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Accurate assessment of renal function is required in 
many clinical settings. Indications for screening 

of renal function include animals with nonazotemic 
polyuria or mild increases in plasma creatinine concen-
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Objective—To compare pharmacokinetics and clearances of creatinine and iohexol as 
estimates of glomerular filtration rate (GFR) in dogs with various degrees of renal function.
Animals—50 Great Anglo-Francais Tricolor Hounds with various degrees of renal function.
Procedures—Boluses of iohexol (40 mg/kg) and creatinine (647 mg/kg) were injected IV. 
Blood samples were collected before administration and 5 and 10 minutes and 1, 2, 4, 6, and 
8 hours after administration. Plasma creatinine and iohexol concentrations were assayed 
via an enzymatic method and high-performance liquid chromatography, respectively. A 
noncompartmental approach was used for pharmacokinetic analysis. Pharmacokinetic 
variables were compared via a Bland-Altman plot and an ANOVA.
Results—Compared with results for creatinine, iohexol had a significantly higher mean ± 
SD plasma clearance (3.4 ± 0.8 mL/min/kg vs 3.0 ± 0.7 mL/min/kg) and a significantly lower 
mean volume of distribution at steady state (250 ± 37 mL/kg vs 539 ± 73 mL/kg), mean 
residence time (80 ± 31 minutes vs 195 ± 73 minutes), and mean elimination half-life (74 ± 
20 minutes vs 173 ± 53 minutes). Despite discrepancies between clearances, especially for 
high values, the difference was < 0.6 mL/min/kg for 34 (68%) dogs. Three dogs with a low 
GFR (< 2 mL/min/kg) were classified similarly by both methods.
Conclusions and Clinical Relevance—Plasma iohexol and creatinine clearances can be 
used interchangeably for screening patients suspected of having chronic kidney disease (ie, 
low GFR), but large differences may exist for dogs with a GFR within or above the reference 
range. (Am J Vet Res 2012;73:1841–1847)

tration, breeds with a predisposition to familial renal 
disease, presurgical or posttreatment monitoring, and 
dosage adjustment for drugs excreted by the kidneys.

Glomerular filtration rate is considered to be 
the best overall indicator of renal function.1 Urinary  
clearance methods that involve the use of inulin or cre-
atinine are considered as reference methods for GFR 
measurement but are tedious and time-consuming for 
practitioners. Alternatives to urinary clearance meth-
ods are plasma clearance methods, which require only 
IV injection of a bolus of the marker and collection of 
serial blood samples. Pitfalls surrounding the use of the 
simpler plasma clearance methods have been reviewed.2
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ABBREVIATIONS
AUC Area under the plasma concentration-  
   versus-time curve
CKD Chronic kidney disease
GFR Glomerular filtration rate
MRT Mean residence time
PECC Plasma exogenous creatinine clearance
PIoxC Plasma iohexol clearance
Vdss Volume of distribution at steady state
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The most common GFR markers that have been 
used for such an approach in dogs are creatinine and 
iohexol. The use of PECC3,4 and PIoxC5–7 has been 
validated for GFR estimation in dogs. The PECC and  
PIoxC have been used in dogs with various clinical con-
ditions or clinical situations. For example, PECC has 
been used in the evaluation of naturally occurring renal 
and nonrenal diseases,8 CKD secondary to leishmani-
asis,9 chronic valvular disease,10 renal safety of cardiac 
drugs,11 and hypothyroidism12,13; PIoxC has been used 
in the evaluation of pyometra,14 experimentally induced 
heart failure,15 and cholecalciferol-induced toxicosis.16

Distinct advantages exist for PECC and PIoxC. A 
major advantage of PECC is that assay of creatinine 
concentrations is cheap and available in most veterinary 
practices, which allows immediate analysis. However, 
there currently is no commercially available formula-
tion for creatinine, which thus restricts the use of PECC 
to research and academic centers. Assay of iohexol con-
centrations is more expensive and is performed in only 
a limited number of laboratories throughout the world.

