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ABSTRACT

Objective: To obtain pharmacodynamic parameters that could be useful to understand the time-course of the effect of rocuronium in children,
by performing the pharmacodynamic modeling without plasma concentration (PDMWOPC) of neuromuscular response of the adductor
pollicis to different doses of rocuronium. Material and methods: Forty-five children aged 2-14 yr. (ASA 1), undergoing elective surgery
requiring tracheal intubation were studied. Neuromuscular response was monitored by means of a TOF-Guard. The ratio of the height of the
first response to the control height (T1:T0) and the ratio of the fourth to the first response were measured. And the muscular response T1:T0O
was fitted to time by using the PDMWOPC method previously described by Bragg et al. Results: All patients were successfully individually
modeled. Three parameters (k.. Y and IRs)) were similar among the three doses, and significant differences (p<0.05) were observed between
the doses of 400 and 600, and between 600 and 800 pg/kg of rocuronium in the k., values. Each parameter exhibited a great intra-group
variability, and ranges varied up to 300-fold. Conclusions: Individual PDMWOPC was successfully performed in children receiving different
doses of rocuronium during isoflurane anesthesia. However, wide ranges of computed parameters, i.e., k., K., Y and [R5, were obtained. We
therefore propose to model these data using a population approach (Rev Mex Anest 1999;22:225-229).
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RESUMEN
Modelaje farmacodinamico sin concentraciones plasmaticas del rocuronio administrado a niiios bajo anestesia general con isofluorano.
Objetivo: Obtener parametros farmacodinamicos para entender el curso temporal del efecto del rocuronio en nifios, mediante la utilizacion de
modelaje farmacodinamico sin concentraciones plasmaticas de la respuesta neuromuscular a nivel del masculo aductor del pulgar, posterior
a la administracion de diferentes dosis de rocuronio. Material y métodos: Se estudiaron 45 nifios de 2-14 afios de edad (ASA 1), programados
para cirugia electiva, que requerian de intubacion endotraqueal. Se monitorizoé a los pacientes por medio del TOF-Guard, y se registraron la
relacion entre la primera respuesta y la basal (T1:T0) y la relacion entre la primera y la cuarta sefial de tren de cuatro. La respuesta de T1:TO
se modeld en funcion del tiempo por medio del modelo farmacodindmico descrito por Bragg y cols. Resultados: El modelaje se realizo
exitosamente en cada uno de los pacientes. Tres parametros (k,, Y, e IR 5,) fueron semejantes con las tres dosis, mientras que los valores
de keo fueron significativamente diferentes (p<0.05) entre las dosis de 400 y 600, y entre las dosis de 600 y 800 pg/kg de rocuronio.
Los parametros obtenidos mostraron una gran variabilidad intra-grupo, y la relacion entre el valor superior y el inferior fue, en algunos
casos, incluso mas de 300. Conclusiones: El modelaje
farmacodinamico sin farmacocinética de diferentes dosis de
rocuronio administrado a pacientes pediatricos bajo anestesia
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general con isofluorano, fue realizado exitosamente en forma
individual. Sin embargo, los valores de los parametros obtenidos
(ke keo» ¥ € IR50) presentaron rangos muy amplios, por lo que
proponemos la realizacion de modelaje poblacional a las respuestas
de estos pacientes (Rev Mex Anest 1999;22:225-229).

Palabras clave: Agentes neuromusculares no depolarizantes,
anestesia inhalatoria, dinamica no-lineal, farmacologia clinica.
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RocuroNIUM is a non-depolarizing muscle relaxant with
a short time to onset and of intermediate duration of
action, clinically used in adult and children patient!.
The pharmacodynamic modeling has been helpful to
explain the time-course of the effect of neuromuscu-
lar relaxants. However, most models require plasma
concentrations to model the pharmacodynamics of the
neuromuscular relaxant®”.

A pharmacodynamic model without plasma
concentrations (PDMWOPC) analysis was described
in 1994 for responses to vecuronium in adult patients®.
One year later, another PDMWOPC method used to
model the effect of atracurium was also described®.
These two models were tested in adult patients.

On the other hand, the effects of three differ-
ent doses of rocuronium (400, 600 and 800 pg/kg) in
children under isoflurane anesthesia were recently
evaluated'?. Times to onset and duration of action were
then computed by means of sigmoidal analysis of
time-course of the effect. However, this classic dy-
namic analysis, at least applied to neuromuscular
relaxants, need to divide the curve in the “onset”
curve and the “recovery” curve. Whereas the PD-
MOWPC methods mentioned above®?, are per-
formed by using the complete time-course of the ef-
fect, considering the onset, stabilization and recov-
ery periods can be described by some parameters
computed by the modeling method.

