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ABSTRACT 

The aim of this prospective cohort study was to estimate the nsk of the adverse 

effects in infants breastfed by mothers receiving 5-ASA-containing dmgs while 

lactating. We conducted telephone interviews with 121 women exposed to the 

dmgs while lactating and 121 controls. The mean age for the exposed infants at 

the time of follow-up was 22 t 20 rnonths while the mean age for the non-exposed 

infants at the time of follow-up was 2 1 t 18 months. Most of the exposed group 

had been taking the medication long term at least throughout the pregnancy. 

Based on maternai reports there were 14 (12%) clinical events in the infants of the 

exposed group and 13 (1 1%) in the control group (p=0.4). The profile of clinical 

events in the infants were similar in the two groups and often were explained by 

other causes. The results of this study suggest that 5-ASA-containing compounds 

do not pose a significant risk to breastfed infants. 
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1.1 Purpose of the Study 

The MotheRisk program in Toronto, which is a specialized counselling program for 

pregnant and lactating women, counsels patients who express concern about 

exposure to medications while breastfeeding. These concems pertain to feu of 

causing untoward effects in the infant. Breastfeeding mothers generally wish to 

avoid dmg therapy whenever possible in order to circurnvent these difficulties'. 

However, for chronic diseases that would result in significant compromise of 

maternai health without treatrnent, avoiding therapy is sirnply not a possibility. 

Inflarnmatory bowel disease and its treatment, 5-arninosalicylic acid (5-ASA), is an 

example of this. Adequate counselling supported by sufficient human data on the 

safety of a particular agent are required to alleviate the fears of mothers and protect 

the health of the nursing infant. 

Despite the relatively low concentrations in rnilk, the use of 5-ASA-containing 

dmgs in a lactating patient has been a matter of concem. The concems arise from 

case reports of adverse reactions in infants whose mothers were tiiking 5-ASA or 

sulfasalazine2'. Consequentiy, the Amencan Academy of Pediatncs recommends 

that these dnigs be given to breastfeeding mothers with caution4. Given the 

relatively comrnon use of 5-ASA-containhg drugs in women in their childbearing 

years,5*6 it is likely that these reported observations of adverse events represent the 

most severe end of the spectnim. 

Myla E. Mure#* 



1.2 Hypothesis: 

It is my hypothesis that the incidence of adverse reactions in breastfed infants 

exposed to 5-ASA-containing dmgs through rnik is very low and that severe 

reactions such as those reported in the literature are rare. Most women are able to 

breastfeed safely. 

I.3 Objectives: 

By following a group of women taking 5-ASA-containing dmgs during lactation it 

is my objective to determine the incidence of adverse reactions in their breastfed 

infants. As well, 1 will aim to determine more specifically whether the incidence of 

diarrhea is an increased risk for these infants. These objectives will allow for a 

better risk assessment for patients and health care providers faced with this clinical 

scenario in the future. 

1.4 Background: BreasCfeeding 

It is clear that breastfeeding is the superior form of infant nutrition, providing 

benefits that are visible across al1 cultural, environmental, and geographic barriers7. 

Although the advantages are quite striking in underdeveloped and developing 

nations, the benefits are present even in developed nations such as canada8. 

Exclusive breastfeeding is associated with sigmficant health benefits to the child. 

These include reductions in many newborn illnesses such as otitis media: SIDS,~~*''  

viral diarrhea,12 necrotising entero~olitis,'"'~ and decreased morbidity from 

respiratory syncytial virus  infection^"*'^. Moreover, several investigators have 

recently shown that breast rnilk may have benefits on the neurodevelopment of the 
child17, 18,1920 . Because of these obvious benefits the Canadian Pediatric society8 



and the American Academy of pediatrics7, have recornmended that exclusive 

breastfeeding be encouraged in almost al1 clinical settings and should continue for at 

least the first year of life or longer7v8. This is further supported by various 

initiatives, including t h  "Baby-Friendly" hospital by the World Health 

~ r ~ a n i z a t i o n , ~ '  which fully support the notion that breast rnilk is nutritionally and 

immunologically the best food source for infants. 

It appears that for many years now, the general public in industrialized nations have 

not widely accepted these clear benefits or have succumbed to the influences of 

society and the media. This is evidenced as we look at historical trends. With the 

advent of artificial infant fonnulas in the 1950s and throughout the 1970s, 
22,23 breastfeeding rates declined significantly. and it became less socially acceptable 

to breastfeed2'. As the general public, and more importantly, childbearing women 

become aware and educated about both the advantages of breastfeeding and its 

advocation by major medical bodies, the rate of breastfeeding can be expected to 

increase once again, 

Although, under ideal situations, the vast majority of women are capable of 

breastfeeding, for many reasons they either do not initiate breastfeeding or 

discontinue breastfeeding prematurely. Some of the reasons can be attributed to the 

perception that they have insufficient milk, 25.26 pain, or discornfort with 
37.28 brea~ t f eed in~ ,~~  embarrassrnent or inc~nvenience,~~ infant illness or abnormality 

and matornical d i f f ic~l t ies~~ (various anomalies may make breastfeeding extremely 

difficult). Recently, however, we have shown that matemal illness and materna1 

drug exposure are extremely important indicators of faiiure to initiate or continue 

breastfeeding3'. 
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1.5 Drug Transport into Human Milk 

Almost al1 drugs will gain access to the rnilk. This is theoretically obvious when we 

consider the physicochernical properties of dmgs and the biological properties of 

breast rnilk as with any other body fluid or tissue. In general, when measurements 

have been performed in humans, almost al1 drugs have been detected. Since most 

drugs are believed to diffuse into breast milk, transport across the mammary barrier 

is govemed by standard phvmacokinetic and pharmacodynamie principles. The 

properties which dictate the arnount of diffusion of a h g  into breast rnilk are: the 

lipid solubility of the dmg, the protein-binding of the dmg, its acidlbase 

characteristics, molecular weight, maternai systemic bioavdability and its half 

life3'. To further identify the amount of h g  that the infant will be systemically 

exposed to one must also consider the gastrointestinal absorption or oral 

bioavailabilityJ2 and the metabolism. elimination, and half-life of the dmg in 

infantsJ3. 

Human rnilk crin be considered a compartment just as any other tissue. The reason 

most dmgs gain access into milk is generally due to several comrnon features. That 

is, they are frequently all srnall in molecular weight, usually Iess than 100-200 ~a~~ 

and they are frequently weak acids or bases3'. Their small molecular weight ailows 

for easy diffusion across the Lipid bilayers of the mamrnary epithelia (alveolar cells) 

into mature rnik. Although, in the early stages of lactation, there are gaps between 

alveolar cells of the mammary glands which excrete rnilk3' and molecules may have 

easier access across these ce11 gaps. Since human milk is dso slightly more acidic 

than blood (7.2 vs 7.41~~, basic molecules will tend to become ionized, depending on 

their pKa and become "ion trapped" in the milk. Breast milk is relatively high in 

fat, about 3-4%37, such that dmgs which are highly lipid-soluble will tend to diffuse 

into breast milk to a greater extent than dmgs which are not Lipophilic. The protein 

binding of a dmg also influences the diffusion into breast milk since it is only free 
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h g  that is able to diffuse across the lipid bilayer. So, highly bound drugs are less 

likely to diffuse into human milk. 

The mother's plasma concentration of a drug will also influence the amount of drug 

in milk. This is because the concentrations in milk tend to correlate with 

concentrations in matemal plasma38 and the two follow similar concentration-time 

profiles. In fact, when sarnpled over time, the concentration of dmg in rnik will 

display an initial peak followed by a more gradua1 decline in concentration. I have 

shown this previously w ith ketoconazole (a systemic antifungal agent)3g. Maternal 

breast milk sarnples were taken over 12 hours after the h g  had reached steady state 

in the mother. The area under the concentration-time curve is then used to estimate 

infant exposure. As the matemal plasma concentrations of a dmg fall, so will the 

dmg concentrations in breast rnilk although there will be a lag in the breast rnilk 

concentrations to allow for distribution. Matemal plasma half life of a particular 

drug will also influence the mount  of drug in milk because of this feature. Drugs 

with very short half life rnay only be present in the matemal systemic circulation for 

brief penods. They rnay peak rapidly in plasma and dissipate just as rapidly, which 

rnay not allow for si,@icant transfer into rnilk. 

1.5.1 What is the M:P ratio? 

The milk to maternai plasma concentration ratio (M:P) is just that, an expression to 

represent the arnount of drug reaching milk relative to maternd plasma 

concentrations. Although the M:P ratio rnay fluctuate somewhat, most drugs will 

display a relatively constant stabilizing once the drug has achieved steady 

state concentrations in the mother's plasma and hence the milk. We rnay also see 

interindividual fluctuations which rnay reflect why some infants will display adverse 

reactions, whereas others will not. 



Once a cimg has entered into the breast milk compartment, estimating the exposure 

to the infant must still consider the disposition of the dmg in the infant. That is, 

even if the dmg is ingested by the infant, oral bioavailability and half-life in the 

infant play important roles in determinhg systemic exposure by the infant. Many 

drugs which enter the infant's gastrointestinal tract become unstable in the infant's 

normal gastric acid and are rapidly denatured4? Other drugs, due to their 

physicochemical properties are simply poorly absorbed from the gut, such as drugs 

which are not lipophilic or those which are very large34. Moreover, even after 

absorption rnany drugs undergo significant metabolism in the liver before reaching 

the systemic circ~lation'~ (Fust-pass effect). These barriers to absorption decrease 

the likelihood that significant drug concentrations will be found in the systemic 

circulation of the infant, and hence the likelihood of dose-related adverse reactions. 

Recently, several investigators have suggested that breast milk concentrations of a 

drug c m  be predicted solely based on these physicochemical chuacteristics of the 

d r ~ ~ ? ' " ~ " ~ .  The models which have been proposed take into account the pKa of the 

drug, its lipid solubility, acid-base characteristics, protein binding, dong with breast 

rnilk characteristics such as fat and protein content and pH. Ito and lKorenM have 

also recently extrapolated this prediction of milk concentrations to estimate the 

exposure to an infant by considering the clearance in infants and the normal daily 

dose to infants. Subsequently, 1 have prospectively validated this rnodeld5 with three 

dmgs whose breast milk concentrations were only documented after development of 

the models; ketoconazole, sumatriptan and methylphenidate. Actual observed 

concentrations correlated extremely well with the concentrations which were 

predicted by the models (rZ=0.99). Future studies wili address additional drugs in 

order to strengthen the validity of the models. 
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Generally speaking most dnigs will gain access to the breast rnilk in very low 

arnounts, usually less than 10% of the maternal dose on a per kg basis (maternal 

weight-adjusted dose) and frequently less than 1%". Because of these subclinical 

concentrations that will be delivered to the infant, most dmgs pose little risk for use 

in the lactating patient. However, considering these facts, the possibility of local 

reactions within the gastrointestinai tract, such as diarrhea or constipation can not be 

mled out. Furthemore, non-dose related reactions or idiosyncratic reactions, which 

may result from even extremely low concentrations in milk can not be predicted 

based on the concentrations of clmg ingested by the infant. 

1.6 Dmg Therapy in the Breasgeeding Mother 

With any patient treatment the physician and patient are faced with weighing the 

benefits of treatment against the nsks. For the most part this is a fairly simple 

assessment because the risk of h m  from a particular dnig is almost always 

significantly less likely than nsks of the untreated disease. However, when the 

patient of concem is lactating, the risk assessrnent process becomes more complex 

as we now have to consider two individuals. While we cm be sure that treatment of 

the mother is more beneficial than not treating, we have to be aware that the infant 

may be exposed to the dmg in breast milk, which may pose unnecessary harms. The 

obvious decision may be to withhold breastfeeding, which is frequently the advice 

of the treating physicians. Fortunately, only a few dmgs are considered completely 
47.48 incompatible with breastfeeding. 1 have reviewed this topic elsewhere . 

Moreover many women may be reluctant to discontinue breastfeeding as they are 

aware of the benefits that breast milk provides to their infant and the desire on their 

part not to lose the bonding experience that cornes with breastfeeding. In addition, 

the costs associated with formula feeding are more than double the costs of adequate 

nutritional intake in a lactating r n ~ t h e r ' ~ ~ ~  (V. Stevens, City of Toronto, 



unpublished data, 1996), a significant deterrent to formula feeding for many. If 

breastfeeding is to continue, the patient and health care provider must be aware of 

the amounts of dmg entering milk, and the possible risks of these amounts if they 

were to be ingested by the infant. Furthemore, these must be outweighed by the 

clear benefits of continuing to provide breast rnilk. 

1.7 Diiculties In vestigating the Lactating Population 

Ideally, prospective, randomized controlled studies would be conducted to precisely 

document and investigate this population. Close monitoring of the infant and drug 

measurements in materna1 plasma, breast milk, and infant plasma provide an 

accurate picture of the infant exposure and response to this exposure through breast 

milk. Unfortunately, practically speaking, this type of study is difficult to perform. 

Ethical considerations also lirnit feasibility since withholding treatment from 

patients is not reasonable. So if research c m  noi be randomized, studies are also 

limited by the number of patients who actually require medication. 

Even in a population of individuds highly motivated enough to participate in such a 

study, only a small portion will be women who require drug therapy and are 

concurrently lactating. Recruitment of patients is difficult, in particular since this 

population with newborn infants may be severely time-restricted and less willing to 

participate in clinical research which may hinder their time further. As a result, the 

information currently available to dmg information services such as MotheRisk are 

generally lirnited to case reports or case series, which presents inherent bias against 

the nuil hypothesis51. 



1.8 Providing Drug In formution for the Luctating Patient: 

1.8.1 ReMew of the MotheRisk Program 

The MotheRisk Progrm, originally a clinical consultation service began its 

operation in September of 1985. Some two to three years later it expanded to 

include a telephone consultation service, which remains its largest component to 

date, averaging close to 150 calls per day from across the country. It is a specialized 

h g  information service, which provides both patients and heiilth care providers 

with information about the risks and safety of drugs, chemicals, infectious diseases, 

and radiation in the context of pregnancy andor lactation. A detailed description of 

the program is offered elsewhereS2. Approximately 20%, or 30-35 of the daily calls 

to the service pertain to drugs in lactation. The service, running within the Hospital 

for Sick Children in Toronto, pnmarily counsels patients over the phone, although a 

small proportion of patients will come to the hospital for a clinic appointment when 

an exposure is of particular concem. When the initial cal1 is placed, al1 patients are 

interviewed by trained counsellors who obtain relevant details about their medical 

and obstetrical history that is subsequently documented on standardized forms 

(Appendix A). When the caller is a health care provider as much information about 

the patient as possible is collected. This information includes details about the 

patient's medical conditions, drug use, and pregnancy history. For patients coming 

into the hospital clinic, a slightly more detailed medical history is taken which 

includes al1 the details in the Telephone Report Form dong with information about 

genetic diseases and occupational exposures. This information is recorded in the 

c h i c  also on a standardized form (Appendix B). Trained counsellors and 

physicians document al1 contact with the patient as wel1 as provide information and 

consultation. 
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Because information is collected prospectively (i.e. before the exposure to the infant 

has occurred), services such as MotheRisk possess unique research capabilities. By 

identifying matemal characteristics and drug use patterns before follow-up much of 

the recall bias can be eliminated, a difficulty inherent with any protocol relying on 

reports by human subjects. 

1.8.2 Sources of Information 

Services such as the MotheRisk program obtain information for a particular patient 

in a number of ways. These are summarized below. 

1.8.2.1 lndividualized Approach 

For any particular risk assessment the ideal situation would be a completely 

individualized approach. This permits the patient to have an accurate picture of her 

risk potentiai by identifying and using information specific to her own clinical 

situation. This format is particularly important when there is little information about 

the specific dmg or if the drug is exceptionally toxic even at low doses. With a 

series of patients contacting the MotheRisk prograrn 1 have done just t h d 3 .  

Occasionally patients contacting the program who are very eager to breastfeed may 

be exposed to medications for which the existing information in the literature is 

controversial or sparse at best. This is true for exposures to lithium, arniodarone, 

azathioprine, and cyclosporine. For each of these exposures several patients have 

been provided with an individualized risk assessment, as have the chiid's physicians 

and in many cases the treating physician. This assessment has involved 

measurements of drugs in ~ l k ,  and in infant serum whenever possible, to quantify 

the exposure. Milk sampling continued until all caregivers were satisfied that the 

safety or risk to the infant could be established. Although in some cases m i k  levels 

and infant serum concentrations of the drug were extremely high (amiodarone, 

cyclospo~e), in most instances the levels were sufficiently low to allow for 
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continued breastfeeding (lithium, azathioprine, cyclosporine). This unique approach 

has provided al1 individuals involved with specific information that would not have 

been available from standard sources and has allowed breastfeeding to continue in 

cases where lack of information may have otherwise prompted the decision not to 

breastfeed. 

1.8.2.2 Cohort Studies 

Cohort studies are another source of information on which to base the patient's risk 

assessment. Given that few cohort studies exist in the literature with respect to h g  

use in breastfeeding 1 have used patients from the MotheRisk program to provide 

data on large groups of women exposed to a particular agent. 1 recently conducted a 

study on lactating patients exposed to antihistamines and examined the rate of 

reported adverse events in the infantss4. In this cohort of 234 women using 

antihistamines while lactating, 22.6% of the rnothers reported adverse events in their 

infants. None of the events prompted the mother to seek medical attention, 

suggesting that the events were not severe in nature. This information can now be 

used to provide adequate information to al1 patients in the future and large cohort 

studies of this nature should continue as they contribute to population-based 

information not normdly found in the literature for this patient population. 