In addition, PECC and PIoxC have the practical 
advantages of being plasma clearance methods that 
have been validated separately against criterion-stan-
dard methods (eg, inulin or creatinine clearance).4,17 
However, to our knowledge, they have not been com-
pared in a large field population of dogs to determine 
whether PECC and PIoxC can be used interchangeably 
or whether there is an advantage for one over the other 
when screening a population of potentially diseased 
dogs. Discrepancies between the 2 methods could be 
problematic for screening of patients and when con-
ducting research in canine nephrology. Thus, interpre-
tation of the results could differ vastly on the basis of 
the marker used.

For the study reported here, our hypothesis was 
that PECC and PIoxC can be used interchangeably. The 
primary objective of the study was to compare the plas-
ma clearances of creatinine and iohexol in a population 
of dogs that were naturally exposed to renal pathogens 
and had various degrees of renal function. The second-
ary objective was to compare other pharmacokinetic 
variables to provide additional information about the 
disposition of each marker.

Materials and Methods
Animals—Great Anglo-Francais Tricolor Hounds 

in a client-owned colony of dogs were used in the study. 
All were hunting dogs housed in an outdoor kennel 
in the area of Toulouse in southern France. All dogs 
were fed the same homemade diet, which was primar-
ily composed of poultry meat. The dogs were vacci-
nated against canine distemper, hepatitis, parvovirus, 
and leptospirosis; all dogs received regularly scheduled  
anthelmintic treatments. The colony was selected for 
use because of expected wide interindividual variation 
in renal function at the level where GFR testing often 
will be clinically indicated (ie, nonazotemic or mildly 
azotemic dogs at risk for development of CKD).

During the last 5 years preceding the study, the 
colony had a history of CKD, which caused the death 
of 9 of 50 (18%) dogs. The onset of clinical CKD was 
generally diagnosed when dogs were between 2 and 5 

years of age, and most dogs died within 6 months af-
ter the initial diagnosis of CKD. The diagnosis of CKD 
was based on clinicopathologic findings (ie, azotemia, 
proteinuria, and isosthenuria). Bacterial infections 
(Leptospira spp and Escherichia coli) were diagnosed in 
some dogs. Hepatozoonosis (caused by Hepatozoon ca-
nis) and babesiosis (attributable to Babesia canis) were 
also diagnosed in many dogs. Recurrent infections were 
considered to be a more likely cause of CKD than was 
a genetic disease. Tick control, more frequent vaccina-
tion against leptospirosis, and regularly scheduled wa-
ter intake during hunting season were recommended.

Assessment of GFR was proposed to identify dogs 
with subclinical renal impairment. Dogs with renal im-
pairment could subsequently be subjected to a more 
extensive diagnostic evaluation. The owner provided 
informed consent for use of the dogs in the study, and 
the study was performed in accordance with French le-
gal animal welfare regulations.

GFR evaluation—A complete physical examina-
tion was performed on each dog shortly before GFR 
evaluation. A blood sample was collected before the ad-
ministration of iohexol and creatinine for plasma bio-
chemical and hematologic evaluation.

Creatinine solution (80 mg/mL) was prepared 
the day before testing by dissolving anhydrous creat-
ininea in distilled water. The solution was sterilized 
by filtration through a 0.2-µm filter and collected in 
sterile bottles, as previously described.4,18 The nomi-
nal dose of creatinine was 40 mg/kg (ie, 0.5 mL of 
creatinine solution/kg). A commercially available 
formulation of iohexolb was used (647 mg of iohexol/
mL, which corresponded to 300 mg of iodine/mL). 
The nominal dose of iohexol was 647 mg/kg (ie,  
1 mL of iohexol solution/kg).

Food was withheld from the dogs overnight. Both 
solutions were administered between 8:30 AM and 11:00 
AM by injection through an indwelling catheter inserted 
in the right cephalic vein. The iohexol solution was ad-
ministered first, followed immediately by administra-
tion of the creatinine solution. The catheter was then 
rinsed with 2 to 3 mL of saline (0.9% NaCl) solution 
and immediately removed. Blood samples (2 mL) were 
collected in heparin lithium tubes via direct venipunc-
ture of the left cephalic vein immediately before (time 
0) and 5 and 10 minutes and 1, 2, 4, 6, and 8 hours after 
administration. Samples were centrifuged, and plasma 
was harvested and stored at –20°C until laboratory 
analysis. Water was available ad libitum throughout the 
8-hour blood collection period. Dogs were fed immedi-
ately after the 8-hour blood collection period.

