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Executive Summary 
 

BACKGROUND:  The maternal and infant benefits of breastfeeding are numerous, however 

maternal exposure to medications during lactation raises concerns of infant exposure and may be 

an impediment to breastfeeding. Recent concerns about the safety of codeine, an analgesic 

commonly used after delivery, have arisen.  Evidence suggests that mothers with an ultrarapid 

metabolizer phenotype may put their infants at risk for adverse events by producing more active 

metabolite, which is excreted into milk. Pharmacogenetic screening may be a valuable tool to 

identify such mothers, and avert adverse events.  

OBJECTIVES:  The objective of the study was to determine the incremental costs of genotyping 

to avert neonatal adverse events during maternal pharmacotherapy.  

METHODS: A cost effectiveness analysis to determine the incremental costs of genotyping to 

guide codeine therapy compared to standard care to avert adverse events was performed.  The 

base case was a prenatal patient whose metabolizer status was unknown, but who may require 

codeine analgesia after delivery. Parameter estimates and costs were ascertained from a 

concurrent clinical study, from the literature and expert opinion.  

RESULTS:  Pharmacogenetic screening resulted in a cost of $9,997 per adverse event averted or 

$2,173 per infant symptom day averted, when compared to standard care.  The results were not 

sensitive to most variables in one way analysis, with the exception of the costs of a hospital 

admission. This study was limited by a small number of trials from which parameter estimates 

could be extracted and the very small number of adverse events reported in infants in the 

literature.  

CONCLUSIONS:  Although genotyping to guide pharmacotherapy was not cost saving, the cost 

to avert an infant adverse event may represent good value for money.  It is not yet known 

whether implementation would be clinically viable, however these findings will have 

implications for new mothers and their health care providers world-wide. 
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1 Introduction 

1.1 Background 

While it has long been acknowledged that milk produced by mammals to feed their young is the 

ideal form of nutrition for their offspring, extensive research in humans in recent decades has 

verified the clinical advantages of human milk for both mother and her child across cultural, 

environmental, and geographic barriers (Johnson et al. 2012, Critch 2013, Ip et al. 2007, Horta et 

al. 2007, León-Cava et al. 2002). Owing to these well-established benefits, public health 

agencies and medical establishments around the world including the World Health Organization 

(World Health Organization 2001, Horta et al. 2007), Health Canada and the Canadian Paediatric 

Society (Critch 2013) and the American Academy of Pediatrics (AAP) (Johnson et al. 2012) 

recommend exclusive breastfeeding for all healthy infants for at least the first six months of life 

and continued breastfeeding for the first two years of life whenever possible.  

The choice to continue breastfeeding can become complicated when maternal medication is 

required.  In this scenario, the benefit-risk assessment is complicated by the potential for an 

unnecessary infant medication exposure weighed against the benefits of breastfeeding for both 

mother and child, since most drugs will reach human milk when ingested by the mother. Since 

success of breastfeeding is strongly related to initiation in the early hours of life, this issue is 

particularly critical for medications used to treat pain in the immediate post-natal period.  

Moreover, most new mothers will require some form of analgesia in the early days after 

delivering their child (Declercq et al. 2008).  A number of medications are used to treat pain 

postnatally and fortunately, the medications used for acute analgesia after delivery have 

traditionally been considered safe for use in breastfeeding women (American Academy of 

Pediatrics Committee on Drugs 2001).  More recently however, longstanding recommendations 

regarding codeine use in lactating women have been called into question following a report of a 

neonatal fatality in an infant whose mother had been taking acetaminophen with codeine (Koren 

et al. 2006). Subsequent to this report, the AAP statement was updated and the issue of codeine 

use in lactating women is discussed in detail with a more cautious approached being advised 

(Sachs and Committee on Drugs 2013). 
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The literature addressing the safety of codeine when used by breastfeeding mothers is scant and 

limited to case reports, a single prospective study and a review article (Davis and Bhutani 1985, 

Meny et al. 1993, Findlay et al. 1981, Naumburg and Meny 1988, Ito et al. 1993, Anderson et al. 

2003).  In a 2006 Lancet publication, a case of a neonatal fatality in an infant whose mother had 

been taking acetaminophen with codeine for postnatal pain was reported (Koren et al. 2006).  As 

reported by the mother, the child’s death was preceded by respiratory depression and lethargy, 

which prompted her to seek medical attention. The physician visit was unremarkable however, as 

the child had regained his initial birth weight and appeared to be thriving. After the child’s death, 

genotyping was performed on the child, mother and extended family.  The genotyping revealed 

that the mother was a Cytochrome P450 2D6 (CYP2D6) ultrarapid metabolizer (UM), producing 

higher amounts of morphine from codeine, and this morphine was excreted into the mother’s 

breast milk.  In addition, high amounts of morphine were found in the infant. The authors 

postulated that the high milk morphine level was the reason for the child’s morphine intoxication 

and premature death. Subsequently, the FDA (US Food and Drug Administration 2007) and 

Health Canada (Health Canada Marketed Health Products Directorate 2008) issued public health 

advisories and label changes for codeine-containing prescription products.  A similar report was 

also issued by the European Medicines Agency, where updated guidelines for codeine use were 

outlined (European Medicines Agency 2013).   

Following this infant death, an observational cohort study of 72 mother-infant pairs was 

conducted (Madadi et al. 2009b).  Women who reported using codeine while nursing were 

surveyed by standardized telephone interviews to determine the prevalence of infant adverse 

events, with specific attention to central nervous system (CNS)-related adverse events. Subjects 

were included if they had taken codeine at any time while breastfeeding but were excluded if 

they had taken codeine only as a cough syrup or had used sedative medications, drugs of abuse 

or alcohol concurrently with their codeine. Mothers of infants with CNS disorders were also 

excluded from the follow up procedure. The authors compared a number of characteristics 

between the symptomatic infant group and the asymptomatic group.  Infant symptomatology was 

based on maternal report with 24% of the 72 mothers reporting symptoms in their infants.  The 

maternal dose was found to be higher among the cases where infants had symptoms as compared 

to those who did not (1.62 ± 0.79 mg/kg/d vs 1.02 ± 0.54 mg/kg/d) and was statistically 

significant (p=0.004).  The odds of maternal adverse effects were also significantly higher in the 
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symptomatic infant group as compared to the asymptomatic group (odds ratio 24.0, 95% 

confidence interval 6.0 to 96.4). The presence of maternal symptoms is highly relevant and may 

be an indication that there was greater systemic exposure, possibly related to her metabolic 

capacity.  This higher maternal exposure may then result in higher drug concentrations in milk, 

and therefore, greater exposure to the nursing infant. Though there were no life-threatening 

events in this cohort, there were more emergency room visits among the symptomatic group as 

compared to the asymptomatic group (24% vs. 0%, p=0.002). The only case of respiratory 

depression was found in an infant whose mother was an UM. The findings from this study, 

together with the currently available literature (Madadi et al. 2008, Madadi et al. 2009b, Crews et 

al. 2014), suggest that there may be selected subgroups of infants who are more susceptible to 

the adverse effects of codeine though maternal milk. Infants may be uniquely susceptible to the 

effects of drugs because of their immature drug metabolizing capacity.  That is, in the first weeks 

of life, they clear drugs less efficiently and therefore are prone to systemic drug accumulation.  

Moreover, there is an up-regulation of maternal drug metabolizing enzymes in the latter part of 

pregnancy and this has been shown for CYP2D6 specifically (Wadelius et al. 1997, Tracy et al. 

2005).  In the case of codeine, this may result in greater conversion to morphine in the mother 

near delivery as compared to her non-pregnant state. 

It has long been known that human response to a drug is variable.  In fact, for any drug, a 

population of exposed individuals will experience different rates of therapeutic responses as well 

as different rates of toxicities or adverse events related to treatment.  These differences are 

largely attributed to the metabolism of drugs.  The differences may be in conversion of the parent 

compound to the active drug, to toxic metabolites or maybe in the capacity to detoxify the active 

molecules.  In the case of codeine metabolism, pharmacogenetics plays a critical role, as this 

prodrug is metabolized to its active metabolite, morphine by a highly polymorphic enzyme, 

CYP2D6.  In fact, CYP2D6 plays a role in the metabolic pathway of some 25% of drugs (Evans 

and Relling 1999, Ingelman-Sundberg 2004, Eichelbaum et al. 2006). As a result of this 

polymorphism individuals will produce different amounts of morphine, depending on the 

presence and quantity of specific alleles encoding for the enzyme.  This then translates into an 

individual’s phenotype or metabolizer status.  To date, over 100 allelic variants coding for the 

CYP2D6 enzyme have been identified in humans (Gaedigk 2013). These alleles encode for 

enzymes which have no activity, decreased activity, normal activity or increased activity.  

3 



  

Generally, individuals are categorized phenotypically as poor metabolizers (PM), intermediate 

metabolizers (IM) and extensive metabolizers (EM). More recently however, a UM phenotype 

has been identified and is predicted by genotype analysis in which the presence of alleles 

encoding for more than two active copies of the enzyme are detected (Ingelman-Sundberg et al. 

2007, Gaedigk 2013). World-wide, there is significant variability in the prevalence of each these 

alleles and therefore CYP2D6 phenotypes are also highly variable around the world (Sistonen et 

al. 2007, Ingelman-Sundberg 2005, Ingelman-Sundberg et al. 2007, Teh and Bertilsson 2012, 

Cascorbi 2003, Llerena et al. 2009, Zanger and Schwab 2013, Zhou 2009a, Zhou 2009b).  

For codeine, genotyping to identify the most common alleles resulting in non-functional, 

partially functional, or fully functional CYP2D6 enzyme is now possible. By performing such 

genotyping one could predict the metabolic phenotype of the individual tested and use this 

information to determine if an individual may produce unusually high or low serum 

concentrations of morphine.  A higher plasma concentration will correspond to a higher 

incidence of central nervous system (CNS) depression, the primary adverse effect of morphine.  

Similarly, patients who are poor metabolizers will produce much less morphine and not 

experience therapeutic benefit at standard codeine dose (Lotsch et al. 2004).  The measured 

world-wide prevalence of the UM phenotype ranges from 2 to 40% (Sistonen et al. 2007, 

Ingelman-Sundberg et al. 2007).  The highest prevalence was noted in North Africa (40%) and 

3% and 8% in European and American populations respectively (Sistonen et al. 2007) (Table 

1.1).  

Table 1.1: Prevalence of Ultra-rapid Metabolizer Status Around the World 

Region Prevalence of Ultrarapid Metabolizer Phenotype 
North Africa 40% 
Middle East 12% 
America 8% 
Europe 3% 
Central/South Asia 2% 
East Asia 2% 
Based on Ingelman-Sundberg 2007 (Ingelman-Sundberg et al. 2007) and Sistonen 2007(Sistonen 
et al. 2007) 
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Recent years have brought about an upsurge in research potential in genomics, with scientists 

having now sequenced the full human genome (Levy et al. 2007, Ledford 2007) and an 

increasing understanding of specific gene functions.  The availability of genotype information is 

sure to lead to a better understanding of human health and disease and have world-wide impact.  

While a better knowledge of genes can help us to understand mechanisms or predisposition to 

human disease a subset of genomics is focused on understanding human response to drugs, this is 

known as pharmacogenetics.  The core aim of pharmacogenetics is to determine which genes are 

responsible for both drug metabolism and drug mechanism of action.  In understanding the 

specific genes involved, scientists are better able to understand patient response to drugs and 

why responses may differ across populations, allowing clinicians to tailor pharmacotherapy for 

individuals, thus leading to improved response, minimizing the likelihood of side effects and 

improving health outcomes overall.  The improved health outcomes and fewer side effects may 

lead to fewer visits to the doctor or the emergency room which may translate into reductions in 

health service use and potential savings to payers.  However, pharmacogenetic testing itself is 

not without costs.  To date, economic evaluations of particular pharmacogenetic tests to guide 

treatment are limited.  Though economic evaluations of pharmacogenetic screening strategies are 

increasing, there remains substantial heterogeneity across studies.  Moreover, they are often 

lacking in quality or clear perspectives on their importance in policy decisions (Vegter et al. 

