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	2.4e Beta-adrenoceptor blockers
	Clinical properties of beta blockers vary widely with indications varying between hypertension, angina, myocardial infarction, heart failure, arrhythmias, thyrotoxicosis and anxiety. Therefore, propranolol may not always be a suitable clinical alternative. Sotalol is not included in this section as it is used solely for paroxysmal supraventricular arrhythmias.<br>In general, beta blockers that are considered to pose less risk to a breastfeeding infant have, or are predicted to have, lower levels in breast milk (due to a high degree plasma protein binding, low lipid solubility and a short half-life) and relatively low renal excretion. The risks of currently available beta blockers vary widely due to these features.<br>Propranolol is considered to be the beta blocker of choice in breastfeeding. Metoprolol is also considered to pose a low risk. <br>Acebutolol, atenolol and nadolol are favoured least because of relatively high milk levels and possible side effects in breastfed infants. <br>Monitor breastfed infants for signs of beta blockade, especially bradycardia.

	Acebutolol
	Caution
	Significant amounts of acebutolol and its active metabolite in breast milk
Case report of hypotension, bradycardia, and transient tachypnea in a newborn breastfed infant
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Atenolol
	Caution
	Significant published evidence of use in breastfeeding
Significant amounts in breast milk
Case report of cyanosis, bradycardia and hypothermia in a newborn breastfed infant
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Bisoprolol
	Caution
	Very limited published evidence of safety
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Carvedilol
	Caution
	No published evidence of safety
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Celiprolol
	Caution
	No published evidence of safety
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Esmolol
	Yes
	No published evidence of safety
Breast milk levels would be expected to be negligible and transient due to its very short half-life after IV administration (9 minutes)
Used in full-term neonates from birth
	-
	Bibliography 

	Labetalol
	Yes
	Limited published evidence of safety
Small amounts in breast milk    
Caution only in pre-term infants - <i>single case report of sinus bradycardia in a 26-week premature infant fed breast milk via nasogastric tube</i>
	Propranolol
	Bibliography 

	Metoprolol
	Yes
	Moderate published evidence of use in breastfeeding
Small amounts in breast milk
	-
	Bibliography 

	Nadolol
	Caution
	Very limited published evidence of safety
Significant amounts in breast milk
Long half-life (20-24 hours) could lead to accumulation in the infant
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Nebivolol
	Caution
	No published evidence of safety
Low levels anticipated in milk due to the drug’s properties
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Oxprenolol
	Caution
	Limited published evidence of safety
Small amounts in breast milk
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Pindolol
	Caution
	Very limited published evidence of safety
Small amounts in breast milk
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography 

	Propranolol
	Yes
	Significant published evidence of use in breastfeeding
Small amounts in breast milk
Used in full-term neonates from birth
Considered to be the beta blocker of choice during breastfeeding
	-
	Bibliography 

	Sotalol
	Moved to 2.1 – Anti-arrhythmics

	Timolol - <i>oral</i>
	Caution
	Very limited published evidence of safety after oral use
Small amounts in breast milk
Monitor breastfed infants for signs of beta blockade, especially bradycardia
	Propranolol
	Bibliography
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Author’s Notes: 
	Acebutolol
	LactMed
	Because of the relatively extensive excretion of acebutolol and its active metabolite diacetolol into breastmilk and their extensive renal excretion, other agents may be preferred, especially while nursing a newborn or preterm infant

	
	Hale
	It is low in lipid solubility. In a study of 7 women receiving 200-1200 mg/day , the highest milk conc occurred in the women receiving 1200 mg/day and was 4,123 µg/L. In women receiving 200, 400, or 600 mg/day, milk levels were 286 µg/L, 666 µg/L and 539 µg/L, respectively. Adverse effects of beta-blockade were reported. Acebutolol and its major active metabolite, diacetolol, appear in breastmilk with a M/P of 1.9 to 9.2 (acebutolol) and 2.3 to 24.7 (diacetolol). These levels are considered relatively high and occurred following maternal doses of 400-1200 mg/day. When the metabolite is added, the infant dose may approach 10% of the maternal dose. T½ 3-4h. M/P 7-12/ PB 26%. Oral 35-50% pKa 13.9. Cat L3 - Limited Data-Probably Compatible

	
	Briggs
	Limited Human Data—Potential Toxicity

	
	
