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      Abstract


      Objective


      To determine the perinatal outcomes of offspring exposed to methadone maintenance treatment (MMT) in utero.


      Methods


      This was a historical, matched-cohort study at a tertiary obstetrical hospital (2010-2015). Controls were matched to 'cases' of newborns exposed to MMT in utero in a 2:1 fashion according to maternal age, neighborhood, and year of delivery. Maternal and newborn hospital charts were reviewed in order to collect relevant demographic information as well as the perinatal outcomes of interest. Descriptive statistics and comparative analyses were performed to determine differences in outcomes between groups.


      Results


      There were 363 newborns in the cohort (121 MMT cases and 242 controls). There was no difference in basic demographics between groups, however mothers in the MMT group were more likely to smoke cigarettes and receive treatment for mental illness. Newborns in the MMT group had an almost 3-fold higher incidence in preterm birth than controls. Even after stratifying by gestational age and maternal smoking, newborns in the MMT group had consistently lower birthweights, higher NICU admissions, and longer in-patient stays when compared to matched controls. However, there was no difference in peripartum complications, Apgar scores, growth restriction, or overall survival.


      Conclusion


      When compared to matched-controls, MMT exposure in utero is associated with earlier delivery, lower birthweight, and higher neonatal intermediate- and intensive-care unit admissions. However, there is no difference in overall survival to discharge, intrapartum complications, or major morbidity. Larger studies with the capacity to adjust for potential sociodemographic covariates are still needed to better elucidate the relationship between MMT exposure in utero and neonatal outcomes beyond neonatal withdrawal. The high rates of prolonged in-patient, NICU stays offer an opportunity for exploring alternate models of postnatal in-patient care in order to improve outcomes and reduce the burden associated with neonatal withdrawal after MMT.
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      Introduction


      There has been a steady increase in substance abuse and opioid addiction over the past decade [1]. This trend has also been seen amongst pregnant women, and now with heightened concerns about the intergenerational effects of addictions including future health of offspring [2,3]. For pregnant women in the U.S, the rate of admission to drug treatment services for prescription opioid abuse increased drastically from 2% in 1992 to 28% in 2012 [2]. These numbers are consistent with other population data showing that opioid abuse is currently the most common reason for seeking addictions treatment for illicit substance use during pregnancy, followed by marijuana and other substances [4,5]. The incidence of infants born to mothers using opioids or having an opioid dependence increased from 1.19 to 5.63 per 1000 hospital live births per year from the year 2000 to 2009 [6]. For women with an opioid dependence in pregnancy, management options include methadone maintenance treatment (MMT) or complete opioid detoxification [4-8]. The mechanism of methadone, a synthetic opiate, is as a competitive agonist at the mu-opioid receptor [8,9]. It also functions as a competitive inhibitor of the glutamate receptor within the central nervous system to lessen the symptoms of opioid withdrawal. Important benefits of methadone for opioid addiction management include reducing the risk of death, infectious diseases, as well as improving mental health and social/relational stability [5,9,10]. Because of the established benefit and safety of methadone during pregnancy, it is recommended that pregnant women with opioid dependence be immediately referred to an addiction specialist in order to facilitate prompt access to MMT [7,9,10]. Maternal involvement in a stable, medically monitored MMT program also improves attendance for prenatal care, which also leads to better pregnancy outcomes [11-17].


      Recent studies have demonstrated that complete detoxification in opioid-dependent pregnant women is not associated with harmful outcomes for the fetus or obstetrical complications, especially when done in the second and third trimesters [11,12,14-17]. But because opioid detoxification during pregnancy is associated with high relapse rates, which is itself harmful to the developing fetus, current national practice guidelines advocate for use of MMT for management of opioid dependence in pregnancy [7]. As a harm-reduction strategy, adherence to MMT in pregnancy is particularly impactful at reducing relapse to illicit opioid use [7,12,13,17].


