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ABSTRACT

Background: The potential toxicity of excipients is a recurrent issue

in pediatrics, particularly for neonates. The first IV formulation of
acetaminophen approved in Canada (Avir Pharma Inc) contains the
excipient povidone K-12, which lacks safety data for individuals with
immature renal function, specifically, neonates, infants, and those with
anuria. Povidone is eliminated by the kidneys and may accumulate in
these populations.

Objective: To assess the safety of IV povidone K-12 in pediatrics.
Methods: The safety of IV povidone K-12 was assessed by first
reviewing the available data and then measuring the amount of
povidone K-12 exceeding the molecular weight threshold for glomerular
filtration (25 000 g/mol). Size exclusion chromatography was used to
assess the molecular weight of povidone K-12 to allow estimation of the
proportions of povidone K-12 below various molecular weight thresholds.
Results: Case reports of povidone accumulation causing organ failure
and death in adults were found in the literature. However, the published
data were insufficient to assess the risk of accumulation, as no reliable
molecular weight determinations could be found. Measurements by
chromatography showed that the amount of povidone exceeding the
molecular weight threshold of 25 000 g/mol was less than 2 ppm
(0.0002%), which suggests a low risk of accumulation despite immature
renal function.

Conclusions: Povidone K-12 is unlikely to accumulate in neonates,
infants, or patients with impaired renal function, with the possible
exception of patients with anuria.

Keywords: excipient, toxicity, acetaminophen, pain, povidone, povidone
storage disease

INTRODUCTION

Acetaminophen has been administered by the IV route for
more than 20 years in Europe and more than 10 years in the
United States, but the IV formulation was approved in Can-
ada more recently, in 2018.! In Canada, the I'V route is offi-
cially approved for children above 2 years of age,"? although
in some other countries, it is approved for neonates.>> How-
ever, solid pharmacokinetic and pharmacodynamic data
support the off-label use of IV acetaminophen for young

RESUME

Contexte : La toxicité potentielle des excipients est un probleme fréquent
en pédiatrie, en particulier chez les nouveau-nés. La premiére formulation IV
de I'acétaminophéne approuvée au Canada (Avir Pharma Inc) contient
I'excipient povidone K-12, pour lequel il n’existe pas de données d'innocuité
chez les personnes dont la fonction rénale est immature, notamment les
nouveau-nés, les nourrissons et les patients anuriques. La povidone est
éliminée par les reins et peut s'accumuler chez ces populations.

Objectif : Evaluer I'innocuité de la povidone K-12 (IV) en pédiatrie.

Méthodologie : L'innocuité de la povidone K-12 intraveineuse a été
évaluée en examinant les données disponibles et en mesurant la quantité
de povidone K-12 dépassant le seuil de la masse moléculaire de la filtration
glomérulaire (25 000 g/mol). La chromatographie d'exclusion stérique a
été utilisée pour déterminer la masse moléculaire de la povidone K-12 afin
d'estimer les proportions de povidone K-12 en dessous de différents seuils
de masse moléculaire.

Résultats : Des cas d'accumulation de povidone ayant causé une
défaillance des organes et le déces chez des adultes ont été trouvés dans la
littérature. Cependant, les données publiées ne permettaient pas d'évaluer
le risque d'accumulation, car aucune détermination fiable de la masse
moléculaire n'était disponible. Les mesures par chromatographie ont montré
que la quantité de povidone dépassant le seuil de masse moléculaire de

25 000 g/mol était inférieure a 2 ppm (0,0002 %), ce qui laisse supposer
un faible risque d'accumulation, malgré une fonction rénale immature.
Conclusions : Il est peu probable que la povidone K-12 s’accumule chez
les nouveau-nés, les nourrissons ou les patients ayant une insuffisance
rénale, a |'exception possible des patients anuriques.