2008, Beaulieu et al. 2010, Wong et al. 2010).  Before pharmacogenetic testing is incorporated 

into routine medical care it is critical that its cost-effectiveness be examined.   

 

1.2 Research Objectives 
The primary objective of this study is: 

1. To determine the incremental costs of CYP2D6 pharmacogenetic testing compared to standard 

care in averting neonatal CNS depressive adverse events during maternal treatment for postnatal 

pain from a societal perspective. 
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The secondary objectives are: 

2. To describe the utilization rates of opioid analgesics in the postnatal ward at an urban teaching 

hospital in Toronto and to determine if these rates changed after a Health Canada warning 

pertaining to the use of codeine in lactating women.  

2. To measure levels of anxiety and HRQoL before and after drug therapy is completed, among a 

group of women who have not received genetic screening information prior to commencing post-

partum codeine therapy. 

3. To estimate health state utility before and after drug therapy is completed among a group of 

women who have not received genetic screening information prior to commencing post-partum 

codeine therapy. 
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2 Methods 
This work includes a series of studies culminating in a CEA performed by decision analysis. The 

initial study involved a medical record review to establish the prevalence of use of various 

analgesics in the postnatal ward at St. Michael’s hospital in Toronto.  This was the site of a 

clinical study where the proposed intervention of CYP2D6 screening to guide analgesic 

treatment was conducted.  Within the clinical study patient anxiety and HRQoL were measured 

while other data was used to inform some of the model inputs for a CEA.  Finally, a decision 

analysis model was employed to evaluate cost-effectiveness.  

2.1 Determination of Analgesic Utilization Rates in the Postnatal 
Ward 

One of the primary parameter estimates required for the decision model is an estimate of the rate 

of opioid use by postnatal patients.  In an attempt to better inform this value, the rates of various 

analgesics used by the study population were ascertained from medical records at an Ontario 

hospital.  The study population for the decision model was defined as any patient receiving 

pharmacotherapy for analgesia postnatally.  To determine the utilization rates of codeine and 

non-codeine containing analgesics in this population a separate retrospective medical record 

review was undertaken.  This record review was conducted at St. Michael’s hospital in order to 

optimize internal validity and to best represent the base case population of patients delivering a 

child in Ontario. The review did not lead to any practice changes in the clinical study and did not 

interfere with standard care at the hospital.  No intervention or additional contact with patients or 

healthcare practitioners at the hospital was required.  

Sampling consisted of women delivering a liveborn singleton child at St. Michaels Hospital, 

Toronto.  Sampling was restricted to singleton births as multiple births are more likely to be 

premature, experience neonatal complications or difficulty feeding, and are less likely to initiate 

breastfeeding at birth.  Such deliveries are also more likely to result in admission to the neonatal 

intensive care unit and physician practices as it relates to analgesic administration may be 

affected by the morbidity of the child. Only the medication administered in the postnatal ward 

was recorded; labour and delivery charts were not evaluated for this review.  
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The medical records of each of the subjects in the data file were retrieved such that details about 

medication used, dose and frequency of use could be recorded. Subjects were identified only by 

their encounter number, a unique ID assigned to each hospital admission, and no patient 

identifiable information was recorded in the dataset used in this analysis. The results of the 

utilization rates of codeine and opioids in this medical record review would be used to inform the 

parameter estimates for the proceeding decision model.  

2.2 Clinical Study 
As part of evaluating the cost effectiveness of the proposed genotyping strategy a clinical study 

was undertaken to determine the values for parameter estimates and costs needed to populate the 

model.  The study initially set out to evaluate the intervention against a comparator group not 

receiving the intervention. As there were ethical concerns with having subjects at a single site be 

randomized to either genotyping or not, to prevent patient concerns that they may not be getting 

optimal care, and to minimize interference with standard care at the sites, treatment was allocated 

consecutively rather than randomly.  The first phase of the study recruited only subjects in the 

comparator group, that is, subjects who would not have genotyping prior to medication 

administration. All patients at a single site were subjected to the same procedures during the 

recruitment period (between December 1, 2009 and November 30, 2011).  That is, the cohort 

representing standard care was recruited and followed first and the cohort of patients receiving 

the screening strategy were to be recruited subsequently.  Owing to extremely low adverse event 

rates, upon completion of recruitment in the standard care group the study team decided not to 

continue with prospective recruitment of the intervention arm as it was deemed impractical to 

continue with the second arm of the trial. This apparent decrease in adverse events was attributed 

to clinical practice changes in the months immediately preceding the study initiation and during 

the study period.  Specifically, clinicians became much more cautious about whom they were 

prescribing codeine to, and the duration of treatment was restricted to the shortest possible 

clinically effective dosing regimen.  These changes occurred throughout the Toronto academic 

hospitals in response to the fatal adverse event and subsequent Health Canada warning about 

exerting caution when administering codeine to breastfeeding women.   
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 Study Design 2.2.1

The resulting study was a single arm, observational cohort design consisting of all women at St. 

Michael’s Hospital, Toronto who required codeine for pain relief after a caesarean section 

delivery.  Only patients with a scheduled caesarean section were recruited.  Medication dosing 

was guided by the hospital protocol. These subjects did undergo genotype screening, to 

determine maternal metabolizer status, but this information was not available prior to dosing and 

was not used to modify or guide pharmacotherapy.  

 Subjects 2.2.2

Subjects were recruited from St. Michael’s Hospital in Toronto. This hospital was designated as 

the control site, where only retrospective screening of maternal genotype was performed and 

pain management proceeded according to standard care.  

To follow is the inclusion criteria for this cohort among consenting participants: 

• subject was able to provide saliva sample for CYP2D6 analysis 

• subject delivered her child by caesarean delivery 

• subject was requiring codeine treatment in the first 24hours after delivery 

• subject had initiated and intended to continue breastfeeding their infants 

• willing to participate in follow-up interviews, medical chart extraction  

• able to complete follow-up interviews in English 

In addition, if any one of the following exclusion criteria were present the subject was not 

included in the study: 

• the subject was taking other medications known to be associated with sedating side 

effects (including benzodiazepines, muscle relaxants, psychotropic medications) 

• the subject was taking, or addicted to, other opioids and/or illicit drugs 

• either mother or child does not survive delivery 

• the child was admitted to NICU or special care nursery 

• either mother or child is transferred out to another facility 
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 Study Procedures 2.2.3

In this observational cohort, only patients who had already delivered a child and required 

codeine for pain relief after delivery were approached for participation.  After consenting, 

subjects provided a saliva sample which was used for the CYP2D6 screening. Subjects in the 

cohort were informed that results of the genetic testing would take several weeks and therefore 

would not provide immediate benefit to help them make treatment decisions for this particular 

delivery. 

All study procedures are shown in Figure 2.1 and data collection timelines shown Table 2.1. 

Briefly, the State-Trait Anxiety Inventory (Spielberger 1977, Spielberger et al. 1983) and the 

Short-Form 36v2 (Ware, Jr. 1996, Ware, Jr. et al. 2008) was used to assess maternal anxiety 

levels and health related quality of life (HRQoL) before and after drug therapy.  A patient 

tracking sheet was used for patients to self-report medication use and infant medical status or 

adverse event after discharge.  Patients were also asked to complete a health service use and cost 

diary to record health services use throughout the duration of drug therapy and for the duration of 

any adverse event and its resolution. 
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Figure 2.1: Study procedures 
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Table 2.1: Data Collection Time Points 

Timing Comparator Group 
6 weeks prior to delivery N/A 
Approximately 1 day after delivery of 
healthy newborn and prior to discharge 

• maternal demographics by chart extraction 
• baseline maternal medical information by chart 

extraction (obstetric history, medical conditions) 
• baseline infant medical information by chart 

extraction (medical conditions, birth weight, 
gestational age) 

• SF-36v2 (one-week recall) 
• State-Trait Anxiety Inventory 

Several days after discharge • Patient medication and breastfeeding tracking 
sheet (patient self-report) 

• Infant medical status or adverse events (maternal 
report) 

• SF-36v2 (one-week recall) 
• State-Trait Anxiety Inventory 

After treatment completed • Health service use questionnaire (patient self-
report) 

 

In Ontario, oral analgesia may be commenced in the hours after delivery.  When mothers are 

prescribed analgesia they may also be sent home with the analgesics prescribed in hospital. All 

mothers were instructed to observe infants for symptoms of sedation, poor latch or feeding, 

difficulty breathing or limpness.  Mothers were provided diaries with cues to assist them in 

observing their infants, track breastfeeding progress and maternal medication consumption. In 

order to determine patient-level costs associated with health services use subjects were given the 

“Patient Health Services Use and Cost Diary” to take home. This was used to record all health 

services use for the duration of the study and to ascertain health services use attributable to 

adverse events in the child. The clinical study coordinator recorded details about maternal and 

infant health after delivery and prior to discharge on standardized data collection forms by 

medical record extraction. This data collection included maternal and infant health status, infant 

weight at birth and at discharge, abnormalities, vital signs and maternal medication details. In 
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addition, in order to assess quality of life and maternal anxiety levels subjects self-administered 

the generic health survey, one-week recall (SF-36v2) and the State-Trait Anxiety Inventory 

(STAI). The SF-36v2 is commonly used to measure HRQoL, and because the questionnaire 

encompasses many important areas such as mental, physical, pain and vitality domains it is ideal 

in this particular population.  

Once mothers were home, approximately a week after discharge, a single follow-up interview 

was conducted over the phone by the study coordinator.  During the interview, maternal and 

infant health outcomes, details of medication and doses used, maternal side effects and 

magnitude of analgesia were recorded. If, during the follow-up interview, the study coordinator 

detected any reason for concern, arrangements were made for a study physician to visit the 

subject in her home to examine the infant or the mother was given instructions to take the child 

to the doctor or emergency room immediately.  Also during this follow-up interview, subjects 

were reminded to complete the health service use diary, the second SF-36v2 one-week recall 

survey, and STAI questionnaires and return them via the self-addressed stamped envelope they 

were given prior to discharge.  

 Duration of Follow-Up 2.2.3.1

The follow-up assessment consisted of a single telephone call to the mother in the days 

immediately following discharge from hospital (approximately a week). Since follow-up relied 

on a team member being able to reach the mother directly, there was some flexibility in the 

precise interval between birth and the follow-up interview.  So that all details regarding health 

service utilization and medication consumption were collected, data collection continued until 

subjects completed their analgesic medication.  In cases where an adverse event was noted in the 

infant, data collection continued until the infant had recovered.  As drug therapy for post-partum 

pain is relatively short, and because adverse events were expected to occur within the period of 

treatment or shortly thereafter, the follow up duration was several days longer in any subject with 

an adverse event but long-term follow-up was not conducted.   

  Safety 2.2.4

Any adverse events were brought to the attention of the telephone interviewer or noted by 

physician upon follow-up were referred, as appropriate, for medical attention. Subjects also had 
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24-hour access to a physician in the event that they had any concerns regarding their treatment or 

their infant.  

 Statistical Analysis of Clinical Study Data 2.2.5

For analysis of clinical data the software package R was used (2014)(R Core Team 2014).  

Univariate analysis was used to describe the characteristics of the enrolled subjects such as 

gravidity, parity, maternal age, dose and duration of codeine use, infant sex, weight and 

gestational age.   

  Quality of Life Analysis (Short Form 36 version 2) 2.2.5.1

For subjects that completed the Quality of Life questionnaires, the Short Form 36 (SF-36v2) data 

were entered into Quality Metric’s scoring software (2010) and overall summary scores as well 

as individual component, physical and mental scores were generated and summarized for the 

group.  For subjects who completed both before and after treatment questionnaires, the pre and 

post scores were compared by a paired student’s t-test to determine if there were differences 

between the time points.  

 SF-6D Score Analysis 2.2.5.2

The SF-36v2 scores were converted into SF-6D, a preference-based index measure of health, 

using algorithms developed at the University of Sheffield (Brazier and Roberts 2004, Kharroubi 

et al. 2007, McCabe et al. 2006) and are based on a population of individuals from the United 

Kingdom.  Subjects who complete the SF-36 can be classified in to one of the health states 

described by SF-6D and a set of preference weights can be applied. The SF-6D utility scores 

were summarized and compared across the two interview time points with a paired student’s t-

test when subjects had completed both questionnaires.  