2.8.2.3 Compiled References 

Several standard references are used in providing information to the patient about 

the risks or safety of a particular cimg while breastfeeding. The most 

comprehensive of these is the text edited by the  WHO^ which includes dl the 

published references pertaining to the excretion of a particular drug in breast milk as 

well as express the percent exposure by the infant and summarize the effects in 

infants and provides recommendations. Another text, Dmgs in Pregnancy and 

~actation'~ also sumarizes the cument data without directly providing a 

recommendation. A book by dong with summarïzing the literature as it 

Myla E. M o r d  



pertains to use in the lactating patient will also include information about the 

toxicity of a particular dmg in adults and in the pediatnc population. It also 

includes many pharmacokinetic parameters of the individual dmgs which may be 

used in the risk assessrnent process. Finally, every four to five years, the Amencan 

Academy of Pediatrics publishes its listing "'I'he Transfer of Dmgs and Other 

Chernicals Into Human ~ i l k ' ~  whose recornrnendations are endorsed by the 

Canadian Pediatric Society. The publication provides recomrnendations on the use 

of dmgs in  a lactating patient by presenting various lists of dmgs. The Iists divide 

drugs by categories based on their relative safety. The importance of al1 of these 

references is that most health care providers treating breastfeeding mothers will 

have at least one, if not several of these references in their lihrary on which they will 

base their recornmendation to the patient. It is critical that these references 

accurately depict the current status of knowledge so that patients are not 

misinfonned about their risks. 

1.9 Behaviors: The Lactatirtg Patient Taking Medication 

19.1 The Priming Effect 

Identifying positively the source of an adverse reaction as reported by the mother is 

diff'cult. Studies have clearly shown the existence of a placebo effect, which is the 

reporthg of a clinical or adverse effect even in the absence of active dmg? A 

significant proportion of patients will report an adverse event even when they are 

given placebo probably from an anticipation that they may be on the tme dmg. This 

is reviewed by ~eeche? who reported on this effect in several clinical studies. In 

the case of the lactating rnother taking medication, it is conceivable that mothers are 

biased for an adverse event simply because of a belief that the cimg wiil cause a 

reaction in her infant. One may not be totally sure if in fact the effect is due to the 

dmg. However, Taddio et al5' recently showed that mothers on antibiotics were no 

more likely to report an adverse event in the infant when explicitly counsel1ed of a 



specific reaction (primed) as compared to those who were not (unprimed). Sixty- 

eight percent of mothers in the primed group and 87% of mothers in the unpnmed 

group reported events in their infants. It is not known if the act of seeking and 

receiving information itself c m  cause p h i n g  rather than the specific information 

provided. 

1.93 Breastfeeding Choices 

The issue of drug information for the lactating patient is an important one because it 

may provide the basis for which decisions regarding breastfeeding are made, 

particularly for women on chronic therapies. 

In a cohort study on women receiving antiepileptic medications while breastfeeding 

(n=34),30 1 have shown that patients were significantly less likely than a healthy 

control group (n=34) to initiate breastfeeding (p=0.004). Patients also tended to 

terminate breastfeeding significantly earlier (p<0.005), despite the fact that the 

particular antiepileptic medications being used were considered compatible with 

breastfeeding4. In addition, the mother's choices not to breastfeed or to terminate 

feeding eitrly, were frequently associated with a perception that the dnigs were 

h d u l  to the infant and they reported receiving negative information from 

physicians about the safety of these dnigs in lactation. In a smaller cohort of 

patients receiving propylthiouracil for hyperthyroidism (n=2216* I observed once 

again that patients were less likely to initiate breastfeeding and breastfed for a 

shorter duration when compared to a healthy control group (n=22). These studies 

have clearly highlighted the need for more evidence-based information so that 

patients c m  make appropriate decisions on their choice of feeding methods. 



1. IO InJIammatory Bowel Disease 

Inflarnrnatory bowel disease is a group of illnesses involving a chronic inflammation 

in the gastrointestinal tract which has no identifiable pathogenic cause6'. It includes 

diseases such as ulcerative colitis and Crohn's disease. Ulcerative colitis is 

characterized by diarrhea and rectal bleeding, whereas Crohn's disease is associated 

with anorexia and abdominal pain6'. They can be treated syrnptomatically with 

drugs, managed by diet, or corrected with surgical removal of affected areas6'. The 

onset of the disease is generally before or during childbearing In fact, peak 

incidences of the disease are between 15 and 35 years of age:"3 thus, it is not 

unlikely that pregnancy and lactation will occur simultaneously with infliunmatory 

bowel disease. Determining a precise prevalence in the general population is 

difficult since there appear to be differences in the rates of the diseases over time 

and across cities and nations6. 

1. I I  5-Aminosalicylic Acid and Related Dnrgs 

The dmgs of study in this report are 5-arninosalicylic acid (5-ASA)-containing 

compounds including 5-ASA, sulfasalazine and olsalazine. 5-ASA-containing 

dmgs are used principally in the treatrnent of inflammatory bowel diseases such as 

Crohn's, ulcerative colitis, and ulcerative proctitis'4. although sulfasalazine is also 

effective in the treatrnent of rheumatoid arthntis6'. In Canada, 5-ASA is marketed 

on its own or wiihin sulfasalazine or olsalazine. They are thought to exert their 

activity locally in the gastrointestinal tract. Structures are shown below (Figure 1). 
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Figure 1:Structure of ÇASA and derivatives 

1.1 1.1 5-Aminosalicylic Acid 

In Canada 5-ASA is available as   sa col@, ~ e s a s d ~ ,  pentasaa, ~uintasa@ and 

~ a l o f a l k @ ~ ~ -  Unlike salicylic acid, 5-ASA exhibits minimal oral absorption and as 

such appears in very low concentrations in plasma67 precluding its effectiveness as a 

systernic anti-inflammatory agent. While most of the drug is eliminated unchanged 

in the feces, the 20% that is absorbed, is rapidly N-acetylated in the gut wall and the 

Liver and excreted in the urine? Its plasma half life is about 0.5 to 1.5 houd7. 

S-ASA is most frequently administered orally, but may also be administered rectaily 

in the f o m  of a suppository or suspension enernd7. To avoid degradation in the 

stomach and upper intestine it is given a polymer coating which is pH sensitive, 

delaying release until the dnig reaches the lower intestine:' where it is expected to 

exert its anti-infiammatory activity. 



1.11.2 Sulfasalazine 

Sulfasalazine is distinct in that its 5-ASA component is joined to sulfapyridine by a 

diazo bond67. It is sold in Canada as salazopyrinaP, S.A.S" dong with severai 

generic b r a n d ~ ~ ~ .  In the colon, sulfasalazine is cleaved by bacteria to release 5-ASA 

and su~fa~yr id ine~~  The sulfapyridine is absorbed through the colon and is 

approximately 10-45 46 bound in the plasma70. Along with N-acetylation, 

sulfapyridine is 5-hydroxylated and subsequently elirninated in the urine. Like 5- 

ASA, sulfapyridine has a half life of about 8 hours7'. 

1.1 1.3 Olsalazine 

Olsalazine is formed by covalent links between two 5-ASA molecules. The tnde 

name of Olsalazine in Canada is ~ i ~ e n t u m @ ~ .  Once in the gut, it is cleaved to 

t ~ o ' ~  5-ASA molecules and will display pharmacodynarnic properties similar to 5- 

ASA. Like 5-ASA, its properties are indicative of minimal transport into milk. 

1.1 1.4 Toxicity of 5-Aminosalicyiic Acid Containing Drugs 

Toxicity and adverse reactions associated with the administration of dmgs is not 

uncornmon. 5-ASA-containing h g s  are not free from side effects. Studies have 

s h o w  that a fairly high proportion, 20 to 458, of patients will report one or more 
73.74 side effects to sulfasalazine, and this appears to be correlated to serum levels of 

sulfapyridine and to the N-acetylator phenotype73. The most common adverse 
73.74 effects include nausea, vomiting, anorexia, and headaches, which may resolve 

by lowering doses or with enteric coating of tablets7? Since 5-ASA is free of the 

suifapyridine component of the molecule, adverse events are less likely to o c c ~ r ~ ~ .  



1.12 Excretion of 5-ASA-Containing Drugs Into Human Milk 

1.12.1 5-Aminosalicylic Acid 

Small amounts of 5-ASA have been detected in milk after oral or rectal 

administration despite its low systemic absorption. To date, twelve reports exist in 

the literature characterizing the excretion of 5-ASA-containing dmgs into milk or its 

effects on the breastfed infant. 2,3,77,78,79,80,8 1.82,83,84.85,86 Most of these are case 

reports or small case senes and several do not report on infant follow-up but merely 

on h g  levels. 

The fmi report specifically investigating 5-ASA was a case report by ~e l i s '  in 

which a mother had been taking 500mg suppositories of 5-ASA twice a day for her 

infiammatory bowel disease. Within 10 hours of administration to the rnother, the 

breastfed infant developed watery diarrhea. Upon discontinuing the dmg the 

infant's stool returned to normal. Rechallenge of the h g  four other times revealed 

sirnilar findings. The mother had been treated for ulcerative proctitis and it is 

possible that severe ulcerations of the colon permitted excess absorption of the h g .  

Breastfeeding was discontinued to permit adequate matemal treatment. Two further 

case reports by Jenss et d2, and Klotz et al.83 did not find adverse events in the 

infants. Maternal doses in these reports were al1 oraily adrninistered, ranging from 

1.5 to 3 gnms per day. In one of the patients,82 who had been taking 500 mg 5- 

ASA oraily three times daily, the concentration of 5-ASA and its acetyl metabolite 

in the milk were 0.1 1 mg/L and 12.4 mg& respectively. The milk to plasma ratios 

were 0.27 for 9 A S A  and 5.1 for acetyl-S-ASA. The second patient83 also had ver-  

low milk concentrations of 5-ASA (0.1 mg/L) and its metabolite (12.3 to 18.1 

mg/L). The infant would have ingested approximately 0.065 mg/d of the parent 

dnig. Considering an 

be expected to ingest 

average infant milk intake of 150 the infant would 

about 0.0165 mg/kg/day bASA and 1.86 mglkgld acetyl-5- 
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ASA. If we assume a maternal weight of 60 kg the infant's dose is approximately 

0.066% of the maternal weight-adjusted dose. A large cohort study by Ito et a ~ . ' ~  

included 8 mothers who had been taking 5-ASA while lactating. There was one 

report of diarrhea in an infant. The final and largest report is that by Christensen et 

aLg6 who studied 13 patients at delivery exposed to doses of 0.5 to 3 g/d of 5-ASA. 

Their objective was to characterize the concentrations of the drug in maternal and 

infant plasma and breast milk. Only traces of 5-ASA were detectable in breast milk 

and follow-up of the infants was not provided. 

1 J2.2 Sulfasaiazine 

All reports of maternal exposure to sulfasalazine while breastfeeding pre-date those 

of 5-ASA. This is a reflection of their varied release into the market. In 1979, 

Jarnerot and ~ n t o - ~ a l r n b e r ~ ~ ~  and at the same time Azad-Khan and  ruel love'^ 
measured plasma and milk of 12 and 3 mothers, respectively. Sulfapyridine was 

consistently detectable, but only the latter investigators were able to detect 

unmetabolized sulfasalazine in milk. 5-ASA was undetectable in all samples. 

Berlin and ~ a f f e ' ~  had similar findings in a single patient. None of the 16 infants 

involved displayed adverse reactions. In 1987 Christensen et measured 

amniotic fluid, maternal and chord plasma and breast milk of women who had been 

taking sulfasalazine near term. Sulfasaiazine could not be detected in the breast 

milk and 5-ASA appeared in very low concentrations. 

To date the only adverse reaction in an infant whose mother had been taking 

sulfasalazine while breastfeeding was reported by Branski et do2 At two months of 

age the infant developed bloody diarrhea which recurred two weeks later, persisting 

until the child was three months of age. The authors felt that the mother's drug 

exposure was the causative agent in this case since a full examination and work-up 
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of the child revealed no abnormal findings. The diarrhea resolved 48-72 hours after 

discontinuation of maternal h g  therapy. In this case the mother was phenotyped 

and found to be a slow acetylator. Her semm concentrations were at the upper lirnit 

of the normal therapeutic range. Sulfapyridine was also found in the infant's blood, 

at 5.3 mgL 

1.12.3 Olsalazine 

Only a single report examined the excretion of olsalazine in human milksS. Neither 

olsalazine nor 5-ASA were detectable in rnilk and extremely low concentrations of 

acetyl-5-ASA were detectable in some sarnples. The infant did no& display my 

adverse reactions. Although no other iiterature exists with specific reference to 

olsdazine the findings with 5-ASA will have implications for olsdazine use in the 

lactating patient since olsalazine is cleaved to 5-ASA in the gastrointestinal tract. 

1.12.4 Specific Advice for 5-ASA Inquiries 

Currently the Amencan Academy of Pediatrics has Listed 5-ASA and sulfasalazine 

as "Drugs that have been associated with significant effects on some nursing infants, 

and should be gi;ri: to nursing mothers with caution" 4. Other critical sources make 

similar suggestions. Briggs et al?, suggests that infants of mothers taking 5-ASA 

or olsaiazine should be closely observed for changes in stool consistency, and they 

indicate sirnilar cautions for sulfasalazine. The WHO text indicates that 

breastfeeding should proceed with caution and discontinue if diarrhea develops in 

the infant? 

At MotheRisk counsellors provide information to the patients based on a cumulative 

surnmary of the literanue. That is, they are informed that the levels of excretion into 

rni1.k are low (~10%) and that breastfeeding can be continued. Patients are also told 
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to watch the baby for any changes, as they would be for any query pertaining to h g  

use in lactation. 



2. I Study Design: 

This is a prospective, observational cohort siudy investigating the incidence of 

adverse reactions in breastfed infants whose mothers were administered 5-ASA- 

containing dnigs while Iactating. 

2.1.1 The Setting 

Patients were recruited from the MotheRisk Program. MotheRisk, 

dmg information and counselling service, was the source from which 

a specialized 

subjects were 

selected. Essentially d l  patients who called the program about concerns of exposure 

to 5-ASA-containing dmgs in pregnancy or lactation were potential subjects. 

2.2 Subject Selection 

All subjects were recruited from the MotheRisk program. Calls were considered 

potential subjects even if the initial d e r  was not the patient herseif, provided 

suficient information to permit contact with the patient was documented. 

Preexisting MotheRisk practices were not altered for the purposes of the study. 



2.2.1 Treatrnent Group 

All forms for patients who contûcted the program about the safety of S-ASA- 

containing dmgs in pregnancy or lactation were eligible to be included in the 

treatrnent group. Patients were not randornized to either group since decisions about 

dmg therapy were made by the primary care physicim of each patient. Criteria for 

subject selection are listed in Table 1. 

Table 1: Treatment Group Inclusion and Exclusion Criteria 

INCLUSION CRITERIA 

breastfeeding women 

matemal exposure to 5-ASAlontaining drugs while lactating 

materna1 intent to take drug therapy chronically 
. -- - - - - - - -  

EXCLUSION CRITERIA 
- - -  - -- - - - - - - 

exposure to S-ASA-containing drugs completed 

previous maternai report of infant adverse event while on 5-ASA-containing drugs 

babies with anatomical anomalies preventing breastfeeding 

women with exposure to other drugs during lactation known to cause adverse events in infants' 

women with excessive exposure to alcohol (> 2 drinks per day) 

women with exposure to drugs of abuse 

women not attempting to breastfeed after initial cal1 

women unable to complete follow-up interview in english 

'based on the recommendations of the Arnerican Academy of Pediatrics4 

23.2 Control Group 

Ln order to mle out possible confounding effects attributed to breastfeeding or 

simply to bias in matemal reports a control group was included in the study. The 

control group consisted of women contacting the MotheRisk program who decided 



against any medication while lactating or who had trivial exposures while lactating. 

Trivial exposures are those which are not known to produce adverse events in a 

breastfed infant and were short term or acute in nature. This included analgesics 

such as acetaminophen, diagnostic radiation (such as dental x-rays) and topical 

exposures, such as hair colorhg or other cosmetic products. The control group was 

matched with the treatment group for maternal age (2 1 year), parity and infant age 

at follow-up (+ 4 months) 

2.3 Data Collection 

2.3.1 Initial Consultation 

At the initial call dl patients are interviewed to obtain relevant details about medical 

history, maternal disease and dmg exposure. If the patient has already given birth to 

her child, details about the infant health, birth weight, gestational age at delivery, 

and feeding patterns are also documented (Appendix A). Calls from health care 

providers are documented similady. Occasionally the initial call is foilowed by a 

visit to the hospital clinic, where the information collected is sornewhat more 

detailed (Appendix B). After documentation, patients are counselled about their 

primary concern and any other issues which rnay arise as a result of information 

obtained while documenting the history. Telephone interviews generally take 8-10 

minutes, while clinic consultations are 30 minutes to one hour. Patients are 

instructed to observe the infant for any changes and are told that a staff member may 

call back to conduct a follow-up interview. 

2.3.2 Follow-up Interview 

M e r  ail eligible patients had been retrieved fhey were contacted again and asked to 

complete the follow-up interview. This follow-up interview was completed over the 
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telephone in a standardized manner and information was again recorded on 

specifically designed forms (Appendix C). Details of the mother's medical history 

are confirmed as were details about the infant's health. Dmg dosage regimens 

during lactation were re-recorded. The mother was also asked if she herself 

experienced adverse reactions attributable to her 5-ASA. 

Feeding patterns and any problems with breastfeeding were also recorded. In an 

open ended manner, mothers were asked if their infant had displayed any adverse 

events since dmg thenpy had commenced. This was followed by a closed ended 

question assessing whether the infant had any gastrointestinal changes, stool 

changes or behavioral changes. Furthermore, in order to fully elucidate if there 

were any adverse events in the infant. the mothers were asked to recall any details 

about visits to a physician beyond standard visits for immunization, as well as any 

trips to the emergency room during the penod in which she was breastfeeding and 

taking 5-ASA. Details about the reasons for these health c u e  provider visits were 

documented. 

