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What is DEHP
(di(2-ethylhexyl) phthalate)?
DEHP is one member of a family of
chemicals called phthalates and it is
used as a plasticizer of polyvinyl chloride
(PVC) medical devices. Plasticizers pro-
vide PVC with flexibility, strength, and
bondability. Most PVC medical devices
contain 20-40% DEHP by weight, but
PVC tubing may contain up to 80%
DEHPR"* DEHP-plasticized PVC prod-
ucts are common in neonatal intensive
care units (NICUs). Manufacturers use
DEHP in bags that contain IV solutions,
enteral formula, and blood products, and
in tubing that delivers these fluids as
well as TPN and oxygen.

DEHP-containing PVC medical prod-
ucts have been used for approximately
40 years. When the Food and Drug
Administration (FDA) was authorized
to regulate medical devices beginning
in the mid-1970’s, products made of
material formulations that had been
used previously were not tested to the
same degree as new products that
came to market after May, 1976. Any
change in the status of older products
or new products made of the same
material must be based on a FDA con-
clusion that their use poses a signifi-
cant risk of harm, rather than the
manufacturer being required to
demonstrate product safety.

How are patients exposed?

DEHP does not chemically bind to
PVC. DEHP may therefore leach from
plasticized PVC when a medical device
comes into contact with fluids, lipids,
and/or heat. DEHP is lipophilic and
leaches preferentially into lipid-con-
taining solutions. The rate of DEHP
leaching also depends on storage condi-
tions (e.g. temperature, contact time,
agitation).

In general, medical procedures that
require hours or days, like hemodialy-
sis, blood transfusion, extracorporeal
membrane oxygenation (ECMO), total

parenteral nutrition (TPN), or enteral
feeding, result in higher DEHP expo-
sures than brief procedures. On a
weight basis, neonates in the neonatal
intensive care unit (NICU) are likely
to be among the most highly DEHP-
exposed patients because of the regular
use of many different DEHP-contain-
ing PVC products in that setting.

What are the health

effects of DEHP?

DEHP is a reproductive and develop-
mental toxicant in laboratory animal
testing. MEHE, the monoester metabo-
lite of DEHP is toxic to the Sertoli cells
of the testes, causing cellular abnormal-
ities and impairing proliferation. DEHP
also interferes with testosterone synthe-
sis. In rodents, developmental DEHP
exposure causes general adverse effects
on the structure and function of the
male reproductive tract.” Effects on the
developing male reproductive tract
occur at far lower doses than are toxic
to adult animals.*>¢ The testicular tox-
icity of DEHP has not been evaluated
in immature, prepubertal primates,
including humans. Based on develop-
mental studies in animals, the Food and
Drug Administration (FDA) and the
National Toxicology Program’s Center
for Evaluation of Risks to Human
Reproduction conclude that some med-
ical procedures result in DEHP expo-
sures that exceed the threshold
NOAEL (no observable adverse effects
level) in the developing male reproduc-
tive tract (NOAEL by oral route of
exposure ~3.7-14 mg/kg/day) and
exceed the FDAs estimated tolerable
intake (TI), below which no adverse
effects are expected.”®

In addition to effects on the develop-
ing male reproductive tract, questions
have been raised about the effects of
DEHP exposure on the liver and lungs.
One prospective study found cholesta-
sis in infants supported by ECMO.’
The authors hypothesize that hemoly-
sis during ECMO produces a large
bilirubin load, the excretion of which is
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inhibited by inspissated bile and/or
DEHP Another study, however, did
not find cholestasis after ECMO," but
DEHP plasma concentrations in the
second study were substantially lower
than in the first (estimated aggregate
exposure levels 4.7-35 mg/kg vs. 42-
140 mg/kg). Recently, renewed con-
cerns have surfaced about a contribu-
tory role of DEHP in the genesis of
hepatotoxicity frequently observed in
infants receiving TPN."" Although this
potential hazard has not been studied,
larger quantities of DEHP leach from
PVC tubing through which TPN solu-
tion is passed than were previously
estimated. The authors of this study
estimate that infant exposures from
TPN may reach 10 mg/kg/day, which
is more than one order of magnitude
higher per kg than adult exposures
from hemodialysis, and are experi-
enced daily.

DEHP also leaches from PVC endotra-
cheal tubes during use. One study doc-
uments a direct relationship between
time of endotracheal tube use and
DEHP leaching."? The authors
hypothesize a link between DEHP
exposure and the risk of bronchopul-
monary dysplasia in premature new-
borns. This potential hazard has never
been studied in infants. DEHP deposi-
tion in the infant lung, however, has
been documented after ventilation
with PVC tubing."”

The FDA also notes that DEHP leach-
ing from PVC materials promotes
platelet aggregation and complement
activation, with the potential for
adverse clinical consequences, includ-
ing microemboli."

Toxicokinetics of DEHP
Much of the DEHP administered via

the gastrointestinal tract is converted to
its monoestet, mono-ethylhexyl phtha-
late (MEHP), by intestinal lipases before
absorption into the systemic circulation.
In adult primates, including humans
and marmosets, a smaller proportion of
DEHP is hydrolyzed and absorbed as the
monoester [than in rats], apparently

because of less lipase activity in primate
intestine.” The degree of biotransfor-
mation of DEHP to MEHP is important
since MEHP is generally agreed to be
the testicular toxicant.