 State-Trait Anxiety Inventory Score Analysis 2.2.5.3

Similar to the SF-36v2 scores, subjects completed the State-Trait Anxiety Inventory (STAI) 

questionnaires. In some cases these questionnaires were also completed before and after 

treatment.  Subject responses were entered into excel and scored manually based on the scoring 

guidelines from the developer of the scale.  Summary scores for each time period were generated 

and scores before and after treatment were compared by paired student’s t-test.   
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 Regression Analysis 2.2.5.4

In cases where both the pre-treatment and post-treatment surveys were available for the same 

subject (paired data) a difference in the HRQoL summary scores, State, Trait and SF-6D scores 

was computed for each set of paired data.  These scores were then analyzed by ordinary least 

squares (OLS) regression against several possible covariates to determine if any of the covariates 

could explain the differences in the values. The covariates considered were maternal age, total 

codeine dose, gestational age at birth and gravidity because these were the variables believed to 

most likely have an effect on the outcome, the change in survey scores over time. Equation 1 

shows the proposed model. 

 

Equation 1: Ordinary least squares regression model 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  𝛽𝛽0 + 𝛽𝛽1𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝛽𝛽2𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽3𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  

 

 Ethics 2.2.6

The clinical study was presented to a Scientific Review committee at the Hospital for Sick 

Children where scientific merit was assessed. This research posed little risk for harm to the 

subjects since there was no significant change to normal practice.  The only inconvenience to 

subjects was the time required to complete the data collection forms and the possible minimal 

discomfort of collecting a saliva samples.  All biological fluid samples were barcode labeled and 

the genetic screening facility did not have any information about the patient or her identity.  This 

clinical study and the amendments for the economic evaluation and retrospective medical record 

review received approval from the Research Ethics Board of St. Michael’s Hospital.  

2.3 Cost-Effectiveness Analysis 
The primary objective of this work was to determine whether genotyping prior to delivery to 

guide treatment choice for analgesia was cost-effective.  A cost-effectiveness analysis (CEA) 

was conducted from societal and health care system perspectives to compare two treatment 
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options, namely genotyping prior to delivery to guide treatment choice for analgesia as compared 

to standard care.  Standard care consisted of no routine genotype testing and pharmacologic 

management of analgesia at the discretion of clinicians.  This analysis was performed on a 

hypothetical cohort of prenatal patients who had not yet delivered their child and were 

anticipated to require treatment for analgesia after delivery.  

 Perspective 2.3.1

This economic evaluation was investigated from both a societal and health care system 

perspective.  Specifically the societal perspective was that of the population of Ontario, should 

such a new strategy be implemented.  The societal perspective included all direct health care 

costs including costs to the publicly funded health care system (cost of the screening procedure 

and emergency room visits or inpatient hospital care resulting from adverse events) and to 

private payers, as well as out-of-pocket costs to the subjects (direct health care costs) and loss of 

productivity to the subjects and their family or caregivers (indirect) resulting from an adverse 

event.  Analysis from the perspective of the health care system was also performed. This 

perspective included all costs to the publically funded health care system such as costs of the 

screening procedure, emergency room visits or inpatient hospital care but did not include patient 

out-of-pocket or lost productivity costs (detailed in Section 2.3.9).  

 Time Horizon 2.3.2

The CEA had a time horizon beginning from the point of the intervention, the prenatal genotype 

screening procedure four to six weeks prior to delivery, to the resolution of any adverse events 

occurring, typically less than one month after delivery. This time horizon was chosen to reflect 

the expectation that the adverse events associated with drug treatment will occur during 

treatment or shortly thereafter and will be relatively short-lived.  Analgesic treatment for 

perinatal pain is required only for a few days and mothers are asked to note and report any 

adverse events in their infants to their clinicians immediately. The differences between the two 

strategies are therefore expected to occur within this relatively short time horizon.  

 The Model 2.3.3

A decision model (Figure 2.2) was created to determine the expected values of costs and 

effectiveness of the proposed intervention (genotyping to guide pharmacotherapy) as compared 
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to standard care of no genotyping and administration of analgesics as per local practice patterns, 

in averting infant adverse events. Local practice patterns are dependent on the prescribing habits 

and discretion of the attending physician. In general, all patients who require analgesia are 

prescribed acetaminophen/opiate combination every four hours as needed.  Nurses administer 

such medication and patients will decide, based on their pain, whether they would like the 

medication at any particular point.  In addition, patients are given self-medication packages of 

non-opiate analgesics, containing single compound tablets of acetaminophen and ibuprofen, 

which they can administer to themselves as needed.  

The decision model is shown below (Figure 2.2). It begins with the base case and the decision 

node followed by a series of pathways that could occur in the course of the intervention or 

standard care. Each of the pathways includes a number of intermediate chance nodes and the 

variables are used to assign probabilities to the branch (Table 2.2).  Each pathway ends at a 

terminal node represented by either “hospital admission” or “no admission”, the outcome of the 

infant in the mother-child pair at the end of the time horizon for this analysis.  
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Figure 2.2: Decision model schematic 
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 Base Case 2.3.4

The base case was a prenatal patient whose CYP2D6 status was unknown but who may have 

needed to be prescribed codeine containing analgesics for pain relief after delivery and planned 

to breast feed her child. Other than the codeine used for delivery pain, she was not taking any 

other narcotic, sedative or psychotropic medications which may have similar adverse effects on 

the breastfed infant. The tree followed an episode of care and terminated upon completion of 

pharmacotherapy for postnatal pain relief and resolution of any adverse events. The episode of 

care began at the prenatal testing phase in which a sample was taken at one of the routine 

prenatal visits.  Patients were then prescribed analgesics by the delivering physician and 

analgesia was administered by nursing staff once patients were admitted to the postnatal floor. 

Both mother and child were followed and monitored for adverse events by the health team while 

in the hospital.  Once at home, mothers observed and reported any adverse events in her child to 

her physician or took her child to the emergency room.  In Ontario, nearly all patients will not 

know their CYP2D6 status as the test is not currently clinically available.  In addition, nearly all 

women plan to breastfeed their children and most will require some form of analgesia after 

delivery.  As such, this base case definition will encompass the vast majority of women having a 

child in Ontario. 

 Strategies 2.3.5

For this decision analysis, the decision node, represented by a square, represents the two 

strategies being compared.  These are:  

1. Pharmacogenetic screening prior to the anticipated birth with the results of the 

screening available prior to delivery.  Following delivery analgesic prescribing is 

clinician-driven as per local practice patterns guided by the attending physician. Women 

who require codeine for pain relief after delivery are prescribed codeine provided they 

test negative for the UM phenotype.  Women who test positive for the UM phenotype are 

given only non-codeine analgesics while breastfeeding. 

2. The second strategy represents current standard care.  That is, no pharmacogenetic 

screening is given to patients and analgesia administration after delivery proceeds by 
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clinician orders and as per local practice patterns.  Specifically, patients are given codeine 

when warranted.  

The chance nodes and branch probabilities of the model include the probabilities of being a true 

positive (an UM), screening positive for UM, using codeine analgesics, infant adverse events as 

reported by the mother, adverse events requiring emergency room visits, and adverse events 

resulting in hospitalizations (Figure 2.2). Following the decision node of screening or not is the 

first chance node whereby a patient is truly a UM or not.  The second chance node, seen only in 

the screening arm, is the chance that the patient screens positive or screens negative.  Following 

this the model proceeds along the same path for all patients regardless of strategy.  The next 

chance node is that patients will either take a codeine containing analgesic or not.  During the 

administration of the analgesic, mothers continue to breastfeed their children.  All patients are 

asked to report any adverse events or concerning changes in their child to a healthcare provider. 

The next chance node is that of an adverse event or not.  If there is no adverse event during the 

follow up interval the child is considered well.  If there is an adverse event then the next chance 

node represents the mother’s choice to take the child to the emergency room or not.  If the 

mother does not take the child to the emergency room then the child is assumed to recover at 

home.  If a child is brought to the emergency room he or she may or may not be admitted.  If the 

child is not admitted, the child is assumed to be released well, terminating that arm of the tree.  

This terminates all arms of the tree.  

Each tree pathway ends in a terminal node which is populated by two values: 1) the average 

costs for an individual following that particular pathway expressed in 2014 dollars and 2) the 

average effectiveness for an individual following that particular pathway, in terms of the 

presence or absence of an adverse event or the duration of an adverse event. A pathway can be 

described by the subject UM status, analgesic use, test results, rate of adverse events, 

hospitalization and hospital admissions.  Each of these events has a cost associated with it.  Post 

hospital discharge costs were not captured in this model as it was assumed that there were no 

long term sequelae experienced by infants following admission for an adverse event.  The costs 

for all the pathways in each strategy were summed to determine total costs for the strategy.  

 Outcomes 2.3.6

For the purposes of this decision analysis two effectiveness measures were evaluated.   
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1) The adverse event rate in infants 

2) The number of symptom days in infants 

Specifically, the adverse events were CNS depressive events, as this is the adverse event 

attributable to codeine and its metabolites (i.e. morphine) and for which the patient may require 

medical attention. These may include lethargy, increased sleepiness, not waking for feeds, slow 

or shallow breathing, poor suck or cyanosis in the lips or digits.  Morbidity, characterized by 

symptom days, is included as an alternate outcome measure in the model assessment.  In reality, 

the distribution and severity of adverse events are expected to vary across the population as will 

the sequelae. This may be a result of varied doses, individual susceptibility and differences in 

maternal or clinician behaviours in response to an observed event. The model included average 

values as point estimates for the base case analysis, while sensitivity analysis was used to 

evaluate outcomes when base case estimates are varied.  Each pathway in the model contains a 

terminal node.  The CEA analysis is run twice, once with each effectiveness measure.  The 

values assigned depend on the events occurring along a particular pathway.  Adverse events were 

assigned a one if present and a zero if absent for a particular pathway.  The mean number of 

symptom days in the clinical study was 4.6 days, and therefore symptom days were set at 4.6 

days when an adverse event occurred in a particular pathway and zero if not.  

 Populating the Model 2.3.7

The model was populated with estimates obtained from a number of sources.  The probability 

estimates and the ranges of estimates are shown in Table 2.2. A systematic literature search was 

used to identify relevant citations which may yield estimates for these values.  In addition a 

retrospective medical record review (see Section 2.1) and a clinical study (see Section 2.2), 

provided values to support some of these estimates.  Where literature values and the clinical 

study were unable to provide appropriate estimates, expert clinical judgement/opinion from 

members of the thesis advisory committee was used to complement the values used in the model. 
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Table 2.2: Model Probability Inputs 

Parameter Variable name Base Case 
Estimate 

Source Minimum Maximum Distribution 
for PSA 

Probability of being UM pUM 0.08 (Sistonen et al. 
2007, Ingelman-
Sundberg et al. 
2007, Kohlrausch 
et al. 2009, 
Cascorbi 2003)  

0.01 0.4 Beta 

Probability of being a non-
ultrarapid metabolizer (non-UM) 

pNonUM 1-pUM         

Probability of testing positive for 
UM, given UM (True Positive) 

pTest+|UM 0.99 Laboratory 
measures; 
(Almoguera et al. 
2010, Fleeman et 
al. 2011, 
Fleeman et al. 
2010) 

0.70 1 Fixed 

Probability of testing negative for 
UM, given UM (False Negative) 

pTest-|UM 1-(pTest+|UM) Laboratory 
measures; 
(Almoguera et al. 
2010, Fleeman et 
al. 2011, 
Fleeman et al. 
2010) 

   

Probability of testing positive for 
UM, given non-UM (False 
Positive) 

pTest+|nonUM 1-(pTest-|nonUM) Laboratory 
measures; 
(Almoguera et al. 
2010, Fleeman et 
al. 2011, 
Fleeman et al. 
2010) 
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Parameter Variable name Base Case 
Estimate 

Source Minimum Maximum Distribution 
for PSA 

Probability of testing non-UM, 
given non-UM (True Negative)  

pTest-|nonUM 0.999 Laboratory 
measures; 
(Almoguera et al. 
2010, Fleeman et 
al. 2011, 
Fleeman et al. 
2010) 

