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Background: Rectal acetaminophen is often administered
during operation to provide supplemental analgesia or anti-
pyresis in children. Recent studies examining current dose
guidelines are limited by short sampling times. The authors
extended the drug sampling period to more clearly define
acetaminophen pharmacokinetics in children having surgery.

Methods: Children (n = 28) were randomized to receive a
single dose of 10, 20, or 30 mg/kg rectal acetaminophen after
induction of anesthesia. Venous blood samples were taken
every 30 min for 4 h, every 60 min for 4 h, and every 4 h
for 16 h. Data were analyzed using a mixed-effects modeling
technique (using NONMEM software) to determine the volume
of distribution and clearance normalized for bioavailability.
Additional models accounted for suppository dissolution fol-
lowed by acetaminophen absorption.
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Results: Age, weight, estimated blood loss, volume of intra-
venous fluid administered, and anesthesia time were similar
in the three groups. Most patients did not achieve peak or
sustained serum values in the 10—20 pg/ml serum concentra-
tion range associated with antipyresis. The volume of distribu-
tion was 385 ml/kg, and clearance normalized for bioavailabil-
ity, F, was 5.46 ml-kg '-min '. Pharmacokinetic models sug-
gest that absorption of acetaminophen is a function of zero-
order dissolution of suppositories and first-order absorption
from the rectum. Suppository dose size also may affect absorp-
tion characteristics.

Conclusions: The current recommended rectal acetamino-
phen dose of 10—15 mg/kg yields peak serum concentrations
less than the antipyretic serum concentration of 10-20 ug/
ml. Based on the observed kinetics, the authors recommend
that the initial dose should be approximately 40 mg/kg. (Key
words: Analgesics: acetaminophen. Anesthesia: pediatric.

Pharmacokinetics: modeling. Pharmacology: acetaminophen;
rectal.)

ACETAMINOPHEN is commonly used in children be-
cause of its analgesic and antipyretic effects and be-
cause of its safety. It is often administered rectally peri-
operatively to provide analgesia or antipyresis to infants
and children for whom the oral route is not an option.
Although an intravenous prodrug form of acetamino-
phen exists,' it is not available in the United States.
The currently recommended dose for oral and rectal
administration of acetaminophen ranges from 10-15
mg/kg.>”" Several recent studies have examined this
dose recommendation for rectal administration® '
larger doses were required to achieve a serum concen-
tration of 10-20 pg/ml (66-132 mm), a concentration
known to be antipyretic."' The serum concentration
required for analgesia has not been defined in children.
Absorption of acetaminophen suppositories may be
irregular and prolonged. Recent studies have been lim-
ited in part by relatively short sampling times — as little
as 40 min in one study."” Our study examined single-
dose absorption over an extended sampling time of 24
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h to more clearly define pharmacokinetics, and thus to
develop better prescribing information.

Materials and Methods

With hospital Institutional Review Board approval and
parental informed consent, we randomized patients
into one of three groups to receive a single dose of
approximately 10, 20, or 30 mg/kg rectal acetamino-
phen after induction of anesthesia. Feverall supposito-
ries (Upsher-Smith Laboratories, Minneapolis, MN)
were used. These are manufactured by suspending acet-
aminophen in a hydrogenated vegetable oil base, which
! then solidifies after being poured into a bullet-shaped
: mold. Combinations of the four commercially available

doses (80, 120, 325, and 650 mg) were used to deliver
an amount of drug as close as possible to the dose
desired. Individual suppositories were not cut to ap-
proximate the desired dosage, because the acetamino-
phen may not be evenly distributed throughout the sup-
pository. Tt
We included children who were aged 2-12 yr and
who were having elective orthopedic surgery requiring
postoperative hospital admission, classified as American
Society of Anesthesiologists physical status 1-3,
weighed more than 12 kg, and had a preoperative hema-
tocrit concentration greater than 30%. Children were
excluded if they had received acetaminophen within
24 h of the study period; had significant hepatic, renal,
or cardiac disease; rectal dysfunction that might impair
their ability to retain the suppository; a preexisting coa-
gulopathy; or if blood loss was anticipated to be large.
Children underwent intravenous or inhalation induc-
tion of anesthesia. Halothane or isoflurane was used to
maintain anesthesia. Continuous epidural analgesia was
not used because of uncertainty about its possible effect
on rectal blood flow and drug uptake and metabolism.
Intravenous opioids were used for supplementary anal-
gesia in the perioperative period.

