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Summary

A review of methadone-related issues and the approach to heroin addicted patients is presented with the aim to clarify what is prac-
ticed by the establishment of anti-craving treatment and what is expected within a history of addiction. A series of clinical situations
occurring throughout pregnancy to early child development are described, and the etiological hypothesis discussed. Moreover, some
methodological considerations are described in order to better understand some ambiguity about the effectiveness and harmlessness
of methadone treatment, particularly with regard to neonatal opiate withdrawal. Limitations to the outcome of pregnancies in heroin
addicted women seems to be due to misconceptions about methadone toxicity and neonatal damage, which may lead to the mishandling

of methadone as a therapeutic modality, especially with regard to maintenance at effective dosages.
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1. Methodological and conceptual issues

In some cases, treatment of pregnant addicted women is
flawed by major omissions and misconceptions. For exam-
ple, methadone treatment is often regarded as substitution,
pointing at its withdrawal-preventing usefulness, which has
little to do with its actual employment in an anti-craving and
behaviour-modifying view. The main goal of treating women
with methadone should be that of minimizing illicit opiate
use throughout pregnancy, and to permit them to normalize
their health and psychosocial issues. Effective dosages are
associated with better outcome. Opiate abusing pregnant
women, who are currently receiving methadone treatment,
should have their dose increased to control craving. The
use of ineffective dosages will produce an incomplete opi-
ate blockade and can be harmful to the pregnancy, causing
an unstable intrauterine environment and potentially foetal
withdrawal. Apart from a minority of addicted patients who
are able to stop using heroin at low doses, the majority re-

ceiving less than 80 mg/day will continue abusing practices
combining substances in a struggle against the blockade. In
such settings, these low dose treated patients may have a
worse outcome than untreated addicts. Since most authors
agree on the global benefit of effective methadone doses on
the course of pregnancy in opiate-addicted mothers, when
evaluating treatment effectiveness, in addition to receiving
adequate doses, they should be provided with comprehensive
services within structured programs especially designed to
meet their needs.

2. Premises

Heroin addiction during pregnancy is associated with
increased rates of perinatal morbidity, including spontane-
ous abortion, premature delivery, meconium stained liquor,
neonatal infection and withdrawal syndromes varying ac-
cording to which substance has been abused [18,53]. Recur-
rent exposure to fast-acting, short-lasting opiates produces
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a condition of continuous swinging from states of opiate
intoxication and withdrawal due to a heightened tolerance
level to their narcotic action. Fluctuations of opioid concentra-
tions resultin an irregular blood supply to the utero-placental
unit and the foetus suffers from recurrent hypoxia. Such a
mechanism is responsible for delayed foetal development,
foetal death and morbidity [18]. Providing opiates equivalent
in potency, but characterized by long-lasting, slow-acting
kinetics and administered in a maintenance schedule, will
normalize opioid metabolism of tolerant individuals and
prevent foetal damage.

As for addiction-related issues, a series of additive
behaviours may imperil pregnancy: lack of use of sterile
equipment, sexual promiscuity, the involvement in violent
acts, decreased hygiene, environmental influences, poverty,
and refusal to comply with the health supporting guidelines
of treatment facilities. The main goal of effective addiction
treatment is that of leading addictive behaviour to extinction
and normalizing opioid metabolism. Beyond tolerance/
withdrawal related issues, the clinical correlates of opioid
metabolism are of a behavioural nature, so that increasing
dosages of therapeutic opiates can override the compulsion
to seek illicit opiates.

Some opiates, such as methadone, display pharmacologi-
cal characteristics which allow a health-promoting interaction
with the brain due to the possibility of behavioural control
and long-term damage reversal, at least in less severe cases.
Methadone maintenance has been the standard treatment,
and the only treatment approved for pregnant heroin addicts
[12,34]. As for non-pregnant addicted individuals, adequate
methadone dosing is crucial to enhance compliance to treat-
ment guidelines and achieve health objectives [13]. Even at
no blocking dosages, pregnant heroin addicts’ behaviour is
modified enough to allow attendance at healthcare facilities
and to obtain abstinence from cocaine by voucher incentives
[19, 32-34, 67]. Methadone treatment may render women
capable of attending services without any short-term or mon-
etary advantage [67]. Given the combined benefit for both
the mother and the foetus, and the potential double damage
caused by treatment omission or delay, pregnant addicts, who
apply for treatment, should be given priority for enrolment
in methadone maintenance programs.