	

	Atenolol
	LactMed
	Because of atenolol's relatively extensive excretion into breastmilk and its extensive renal excretion, other agents may be preferred while nursing a newborn or preterm infant or with high maternal dosages. Infants older than 3 months of age appear to be at little risk of adverse effects from atenolol in breastmilk. Timing breastfeeding with respect to the time of the atenolol dose appears to be of little benefit in reducing infant atenolol exposure because the time of the peak is unpredictable

	
	Hale
	Data conflict on the secretion of atenolol into breastmilk. One author reports an incident of significant bradycardia, cyanosis, low body temperature, and low blood pressure in breastfeeding infant of mother consuming 100 mg atenolol daily while a number of others have failed to detect plasma levels in the neonate or untoward side effects. Data seem to indicate that atenolol secretion into breastmilk is highly variable but may be as high as 10x greater than for propranolol. In one study, women taking 50-100 mg/day were found to have M/P of 1.5-6.8. However, even with high M/P ratios, the calculated intake per day (at peak levels) for a breastfeeding infant would only be 0.13 mg. In a study by White et al, breastmilk levels in one patient were 0.7, 1.2 and 1.8 mg/L of milk at doses of 25, 50 and 100 mg daily respectively. In another study, the estimated daily intake for an infant receiving 500 mL/day, would be 0.3 mg. In these 5 patients who received 100 mg daily, the mean milk concentration of atenolol was 630 µg/L. In another study, the amount transferred into milk varied from 0.66 mg/L with a maternal dose of 25 mg, 1.2 mg/L with a maternal dose of 50 mg, and 1.7 mg/L with a maternal dose of 100 mg per day. T½ 6-7h. M/P 1.5-7/ PB 6-16%. Oral 50-60% pKa 9.6. Cat L3 - Limited Data-Probably Compatible

	
	Briggs
	Limited Human Data—Potential Toxicity

	
	
	

	Bisoprolol
	LactMed
	Because there is little published experience with bisoprolol during breastfeeding, other agents may be preferred, especially while nursing a newborn or preterm infant.

	
	Hale
	In one case report a woman was started on bisoprolol 5 mg once daily 6 days postpartum. She provided milk samples taken between 11 and 18 days after bisoprolol was initiated and they were undetectable. The infant was not given any maternal breastmilk, thus no infant safety data is available. T½ 9-12h. PB 30%. Oral 80% pKa 9.5. Cat L3 - Limited Data-Probably Compatible

	
	Briggs
	No Human Data—Potential Toxicity

	
	SPC
	

	Carvedilol
	LactMed
	Based on its physicochemical properties, carvedilol appears to present a low-risk to the breastfed infant. Because there is no published experience with carvedilol during breastfeeding, other agents may be preferred, especially while nursing a newborn or preterm infant.

	
	Hale
	No data available on the transfer into human milk. However, due to its high lipid solubility, some may transfer. As with any beta-blocker, some caution is recommended until milk levels are reported. T½ 7-10h. PB >98%. Oral 25-35% pKa 14. Cat L3 - No Data-Probably Compatible

	
	Briggs
	No Human Data—Probably Compatible

	
	
	

	Celiprolol
	LactMed
	No entry

	
	Hale
	No entry

	
	Briggs
	No entry (withdrawn from US market)

	
	SPC
	Celectol: Most beta blockers will pass into breast milk, although to variable extents. The use of Celectol is therefore not recommended in breast-feeding mothers. T½ 5-6h.

	Esmolol
	LactMed
	Based on its physicochemical properties and extremely short half-life, esmolol would not be expected to cause any adverse effects in breastfed infants

	
	Hale
	Esmolol is an ultra short-acting beta blocker agent (T1/2= 9 minutes) with low lipid solubility. It is primarily used for treatment of SVT. It is only used IV. It is almost completely hydrolyzed in 30 minutes. No data are available on its use in breastfeeding mothers. T½ 9min.  PB 55%. Oral poor pKa 9.5. Cat L3 – No Data-Probably Compatible

	
	Briggs
	No Human Data—Probably Compatible

	
	
	

	Labetalol
	LactMed
	Because of the low levels of labetalol in breastmilk, amounts ingested by the infant are small and would not be expected to cause any adverse effects in fullterm breastfed infants. No special precautions are required in most infants. However, other agents may be preferred while nursing a preterm infant.