Combinations of one, two, or three suppositories
were used to achieve the target dose for each patient.
After obtaining a baseline blood sample, an unlubricated
suppository(s) was inserted several centimeters into the
rectum. Peripheral venous blood samples were ob-

11 Personal communication: Lori M. Freese, R.Ph., Professional Ser-
vices Coordinator, Upsher-Smith Laboratories, Minneapolis, Minne-
sota.

£+ NONMEM Version V, Level 1.01L4, University of California, San
Francisco, 1995,
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tained at 30, 60, 90, 120, 150, 180, 210, 240, 300, 3060,
420, 480, 720, 960, 1,200, and 1,440 min. Serum was
separated from blood cells and refrigerated at 4°C until
drug concentrations were measured using fluorescence
polarization immunoassay (TDx System; Abbott Labora-
tories, North Chicago, IL). The TDx System was oper-
ated according to the manufacturer’s published proce-
dures. Assay controls (Liquichek TDM; Bio-Rad Labora-
tories, Hercules, CA) at 12.2 and 121 pg/ml (81 and
801 mm) were performed with each batch of patient
samples. The coefficients of variation were 6.4% and
4%, and analytical biases were 3.5% and 3.7%, respec-
tively, during the study.

For each patient, we determined maximal plasma con-
centration (C,,,,) and time to maximal plasma concen-
iatonkClD!

Pharmacokinetic Analysis

We initially assumed that the pharmacokinetics of ac-
etaminophen could be described by a one- or two-com-
partment model with first-order absorption from the
rectal depot and first-order elimination from the central
compartment. These pharmacokinetic models were fit
to the serum concentration versus time data using a
population approach (mixed-effects modeling) that esti-
mates a “‘typical”’ value for the population for each
pharmacokinetic parameter and the extent of variability
between patients. Analyses were performed with NON-
MEM.##. In addition, we used NONMEM'’s post hoc step
to estimate pharmacokinetic parameters for each pa-
tient.

Because all doses were administered into the depot
(i.e., there was no control group given acetaminophen
intravenously), we could not estimate a typical value
for bioavailability (F). In this context, parameters of the
one-compartment model were volume of distribution
divided by F (V/F), clearance divided by F (CI/F), and
the absorption rate constant (ka). The two-compart-
ment model had two additional parameters, volume of
distribution of the peripheral compartment divided by
F (V,/F) and clearance from the central to peripheral
compartments divided by F (Clinuion/F). Interindivid-
ual variability was permitted for each of the pharmaco-
kinetic parameters, including F. We assumed that this
interindividual variability was log-normally distributed.

The quality of fit of the pharmacokinetic model to
the data was judged by NONMEM’s objective function
(similar to the residual sum of squares in nonlinear re-
gression) and by visual examination of plots of observed
versus predicted concentrations. We also plotted the

ﬁ
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post hoc estimates of the pharmacokinetic parameters
against age, weight, dose of acetaminophen, and num-
ber of suppositories administered.

Because of systematic differences between dose
groups in post hoc estimates in the pharmacokinetic
parameters (see Results), we examined the effect of
suppository size on absorption. For each patient, the
dose administered as 80- or 120-mg suppositories was
determined and compared with the total dose for that
patient. These ratios were plotted against individual val-
ues for bioavailability (Fi/F where Fi is the value for
bioavailability for the izh individual and F is the “typi-
cal” value for bioavailability that could not be deter-
mined in this analysis) determined during the post hoc
step and analyzed by linear regression.