Assay of creatinine and iohexol concentrations—
All samples were analyzed for creatinine concentrations 
within 2 weeks after blood collection and for iohexol 
concentrations within 3 months after blood collection. 
This duration of storage was acceptable on the basis of 
previously published stability data (storage for up to 8 
months for creatinine in dogs19 and 2 months20 and > 1 
yearc for iohexol in humans).

Plasma creatinine assays were performed with an 
enzymatic method via a dry-slide biochemical analyzerd 
at the National Veterinary School of Toulouse. Quality 
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control was based on weekly measurement of control 
solutionse,f with known concentrations of creatinine 
(87 and 523 µmol/L). Repeatability of the assay was 
estimated via assessment of 10 consecutive replicates 
of the same batch of control solutions and was < 1%. 
Within-laboratory imprecision was estimated by use of 
weekly single measurements of creatinine of the same 
batch of control solutions for a period of 10 consecutive 
weeks. It was 3.1% and 1.6% for the control solutions 
with creatinine concentrations of 87 and 523 µmol/L, 
respectively.

Plasma iohexol concentration was determined via 
high-performance liquid chromatography17 at the Nor-
wegian School of Veterinary Science. Plasma standard 
solutions (1, 10, 50, 100, and 250 µg of iohexol/mL) were 
made by diluting the iohexol stock solution (647 g/L, 
which corresponded to 300 g of iodine/L) with pooled 
plasma obtained from 10 healthy dogs from which food 
had been withheld. Protein was removed from samples 
and standards by the addition of 1 volume of a mixture 
of acetonitrile and ethanol (1:1 [vol/vol]), after which 
samples and standards were incubated overnight and 
then centrifuged at 15,000 X g for 30 minutes. The su-
pernatant was diluted by the addition of 3 volumes of 
high-performance liquid chromatography–grade water 
before injection into the chromatograph. All steps were 
performed at 4°C. Iohexol consists of 2 stereoisomers, 
endoiohexol and exoiohexol, with the exoiohexol form 
yielding the dominant peak. The iohexol concentration 
was calculated from the height of the exoiohexol absor-
bance peak, as previously described.17

Pharmacokinetic analysis—All analyses were  
performed with pharmacokinetic software.g Data for 
plasma iohexol and creatinine concentrations were 
subjected to noncompartmental analysis via a statistical 
moment approach. For creatinine, the concentration 
used for data analysis corresponded to the measured 
value minus the basal value (ie, plasma concentration 
at time 0). The preinjection value was considered rep-
resentative of the basal plasma concentration of creati-
nine, as reported elsewhere.4

The AUC was calculated via the trapezoidal rule 
with extrapolation to infinity by use of the following 
equation:
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phase. Plasma clearance of each substance was deter-
mined by dividing the dose administered by the AUC. 
The Vdss, MRT, and elimination half-life were also cal-
culated, as described elsewhere.21

Statistical analysis—Statistical analyses were per-
formed with commercially available software.h Results 
were expressed as mean ± SD. Normality of the pharma-
cokinetic variables was assessed with the Kolmogorov-
Smirnov test. The plasma clearance of iohexol and that 
of creatinine were compared via a Bland-Altman plot. 
The difference between PECC and PIoxC was plotted 

Figure 1—Related dogs among the population of 50 Great Anglo-Francais Tricolor Hounds used for evaluation of GFR via measurement 
of plasma concentrations of iohexol and creatinine. Thirty-three male (white squares) and female (white circles) dogs (each of which is 
indicated by a study identifier [eg, G1]) were related, including 1 female dog with a low GFR (black circle). Seventeen dogs, including 2 
dogs with a low GFR, were not related to any of the other dogs in the study population and are not indicated here.