In order to obtain pharmacodynamic param-
eters that could be useful to understand the time-
course of the effect of rocuronium in children, we
performed the PDMWOPC of neuromuscular re-
sponse of the adductor pollicis to different doses of
rocuronium administrated to children from the
study previously published elsewhere!?, by using the
method described by Bragg et al®.

MATERIAL AND METHODS

The data used for the PDMWOPC analysis
were published previously by Villegas-Sanchez et al.,
in the form of onset and recovery times!?. Clinical con-
ditions and method to obtain the neuromuscular re-
sponse were also described. Briefly, 45 children aged
2-14 yr. (ASA physical status 1), undergoing elective
surgery requiring tracheal intubation were studied.
Using the TOF-Guard (Biometer International A/S,
Odense, Denmark) the ulnar nerve was stimulated
supraximally with repetitive trains-of-four (2Hz for 2
s) at the wrist using surface electrodes. The ratio of
the height of the first response to the control height
(T1:TO) and the ratio of the fourth to the first response
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Figura 1. Responses of the adductor pollicis to different doses of
rocuronium administrated to children during isoflurane anesthe-
sia. Dashed lines display the data from each subject. The solid line
represents the time-course of paralysis for one patient modeled, in
every dose, by using the PDMWOPC method plotted simulta-
neously with the observed response (full circles).

were measured. The stimulus of the train-of-four were
performed at the following times: every 15 s up to 180
s (3min), and thereafter every 5 min up to all patients
reached a 100% recovery. The patients were randomly
allocated to receive either intravenous dose of 400, 600
or 800 pg/kg of rocuronium.

Pharmacodynamic modeling

The neuromuscular response T1:TO was fit-
ted to time by using the PDMWOPC method previ-
ously described by Bragg et al. (equation A7, refer-
ence 8), in order to estimate the following param-
eters: the apparent rate constant of elimination (k,),
the rate constant for equilibrium between plasma
and the effect compartment (k,,), the sigmoidicity
factor of the relationship between concentrations in
the effect compartment and the effect (y) and the in-
fusion rate that produces 50% effect at steady state
(IR50).
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Figura 2. Unweighted residual error plots expressed as observed
- predicted effect over time of the three doses of rocuronium
administrated to children during isoflurane anesthesia.

The PDMWOPC was computed by means
of the SigmaPlot 4.01 (SPSS México, Mexico City,
Mexico) for Windows™ 95. The SigmaPlot curve
fitter uses the Marquad-Levenberg algorithm to
find the parameters of the independent variable
that give the best fit between the equation and
the data. Every parameter was estimated for each
child and results were grouped by dose of rocuro-
nium.

The performance measures of the model
were realized using the method described by Zo-
morodi et al'!. The quality of fit of the pharmaco-
dynamic model to the data was also judged by the
correlation coefficient automatically computed by
SigmaPlot, and by visual examination of both plots
of the ratio of observed to predicted effect and plots
of unweighted residuals error (observed effect —
predicted effect), both related to time.
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Figura 3. Ratios of observed to predicted effect over time of the
three doses of rocuronium administrated to children during
isoflurane anesthesia.

Statistical Analysis

All results were summarized by means of
descriptive statistics including mean + SD, me-
dian and ranges. In order to identify differences
of individual fitting among the three doses, com-
parisons were performed non-parametrically by
using the Kruskal-Wallis test followed by Wil-
coxon rank sum test. Two-tailed probabilities of
p<0.05 were considered significant. The 95% con-
fidence intervals for non-parametric data were
calculated as previously described'?.

RESULTS

In Figure 1, we plotted the observed time-
course of the effects of each dose of rocuronium in ev-
ery patient. We also plotted an “example” patient
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Table 1. The k., k.., Y and [R5, from children receiving either dose of 400, 600 and 800 pg/kg of rocuronium during
isoflurane anesthesia, obtained with PDMWOPC of the time course of the effect.

400
ke (min™)
Mean = SD 1.59 + 1.46
Median (ranges) 1.52 (0.20 - 4.68)
95% Confidence Intervals 0.44 - 237
keo (min™)
Mean + SD 0.054 + 0.053
Median (ranges) 0.03 (0.003 - 0.2)

95% Confidence Intervals

0.019 to 0.088

Y

Mean £+ SD 10.22 + 12.5
Median (ranges) 151 (1.71 - 49.72)
95% Confidence Intervals 2.29 0 10.78
IR, (Hg.kg.min")

Mean + SD 10.36 + 17.6
Median (ranges) 34.24 (0.21 - 71.25)
95% Confidence Intervals 1.60 to 12.10
Performance measures

MDWR (%) 1.00
MDAWR (%) 3.00

DO S E {ug/kg)

600 800
2.39 + 1.9 152 + 1.37
2.51 (0.23 - 6.3) 1.62 (0.064 - 4.69)
0.49 - 3.79 0.1 - 2.62
0.020 + 0.02 0.037 + 0.035
0.01* (0.003 - 0.07) 0.03" (0.01 - 0.12)
0.004 to 0.03 0.01 to 0.0
15.15 + 9.32 9.51 + 653
15.99 (2.53 - 34.14) 7.02 (2.64 - 23.52)
5.36 10 21.98 342 0 14.68
5.58 + 8.30 12.06 + 15.63
1.42 (0.23 - 29.38) 3.55 (1.51 - 55.59)
0.53 10 8.71 2.00 to 20.88
0.00 0.00
2.00 1.00

SD = standard deviation, MDWR = median weighted residual, MDAWR = median absolute weighted residual.