This analysis suggested that absorption characteristics
of the smaller-dose suppositories differed from those of
the larger-dose suppositories. In addition, the poor fit of
the pharmacokinetic model to the serum concentration
data led us to consider a more complicated absorption
model in which there was zero-order dissolution of sup-
positories and first-order absorption of the dissolved
material. Lacking specific information about the rate at
which the suppositories dissolvedtt (and assuming this
varied as a function of such factors as patient tempera-
ture and the contents of the rectal vault), we permitted
NONMEM to estimate the rate at which or duration
over which each suppository dissolved.

Results

Twenty-eight children were enrolled in the study. We
were able to administer drug amounts close to the calcu-
lated study dose using commercially available Supposi-
tory doses alone or in combination (table 1). There
were no statistically significant differences among the
three groups with respect to age, weight, sex, intrave-
nous fluid volume administered, estimated blood loss,
and duration of anesthesia.

Three hundred sixty-five of the planned 476 blood
samples were obtained (fig. 1). Eighty-one serum sam-
ples had concentrations less than 1 pg/ml (the level of
quantification of the assay) and thus were excluded
from the analysis. The remaining 284 data points were
used for pharmacokinetic analysis. Sixty-three usable
data points were collected at times more than 300 min
after dosing. Complete sampling from all children was
not possible because of factors such as parental/patient
objection to further sampling, vasoconstriction, loss of
intravenous access, or early hospital discharge.
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Table 1. Study Population Demographics

Target Dose

10 mag/kg 20 mg/kg 30 mg/kg
N 9 9 10
Dose (mg/kg) eLe) 2= ()¢ el 2= 9.5 S0 e=N1ES
(8.4-11.1) (17.1-22.4) (28.9-32.5)
Age (yr) U 2= 24 9.3 3.9 9120135
(4.7-12.6) (8.4-13) (4.1-12.4)
Weight (kg) 2751 =114 AN B3 =824 18 M 318 EE 416
(14.5-60) (12-71) (15-48.5)
Gender 6M/3F 4M/5F 6M/4F
IV fluids (ml/kg) 11818152615 2431 == 76 617 == 319
(9.7-30.8) (4.7-58.3) (9.3-21)
EBL (% EBV) 1ol 2= sl 4.1+ 55 Tle8hias ()
(0-8.6) (0.1-14.3) (0.2-3.3)
Anesthesia time (min) 147 = 60 166 + 89 164 + 50
(30-230) (60-332) (95-245)

Values are mean + SD (range).

EBL = estimated blood loss; EBV = estimated blood volume (70 ml/kg). Other
than dose administered, the differences between groups did not achieve
statistical significance in any category.

The time to C,,,, and the range of C,,,, varied widely
(table 2). Dose-normalized serum concentrations
peaked earlier and at a larger value and decreased more
rapidly for the group given the 10 mg/kg dose com-
pared with the two larger-dose groups (fig. 2).

We examined a series of pharmacokinetic models (ta-
ble 3). The one-compartment model with first-order ab-
sorption (model 1, table 3) failed to fit the data well,
with marked dose-related differences between the pre-
dicted and observed concentrations (fig. 3). The two-
compartment model (model 2, table 3) demonstrated
the same dose-related bias and was not associated with
an improved fit. (The objective function improved less
than 0.1 units [P > 0.05 by the likelihood ratio test],
and plots of observed vs. predicted concentrations
showed the same systematic bias as with the one- com-
partment model.) Plots of post hoc pharmacokinetic
parameters versus age and weight failed to reveal a
relation (data not shown). The percentage of the total
dose administered as 80- and 120-mg suppositories cor-
related with post hoc values for ka (P = 0.05). In addi-
tion, post hoc estimates of ka varied with dose. There
was no relation between the percentage of the total
dose administered as 80- and 120-mg suppositories and

post hoc values for bioavailability (Fi/F).