Mots-clés : excipient, toxicité, acétaminophéne, douleur, povidone,
accumulation de la povidone

children in Canada, including during the neonatal per-
iod.®8 Canada has faced additional safety issues because,
unlike the IV formulations of acetaminophen approved
for neonates and infants in Europe and the United States,
the first formulation to become available in Canada (Avir
Pharma Inc) contains povidone K-12, a solubilizer for
which safety data are lacking for children under 2 years of
age.! The current study was conducted at a time when the
only IV formulation of acetaminophen available in Canada
contained povidone K-12.
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The potential toxicity of excipients is a recurrent issue
for children because pediatric and neonatal populations
are often excluded from studies on drug development.’
Povidone K-12 is a low-molecular-weight solubilizer used
to increase the amount of dissolved drug per volume. The
accumulation of povidone in the organs has been asso-
ciated with povidone storage disease, which can lead to
organ dysfunction and death.!? The United States Phar-
macopeia provides specifications for povidone, defining
a K-value for various pharmaceutical grades ranging from
K-10 for lower-molecular-weight povidone to K-120 for
higher-molecular-weight povidone.'?

A 3.5% solution of povidone K-30 was first used as a
plasma substitute and volume expander during the Second
World War.!*!° Its use was later banned following repeated
cases of povidone storage disease.

Povidone K-12 has a lower molecular weight than
povidone K-30. Its elimination depends on glomerular filtra-
tion rate, which is lower in neonates and infants than in older
children, for whom administration of povidone-containing
IV acetaminophen is an on-label use.!®'® Whether this
grade of povidone can lead to accumulation and povidone
storage disease is unknown, and this uncertainty is one
of the reasons the manufacturer does not recommend its
use in children under 2 years of age. Other IV formula-
tions of acetaminophen available in Canada, even those
without povidone K-12, are also not recommended for this
population.?! The potential long-term effects of povidone
accumulation during organ maturation are also unknown.

In anticipation of the introduction of IV acetamino-
phen to our mother and child hospital, the institutional
analgesic governance committee carried out the study
reported here to assess the safety of IV povidone K-12 for
neonates and infants.

METHODS

Given the nature of this study and the absence of study par-
ticipants, no ethics approval was needed.

To assess the risk of accumulation and toxicity asso-
ciated with the use of IV povidone K-12 in neonates and
infants, we reviewed the available published data and
determined the molecular weights of povidone K-12 poly-
mers and their distribution. On the basis of these results,
we then developed specific recommendations to guide use
of povidone K-12 in premature and term neonates and in
patients with renal dysfunction.

Literature Search

Searches were carried out in the PubMed database and using
the Google Scholar search engine using the conceptual
groups [povidone] or [PVP] or [polyvinylpyrrolidone] AND
[parenteral] and their related synonyms. Reference lists of
included articles and reviews were screened for additional

relevant literature. Pharmacopeias, handbooks,'*2% and tech-
nical documents provided directly to the researchers by Avir
Pharma and BASF (manufacturers of povidone) were also
consulted. Conference abstracts were excluded.

All available data, including clinical, chemical, in vitro,
animal, and human data, were assessed. Data that allowed
delineation of the risks related to povidone K-12 in neo-
nates and infants were assessed and summarized. These
data included the general chemical properties of povidone,
pharmacokinetics based on these chemical properties. and
pharmacodynamics (i.e., adverse events observed).

Determination of Molecular Weight and Weight
Distribution of Povidone K-12

General chemical information on weight characterization of
povidone was extracted from the literature. Data provided
by the manufacturers were assessed, and the manufacturers
were contacted for additional information as necessary.

Povidone K-12 contained in Avir Pharma’s product is
manufactured by the BASF Group, according to current
good manufacturing practices; BASF kindly provided a
sample for characterization.

As described in further detail below, povidone is a
polymer, and therefore the weight average molecular weight
(Mw) and polydispersity index (PDI) are needed to accur-
ately characterize molecular weight and its distribution.
The Mw and the PDI were determined by size exclusion
chromatography.?! Then, a mathematical model was used
to determine the number average molecular weight (Mn)
and estimate the proportions of povidone K-12 below vari-
ous thresholds.??