Adverse events were defined as any changes in the infant that were a depamire from 

that infant's normal behavior. Reports of events were based on maternal recall in 

most cases. If an adverse event in the infant prompted the mother to contact the 

child's physician, a follow-up letter (Appendix D) was sent to the relevant physician 

upon maternal consent. The physician was asked to confirm medical details of the 

course of the event and the actions taken. 

Four research assistants were involved in the follow-up interview process over the 

course of several years as the study was being conducted. The principal investigator 

provided training for each of the interviewers who conducted the breastfeeding 



follow-up and several also conducted pregnancy follow-up of patients who had 

contacted the service early in pregnancy. 

Patients were also asked to report on the information they may have received with 

respect to their dmg use in breastfeeding and from whom this information came. A 

source was defined as any individual who was consulted about these effects; this 

may have been the patient's physician, another heaithcare provider, friends or family 

members, the media or MotheRisk. The source's information was classified into 

three cittegories, that is, positive, negative, or discordant. If al1 sources the patient 

consulied indicated that the h g  was safe, her information was said to be positive. 

If ail sources she consulted indicated a lack of safety, her information was classified 

as negative, and if she received differing information arnong the sources her 

information was cIassified as discordant. 

2.4 Data Analysis 

Siatisticd analysis was performed on the d ata whene ver possible altho 

data were expressed in a descriptive rnanner. Most data were analyzed 

lugh some 

using the 

Statview cornputer program or the ~ ~ i I n f o ~ '  epiderniologic data analysis software. 

2.4.1 Testing of Hypothesis 

In order to determine differences between the treatment and control groups 

strttistical analysis was performed. Non-continuous data were analyzed using the 

Chi square test and Fisher's exact test for 2 x 2 tables. Variables considered include 

parity, rates of discontinued breastfeeding, problems with breastfeeding, the infant's 

medical conditions, and proportion of adverse events. Continuous variables were 

analyzed using 

distributed), and 

Mann-Whitney U test for non-pararnetric data (not normally 

unpaired Student's t-test for pararnetric (normaliy distributed) data. 



Continuous variables included matemal age, infant age at follow-up, time to 

introduce formula and duration of breastfeeding. A p-value of 0.05 was considered 

significant. 

2.4.2 Differences Between Group Reporting Adverse Events and 

Not Reporting Adverse Events 

When comparing the group in which the mother had reported an adverse event in 

the child to the group which did not report an adverse event in the child, rates and 

proportions (parity, report of matemal adverse effect, indication, brand of drug 

used) were compared using the Chi square test or Fisher's Exact test as appropriate. 

Relative risks with 95% confidence intervals were also calculated. For continuous 

data, which includes duration of breastfeeding, number of sources consulted, infant 

age at follow-u p, time to in troduce formula, duration of breas tfeeding and duration 

of infant exposure to drug through rnilk, Mann-Whitney U test was used, except in 

cases where data was normally distributed. Unpaired student's t-test was used for 

these variables. AI1 continuous data are expressed as means t standard deviation 

(SD) and categorical data is expressed as raw values and as a percent of the total. 

Ranges are indicated when relevant. 



3.1 Study Population 

A total of 121 women were recmited into the treatment group of the study. There 

were also 121 breastfeeding controls followed, for a total of 242 mother-infant 

pairs. 

3.1.1 Treatment Group: Characteristics 

Within the group of mother-infant pairs exposed to 5-ASA-containing dmgs there 

were 117 exposures to 5-ASA, 2 to sulfasalazine and 2 to olsalazine. For women 

taking 5-ASA the average daily matemal dose was 2065 f 1277 mg per day. The 

group exposed to 5-ASA were taking a variety of brands of this particuls dmg 

(Table 2). 



Table 2: Distribution of Drug Used 

Exposure n=121 

[Total 117 28 (23.1 %) Pentasaa 

8 (6.6 %) Mesasal" 

1 (0.8 %) Unknown' 

Sulfasalazine 2 (1.6%) 

Olsalazine 2 (1.6%) 

1 brand name not reported by mother 

The indication for using these medications is listed below for women within the 

treatment group (Table 3). 

Table 3 : Indication for medication in treatment group (n=121) 

66 (54.5%) ulcerative colitis 2 (1 -7%) ulcerative coliüs 2 (1.7%) ulcerative colitis 

8 (6.6%) ulcerative proctitis 

43 (35.5%) Crohn's Disease 

Not aiI women had been taking the dmg chronically. Some women had been taking 

the drug throughout pregnancy, whereas others started dmg therapy after the birth of 

the child (Table 4). In the postnatal period infants were exposed to the dnig through 

milk for a mean of 5.3 14.7 months (range: 3 days-24 months). 



Table 4: Exposure timing of maternel drug therapy 

Pregnancy and post-parturn post-partum only 

3.2 Gmup Demographics 

3.2.1 Maternal Characteristics 

There were no signifiant differences in the maternai characteristics between the 

treatment and control groups (Table 5) 

Table 5: Maternal Characteristics - Treatment vs. Control Group 

Treatment Group Control Group p-value 

Problems wth Breast Feeding (% No) 75% 82% 0.16 

3.2.2 Infant Characteristics 

There were no significant differences in the infant characteristics between the 

treatment and control groups (Table 6). 



Table 6: Infant Characteristics - Treatment vs. Control Group 

Treatrnent Group Control Group p-value 
p .  

Infants age at Follow-Up (rnos) 22.0 f 20.2 

Infant Medical Condition? (%Yes) 91 % 

Mothers reported on any underlying medical conditions which are described in 

Table 7. 

Table 7: Health Problems in Infants as Reported by the Mother 

Treatment Group Control Group 

sublingual thyroid 

lactose intolerant 

recurrent UTls 

seizures 

level II heart mumur 

heart murrnur 

kidney problem 

seizures (3) 

h ypoglycemic 

lactose intolerant 

hyperactive 

breathing problems 

cystic fibrosis 

asthma (4) 

tubes in ears 

Marcus-Gunn Jaw wink 

cerebral palsey 

hematoma 



3.3.1 Sources of Information 

Mothers reported on the number of sources they consulted for issues surrounding 

breastfeeding. The sources included health care providers, farnilylfriends, the media 

and MotheRisk. For women in the treatment group and women in  the control group 

with innocuous exposures, these sources would have specifically been consulted 

regarding the safety of lactating while using the particular medication (Table 8). 

Women in the Treatment group reported consulting significantly more sources that 

those in the Control Group although the type of information they received did not 

differ overall. 

Table 8: Sources of Information 

Treatment Group Control Group p-value 

(n=79) (n=79) 

Number of Sources Consulted 3.15 f 1.35 2.57 I 1.68 0.01 

(range) 
. ~ . L - i . r . . - I - - . - - ~ - _ u _ _ - -  

(1 4 (0-5) 
---UIUUIUUU-. "..u..-*M.-"..... 

Type of Advice Positive 47 (59.5%) 49 (62.0%) 0.95 

Neg ative 1 (1.3%) 1 (1.3%) 

O isco rdan t 31 (39.3%) 29 (35.7%) 

3.3.2 Reasons for Discontinuing Medication 

A total of 32 (26.4%) women in the treatment group had discontinued medication by 

the time of the follow-up interview. The reasons for such are categorized on Table 

9. 



Table 9: Reasons for Discontinuation of 5-ASA Therapy 

Reason Given n=31* 

Medication No Longer Needed 19 (61.2%) ..... U-.......~......Y._....".-.--..-.*----.-*....*...-.........-.-...w...*.-.-.-.........-u. 

Medication Nat Effective 3 (9.7%) 

Concerned About the Health of Infant 3 (9.7%) 

Materna1 Adverse Reaction 3 (9.7%) 

Others 3 (9.7%) 

*data not available in 1 case 

3.3.3 Breast Feeding Patterns 

A proportion of wornen in each group had discontinued breastfeeding by the time of 

follow-up. The rate of those who had discontinued breastfeeding was not 

significantly different between the two groups. When analyzing the mean duration 

of breastfeeding in cases where breastfeeding was discontinued ihere was no 

significant difference between the two groups. The breastfeeding duration analysis 

was performed again, this time including al1 patients. In cases where the infant was 

still being breastfed the age at follow-up was used. There was no statistically 

significant difference (Table 10). Within the treatment group o d y  Uiree women 

specifically stated that they had stopped breastfeeding to resume dmg therapy. 



Table 10: Breast feeding trends - Treatment Group vs. Control Group 
- 

Treatment Group Control Group p-value 
- -  - 

No Longer Breastfeeding 83 (67%) 85 (70%) 0.13 ....... -..tm.*~"i...~,.-..-.-..m.m.-..-..m . -  -".-ww----*-.-..----*.----.--. 

Duration of Breast feeding- 7.4 I 6.0 7.3 + 5.5 0.72 

entire cohort (mos) 
.--_ - *.." ..... "-.......-.-".-- .... .....a..- ....... *- ..... ".*-.~-~~*---"*-*..---~-.-.*.---".-..- .... ".. 

Du ration of Breastfeeding- 6.8 f 5.4 6.1 k 4.4 0.61 

baby no longer breastfeeding (mos) 

3.4 Adverse Event Outcornes 

Analysis of the rates of adverse events in the infant as reported by the mothers did 

not reveal significant differences between the two groups (Table 11) .  The mean age 

of the infants at onset of the adverse event was also not significantly different 

between the Treatment and Control groups. 

Table 11 : Adverse Events as Reported by the Mother 

Treatment Group Control Group p-value 

Infant Adverse Events Yes 

No 

Infant Aga at Onset of Event (mos) 2.0 f 2.1' 3.6 + 5.1* 0.41 

'Relative Risk (95% CI)=1 .O8 (0.5-2.19) 
t explicit data available for only 9 cases 
$ explicit data available for only 12 cases 

The list of adverse events is seen in Table 12. There was 1 case of blood and mucus 

in stool reported in each group. There were no other cases of diarrhea reported in 



the treatment group, however there was an additional case of bloody diarrhea in the 

control group as well as 3 other cases of diarrhea. 

Table 12: List of Adverse Events Reported in Infants 

Treatment Control 
-- 

4 (3.3%) colic 5 (4.1%) colic 

3 (2.5%) constipation 3 (2.5%) eczema 

3 (2.5%) gas 3 (2.5%) diarrhea 

1 (0.8%) blood and mucus in stool 1 (0.8%) bloody diarrhea 

1 (0.8%) infant spitting up mucus 1 (0.8%) blood and mucus in stool 

1 (0.8%) eczema 

1 (0.8%) green stool 

Within the treatment group 8 (10.996) of the mothers reported expenencing side 

effects to the dnigs themselves. 

3.4.1 Power Calculation 

Although the rates of d l  adverse events in breastfed infants are not known, the study 

power has been calculated using the rate of adverse events observed in the control 

group (1 1 B). The power of the study to detect at two fold increase in the rate of 

infant adverse events was 57%, with a 5% levei of significance. 

3.4.2 Characteristics Of Patients Reporting Adverse Events In 

Infants vs. Patients Not Reporting Adverse Events In Infants 

Possible confounding variables were exarnined for iheir potential effect on the 

incidence of reported adverse events. In Table 13, examinhg the entire cohort of 

mother-infant pairs revealed that maternd parity was not sigdicantly different in 



the group reporting adverse events as compared to the group not reporting adverse 

events. Furthemore, women reporting side effects in themselves were no more 

likely to report an adverse event in their infants as compared to women not 

experiencing adverse effects from the dmg, with a relative risk (95% confidence 

interval) of 0.48 (0.07-3.47). There were no significant differences in matemal age, 

duration of breastfeeding, time to introduce formula feeding, and the number of 

sources consulted by the patient between the "Infant Adverse Event" and "Infant No 

Adverse Event" groups. However, the infants in whom an adverse event was 

reported were significantly younger at follow-up than those not reporting adverse 

events (Table 13). 

Table 13: Characteristics of Subjects Reporting Adverse Events in Infants and 

Subjects Not Reporting Adverse Events - Whole Cohort (n=242) 

lnfant Adverse Event lnfant No Adverse Event p-value 

(11-27) ( ~ 2 1 5 )  

Matemal parity P=l 

P=2 

P>2 

Matemal Adverse Effect Yes 1 (7.7%) 18 (1 5.7%) 0.69§ 

No 12 (92.3%) 97 (84.3%) * 
Matemal Age 32.1 + 3.7 31.4 f 4.0 0.37 

. - - - -. - - - - - - - - - - - - - 

Infant Age at Follow-Up (mos) 13.7 f 10.6 22.4 f 19.8 0.02 

Duration of Breast Feeding (mos) 7.5 f 6.2 7.3 f 5.7 0.86 

Time to lntroduce Formula (mos) 3.1 13.1 3.5 k 2.7 0.51 

Number of Sources consulted 2.9f 1.7 2.8 +Z 1.3 0.86 

t data not available for 14 cases 
: data not available for 100 cases 
5 Relative Risk (95% CI) = 0.48 (0.07-3.47) 



Focusing on the treatrnent group, a similar comparison was performed between the 

adverse event group and the no adverse event group, revealing different findings. 

(Table 14). Materna1 parity was not different in the women reporting adverse events 

in their infants as compared to the women not reporting adverse events. Women 

reporting adverse events were no more likely to be taking any particular bbrand of 5- 

ASA, have any specific indication for dmg therapy or to have reported an adverse 

effect due to drug therapy in themselves. Moihers were of sirnilar age, were 

consuming similar doses of 5-ASA, consulted a similar number of sources regarding 

the safety of their dnig use while breastfeeding and received sirnilar advice. 

Al though not statistically significant, mothers reporting adverse events in their 

children tended to introduce formula as a supplement to the infants diet somewhat 

sooner than those who did not. The infant age at follow-up was significant once 

again as was the duration of breastfeeding, with women reporting adverse events 

breastfeeding for a shoner period. 

When the analysis was performed with the control group only the infant age at 

follow-up was not significantly different between the Infant Adverse Event and 

Infant No Adverse Event groups (pc0.47). However the Adverse Event group was 

slightly younger ( 1  7.5 vs 21.3), although the standard deviations were large; greater 

than half the mean. 

Myh E. M o r d  



Table 14: Characteristics of Subjects Reporting Adverse Events in Infants and 

Subjects Not Reporting Adverse Events - Treatment Group Only (n=t 21) 

lnfant Adverse Event lnfant No Adverse Event pvalue 

(n=14) (n407) 

Matemal parity P-1 6 (42.9%) 59 (55.1 %) 0.90 

P=2 5 (35.7%) 34 (3 1.8%) 

P>2 3 (21.4%) 14 (13.1%) .............-~.-*---* "...~..-.-~.........-.....~.--.~...-.-~.........~.........~~.-...*..*..........*.-*....-.*........~..-...*.~.......~........-.."...-..*...,-....*....*..-...~..,... 
Materna1 Adverse Effect Yes 1 (12.5%) 1 1 (1 6.9%) >0.99* 

No 7 (87.5%)' 54 (83.1 %)' 

Indication ulceratie colitis 8 (57.1 %) 62 (57.9%) 0.99 

ulcerative proctitis 1 (7.1%) 7 (6.5%) 

Crohn's 5 (35.7%) 38 (35.5%) 

Dose of Drug (mg) 1811 f 1398 2099 f 1264 0.44 

Duration of Infant Exposure 3.0 k 2.1 5.7 + 4.8 0.04 

Maternai Ag8 31.6 f 3.8 31.4 f 4.0 0.91 

Infant Age at Follow-Up (mos) 10.2 4 8.1 23.5 k 20.8 0.01 

Duration of Breast Feeding (mos) 4.1 f 3.3 7.8 f 6.2 0.03 
. . 

Time to lntroduce Formula (mos) 2.3 f 2.7 3.8 f 2.6 0.51 

Number of Sources consulted 3.5 f 1.6 3.1 f 1.3 0.26 

Type of Advice Positive 8 (1 7.0%) 39 (59.1 %) 0.07 

Negative 1 (7.7 %) O 

Discordant 4 (30.8%) 27 (40.9%)' 
t data not available for 6 cases, * data not available for 42 cases 

Relative Risk (95% CI) = 0.74 (0.1 1-4.99) 
data not avaiIable for 41 cases 



4.1 Findings - Nul1 Hypothesis Nut Rejected 

Matemal therapy with 5-ASA-containing drugs while lactating did not appear to be 

associated with major adverse events in their breastf'eeding infants. Although there 

were few cases similar to those previously reported in the litennire (Section 1.12), 

the non-treated group also reported a sirnilar incidence of adverse events in their 

infants. This finding suggests that, within the limited power of this cohort, there is 

no increased risk of adverse events attributable to 5-ASA exposure through rnilk. 

Moreover, the adverse events most similar to those reported in the literature 

occurred in both groups, with a higher rate of these specific gastrointestinal events 

seen in the control group. 

Descriptions below indicate that most of the infant events can not be directly 

attributed to dmg exposure through milk for a variety of reasons which are 

cornmented on throughout (see Section 4.1.1.1). The events in the control group are 

also descnbed (see Section 4.1.1.2) to highlight that, in  fact, many reports by the 

mother are quite similar to those in the treatment group. This further supports the 

notion that these events may have occurred spontaneously even in the absence of 

matemal drug use. This data has not been able to support the reports in the 

literature that 5-ASA is a causative agent in diarrhea or bloody diarrhea in infants 

whose mothers were taking the h g  while lactating. 



The manner in which the patients were initially counselled on the effects of this 

dmg while breastfeeding rnay also have affected reporting. If the patient's 

perception that the likelihood of an adverse event was small they may have been less 

likely to note a particular event and report it to the interviewer at follow-up. Taddio 

et dgs9 did show that the type of counselling did not affect the likelihood of 

reporting an adverse event, however the act of seeking counselling itself may have 

bearing on the tendency to report rui adverse event. This tendency c m  not be 

elucidated from this group since al1 patients sought counselling of some type. 