Because of the apparent relation between the smaller-
dose compared with the larger-dose suppositories and
ka, and because of the poor fit of the model to the data,
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Fig. 1. Values for serum concentration of acetaminophen (circles,
thin lines) are plotted against time for each patient. Thick lines
indicate “average” values determined using a smoother (lowess)
on the logarithms of the serum concentration values; this yields
the central tendency when the time data are spaced unevenly.
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Table 2. Maximal Concentration (C,,,,) and Time to Maximal
Concentration (T,,.,) for Three Target Doses*

Target Dose

(mg/kg) Crnax (g/ml) Trmax (Min)
10 5.5 + 1.9 (3.5-8.7) 107 = 52 (30-210)
20 8.8 + 3.4 (4.1-13.6) 288 + 126 (150-480)
30 14.2 + 5.1 (7.5-22.7) 210 = 71 (120-300)

Values are mean + SD (range in parentheses).

*For each subject, C... was adjusted for the target dose, i.e., if a subject
received 18 mg/kg instead of the target dose of 20 mg/kg, the peak concen-
tration was multiplied by 20/18.

we evaluated a more complicated absorption model
that permitted both zero-order dissolution of supposito-
ries and first-order absorption from the rectum. First
we assumed that the typical rate (expressed as milli-
grams per minute) at which each suppository released
drug was similar (but variability was permitted among
patients in the rate at which the drug was released).
This resulted in a marked improvement in the objective
function (model 3, table 3; 137 points, P < 0.0001
for two additional parameters in the model). However,
plots of parameters determined in NONMEM's post hoc
step versus covariates continued to suggest a relation
between ka and weight-normalized dose (fig. 4).
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Fig. 2. “Average” serum concentration of acetaminophen for

each dose group, normalized to a dose of 10 mg/kg, are plotted
against time. Average values are determined using a smoother
(lowess) on the logarithms of the serum concentration values;
this yields the central tendency when the time data are spaced
unevenly.
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Table 3. Pharmacokinetic Models Tested and Their Objective Function

Model Objective
No Structural Model Parameters Having Interindividual Variability Function
1 1 compartment, first-order absorption ClVa ks E 570.1

2 compartments, first-order absorption Same as model 1 570.1

3 Model 1 plus zero-order dissolution of suppositories, all suppositories Same as model 1 plus rate at which drug is 4331
release acetaminophen at same typical rate released

4 Model 3 except that all suppositories have same typical duration of Same as model 1 plus duration of dissolution 448.8

dissolution

5 Same as model 4 except that duration of dissolution differs for each

size suppository
6 Same as model 5

7 Model 5 with two compartments

(same for all suppositories)

Same as model 4 421.1

Same as model 1 plus duration of dissolution 418.7
(differs for each suppository)

Same as model 5 419.7

“This is the optimal model to describe the pharmacokinetics of acetaminophen administered rectally.

Cl = clearance; V; = volume of distribution; k, = absorption rate constant; F = bioavailability.

Another analysis was performed in which we permit-
ted the typical value for duration of dissolution to be
the same for all suppositories but permitted differences
among individuals (model 4, table 3). Compared with
the model with first-order absorption only, this model
yielded a marked improvement in the objective func-
tion (123.1 points, P < 0.0001). In addition, this model
yielded an improvement in the visual relation between
post hoc values for ka and weight-normalized dose.
Model 5 (table 3) permitted the duration of dissolution
to differ as a function of the dose of the suppository
(i.e., the typical duration of dissolution was different
for each dose size suppository) but with the same inter-
individual variation for all size suppositories. For exam-
ple, if a patient received 445 mg acetaminophen as a
combination of 120 mg and 325 mg suppositories, that
patient’s rate of dissolution of both suppositories dif-
fered from the typical value in the same direction and
by the same order of magnitude. This produced a 27.7-
point improvement in the objective function (model 5,
table 3; P < 0.05 with three additional parameters in
the model). In addition, there was no longer a relation
between post hoc value for ka and weight-normalized
dose (fig. 5). Plots of observed/predicted concentra-
tions continued to show that the population pharmaco-
kinetic model did not fit the serum concentration data
well during the absorption phase (fig. 6, top panel). In
addition, estimates obtained from NONMEM'’s post hoc
step fit the model well (fig. 6, bottom panel) and there
was no systematic relation between the post hoc phar-
macokinetic parameters and the covariates. This sug-
gested that more complicated pharmacokinetic models
would not improve the quality of the fit. An analysis