When DEHP is administered intra-
venously, less DEHP is converted to
MEHP than if the exposure is via the
intestinal tract.” In studies of patients,
including infants, undergoing hemo-
dialysis or exchange transfusions, how-
ever, significant levels of MEHP have
been measured in blood after these par-
enteral exposures.” In a study of 11
patients undergoing maintenance
hemodialysis for treatment of renal fail-
ure, concentrations of the metabolite,
MEHE ranged from about 1/3 to 6
times the DEHP concentrations.'®

These data demonstrate that a signifi-
cant amount of DEHP is converted to
MEHP even after intravenous expo-
sure to the parent compound.
Humans and primates largely excrete
the monoester via glucuronide conju-
gation, whereas rodents further
hydrolyze MEHP into other interme-
diates.” The glucuronidation path-
ways of human children, however, do
not mature until they are 3 months
old.® Thus, this important clearance
mechanism is not fully available to
neonates and young infants.

What are the levels of DEHP
exposure in the NICU?

Published reports of DEHP exposures
from various sources in the neonatal
intensive care unit are summarized in
the table. For critically ill neonates,
examining single sources of exposure
may substantially underestimate total
exposures. Babies who require ECMO,
for example, also require multiple
blood transfusions, parenteral feeding,
medications, and IV fluids. Breast milk
and enteral feeding formula may be
administered through DEHP-contain-
ing PVC tubing. Loff, et al. note that,
in infants receiving TPN, when infu-
sions of other medications are also
administered, the load can easily reach
10 mg DEHP/kg/day.” No studies

have quantified exposure to DEHP
from enteral feeding bags and tubing,
nasogastric tubes, breast milk pumps
and tubing, respiratory tubing, endo-
tracheal tubes, oxygen masks, or all
sources combined.

Summary

Neonates and infants who receive med-
ical care that includes the use of plasti-
cized PVC products may easily be
exposed to DEHP at levels that are in
excess of the no observed adverse effect
level (NOAEL) in animal tests. For
some medical therapies, these exposures
also exceed the FDA-derived “tolerable
intake” (TT). (see table) The FDA has
concluded that total parenteral nutri-
tion, enteral feeding, exchange transfu-
sions, and ECMO can individually
result in DEHP exposures that exceed
the TI by 3-50 fold. Of course, multiple
simultaneous medical procedures using
DEHP-containing PVC products will
more readily result in exposures in
excess of the TI. DEHP toxicity in the
developing male reproductive system is
the greatest known risk, with additional
concerns about thrombus formation,
microemboli, and impacts on the liver
and lungs. An expert panel convened
by the National Toxicology Program’s
(NTP) Center for Evaluation of Risks to
Human Reproduction concluded that:

“[for DEHP] the available reproductive
and developmental toxicity data and
limited but suggestive human exposure
data indicate that exposures of inten-
sively-treated infants and children can
approach toxic doses in rodents, which
causes the panel serious concern that
exposure may adversely affect male
reproductive tract development.”

The panel also expressed “concern
that ambient oral DEHP exposures
[primarily from general dietary con-
tamination] to pregnant or lactating
women may adversely affect the devel-
opment of their offspring.” DEHP
exposures from medical therapy would,
of course, add to ambient, dietary
exposures.

The FDA characterizes their safety



Potential exposures to DEHP from medical procedures and nutrition

in a neonatal intensive care unit

Source of Exposure Unit Total Exposure or Source  TI/dose*
DEHP Exposure (mg DEHP/kg Concentration in
body weight) Product
Artificial ventilation in preterm NR Hour 0.001-4.2 mg(est. 1
infants (PVC respiratory tubing; (inhalation) total exposure)
not polyethylene)
Neonatal blood replacement 0.3 (0.14-0.72)  treatment NR 2 2
transfusion; short-term, acute period
Neonatal blood replacement 1.8 (0.84-3.3) treatment NR 3 0.3
transfusion; double volume; short period
term, acute
Platelet concentrates in newborns 1.9 treatment NR 4 0.3
Extracorporeal oxygenation in 14-140 treatment NR 5 0.04-0.004
infants
Extracorporeal oxygenation in 4.7-34.9 Treatment NR 6 0.12-0.02
infants
Congenital heart repair 1-4 hours 0.3-4.7 7
(neonates) pug/mL/hr(change in
level in whole blood
during procedure)
IV crystalloid solution 0.03 From tubing NR 8 20
Total parenteral nutritional 2.5 NR 3.1 ug/mL (concentra- 9 0.2
formula (TPN), with lipid tion in TPN formula);
more from tubing
TPN/IV Tubing 5 day 10 mg/2-kg baby/day 10 0.12
Multiple IV Sources: packed red b day 10 mg/2-kg baby/day 11 0.12
blood cells, platelet rich plasma,
fresh frozen plasma, and medications
Breast milk 0.0015-0.0165  Day 0.01-0.11 mg/kg (con- 12 27-2.4
centration in breast
milk)
Infant formula 0.015 Day 0.004-0.06 mg/kg wet 13 2.6
weight
Infant formula 0.0087-0.035 NR 0.33-0.98 mg/kg dry 14 4.5-1.1

weight

NR = Not Reported

exposures; TI/dose ratios < 1 imply that the TI has been exceeded for the given source of exposure

*TI/dose: based on FDA's TI of 0.6 mg/kg/day for parenteral exposures and 0.04 mg/kg/day for intestinal
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assessment of DEHP as entirely consis-
tent with the NTP panel’s concerns. In
their public health notification, the FDA
recommends that alternative devices that
do not contain DEHP be used for proce-
dures that may otherwise result in exces-
sive DEHP exposures in susceptible
patients.
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