      With higher rates of opioid dependence in pregnancy, it is not surprising that there has been a simultaneous increase in rates of neonatal opioid withdrawal syndrome (NOWS) over the same time period [18]. NOWS, formerly known as 'neonatal abstinence syndrome' or 'NAS', refers to the postnatal withdrawal seen in some newborns following exposure to maternal opioid use in utero [11,12,18,19]. NOWS is characterized by excessive high-pitched cry/irritability, sleep-wake disturbances, alterations in infant tone and movement, feeding difficulties, gastrointestinal disturbances, autonomic dysfunction, and failure to thrive [11-14]. Treatment of NOWS has historically centered around postnatal administration of morphine and other opioid agonists to affected newborns [11,12,14]. Such treatment also frequently requires lengthy in-patient hospital stays and intensive neonatal care. However, there is emerging evidence that providing enhanced postpartum care to mothers including supports for breastfeeding, skin-to-skin care, swaddling, and rooming-in can all help improve maternal-newborn bonding and reduce the sequelae associated with withdrawal symptoms in the newborn [20-26]. Other neonatal outcomes associated with maternal opioid use, including MMT, include increased rates of prematurity, small-for-gestational age neonates [15], and admission to neonatal intensive care units (NICUs) [16]. However, because of conflicting evidence in the literature about the exact magnitude of risk, if any, for offspring exposed to MMT as well as general misinformation in the public, many women are advised or independently choose to quit MMT during pregnancy.


      While the pharmacologic safety profile of MMT in pregnancy has been established, much of the literature about neonatal outcomes exists in relation to NOWS and related sequelae, and there remains a paucity of information about pregnancy and other neonatal/pediatric outcomes following MMT exposure in utero [2]. There is also inconsistency in the literature regarding the relationship, if any, between dose of MMT and outcomes. To date, systematic reviews and meta-analyses attempting to clarify these associations have been limited by heterogeneity of small sample sizes of primary studies [2,27]. Observational studies attempting to evaluate the impact of methadone exposure in utero by comparing cases of maternal MMT to the general obstetrical population are fraught with sociodemographic confounders inherent to studying a population with multiple risk factors for comorbidities and adverse health outcomes. As such, there remains the need for ongoing research into the impact of MMT for mothers and offspring alike.


      The purpose of our study was to describe the perinatal outcomes, aside from NOWS, of offspring exposed to MMT in utero, as compared to matched controls that were not exposed to MMT. By accounting for potential socioeconomic confounders, this study aimed to isolate the effects of MMT on newborns beyond NOWS in an effort to improve targeted neonatal and pediatric care.


      Methods


      This was a historical, matched-cohort study of singleton births at a tertiary obstetrical hospital in Canada. Over the 5-year study period (2010 to 2015), all live born singletons delivering at the hospital were eligible for inclusion. 'Cases' of in utero MMT exposure were identified using an in-patient pharmacy database of maternal prescriptions, and then used to link the maternal record to the offspring chart. Using concurrent sampling methods, a control group was assembled from those newborns not exposed to MMT in utero and individually-matched to 'cases' in a 2:1 fashion according to maternal age, neighborhood, and year of delivery. Neighborhood was defined using forward sortation area from mailing address postal codes and was used as a surrogate for socioeconomic status. Maternal age was also chosen as a matching variable given its known association with adverse perinatal outcomes [28]. Newborns were excluded if postnatal palliation was planned, stillbirth prior to labor, or if their primary residence was outside the hospital catchment area (and thus precluded our ability to identify matched controls). This study was also restricted to singleton pregnancies given that twins and higher-order multiples have an inherently higher risk of perinatal complications and our inability to account for chorionicity during the matching process might have compromised the comparability of groups [29].


      Using a standardized data collection sheet, the maternal and newborn hospital records were reviewed in order to collect information about maternal demographics, obstetrical events, and neonatal outcomes. The incidence of MMT exposure in pregnancy was calculated using the total number of live births at the hospital over the study period. Maternal body mass index (BMI) was collected as a continuous variable and by using standardized BMI categories (underweight, normal, overweight, obese) [30]. Methadone dose was recorded as a continuous variable in milligrams. Given inconsistencies in the literature regarding the definition of low-, moderate- and high-dose methadone, a decision was made a priori to use either the mean or median methadone dose of women in the MMT group, depending on the distribution, to define the cutoff between low and high-dose methadone in this study.


      Birthweight was described as continuous variable as well as categorically according to standardized growth curves used in local practice and by the following gestational age-specific cutoffs: 'Small for gestational age' was defined as birthweight below the 10th percentile for gestational age; 'large for gestational age' was defined as birthweight above the 90th percentile for gestational age [31]. Continuous variables were described as means with standard deviations if normally distributed or as medians with interquartile ranges if non-parametrically distributed.


      Dichotomous and categorical variables were described as proportions. The Chi-square test was used to compare dichotomous variables between groups (MMT vs. non-MMT). Means were compared using either the student t-test (if normally distributed) or the Wilcoxon rank sum test (if non-normal distribution). Stratification and regression analysis were used to account for potential confounders. A p-value of < 0.05 was used to define statistical significance. Statistical analysis was performed using Stata v.14.2 (Stata Corp LLC, College Station, TX) software.