0.7 1 Fixed 

Probability of receiving codeine 
given subject is screened and 
tests positive UM  

pCodeine|test+ 0 Expert Opinion 0 0.01 Fixed 

Probability of non-codeine 
analgesia given subject is 
screened and tests positive UM  

pNonCodeine|test+ 1-pCodeine|test+ Expert Opinion    

Probability of codeine, given 
subject tests negative UM 

pCodeine|test- 0.6584 (East et al. 2007) 0.4155 0.825 Beta 

Probability of non-codeine, given 
subject tests negative UM 

pNonCodeine|test- 1-pCodeine|test-     

Probability of codeine (not 
tested) 

pCodeine 0.6584 (East et al. 2007); 
medical record 
extraction 

0.4155 0.825 Beta 

Probability of non-codeine (not 
tested) 

pNonCodeine 1-pCodeine        

Probability of an adverse event, 
given non-codeine (metabolizer 
status unknown) 

pAE|NonCodeine 0 (Lam et al. 2012, 
Ito et al. 1993) 

0 0.03 
 

Beta 

Probability of no adverse event, 
given non-codeine (metabolizer 
status unknown) 

pWell|NonCodeine 1-pAE| 
NonCodeine 

    

Probability of an adverse event, 
given codeine use and UM 

pAE|Codeine_UM 0.6667 (Madadi et al. 
2009b) 

0.2174 1 Beta 

Probability of no adverse event, 
given codeine use and UM 

pWell|Codeine_UM 1-pAE| 
codeine|UM 

    

Probability of an adverse event, 
given codeine use and non-UM 

pAE|Codeine_nonUM 0.2174 (Madadi et al. 
2009b) 

0.021 0.3077 Beta 
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Parameter Variable name Base Case 
Estimate 

Source Minimum Maximum Distribution 
for PSA 

Probability of no adverse event, 
given codeine use and non-UM 

pWell|Codeine_nonUM 1-pAE|codeine 
|nonUM 

    

Probability of emergency room 
visit with AE 

pEmerg|AE 0.1143 (Madadi et al. 
2009b, Lam et al. 
2012) 

0 0.2343 Beta 

Probability of no emergency room 
visit with AE 

pNoEmerg|AE 1-pEmerg|AE         

Probability of hospital admission 
with Emerg visit, given AE 

pAdmit|Emerg_AE 0.9 Expert Opinion 
(Dr. Shinya Ito) 

0.75 1 Beta 

Probability of no hospital 
admission with Emerg visit, given 
AE 

pNoAdmit|Emerg_AE 1-pAdmit| 
Emerg_AE 
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 Probabilities 2.3.8

As shown in Table 2.2, in the screening strategy it was assumed that the rate of codeine use is 

65.84% in patients who screen as non-UM based on East et al. (East et al. 2007) as well as values 

from the utilization survey.  It is recognized that these individuals could, in fact, be UM if the 

test result is a false negative.  Because the laboratory test performance is not perfect, some error 

exists and the test sensitivity and specificity are built into the model.  It was assumed that in 

patients who screen as UM positive there was no use of codeine, or any opioid analgesic. Again, 

owing to the possibility of test error, these patients may not be true UM.  The chance nodes in 

the model lead to a number of other branch probabilities including the probabilities of screening 

positive for UM, being a true positive (an UM), using codeine analgesics, observing an adverse 

event in the infant, the probability of the child going to the emergency room or being admitted to 

the hospital (Figure 2.2). These values were ascertained from previously published data obtained 

in the literature search as well as from the clinical study population. The prevalence of 

metabolizer status was retrieved from the literature. The proportion of patients using codeine and 

other pain medications was determined from the literature and the results of the utilization survey 

(Section 2.1) were used to establish the ranges.  Rates of adverse events, including emergency 

room visits and hospitalizations were determined from both the published literature and the 

clinical study. The completion of pharmacotherapy for postpartum analgesia and resolution of 

any adverse events signified the termination point (terminal node, indicated by triangle) for each 

pathway in the model. This model evaluated only the first occurrence of analgesia for postnatal 

pain, that is, the medications initially prescribed in the hospital after delivery.  It is theoretically 

possible that mothers could require analgesia at some point in the future while still breastfeeding, 

but after the immediate neonatal period, and potentially expose infants to analgesics through 

milk again.  However, subsequent analgesic use is beyond the scope of this decision analysis and 

was not addressed in the model.  

Since, not all infant adverse events may be associated with a maternal UM phenotype, a 

probability of adverse events among the non-UM patients was built in to the model.  In addition, 

it was assumed that there were no CNS adverse events in mothers taking non-opioid analgesics 

and a small range was built in for sensitivity analysis. 
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 Costs 2.3.9

Costs are calculated along each pathway of the model. The costs of interest are costs to the 

public health care payer, costs to private payers, out of pocket costs by the patient and lost 

productivity for the patient and/or their caregivers Broad categories of costs and the associated 

perspective are shown in Table 2.3.  
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Table 2.3: Costs Categories Considered 

Perspective Cost Items Category 
So

ci
et

al
 

He
al

th
 C

ar
e 

Sy
st

em
 

Public Payer Costs  

Genotyping analysis intervention 

Saliva sample preparation intervention 

Sample packaging and shipping to analytical 

laboratory 

intervention 

Drug treatment for post-partum analgesia intervention 

Unscheduled visits to physician direct health care costs 

Laboratory tests direct health care costs 

Emergency department visit direct health care costs 

Hospital Admission direct health care costs 

 Patient Costs  

Medication (or co-payments) direct health care costs 

Feeding supplies  (or co-payments) direct health care costs 

Lactation consultants direct health care costs 

Other health professionals (nurses, social work) (or 

co-payments) 

direct health care costs 

Midwife visit (or co-payments) direct health care costs 

Caregiver costs (aides, babysitters  direct health care costs 

Transportation to physician visits indirect costs 

Parent days missed from work to accompany infant indirect costs 

Third Party Insurer  

Medication costs direct health care costs 

Feeding supplies direct health care costs 

Lactation consultants direct health care costs 

Other health professionals (nurses, social work) direct health care costs 
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Any costs incurred as a direct result of the study procedures which would not be part of routine 

care were excluded from costing.  Costs are presented in 2014 Canadian dollars. The data 

sources for the items considered including resource use and the individual price of items in this 

analysis are shown in Table 2.4.   
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Table 2.4: Cost items, Sources and Unit Prices 

Cost Item Variable Name Volume Source Base 
Case 

Volume 

Unit Price Source Base Case 
Unit Price 

Base Case 
Cost 

Minimum Maximum Distribution 
for PSA 

Intervention               
Test cost 
(genotyping 
analysis) 

cTesting One event for 
each subject in 
intervention 
strategy 

1 Personal 
communication (C. 
Ross) 

$150.00 $150.00 $90.00 $1300.00 Gamma 

Post-test consult 
with Physician 
Specialist 

cCounselling One event for 
each subject in 
intervention 
strategy 

1 Physician Schedule 
of Benefits 
(Ministry of Health 
and Long Term 
Care 2013) 

$167.00 $167.00 N/A N/A Fixed 

Test Preparation 
costs 

cTestPrep Excluded 0  $0.00 $0.00 N/A N/A N/A 

Sample Shipping 
costs 

cShipping One event for 
each subject in 
intervention 
strategy 

1 Courier published 
rates 

$64.89 $64.89 $17.64 $72.93 Uniform 

Codeine Tablet cCodeineUnit   Ontario Drug 
Benefit Formulary 
(Ontario Ministry 
of Health and 
Long-Term Care 
2014) 

$0.0524 $0.3980 N/A N/A Fixed 

qCodeineUnit Drug Utilization 
Study 

7.5954    0.5 18 Gamma 

Additional 
Analgesics Used 
(as polytherapy 
with opioids) 

cAddAnalgesic   Ontario Drug 
Benefit Formulary 
(Ontario Ministry 
of Health and 
Long-Term Care 
2014) 

$0.2244 $1.1500 N/A N/A Fixed 
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Cost Item Variable Name Volume Source Base 
Case 

Volume 

Unit Price Source Base Case 
Unit Price 

Base Case 
Cost 

Minimum Maximum Distribution 
for PSA 

qAddAnalgesic Drug Utilization 
Study 

5.1284    0.5 18 Gamma 

Other Analgesics 
Used (non opioid 
only users) 

cOtherAnalgesic   Ontario Drug 
Benefit Formulary 
(Ontario Ministry 
of Health and 
Long-Term Care 
2014) 

$0.2244 $0.9615 N/A N/A Fixed 

qOtherAnalgesic Drug Utilization 
Study 

4.2847    0.5 17 Gamma 

Pharmaceutical 
Dispensing fee 

cDispense Excluded 0  $0.00 $0.00 N/A N/A  

Adverse Event               
Patient Out-of-
Pocket costs for 
adverse event 

cPatientOutofPocket Excluded 0  $0.00 $0.00 N/A N/A  

Call by parent for 
help or 
consultation to TIS 

cHelpCall One for each 
adverse event 
case 

1 Hancock et al. 
(Hancock et al. 
2008) 

$42.00 $42.00 $10.00 $78.00 Gamma 

Ambulance cAmbulance One for each 
case going to 
emergency 
room 

1 Ontario MOHLTC 
(Ontario Ministry 
of Health and 
Long-Term Care 
2012) 

$240.00 $240.00 N/A N/A Fixed 

Emergency Room 
Visit 

cERVisit One for each 
case going to 
emergency 
room 

1 OCCI (2014) $278.38 $278.38 $6.50 $1769.95 Gamma 

Cost of Emergency 
Physician in the ER 

cER_Physician One for each 
case going to 
emergency 
room 

1 Physician Schedule 
of Benefits 
(Ministry of Health 
and Long Term 
Care 2013) 

$97.60 $97.60 N/A N/A Fixed 
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Cost Item Variable Name Volume Source Base 
Case 

Volume 

Unit Price Source Base Case 
Unit Price 

Base Case 
Cost 

Minimum Maximum Distribution 
for PSA 

Parent lost 
productivity costs 
for Day missed 
from work/usual 
activities to be in 
Emerg with child 

cLostProdDay One day of 
wages for each 
case going to 
emergency 
room 

1 Statistics Canada 
(Statistics Canada 
2014b, Statistics 
Canada 2014a) 

$250.23 $250.23 $194.83 $525.26 Gamma 

Hospital Admission cHospAdmit   OCCI (2014) $6,865.32 $6,865.32 $6.50 $387,058.59 Gamma 
qAdmitDays One for each 

case admitted 
5.1    1 169 Gamma 

Cost of in-patient 
physician visit for 
day one 

cAdmit_PhysDay1 One for each 
case admitted 

1 Physician Schedule 
of Benefits 
(Ministry of Health 
and Long Term 
Care 2013) 

$196.28 $196.28 N/A N/A Fixed 

Cost of in-patient 
physician visit for 
subsequent days 

cAdmit_PhysSubs   Physician Schedule 
of Benefits 
(Ministry of Health 
and Long Term 
Care 2013) 

$58.80 $58.80 N/A N/A Fixed 

qAdmit_PhysSubs Average days 
of admission 
(qAdmitDays) 
less one 

4.1    N/A N/A  

Parent lost 
productivity costs 
for Day missed 
from work/usual 
activities to be in 
hospital with child 

cAdmit_LostProdDay Average days 
of Admission 

 Statistics Canada 
(Statistics Canada 
2014b, Statistics 
Canada 2014a) 

$250.23 $250.23 $194.83 $525.26 Gamma 
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 Intervention Costs 2.3.9.1

This intervention being evaluated is a single genotype test on each prenatal patient.  This 

particular CYP2D6 gene test is not commercially available for routine medical care and in 

Canada is used only in research settings. Analysis was performed at the University of British 

Columbia.  The testing is based on the AutoGenomics Infiniti platform which initially tests for 

the presence of specific alleles.  This is then followed with polymerase chain reaction and gel 

electrophoresis to detect for possible duplications. The price of the testing of $150 was 

determined from costs incurred during the clinical study (Colin Ross, personal communication) 

and included sample extraction, analytical kits and reagents. Sample preparation and storage 

costs were not included as the sample, once obtained, is sent directly to the analytical laboratory.  