11-07-0259r.indd   1843 10/22/2012   1:23:48 PM



1844   AJVR, Vol 73, No. 11, November 2012

against the mean for the 2 methods.22 The effect of the 
marker on the value of each pharmacokinetic vari-
able, including PECC and PIoxC, was analyzed via an  
ANOVA. Values of P < 0.05 were considered significant.

Results

Animals—Fifty dogs (27 males and 23 females) 
were included in the study. Thirty-three dogs were re-
lated (Figure 1). Mean ± SD body weight was 34.3 ± 
4.9 kg (range, 24.1 to 44.0 kg), and mean age was 3.9 
± 2.3 years (range, 0.7 to 8.5 years). Physical examina-
tion conducted before injection of iohexol and creati-
nine revealed left basal systolic heart murmur in 1 dog, 
small cutaneous wounds in 5 dogs, and lymph node 
hypertrophy in 21 dogs. Plasma variables and PCV 
were determined (Table 1). All dogs had abnormally 
high total plasma protein concentrations (between 67 
and 88 g/L), except for 2 dogs. Four dogs were mildly 
azotemic. Two dogs had a slight increase in plasma con-
centrations of both urea (11.6 and 17.2 mmol/L) and 
creatinine (169 and 140 µmol/L). One dog had a slight 
increase in the plasma creatinine concentration (137 
µmol/L), whereas another dog had a slight increase in 
the plasma urea concentration (12.8 mmol/L). Activi-
ties for alanine aminotransferase and alkaline phospha-
tase were abnormally high in 4 and 2 dogs, respectively. 
Other findings were unremarkable.

Pharmacokinetic analysis—The actual mean ± SD 
dose of creatinine and iohexol administered was 38 ± 
2 mg/kg and 616 ± 26 mg/kg, respectively. No adverse 
effects were noticed after injection of the GFR mark-
ers, except for 1 dog that vomited during administra-
tion of the iohexol solution. Plasma concentrations of 
creatinine and iohexol over time were plotted (Figures 
2 and 3). The extrapolated part of the AUC represented 
a mean ± SD of 10.5 ± 6.0% and 1.1 ± 2.0% of the to-
tal AUC for creatinine and iohexol, respectively. The  
extrapolated part of the AUC was < 20% for 46 of 50 
creatinine AUCs and for all 50 iohexol AUCs.

Pharmacokinetic variables for creatinine and  
iohexol were determined (Table 2). A significant differ-
ence between creatinine and iohexol was detected for 
plasma clearance (P = 0.001), Vdss (P < 0.001), elimi-
nation half-life (P < 0.001), and MRT (P < 0.001).

Agreement between PECC and PIoxC was evalu-
ated via a Bland-Altman plot (Figure 4). The number of 
dogs for which the absolute difference between PIoxC 
and PECC was < 0.2, < 0.4, < 0.6, < 0.8, < 1, and > 1 
mL/min/kg was determined (Table 3). The largest dif-
ferences between PIoxC and PECC were detected for 
dogs with a GFR within or above the reference interval.

Three dogs had a PECC and PIoxC < 2 mL/min/
kg. The PECC and PIoxC for each of these dogs were 

   Reference
Variable Mean ± SD Range interval

Glucose (mmol/L) 5.1 ± 0.7 3.6–6.3 3.7–8.2
Urea (mmol/L) 4.1 ± 3.1 1.2–17.2 1.6–10.9
Creatinine (µmol/L) 75 ± 22 55–169 44–133
Sodium (mmol/L) 153 ± 8 115–163 138–148
Potassium (mmol/L) 4.7 ± 0.2 3.9–5.4 3.5–5.0
Chloride (mmol/L) 119 ± 3 114–125 110–118
Total calcium (mmol/L) 2.8 ± 0.1 2.5–3.1 2.4–3.0
Phosphate (mmol/L) 1.8 ± 0.3 1.3–2.6 0.7–2.6
   
Total protein (g/L) 73 ± 5 62–88 48–66
AST (U/L) 30 ± 7 18–50 1–47
ALT (U/L) 37 ± 18 11–105 3–50
CK (U/L) 93 ± 44 44–269 24–467
ALP (U/L) 103 ± 105 40–761 20–155
Cholesterol (mmol/L) 5.7 ± 1.2 3.4–10.4 3.3–9.3
Triglycerides (mmol/L) 0.3 ± 0.09 0.1–0.4 0.2–1.3
PCV (%) 40 ± 5 29–56 37–55

ALP = Alkaline phosphatase. ALT = Alanine aminotransferase. 
AST = Aspartate aminotransferase. CK = Creatine kinase.