4.1.1 Description of Reported Infant Adverse Events 

4.1.1.1 Treatment Group 

colic (Case # 9) 

The patient had been taking 1000 mg/d sulfasalazine for ulcerative colitis. The 

follow-up was conducted when the child was 12 months of age and the rnother 

reported colic occumng when the child was about 1 month old. She did not seek 

medical attention for this event and breastfeeding was continued until four months 

of age. This mother had also reported that she herself experienced adverse effects 

from the dnig therapy and she consulted 6 sources about the use of this dmg while 

lactating. These six sources provided inconsistent information and as a result the 

mother was left with controversial advice and possibly a misperception of risk to her 

infant. It is also possible that her reporting of an adverse event predisposed her to 

reporting an event in her child. 



blood and mucus in stool (Case #281 

This was a report by a mother who had been taking 1200 mgld of 5-ASA  s sa col^) 

for ulcerative colitis. Follow-up was conducted at 22 months of age. The mother 

observed blood and mucus in the baby's stool on one occasion when the child was 2 

weeks old. This resolved spontaneously so the rnother did not seek medical 

attention. She continued to breastfeed until the baby was six and a half months old 

and had received information about the use of her dmg from 5 different sources 

while Iactating. Al1 of them were reassuring and indicated that breastfeeding was 

considered safe. If in fact this event was caused by 5-ASA it would likely have 

recurred since dmg therapy was not discontinued. 

colic at birih and constipation (Case #29) 

This infant was exposed to 5-ASA  s sa col^) from a mother who had Crohn's 

disease and was taking 1500 mgld. Follow-up occurred when the infant was almost 

24 months of age. Follow-up indicated that the infant was colicky at 1 month of 

age. She did not speak to the child's physician about this. The mother discontinued 

breastfeeding I week later. She had consulted four sources regarding the effects of 

breastfeeding while taking 5-ASA, which gave her controvenial advice. 

dispellina mucus f Case #33 ) 

In this case, the mother was takhg 5-ASA  s sa col^), 1000 mg/d for ulcerative 

proctitis. Follow-up was conducted at 14 months of age and the mother had 

continued to breastfeed for nine months but had discontinued dnig therapy in three 

days because of concems arising from the adverse reaction in the infant. However, 

after discontinuing drug therapy the mother reported that the dispelling of mucus 

recurred two more times. It is unlikely that this event can be attributed to dmg 

therapy since it did not resolve after discontinuation of treatment. This mother had 



consulted three sources of information about dmg therapy while lactating , which 

were controversial. 

colic (Case if751 

This mother was contacted 2.5 months after the birth O f her ch ild. She had been 

taking 5-ASA (salofalka), 500 mg/d for ulcerative colitis. The mother had spoken 

to 4 sources regarding information about the dmg use in lactation; al1 of these were 

positive. The mother reported colic in the infant which appeared to be getting 

better. She was still taking the medication and breastfeeding at the time and felt that 

the colic was simply a factor of the child's age. 

colic (Case #761 

This follow-up was conducted when the infant was 2 months of age. The rnother 

was taking 500 mg/d of 5-ASA  e enta sa^) for Crohn's. Although she discontinued 

breastfeeding she reported that this was attributable to the severity of her illness. 

She had consulted six sources about dmg therapy while lactating and al1 were 

positive. She did report that the colic had resolved. Since infant exposure was 

discontinued it is difficult to interpret the causative agent in this case. Exposure to 

the dnig through milk can not be ruled out. 

eczema (Case #ZOO) 

This follow-up was of an 18 month old infant. The mother breastfed for 3 months 

and was taking 5-ASA ta sa col@) at 4000 mg/d for ulcerative colitis. She reported 

that the infant had eczema. A causative effect of the dnig can not be ruled out in 

this case. 



passv K a s e  #184) 

This 1.5 month old infant who was still being breastfed at the time of follow-up. 

The mother was taking 4000 mg/d of 5-ASA  e enta sa^) for Crohn's disease. She 

reported that the infant was experiencing gastrointestinal disturbances (gassy). Four 

sources had been consulted regarding the safety of breastfeeding while taking this 

medication and they provided the mother with controversial input. An allergic 

reaction caused by the drug is a possibility in this case; however, the patient's 

mother did not consult a physician. 

green stool (Case #1W) 

At follow-up this infant was almost 2 months old and was still being breastfed, 

mother was taking 600 mg/d of 5-ASA  s sa col") for ulcerative colitis. She 

reported that the infant's stool was unusual (green in colour). Both of the sources 

she had consulted gave her positive information about the safety of breastfeeding 

while taking this drug. Effects of the dnig also can not be ruled out and a physician 

was not yet consulted about the matter. 

gassy (Case #191) 

This is the case of an infant who was followed-up at 16 months of age. The mother 

was taking 1000- 1500 mg/d of SASA SA sa col") for ulcerative colitis. She reported 

that she discontinued breastfeeding because of insufficient milk and the baby had 

been gassy just shortly before that. The gassiness resolved, however since 

breastfeeding was also discontinued at the same time a dmg effect can not be ruled 

out. No physician was consulted about the event but al1 three of the sources the 

mother contacted about the safety while breastfeeding were supportive. 



-- - - - - - - 

constipated (Case #197) 

The mother of this infant reported an episode of constipation which resolved with 

the administration of gripe water to the infant. The mother was still breastfeeding 

the infant at follow-up which was conducted at 5.25 months of age. She also 

continued to take her medication sulfasalazine, 3000 mgld for ulcerative colitis. It 

is unlikely that this constipation was due to the dmg use since the event resolved 

despite continued matemal drug therapy. A physician was not consulted about the 

event however the mother had contacted one source about the safety of 

breastfeeding which was negative. 

colic (Case #202) 

In another case of colic reported, the infant was still colicky at follow-up (5.75 

months of age). The mother was also still breastfeeding and taking 5-ASA 

(pentasaB) at 4000 mg/d for Crohn's disease. She had consulted two sources who 

both gave positive information pertaining to using this dmg while Iactating. The 

child's physician was not consulted about this event. 

constipated (Case #203) 

This report of constipation occurred when the infant was 16 months of age. The 

child had been breastfed for 12 months and the mother was taking 5-ASA 

(pentasaB) for Crohn's disease. The four sources of information provided to her 

were al1 positive with respect to the use of this dnig during lactation. She reported 

that the constipation resolved with no intervention or medical attention. A causative 

effect of 5-ASA is unlikely in this case. 

passv (Case #204) 

This follow-up was conducted when the infant was 1.5 months of age. The mother 

was taking 1000 mg/d of 5-ASA  e enta sa^). The gassiness in the infant persisted 



- -  - - 

and she was still breastfeeding. The mother had received positive information about 

breastfeeding from two sources and attributed the event in her child to insufficient 

milk. 

4.1.1.2 Control Group 

diarrhea-green stud (Case #461 

A report of diarrhea when the infant was 4 months of age. The infant was 23 

months at follow-up. The event resolved without medical attention and the child 

continued to breastfeed until 17 months of age. 

colic (Case #59) 

This case of colic was reported at 28 months of age. The child had been breastfed 

for 9 months and the colic resolved, no consultation with a physician was necessuy. 

colic (Case #86) 

This was a report of colic in an infant which resolved spontaneously. The infant had 

been breastfed until 16 months of age and the follow-up was conducted when the 

child was 48 months old 

eczema ( Case M 4 9 )  

A child who was still being breastfed at 25 months was reported to have eczema 

which persisted. 

colic (Case #156) 

A follow-up indicated an infant who displayed colic for 10 months. The child was 

breastfed for 6 months and followed-up at 14 months. 



blood in stooi (Case #176) 

This report of blood in the infant's stool was received at follow-up which was 

conducted when the chiid was 14 months of age. The event, which occurred in the 

fiirst weeks of life, resolved when the mother stopped drinking rnilk at the 

suggestion of a physician. The child continued to breastfeed until 10 months of age 

with no further events. 

eczerna (Case # 1801 

The mother in this case reported eczema in her child which occurred each time the 

child was given antibiotics. The mother continued to breastfeed and follow-up was 

conducted at 9.5 months of age. 

diarrhea (Crise #209) 

This zvent of diarrhea occurred when the infant was 6 months of age, when solids 

were introduced. Follow-up was conducted at 1 I months of age and the mother was 

still breastfeeding. 

colic (Case #2121 

This infant was reported to be colicky at birth which resolved at 4 months of age. 

Follow-up was conducted at 16 months of age and the infant had been breastfed 

until 10 months. 

eczerna (Case #213) 

This is a report of an infant with eczema around birth. The infant was 6 months at 

follow-up and was still being breastfed. The eczema resolved when the mother 

changed laundry detergent. 



-. . 

bloodv diarrhea (Case #215) 

This follow-up conducted at 3.25 months of age, was of an infant who was still 

being breastfed. The infant had a single episode of bloody diarrhea at 9 days of life 

which did not recur. 

diarrhea (Case #2221 

A case of diarrhea was reported at follow-up of a 21 month old infant who was still 

being breastfed. The event occurred at 18 months of age and although the child's 

physician was consulied the diarrhea resolved spontaneously. 

colic (Case #2291 

Colic was reported at 2 months of age in an infant who was followed-up at 8 

months. The colic did resolve and the infant was still being breastfed. 

4.2 Characteristics Associated With an Increased Incidence of Reporling 

Adverse Evenfs 

Detailed analysis of the patient population has revealed that several characteristics 

may distinguish mothers reporting adverse events or their behaviors, with respect to 

breastfeeding. Analysis perfomed on the whole cohort as well as sub-analysis of 

the cohort of women exposed to 5-ASA-containing dmgs demonstnted that adverse 

events were more likely to be reported when the infant follow-up was conducted at a 

younger age. This suggests that recall is affected over tirne, such that mothers may 

have more difficulty reporting an event the longer the t h e  that has elapsed since it 

occurred. This finding is corroborated in the literature* as is in fact true of any 

study which relies on patient r e c d  of events. 



These mothers reporting adverse events in their infants were no more likely to have 

reported an adverse effect in themselves due to the dmg. Surprisingly, this finding 

contradicts those by Taddio et aL9', which demonstrated that women who 

experienced adverse effects from short-term antibiotic therapy were significantly 

more likely to have reported adverse events in their breastfed infants. This may be 

explained by the nature of the matemal exposure in this investigation. All mothers 

in the treatment group were women who had a chronic illness requiring long terrn 

therapy with medication. Women rnay have becorne accustomed, over the course of 

years of treatment, to the effects of the drug and, as an oversight, rnay not have 

reported the side effect. Alternatively, the cohort of women in this study rnay have 

been an inherently select group compared wi th those studied by Taddio et a~.'~,who 

tolerate the drug therapy well and simply did not experience adverse effects. 

Patients not tolerating drug therapy and expenencing adverse effects rnay have 

discontinued their use and hence were not eligible for selection in this group. In 

addition, the study population rnay have inadvertently selected a group of women 

with less severe disease who are not likely to have adverse effects. If maternal 

disease was extremely severe, drug dosages high and polydrug therapy indicated, 

patients rnay have elected not to breastfeed at d l  because of overwhelming 

concems, and once again, not being represented in the study population. Although 

we did not see differences in the maternai cimg doses in the "adverse event group" 

as compared with the "no adverse event group" the mean maternal doses in Our 

cohort were lower than the dose customarily used for maintenance treatment of 

inflammatory bowel disease. 

Characteristics, such as parity, maternal age, and sources of information consulted, 

did not appear to have any effect on the reporting of adverse events in the whole 

cohort or in the subgroup of exposed patients only. Within the treatment group drug 



brand used, dose, and indication for therapy also did not appear to influence the 

likelihood of reporting an adverse event. 

The reporting of adverse events did not influence the age at which fornula was 

introduced in the whole cohort. However, there was a tendency in the treatment 

group to introduce formula at a younger age when an adverse event was reported. 

This suggests that materna1 disease and medication use rnay in fact be perceived by 

the patient as a risk to the infant, despite the fact that only one patient explicitly 

mentioned discontinuing breastfeeding because of concems arising from an adverse 

event. In order to minimize this risk, patients in the treatment group introduced 

formula sooner, thereby decreasing duration of exclusive breastfeeding, and 

subsequently decreasing the infant's exposure to drug in rnilk. 

These findings are further supported by analysis within the treatment group, of 

breastfeeding duration, nurnber of sources consulted, and duration of infant 

exposure to drug through miik . Both breastfeeding duration and duration of infant 

exposure were found to be lower in the group reporting adverse events, whereas 

women reporting adverse events were more likely to have consulted more sources of 

information. This suggests bat the concems about risk to the infant rnay manifest 

themselves in altered behaviors by the mother. Although in many cases, the mother 

did not consult a physician (4.1.1) she may have attempted to minimize risk by 

decreasing the duration of breastfeeding and/or dmg therapy. The increase in 

sources consulted presents an interesthg inference, that is, women who have 

consulted too many sources rnay become confused by discordant information or 

ovenvhelmed by the information reported and as a result were more likely to 

observe adverse events. Although not siWcant, there was a tendency for the 

exposed group who reported adverse events in their children to have received 



negative information. Unfortunately the sarnple size is too small in this case to draw 

conclusions from the finding. 

4.3 Cornparisun tu Other Cohort Studies of Drug Use During Lactation 

To date few investigators have performed studies such as that reported here. As 

mentioned previously, most reports in the literature concerning effects of h g  use 

in the lactating population consist of case reports and small case series. MotheRisk 

is uniquely providing information in this area with large-scale studies on this 

population of women and ~ h i l d r e n ' " ~ ~ ~ ' ~ " ~ .  However, none of these studies to date 

have specifically compared reported adverse event rates in a group of mother-infant 

pairs with chronic exposure to a particular medication to a group not having such 

exposure. 

Interestingly, the rate of adverse events observed in this investigation is significantly 

lower than that reported previously by this gro~p,8459 although the age at follow-up 

in this cohort is significantly older than in the previous studies. In these reports 

follow-up was conducted days to weeks after the initial interview which may have 

significantly affected the rate of adverse events reported. This is strongly supported 

by the existing data which did show that the rate of adverse events reported was 

lower over ûme. 

The previous studies, which did not have a control group without exposures to the 

drug in question, were not able to determine the rate of what appears to be adverse 

events due to factors other than the drug itself. Coupled with the previous study 

from our groupu, this study clearly indicates about one in 10 nursing women notice 

some clinical events in their infants even though they are not receiving any h g .  

Myla E. M o r d  



4.4 Limitations 

4.4.1 Sample Selection and Study Setting 

This study is limited by the nature of the patient population. That is, al1 patients had 

to have contacted the MotheRisk prograrn for some type of counselling and dmg 

information. The convol group however, was selected in the same manner which 

provides interna1 validity. However, these patients represent a highly motivated 

group which rnay not adequately reflect the general breastfeeding population. Their 

perception of risk may be elevated above those in the generd population which rnay 

have instigated their initial contact with the program. 

The setting, MotheRisk, also presents a limitation because patients not contacting 

the prograrn c m  not be identified or described. Previous studies from this group30 

have shown that callers to the prograrn generally represent a middle to upper class 

population which clearly does not reflect the population at large. On the other hand, 

patients of a lower socioeconomic class rnay have more reason to report adverse 

events such as diarrhea or bloody diarrhea, because of other risk factors, namely a 

higher risk for infectious disease in the infant. It is possible that these risks rnay 

have confounded the reported rates. 

4.4.2 Materna1 Recall Bias 

As with any study relying on reports from patients, recall b i s  is a limitation. 

Patients frequently are unable to recalt events or rnay misrepresent an event since 

their recall of the event will diminish over time. This "diminished recall over time" 

is shown by the findings of this report. A recent report attempted to show that 

patient's recall would corroborate the information documented in the patient's 

chÛrP2. Although they found that patients accurately reported quantitative data, 



-- 

such as birth weight and gestational age at delivery, they were l e s ~  effective in 

reporting qualitative data such as pregnancy complications and post-natal 

complications. Therefore, the absolute incidence of adverse events observed in this 

study may be subject to this bias. However, since the control group is followed in 

the sarne manner, it is subject to the same bias and the cornparison becomes a valid 

one. Moreover, it is reassuring to note that even in the presence of this bias, few 

events required medical attention and no event persisted or resulted in severe infant 

morbiciity . 

4.4.3 Study Power 

The rate of clinical adverse events in al1 breastfeeding infants is not known. If the 

rate is assumed to be ihat observed in the control group then the power of this study 

to detect a two-fold increase in the rate of adverse events was 57%. with a 5% level 

of significance. To deiect a two-fold increase in the rate of adverse events with 

80% power the study sample size would have to be increased to 392 (196 in each 

group). 

Studies have investigated the risks of diarrhea in infants at various stages in life and 

in different countries. The rates of diarrhea in developing nations is extremely high, 

usually due to infectious agents which are much less a nsk factor in industrialized 

nationsy3 and as a result the risks would be much lower in Canada. A very large 

study conducted by Howie et al? indicated that the risk of hospitalization due to 

gastrointestinal illness in infants who were breastfed for more than 3 months was 

2%. Based on this value and the number of patients studied, this study is able to 

rule out a six-fold increase in the rate of hospitalizations due to gastrointestinal 

illness, with a power of 80% and a 5% Ievel of significmce. 

Myk? E. M o r d  



4.5 Future Research 

This large-scale study has provided reassuring data about the safety of 5-ASA- 

containing dmgs, mainly the pure 5-ASA formulation, in the breastfeeding patient. 

In most industrialized nations, including Canada, more than 80% of women start 

breastfeedings. It is important to examine the current incidence of breastfeeding in 

women receiving 5-ASA, and to determine whether dissemination of the present 

findings can change the epiderniology of breastfeeding prevalence in this group of 

patient. 

Since follow-up interview style and content may affect materna1 report, future 

studies of this type should aim to develop more stmctured response forrns. As well, 

patient diaries and decreasing the time for subsequent follow-up will increase the 

accuracy of the reported outcornes and strengthen the findings of the report. These 

tools may be useful in other luge-scale studies of drug use in lactating patients. In 

particular, drugs that are currently considered controversial for use in this 

population, due to serious cases in the literature, should be addressed in this manner. 