	
	Hale
	Labetalol is a selective beta blocker with moderate lipid solubility. In one study of 3 women receiving 600 - 1200 mg/day, the peak concentrations of labetalol in breastmilk were 129, 223, and 662 µg/L respectively. In only one infant were measurable plasma levels found (18 µg/L) following a maternal dose of 600 mg. Therefore, only small amounts are secreted into human milk. T½ 6-8h. M/P 0.8-2.6. PB 50%. Oral 30-40%. pKa 8.1. Cat L2 - Limited Data-Probably Compatible

	
	Briggs
	Limited Human Data—Probably Compatible

	
	
	

	Metoprolol
	LactMed
	Because of the low levels of metoprolol in breastmilk, amounts ingested by the infant are small and would not be expected to cause any adverse effects in breastfed infants. Studies on the use of metoprolol during breastfeeding have found no adverse reactions in breastfed infants. No special precautions are required.

	
	Hale
	In a study of 3 women 4-6 months postpartum who received 100mg bd for 4d, the peak concentration of metoprolol ranged from 0.38 to 2.58 µmol/L, whereas the maternal plasma levels ranged from 0.1 to 0.97 µmol/L. The mean M/P was 3. Assuming ingestion of 75 mL of milk at each feeding, and the maximum concentration of 2.58 µmol/L, an infant would ingest approximately 0.05 mg metoprolol at the first feeding and considerably less at subsequent feedings. In another study of 9 women receiving 50-100 mg bd, the maternal plasma and milk concentrations ranged from 4-556 nmol/L and 19-1690 nmol/L respectively. Using this data, an average milk conc throughout the day as 280 µg/L of milk. This dose is 20-40 times less than a typical clinical dose. The M/P in these studies averaged 3.72. Although the M/Ps for this drug are in general high, the maternal plasma levels are quite small so the absolute amount transferred to the infant are quite small. Although these levels are probably too low to be clinically relevant, clinicians should use metoprolol under close supervision. T½ 3-7h. M/P 3-3.7. PB 10%. Oral 40-50%. pKa 9.7. Cat L2 - Limited Data-Probably Compatible

	
	Briggs
	Limited Human Data—Potential Toxicity

	
	
	

	Nadolol
	LactMed
	Because of its relatively extensive excretion into breastmilk and its renal excretion, other beta-adrenergic blocking drugs are preferred to nadolol, especially while nursing a newborn or preterm infant.

	
	Hale
	Nadolol is a long-acting beta blocker. It is secreted into breastmilk in moderately high concentrations. Following a maternal dose of 20 mg/day, breastmilk levels at 38 hours postpartum were 146 µg/L. In another study of 12 women receiving 80 mg daily the mean steady-state concentrations in milk were 357 µg/L. The time to maximum concentration was 6 hours. The milk/serum ratio was reported to average 4.6. A 5 kg infant would receive 4-7% of the maternal dose. The authors recommended caution with the use of this beta blocker in breastfeeding patients. Due to its long half-life and high milk/plasma ratio, this would not be a preferred beta blocker. T½ 20-24h. M/P 4.6. PB 30%. Oral 20-40%. pKa 9.7. Cat L4 - Limited Data-Possibly Hazardous

	
	Briggs
	Limited Human Data—Potential Toxicity

	
	
	

	Nebivolol
	LactMed
	Because no information is available on the use of nebivolol during breastfeeding, an alternate drug may be preferred, especially while nursing a newborn or preterm infant.

	
	Hale
	No data are available on the transfer of this drug into human milk; however, an overview of the kinetics of this drug suggests that nebivolol will probably have minimal milk levels. Because of the potential for beta blockers to produce serious adverse reactions in nursing infants, especially bradycardia, nebivolol is not recommended during nursing at this time. T T½ 12-19h. PB 98%. Oral 12-96%. Cat L3 - No Data-Probably Compatible

	
	Briggs
	No Human Data—Potential Toxicity

	
	
	

	Oxprenolol
	LactMed
	No entry

	
	Hale
	No entry

	
	Briggs
	No entry (withdrawn from US market)

	
	SPC
	Generic (Amdipharm): Oxprenolol is excreted into breast milk (see “Pharmacokinetic properties”). However, although the estimated daily infant dose derived from breast-feeding is likely to be very low, breast feeding is not recommended. T½ 1-2h. PB 80%. Oral 20-70%, The concentration in the breast milk is equivalent to approx. 30% of that in the plasma.