      Results


      Over the 5-year study period, there were 27,601 live births at our center. Initially, 192 cases of MMT were identified from in-patient pharmacy records by maternal methadone prescriptions. Of these, 71 cases were excluded based on the following criteria: Non-obstetrical patients (33); residence outside the hospital catchment area (32); and twins (3). The remaining 121 cases of MMT were included in the study and used to identify 242 matched controls as per the methods described above, in order to link maternal and newborn records (Figure 1). The incidence of MMT in pregnancy at our hospital was 0.6% over the study period.


      Regarding the overall characteristics of the pregnant women in this cohort, the mean maternal age was 28.6 years (SD 5.0). Most women were multiparas (79.3%), compared to 20.7% who were primiparas. The median gestational age at delivery was 39 weeks + 2 days [IQR 38 to 39 + 6]. The mean BMI was 31.4 kg/cm2. Using standardized BMI categories, there were no mothers that were underweight and only 8.6% of mothers had a normal BMI; over 90% of mothers in the cohort were either overweight or obese (40.6% and 50.8% respectively). A high proportion of mothers were cigarette smokers (48.1%) and 4.9% reported alcohol use during pregnancy. 33.2% of mothers reported issues with mental health including depression, anxiety, and/or mood disorders other than addictions. Most women (92.5%) were living in an urban area, and over half of these resided in an inner-city neighborhood (51.2%).


      While there were no significant differences in maternal age, residence, or parity between groups, mothers in the MMT group had significantly higher rates of smoking (89.8% vs. 32.5%, p < 0.001), alcohol use (10.7% vs. 2.5%, p = 0.002), and preexisting mental illness (other than addictions) (36.4% vs. 25.6%, p = 0.04) when compared to controls (Table 1). Amongst mothers in the MMT group, the median methadone dose was 70 mg [IQR 44 to 100]. The incidence of intrapartum fetal distress (10.7% versus 7.9%; p = 0.38) and emergency delivery by cesarean section (13.2% versus 10.7%; p = 0.48) were similar in both groups (Table 2). For newborns, the gestational age at delivery was significantly different between groups; 38 weeks + 6 days [IQR 37 to 40] in the MMT group versus 39 weeks + 4 days [IQR 38 + 1 to 40 + 3] in the control group (p < 0.003). There was almost a 3 times higher incidence of preterm birth prior to 37 weeks gestation in the MMT group compared to controls (19.8% vs. 7.4%, p < 0.001). Birthweight was also significantly different between groups, as newborns in the MMT group had a mean weight of 3110.6 grams (SD 558.2) compared to 3374 grams (SD 520.9) (p < 0.001). The incidence of SGA was similar between groups (5.1% vs. 3.4%; p = 0.44) (Table 2). However, more newborns in the control group were LGA at birth (49.8% vs. 28%; p < 0.0001) (Figure 2). After stratification by maternal risk factors (smoking, methadone dosage, age), these differences in birthweights between groups were preserved with newborns exposed to MMT in utero having consistently lower birthweights than unexposed controls (Table 3). This trend was also seen amongst term and preterm newborns alike.


      There was no difference in mode of delivery between groups, as most births occurred via spontaneous vaginal delivery (73.7% vs. 74.3%; p = 0.89) (Table 2). There was no difference in need for emergency delivery by Cesarean section for fetal distress (13.2% vs. 10.7%; p = 0.49) nor in the need for immediate postnatal resuscitation between groups (11.2% vs. 7.8%; p = 0.35). Apgar scores at 1-minute (8 versus 9; p = 0.64) and 5-minutes (9 versus 9; p = 0.89) were also similar between groups. However, newborns in the MMT group had a neonatal intermediate- or intensive-care unit admission rate over 90%, compared to only 7% for controls (p < 0.001) owing to complications of neonatal opioid withdrawal and local practice policies regarding surveillance for NOWS. Overall, the median length of stay in hospital for newborns in the cohort was 2 days [IQR 1 to 3], although there was a significant difference in median stay between groups (p = 0.04). In the MMT group, the median length of stay for newborns was 2 days [IQR 2 to 5] with a range of stays from 1 to 62 days. Of note, 40.5% of newborns in the MMT group had a prolonged hospital stay of > 48 hours, the bulk of which was spent in observation in a neonatal intermediate- or intensive-care unit. However, it meant that 59.5% of newborns in the MMT group required less than 48 hours in hospital. For newborn controls, the median length of stay was 2 days [IQR 1 to 3] with a range in stays from 1 to 6 days. 26% of controls required admission to hospital for > 48 hrs while the majority of controls (74%) were discharged from hospital in under 2 days. There were no neonatal deaths in either group and all newborns survived to discharge from hospital. It should be noted that there was no evidence of a relationship between maternal methadone dosage (high-dose ≥ 70 mg vs. low-dose < 70 mg) and neonatal outcomes including gestational age, preterm birth, peripartum complications, or admission to neonatal intermediate- or intensive-care units (Table 4). There was also no evidence of a difference in median length of hospital stay by maternal methadone dosage, although there was trend toward more prolonged hospital stays amongst offspring born to mothers on low-dose methadone (48.8% vs. 35.2%; 198 p = 0.15).