Table 1—Mean ± SD and range values for plasma variables and 
PCV in 50 dogs with various degrees of renal function that were 
used for evaluation of GFR via measurement of plasma concen-
trations of iohexol and creatinine.

Figure 2—Plasma creatinine concentration after IV administration 
of a bolus of creatinine (40 mg/kg) to 50 dogs with various de-
grees of renal function. Time of injection was designated as time 
0. Plotted creatinine concentrations represent the measured cre-
atinine concentrations minus the basal (time 0) plasma creatinine 
concentration.

Figure 3—Plasma iohexol concentration after IV administration of 
a bolus of iohexol (647 mg/kg) to 50 dogs with various degrees of 
renal function. Time of injection was designated as time 0.

 Creatinine Iohexol

Variable Mean ± SD Range Mean ± SD Range

Plasma clearance 3.0 ± 0.7 1.1–5.7 3.4 ± 0.8 1.2–5.1
  (mL/min/kg)
Vdss (mL/kg) 539 ± 73 365–688 250 ± 37 179–347
Elimination 173 ± 53 74–412 74 ± 20 49–166
  half-life (min)
MRT (min) 195 ± 73 84–517 80 ± 31 46–230

Table 2—Pharmacokinetic parameters of creatinine and iohexol 
after IV bolus administration in 50 dogs.
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1.3 and 1.2 mL/min/kg, 1.1 and 1.5 mL/min/kg, and 
1.6 and 1.6 mL/min/kg, respectively. These 3 dogs were 
the 2 dogs that had increases in plasma concentrations of 
both creatinine and urea and the dog with a slight increase 
in plasma creatinine concentration. The dog with an in-
crease in the plasma urea concentration had a PECC and 
PIoxC of 4.1 and 4.0 mL/min/kg, respectively.

Discussion
The main conclusion for the study reported here 

was that PECC and PIoxC provided different GFR es-
timates but can be used interchangeably to screen dogs 
with subclinical renal impairment. Additionally, this 
study was an example of the usefulness of practical 
methods for GFR estimation in a clinical situation. An 
advantage of this study was that a relatively large popu-
lation of dogs with various degrees of renal function 
was used for the kinetic evaluations simultaneously via 
the same standardized conditions.

The most common clinical finding was lymph node 
hypertrophy. In the authors’ experience, it is a common 
finding in such hunting dogs. These dogs go through 
bushes during hunting, and skin wounds are frequent 
(detected here in 5 dogs); these wounds generate local 
inflammation and infection and therefore some degree of 
lymphadenomegaly. Lymph nodes may also become en-
larged during systemic infectious diseases, especially those 
induced by vector-borne pathogens.23 It is common for 
hunting dogs in southern France to be infested with ticks. 
Moreover, infections from unknown sources that possibly 
contributed to the clinical signs cannot be excluded.

The striking pathological finding was an abnor-
mally high plasma protein concentration in 48 dogs. 
The cause is unknown. Dehydration was unlikely be-
cause it was not clinically detected in any tested dog 
and the PCV was not elevated. Unfortunately, serum 
protein electrophoresis was not performed in the pres-
ent study. High plasma protein concentrations could 
be explained by hyperglobulinemia. Increased globu-
lin concentrations have been reported in animals with 
chronic inflammatory and infectious diseases (typi-
cally γ-globulins) but also in animals with nephrotic 
syndrome (α

2
- and β-globulins).24 High plasma protein 

concentrations could also be a breed-specific character-
istic of Great Anglo-Francais Tricolor Hounds.