4.6 Impact On Patient and Chician 

The data presented herein are reassuring for both the patient and the clinician. 

Patients needing drug therapy with 5-ASA for inflamrnatory bowel disease can 

safely take their medication. Clinicians faced with the decision on whether to 

advise a patient requiring drug therapy to breastfeed are provided with results that 

suggest that infants whose mothers are taking 5-ASA while breastfeeding are very 

unlikely to experience drug related adverse events. Idiosyncratic reports in the 

literature, however, were quite severe. Because this type of reaction can not be 



predicted, patients should still be counselled to observe the infant whenever the 

mother is taking 5-ASA while breastfeeding. 



5. CONCLUSION 

Dmg therapy in the lactating patient provides unique challenges in risk assessment 

since the nsk of exposure of an infant to a dmg in milk must be outweighed by both 

the benefits of continued breastfeeding and of appropriate treatment of materna1 

disease. This assessrnent is particuldy difficult when Iiterature reports suggest 

there rnay be concems, and adverse effects have been observed clinically in infants 

whose mothers were taking the medication while breastfeeding. 

This study has measured the rates of adverse events in infants whose mothers h d  

been taking 5-ASA-containing drugs while breastfeeding. After an initial cal1 to a 

counselling service, patients were contacted at a later date to ascertain details 

pertaining to dmg use and the occurrence of any adverse events. A control group 

was followed sirnilarly. There was no difference in the reported adverse events in 

the treatment group compared to the control group. This suggests that, based on the 

power of this sample size, the use of SASA during lactation is not associated with a 

significant risk to the breastfed infant. Moreover, the specific incidence of diarrhea 

or bloody diarrhea was also not different in the two groups, suggesting that the 

likelihood of this particular event, as described in the literature, is uncommon. 

These fmdings are sigrüficant since this study is the first large-scale study 

examining the effects of 5-ASA on the breastfed infant which has demonstrated no 



appreciable risk attributable to 5-ASA-containhg dmgs. Since 5-ASA is generally 

chronically administered, these data have notable clinical relevance to a select 

population of patients who can be reassured by these data. The results are also 

relevant to MotheRisk, which provides this information to patients and healthcare 

providers on a daily basis. Future studies addressing the incidence of breastf'eeding 

initiation in these women may determine if the information reported in this study 

affects willingness to breastfeed. 
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Appendix A: Telephone Report Form 

MCOMING: 

I timc: 

timc: 
c o m p l d  by: 

Hrallh a rd  # 

8 - 

NOT PREGNANT g c m l  infoO planning O 
rcmpcctivcO h t f c n l i n g  0 

LMP (dmiry) cvcry - drys Ccwin? Y N 

~ , , ~ ~ ~ l , . :  w c i g h t  kg lb gestation - wk rnor 

EDC(dmi~y1 by &ta O by ulmsound O 

G- P- SA- T L  
kfccu m prentw No & 

Most ment ulaiwulu) in curm~t prrgnancy: Na yet 0 
u wccki Rcmin: Raulu: 

ORUG 
* ik * rw  

Strrt Stop Dose / Aoute lndfcation IW UA 
Infutions d ChmnrB - on mvmo 

Patknt's Nome 

HmC, Wlnt  phim 

AkOhOl DURIHGpmnanq . 
Smoking D W G  ~ r c ~ l p r w y  

Cocaine, Crack- DWG PIZSWWCY 

couruellar: 

compkad 0 poucd !O fcllowo 

OUTGOMG: 

Maniuana 1 1 1 1 

Referred badc to MD for suggestion of medkatioM O 1 



OChlrunydia ochicken pox OCMV 
OGeniint h e m  OGonorrhtri 0 Gmup B sücp 
OCox~kicic 0 Heprititis B 0 Hepidris C 
0 HlV O Pmovims B 19 0 Shinglcs 
0 Syphilis 0 Varicella 

O l k  

Dote of contact with infectcd pcnon: 
Dore of laions on conuct p o n :  

Type of contact: 
Oblood Oûayciue o f d  ~houKhaId 
Ohospiml O with lerions O m u c d  Ooml 

Patient had d i s a u  in the piut O 
Discase clinidly diagnoscd? O O by 

Cbemical: 
Occupation: 

EXPOSURE 
typc: dirca Saondory 

wherc: fxtory offÏcc home ~hoo l  
i n h c r  

mute: skin ml inhahion 
tnhs 

ducatioa: minuta houn doyr 
t d u  

harrier: glova mruk mpinior fumhoad 
O* 

dûe e l l e :  na- vomiting dianha nrh 
krlpchc mmn b l d  virion 

liihcr 

Rcfcmnced advice +box on pg. 1 Rcfercnctd advice + box on pg. 1 

Infant Data Number of t i m  brc;istfcd cbly: 
how often? 

Date of birth: 
Gcstaiioni~I agc a! birth: wk 
Birih wcight: kg Ib Formulosupplemcnntion? Yes No Solids? Yes No 

n;unc tY Pc 
Arc you taking medication as prescribcd? agc s m d  agc s w t d  

Yes No # timts/&y # times/day 



Appendix B: Clinic Form 

MOTHERISI< PROGRAM 
ANTENATAL CLINIC FOR DRUWCHEMICAL RlSK COUNSELLING 
THE DIVISION OF CLINICAL PHARMACOLOGY, HOSPITAL FOR 
SlCK CHILDREN, TORONTO, ONTARIO 

CONSULTATION DATE (d/rn/y) 

CONSULTATION BY: 
ID NUM8ER: 

MATERNAL DATA 
FüLL NAhlE: Biological father's nme: 
Addrtss: Address: same as mother Q 

Date of birth (dd/mmm/yy) Date of biah (dd/mmm/yy) 
Home Teiephone: ( ) Home Telephone: same Q ( ) 
Work Telephone: ( ) Work Telephone: ( ) 

Maternai Race:Q Caucasbn Ci BLck O East Indian 9 Orientai Xlaritd Status: O Xi;imed/Common Law 
Cl Latin Amencan Cl Other: 0 Singk LI Divorced CI Wldowed 

Send hiR letter to Dr. Dr. 
Street Address: 

City/Postd Code: 

Geographicaliy stable relative: Name: Home telephone: ( ) 
Relationship to patient: Cl mothei O fathcr aunt LI unde Cl cousin O grandparent O sister O brothcr 

OBSTETRICAL HISTORY 

Contraception 

Name of Pill 

bierhod 1 Stvt Date 1 Stop Date 1 Duntion of Use 1 Pregnainq due 

O none 

O abstinence 

Myla E, M o r d  

Q oral piU 

O spermicide 

dOwkt3rnoCILyrO 

dO wkQ moOyrO 
O rhythm 
O condom 

yesû noO 

yesû noO 

dO wkQrnoClyr5 

dOwkQ m a y r  LI 
yesû noCl 
yesû noO 

dPwkQmoPyrP  

d P  wkQ rnoJ2yrCi 
yesû noP 
yesQ noP 



PREGNANCY INFORMATION 
h t  Mensmai Ptriod (d/m/y) Cycle every days x - days bleeding 

Expected Delivery Date (d/m/y) Current Gestationai Agc wk [ ] month [ ] 

by : dates [ 1 ultrasound [ ] 

Prcpancy diagnostd at - wks [ 1 months [ 1 By which mcthod? [ 1 b l d  test [ 1 urinc t u t  1 1 ultnsound 

Ultrasounds ? P No Q Ycs at  [ 1 wks 1 1 months Rceulur: ( 1 Nonnd 1 j Othcr 

at 1 1 wks [ 1 months Rcsults: 1 1 N o r d  [ 1 Othcr 

Amniocmtcsis ? O Yc3 3t 1 ] wks [ 1 munths Rcason: 

Rrsul ts: 

Cl No Patirnt h a  discusscd tapic with phpician Jrmdy [ 1 Yc.r. [ 1 No 

PRlMARY EXPOSURE INFORMATION 

A. Over-tbecointer und Pmrripion Medications OR Radiation 

1 DRUG NAME or 1 CALENDAR 1 

Indication for medication 
4 

STOP DATE or FETW 

11 oneoin~ emosure 

J 1 onpoinp emosure 

[ 1 onpoine emosure 

ROUTE 
EFFECTS 7 

Pfesrribing pbysin'an Details about medical condition 
l I 



Occupation Title: 

1 CHEMICAL NAME [ 
schooI j 

studio studio 

[ 1 

1. 

home [ 1 factory [ 1 
officc [ 1 school [ 1 
studio 1 
[ 1 
[1 

r - 2  

1 START DATE o f  emosure f 
I STOP DA TE o f  pxdoslire I 

&YI  1 wmkf 1 
Nonc [ 1 

cartridgcs ym [ 1 no [ 1 d r f g c * s  y r s  [ 1 no 1 1 
I I I I  

Patient O t hcrs 
NONE [ I  [ I 
diantic-a [ 1 II 
dkzinc.is 1 1 II 
hmdachc [ ] 1 1 
n a u m  /vomit [ 1 [ I 
nsh I I 
visud 

I I 
I i [ I 

1 AGENT 1 1. 1 

f i [ ]  " / O [ ]  

inhale [ ] slün [ 1 a d  [ f 

D~rc  of anf(tcr 
C o n M  r r p ~  

Additional Room on page 8 

ùircct with lcsiom [ J o d [  ] 



ADDITIONAL MATERNAL EXPOSURES & HISTORY 

Ethanol O N W wint drnigpngnancy: - glass [ ] bottlc [ ]  per day [ ] week [ ]  wetkmd [ ] month [ ] 

b t e  r dming prrgllrtng: glas [ ] bottle [ ] per day [ ] week [ ] weekend [ ] month [ j 

iiquor drm'ngprrgnumy: glass [ ] bottlc [ ] pet day [ ] week [ j weekend [ ] month [ J 

Date cthanol ingestion stoppcd when pregnancy diagnosed O 

additional information 

Tobacco O N CIY drningpngnuny agarettes pcr day (1 wcek [ ]  weekend [ ]  month [ j 

Date tobacco txposurc stoppcd when pregnancy &gnosed O 

additional information 

Cocliac O N  O Y  durkigprcgnancy pcr day [ j week [ j wcekcnd [ ] rnonth [ ]  

Marijuana P N P 1' during pregnancy pet day f ]  wcck [ ] weckcnd [ ] month [ ] 

LSD O N P Y during pregnmcy per day [ ] week [ ] weekcnd [ 1 month [ 1 
Date above txposure stopped when pregnancy diagnosed Q 

additional information 

Anresthesia during pregnmcy? a N type date 

Radiation during pregnancy? LIN OY type date 

type datc 

Jacuzzi CIN O Y  

Spas O N  QY 

Sauna O N  O Y  
Electric blaakct Q N O Y 

Occupation 

dates of exposure 

dates of cxposure 

dates of exposure 

dates of exposure 

description of work O unemployed 

cbemierrl exposimsl complete cbart on page 3 Cl h o u s d e  

O student 

[ ] high school - grade 9 10 1 1 12 13 

Genetic Disease or MaUormationa 

Relative of mothtr Condition 



PAST MATERNAL MEDICAL HISTORY 

Cancer O N  
Cardiovasculat P N  

Central nervous systeni O N 

Diabetes ON 

E P ~ ~ ~ P V  U N  
Hernatology Q N  
Hypertension O N  
Rend discase O N  
Thytoid disease ON 

BlOLOGlCAL FATHER DATA 

Occupation description of work O unemployed 
cbmical aposwrer? complete cbart on page 3 O student 

[ ]  high school -grade 9 20 11 12 13 

[ j university - year 1 2 3 4 5 6 7 

P'0gr;Un 

DOSE ROUTE I I ,FZC,, I DRUG NAME 

1. 

3 
U 

Indication for medication More details about medical condition 

Ethanol O N 3 Y wine ghss [ ]  bottle [ ]  per day [ j week [ ] weekend [ ]  month [ ]  

beer - glas [ ]  bottle [ ] pcr day [ ] week [ ]  weekend [ 1 month [ ) 

liquor - giass [ 1 bottle [ ]  pcr day [ ]  week [ 1 weekmd [ ]  month [ ]  

WENDAR 
START DATE 

Tobacco O N  QY 

CALENDAR 
STOP DATE 

r l on~oin~ emosure 

I 1 onpoing exmsure 

cigarettes pet day [ ]  week [ 1 weekmd [ ]  month [ ] 

Cocainc O N P Y during pregnancy pet day [ ]  week [ ] weekend [ ]  month [ ]  

Marijuana Q N O Y during pregnancy pet day [ ] week [ ]  weekend [ ] month [ ]  

LSD O N Cl Y duting pregnancy pet &y [ ]  week [ ]  weekend [ ] month [ ]  



Appendix C: Breast Feeding Follow-Up Form 

Follow Up By: 

Breast Feedina Follow UD Form 
Follow Up Date: Consultation Date: 

MNERNAL DATA 

Name: 
Phone: 
000: , G - P - 

Wight during BF:- Ibs 1 kg 
Smoking: cigarettes/ d [ ] w [ ] 
Caff etne: cups/day 

coffee [ ] tea [ 1 soda [ ] 

INFANT DATA 
I 1 

Date of Birth: 
Birth: GA weeks Wight 
Cunent: Age Wight 

Twins?Y [ ] N [ ] 
Defects: Y [ ] N [ ] 
Health Problems: 

Stop 1 Indication b o p  after WR?~ 

ongoing [ 1 I I 
ongoing [ ] 

ongoing [ j 
- -- 

REASONS FOR SDPPING MEDS SlïLL BREAST 

Concemed for babyW [ ] N [ ] 
No longer needed? Y [ J N [ ] 
Othet: 

MAERNAL ADVERSE EVENTS 

I Any matemal problems associated with dnig? 
N [ ] Y [ ] Specify: 

INFANT ADVERSE EVENTS 

# formula feeds: lday ( oz. each 
# solids: lday (type: 

Problems with BF? 

NOT EXCLUSIVE BREAST 

Age when BF stopped: mos 
Age when formula intmduced: mos 
Age when solids introduced: mas 

-- -- 

Any changes in baby which were concemingX [ ] N [ ] GI complaints 1 Stool Changes 1 Behavioura 
Other: 

Went to al1 regular MD visits?Y (1  N [ ] If no wtiy not: 

Any extra MD visits or calls?Y [ ] N [ ] G1 complaints 1 Stool Changes 1 Behavioural 
m e r :  

Any vis& to the Emergency roorn?Y [ ] N [ ] GI cornplaints 1 Stool Changes 1 Behaviourai 





Appendix D: Sample Physician Follow-Up Letter 

January 1, 1999 

Dr. M. Jones 
123 Main Street 
Toronto, On tario 
M5G 1x8 

Dear Dr. Jones: 

Re: Baby9s Name DOB: January 1,1997 

On January 1, 1998, your patient's rnother was counselled by the Motherisk Program ût the 
Hospital for Sick Children regarding the safety of   sa col' while breastfeeding. During a 
:elephone interview to ascertain the child's health status, we were given verbal consent to 
:ontact you to corroborate the medical details of the following event: 

one incident of blood and mucus in the stool shortly after birth 

[f available, would you send us a copy of the medical examination 
:onsukation pertaining to this event? 

ïhank you for your anticipated cooperation. 

or details of the 

Sincerely, 

Myla Moretti, BSc. Gideon Koren, MD, ABMT, FRCP(C) 
Pivision of Clhical Phatmacology Director, Motherisk Program 
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Moretti ME, Ito S, Koren G. Therapeutic dmg monitoring in the lactating patient. 
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Moretti ME, Ito S. Koren G. Validation of a predictive mode1 of dmg excretion into 
human milk. (Abs.) Presented at the 66' Annual Meeting of the Royal College 
of Physicians and Surgeons of Canada, September 25-28, 1997; Vancouver, 
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Myla E. Moretti 



Rcproduccd from Morctti hi. Drus Usudy 
Conuauiciiatcd WC Brmtfceding. hïothcrisk 
N m l c t t ~ r  1994;3:34 with permission h m  thc 
htothcrisk Propan, 'Toronto, Canade 

Drugs Usuatly Contraindicated While Bretist-Feeding 

nhough rnany dmgs are quite safe for a mother to take 
whiIe nursing her child there are seved agents for which 
safety during breast-feeding is not well-defined and may be a 
risk to the infant. Dmgs which are contraindicated or should 
be us& with caution in lactating women are described here. 

Antineoplastics and Immune Suppressants 

Even if sinai1 amounts of  the dnig were to be excreted 

3 



into milk, the inherentiy toxic nature of these medications 
warrants caution with their use. 

Ergot Alkalnids 

Due to the doparninergic activity of the ergot alkaloids 
they may have the ability to suppress prolactin and hence 
lactation. If breast-feeding is to be considered, rnilk volume 
must be monitored in mothers. Bromocriptine is used 
therapeutically to prevent lactation and is therefore 
contraindicated in nursing rnothers. Short term, low dose 
therapy with ergonovine and methylergonovine does not cause 
a risk to the infant. However, methylergonovine would be the 
prefened choice of the two because it does not have prolactin 
Iowering tendencies. Ergotamine is also abIe to affect milk 
secretion and is not a preferred choice whiIe nursing because of 
the risk of ergotism in the infant. Signs of toxicity in the infant 
may include vomiting, weight loss and weak pulse. 

Infants should be closely monitored if b~ast-fed during 
maternai gold therapy as the exact effect on infants is not known 
at this time. Reported rnilk levels Vary widely and aurothiomaiite 
has k e n  measured in both urine and plasma of infants. 

lodine 

Iodine containing compounds are not generally 
recommended during breast-feeding. Iodine readily gains 
access to breast milk and can lead to hypothyroidisrn in the 
infant. 