Shipping costs were determined from an average cost to ship a package from Toronto to 

Vancouver by courier based on published courier company rates. No additional human resource 

costs (personnel) were included as the time required to retrieve a sample was minimal.  

Commercially available testing kits were also sought out, and the prices of such commercial 

testing kits were ascertained for use in establishing the ranges of costs relevant for sensitivity 

analysis.  

During the hospital stay, codeine containing analgesics and other analgesics such as ibuprofen 

and naproxen are administered as individual tablets to the patients by the ward nurses based on 

prescriptions ordered by the attending physician. Patients can choose to take the analgesic based 

on their perceived need at the time of dosing.  The mean number of tablets used during the 

hospital stay was determined by medical record extraction as part of the retrospective review 

(Section 2.1) and the clinical study (Section 2.2).  While in hospital, patients who did not require 

codeine containing analgesia were given a medication self-administration package.  This package 

contains tablets of acetaminophen, ibuprofen and stool softeners which patients are instructed to 

take on an as need basis.  Once discharged, if patients continued to require codeine containing 

analgesics they were given a small supply of tablets to take home not exceeding four days of 

dosing.  The number of tablets used by the patients after discharge was reported by the mother 

upon follow-up.  Patients were asked to record each tablet taken in a diary in real time and the 

information was subsequently collected in a follow up telephone interview by the clinical study 
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team.  The mean of the total number of tablets used in hospital plus the number of tablets sent 

home with the mother was used to inform the volume of use parameter estimate in the model.  

The unit cost of the analgesics administered was determined from the Ontario Drug Benefit 

formulary (ODB) (Ontario Ministry of Health and Long-Term Care 2014).  The costs of 

analgesics were calculated by multiplying the unit cost of each tablet by the volume of tablets 

dispensed as described above. For the base case analysis the average dose of analgesics used by 

subjects at the participating institution was used.  

 Direct Health Care Costs 2.3.9.2

The mean cost of hospital emergency room visits (ambulatory) and admissions (acute inpatient) 

for serious adverse events including respiratory distress, cyanotic attacks, newborn affected by 

maternal medication and a number of other categories (Table 2.5) were determined from the 

Ontario Case Costing Initiative (OCCI) (2014).  
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Table 2.5: OCCI List of Most Responsible Diagnoses (ICD-10) Used for Costing of 

Inpatient and Emergency Ambulatory Care (2010-2011) 

Most Responsible 
Diagnosis Code  

Description Mean Cost 
Emergency 

Care 

Mean 
Cost 

Inpatient 
Care 

P040 Fetus & newborn affected by maternal 
anaesthesia and analgesia 

N/A* $4,275 

P041 Fetus & newborn affected by other maternal 
medication  

$282 $3,534 

P220 Respiratory distress syndrome of newborn  $281 $17,407 
P228 Other respiratory distress of newborn $394 $2,950 
P229 Respiratory distress of newborn, unspecified N/A* $4,489 
P282 Cyanotic attacks of newborn $333 $3,455 
P283 Primary sleep apnoea of newborn N/A $8,200 
P284 Other apnoea of newborn $260 $3,110 
P285 Respiratory failure of newborn $315 $2,460 
P288 Other specified respiratory conditions of 

newborn 
N/A* $2,450 

P289 Respiratory condition of newborn, unspecified $178 $4,756 
P922 Slow feeding of newborn $234 $3,205 
P923 Underfeeding of newborn $203 $6,354 
P928 Other feeding problems of newborn N/A* $4,283 
P929 Feeding problem of newborn unspecified N/A N/A* 
P948 Other disorders of muscle tone of newborn $282 N/A* 
P949 Disorder of muscle tone of newborn, unspecified $281 $13,964 
P962 Newborn withdrawal therapeutic drug use $394 $4,275 
 Totals $257 $6338 

* When a diagnostic code had fewer than 5 cases the mean costs could not be shown, however 
the costs of those cases are included in the total mean values for either Emergency or Inpatient 
Care 

 

The list of most responsible diagnoses (MRD) retrieved from OCCI for costing of inpatient and 

ambulatory emergency care visits of an infant who may have experienced an adverse event is 

shown in Table 2.5. The average total cost of an emergency room visit and the average total cost 

34 



 

of an admission for all individuals with the specified MRD codes (see Table 2.5 above) were 

used for the base case. As the most recent values available were for the 2010-2011 fiscal year, 

reported values were inflated to 2014 values using the Canadian Consumer Price Index for health 

care in Ontario for the previous three years (Statistics Canada 2014c). Inflated values were used 

to populate the model and are reflected in Table 2.4. 

 Productivity Costs 2.3.9.3

Despite the fact that mothers on maternity leave may not have had actual income losses, any time 

spent at the hospital with a child during their stay for an adverse event was deemed to be a 

productivity loss to the mother.  In order to account for this productivity loss, an average wage in 

the Province of Ontario for females of childbearing age was allocated to each adverse event for 

the duration of the hospital stay.  Average wages were obtained from Statistics Canada (Statistics 

Canada 2014b, Statistics Canada 2014a).  

 Valuation 2.3.10

Unit cost sources are outlined in Table 2.4. A unit cost for each item was multiplied by the 

quantity reported to obtain a total for each expense type per subject.  Specific formulas for cost 

items and their variable names are outlined in (Appendix A).   

An average cost for a patient in each pathway of the model was computed and then total 

expected costs for each strategy of the decision model was calculated by summing the costs of all 

branches in that strategy.  These costs included intervention costs, direct health care costs and 

direct patient costs.  A formula to sum all the relevant costs for a particular pathway was created 

and in at the terminal node for each pathway (Appendix B). 

 Populating Outcome Terminal Values 2.3.11

The primary outcome measured in the model was adverse events in the infant, specifically CNS 

depressive adverse events.  Adverse events are CNS-related changes noted and reported by the 

child’s mother.  Any contact with a health care provider regarding an adverse event would be 

used as corroborating information to substantiate the mother’s claims. The terminal nodes were 

populated with two possible effectiveness measures to account for the outcome of interest and 

were used in two separate base cases cost-effectiveness analyses.  The primary outcome was the 

presence (or absence) of adverse events indicated in the terminal node by a one or a zero.  
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Secondarily, the average duration of adverse event, 4.6 days, was used as a terminal node value 

in order to compute costs per symptom day. Pathways describing an adverse event were recorded 

with the terminal value of 4.6 while those without were recorded as a zero.   

 Assumptions 2.3.12

In order to clearly define the base case patient a number of assumptions were required.  These 

assumptions were used to guide model development and better define the population to which 

this analysis is relevant.  

1. Women exclusively breastfeed their children during the interval of drug use. Deviations 

in breastfeeding patterns for any reason were not accounted for in the model. 

2. Patients who test positive for the UM phenotype did not take any codeine or other opioid 

containing analgesic.  

3. Physicians did not prescribe codeine or any other opioid containing analgesic to women 

who tested positive for UM phenotype.  

4. Patients who are not UM were considered non-UM and were assumed to have a similar 

rate of adverse events as one another since they do not produce excessive morphine as 

compared to an UM. 

5. Rates of opioid-related adverse events did not differ for male and female offspring. 

6. Infants were born at term, were healthy at birth (without obvious malformations) and had 

normal birth weight. 

7. Unless proven otherwise, CNS depressive events noted in the child for were assumed to 

be due to exposure to medications in maternal milk (i.e. unless a clinician makes an 

alternate diagnosis the effects in the child are assumed to be related to the drug). 

8. The opioid analgesic being used is Tylenol #3, with each tablet containing 30 mg of 

codeine and 325 mg acetaminophen. 

9. Women were prescribed 2 tablets every 4 hours as needed, however the base case will 

assume a dose equivalent to the mean dose noted in the clinical study and medical record 

review. 

10. Adverse events included only CNS depressive events such as sedation, lethargy, irregular 

breathing, decreased alertness, and poor feeding. 

11. Subsequent exposure to opioid analgesics was not accounted for in this model. 

12. Only the first postnatal adverse event in the infant is accounted for in this model.   
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13. No maternal adverse events were included in the model. 

 Incremental Cost-effectiveness 2.3.13

Cost-effectiveness was expressed in terms of the incremental cost-effectiveness ratio (ICER), 

calculated from folding back the model. Thus, the incremental cost-effectiveness ratio is the 

additional cost per unit of outcome, in this case, the adverse event averted or symptom day 

averted.  Using Monte Carlo simulation as part of a PSA (a point estimate and 95% confidence 

interval were generated for ΔC and ΔE and the ICER. 

 Uncertainty 2.3.14

Sensitivity analysis was performed to evaluate the robustness of the results and to assess the 

effect of uncertainty around the parameter estimates and model assumptions.   

Deterministic parameter uncertainty was performed by a series of one-way and two-way 

sensitivity analyses. One-way sensitivity analysis was performed for all parameter estimates 

within a reasonable range based on values obtained from the literature in order to determine if 

the findings were sensitive to any of the variable estimates.  Specifically, one-way sensitivity 

analysis was conducted to determine if small changes in a parameter estimate changed the 

decisions of the model.  The ranges used to vary parameters in the sensitivity analysis were 

ascertained from the literature (Table 2.2). Reasonable ranges were defined after systematic and 

thorough reviews of the literature.  When literature estimates were not available, data from the 

clinical study and consultation with clinical experts were utilized (Table 2.2).  

Probabilistic parameter uncertainty evaluation followed the deterministic sensitivity analysis. 

Probabilistic sensitivity analysis (PSA) was conducted using Monte Carlo simulation modelling 

to address the limitations of deterministic sensitivity and to assess the effect of multiple sources 

of uncertainty existing simultaneously in the model.  In this method of PSA all variables were 

varied simultaneously and the model was run one thousand times. Distributions were assigned to 

each parameter and each simulation randomly selected a value from within the distribution of all 

of the variables included in the PSA (Table 2.2 and Table 2.4). By calculating expected values of 

costs and effectiveness for each group with each iteration, the PSA generated a mean and 95% 
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CIs of expected values for costs and for outcomes for the two strategies, as well as point 

estimates and 95% CIs for incremental costs and incremental effects and the ICER. Results of 

the PSA were displayed graphically in a cluster diagram.  

 Analysis of Perspectives 2.3.15

The model was analyzed from two different perspectives, the societal perspective and the health 

care payer perspective. The model itself is not changed or manipulated for each of these 

perspectives; however the cost formulae at the terminal nodes, which represent the total costs for 

each pathway, were adjusted to reflect only costs relevant to the specific perspective.   

 Scenario Analyses 2.3.16

Scenario analysis was performed to understand how the results would change with different 

selected populations.  Specific populations were chosen because they were believed to have 

different rates of adverse events which could impact on the cost- effectiveness of the testing 

intervention and subsequently may shed light on whether some populations may be more or less 

likely to benefit from genotyping.  In this case the scenario analysis included four two distinct 

groups:  

i) Specific Ethnic Group  

Certain ethnic populations have a relatively high prevalence of UM phenotype 

and therefore are expected to have a higher risk of adverse events.  In this 

scenario the probability of UM phenotype (pUM) in the base case was estimated 

at 0.4, with a range of 0.12 to 0.45, which would approximate a North African 

population (Sistonen et al. 2007).  This rate is among the highest currently 

identified world-wide. 

ii) Caesarean Section Deliveries  

Mothers with surgical deliveries are more likely to experience pain and therefore 

more likely to use opioids.  With a high likelihood of requiring codeine after 

delivery, this group may be more likely to benefit from a screening strategy which 

would avert adverse events.  In the utilization study the rate of opioid use was 

higher in this group (as compared to vaginal deliveries) and published literature 

suggests the same (East et al. 2007, Greene et al. 1999). Moreover, infants born 

by caesarean section may be more prone to adverse events in the days after birth.  
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In this scenario probability of codeine use in the base case (pCodeine) was 

estimated at 0.93, with a range of 0.78 to 1.  The probability of an adverse event 

in nonUM patient was increased to 0.2174, with a range of 0.0210 to 0.6670. 
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3 Results 

3.1 Analgesic Utilization Rates in the Postnatal Ward  

In order to determine the rate of codeine and other analgesics used at St. Michaels Hospital in 

Toronto a retrospective medical record review of a 4-year interval of postnatal medical records 

was conducted.  The survey results are shown below. A total of 973 medical records were 

evaluated  

Table 3.1: Overall Opioid Utilization Rates (January 2007 to June 2011) 

 n=973 Percent of All Patients 
Any Opioid Use 436 44.81% 
Any Codeine (with or without  other opiates) 377 38.75% 

Among all medical records of patients in the retrospective review, close to 45% of new mothers 

at St. Michael’s Hospital used at least one opiate overall, with 38.75% of the population 

receiving codeine specifically.  This translates into 86.37% codeine use among the opioid 

exposures.  This included both patients who used codeine as their only opioid as well as those 

who may have used codeine and another opioid as well.  