      Discussion


      This study provides valuable insights into perinatal outcomes, beyond NOWS, for newborns exposed to MMT in utero as compared to matched controls. The baseline demographic characteristics of our study groups were not significantly different, validating our successful matching of cases to controls. There were also no differences in parity between the two groups, further demonstrating equivalency between groups and strengthening the reliability of our results. Use of neighborhood matches by postal code attempted to account for additional sociodemographic variables which may influence perinatal outcomes in this population. Prior studies which have compared outcomes between newborns with MMT exposure in utero have typically drawn controls from the general obstetrical population. However, given the predisposition of women on MMT in pregnancy to have other social disparities compared to other pregnant women, it can be difficult to isolate in utero methadone exposure as the sole determinant of adverse perinatal outcomes.


      When comparing rates of cigarette smoking between mothers on MMT and controls, mothers in the MMT group had significantly higher rates of smoking compared to controls. This is consistent to previous literature that reports high smoking rates among participants of MMT [32-35]. The detrimental effects of cigarette smoking during pregnancy have been reported extensively including various antenatal obstetrical complications as well as worsened fetal and neonatal outcomes (fetal growth restriction and low birth weight, increased perinatal mortality, childhood asthma, and long-term behavioral problems) [36,37]. However, there was no evidence that smoking confounded our results; newborns exposed to smoking had lower birthweights in both groups, and even lower if there was concurrent exposure to MMT. Smoking was also not significantly correlated with preterm birth in this sample.


      While the effects of methadone appear separate from the adverse outcomes of smoking, smoking is still a very serious issue during pregnancy with implications for offspring exposed in utero plus postnatally. Considering this, and previous evidence demonstrating high rates of readiness to quit smoking in MMT participants, pregnancy still offers a critical window of opportunity for smoking cessation interventions for mothers on MMT.


      When we looked at preterm birth we found statistical significance similar to other studies, with methadone patients delivering prior to 37 weeks gestation at a rate of almost three times that of the control group. Mothers on MMT should be counseled about this risk accordingly, as well as associated sequelae of prematurity. Of note, most of the preterm births in our sample occurred during the late preterm period as opposed to early preterm or at borderline viability. While the impact of late prematurity is not insignificant, survival is high and long-term morbidity is low. Risk of late prematurity should not be a reason to withhold MMT to a pregnant woman seeking treatment for opioid addiction in pregnancy, but rather, should be a consideration in her obstetrical management and in planning postnatal care for those newborns exposed. We found no differences between MMT patients and controls in the mode of delivery, with vaginal delivery being the most common. With low rates of neonatal respiratory depression at birth or need for neonatal resuscitation at birth, much of the intrapartum management for women on MMT is similar to controls.


      We found that birthweight was reduced amongst newborns exposed to methadone in utero compared to neighborhood controls. This finding remained true when stratifying by other covariates between groups, namely prematurity, smoking, and advanced maternal age. There was also no statistical difference in birthweight between newborns exposed to high-versus low-dose methadone in utero. Very few newborns in either group were actually diagnosed as 'small for gestational age' (birthweight less than the 10th percentile) at birth (5.1% versus 3.4%). So, while newborns exposed to methadone in utero tend to have a lower birthweights than unexposed newborns, the results may not be clinically significant, at least at birth. Future studies assessing the growth trajectory and growth potential for newborns exposed to MMT in utero, as there is very little known about catch-up growth or childhood stature following fetal methadone exposure.