Lithium Carbonate 

Breast-feeding during matemal lithium therapy is 
generally thought to be contraindicated because lithium has 
been found to attain concentrations in the rnilk of up to 40% of 
the maternal weight adjusted dose. Moreover, the excretion of 
lithium in milk appears to Vary a great deal among patients. 
Since sorne women will have relatively low excretion of 
lithium into their milk and breast-feeding cm be extremely 
beneficial to a manic depressive mother, it seems qui te reasonable 
to initiate breast-feeding. It is recommended that infants' 
semm lithium concentrations be monitored and the infant be 
observed for signs of toxicity. Breast-feeding may be continued 
as long as infants' blood levels rernain well below therapeutic 
concentrations and the infant shows no signs of toxicity. 

Radioactive materiais are contraindicated while breast- 
feeding, in order to avoid excess infant exposure to radioactivity. 
Once radioactivity is cleared fiom the mother's body however, 
breast-feeding can be resumed. The length of time of bmast- 
feeding interruption will Vary with each radioisotope used 
depending on radioactive decay and elimination by the mother. 
Motherisk can be consulteci regarding this length of time. 

Social Drugs and Drugs of Abuse 

Alcohol freely distributes into milk and will be ingested 
by nursing infants. Moderate, occasionaI alcohol consumption 
is not likely to pose a probtem to the infant, but heavy aIcohol 
consumption is to be avoided. Ideally, nursing should be 
withheId temporarily after alcohol consumption; at least one 
hour per drink to avoid unnecessary infant exposure. Side 
effects reported in infants include sedation and impairment of 
motor skills. Both alcoholic and non-alcoholic beer increase 
prolactin secretion. 

Cigarette smoking is not recommended in nursing 
mothers. Nicotine and its major metabolite are detectable in 
milk. Smoking should be avoided while breast-feeding because 
it has been associated with infantile colic, lowered matemal 
prolactin levels and consequentiy, earlier weaning. 

Street dmgs can be very potent. Even very mal1 
arnounts can have pharmacological activity and adverse effects 
on the infant. it is suggested that breast-feeding be at least 
temporarily delayed rtfter maternal use of these agents and 
caution should be used to avoid infant exposure to srnoke fumes. 
Infants may expetîence toxicity after materna1 cocaine use, and 
marijuana use has been associated with slower motor 
development at one year of age. 
Myla Moretti, Motherisk 



Disposition of maternal ketoconazole in breast milk 

Myh E. Moretti, BSc, Shinya Ito, MD, and Gideon Koren, MD 
Tmonto, Ontario, Canada 

Infant exposure to ketoconazole in human milk was calculateci to be 0.4% on average (maximum 1.4%) of 
those expected from therapeutic doses given directly to infants. Potentiai risks of adverse reaetlons h m  
this low exposure level seem to be outweighed by the ben- of breast-feeding. (AM J O m  GYNECOL 
1995: 1 73: 1 625-6.) 

Key words: Kctoconazole, breast-feeding, human rnillc, breast milk 

Ketoconazole, an imidazolc compound used orally or 
topically to treat fungal infections, is a weak basic 
compound with lipophilic characteristics. Although 
these factors suggest high excretion of the dnig in milk, 
its extensive plasma protein binding (9996) implies 
otherwisc; the higher the protein binding, the slower 
the dnig difision into milk, Howcvcr, no data are 
available on ketoconazole exnetion into human miik. 

In this report w t  describe what we believe is the first 
account of ketoconazole measurement in human milk 
after materna1 dosing. 

Case report 
A 4 1-year-old woman (weight 82 kg) who was breast- 

feeding a 1-month-ald child was prcscribed ketmona- 
zole in doses of 200 mg once a day (2.4 rngkg) for 10 
days to treat a funpl  infection. On day 5 of the lOday 
course she contacted us, asking information on safety of 
breast-feeding during maternal ketoconazole therapy, 
aithough she noticed no adverse reactions either in 
herseif or  in the baby. After the adverse drug reaction 
profile of ketoconazole and hck of information on its 
excretion into human milk werc explained to the pa- 
tient and contrasted with the potential benefits of 
breast-feeding, she decided to complete the treatment 
course and asked us to estimate infant exposure CO the 
drug by measuring ketoconazole concentrations in her 
d k .  

Manuaily expressed miik samples were coliected 
1.75, 3.25, 6.0, 8.0, and 24 hours after the tenth dose. 
The samples were stored at -20" C uncd anaiysis by 
high-performance iiquid chromatograp hy by the Jans- 
sen Research Foundation (Beerse, Belgium). The coef- 
ficient of variation was 2.6%. and the detection limit was 

From îhe M o h k  Rogtam, DMnon of C i i n i d  Phannacolog~ and 
Toxicologil Dgartmenf of Pcdiatrtlr, the Hospir~l fw Sïd ChUrm. 
Rrccivcd for publica!!on Januav 26, 1995; revised Murch 31, 
1995; acteplcd Apnl 12, 1995. 
R e p u  requtsh: Shïnya Ito, MD. Dnnnon of C l m d  Pharmacologl 
and Toxicolo~l, Hospital fw Sicrt Chikiren, 555 Univeni() Aue., 
Toronca, Onmio MSG 1x8, Grnada. 
Coprzghr 0 1995 b-j Mosby-Year Book, Inc. 
0002-9378/95 $5.00 + O 6/1/65588 
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Post-dose t h e  (h) 

Fig. 1. Conccntntion-timc profile of ketoconazole in human 
milk. Brcast-feeling womn rcceivtd 2.4 mg/kg/day of on1 
kciocon~olc for 10 days. Milk samplcs wcre collected aftcr 
tcnth dox. Peak concenvation of 0.22 pg/ml was obscrvcd at 
3.25 hours postdox. Average concentration was 0.068 pg/ml; 
average infant exposure was cstimatcd to bc 0.4% of mothcf s 
dose on wcight buis. Note that rample at time 24 hours was 
laver than dctection limit and m s  assumcd to bc 0.004 pg/ml. 
Concentration ai tirne O hours w3s a~sumcd to bc same as chat 
ar tirnt 24 houn. 

0.005 pgfml; concenuations Iower than the detection 
limit were regarded as 0.004 pg/rnl in later andysis. 

The m a  under the curve of ketoconazole concentra-- 
tions in miik from time O to 24 hours of the dose was 
calculated by use of a trapezoidal rnethod on the as- 
sumption of steady state. This assump tion appears valid 
because the ketoconazole concentration in the plasma 
reaches 97% of steady state (five elimination half-lives) 
by the third dose when given mer), 24 hours (an 
average terminal elimination haif-life of ketoconazole is 
8 hours: 8 hours x 5 = 40 houn). 

The mean concentration of ketoconazole in milk 
(Chk,) was dculated as follows: = AUCJ24 
hours, where AUC, is the area under the curve of 
ketoconazole concentrations in milk. By multiplying the 
mean concenuation with an assumed infant's milk in- 
take of 150 ml/kg/day, an infant daily dose of ketocona- 
zole through breast-feeding was estimated. Sirnilarly* a 
maximum infant daiiy dose based on the highest drug 
concenrration in milk was caicuiated. 
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The highest concentration of ketoconazole in milk 
(0.22 pg/ml) was observed at postdose time 3.25 hours. 
At postdosc time 24 hours ketoconazole was undetect- 
able (Fig. 1). Assuming that concentrations at postdose 
timcs O and 24 hours were 0.004 pg/ml, the area under 
the curve and the mcan concentration were calculated 
to be 1.62 hours pg/rnl and 0.068 pg/ml, respec- 
tivcly. Hence a daily ketoconazole dose the cxclusively 
breast-fed infant would ingest is 0.01 mglkg per day 
(0.068 +@ml x 150 ml/kg per day), which is about 
0.4% of the mothcr's weight-adjusted dose (2.4 mg/kg 
per day). Similarly, a maximum ketoconazole dose the 
infant would receive through breast-feeding is 0.033 
mg/kg per day (0.22 pg/ml x 150 mVkg per day), 
corresponding to about 1.4% of the mothcr's dose. 

Comment 
The exposure of the infant to drugs in breast rnilk can 

be theoretically cstimated from a value of drug clearance 
and a predicted ratio of milk-tc+maternal plasma drug 
concentrations. The decails werc described clsewhere.' 
Briefly, when the cxposure Ievcl of the infant to the drug 
in milk is expressed as percentage of the mother's dose 
on a weight bais, the foilowing equation holds: Infant 
cxposure (%) = 10 x MF ratioICL, where MP ratio is 
the ratio of milk-to-matemal plasma drug concentra- 
tions and CL is an average infant's total body clearance of 
drug (miltiliters per kilogram per minute), and the daily 
milk intake of the infant is assumed to be 150 mllkg. ' For 
example, an infant exposure of 100% indicates that the 
dose of drug the infant would be ingesting through 
breast milk Y the same as the mother's dose per body 
weight. It is now possible to roughly predict the milk-to- 
maternai plasma ratio kom physicochemical characteris- 
tics of d r ~ g . ~  Also, a representative population value of 
clearance of drug is usually known and reponed in stan- 
dard reference articles. Therefore, even if there is no 
study reporting rneasured drug concentrations in breast 
milk, the infant exposure level cm be estimated. 

Given information on the physicochemical charac- 
teristics of ketoconazole,* its average milk-t+maternal 

*Plasma protein binding: 99%; lipophiiicity: log ( O N )  = 
3.73 at pH 11.8; and ionization charactcristics: pKa = 6.5 and 
2.9 (Janssen Pharmaceutica Inc. Persona1 communication), 
whcre OîW is an octanol-to-water partition coefficient of kcto- 
conazolc. When tucd for the calculation. pKa of 6.5 was used, 
and log (O/W) was transformcd to 3.65 at pH 7.2 according to 
a standard formula. 

plasma ratio can be predicted to be 0.38 according to 
a formula proposed by Begg et al.' Becausc the 
reponed average of oril clearance of ketoconazole is 
8.4 mVkg per minute, the infant exposure is calculated 
as follows by use of the equation shown prwiously 
(Infant exposurc [%] = 10 x MP ratio/CL): 10 x 
0.38/8.4 =0.45%. In this patient report the average 
infant cxposure calculated from the measured drug 
concentrations in milk was 0.4% of the maternal thcra- 
peutic doses on a weight basis, consistent with the above 
prediction. Even if the infant was breast-fed constantly 
at the timc that the drug conccntration was at its 
highest level in milk, maximum cxposure is cstimated 
to have been 1.4% of the mother's dose per body 
weight. Assuming that an infant thenpeutic dose is in 
the same range as those for adults on a weight basis. 
the exposures of infants to ketoconazole through brcast 
milk are considered to be minimal. Infant exposure CO 

drugs in milk measuring < 10% of chose expected from 
therapeutic doses directly given to the infant is gcn- 
erally considered acceptable in breast-feeding for a 
healthy term infant so far as dose-relatcd short-tcrm 
effects are concerned. 

The most comrnon side effccts of ketoconazole arc 
dose-dependent nausea and vorniting . S kin rash, pni- 
ritus, abdominal pain, hepatic dysfunction and changes 
in endogenous steroid disposition may aIso be seen in 
some patients who receive therapeutic doses of the 
dmg. Although more data are clearly nceded, our 
results suggcst chat maternal monotherapy with kcto- 
conazole may be compatible with breast-fecding. 

We thank Janssen Pharmaceutica, Beerse, Belgium. 
for their analysis of the milk samples. 
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Initiation 
receiving 

and duration of breast-feeding in women 
antiepileptics 

Shinya Ito, MD, Myta Moretti, BSc, Merry Eau, BSc, and Gideon Koren, MD 
Twonlo, Onlario, G a d  

OSJECTIVE: Our purpose was to characterize breast-feeding initiation and the duration of breast-feeding 
in women receiving antiepileptics. 
StUDY DSIGbk A cohort study was performed on 34 pregnant epileptic women receiving antiepileptics 
and 34 pregnant age-rnatched controts. 
RESULTS: F i  percent of the group receMng anüepileptics chose breast-feeding as the initial feeding 
method, which was signKcanUy less than the controis (as%, p = 0.004). The decision to choose initial 
feeding methods was dosely associatecf with a d v h  from physicians and other sources. The 17 women 
in the antiepileptics group who chose breast-feeding iniüaily teminated breast-feeding significantly earlier 
than did the control group (4.7 2 26 vs 9.3 2 5.7 rnonths post partum, p < 0.005). 
CONCLUSIONS: Mothers receMng antiepileptics tend to chaxe formula feedlng. Even when lhey 
choose breast-feedtng initially, its duration is shorter than usual. Consensus and guidelines on îhis matter 
among experts remain to be refleded on and effectivdy implemented in cunent medical practice. (AM J 

Key wonis: Breast-feeding, dmg, materna1 medication, 

Although any pharmacothcrapy is accompanied with 
risks of adverse reactions, the benefits of the veatment 
are expected to outweigh them. A unique situation 
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antiepileptics, adverse effects 

arises when a patient is 
innocent bystanders (Le., 

breast-feeding. The risks to 
breast-fed infants) posed by 

dmgs in breast milk have to be taken into account 
dong with the benefits of breast-feeding. This enforces 
difficult decision making on nursing women and rheir 
physicians. As a result, short-term or symptomatic dnig 
veaunent may be avoided CO circumvent these diacul- 
ties. However, the situation becomes more complicated 
when mathen need long-term therapy, because they 
have usuaiiy no choice but to continue the medications. 
Matenial antiepileptic therapy is a typical example. 

Severai first-line antiepileptics such as carbamaz- 
epîne, p henytoin, and valproic aad  have k e n  dassified 
as usually compatible with breast-feeding.' Although 
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there are reports of adverse reactions in infants associ- 
ated with matemal use of some of the antiepileptic 
drugs,'. ' an attempt to initiate breast-feeding isjustified 
if the infant's well-king is adequatcly monitored. Even 
during maternal therapy with phenobarbital, which 
might result in therapeutic semm concentrations in the 
breast-fed infants,'. ' initiation of breast-fecding is war- 
ranted, with close monitoring of the infant's conditions. 

The view in favor of breast-fecding during materna1 
antiepileptic therapy xems rational, considering the 
ever-incrcasing cvidence of benefits of brcast-feeding 
for the suckling infant.'. ' Howwer, little is known about 
how epileptic mothers are instructed and which infant 
feeding methods they aaually choose. These data 
should serve for effective implemcntation of patient 
education and for updating clinicians about this issue. 

In this study we quant@ the incidence of breast- 
feeding initiation of women on long-tcrm anticonvul- 
sanc therapy, the factors underlying thcir choices of 
infant feeding rnethods, and the duration of the breast- 
fecding. 

Material and rnethods 
Study setting. The Motherisk program is a terato- 

gen-toxicant information service during prcgnancy and 
lactation, whose scope encornpasses not only dmgs and 
chernicals but also radiation and infectious agents.'. " 
Women with concerns about cffects of their medications 
or of any kind of maternai exposure on the fetus or 
breast-fed infant telephone the program with  or with- 
out referral by health professionals such as physicians, 
pharmaciszs, and nurses. Their questions are answered 
over the phone by trained counselors or physicians after 
demographic and medical information is obtained. 
Women receiving long-tenn dmg therapy such as anti- 
epileptics are subsequently seen in the dinic to be 
counsclcd in detail. One of the unique features of this 
program is that al1 cases undergo foiiow-up interviews 
to record the outcome of pregnancy (the Motherisk 
cohort) or of breast-feeding (the Motherisk breast- 
feeding cohort)? 

Subjects. From January 1990 to Decernber 1992. 70 
women receiving antiepiieptics who were pregnant or 
planning pregnancy were referrcd to the Mothcrisk 
dinic by their physicians for detailed information on 
fecal effccts of antiepileptics. Between April and June 
1993 we conducted interviews with those women. Of 
these 70, 13 did not become prcgnant, 10 were lost to 
foiiow-up, six were stiii pregnant, four had spontaneous 
or cherapeutic abortions, two declined to participate, 
and one was deiivered of a preterm baby. The remain- 
ing 34 women were induded in the analysis. In addi- 
tion, we intexviewcd 34 age-matched controls (2 1 year) 
identifieci fiom the Motherisk cohon who were seen 

during the same month, as were their counterpam, and 
who were receiving neither antiepileptics includlng 
tt-anquilizers nor any known teratogenic substances. 
Data collection. Information rcgarding the following 

characteristics was confirmcd or ncwly obtained during 
the interviews: maternal dmg treatment during and 
after pregnancy, initial choice of feeding mcthod, 
sources and nature of advise oti fecding meihods, 
duration of brcast-feeding, and demographic data such 
as annual famiiy incomc, maternd and paternal cduca- 
uon, and marital status. They were also askcd whether 
the infants wcre diagnoscd with any adverse effects such 
as withdrawai syndromes and toxic symptorns from the 
drugs in breast rnilk. 

The women wcre questioned in an open-ended man- 
ner as to why they initially chose to breast- or formula- 
fecding (first responses). Subsequently, closcd-cnded 
questions for spccific reasons were asked (subsequent 
responses). The wornen were allowcd to list multiplc 
rcasons for both the open- and closcd-ended questions. 

The sources of information on feeding methods wcre 
identSed by asking whcthtr they received information 
or advice fiom a gencral practitioner, a pediatrician, an 
obstevician or gynecologist, a neurologist, a pharrna- 
cist, a public health nurse, the Motherisk clinic, family 
members, friends, lay media, and others. 
Data analysis. The information or advice epileptic 

women received were categorized into three groups 
according CO the materna1 reports: recommending 
brcast-fceding, recomrnending formula feeding, and 
equivocal. To quanti4 the overall trend of the advice, a 
cumulative advice score was computed for each woman 
by sumrning up a number assigned to each category of 
advice: + 1 for advice recommending breast-feeding, 
- 1 for advice recommending formula feeding, and O 
for e q u i v d  advice. (For example, if a woman received 
advice from three sources recommending breast-feed- 
ing and one recornmending formula feeding, the cu- 
mulative advice xore would be +2. If a woman re- 
ceivtd conAicting advice fiom two sources and one 
e q u i v d  advice, the cumulative advice xore would be 
O. If she reccived advicc From three sources recom- 
mending formula feeding, the score wouId be - 3.) 