3. Teratogenicity and pregnancy abnormalities

No congenital abnormalities have been related to metha-
done. The widespread exposure of opioid abusing mothers
to methadone in therapeutic settings provides an opportunity
to normalize the pregnancy and prevent untoward damage to
the foetus. When evaluations of drug-induced abnormalities
are performed on neonates of women undergoing treatment,
the role of poly-drug abuse and alcohol abuse should be
considered [1]. Methadone exposed newborns have been
reported to have higher birth weights and less morbidity
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than heroin exposed babies. A trend towards increased birth
weight has been reported by Hagopian et al., 1996 [24].
No delivery abnormalities have been noted in women who
have followed successful methadone maintenance during
their pregnancy.

4. Methadone management during pregnancy

Methadone metabolism in pregnancy is different than
that of the non-pregnant patient and is influenced by the
increased body fluid of pregnant women, especially during
the 3rd trimester [68]. Methadone elimination is more rapid in
pregnant women, so that the half-life is significantly shorter
and methadone absorption may be also reduced [13, 30].
In blood sampled from the same subjects, peak methadone
levels after equal oral dose loads are lower in the pre- than
in the post-partum phase [43]. When withdrawal symptoms
are monitored in a population of heroin abusing pregnant
women entering methadone treatment at variable stages of
their pregnancy, symptomatic women display methadone
serum levels below the 0.211 mg/1 [27], while administered
dosages are similar. [Also a discrepancy seems to occur be-
tween higher methadone dosages and foetal serum levels of
the drug: this latter tend to be similar regardless of increases
of oral maternal dosages [14]. It should be remembered that
different oral dosages may actually correspond to similar
blood levels: therefore, such discrepancy may have no actual
implication as long as the administration of methadone to
pregnant women is rather based on clinical needs than on a
scale of absolute oral dosage value [15]. As a consequence,
some pregnant heroin addicts are provided ineffective medi-
cation due to unjustified cautions by the clinician [20].

5. Neonatal abstinence syndrome in methadone-
exposed newborns

Since opiates traverse the placental barrier and foetal tis-
sues become tolerant to their presence, the sudden deprivation
of an opioid source at delivery may result in a withdrawal
state, called the neonatal abstinence syndrome (NAS). More
than one substance may be involved, and one should be
aware of the possibility of a combined tolerance to opiates
and gabaergic neurodepressants (benzodiazepines). NAS
occurrence is variable and is generally seen in 60 to 90% of
exposed neonates [6, 16, 26, 54, 59].

NAS intensity is widely variable. Onset of abstinence
seems to depend on the interaction between the newborn’s
slow metabolism and the agents’ own slow dissociation
from binding sites. Long acting morphine substitution is
not preferable to methadone in preventing the occurrence or
severity of neonatal withdrawal [21]. When buprenorphine
was evaluated, withdrawal was rated as milder and hospi-
talization time was consistently shorter [56].

Symptoms generally occur within 72 hours. The course
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of withdrawal traverses a period of a week to several weeks
with a gradual decrease in intensity within an undulating
pattern. During this period the infant can gradually be stabi-
lized [70]. Duration of hospitalization is generally longer for
methadone than for heroin withdrawal. Polydrug abuse further
contributes to the duration of withdrawal symptoms (Johnson
et al.,2003). When morphine is used (as a tincture of opioid
solution), lower dosages administered more frequently are
associated with fewer days of hospitalization in comparison
with higher dosages atlonger dosing intervals [31]. Anearlier
(within the first three weeks), transient hyperphagic picture
has been described which does not correspond to an increase
in weight and appears to be unrelated to other withdrawal
symptoms and maternal methadone dosage [49].