RESULTS

Data Review

Povidone (synonyms: polyvidone, polyvinylpyrrolidone,
PVP) is a nontoxic, non-ionic, inert, water-soluble synthetic
polymer used in the pharmaceutical, biomedical, cosmetic,
and food industries.!? It is a polydisperse polymer, which
means that it is composed of several similar molecules of
different molecular weights.

Pharmacokinetics Assessment

The pharmacokinetics of povidone K-12 were assessed in
terms of its absorption, distribution, metabolism, and elim-
ination, as described below.

Absorption: High-molecular-weight pharmaceutical-
grade povidones are not absorbed and can be used as excipients
for oral administration.!® They are used to increase the vis-
cosity and physical stability of tablets and liquid preparations.
Povidone K-12 is a low-molecular-weight povidone used only
for IV administration and is, by definition, fully absorbed.14

Distribution: When administered parenterally, povidone
is widely distributed, and its retention in the body is
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inversely proportional to its viscosity (expressed using a
constant K-value). Povidone K-12 has a lower viscosity,
lower molecular weight, and lower retention time (time
spent in the body after injection) than povidone K-100,
which has high viscosity and high molecular weight and
is largely retained in the body. Unchanged povidone may
accumulate in the reticuloendothelial system.'®
Metabolism: Povidone is not metabolized.!%!*
Elimination: Povidones are excreted through glomeru-
lar filtration (passive diffusion). The extent of elimination
is inversely proportional to the molecular weight. Particles
of a size exceeding the size of the kidneys’ glomerular
endothelial fenestrae are too large to be eliminated.?®> The
exact weight threshold preventing povidone filtration has
not been clearly determined, but it is usually accepted that
molecules with a weight of 25 000 to 60 000 g/mol or larger
are not filtered by the kidneys and may accumulate.!®!>23
Povidone K-12 is considered safe for IV use in individuals
with normal and mature renal function. Studies in rats
have shown that povidone K-12 displays properties similar
to those of inulin, a molecule used to quantify glomeru-
lar filtration rate because it is solely eliminated by glom-
erular filtration without significant tubular excretion or
reabsorption.!® Povidone K-12 has an average low molecu-
lar weight of 2000 to 3000 g/mol. Since it is a polymer, it
contains different-sized molecules, including some larger
than 25 000 g/mol (threshold for filtration). Unfortunately,
only the mean molecular weight of povidone K-12 has been
determined and is reported in published data. Therefore,
determination of the number of molecules larger than
25000 g/mol (determined threshold for filtration) is needed
to assess its safety in neonates and infants with immature
renal function and lower glomerular filtration rate.!”!8:24

Pharmacodynamics Assessment

As mentioned above, only low-molecular-weight pharma-
ceutical-grade povidones are authorized for parenteral use,
because high-molecular-weight povidones are not elimin-
ated by the kidneys and therefore accumulate in the body,
mainly in the reticuloendothelial system.!>2° The accumu-
lation of this inert compound? may lead to povidone
storage disease. This disease was reported in 2014 by the
European Medicines Agency among people who inject
drugs, specifically those misusing methadone by injecting
products made for oral use.?®

Povidone storage disease is due to the accumulation of
povidone in several organs, notably the reticuloendothelial
system (lymph nodes, spleen, bone marrow).!?

Accumulation in the bones induces osteonecrosis
with pathological fractures, whereas medullar infiltration
leads to anemia.!®?6 Renal failure has also been commonly
described.!®2® A skin disease called cutaneous thesauris-
mosis resulting from the accumulation of povidone con-
tained in certain subcutaneous or intramuscular drugs was

described in the 1960s. In its most severe forms, multiple
organ dysfunction syndrome occurs and may be fatal.?”

The occurrence of povidone storage disease depends
on the molecular weight, the dose, the duration, and the
route of administration. In adults, clinical complications
have been described with povidone K-30 (marketed as a
plasma substitute) with doses exceeding 70 g IV (1.2 g/kg)
or 200 g SC or IM (3.3 g/kg),' but histologic abnormal-
ities have been observed with lower doses.?? Despite the
absence of reported cases of povidone storage disease with
low-molecular-weight pharmaceutical-grade povidones
(such as povidone K-12), the German regulatory body has
advised caution with repeated use in patients who have
poor renal function.!?