 Utilization Rates by Specific Drug and Mode of Delivery 3.1.1

Though the vast majority of patients using opioids used codeine alone, some patients were 

exposed to codeine with another opioid or only another opioid (Table 3.2).  
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Table 3.2: Specific Opioids Used by New Mothers at St. Michael's Hospital Among All 

Medical Records Surveyed 

Specific Opioid Number Exposed 
(N=973) 

Percent of Total 
Surveyed 

Codeine alone 348 38.75% 
Oxycodone 48 4.93% 
Codeine + oxycodone 21 2.16% 
Morphine 7 0.72% 
Codeine + morphine 5 0.51% 
Codeine + hydrocodone 2 0.21% 
Codeine + oxycodone + morphine 1 0.10% 
Hydrocodone 1 0.10% 
Hydromophone 1 0.10% 
Nalbuphine 1 0.10% 
Oxycodone + morphine 1 0.10% 

 

As shown the most common opioid or opioid combination used was codeine alone at close to 

39% (Table 3.2).  This was followed by oxycodone use alone at close to 5% of the total 

population.  When multiple opioids were used, patients generally did so consecutively.  That is, 

patients were not consuming multiple opioids at the same time but rather would be switched 

from one to another based on clinical need or physician discretion 

To determine if opioid use varied by mode of delivery, either vaginal or caesarean section the 

opioid use by delivery is described below (Table 3.3).  

Table 3.3: Prevalence of Opioid Use by Mode of Delivery 

Mode of Delivery Number Using Opioids % 
Caesarean Section 349/439 79.5% 
Vaginal 87/534 16.3% 
Total 436/973 44.8% 

As shown in Table 3.3 the vast majority of opioid use was among women who delivered by 

Caesarean Section, with over 79% of patients who had a caesarean section requiring the use of 

opioids and approximately just under 10% of women with vaginal delivery who used opioids. 

This was significantly different by Chi square analysis (p<0.001). 
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3.2 Clinical Study 

 Demographics of Enrolled Subject 3.2.1

The clinical study included a total of 238 mother-infant pairs taking codeine while breastfeeding 

in the immediate postpartum period.  Within this cohort, 5 mothers reported adverse events in 

their infants.  The demographics of the subjects are shown in  

Table 3.4, with the adverse events compared against the asymptomatic group.  

Table 3.4: Demographics and Codeine Dosing Among 238 Mother-Infant Pairs 

 Adverse Events  
(n = 5) 

Asymptomatic  
Infants 
(N=233) 

p-value 

No. days taking codeine (mean ± SD) 4.8 ± 2.6 2.5 ± 1.6 0.01* 
Total amount of codeine 
 used (mean mg/kg ± SD) 

5.1 ± 2.4 3.2 ± 2.5 0.08* 

Infant’s gestational age at delivery (weeks) 38.6 ± 1.1 39.1 ± 1.4 0.44* 
Infants birth weight (g) 3392.4 ± 584.4 3403.1 ± 510.1 0.96* 
Non-Caucasian 100%  (5/5) 62% (143/230) 0.1† 
*Wilcoxon signed-rank test 
†Fisher’s exact 

 

As shown the mothers of symptomatic infants were taking their codeine for longer than the 

mothers of the asymptomatic infants (p=0.01) and were exposed to a higher per kg dosage, 

though this did not reach statistical significance (p=0.08).  Other demographic characteristics 

such as gestational age at birth, birth weight and ethnicity were not different between the two 

groups.  

 Health-related Quality of Life Scores 3.2.2

A total of 145 HRQoL surveys were completed among subjects in the clinical study, with 109 

surveys completed at recruitment (pre-treatment), 36 subjects who returned the follow-up 

surveys (post-treatment), and 33 subjects for whom the paired data could be compared and 

statistically analyzed.  
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Table 3.5 shows the summary and component scores for the SF-36v2 surveys for both 

measurement time points, when both surveys were completed by subjects.  Data were compared 

by paired student’s t-test.  

Table 3.5: Summary Scores for SF-36v2 (n=33) 

 Pre-Treatment 
(mean ± SD) 

Post Treatment 
(mean ± SD) 

p-value* 

Physical Component Score 31.89 ± 10.04  40.15 ± 9.46 0.0008 
Mental Component Score 52.53 ± 11.00 48.24 ± 10.55 0.017 
    
Physical Functioning 28.75 ± 12.05 40.03 ± 11.58 0.0002 
Role Physical 30.78 ± 11.19 34.55 ± 10.78 0.132 
Bodily Pain 36.42 ± 12.35 43.10 ± 10.50 0.024 
General Health 54.417 ± 7.14 54.54 ± 8.60 0.949 
Vitality 44.32 ± 9.00 46.09 ± 7.04 0.325 
Social Function 38.87 ± 12.71 36.27 ± 11.6 0.319 
Role Emotional 47.79 ± 12.2 46.79 ± 11.67 0.625 
Mental Health 48.93 ± 8.32 48.87 ± 9.58 0.963 

*Paired student’s t-test 

Results of the HRQoL surveys indicate that several scores did not change significantly between 

the two time points.  The physical component score, the physical functioning score and bodily 

pain score showed a statistically significant improvement from pre-treatment to post-treatment 

(Table 3.5).  The mental component score also showed a change between survey timepoints. 

 SF-6D Scores 3.2.3

An SF-6D score was calculated for all completed SF-36v2 surveys, to generate an estimate of 

utility at each time point.  Results of the SF-6D are summarized in Table 3.6, and comparisons 

made by student’s t-test. 
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Table 3.6: Summaries of the SF-6D Scores (n=33) 

 Pre-Treatment 
(mean ± SD) 

Post Treatment 
(mean ± SD) 

p-value* 

SF-6D (standard gamble method) 0.57 ± 0.11 0.63 ± 0.11 0.052 

*Paired student’s t-test 

The SF-6D Scores increased over time. That is, the subjects estimated utility was increased after 

they returned home and had completed their analgesic treatment, though this did not reach 

statistical significance.  

 State-Trait Anxiety Inventory Scores 3.2.4

Table 3.7 displays the result scored from the completed STAIs surveys.  

Table 3.7: Summary of State-Trait Anxiety Inventory Scores (n=33) 

 Pre-Treatment 
(mean ± SD) 

Post Treatment 
(mean ± SD) 

p-value* 

State score 34.81 ± 9.43 32.74 ± 10.88 0.27 
Trait scores 32.19 ± 7.68 32.93 ± 10.74 0.70 

*Student’s t-test 

The mean pre-treatment and post-treatment state and trait scores were unchanged indicating that 

the subjects’ level of anxiety around the time of delivery and the subjects’ anxiety levels in 

general were not different before and after their analgesic treatment.  

 Quality of Life, Anxiety and Utility Score Changes Over Time 3.2.5

An OLS regression analysis was performed on the difference in HRQoL summary scores, State 

score, Trait score and SF-6D scores for all subjects where both pre and post treatment surveys 

were completed (n=33) .  The covariates in each of the models were total codeine dose, gravidity 

and maternal age and the dependent variable was the difference between the pre and post 

treatment scores. The general equation for the regression was described in Equation 1 (p.15). 
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Table 3.8: Summary of Linear Regression Analysis for Differences in HRQoL, State, Trait 

and SF-6D Scores 

Difference Score F-statistic p-value 
SF-36 Physical Component 0.778 
SF-36 Mental Component 0.318 
State Score 0.875 
Trait Score 0.865 
SF-6D 0.762 

As none of the summary statistics for each of the regressions was statistically significant the 

individual results are not shown (Table 3.8). 

3.3 Cost-Effectiveness Analysis 

 Base Case Analysis 3.3.1

The base case analysis for the primary outcome of adverse events is shown in Table 3.9.  The 

findings indicate that the screening option costs approximately $521 per case while the no screen 

choice was less costly at $175.  There were 0.0346 fewer adverse events per case in the 

screening arm, resulting in a cost per adverse event averted of $9,997.43.  

Table 3.9: Base Case Cost Consequence Analysis for Adverse Events  
Strategy Cost Per Case Adverse Events Per Case Cost-Effectiveness Ratio 
Screen $520.95 0.1339  
No Screen $174.72 0.1656  
Increment $346.23 - 0.0346 $9,997.43 

 

The same analysis was conducted with the outcome measure of symptom days.  A mean number 

of 4.6 symptom days was assumed for each adverse event (Table 3.10).  
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Table 3.10 Base Case Cost Consequence Analysis for Symptom Days  

Strategy Cost per Case Symptom Days per Case Cost-Effectiveness Ratio 
Screen $520.95 0.6158  
No Screen $174.72 0.7751  
Increment $346.23 - 0.1593 $2,173.35 

When evaluating by symptom day the model indicated that the incremental cost per symptom 

day averted was $2,173.35 and the incremental effect was 0.159 symptom days per case.  

 

 Deterministic One-Way Sensitivity Analysis 3.3.2

A series of one-way sensitivity analyses was performed on most variables for both outcomes. 

Plausible ranges were determined and outlined in the methods section (Table 2.2). Results of the 

one-way sensitivity analysis, presented in Table 3.11, indicate that the model was sensitive only 

to a single variable: the cost of a hospital admission.  When hospital admission costs associated 

with a severe AE were greater than $104,000 per stay, the screening strategy became cost saving.  

The model decision did not change upon varying any of the other variables within the specified 

ranges.  That is, screening did not become cost saving. When the probability of codeine use was 

varied to lower than 0.53 the screening strategy became dominated, it cost more money and had 

lower effectiveness.  
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Table 3.11: One-Way Sensitivity Analysis of All Model Variables 

Variable Range 
Threshold 

Value 
Preferred 
Strategy 

Probabilities ( range: 0-1) 
   UM 0.0100 – 0.400 None No Screen 

Test specificity 0.7000 – 1.000 None No Screen 
Test sensitivity 0.7000 – 1 None No Screen 
Codeine use rate 0.4155 – 0.0825 None No Screen* 
Codeine use rate,  
tests negative for UM 0.4155 – 0.0825 None No Screen 
AE for UM 0.2174 – 1.000 None No Screen 
AE for nonUM 0.0210 - 0.3070 None No Screen 
AE, non-codeine users 0 – 0.0300 None No Screen 
Emergency room visit 0 – 0.2340 None No Screen 
Admission to hospital from 
emergency room visit 0.7500 -1 None No Screen 

Costs 
   Pharmacogenetic Screen $90.00 - $1300.00 None No Screen 

Sample Shipping $17.64 – $72.93 None No Screen 
Codeine Tablet $0.01 – $0.50 None No Screen 
Additional analgesics used,  
other than opioids $0.01 – $1.00 None No Screen 
Help call to drug information service $10.00 – $78.00 None No Screen 
Emergency room visit $7.00 – $1770.00 None No Screen 
Parent Lost Productivity Day $194.83 – $262.63 None No Screen 

Hospital Admission $7.00 - $387,059.00 >$104,000 
No Screen 
(below threshold) 

Quantities 
   Codeine Tablets 0.5 – 18 None No Screen 

Other Analgesic Tablets 0.5 – 18 None No Screen 
Days of Admission 1 – 169 None No Screen 

AE= Adverse event 
UM=Ultrarapid Metabolizer 
*Screening strategy is dominated below p=0.53 

 