The relationship between NAS and maternal methadone
dosage is controversial. Some authors have found no associa-
tion with dose [4, 5, 24, 35,37, 38,42, 46, 51, 58, 64, 69],
while other authors ascertained a dose-dependent relationship
with regard to incidence and severity of abstinence in their
samples [14,26,41,47,48,50,52,53,62,63,66]. Some of
the studies evaluating this relationship used very low doses,
far below average effective dosages. Such a methodological
choice s likely to correspond to patients being treated at inef-
fective dosages and not representing the level of health and
behavioural stability achievable by methadone maintenance.
Anti-withdrawal and partially blocking dosages, such as those
between 20 and 60 mg, do not suppress craving and favour
the combination with other opiate-boosting or replacing
drugs, such as benzodiazepines, leading to the misinterpre-
tation of clinical findings. Patients, for whom a 20-30 mg
dose is enough are likely to be low-severity individuals and
will not abuse opiates during pregnancy; on the other hand,
average-to-high-severity patients not provided with effective
doses will continue abusing drugs when provided a40-60 mg
dose. In some studies, [10, 50], NAS severity is predicted
by benzodiazepine and cocaine abuse, respectively, while
no other opiate-related predictive factors are identified. The
possibility of a combined withdrawal, (opiate and alcohol-
benzodiazepines) may also be considered] [57].

Therefore, NAS will tend to be more severe for higher
dose patients, whose dosage is still not enough. However,
no difference is reported by Berghella and colleagues, who
studied NAS in infants exposed to less than 80 mg/day to
those exposed to more than 80 mg/day [3]. Sinha et al [63]
report NAS being more often in need of morphine treatment in
women taking higher methadone doses, but methadone-only
exposed children are atlower risk of NAS than heroin-exposed
ones. Overall, most results indicate NAS is less frequent in
infants of methadone treated mothers than heroin using peers.
Althoughthereis arisk of NAS in methadone exposed infants,
the syndrome is treatable and not lethal if it is assessed and
managed appropriately. The NAS is overshadowed by the
acquired gain in pregnancy and delivery outcomes and the
mother and child’s health status as well as many psychosocial

aspects that can be ameliorated [29].

Many clinicians still practice medically supervised with-
drawal from opioids during pregnancy [45]. Along the stated
reasons for withdrawing pregnant women is to prevent NAS,
prejudice or lack of knowledge about addiction and its clini-
cal features [55]. Medical withdrawal is not indicated during
pregnancy except in a few instances where logistics hamper
the delivery of methadone maintenance.

Some clinicians have tried a fast detoxification procedure
with the claimed aim of NAS prevention. A twelve-day sched-
ule of methadone withdrawal shortly before birth resulted in
29% of relapses just after the schedule completion,and a global
short-term abstinence rate of 59%, while 15% of newborns
required treatment for a clinically relevant NAS [11].

Safe management of pregnant opioid addicted women
should start by methadone maintenance at effective dosages.
NAS resulting from methadone exposure should be evaluated
by clinical surveillance and treatment when needed with an
opiate at tapering doses [60]. Moreover, the administra-
tion of higher methadone dosages should never be offset
by the priority to avoid neonatal withdrawal since NAS is
manageable through adequate care and treatment, whereas
damage resulting from untreated addictive behaviours can
be permanent.

Opiate withdrawal can be effectively treated by follow-
ing a tapering schedule [2, 56]. Shorter dosing intervals of
opiate-containing solutions have been found to reduce the
duration of withdrawal [9], Morphine solution is preferred
for the treatment of NAS.

Breast feeding of mothers on methadone may be helpful
in flattening the withdrawal slope to a drug-free state [21,28,
44]. Breast-feeding alone is not likely to provide the infant
with enough methadone supply, and is not always viable due
to concomitant conditions, such as HIV infection. Barbiturate
treatment may be indicated in addition to morphine when
benzodiazepine withdrawal coexists.

6. Neonatal thrombocytosis

Increased platelet count and aggregating function have
been reported in newborns of methadone treated mothers [6-8,
25], with an estimated prevalence of 3,65% [22]. A similar
finding has been described in the offspring of opiate-tolerant
female mice [7]. Platelet overcrowding may occur regardless
of which opiate has been administered, that is both for heroin
addicted mothers and opiate treated subjects. Its timing seems
to follow that of neonatal opiate withdrawal, with a delayed
onset one week after discharge and a protracted course lasting
several weeks [22]. The causes and mechanisms of such a
phenomenon have not been reported, however, the parallel
evolution concomitant with the abstinence syndrome suggests
it may be reversed by cross-tolerant opiate drug treatment.
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7. Strabismus.