Our literature review highlighted that povidone K-12
could potentially lead to accumulation in neonates, infants,
and patients with renal insufficiency. Quantifying the
amount of povidone molecules exceeding the molecular
weight threshold associated with a risk of accumulation was
needed to infer the risk of toxicity.!*

Determination of Povidone K-12 Molecular Weights
and Their Distribution

Assessment of Available Data

The United States Pharmacopeia provides a standard test to
evaluate the average molecular weight of povidone by meas-
uring the viscosity of aqueous solutions. A K-value can then
be calculated from the viscosity measurement, with lower
viscosities being associated with lower K-values. A sample
of povidone comprises a polydisperse mixture of molecules
of different molecular weights. The K-value, as well as the
average molecular weight, is only indicative of the central
tendency of the molecular weight distribution. Therefore, a
low average molecular weight does not exclude the presence
of some larger molecules in the sample. A full characteriza-
tion of the sample requires additional information:

+ The mean molecular weight based on the number (num-
ber average molecular weight or Mn) is defined as the
total weight of the polymer divided by the total number
of molecules in the polymer.??

o The mean molecular weight based on weight (weight
average molecular weight or Mw) not only depends on
the number of molecules present, but also takes into
account the individual weight of each molecule, because
a larger polymeric molecule weighs more than a smaller
polymeric molecule.??

o The mean molecular weight for a defined viscosity (viscos-
ity average molecular weight or Mv) specifically applies
to povidone (and not polymers in general), because its
molecular weight is correlated with viscosity.??

The reported Mw of povidone K-12 is 2000 to 3000 g/mol
(according to the BASF technical document), which is
well below the described molecular weight deemed at risk

Canadian Journal of Hospital Pharmacy | Journal canadien de la pharmacie hospitaliere < 2025;78(4):e3722 - https://doi.org/10.4212/cjhp.3722 3


https://doi.org/10.4212/cjhp.3722

for accumulation. However, povidone K-12 polymers may
display a large range of molecular weights with a Gaussian
distribution around the mean.!®? The Mw and Mn values
are mandatory information to estimate weight distribution
(expressed by the PDI, which is calculated as Mw/Mn).??
None of these characteristics have been reported by Avir
Pharma or BASF.

Moreover, the methods for weight determination have
changed significantly over time, which implies that initial
reported values may be different from weights measured
using new methods.

The lack of data and the potential unreliability of
reported povidone molecular weight values motivated our
team to carry out a determination of the molecular weights
of povidone K-12 polymers and their distribution.

Assessment of Molecular Weights and Their Distribution

The Mw and PDI of povidone K-12 were measured by gel per-
meation chromatography. The sample Mw was 8340 g/mol,
and the PDI was 1.641. This information allowed us to calcu-
late the proportions of povidone K-12 polymers with molecu-
lar weight below various predetermined thresholds (Table 1).

Rational Risk Assessment of Accumulation of
Povidone K-12 in Neonates, Infants, and Patients
with Renal Dysfunction

Molecular Weight Threshold for Povidone K-12
Accumulation

As previously detailed, the molecular weight threshold for
glomerular filtration is usually accepted to be approximately
25000 g/mol. With higher-molecular-weight substances,
there is a risk of accumulation. The weight determina-
tion conducted in this study (Table 1) suggests that only
2 ppm (0.0002%) of povidone K-12 is above the threshold
with risk of accumulation. Therefore, even with decreased
renal function, significant accumulation is highly unlikely,
except in patients with oligo-anuria. However, the thresh-
old for glomerular filtration in the immature glomeruli
of preterm neonates with ongoing nephrogenesis may be
inferior to 25 000 g/mol, and therefore caution should be
applied in this population.