 Probabilistic Sensitivity Analyses 3.3.3

The PSA analysis evaluated all uncertainties simultaneously in a stochastic manner.  Table 3.12  

shows the results of the mean values of the costs and outcomes for each strategy as well as their 

respective confidence intervals obtained from the PSA for the adverse event outcome.  
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Table 3.12: Results of Probabilistic Sensitivity Analysis for Base Case 

Strategy Mean Cost per Case 
(95% CI) 

Mean Adverse Events per Case 
(95% CI) 

Cost-Effectiveness Ratio 

Screen $537.09 
($241.78, $1670.63) 

0.1339 
(0.0543, 0.2518) 

 

No Screen $183.73 
($12.15, $1137.30) 

0.1687 
(0.0691, 0.3095) 

 

Incremental $353.36 
(-$55.14, $1235.91) 

- 0.0339 
(-0.0566, 0.1785) 

$10,432.73 
 

 

Results of the PSA are shown in the scatter plot below (Figure 3.1), where each point represents 

an ICER for the specified incremental cost and incremental effect.  The ellipse around the scatter 

represents a 95% confidence interval.  This scatter plot shows that the incremental costs are 

nearly always positive, i.e. screening costs more than standard care, but that the incremental 

effects are also often positive, more adverse events are averted, with 75% of the scatter in the 

quadrant where both costs and adverse events averted are positive.  
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Figure 3.1: Probabilistic Sensitivity Analysis Plot of ICERs for Adverse Events Averted 

 

 

The result of the PSA was used to generate a CEAC, displaying the proportion of time each of 

the strategies was cost effective at a variety of WTP thresholds, shown in Figure 3.2. 
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Figure 3.2: Cost-Effectiveness Acceptability Curve for Adverse Event Outcome 

 

 

 Health Care Payer Perspective Analysis 3.3.4

The analysis shown thus far has been from the societal perspective.  The base case analysis was 

therefore repeated from a health care system perspective, which excluded any patient or 

caregiver costs resulting from an adverse event (Table 2.3, p.27). Results of the findings from 

this perspective are detailed and described below. The base case analysis for the adverse event 

outcome is shown in Table 3.13.  The findings are similar to those shown with the societal 

perspective.  The screening strategy cost just under $500 per case and the no screen strategy cost 

147.78 per case.  There were the same number of fewer adverse events, 0.0346, which can be 

expected since the change in perspective modified only cost inputs and not probability inputs.  

The ICER was $10,157.31 per adverse event averted. 
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Table 3.13: Base Case Cost Consequence Analysis for Adverse Events Health Care System 

Perspective 

Strategy Cost Per Case Adverse Events Per Case Cost-Effectiveness Ratio 
Screen $499.55 0.1339  
No Screen $147.78 0.1685  
Increment $351.76 - 0.0346 $10,157.31 

 

A PSA was also used to evaluate the cost-effectiveness from the health care perspective.  After 

1000 iterations of the decision model, mean and incremental costs and consequences were 

calculated and are shown in Table 3.14.  

 

Table 3.14: Results of Probabilistic Sensitivity Analysis for Base Case from Health Care 

System Perspective 

Strategy Mean Cost per Case 
(95% CI) 

Mean Adverse Events per Case 
(95% CI) 

Cost-Effectiveness Ratio 

Screen $497.91 
($235.54, $1,512.59) 

0.1309 
(0.0512, 0.2400) 

 

No Screen $145.60 
($10.32, $907.69) 

0.1656 
(0.0683, 0.3017) 

 

Incremental $352.31 
(-$10.45.  , $1186.31 ) 

- 0.0346 
(-0.1682, 0.0440) 

$10,173.61 

 

The results of this analysis are similar to the societal perspective analysis.  There are only 

minimal dollar value differences in the mean costs, incremental costs and mean ICER.  As a 

result of the similarities the remaining analyses on the model were all performed from the 

societal perspective.  
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 Scenario Analyses 3.3.5

The model was re-run with alternate scenarios, the first being for a target population of patients 

with a high UM rate and the second for a target population of women undergoing caesarean 

section deliveries.  In the first scenario the probability of UM was estimated at 0.4, with a range 

of 0.12 to 0.45 (Sistonen et al. 2007). No other variables were altered.  The results of the 

decision analysis for this high UM group is shown below (Table 3.15).  Overall the screening 

strategy would cost $476.27 and the standard care, $272.11, an incremental cost of $204.15.  The 

average cost per adverse event averted, the ICER was $1182.82 in this scenario.  This value is 

markedly lower than the base case values and reflects the fact that, with a higher prevalence of 

UM, a greater number of adverse events are being averted by screening.   

 

Table 3.15: Cost-Consequence Analysis of Adverse Events Averted for High UM Phenotype 

Scenario 

Strategy Cost per Case Adverse Events per Case Cost-Effectiveness Ratio 
Screen $476.27 0.0906  
No Screen $272.11 0.2632  
Incremental $204.15 - 0.1726 $1182.82 

 

A PSA was also explored for this scenario.  Mean estimates and 95% confidence intervals of the 

costs and outcomes obtained from the PSA are shown in Table 3.16 . 
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Table 3.16: Results of Probabilistic Sensitivity Analysis for High UM Scenario 

Strategy Mean Cost per Case 
(95% CI) 

Mean Adverse Events per Case 
 (95% CI) 

Cost-Effectiveness Ratio 

Screen $479.46 
($235.70, $1524.12) 

0.0877 
(0.0345, 0.1603) 

 

No Screen $287.11 
($22.53, $1572.36) 

0.2619 
(0.1196, 0.4323) 

 

Incremental $192.35 
(-$664.15, $1142.56) 

-0.1743 
(-0.3455, -0.0353) 

$1,137.56 
 

 

Graphical results of the PSA for the high UM scenario (Figure 3.3) show a shift in the scatter.  

The incremental effectiveness is now almost exclusively positive, indicating that this scenario 

will always avert adverse events; however the scatter around costs is more evenly distributed 

around zero.  This suggests the strategy can be either more or less costly. 
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Figure 3.3: Probabilistic Sensitivity Analysis Scatterplot for Adverse Events Averted High 

UM Scenario 

 

 

A CEAC was also plotted for this scenario.  Figure 3.4 displays the proportion of time each of 

the strategies was cost effective at a various WTP thresholds among a population that had a high 

UM prevalence.   
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Figure 3.4: Cost-Effectiveness Acceptability Curve for Adverse Event Outcome in a High 

UM Population 

 

 

The second scenario as described in the methods was the case of a caesarean section target 

population.  In this scenario the probability of codeine use was increased to 0.93, with a range of 

0.78 to 1.00 (East et al. 2007, Greene et al. 1999). The probability of an adverse event for a 

nonUM patient was increased to 0.22, with a range of 0.02 to 0.67.  The decision analysis of this 

scenario revealed a cost for the screening strategy of $575.80 and for the no screening strategy of 

$244.28, with an incremental cost of $331.52.  The ICER was $6777.01 per adverse event 

averted (Table 3.17) 
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Table 3.17: Cost-Consequence Analysis of Adverse Events Averted for Caesarean Section 

Group 

Strategy Cost per Case Adverse Events per Case Cost-Effectiveness Ratio 
Screen $575.80 0.187  
No Screen $244.28 0.236  
Incremental $331.52 - 0.0489 $6777.01 

 

A PSA was run for this second scenario.  Results of the mean values for costs and adverse events 

for each strategy are shown in Table 3.18. 

Table 3.18: Results of Probabilistic Sensitivity Analysis for Caesarean Section Deliveries 

Only Scenario 

Strategy Mean Cost per Case 
(95% CI) 

Mean Adverse Events per Case 
(95% CI) 

Cost-Effectiveness Ratio 

Screen $613.57 
($234.70, $2268.88) 

0.1885 
(0.0152, 0.5371) 

 

No Screen $267.73 
($8.19, $1610.98) 

0.2407 
(0.0283, 0.5982) 

 

Incremental $345.82 
(-$95.27, $1329.49) 

- 0.0522 
(-0.0266, 0.2494) 

$6,626.50 
 

 

The PSA scatter plot (Figure 3.5), indicates scatter largely confined to the upper right quadrant, 

more costly and more effective.  
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Figure 3.5: Probabilistic Sensitivity Analysis for Adverse Events Averted Caesarean 

Section Scenario 

 

 

Once again a CEAC curve was generated from the results of this PSA to show the proportion of 

time each strategy would be cost effective.  This plot is shown below in Figure 3.6.  
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Figure 3.6: Cost-Effectiveness Acceptability Curve for Adverse Event Outcome Caesarean 

Section Scenario 

 

 

 Summary of Decision Model 3.3.6

The cost effectiveness analysis of CYP2D6 screening to guide pharmacotherapy for post-partum 

pain was not found to be cost-saving when compared to standard care.  For each outcome, 

adverse events and symptom days, the model revealed an incremental positive cost for the 

treatment strategy.  However, this was also accompanied by an incremental decrease in adverse 

events or symptom days.  Hence, the model was able to predict an incremental cost per adverse 

event averted in the amount of $10,432.73 and an incremental cost per symptom day averted in 

the amount of $2,173.35. The model was robust in that it was not sensitive to most variables in 

one-way sensitivity analyses and the PSA revealed that this would hold true most of the time.  
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Altering the base case to evaluate alternative clinical scenarios continued to indicate that the 

model was not cost savings but that the ICER was substantially lower in both scenarios 

suggesting that more adverse events and/or symptom days would be averted, thereby costing less 

per case.   
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4 Discussion 
As genetic testing strategies improve and the demand for these services increases it has become 

increasingly critical to evaluate their clinical merit and cost-effectiveness for allocation decision-

making under constrained budgets.  

This first part of the work described here evaluated the rate of analgesic use in a postnatal ward.  

In this study cohort just under 50% of patient medical records documented the use of opioids to 

treat postnatal pain.  This rate is similar to rates reported in other industrialized nations and still 

represents a large proportion of exposed patients. In fact, there are very few studies that have 

reported utilization rates of analgesics postnatally and most were published several decades ago.  

A survey in Norway, at five university hospitals (Matheson 1989) found between 65-95% of 

women used analgesics postpartum and another, from Ireland, found that 45% of new mothers 

used analgesics containing codeine (Treacy and MacDonald 1981).  The most recent work 

documenting the utilization rates comes from Norway (Nordeng et al. 2010) where 48.4% of 

women with vaginal deliveries used analgesics postnatally.  They did not include caesarean 

delivery in this cohort and did not provide enough detail to specify which types of analgesics 

were used.  Our results also showed that the use of opioids varied by type of delivery.  It is clear 

that mode of delivery is a significant factor in the type of analgesic used as the utilization survey 

described here found close to 80% of caesarean sections used an opioid after delivery while only 

16% of vaginal deliveries used an opioid.   This is not surprising, as any surgical intervention is 

more likely to cause pain and inflammation and patients would be more likely to request 

pharmacotherapy to alleviate their symptoms.  

Though our findings are similar to the available literature it is important to note that this may be 

an under representation of all analgesia exposure because patients at St. Michael’s hospital were 

also able to self-administer over-the-counter products such as ibuprofen and acetaminophen.  

Patient self-administration is often not well recorded in the medical record. 

The single arm standard care cohort study sought to evaluate the infant outcomes following 

maternal use of codeine during breastfeeding in an observational manner.  Overall, there were 5 

adverse events reported by mothers among the exposed infants, a rate of 2%, well below the 

event rate observed in previously published cohorts (East et al. 2007, Madadi et al. 2008, Ito et 

al. 1993) and this may be reflective of subtle changes in practice and administration of codeine 
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since the Health Canada warning.  This lower adverse event rate was in an urban academic 

setting and whether this rate or practice changes translate to other hospitals or other parts of the 

province or country are not yet known.   

Part of the clinical study included surveys of HRQoL in subjects, administered before and after 

their use of codeine while breastfeeding.  Among the subjects who completed both SF-36v2 

surveys, the overall physical component scores improved at follow up (p=0.0008) while their 

mental component scores decreased somewhat between the survey times (p=0.017).  Upon 

comparison of the subscores it was found that these differences were largely accounted for by 

increases in the physical functioning (p=0.0002) and bodily pain (p=0.024) component scores.  