Rcsuits between two groups (antiepileptics vs control 
and breast-fecding vs formula fecding) were cornpared 
with unpaired Student t test (two-tailed) o r  $analyses 
with continuity correction where appropriate; the un- 
paired t test was used bccause the controls were 
matched only for age (for convenience) in spite of pos- 
sibie other fictors associated with maternal choices of 
fceding methods. Data are expressed as means 2 SD, 
unless othenvise stated. The Mann-Whitney U t e s  was 
used to compare the cumulative advice scores betwecn 
the epiieptic women who chose breast-feeding and 
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Table 1. Dcmographic characteristics and fecding methods of patienu 

Infant's gestational age (rno) 
Maternal agc (yr) 
Pari ty 

1 
2 

Marital status 
Marricd 
Single 

Family incorne per year 
< c$20,000 
-2 1 -4O.OOO 
C$4 l60,OOO 
> C$60,000 

Maternal cducation 
5 1 S y r  
>13yr 

P a r c d  cducation 
s 1s yr 
> 13 yr 

Initial fecding methob 
Brai-fccding 
Formula fccding 

Duration of brcast-feeding (mo) 

those who chose formula feeding and the duration of 
breast-fecding betwecn the antiepileptic group and the 
conuols. 

Resuits 
Initiation and duration of breast-fding. Of the 34 

wornen in the antitpiitptic group, 30 received rnono- 
therapy: 19 carbamazcpine, four pheny toin, Four vd- 
proic acid, two phenobarbital, and one cthosuxirnide. 
The remaining four undenvent polytherirpy: one val- 
proic aad + phenobditai, one valproic aad + clo- 
bazam, one phenytoin + vdproic acid, and one carba- 
mazepine + valproic acid. 

All infants in the control group and in the anutpi- 
leptic group were boni at tcrm and had uneventful 
perinatal and postna ta1 courses. The demograp hic 
characteristics were similar betwccn the anticpileptic 
and control groups (T'able 1). By contrait, only 50% 
( 17/34) of the women receiving antiepiIeptiu initiated 
breast-feeding, compared with 85% (29134) in the con- 
mol gfoup (Table 1, P = 0.004). Furchermore, the du- 
ration of breast-feeding was sikuficantly shorter ic the 
antiepileptics group (median 5 months) han in the 
control group (median 7.0 months, p < 0.005, Table 1). 
A total of 65% (1 1/17) in the antiepileptics group 
ccrminated breast-fecding by 6 months post parnim, 
whereas so did 21% (six of 29) in the canuol group 
(p = 0.008). 

When the analysis was confined to women receiving 
mono therapy wi th carbamaezpine, p henytoin, or val- 
proic aad, which are considered to be at the safat end 

of the spcctmm for brcast-feeding compatibility of 
anticpileptics, a sirnilar trend was observed: the initia- 
tion rate and duration of breast-feeding were 5% 
(16/27) and 4.8 2 2.6 months (median 5 months), re- 
spectively, which werc significantly lower and shorter 
than those of the control (p = 0.045 for initiation rate 
and p c 0.005 for duration). 

No adverse reaction (withdrawal or toxic effects) 
attributable to the materna1 antiepileptic dmgs was 

reported by the mochers for any of the infants in this 
series. 

Subgmup analysis in the antiepileptics group 
(brcast-feeding vs formula f-g group). Therc were 
no demographic differences beween the breast-keding 
and formula-feeding subgroups (Table II). Of the 34 
epileptic women, 32 (16 breast-feeding, 16 formula 
feeding) reponed that thq obtained information about 
compatibility of the dx-ugs wich breast-feeding Ciom 
third parties. The sources of information for the 32 
patients are summarized in Table III; 45% were fiom 
physicians. The cumulative advice scores in the breast- 
feeding and formula-feeding subgroups were +4.3 
(95% confidence interval + 3.0 to + 5.6) axid - 1.1 (95% 
confidence interval - 2.7 to + 0.5), respectively 
( p  < 0.00 1, Table II). The women in the breast-feeding 
group obtained the information from more sources 
(5.0 2 2.3 per patient) than did those in the formula 
group (5.2 * 2.4 per patient, p = 0.03). 

Thirty women receiving anticpilep tics ( 1 5 breas t- 
feeding and 15 formula feeding) received advice from a 
total of 56 physiàans. Because four physicians were 



Msrch 1995 
Am J Obstct Gynecol 

Table II. Subgroup analysis of women recciving antiepileptics 

Table III. Patient sources of information on 
compatibility of drugs with breast-feeding 

Fecdmg mrzhddr 

Sourcu 1 No. 

P hysicians 
Mothtrisk 
Family memkrs 
Friends 
Pubtic hcdth nunc 
Lay media 
Pharmacist 
Othen 
T m N .  

Infant's gntauonal age (mo) 39.3 2 1.2 39.7 I 1.7 p = 0.4 
Matemal agc (yr) 27.3 I 4.1 27.1 4.9 p = 0.9 
Parity 

I 1 1  I I p = 1.0 
2 6 6 

Marital natus 
M a m d  17 t 6 p > 0.9 

I 
Single O l 

Family income per ycar 
c c$20,000 2 1 p = 0.2 
CS2 140,000 2 6 
C$4 1-60,000 10 5 
> Cf60,OOO 2 5 

Materna1 education 
s 13 yr 7 8 p > 0.9 
>13yr 10 9 

Parcmal education 
s 13 yr 5 7 p = 0.6 
>13yr  12 9 

Mean cumulative advice scores (n = 16) 
Mcan and 95% confidence intetval + 4.3 ( + 5.0- + 5.6) - 1.1 (-2.7-+0.5) p < 0.00 I 

Mcan cumuiauvc advicc scores from physicians (n = 15) 
Mean and 95% confidence interval + 1.7 (+ 1.0-+2.5) -0.9(-1.7--0.01) pc0.001 

Breast-fcrding 
{n = 17) 

shared by two patients and one physiaan was shared by 
five patients, overall thcre were 64 instances of physi- 
cian advice- The patients reported that, of these 64, 18 
sources (28%) were against breast-fccding during 
thcrapy, 30 (47%) were in favor of breast-feeding, and 
16 (35%) were equivocal. The cumulative scores of the 
physiaan advice were + 1.7 (95% confidence interval 
+ 1 .O to + 2.5) in the breast-feeding women and - 0.9 
( - 1.7 to - 0.0 1) in che formula-feedig women 
(p < 0.00 1, Table 11). The numbers of physicians as an 
information source were not sisnificantly dierent be- 
tween the two groups (2.1 5 1.3 per patient ;? the 
breast-feeding group and 1.8 * 1.1 per patient in the 
formula feeding group, p = 0.06). 

Of these 30 women, 23 (14 breast-feedïmg, nine 
formula feeding) were receiving monotherapy with car- 
barnazepine, phenytoin, or valproic aad. There were 49 
instances of p h y s i d  advice fiom 46 physicians for the 

23 women (one physician was shared by two patients 
and another was shared by three patients). Of these 49, 
10 (20%) were against breast-feeding during the 
therapy, 29 (59%) wcre in favor of breast-feeding, and 
10 (20%) were equivocal. The cumulative advice scores 
were + 1.9 ( + 1.1 to + 2.7) in the breast-fceding women 
and - 0.5 (- 1.5 to + 0.5) in the formula-feeding 
women (p < 0.001). The numbers of physician advice 
per patient were 2.1 i 1.3 in t h e  breast-feeding group 
and 1.5 2 1.0 in the formula feeding group (p = 0.2). 

Reasons for the choices of feeding methods. in the 
17 epdeptic women who chose formula feeding, the first 
responses for their choicc of tnfant's fecding methods 
concentrated on "maternal rncdication" (1 1, 65%). ' 
When h t  and subsequent responscs are combined, the 
two most ated reasons in these 17 women who chose 
formula feeding were "maternal medication" (15,88%), 
and "maternal iliness" (cight, 47%). 

In the 17 women who breast-fed thcir infants during 
antiepileptic therapy, the most kequent first response 
as to why they chose breast-feeding was "for the infant's 
health in generai" ( 1 2,7 1%). When fïrst and subsequent 
responses are combined, the two most ated reasons for 
breast-feeding were "for the infant's health in generai" 
(15, 88%). and "better mother-infmt bonding" (15, 
88%). 

In the control group the two most Qced reasons (first 
and subsequent responses combined) for breast-fecding 
were "better mother-infant bonding" (29, 100%) and 
"~mmunologic advantages" (29, 10096). In five women 
who chose formula feeding the two most c i td  rcasons 

Fornida fcedmg 
(n = 17) S~gntjûance 
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for formula feeding (fint and subsequent reasons com- 
bined) were "previous experiences" (three, 6096) and 
"most convenient" (two, 4û96). 

Comment 
Our data confirm the clinical impression that the 

incidence of breast-feeding initiation of women receiv- 
ing antiepileptics is low. T h e  incidence of brcast-feed- 
ing initiation in controls in this study (85%) is similar to 
that reported in a Toronto population in the mid- 
1 980s .' Confined to carbarnazepine, valproic acid, and 
phenytoin, which are at the safest end of the spectrum 
of breast-feeding compatibility of antiepileptics, our 
results show a sirnilar trend: the incidence of breast- 
feeding initiation is still substantialiy lower than that in 
controls. Because important demographic factors (e.g., 
socioeconomic status, rnaternal age, marital status, and 
educational levels) for the choice of brcast-feeding 
were similar benveen the two groups, the difference 
may be ascribed to the matemal dmg therapy or to the 
disease itself. Indccd, "matemal medication" and "ma- 
ternal illness" were the two most frequently cited rea- 
sons for the choicc of formula feeding among women 
receiving an ticonvulsants. 

We found that these women terminated breast-feed- 
ing earlier chan did the controls. The study design did 
not allow us to separate cffects of the dmgs fkom those 
of the disease itself on the duration of breast-feeding. 
Reasons underlying the decision to wean infants and to 
terminate breast-feediig earlier than usual are un- 
known. Adverse effects on infants could not be the 
cause, because none was reported in this series. 

Most antiepilep tic dmgs are genedly considered 
compatible with breast-feeding.' For example. an esti- 
mated maximal dose of carbarnazepine that the breast- 
fed infant would ingcst in breast milk is 3% to 5% of the 
weight-adjusted maternal dose. Namely, the infant expo- 
sure level would b e  only 3% to 5% of the infant's thera- 
peutic exposure. Simiiar figures were obtained with 
other drugs such as phenytoin and valproic a~ id .~ .  'O The 
view in favor of breast-feeding during maternal antiepi- 
leptic therapy is fiirther supported by the consensus 
guidelines among neurologists, which state that taking 
antiepileptic drugs (except for sedative ones such as phe- 
nobarbital, primidone, or knzodiazepines) does no t 
constitute a contraindication for breast-feeding." At- 
chough monitoring the Uifant's health is important to 
detea idiosyncratic reactions or any dose-related effects, 
the risk of these reactions seems to be outweighed by the 
benefits of breast-feeding, apparent even in the industri- 
alized countries,' Therefore a rationai approadi for po- 
tential lactahg women receiving antiepileptics who 
have term healthy neonates would be to start breast- 
feeding while monitoring the infht's health, which 

might include a regular visit to a pediauician. Regular 
visits to monitor the infant's condition may necessitate an 
u d o r d a b l e  extra effort for parents. In this case, a con- 
servative approach'" may be taken, which classifies phe- 
nobarbital and cthosuximide as "CO be avoided." 

In spitc of the current understanding described above. 
our results showed that 41% of physician advice was 
perceived by the women as either against breast-feeding 
or equivocal cven when the analysis was confined to car- 
barnazepine, phenytain, and valproic acid. Consensus 
and guidelies among experts'. '. '"' remain to be effec- 
tively implemented in current rnedical practicc. 
The information and advice the epileptic women 

receivcd regitrding the dnigs and breast-feeding were 
closely associatcd with their decision as to which feeding 
mcthod to choose. When separately analyzed as the 
most influentid advice, advicc from physicians showed 
a similar clox association with the womcn's choices of 
feeding methods. Although association between physi- 
cian advicc and the mother's choice of feeding mcthods 
has k e n  suggested in this study, causatian could not be 
examined by means of the cohon study design. In 
addition, bccause Our results were based on maternal 
reports, the findings rnight have reflected what the 
women believcd or were willing to report to us rather 
than what the physicians actually attempted to convcy. 
Whtther educational intervention by heatth profcssion- 
als affects women's decisions o n  infant feeding methods 
awaits iùrther studies. In the mean tirne, more discus- 
sion about benefits of breast-feeding, which usually 
outweigh risks posed by the matemal antiepileptic 
dmgs, is warrantcd in the rnedical community. 
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Canada 

Medicalion 
use during 
pregnancy: 
Fetal risk versus 
matemal 
benefit? 

1 am frequently asked 
about OTC dru@ that are 

safe to use in pregnancy. Couid 
you please provide a kt of ùoth 
OTC and prescription drugs 
acceptable in pregnan* 
Jacqueline EL Humt, MD 
Vancouver 

mile most patients are 
extremely hesitant to take 

medications during pregnancy, 
there are a c t d y  very few dru@ 
which are currentiy iutown to be 
hannfur to the developing fetus. 
Clearly when considering treat- 

Allergy, cough, and cold 
antihistamines brompheniramine 

chlorpheniramine 
dexbrompheniramine 
diphenhydramine 
pheniramine 
pyrilamine 

cough suppressants dextromethorphan 
decongestants phenylephrine 

pseudoephedrine 
expectorants guaifenesin 
lozenges or throat sprays bentocaine 

carnphor 
menthol 

nasal sprays oxymetazoline 
xylometazol ine 

Constipation 
bulk-foming agents 
stool softeners/osmotic agents 

Heartbum, dyspepsb, and flatulence 
aiginic acid 
antacids aluminum hydroxide 

calcium carbonate 
magnesium hydroxide 
sodium bicarbonate+ 

bismuth salicylate' 
kaolin and pectin 
sirnethicone 

lrrfectious agents 
clotrimazoie (topical) 
miconazole (topical) 

Paln and fever 
acetarninophen 
ASA' 
ibuprofen* 

'NSAIDs and salkyiafes shauld be used with cauüon in tha ttiird trimester due to concems 
of -.ive rnaterryi bleeding and prematwe closuse of th8 ductus artenosus 
c ~ u s e d b ~ m a y i e a d t o m a t e r @ r n e t a b d ~ a l k a J O s r s  



CORRIDOR CONSULTATIONS 

Asthma 
inhaled steroids 
inhaled B-adrenergic agonists 

Cardiovascular 
anticoagulants 

heparin 
antihypertensives 

a-methyldopa (Aldomet) 
hydralazine (Apresoline) 
&blockerst 

digoxin (Lanoxin) 

Depressiori 
tricyclic antidepressantsO 
fluoxetine (Prozac) 

Diabetes 
insulin 

Gasaolntestinal ditmase 
5-aminosalicylic acid (e.g . , Asacol, 

Mesasal, etc.) 
sulfasalazine (Salazopyrin) 

lnfectfons 
cephalospotins 
dindamycin (Dalacin C) 
erythromycin (e.g ., WC, Eq4hromid, etc.) 
nitrofurantoin (Macrodantin, Macro BID) 
penicillins 

Nausea and vomiting 
pyridoxineldoxylamine (Diclectin) 

Pain, fever and inflammation 
NSAIDs' 
acetarninophen 
codein& 
morphines 
mepen'dine' (Demefol) 
- . .. . 

PsYd- 
haloperidol (Haldol) 
p henottiiaziness 

- - 

Thyroid dlsease 
levothyroxine (Eltroxin, Synthroid) 
liothyronine (Cytomel) 

ment for a pregnant patient, the 
rislcs to the fetus need to be out; 
weighed by the benefits of pn, 
viding adequate treatment to the 
mother. Patients and their 
heaithcare pnwidm should ht 
consider whether the medication 
they are about to take is neces 
saxy The foiiowing tables pro- 
vide a iist of both OTC and pre 
scription drugs for which there is 
suffiCient information to suggest 
there is no increased teratogenic 
risk to the developing fetus, with 
a few caveafs indicated. Absence 
h m  this list, however, does not 
necessarily impIy teratogenic 
potential. 

The Motherisk Program at 
The Hospital for Si& Children in 
Tomnto (416û13-6780) provides 
consultation to patients and 
healthcare providers regarding 
the risks of exposures in preg- 
-w- 
Myla Moretti, BSc 
Assistant Director 
Motherisk h g r a m  
The Hospital for Sick Children 
Toronto 
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Conrems regarding tbe teratogenicity of fluoroquinolones have resulted in their restricted use during 
gestation, This is despite an increasing necd for their use due to emerging bacterial nsistance. The objectives 
of the pwsent investigation were to evaluate pregnancy and fetal outcornes following matemal exposure to 
fiuoroquinoIones and to examine wtiether in utero exposure to quinolones is associated with clinical1y signif- 
i a n t  musculoskeletal dysfunctions. We prospectively enrolled and followed up 200 women exposed to Auoro- 
quinolones (norfloxacin, ciprofloxacin, ofioxacin) during gestation. Pregnancy outcome was compsred with 
that for 200 controls matcheà for age and for smoking and alcahol consumption habits. Controls were exposed 
to nonteratogenic, nonembryotoxic antimicrobial agents matched by indication, duration of therapy (13  days), 
and trimester of exposure. Rmtes of major congenital malformations did not diikr between the group exposeû 
to quinolones in the first trimester (23%) and the control group (2.6%) (relative risk, 0.85; 95% confidence 
interval, 0.21 to 3.49). Women treated with quinolones had a tendency for an incrensed rate of therspeutic 
abortions compared with the rate among women exposed to nonteratogens (relative r i s k ,  450; 95% confidence 
interval, 0.98 to 2057), resulting in lower live-birth rates (86 versus 94%; P = 0.02). The mtes of spontaneous 
abortions, fetal distress, and prtmaturity and the birth weight did not differ between the groups. Cross motor 
developmental milestone achiwements did not differ beîween the children of the mothers in the two groups. We 
concluded that the use of fluoroquinolones during embryogenesis is not associated with an increased risk of 
rnqjor  maIformations. Tbere were no clinicaily significant musculoskeletal dysfunctions in children exposed to 
fluoroquinolones in utero. The higher rate of thenpeutic abortions observed in quinolone-exposed women 
compared to that for their controls may be seconday to the misperception of a major risk relsted to quinolone 
use during pregnancy. 