TABLE 1. Proportion of Povidone K-12 Polymers with
Molecular Weight below Thresholds

Molecular Weight Threshold % of Povidone K-12
(g/mol) Polymers below Threshold
10 000 + 4700 73.2727

15000 + 4700 97.6225

20 000 + 4700 99.9492

25000 + 4700 99.9998

30000 + 4700 100.0000

Amount of Povidone K-12 Infused and Risk of Povidone
Storage Disease

The administered povidone dose in IV acetaminophen for-
mulations is much lower than the dose previously associ-
ated with povidone storage disease in adults.!® Indeed, we
estimated that with a maximum daily dose of acetamino-
phen of 60 mg/kg/day, a neonate would receive 6 mg/kg/day
of povidone K-12. This represents less than 1% of the dose
associated with povidone storage disease in previous adult
case reports (1.2 g/kg of higher-molecular-weight polymers
such as povidone K-30).!° However, this comparison is lim-
ited by the fact that no minimum toxic dose has been defined
for neonates and infants. In addition, given the characteriz-
ation of molecular weights above, it is expected that almost
all of the polymers will be removed, as an amount of only
12 pg/kg is above the glomerular filtration threshold.

Summary of Risk

Together, these data suggest that even with decreased glom-
erular filtration rate, the risk of povidone accumulation
is low. An exception applies in the case of patients with
anuria, because in these patients, none of the administered
povidone K-12 can be excreted. Moreover, the likelihood of
accumulation increases with repeated administration.

Recommendations

The recommended duration of use was determined empir-
ically and was driven by a risk minimization strategy, con-
sidering that (1) the daily acetaminophen dose includes less
than 1% of the povidone dose associated with povidone
storage disease; (2) multiple periods of administration may
not be avoidable in the sickest (and most at risk) patients,
who have an associated risk of accumulation; and (3) toxi-
cologic data were missing for neonates with incomplete
nephrogenesis and maturing organs.

Therefore, we developed the recommendations pre-
sented in Box 1 to ensure the safety of IV acetaminophen
containing povidone K-12 in term and preterm neonates
and infants.

DISCUSSION

The analysis presented here has shown that the povidone
K-12 contained in the Canadian formulation of IV aceta-
minophen (Avir Pharma Inc) is unlikely to accumulate in
preterm and term neonates or infants or in patients with
impaired renal function but preserved diuresis. However,
clinicians must be vigilant in their choice of available for-
mulations and must use only formulations containing
excipients that are known, have been studied, and are safe
for their intended population. The case of povidone K-12
is not unique; many drugs formulated for adults contain
excipients whose effect is poorly characterized in neonates
or infants. Given the availability of IV formulations of
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BOX 1. Recommendations and Conclusions for IV Use

of Acetaminophen Containing Povidone K-12, Based on
Current Study

Patients with decreased renal function
Assess the presence of decreased renal function, defined as follows:

e Renal immaturity in premature children below 34 weeks post-

conceptional age

e Secondary renal failure (e.g., sepsis, low cardiac output)

If 1 of the 2 listed causes is present, use of product should not exceed
7 days

If both listed causes are present, use product for the shortest duration
possible and consider alternative treatment

Patients with anuria
Avoid acetaminophen formulations that contain povidone K-12

Children < 2 years of age
Acetaminophen formulations that contain povidone K-12 are safe for
children younger than 2 years of age (except if the patient has anuria)

acetaminophen without povidone, we recommend using

those alternatives, consistent with general precautions for
use in the neonatal and pediatric populations. Manufac-
turers should provide a comprehensive safety assessment
of their drugs, including the excipients, to avoid excluding
populations such as neonates, premature infants, infants,
or patients with medical conditions that may benefit from
their drugs. Regulatory authorities should require a com-
prehensive safety assessment of drugs submitted for mar-
keting, including the excipients used in the preparations.

CONCLUSION

Povidone accumulation can lead to povidone storage dis-
ease with deleterious consequences on organ function. The
povidone K-12 included in the first available Canadian IV
acetaminophen formulation is unlikely to significantly
accumulate in neonates, infants, and patients with renal
dysfunction. Its use should, however, be avoided in patients
with anuria.
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