Anesthesiology, V 87, No 2, Aug 1997

that permitted both the typical value for the duration
of dissolution and interindividual variability to differ
for each size of suppository (model 6, table 3) did not
improve the objective function or the visual assessment
of the fit. A final analysis (model 7, table 3), identical
to model 5 except for the addition of a second compart-
ment, did not improve the quality of fit. None of these
models showed a relation between age or weight and
either Cl or V,(V).

Based on the improved objective function and the
relation between ka and dose, we selected model 5 as
the optimal model. Thus absorption of acetaminophen
is a function both of zero-order dissolution and first-
order absorption. A one-compartment model is suffi-
cient to describe the pharmacokinetic characteristics,
and there is no influence of either patient age or weight
on Cl or V, (table 4). However, even with this model,
the quality of fit to the data remains poor, suggesting
that a more complicated absorption model is needed.

Discussion

Using a commercially available acetaminophen sup-
pository in a hydrogenated vegetable oil base, serum
concentrations obtained over a 24-h period after the 10-
and 20-mg/kg doses were less than the range generally
associated with an antipyretic effect (10-20 pg/ml)."
The 30-mg/kg dose resulted in a mean maximum serum
concentration (14.2 ug/ml) in the lower portion of the
desired range. The maximum concentration obtained
for any patient was 24.6 ug/ml (dose normalized = 22.7
pg/ml) in those receiving 30 mg/kg.
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Fig. 3. Quality of fit from model 1 that assumes absorption is
a first-order process is shown. The y axis of each panel dis-
plays the ratio of measured concentrations to those predicted
from the population pharmacokinetic analysis. Note the sys-
temic dose-related bias suggesting that the absorption model
is in error.

We did not measure analgesic efficacy in this study

rectal acetaminophen needed to achieve a target con-
centration. Additional studies controlling for surgical
procedure and use of supplemental analgesics and local
anesthetics are needed to correlate analgesia with the
serum concentrations achieved after a given dose. Two
studies have examined the analgesic effect of rectal ac-
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because our intention was to determine the dose of
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Fig. 4. The relation between ka and dose is shown for model
3. Circles represent values for each patient determined in
NONMEM’s post bhoc step; the line is determined using a
smoother (lowess). The apparent relation between ka and
dose suggests that the pharmacokinetic model and, in particu-
lar, the absorption model, is flawed.

etaminophen perioperatively in children.'”'* A 20-mg/
kg liquid suspension of rectal acetaminophen was equi-
analgesic to 1 mg/kg intramuscular meperidine in chil-
dren undergoing tonsillectomy with or without ade-
noidectomy.'’ In another study of children having the
same procedure, a suppository dose of 35 mg/kg was
equianalgesic to 1 mg/kg ketorolac.'” The absence of
a placebo group in either study limited the ability to
quantitate analgesia. If acetaminophen’s analgesic effect
is associated with the antipyretic effect, then the mean
Coax for our 30-mg/kg group was in the lower range of
the target concentration. Although the mean peak value