*p < 0.05, dose of 400 vs. 600. **p < 0.05, dose of 600 vs. 800

whose observed values were simultaneously pre-
sented by those computed with the model, for every
dose.

All patients were successfully modeled. The
corresponding unweighted residual error plots for
each three doses were shown in Figure 2. If the
PDMWOPC fit the data perfectly, lines would lie
horizontally at 0. As can be observed in the graph,
there were differences among observed and pre-
dicted values during the evaluation period. How-
ever, the fit tends to be good since lines approach
the “0O-line”. Additionally, the ratios of observed to
predicted effect, plotted in Figure 3, also tended to
be good. In this latter case, a perfect fit would lLie
horizontally at 1.0. Finally, the performance mea-
sures (showed in Table 1), quantitative expressions
of the goodness of fit, also demonstrated a high qual-
ity fit with the PDMOWPC of data from patients in
every dose.

The parameters computed for every dose of
rocuronium were summarized in Table 1. Each pa-
rameter exhibited a great intra-group variability,
and ranges reported in the table vary up to 300-
fold. Results among the three doses were similar in

three (k., ¥ and IR;)) of the four parameters, and
significant differences (p<0.05) were observed be-
tween the doses of 400 and 600 and between 600
and 800 pg/kg of rocuronium in the k., values.

DISCUSSION

Traditionally, pharmacodynamic modeling of
muscle relaxants has required that plasma concen-
trations of the muscle relaxant be quantified®”. This
is costly and complicates the study design, adds risks
to the pediatric patient (associated with blood sam-
pling), expense of measuring plasma concentrations
of drugs, and potential delays in drug development if
sensitive or specific assays are not available. There-
fore, it has been suggested a potential role for model-
ing pharmacodynamic without plasma concentration
data®?.

In the past, pharmacokinetics studies have fo-
cused on the individual, and thereafter determination
of population pharmacokinetics parameters becomes
an interesting point. However, some clinical inferences
sustained in pharmacokinetic parameters can be
wrongly performed!?. Therefore, pharmacodynamics
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gained popularity both with and without plasma con-
centrations. More recently, PDMWOPC becomes an
interesting option because does not need plasma con-
centrations. And population approach, i.e., parameters
that define the typical pharmacodynamics behavior
of a drug in a large group of subjects, can also be per-
formed. During the population approach, covariates
can also be incorporated into the PDMWOPC model.

In the present study, we successfully modeled
the time-course of rocuronium by using a PDMWOPC
method that does not require any plasma concentra-
tion. However, despite a good fit between observed and
predicted effect was obtained in every case, a great
variability in all the four parameters computed by the
PDMWOPC method was present. These variations did
not allow us to elaborate any conclusion in relation to
similarities or differences among groups. In addition,
these variations strongly suggest the application of a
population approach, and to incorporated gender, age
and weigh as potential covariates into the model. These
potential covariates were previously significant related
to times to spontaneous recovery of neuromuscular
function'.

Bragg et al., originally describing the
PDMWOPC used herein, proposed that the k., and k.,
were equivalent to same parameters but using plasma
concentrations. In fact, their computed parameters for
vecuronium were similar to those published previously
using classical Pk/Pd modeling. In our, study we also
lacked of plasma concentrations, however, compari-
son with those published elsewhere for rocuronium in
children while using classical Pk/Pd%!3, cannot be yet
done until we have parameters obtained with popula-
tion approach. In fact, performing the population ap-
proach of these data we could also test the predictabil-
ity of new cases with population parameters obtained
by us, and therefore validate the model.

Finally, the neuromuscular function was moni-
tored at the ulnar nerve using the TOF - Guard neu-
romuscular transmission monitor. Monitoring with
simple nerve stimulators has been shown to be unre-
liable even in experienced hands. The use the TOF -
Guard has previously been validated and showed a
good correlation to more accurate method. However,
it is not considered the gold standard and can gener-
ate “noise” in the measurement of the effect!’.

In conclusion, individual PDMWOPC was suc-
cessfully performed in children receiving different
doses of rocuronium during isoflurane anesthesia. How-
ever, wide ranges of computed parameters, i.e., k., K, ¥
and IR;, were obtained. We therefore propose to model
these data using a population approach and thereafter to

test the predictability of population parameters in a new
set of pediatric patients.
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