	
	PG
	Study 1 (Fidler J): 9 pts given oxpren 80mg bd. Mean maternal plasma level 430ng/mL; mean milk level 128ng/mL. Mean M/P 0.29. Ratio of infant vs maternal dose varied from 1:142 to 1:220 (maternal dose 160mg/d and 320mg/d). Therefore unlikely BM excretion important to infant.
Study 2 (Sioufi A): 9 mothers given 80mg tds. Mean mat plasma levels 1420 nmol/L and in milk 387nmol/L. Mean M/P 0.45. Calculated infant dose (milk 500ml/d) max 0.07mg/kg = 60x normal adult dose.

	Pindolol
	LactMed
	Limited information indicates that maternal pindolol produces low levels in milk. It also has a short half-life and only moderate renal excretion, so it would not be expected to cause any adverse effects in breastfed infants, especially if the infant is older than 2 months.

	
	Hale
	In one study of six hypertensive pregnant women, ages 25-35 years, with a gestational age of 37-40 weeks, patients were given 10 mg pindolol tablets every 12 hours for a minimum of 3 days during pregnancy and after delivery. A single breastmilk sample was collected on the day of delivery from 11 to 14 hours postdose. Two pindolol metabolites were measured in milk, (-)-S-pindolol averaging 3.1 µg/L (range 1.5 to 3.9 µg/L) and (+)-R-pindolol averaging 1.9 µg/L (range 1.2 to 4.2 µg/L).[1] The authors estimate that a fully breastfed infant would receive an average of 0.36% of the weight-adjusted maternal dose. This data unfortunately was collected during the colostral phase, and may overestimate the actual dose during regular lactation. T½ 3-4h.  PB 40%. Oral >95% pKa 9.5. Cat L3 - Limited Data-Probably Compatible

	
	Briggs
	

	
	
	

	Propranolol
½ 
	LactMed
	Because of the low levels of propranolol in breastmilk, amounts ingested by the infant are small and would not be expected to cause any adverse effects in breastfed infants. Studies during breastfeeding have found no adverse reactions in breastfed infants clearly attributable to propranolol. No special precautions are required.

	
	Hale
	In general, the maternal plasma levels are exceedingly low, hence the milk levels are low as well. Milk/plasma ratios are generally less than one. In one study of 3 patients, the average milk concentration was only 35.4 µg/L after multiple dosing intervals. The milk/plasma ratio varied from 0.33 to 1.65. Using this data, the authors suggest that an infant would receive only 70 µg/L of milk per day, which is <0.1% of the maternal dose. In another patient who was receiving 20 mg orally every 8 hours, levels of propranolol ranged from zero to 5 µg/L. In another study of a patient receiving 20 mg twice daily, milk levels varied from 4 to 20 µg/L with an estimated average dose to infant of 3 µg/day. In another patient receiving 40 mg four times daily, the peak concentration occurred at 3 hours after dosing. Milk levels varied from zero to 9 µg/L. After a 30 day regimen of 240 mg/day propranolol, the pre-dose and post-dose concentrations in breastmilk was 26 and 64 µg/L respectively. No symptoms or signs of beta blockade were noted in this infant. The above amounts in milk would likely be clinically insignificant. Long term exposure has not been studied, and caution is urged. Of the beta blocker family, propranolol is probably preferred in lactating women. Use with great caution, if at all, in mothers or infants with asthma. T½ 3-5h. M/P 0.5. PB 90%. Oral 30% pKa 9.5. Cat L2 - Limited Data-Probably Compatible

	
	Briggs
	No Human Data—Potential Toxicity

	
	
	

	Timolol - oral
	LactMed
	Because of the variability in excretion of timolol into breastmilk and minimal reported experience during breastfeeding, other agents may be preferred, especially while nursing a newborn or preterm infant.

	
	Hale
	It is secreted into milk. Following a dose of 5 mg three times daily, milk levels averaged 15.9 µg/L. Both oral and ophthalmic drops produce modest levels in milk. T½ 4h. M/P 0.8. PB 10%. Oral 50% pKa 9.2. Cat L2 - Limited Data-Probably Compatible

	
	Briggs
	Limited Human Data—Probably Compatible
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