Surveillance for the development of strabismus is needed
in children of opiate-dependent mothers. Available data do
notindicate any correlation with either methadone dosage or
altered opiate tolerance (NAS-related features) [23].

8. Methadone for pain in pregnant women

Chronic pain control may benefit from increased long-
acting opiate coverage without employing further analgesic
agents. Breakthrough pain control needs fast-acting agents.
Morphine s suitable to relieve acute pain in methadone main-
tained patients with its dosage to be established on a subjec-
tive basis. As a rule, methadone tapering during pregnancy
is not recommended. Pain can be one possible consequence
of lowered opiate coverage. Other combinations with non
opiate analgesics may be considered [61].

Women receiving methadone for pain control during
pregnancy deliver earlier, differently from methadone main-
tained pregnant heroin addicts [23]. Methadone for pain is
administered for shorter periods and generally at lower doses
than that used for the addicted individual. NAS has been
observed in 11% of the neonates. Wholly, neonatal outcomes
of methadone treated pregnant women differ along the reason
for methadone administration (pain vs. addiction).

9. Early child development

Developmental delays have been reported in metha-
done-exposed babies [55, 72]. Growth is slower during the
first trimester, but no difference in achieved dimensions is
noted at six months: a compensatory acceleration of growth
takes place farther from discharge. Head circumference is
normal within one year of age [40] while no cognitive delay
is documented during infancy [36, 39, 40, 65]. However,
when methadone is provided to pregnant women at effec-
tive dosages within structured programs, newborns tend to
weigh more and have a larger head circumference; the latter
in proportion with the average dose administered during the
third trimester [24]. Examining the possible factors which
may contribute to developmental abnormalities in a group
of children of addicted mothers treated with methadone, no
relationship was documented with opiate-related character-
istics, such as methadone dose and duration of exposure to
methadone [17].

10. Breast-feeding

Breast-feeding is possible for methadone maintained
women. The milk contains approximately 2% of daily dose
and concentration [71]. Values range from 0,05 to 0,57 mg/
ml for dosages varying from 10 to 80 mg/day [71]. Daily
methadone exposure is approximately 0,02-0,09 mg/die, far
below the theoretical lethal dose in non tolerant babies. On
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the other hand, such a dose is not enough to prevent NAS in
opiate-tolerant newborns. However, methadone maintained
mothers who breastfeed their babies should not stop abruptly
if dosages are average-to-high [48]. A study linking prenatal
methadone exposure to delayed development examined a
group of women treated with an average dose around 40 mg,
which does not shield against poly-drug abuse and addictive
behaviours [70].

11. Psychological aspects

‘Pregnancy’, as a life event, is often experienced by pa-
tients,or suggested from others, as somehow psychologically
linked with the natural history of addiction. Redemption
themes should never be supported or induced, and preg-
nancy should never be considered as a healing opportunity
through a withdrawal from therapy. In fact, expectations and
motivational drives have nothing to share with the destiny
of a metabolic disease. On the contrary, patients will have
to be provided with adequate information on treatment op-
portunities and feasibility in order to complete pregnancy in
the best way. A good counsellor could motivate, through the
experience of treatment during pregnancy,a stronger relation-
ship with the therapeutic program. In this case, pregnancy
can really become a motivation to treatment and can be so
turned into an “opportunity of treatment”.

12. Parental role

Heroin dependence can compromise one’s capacity to
provide parental functions. The loss of maternal prioritiesina
heroin addicted woman with children allows us to understand
its severity as a disease and its power to deviate behavior
from instinctive and fixed patterns, such as that of maternal
attachment to her infant. Feelings and emotions linked with
the contact with and the responsibility for their children are
often present in heroin addicted women. The incoherence
between the importance that mothers claim to attribute to
their children and their behavior, which is contrary to the
maintenance of a parental role, is therefore an evident sign
of addiction. Motherhood can represent in a women who is
a drug abuser but not drug addicted, an opportunity to stop
her abuse, however, this is not the case in the presence of
drug addiction. The awareness of their one parental respon-
sibility and the presence of maternal feelings can cause in
drug addicted mothers demoralization, guilt and feelings
of inadequacy and suicidal thoughts. Maternal psychotoxic
effects of abused substances expose children to the risk of
a chronic lack of emotional interaction, neglect and abuse
and experiences of violence in their environments. Drug
addicted women are conscious of what could improve their
parental function (i.e. a behavioral control recovery), but are
not able to plan a coherent, adequate line of conduct. Drug
addicted women, as with most drug addicted individuals
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whose addiction is not very severe, aim to recover control
of the substance of abuse, in order to continue its use freely,
and resort to a treatment able to solve the critical situation
of the moment. Questions such as home care or resorting
to a family collaboration are considered secondary with
respect to the solution of those linked with substance use.
An anti-addiction therapy has to restore the mother so that
she can maintain a parental role. Parental dysfunction is an
expression of the disease of addiction and so its recovery
has to pass necessarily through the treatment of the addictive
disorder. As for every category of drug addicted individual,a
therapeutic approach must have the aim of allowing patients
to recover through a continuum between intention, planning
and behavioral drives.