0.007 1
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E i (.J ol
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é . 0‘ .. o.
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Fig. 5. The relation between ka and dose is shown for model
5. Circles represent values for each patient determined in
NONMEM'’s post bhoc step; the line is determined using a
smoother (lowess). The lack of relationship between ka and
dose suggests that the pharmacokinetic model (model 5) that
permits both zero-order dissolution of suppositories and first-
order absorption from the rectum is better than the model
that does not permit zero-order dissolution of suppositories
(model 3).
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Fig. 6. Quality of fit from a model that assumes that dissolution
of suppositories is a zero-order process and that absorption
is a first-order process is shown. The y axis of each panel
displays the ratio of measured concentrations to those pre-
dicted from the pharmacokinetic analysis. The upper panel
displays values from the population analysis. The lower panel
displays values from the post hoc analysis.

fell within the desired range, this level was not sus-
tained. Based on a mean time to maximum serum con-
centration of approximately 3.5 h in our study popula-
tion, acetaminophen suppositories should be adminis-
tered soon after induction of anesthesia and at a dose
larger than 30 mg/kg to ensure timely and sustained
serum concentrations in the early postoperative period.

We limited the largest dose of rectal acetaminophen
to 30 mg/kg because of concerns about possible toxicity
at higher doses. Dose-dependent and potentially fatal
hepatotoxicity is the most serious acute side effect of
acetaminophen administration.”*"*~'° Serum halflife
and serum concentration (area under the curve) con-
tribute to toxicity. Toxicity after single-dose administra-
tion is generally not observed with concentrations less
than 120 pg/ml 4 h after ingestion'®; the highest dose
normalized peak concentration obtained in our patients
(22.7 pg/ml) was only 20% of the toxic concentration.

Anesthesiology, V 87, No 2, Aug 1997

In addition, acute hepatotoxicity appears to be less
common and less likely to be fatal in children than in
adults 2

We observed irregular and prolonged rectal drug ab-
sorption consistent with the observations of other in-
vestigators.''”"*' The composition of the suppository
base may affect uptake; for example, absorption from
lipophilic-based suppositories is more rapid than ab-
sorption from hydrophilic-based suppositories.>©2%-%
Furthermore, a liquid suspension is absorbed more rap-
idly than suppositories, as expected, because dissolu-
tion is not a factor.”® Our analysis suggests that there is
also a marked difference in suppository dissolution
time; because our patients received multiple size sup-
positories, we have less confidence regarding this part
of the analysis (table 4).

Human and animal studies of halothane’s effect on
acetaminophen kinetics are conflicting. An in vivo rat
study of halothane showed a concentration-dependent
decrease in acetaminophen conjugation attributed to
an inhibition of hepatic drug degradation.”” In a study
of adults who received oral acetaminophen 10- 15 min
after completion of cystoscopy under halothane anes-
thesia compared with volunteers who did not undergo
halothane anesthesia, there was no difference in mean
peak concentration, time to peak concentration, or area
under the concentration-time curve.”® Another study
found a small shift in metabolism from conjugation to
the oxidative pathway in healthy adults given oral acet-

Table 4. Pharmacokinetic Characteristics of Rectally
Administered Acetaminophen Based on Model 5 in Table 1

Interindividual

Typical Value Variability (%)

CI/F (ml-kg '-min") 5.46 24.7
V,i/F (ml/kg) 385 79.7
F (%) Not estimatedt 23.9
k./min 0.00468 17.8
Suppository

dissolution time

80 mg 40.3 104%

120 mg 6.16 104t

325 mg 187 104t

650 mg 126 104t

*Computed as 100% - Vw® where w? = variance (n); 68% of the population
lies within this range of the typical value.

tIn the absence of data in this study population for intravenous administration,

F cannot be estimated; however, its interindividual variability can be esti-
mated.