The mean difference between PIoxC and PECC 
was 0.4 mL/min/kg; PECC was 12% lower than PIoxC. 
These results differ from those reported in cats because 
PECC was 35% higher than the PIoxC in healthy cats25,26 
and cats with renal disease.25 However, in a study27 that 
involved the use of a limited sampling strategy in 57 
cats, the difference between PECC and PIoxC was only 
13%, which is quite similar to the value detected in the 
present study. The percentage of dogs that had a differ-
ence between PIoxC and PECC < 0.6 mL/min/kg (ie, 
< 18%) was 68%. Only 10% of the dogs with a GFR 
within or above the reference interval had values with 
a difference > 1 mL/min/kg (corresponding to a differ-
ence between PECC and PIoxC of > 30%). Of clinical 
relevance, for the 3 dogs with a GFR < 2 mL/min/kg 
(corresponding to the cutoff value used by other au-
thors for iohexol28 and creatinine10,12,13), the differences 
between PECC and PIoxC were 0.1, 0.4, and 0 mL/min/
kg, respectively, and thus of minor importance for pa-
tient classification.

A limitation of the present study was that systemic 
blood pressure was not measured because it was con-
ducted in a field setting and not as an in-hospital study. 
Another limitation of this study was the relatively small 
number of dogs with low clearance values. Potential 
differences between the markers may be more evident 
in a larger population of dogs with reduced renal func-
tion. Another potential limitation of the study was that 
marker-specific reference intervals were not used, as 
has been reported in cats.27 In dogs, reference values 
for GFR estimates are dependent on body weight. For 
PIoxC, a lower cutoff value of 1.2 mL/min/kg has been 
proposed for dogs with a body weight of 32 to 70.3 kg,29 
with an upper limit of the 95% confidence interval of 
1.5 mL/min/kg. For PECC, the cutoff value proposed 
was 1.7 mL/min/kg for dogs with a body weight of 25 
to 45 kg.i However, the reference populations of those 2 
studies29,i did not include Great Anglo-Francais Tricolor 
Hounds. The 3 dogs that had a clearance < 2 mL/min/
kg would have been considered to have an abnormal 
GFR for PECC and abnormal or borderline abnormal 
GFR for PIoxC by use of the published marker-specific 
reference intervals.

Values of PECC and PIoxC differed, especially 
when GFR was within or above the reference interval. 
These discrepancies between the 2 methods are difficult 
to explain. An extrapolated portion > 20% of the to-
tal AUC for creatinine kinetics was used for the 3 dogs 
with a low GFR (PECC and PIoxC < 2 mL/min/kg) and 

Figure 4—Bland-Altman plot of PECC and PIoxC determined in 
50 dogs with various degrees of renal function. The x-axis cor-
responds to the mean value for both methods, whereas the y-
axis corresponds to the difference between the 2 methods. The 
mean of the differences between PECC and PIoxC (thick dotted 
line) and the mean ± 2 SD of the differences between PECC and 
PIoxC (thin dotted lines) are indicated.

Absolute difference between 
PIoxC and PECC (mL/min/kg) No. (%) of dogs

                 < 0.2 9 (18)
                 < 0.4 21 (42)
                 < 0.6 34 (68)
                 < 0.8 41 (82)
                 < 1.0 45 (90)
                 > 1.0 5 (10)

Table 3—Cumulative number (percentage) of dogs among the 
test population (n = 50 dogs) on the basis of the absolute differ-
ence between PIoxC and PECC.

11-07-0259r.indd   1845 10/22/2012   1:23:49 PM



1846   AJVR, Vol 73, No. 11, November 2012

another dog for which PECC and PIoxC were 2.2 and 
2.4 mL/min/kg, respectively. Therefore, extrapolation 
of AUC cannot explain the observed differences. Differ-
ences of this magnitude between PECC and PIoxC are 
commonly described in studies2 conducted to compare 
GFR markers. The PECC was 17% and 3% higher, when 
compared with urine exogenous creatinine and inulin 
clearance, respectively.4 The mean PIoxC-to-urine cre-
atinine clearance ratio was 1.05 in 1 study.7 In another 
study17 in which the variation in renal function of 43 
dogs was similar to that of the present study, plasma 
clearance of iohexol was lower (mean, 0.24 mL/min/kg 
lower) than plasma clearance of inulin. Differences in 
physiologic renal processing of creatinine and iohexol 
cannot be excluded. Weak excretion of creatinine by 
the renal tubules has been reported in male dogs,30 but 
the authors of 2 subsequent studies4,31 suggested that 
it was negligible. If there were such secretion, PECC 
would be higher than that of iohexol.