References

1. Auriacombe M., Afflelou S., Lavignasse P., Lafitte C.,
Roux D., Daulouede J. P., Tignol J. (1999): Pregnancy,
abortion and delivery in a cohort of heroin dependent
patients treated with drug substitution (methadone and
buprenorphine) in Aquitaine. Presse Med. 28:(4) 177.

2. Ballard J. L. (2002): Treatment of neonatal abstinence
syndrome with breast milk containing methadone. J
Perinat Neonatal Nurs. 15:(4) 76-85.

3. Berghella V,,Lim P.J., Hill M. K., Cherpes J., Chennat
J., Kaltenbach K. (2003): Maternal methadone dose
and neonatal withdrawa. Am J Obstet Gynecol. 189:(2)
312-317.

4. Blinick G., Wallach R. C., Jerez E., Ackerman B. D.
(1976): Drug addiction in pregnancy and the neonate.
Am J Obstet Gynecol. 125:(2) 135-142.

5. Brown H. L., Britton K. A., Mahaffey D., Brizendine
E., Hiett A. K., Turnquest M. A. (1998): Methadone
maintenance in pregnancy: a reappraisal. Am J Obstet
Gynecol. 179:(2) 459-463.

6. BursteinY.,Giardina P.J.,Rausen A.R.,Kandall S.R.,
Siljestrom K., Peterson C. M. (1979): Thrombocytosis
and increased circulating platelet aggregates innewborn
infants of polydrug users. J Pediatr. 94:(6) 895-899.

7. Burstein Y., Grady R. W., Kreek M. J., Rausen A. R.,
Peterson C. M. (1980): Thrombocytosis in the offspring
of female mice receiving DL-methadone. Proc Soc Exp
Biol Med. 164:(3) 275-279.

8. Burstein Y., Rausen A. R., Peterson C. M. (1982):
Duration of thrombocytosis in infants of polydrug
(including methadone) users. J Pediatr. 100:(3) 506.

9. Chumley Jones H. (1999): Shorter Dosing Interval of
Opiate Solution Shortens Hospital Stay for Methadone
Babies. Family Medicine Journal. 31:(5) 120-125.

10. CoghlanD.,Milner M.,Clarke T.,LambertI.,Mcdermott
C., Mcnally M., Beckett M., Matthews T. (1999):
Neonatal abstinence syndrome. Ir Med J. 92:(1) 232-
236.

11. Dashe J. S., Jackson G. L., Olscher D. A., Zane E.
H., Wendel G. D. J. (1998): Opioid detoxification in
pregnancy. Obstet Gynecol. 92:(5) 854-858.

12. De Lange E. E. (1979): The effect of heroin and
methadone on pregnancy and the newborn infant. Dutch
J Psychedelic Drugs. 11:(3) 191-202.

13. Depetrillo P. B., Rice J. M. (1995): Methadone dosing
and pregnancy: impact on program compliance. Int J
Addict. 30:(2) 207-217.

14. Doberczak T. M., Kandall S. R., Friedmann P. (1993):
Relationship between maternal methadone dosage,
maternal-neonatal methadone levels, and neonatal
withdrawal. Obstet Gynecol. 81:(6) 936-940.

15. Drozdick J. R., Berghella V., Hill M. K., Kaltenbach
K. (2002): Methadone trough levels in pregnancy. Am
J Obstet Gynecol. 187:(5) 1184-1188.