      Newborns exposed to MMT in utero had a significantly more admissions to the neonatal intermediate-or intensive-care units, reaching over 90%. Given that there are no significant differences between groups with regards to peripartum complications, Apgar scores, or need for postnatal resuscitation, these numbers likely reflect our local hospital policy of admission of all babies at risk of NOWS to either the neonatal unit for a period of observation and possible management. It should also be noted that over half of newborns in the MMT group were admitted to NICU for under 48 hrs of surveillance, meaning that they had low postnatal NOWS scores or showed minimal to no signs of withdrawal after birth. While NOWS was not the focus of our study, this finding would indicate that more than half of newborns, irrespective of maternal methadone dose, do not experience significant withdrawal after birth.


      Given that the average cost per day of neonatal intensive/intermediate unit care in hospital in Canada is estimated ~$2100 CAD per day (or $1600 USD), the cost of care for newborns exposed to MMT in utero could be mitigated by reevaluating policies pertaining to mandatory admission to NICU for NOWS surveillance. There is excellent data about the benefits of enhanced postpartum and rooming-in care models for women on MMT and their newborns, including cost-effectiveness evaluations as well. These options should be considered as viable management solutions in order to improve maternal and neonatal outcomes, namely by reducing NOWS, and as a potential cost-savings to the healthcare system as a whole. However, given that there is no obvious correlation between methadone dosage and length of NICU stay, there remains some challenge in being able to predict which babies will exhibit significant symptoms of withdrawal compared to others and means that the postnatal care team should be vigilant with screening practices for NOWS.


      There is concern that newborns exposed to high doses of methadone in utero are at increased risk of adverse neonatal outcomes, particularly postnatal respiratory depression, need of resuscitation, higher risk of NOWS, and prolonged hospital stay in neonatal intensive care. However, there remains a lack of consensus in the literature about the exact definition of high- versus low-dose MMT in pregnancy. As such, in the absence of a standardized definition, we decided to use the median dose for our study population in order to subgroup mothers and attempt to analyze the influence of methadone dosage on perinatal outcomes. Our findings are similar to what is described in the literature and suggest little relationship between daily dosage and postnatal outcomes. Specifically, we found no relationship between gestational age , incidence of preterm birth, peripartum complications or length of hospital stay in our cohort. Prolonged hospital stay of over 48 hrs at term was used as a surrogate for NOWS given that, at our hospital, newborns exposed to MMT in utero and without significant withdrawal symptoms are 'cleared' of NOWS surveillance and eligible for discharge by 48 hrs of age. Interestingly, there was a trend towards a higher incidence of prolonged hospital stay for neonates born to mothers who received < 70 mg of methadone per day, although our study was underpowered to find statistical significance. In fact, this tendency towards longer hospital stay amongst newborns exposed to lower doses of MMT and not the higher doses, seems opposite to what is intuitively predicted. This suggests that there are additional factors (neonatal and/or maternal), which influence the development and severity of NOWS. Furthermore, in the absence of being able to predict which newborns will develop NOWS and/or how severe, neonatal care should be planned accordingly and NOWS surveillance undertaken for all. Future studies are still required in order to identify these additional risk factors beyond maternal methadone dosage which influence the risk of postnatal NOWS and other complications: Once identified, any modifiable risk factors could be targeted in order to reduce frequency, severity and adverse sequelae of NOWS in hopes of improving postnatal management overall.


      Strengths of this study include its matched design and attempt to account for additional socioeconomic variables that may impact neonatal outcomes in this cohort. It is also one of the few observational studies about MMT in pregnancy to focus on neonatal outcomes other than NOWS. Our case-finding process was sound and should have identified all pregnant women delivering at term who were on MMT within our center. By virtue of being a chart review, we encountered missing data/inconsistent reporting for some variables, thus limiting our analysis. There was inconsistent reporting for variables such as maternal BMI at delivery and neonatal resuscitation interventions. Another potential limitation was geographic restriction of the study population to the hospital catchment area, thereby excluding patients from rural areas because of an inability to find neighborhood controls.


      While this design and strict inclusion criteria enhance reliability of our results through improving comparability of the groups, it may impact generalizability of our findings to non-urban mothers on MMT in pregnancy.


      Conclusion


      Newborns exposed to MMT in utero experience higher rates of preterm birth and lower mean birthweights overall, however there is no difference in perinatal complications aside from increased length of hospital stay, when compared to maternal age- and neighborhood-matched controls. Most importantly, there was no difference in survival to discharge between groups. Our study has broad implications for improving the postnatal care of this complex population, especially considering the recent rise in opioid use and increased use of MMT amongst pregnant patients. Future studies that address specific risk factors for development of NOWS and explore alternative models for postnatal care are required to insure quality care and best possible outcomes for newborns and their mothers.
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