Fluoroquinolones are a class of antbiotic agents that act by cohort of 38 women exposed to quinolones compared to the 
inhibiting bacterial DNA gyrase. Different factors combine a rates for controls expased CO nonteratogenic drugs (1). 
to raise teratogenic and fetotoxic concerns regarding their 
use during prcgnancy. Mammalian DNA shares similar topo- 
isomerascs with micropathogens. Together with the fact chat 
fiuoroquinotones cross the human placenta (S), they can the- 
oreticdy have mutagenic and carchogenic effects on the de- 
veioping fetus. Furthermorc, the quinolones have a high afin- 
ity for cartilage. Srudies with beagie dogs and guinea pigs have 
demonstrated arthropathy of weight-bearing joints after the 
administration of 200 and 1,000 mg of pipemidic acid and 
oxolonic acid, respediveiy (6). This observation was hirther 
supported by human case reports (2, 3). A recent study sug- 
gested a hi& malformation rate (1 1.9%) among children who 
had been exposed to ofloxacin in utero (1 1). Moreover, 5 re- 
ported cases of abdominal wall malformations are an alarming 
sign in Iight of the published background rate of these malfor- 
mations: 2 to 5/10,000 population, Fuiaiiy, higher rates of fetal 
distress and deiivery by cesarean section were reponed for a 

' Corrcsponding author. Mailing addrcss: Division of Clinical Phar- 
macology and Toxicology, The Hospital for Sick Children, Toronto, 
Ontario, Canada M5G 1x8. Phone: (416) 813-5781. Fax: (416) 813- 
7562 E-mail: felpharm@sickkids.on.ca. 

In light of the increasing levels of resktance ofmany micro- 
pathogens to the antibiotics commonly prescribed during preg- 
nancy, the clinical use of fluoroquinolones has bcen increasing 
substantially. Together with the fact that half of the pregnan- 
cies in North Amenca are unplanned (12)- the safety of fluo- 
roquinolones during pregnancy is an increasing concem. 

Presently, the available data regarding the use of quinolones 
during pregnancy are very limited: only the results of one 
prospective controlled study with a very limited sample size 
(n = 38) (1) and an uncontrolled survey (1 1) have been re- 
ported. Therefore, we initiated a multicenter, prospective con- 
troiied study to evaluate the potential teratogenic and fetotoxic 
concerns related to the use of fluoroquinolones during human 
pregnancy. 

WC cnmllcd 200 women who alIcd  ont  of four tcntogcn information servias 
to obtain information about the poicntial rùks of drug use dunng prcgmncy. 
Thesc a n t c n  indudcd Motherirk (Toronto. Ontario. Canada), Tcratogcn ln- 
formation Sema (Tampa, Fia.), Philadclphia Regnancy Hcaithlinc (Phihdcl- 
phia. Pa). and Ccniro Regionale d'fnfoRIWZiunc su1 F m -  (Mihn. Itdy). The 
data collection and follow-up rncthcnis wcrc consistent mong iht centcm whick 
uscd a structurcd questionnaire. 

Data wcrc collattd at  ihe timt of erposure and bcforc pfcgnmcy outmmc 
was known and indudcd materna1  p. gravity, parity, numbcr of past sponta- 
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ncous and thenpeutic aboriicins. smoking and alcohol cnruumptinn habth dmg 
exposurc of interut (i.c.. quinolone dosc, timing, and indiation for and duration 
a l  therapy). and matcrnal and gcnetic history. 

AI1 womcn and/or ph~icians werc called after the crpacd dorc of dclivcry for 
a follow-up telcphane intcrvicw that mllcctcd information ngarding thc out- 
corne of the ptcgnancy, prinütal complications, binh wcight. physical findinar. 
any birth dcfccc, and gros motor dcvclopmcntal milesinne achievcmtnw accord- 
ing to the Denver Dcvclopmcntal Scale. 
As a contml group. WC rmuitcd COQ prcgnant womcn whu wcrc couruelcd at 

Motherisk for the USC af antibiotics that arc known Io be nontcntopnic and 
noncmbryotoxic to t mu nt for thc potcntial adverse effetls of the infections 
ihemsclvcs. Controis wcrc matchcd for matcrnal age ( z3 pan), smoking and 
alcohal consumption hahi6 indicatian far and duntion ( Z 3  days) of thcmpy. 
and trirncstcr of cxposurc. All wamcn in the control group wcrc followcd up in 
a similar manncr. 

Our primary outmmc of intcrcst w a  thc n tc  of majnr mlformatioiu m 
dcfined by Mardcn ct al. (9). Sccondary outcomes of intcrrst wcre livc-hinh 
ratcs ihc numben nf spontancous and thcraputic ahoniow, thc numbcn of 
retal deaths. gatatioml agc î t  delivery. hinh weight, and the prucncc of letal 
distress (defincd as thc prcjcncc of mcconium and/or rbnorrnol letal hcan r;iie 
monitoring during dclivcry or the nccd for nconatal intensive m e ) .  For thc 
analysis of major malfannations. fetal arganogcncsis was defincd as the pcrtod 
hcovccn the 4th md 13th wceks of gestation (10). 

Each of thc pariicipating ccnien rcœivcd cthia approval Iwally. 
SîatbIlal inrlpk Data for the two groups arc prucntcd as means r Sun- 

dard dcviittions. Continuaus data berwccn gmup wcrecomparcd by Uc Student 
r test and the Mann-Whitney nnk sum tcst, as appnipnatc. Catcgorical data 
wcrc cornparcd by X' onalysis. The ratcs of major mallormatiorrr wcre analyrcd 
by the Fiihcr rrtraa test. Rclative risk and the 95% confidcncc interni wcrc a b  
aIculatcd. Multiple lincar rcgfcuion analpis was w d  to study the cflccts of the 
daily dosc and duntion of quinolonc thcnpy. indication for thcmpy. trimester of 
uposurc. and smoking and alcnhol consumption habits on gestational agc. Mul- 
tiple logislic rcgrcsqion anolysu was uicd to invcstigatc thc effects of thex van- 
ahla ofi livc-bhh ratcs. 

Data for a total of 200 women exposcd to fluoroquinolones 
during pregnancy were collected. Seventy-six (38%) of the 
women were from Toronto, 52 (26%) wcre from Philadelphia. 
40 (20%) were from Tampa, and 32 (16%) werc from Milan. 

To exclude the possibility of selection bias, matemal char- 
acteristics were compared by using a cross-center analysis: ma- 
ternal age, gravity, parity, the rate of previous spontaneous and 
therapeutic abortions, and smoking and alcohol consumption 
habits were not statistically different among the womcn at the 
participating centers. 

One hundred five women (52.5%) werc exposed to cipro- 
fioxacin, 93 (465%) were exposed to nodoxacin, and 2 (1%) 
were exposed to ofloxacin, Information on treatment indica- 
tion was aven for 154 of the women: 69.4% of the women were 
treated for urinaty tract infections, 24% were treated for re- 
spiratory tract infections, and the other 6.4% were treated for 
skin infections (n = 6) ,  osteomyelitis (n = 2), breast abscess 
(n = 1), and a ruptured ovarian cyst (n = 1). 

One hundred thirty-six women were exposed to quinolones 
during the period of organogeaesis (4 to 13 weeks of gesta- 
tion), 34 women were exposed during the second trimester (13 
to 26 weeks of gestation), and 30 women were exposed during 
the third trimester (26 weeb to delivery). The treatment doses 
ranged from 400 to 800 mg for norfloxacin, 500 to 1,000 mg for 
ciprofloxacin, and 200 to 400 mg for ofloxacin. 

There were no differences in characteristics mong the 
women in the study and control groups (Table 1) except for a 
higher reported rate of previous rniscaniages in the control 
group. Concurrent drug therapy did not differ between the 
study and the control groups: 165% of the women in the 
quinolone group used antiemetic or antipeptic agents (antihis- 
tmines, pyridoxine, Hz blockers, antaci&), whereas 18.0% of 
the women in the control group used such agents (P = 0.69). 
Analgesics (acetaminophen, nonsteroidal anti-idammatory 
agents) were used by 10.0% of the women in the quinolone 
group, whereas they were used by 12.0% of the wornen in the 

TABLE 1. Charactcrinics of mothers cxposcd to fluorquinalones 
comparcd IO thosc of mathcrs cxposed t o  

nonterritogenic antibactcrials 

Matemal agc (yrs) 

Gravity (no.) 

Parity (no.) 

Spontancow atnirtion (no. ) 

Nonsmoking statu (G) 

Concurrent dmg thenpy (%) 
Anticmetic or antipcptic agenLc 
Analgcsics 
Antideprcssants 
Folic acid supplcmcniation 

' Mann-Whitney nnk sum test. 
x2 test (with Yatcs corrcctinn). 

control group (P = 0.52), and antidepressants were takcn by 
1% of the women in the quinolone group and 1.5% of the 
women in the control group (P = 0.97). in addition, four 
women in each group rcported thc use of srilbutamol inhaler to 
control mild asthmatic attricks. One patient in the quinolone 
group used verapamil throughout pregnancy to control her 
essential hypertension. and one patient in the control group 
had used bromocriptinc to treat her protact in-secrcting pitu- 
itary rnicroadenoma. 

There was a trend toward a higher rate of therapeutic abor- 
tions among the quinolone-exposed women (9 of tûû versus 3 
of 2W for the control group; P = 0.06). This is reflccted in ri 
lower live-birth rate among the quinolone-exposed women 
(173 of 200 versus 188 of 200 for the control group; P = 0.02). 
However, of al1 the potential dmg-rclatcd factors (i.e., daily 
dose, duration, trimester of exposure, and indication) analyted 
by multiple logistic regression, none had a statistically signifi- 
cant predictive value on the live-birth rate. Gestational age at 
delivery was significantly Iower among the quinolone-exposed 
women: 393 2 2.0 weeks versus 39.8 2 3.0 weeks among the 
women in the control group (P = 0.02). However, there were 
no difierences in rates of prematurity. Similarly, there were no 
differences in pregnancy outcome with respect to the rates of 
spontaneous abortions, birth weight, and fetd distress (Table 
2). Multiple regression analysis demonstrated no significant 
predictive effect of each of the potentiaI risk factors on gesta- 
tiond age at delivery. 

We found no differences in the rates of major malformations 
between children exposed to fluoroquinolones during organo- 
genesis and chikiren of mothers in the control group: 3 of 133 
venus 5 of 188 (P = 054; relative risk = 0.85; 95% confidence 
interval, 0.21 to 3.49). 

The major malformations noted in the quinolone group 
were two cases of ventricular septal defect and one case of 
patent ductus arteriosus. Among the controls, the major mal- 
formations included two cases of ventricular septal defect, one 
case of atnal septal defect with pulmonic valve stenosis, one 



TABLE 2. Prcgnancy outcorne for womcn cxptscd to fluoroquinoloncs during prcgnancy 
cornparcd to that for controis urpo~ed to nontentogcnic antihiotin 

No. of womcn with ihc following outcomd 
total no. of mimen: Rclatnic risk Outaomc or characteristic (95'16 confidencc intcrval) P value 

Ouinolane p u p  Nantcratogenic antibiotic group 

tive births 17312011 188ROQ 0.92 (O.W.98) 0.02" 
Spontanous abortion IIVUX) lOl200 1.80 (0.85-3.80) O. 1 r 
Thcrapcutic abonion 9R00 2t2(w, 4.50 (0.98-2057) O.M* 
Vaginal delivery 145/173 148t188 1.06 (0.961.18) 0.27" 
Ptcmaturc birth 11/173 13/188 0.92 (0.42-2.W) 0.90" 
Binh wcight. ~3500 g 71 1 73 9/ 1 88 0.85 (0.32-2.22) ~ 9 3 *  
Fetal distress 22/ 1 73 2711 88 0.89 (0.52- 1.49) 0.7h* 
Dclivcry by ccsarcan section 28/ 1 73 40tI88 0.83 (0.61 - 1.13) 0.21" 
Gestational agc 393 i ld> 39.8 z LOh 0.02' 
Birth wcight 3,452 i 53T' 3,477 ? bcUS 0.X' 

tcst (wiih Yatn correction). 
Uniw arc in wctlrs af gestation. 

'- Mann-Whitney nnk sum tcst. 
Units are in gnms. 

case of hypospadias, and one case of displaced hip. The ma- 
ternal reports of al1 major malformations were confirmed by 
their physicians in writing, and the confirmation included the 
specific diagnosis. 

Gros rnotor developmental milestones achievement accord- 
h g  to the Denver Devclopmental Scale did not differ beween 
the two groups (Table 3). 

DISCUSSION 
The association between fluoroquinolones and arthropathy, 

although observed in immature animals and rarely reported in 
humans, has resultcd in the restricted use of fluoroquinolones 
during pregnancy. Data from recent reports suggest that quin- 
olone administration to children and adolescents with qstic 
fibrosis is safe on the bais of both clinical and magnetic res- 
onance imaging assessrnents (4). However, since these obser- 
vations have focused on children and adolescents. it is unclear 
whether in utero exposure to quinolones and their potential 
deposition in fetal cartilage are associated with any long-tenn 
musculoskeletal dysfunctions. Our data, which we obtained 
using the Denver Developmental Scaie, suggest that in utero 
exposure to quinoiones is not associated wit h clinically signif- 
icant major musculoskeletal dysfunctions. This tool is very lim- 
ited in evaluating subtle joint changes that would have been 
detected only by sensitive methods. Magnetic resonance imag- 
ing of weight-bearing joints of children exposed to quinolones 
in utero is in progress in our attempt to address this concern. 

In designing this study, we aimed at controlling for the 
indication for the dnig x, that the putative effects of the in- 
fections would not be attributed to the quinolones. The pro- 
spective nature of this study aimed at obviating recall and 
selection bias. 

The rate of major malformations in among chiidren bom 
alive and exposed to quinolones during the first trimester was 
within the expected normal range (1 to 5%) and was numeri- 
cally identical to that among children in the control group. 
Irnportantly, we did not observe any major or minor abdominal 
wall malformations. The sample size of aur study has a power 
to detect a 35-fold increased risk of major malformations, 
assuming a baseline risk of 3% with a power of 80% and an a 
value of 0.05. These data suggest chat despite the limited 
strength of this study to detect a minimal Uicreased risk above 
the baseline, it is very unlikely that fluoroquinolones are a 
major human teratogen. 

The shortcr length of gestation observed in the quinolonc 
group is probably of no clinical significance because the other 
parameters such as birth weight and the rates of occurrence of 
birth weights below 2,500 g did not differ between the two 
groups. Moreover, multiple regrcssion analysis indicatcd thrit 
quinolone therapy-related factors such as the daily dose, the 
duration of and indication for therapy, and the trimester of 
exposure probably do not explain the shorter length of gesta- 
tion age in this group. Thc higher rate of therapeutic abonions 
observed in the quinolone-exposed women compared to that 
observed in their controls may be sccondary to misinforma- 
tion and misperception of a major risk rclated to their usc 
during pregnancy. However. other medical and especially non- 
medical reasons can also account for this finding. The possiblc 
high misperceived risk reiatcd to quinolone use during ges- 
tation probably stems from several staternents found in the 
literature: the Compendium of Pharmaceuticals and Special- 
ties (la) States that "ciprofloxacin should not be used in 
pregnant women unless the likely benefits outweight the pos- 
sible risk to the fetus." Another recent publication (1 1) daims 
that "quinolones should stili be regarded as contraindicated 
during pregnancy," although these data were from an uncon- 
trolled study. It is our experience that such information oftcq 
leads to excess anxiety and unnecessary therapeutic abortions. 
It has been demonstrated that both pregnant women and their 
physicians tend to assign high teratogenic risk to a varie- of 
compounds not known to cause harm in humans (7). Morc- 
over, early intervention has been shown to prevent unnecessacy 
pregnancy terminations by correcting misinformation, thus de- 

TABU 3. Acquisition of milestones defincd by 
the Denver Developmental Scala 

Age (rno) at which milalonc 
wÿs rquired 

Milestone P v;iluc" 
Quinolanc Nontcr;itogenic 

WUP antibiotic group 

Lifting 2.2 i 1.0 2.3 z 1.1 0.21 
Sitting 5.9 z 1.7 5.8 2 1.2 0.74 
Crawling 7.2 it 1.6 7.2 i 1.4 0 .U  
Standing 5.7 z 1.8 8.7 + 1.8 0.45 
W a l b g  11.2 r 1.7 12.0 z 2.3 0.4 1 

a S tudcnt r tcst. 
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creasing the high misperceived risk by women exposed to non- 
teratogens (8). 

In the era of increasing resistance of many micropathogens 
to different antibacterial agents, quinoIones should not be prc- 
scriid as kt-line agents for the treatment of uncomplicated 
urinary tract infections and shouId definitely not be prescribcd 
for upper respiratory tract infections. Hawever, in cases of 
infections with resistant micropathogens or compiicated uri- 
nary tract infections durhg pregnancy, when the use of quin- 
olones is mandatory, or in cases of inadvertent fetal cxposure 
to fluoroquinolones (unplanned pregnancies), Our data indi- 
a t e  that thcir benefits outweigh the risks to the fetus and that 
therapeutic abortions due to fetaI exposure tu these agents is 
unjustified. 
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