16. Finnegan L. P. (1979): Pathophysiological and
behavioural effects of the transplacental transfer of
narcotic drugs to the foetuses and neonates of narcotic-
dependent mothers. Bull Narc. 31:(3-4) 1-58.

17. Finnegan L. P. (2000): Women, pregnancy and
methadone. Heroin Addict Relat Clin Probl. 2:(1) 1-
8.

18. Finnegan L. P., Hagan T., Kaltenbach K. (1991):
Opioid dependence: Scientific foundations of clinical
practice. Pregnancy and substance abuse: Perspective
and directions. Bull N 'Y Acad Med. 67 223-239.

19. Finnegan L. P., Wapner R.J. (1984): Your CE topic this
month (no. 3). Drug abuse in pregnancy. J Pract Nurs.
34:(2) 14-23.

20. FinneganL.P.,WapnerR.J.(1987): Narcotic addictionin
pregnancy. In: NeibylJ.R.(Ed.) Drug Use in Pregnancy.
Lea & Febiger, Philadelphia, PA. pp. 203-222.

21. FischerG.,JagschR.,EderH.,Gombas W., Etzersdorfer
P., Schmidl-Mohl K., Schatten C., Weninger M.,
Aschauer H. N. (1999): Comparison of methadone and
slow-release morphine maintenance in pregnant addicts.
Addiction. 94:(2) 231-239.

22. Garcia-Algar O., Brichs L. F., Garcia E. S., Fabrega
D. M., Torne E. E., Sierra A. M. (2002): Methadone
and neonatal thrombocytosis. Pediatr Hematol Oncol.
19:(3) 193-195.

23. GillA.C.,0OeilJ.,Lewis N. L., Younan N., Kennedy I.,
LuiK.(2003): Strabismus in infants of opiate-dependent
mothers. Acta Paediatr. 92:(3) 379-385.

24. Hagopian G. S., Wolfe H. M., Sokol R. J., Ager J. W.,
Wardell J. N., Cepeda E. E. (1996): Neonatal outcome
following methadone exposure in utero.J Matern Fetal
Med. 5:(6) 348-354.

25. Hanssler L., Roll C. (1994): Increased thrombocyte
count in newborn infants of drug-dependent mothers.
Klin Padiatr. 206:(1) 55-58.

26. HarperR.G.,Solish G.,Feingold E., Gersten-Woolf N.
B.,Sokal M. M. (1977): Maternal ingested methadone,

-334



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

-34 -

Heroin Addiction and Related Clinical Problems 12 (2): 29-36

body fluid methadone, and the neonatal withdrawal
syndrome. Am J Obstet Gynecol. 129:(4) 417-424.
Holmstrand J., Anggard E., Gunne L. M. (1978):
Methadone maintenance: plasma levels and therapeutic
outcome. Clin Pharmacol Ther. 23:(2) 175-180.
Jackson L., Ting A., Mckay S., Galea P., Skeoch C.
(2004): Arandomised controlled trial of morphine versus
phenobarbitone for neonatal abstinence syndrome. Arch
Dis Child Fetal Neonatal Ed. 89:(4) 300-304.

Jarvis M. A., Schnoll S. H. (1995): Methadone use
during pregnancy. NIDA Res Monogr. 149 58-77.
Jarvis M. A., Wu-Pong S.,Kniseley J. S., Schnoll S. H.
(1999): Alterations in methadone metabolism during
late pregnancy. J Addict Dis. 18:(4) 51-61.

Johnson R. E., Jones H. E., Fischer G. (2003): Use of
buprenorphine in pregnancy: patient management and
effects on the neonate. Drug Alcohol Depend. 70:(2
Suppl) S87-S101.

Jones H. E., Haug N., Silverman K., Stitzer M., Svikis
D.(2001): The effectiveness of incentives in enhancing
treatment attendance and drug abstinence in methadone-
maintained pregnant women. Drug Alcohol Depend.
61:(3) 297-306.

Jones H. E., Haug N. A, Stitzer M. L., Sviki S. D. S.
(2000): Improving treatment outcomes for pregnant
drug-dependent women using low-magnitude voucher
incentives. Addict Behav.25:(2) 263-267.