FInterindividual variability in the duration of dissolution of suppositories was
assumed to be the same for all size suppositories.
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aminophen 10-30 min after completion of minor elec-
tive surgery under halothane anesthesia.*’ These investi-
b gators also found no difference in serum half-life or area
N under the concentration-time curve. Another study,
N however, showed an increase in hepatic acetamino-
! phen metabolism on the first postoperative day in
healthy men undergoing inguinal hernia or hydrocele
repair; acetaminophen half-life decreased and clearance
increased.”” Our kinetic parameters are comparable to
those of a postoperative kinetic study of rectal acetamin-
ophen in children."” Comparing these two study popu-
lations, suppository insertion before surgical incision
compared with the early postoperative period does not
appear to significantly alter kinetics.

When we initially tested a model that assumed first-
order absorption of acetaminophen from the rectum,
we observed that the pharmacokinetics of rectally ad-
ministered acetaminophen varied as a function of the
percentage of the dose administered as smaller- (80 and
120 mg) versus larger-dose (325 and 650 mg) supposito-
ries. In contrast, bioavailability of acetaminophen did
not relate to suppository dose size. Our observation
that absorption rate varies with suppository dose size
suggested that our absorption model was flawed and
led us to pursue more complicated absorption models
involving both a zero-order and a first-order component;
the former to accommodate dissolution of the supposi-
tory, the latter to accommodate absorption of the dis-
solved drug. This more complicated absorption model
markedly improved the quality of model fit to the data;
| in particular, an artifactual relation between dose group
‘ and ka disappeared with the more complicated absorp-
tion model. Our results suggest that acetaminophen
suppositories dissolve slowly, with typical values for
the duration of dissolution as long as 3 h (table 4). Our
results also suggest that the rate at which suppositories
dissolve may be a function of suppository dose size;
i.e., smaller-dose suppositories dissolve more rapidly.
However, the absence of an effect of suppository dose
size on bioavailability suggests that once suppositories
have dissolved, the same percentage of each supposi-
tory is available for absorption, regardless of supposi-
tory dose size.

By modeling absorption as having two components,
a zero-order process to explain dissolution of the sup-
positories and a first-order process to explain absorp-
tion from the rectum, we markedly improved the qual-
ity of the data fit. Several complex and related factors,
however, probably influence the rate of dissolution and
absorption from the rectum. Rate of dissolution may be
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influenced by temperature in the rectal vault (possibly
influenced by the quantity and consistency of stool in
the rectum); the material that each tablet contacts
(stool, bowel mucosa, or other suppositories); and the
volume and composition of each suppository. We as-
sume that by using suppositories from a single manufac-
turer, the composition of each suppository did not in-
fluence our results. After dissolution, the rate of absorp-
tion might vary as other contents of the rectum inhibit
drug passage to the rectal mucosa. Absorption through
the rectal mucosa might vary with intestinal blood flow.
Even analysis with our “optimal’” model (model 5, table
3) suggests that a more complicated absorption model
may be needed to adequately describe the uptake of
rectally administered acetaminophen.

In summary, we observed dose-related differences in
the pharmacokinetic characteristics of rectally adminis-
tered acetaminophen. A correlation between the per-
centage of dose administered with small-dose supposi-
tories (80 and 120 mg) suggested that dose-related dif-
ferences in ka resulted from differences in the
absorption characteristics of suppositories of different
dose sizes, leading us to use a more complicated absorp-
tion model. Additional studies comparing dosing with
multiple 80-mg-dose suppositories versus single 650-
mg-dose suppositories might provide additional insights
into factors influencing differences in dissolution and
absorption.

Our pharmacokinetics suggest that an initial dose of
40 mg/kg is more likely to consistently achieve and
sustain acetaminophen concentrations producing anti-
pyresis (10-20 pg/ml). This dose is based on the as-
sumption that absorption characteristics of this larger
dose would not differ from that of the smaller doses.
Further study is required to confirm this initial dose; to
determine the timing and amount of subsequent doses
to maintain antipyretic concentrations; and to deter-
mine if the serum concentration required for analgesia
is the same as that for antipyresis.
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