volumes of distribution and the exchange rate of the
tracer between the 2 compartments. Regression equation
and appropriate sampling times must be empirically
determined, resulting in greater error in clearance
estimation.’

The 2-sample method presented herein was based on
monoexponential estimation of the AUC with appro-
priate sampling times.” A 2-compartment pharmacolog-
ic model still was assumed, but the error associated with
the use of a single exponential function to fit the data
points was minimized by use of a selected combination
of sampling times. Another possibility to minimize error
when using 2 samples is to 1st calculate clearance by use
of the AUC corresponding to the late monoexponential
part of the time-concentration curve, and to correct the
calculated clearance with an empirically established
equation, to take into account, the early phase.’®"2°
Both methods have been validated, but the method used
in this study has been shown to yield less error in
clearance estimation.” The difference in the best
combination of sampling times for dogs (5 and
120 minutes) and cats (20 and 180 minutes) found in
this study probably reflects differences in the population
and mean clearance. Best combination of sampling times
for the same method, but using *°™Tc-pentetate in
a group of 21 dogs and 18 cats, was 20 and 180 minutes
in both dogs and cats.’

Single-sample methods of clearance estimation are
based on a nonlinear relationship between clearance and
volume of distribution at a given time.**'** The error
associated with the use of a single-sample method was
greater than with a 2-sample method, and the benefit of
reducing the number of samples from 2 to 1 might not
compensate for the increase in error. The linear
quadratic equation has been shown to give a better
estimate of GFR,” and the optimal sampling time has
been shown in humans to be dependent of clearance
itself.*° In a similar study that used **™Tc-pentetate,’
optimal sampling times have been shown to be different
in dogs (120 minutes) and cats (90 minutes), which
closely matches the results of this study (dogs, 120 min-
utes; cats, 80 minutes).

Footnotes

#Omnipaque 300 (300 mg I/mL),Nycomed Imaging AS, Oslo,
Norway

> Oxford Lab-X-3000, Oxford Instrument Sarl, Orsay, France

¢ Excel 2000 ® Microsoft Corporation, Redmond, WA
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