Kaltenbach K., Berghella V., Finnegan L. P. (1998):
Opioid dependence during pregnancy. Effects and
management. Obstet Gynecol Clin North Am. 25:(1)
139-151.

Kaltenbach K., Comfort M. L. (1997): Methadone
maintenance of greater than 80 mg during pregnancy.
NIDA Res Monogr. 174 128.

Kaltenbach K., Finnegan L. P. (1984): Developmental
outcome of children born to methadone maintained
women: a review of longitudinal studies. Neurobehav
Toxicol Teratol. 6:(4) 271-275.

Kaltenbach K., Finnegan L. P. (1987): Perinatal and
developmental outcome of infants exposed to methadone
in-utero. Neurotoxicol Teratol. 9:(4) 311-313.
Kaltenbach K., Finnegan L. P. (1987): Perinatal and
developmental outcome of infants exposed to methadone
in-utero. NIDA Res Monogr. 76 276.

Kaltenbach K., Finnegan L. P. (1987): Perinatal
developmental outcome of infants exposed to methadone
in utero. NeurotoxicolTeratol. 9 311-313.

Kaltenbach K. A., Finnegan L. P. (1989): Prenatal
narcotic exposure: perinatal and developmental effects.
Neurotoxicology. 10:(3) 597-604.

Kandall S. R., Doberczak T. M., Jantunen M., Stein J.
(1999): The methadone-maintained pregnancy. Clin
Perinatol. 26:(1) 173-183.

Kempley S. (1995): Methadone maintenance treatment.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Pregnant women taking methadone should be warned
about withdrawal symptoms in babies. BMJ.310:(6977)
464.

Kreek M. J., Schecter A., Gutjahar C. L., Bowen D.,
Field F., Queenan J., Merkatz 1. (1974): Analyses of
methadone and other drugs in maternal and neonatal
body fluids: Use in evaluation of symptoms in a neonate
of mother maintained on methadone. Am J Drug Alcohol
Abuse. 1:(3) 409-400.

Lee T. S. (2000): Slow-release morphine was not
more effective than methadone in reducing neonatal
abstinence syndrome. West J Med. 172:(1) 26.

Maas U., Kattner E., Weingart-Jesse B., Schafer
A., Obladen M. (1990): Infrequent neonatal opiate
withdrawal following maternal methadone detoxification
during pregnancy. J Perinat Med. 18:(2) 111-118.
Mack G., Thomas D., Giles W., Buchanan N. (1991):
Methadone levels and neonatal withdrawal. J Paediatr
Child Health. 27:(2) 96-100.

Madden J. D., Chappel J. M., Zuspan F., Gumpel J.,
Mejia A., Davis R. (1977): Observation and treatment
of neonatal narcotic withdrawal. Am J Obstet Gynecol.
127 190-199.

Malpas T. J., Darlow B. A., Lennox R., Horwood L.
(1995): Maternal methadone dosage and neonatal
withdrawal. Aust N Z J Obstet Gynaecol. 35:(2) 175-
177.

Martinez A., Kastner B., Tacusch H. W. (1999):
Hyperphagiain neonates withdrawing from methadone.
Arch Dis Child Fetal Neonatal Ed. 80:(3) 178-182.
MayesL.C.,Carroll K.M.(1996): Neonatal withdrawal
syndrome in infants exposed to cocaine and methadone.
Subst Use Misuse. 31 241-253.

Newman R. G. (1974): Pregnancies of methadone
patients. Findings in New York City Methadone
Maintenance Treatment Program. N Y State J Med.
74:(1) 52-54.

Offidani C., Chiarotti M., De Giovanni N., Falasconi
A. M. (1986): Methadone in pregnancy: clinical-
toxicological aspects. J Toxicol Clin Toxicol. 24:(4)
295-303.

Ostrea E. M., Chavez C. J., Strauss M. E. (1976): A
study of factors that influence the severity of neonatal
narcotic withdrawal. JPediatr. 88 542-545.
Rajegowda B. K., Glass L., Evans H. E., Maso G.,
SwartzD.P.,Leblanc W.(1972): Methadone withdrawal
in newborn infants. J Pediatr. 81:(3) 532-534.