Results for other pharmacokinetic variables may be 
helpful for understanding differences in the disposition of 
each marker. A noncompartmental approach was used in 
the present study because it is an assumption-free method, 
which is in contrast to compartmental analysis. The Vdss, 
MRT, and elimination half-life of creatinine were 2.2- to 
2.4-fold as high as those of iohexol. Similar findings have 
been reported in cats, with Vdss, MRT, and elimination 
half-life of creatinine being 3.0-, 2.3-, and 2.4-fold as high 
as those of exoiohexol, respectively.25 The Vdss of creati-
nine for the study reported here was extremely close to 
that reported in other studies4,18,32 (ie, approx 600 mL/kg) 
and to the volume of total body water.32,j In contrast, the 
Vdss of iohexol was close to that of extracellular fluid vol-
ume.33 Elimination of creatinine from the body is slower 
than the elimination of iohexol, as illustrated by an MRT 
and elimination half-life of creatinine that are 2.4-fold as 
high.

The MRT and elimination half-life are hybrid vari-
ables that depend on both clearance and Vdss. The dif-
ference in the present study for MRT and elimination 
half-life between creatinine and iohexol was mainly at-
tributable to a creatinine Vdss that was 2.2-fold as high, 
which indicated that elimination half-life (or MRT) 
cannot be used as an indicator of plasma clearance. Be-
cause of the slower elimination of creatinine, the time 
point for termination of sample collection is crucial to 
avoid having to extrapolate too much of the AUC, as 
has been reported in cats.34 Ideally, the extrapolated 
portion of the AUC should represent < 20% of the total 
AUC. This was not the case for creatinine kinetics in 
4 dogs in the present study. The time of collection of 
the last blood sample for creatinine measurement has 
to be later than that for iohexol measurement. For azo-
temic dogs with expected renal dysfunction, collection 
of the last blood sample for creatinine kinetics at 10 
hours would be appropriate, as previously proposed.4 
In practice, GFR estimation is usually not indicated in 
severely azotemic dogs in which a reduced GFR is al-
ready known on the basis of a high plasma creatinine 
concentration. Thus, for most purposes, sample collec-
tion until 8 to 10 hours for creatinine measurement and 
4 to 5 hours for iohexol measurement will provide suf-
ficiently accurate estimates of GFR.

For the present study, we concluded that PECC 
and PIoxC can be used interchangeably for screening 
patients with suspected CKD. When GFR is low, the 
differences between the methods are small. However, 
because of differences between clearances of the mark-
ers, it is recommended to use the same marker for re-
peated measurements when monitoring renal function 
over time and to use marker-specific reference intervals.

a. Sigma-Aldrich Inc, St Louis, Mo.
b. Omnipaque, Amersham Health, GE Healthcare, Oslo, Norway.
c. Jacobsen PB, Nycomed Imaging AS, Oslo, Norway: Personal 

communication, 2011.
d. Vitros 250 chemistry system, Ortho-Clinical Diagnostics, Rari-

tan, NJ.
e. Performance Verifier I control serum, Ortho-Clinical Diagnos-

tics, Issy-Les-Moulineaux, France.
f. Performance Verifier II control serum, Ortho-Clinical Diagnos-

tics, Issy-Les-Moulineaux, France.
g. WinNonlin, version 5.2, Scientific Consulting Inc, Apex, NC.
h. Systat, version 8.0, SPSS Inc, Chicago, Ill.
i. Lefebvre HP, Jeunesse E, Concordet D, et al. Assessment of glo-

merular filtration rate using plasma exogenous creatinine clear-
ance test: preliminary results in a healthy canine population 
(abstr). J Vet Intern Med 2004;18:415.

j. Lefebvre HP, Bargues I, Biourge V. Volume of distribution of cre-
atinine: an indicator of body water content (abstr). J Vet Intern 
Med 2011;25:732.
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