Ramer C. M., Lodge A. (1975): Neonatal addiction:
a two-year study. Part I. Clinical and developmental
characteristics of infants of mothers on methadone
maintenance. Addict Dis. 2:(1-2) 227-234.
Rohrmeister K., Bernert G., Langer M., Fischer G.,
Weninger M., Pollak A. (2001): Opiate addiction in
gravidity - consequences for the newborn. Results of



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

L. Finnegan et al.: Methadone treatment for pregnant heroin addicted women

an interdisciplinary treatment concept. Z Geburtshilfe
Neonatol. 205:(6) 224-230.

Rommelspacher H. (1991): The pharmacology of drugs
(heroin,L-methadone,cocaine, hashish) and their effects
on pregnancy, fetus and neonate. Gynakologe. 24:(6)
315-321.

Rosen T. S., Pippenger C. E. (1975): Disposition of
methadone and its relationship to severity of withdrawal
in the newborn. Addict Dis. 2 169-160.

Rosenkrantz H., Miller A.J., Esber H. J. (1975): delta-
9-tetrahydrocannabinol suppression of the primary
immune response in rats. Journal of Toxicology and
Environmental Health. 1:(1) 119-125.
SarmanlI.(2000): Methadone treatment during pregnancy
and its effect on the child. Better than continuing drug
abuse, should be monitored by a specialized antenatal
care center. Lakartidningen. 97:(18) 2182-2190.
Scimeca M. M., Savage S. R., Portenoy R., Lowinson
J. (2000): Treatment of pain in methadone-maintained
patients. Mt Sinai J Med. 67:(5-6) 412-422.

Sharpe C.,Kuschel C.(2004): Outcomes of infants born
to mothers receiving methadone for pain management
in pregnancy. Arch Dis Child Fetal Neonatal Ed.89:(1)
33-36.

Sinha C., Ohadike P., Carrick P., Pairaudeau P.,
Armstrong D.,Lindow S.W.(2001): Neonatal outcome
following maternal opiate use in late pregnancy. Int J
Gynaecol Obstet. 74:(3) 241-246.

Stimmel B., Goldberg J., Reisman A., Murphy R. J.,
Teets K. (1982): Fetal outcome in narcotic-dependent
women: the importance of the type of maternal narcotic
used. Am J Drug Alcohol Abuse. 9:(4) 383-395.
Strauss M. E.,Andresko M., StrykerJ.C.,Wardell J.N.,
Dunkel L. D. (1974): Methadone maintenance during
pregnancy: pregnancy,birth,and neonate characteristics.
Am J Obstet Gynecol. 120:(7) 895-900.

Suffet F., Brotman R. (1984): A comprehensive care
program for pregnant addicts: obstetrical, neonatal,
and child development outcomes. Int J Addict. 19:(2)
199-219.

67

68.

69.

70.

71.

72.

. SvikisD.S.,LeeJ.H.,Haug N. A, Stitzer M. L. (1997):
Attendance incentives for outpatient treatment: effects
inmethadone- and nonmethadone-maintained pregnant
drug dependent women. Drug Alcohol Depend. 48:(1)
33-41.

Swift R. M., Dudley M., Depetrillo P. B., Camara P.,
Griffiths W.(1989): Altered methadone pharmacokinetics
in pregnancy: implications for dosing. J Subst Abuse.
1:(4) 453-460.

Thakur N., Kaltenbach K., Peacock J. (1990): The
relationship between maternal methadone dose during
pregnancy and infant outcome. Pediatr Res. 28 227A.
Wilson G. S., Desmond M. M., Wait R. B. (1981):
Follow-up of methadone-treated and untreated
narcotic-dependent women and their infants: health,
developmental,,and social implications.J Pediatr.98:(5)
716-722.

Wojnar-Horton R. E., Kristensen J. H., Yapp P., Ilett
K. F., Dusci L. J., Hackett L. P. (1997): Methadone
distribution and excretion into breast milk of clients
in a methadone maintenance programme. Br J Clin
Pharmacol. 44:(6) 543-547.

Zagon 1. S.,Mclaughlin P.J. (1983): Behavioral effects
of prenatal exposure to opiates. Monogr Neural Sci. 9
159-168.

Role of funding source

This article was supported by internal funds

Contributors

The authors contributed equally to this article

Conflict of Interest

The authors have no relevant conflict of interest to report

in relation to the present article

Received December 4, 2009 - Accepted March 1, 2010

=215