These findings likely reflect the fact that as recruitment was on the first day after delivery 

subjects would have been in some pain and therefore their scores in these domains were low.  

Since the second survey was completed after patients were home, had begun to recover from 

delivery and had completed their pharmacotherapy it is expected that their physical status would 

begin to approach that of their non-pregnant state and therefore not unexpectedly their scores 

began to increase.  The global quality of life scores were similar to those observed in other 

populations of normal vaginal or caesarean deliveries and similar to women in their childbearing 

years in general (Borders 2006, Emmanuel and Sun 2014, Torkan et al. 2009). However, as most 

of the prior surveys used earlier versions of the survey instruments which had different scoring 

algorithms, a direct comparison of scores cannot be made.  Studies comparing repeated quality of 

life surveys at delivery, and then seven days later suggest that physical ability and pain were the 

most affected (Baghirzada et al. 2013) and that these scores improved over time. 

While the mental component score did show a small decrease between the two time points (<1/2 

a standard deviation), there were no observed changes in any of the related subscores such as 

vitality, social function, role emotional or mental health.  While it is not known whether maternal 

pharmacotherapy had any impact on these scores across time, it is more likely that the slight 

decrease was simply a measure of patient mental well-being as they return home having the 

increased workload and sometimes overwhelming task of having to now care for a newborn.  In 

other populations of mothers without mental health issues, mental health scores were shown to 

remain similar across several interview time points around the perinatal period (Symon et al. 

2002). 
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When quality of life scores were converted to SF-6D utility scores a small increase in scores 

between the initial interview and follow-up interview was noted, though this did not reach 

statistical significance (p=0.052). The increase in utility would suggest that patients experienced 

improvement in health status upon follow up. This would concur with the changes noted in the 

SF-36v2 scores which indicated that the physical component, physical functioning and bodily 

pain scores all improved and would be reasonable to expect once patients began to feel better 

after delivery.  The mean utility scores before and after treatment (0.57 and 0.62 respectively) 

were lower than utility scores reported by Petrou et al. (Petrou et al. 2009), who surveyed all 

women who had just had a normal live birth and reported a mean utility of 0.861.  As the 

population in our cohort was women who were receiving codeine for pain relief, most of whom 

had delivered their child by caesarean section, they may not be reflective of the general postnatal 

patients studied by Petrou et al.  

In a paired analysis, there were no changes between the two measurement time points for either 

the State scores (p=0.27) or Trait Scores (p=0.70).  Overall STAI scores were 34.81 before and 

32.74 after, which was similar to he published literature.  Paul et al. (Paul et al. 2013) found 

mean state scores of 31.0 immediately after delivery and scores of 25.9 two months after 

delivery in a cohort of over 1000 postnatal women.  This decrease of several points resembles 

the decrease observed in this work, suggesting the changes over time after delivery are likely 

related to maternal well-being in general and probably not associated significantly with acute 

analgesic exposure around the time of delivery.   

The primary component of the thesis research was a cost-effective analysis using a decision 

model comparing pharmacogenetic screening to guide pharmacotherapy for post-partum 

analgesia to standard care, which does not include pharmacogenetic testing.  The base-case 

analysis showed that pharmacogenetic testing had an ICER of $9,997.43 per adverse event 

averted or $2,173.35 per symptom day averted from a societal perspective.  Although the 

screening strategy did not save money it was not completely dominated by the standard care 

strategy.  That is, it cost more but it also produced, on average, a more favorable outcome, a 

reduction in adverse events in infants.   

The model was not sensitive to most changes in any of the variables with the exception of cost of 

a hospital admission for an adverse event.  When hospital admission costs were extremely high 
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(>$100,000) the standard care strategy became dominated by the screening strategy, at which 

time the screening strategy would have a favorable ICER, less costly and more effective.  This 

price for a hospital stay is rather unlikely as it would mean that the infant was admitted for a 

lengthy amount of time and would have had extensive procedures or interventions. Though the 

parameter estimate had a range that included this value the mean costs of hospitalization was 

significantly lower, at $5000.  The second variable of note in the one-way sensitivity analysis 

was the probability of codeine use in the population.  When codeine use was less than 53% the 

screening strategy became dominated by the standard care strategy, meaning that the incremental 

costs were higher and the incremental effects were negative, that is, it did not show a decrease in 

adverse events.  This value is relevant as the probability of codeine use could approach this value 

in a number of populations.  The retrospective medical record review at St. Michael’s hospital 

did show a prevalence of opioid use below this value, suggesting that screening in this 

population would not be cost-effective.  However, other populations (Nordeng et al. 2010) had 

considerably higher prevalence of opioid use, 73% in their patient population and therefore 

screening may be viable in some jurisdictions. 

PSA was also used to evaluate uncertainty in many variables simultaneously. The PSA of the 

base case evaluation revealed an ICER of $10,432.73, similar to the value obtained from the 

deterministic analysis. The scatter plots indicate that 70% of iterations were in the upper right 

quadrant (i.e. more costly but more effective) and 27% were in the lower right quadrant (less 

costly and more effective).  In an ideal setting a new intervention would be more effective and 

less costly; however this is not often the case. Most commonly decision makers are faced with 

the challenge of an intervention which is more effective but also more costly and the choice of 

implementing a strategy must be balanced against other interventions competing for the same 

resources.   

The analysis further attempted to evaluate the robustness of the model and evaluate cost-

effectiveness in special populations to determine if there were differences in the decisions or the 

preferred strategy.  When evaluating a selected screening strategy of only a particular ethnic 

group, i.e. those who are known to have a higher prevalence of UM status, thereby making them 

at a higher risk for adverse events and greater health care costs the model continued to show that 

screening was more effective but also more costly to avert an adverse event.  A hypothetical 

population with an UM rate of 40% was considered; this would represent a population from 
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North Africa.  In this case the ICER was markedly lower than the base case evaluation at 

$1,182.82 per adverse event averted.  Since screening a population with such a high UM rate 

would identify many more susceptible mother-infant pairs, such a strategy would avoid a larger 

number of adverse events by altering the choice of analgesics in those patients.  The greater 

reduction in AEs results in a more favorable ICER as shown.  This significant reduction in the 

ICER may make such an intervention appropriate in this ethnic group as the dollar value is less 

than a single emergency room visit when one considers hospital costs, ambulance costs and the 

mother’s lost productivity costs.  There are several populations with higher UM rates including 

those residing in the Middle East, Oceania as well as the North Africans. Provided these 

populations could be identified prior to delivery as part of prenatal care, they may be a potential 

target population that would benefit from screening based pharmacotherapy.  However, in 

Canada only 0.8% of the population identifies their ethnic origins as North African.  With such a 

small proportion of the population eligible for this targeted screening, the overall impact on costs 

or AEs averted can be expected to be negligible.  

When evaluating a hypothetical population of patients having caesarean sections, who are more 

likely to require codeine therapy, the model continued to show that the screening strategy was 

more costly but more effective in averting AEs.  The incremental cost per adverse event averted 

was also lower at $6,626.50 per adverse event averted.  This may represent better value and may 

make the implementation viable in some settings.  This amount would be less than a single 

hospital stay. The challenge in this type of scenario is that since screening needs to be completed 

before delivery it could only be implemented in those patients for whom caesarean section is 

scheduled and therefore tissue sampling can occur in advance of delivery.  For patients who need 

emergency caesarean sections the screening could not be done until genotyping procedures 

become available at the bedside.  The current platforms used commercially in research labs 

generally have turnaround time of several days; however this is a rapidly evolving field.  It is 

anticipated that in coming years the analysis timeframe will be reduced to hours, and the ability 

to test a patient when she presents in labour may become a viable option.   

Overall, our CEA found that screening reduced adverse events but was more costly than standard 

care.  This reduction in adverse events was not large, as the overall rate of susceptible cases 

resulting from UM status is relatively small in our base case population, representing a patient 

population from Ontario.  However, the costs to avert an adverse event were not remarkable and 
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are certainly lower than the costs of some hospital stays.  Despite this, there may be other 

strategies to avert adverse events that would have little to no costs associated with them and 

these strategies may present an alternative to testing in this particular setting, that is, a postnatal 

ward at an academic hospital.  As shown by Kelly et al. (2013), fewer adverse events were 

observed when a more judicious and cautious approach to dosing and a more careful adherence 

to a follow-up protocol were used.  Alternatively, other analgesics may be administered that 

could offer equivalent pain relief and fewer risks for the breastfed infant.  Direct administration 

of morphine may be an alternative as it confers pain relief mediated by the opioid receptors but is 

not complicated by genetic differences in the metabolic conversion to active agent. The use of 

other categories of analgesics such as non-steroidal anti-inflammatory agents may completely 

control pain in some patients or could be used as adjunctive therapy.  Unfortunately, as these are 

relatively old agents, there is limited evidence on their comparative effectiveness and little data 

exists on opioids compared to NSAIDs for the treatment of perinatal pain.  

This decision model was limited by the availability of published data.  As noted throughout this 

text, research around mother-infant pairs in this context is sparse and there were limited studies 

from which parameter estimates could be derived.  In some areas, such as rates of hospital 

admission following an adverse event, expert opinion was used.  In addition, when only a single 

estimate was available in the literature, expert opinion was required to estimate plausible ranges.  

For this reason, relatively wide ranges were used in the sensitivity analyses and this 

accommodated for this uncertainty as the model findings remained consistent throughout.  Also, 

as the overall numbers of adverse events in the literature were few, no assessment of severity 

could be incorporated into distinct branches of the model and the duration of adverse events was 

assumed to be constant.  Had a variety of estimates of adverse event durations been available, 

this outcome variable could have been included in the model as a continuous measure, 

accounting, in part, for AE severity.  On the other hand, the model did account for infants who 

went to emergency rooms and those who did not, as well as infants who were admitted and those 

who were not.  While not an absolute measure of severity, this certainly would capture the fact 

that the more severe an event, the more likely the child will present at the hospital and be 

admitted.  Once again, large ranges around these estimates in sensitivity analysis showed that the 

model decision was not changed and therefore it is not expected that more severe or less severe 

events would have altered the findings appreciably.  The model also did not capture any long 
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term sequelae in the child resulting from an adverse event.  To date, no long term effects have 

been reported among infants experiencing the adverse events and therefore parameter estimates, 

consequences and costs for a longer time horizon could not be accounted for in this model.  

Furthermore, as the focus of the model was the serious nature of the adverse events in the child, 

maternal adverse events were not addressed.  Again, data on maternal outcomes were lacking 

and appropriate estimates for adverse events and costs for maternal events could not be 

established. This cost effectiveness model evaluated only the clinical outcomes of adverse events 

in the infant and symptoms days.  Since published patient utilities were not available for the 

population described in the model, the QALY could not be used as an effect measure for the 

decision model.  The evaluation of QALYs as an outcome would have been beneficial to 

decision makers who need to choose among interventions across different clinical settings.   

The pharmacogenetic screen evaluated here, would reveal information not only to a patient about 

her metabolism of codeine to its active metabolite morphine, but would also provide information 

about the patient’s metabolic capacity for a number of other medications currently in use.  A 

limitation of this model then, is that the benefits of knowledge of metabolizer status on any 

future exposure to opioids or exposure to other drugs metabolized by the same enzyme system 

could not be measured and was not incorporated into the model.  It is very likely that this 

knowledge that would remain with the patient, would impact her use of drugs well into the future 

and clinicians may be able to tailor their prescribing to better suit the patient.  This would be 

expected to translate into better clinical effectiveness and safety profile for the patient, resulting 

in cost savings well into the future.  

 

5 Conclusions 
As we are beginning to learn more about the role of genetics in the susceptibility to both 

beneficial and harmful effects of medications, genetic testing will become more critical as a 

valuable clinical resource to guide patient care.  While many other CEAs have evaluated the 

benefits of pharmacogenetic testing to guide treatment and improve outcomes in patients in a 

number of therapeutic areas, to date, there have been no other studies evaluating the cost-

effectiveness of pharmacogenetic testing to guide pharmacotherapy in lactating patients. Nor 

have there been evaluations that look at treatments in one patient, the mother, avoid outcomes in 
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another patient, her infant.  However, as analgesia among the most common treatments used by 

lactating women, particularly in the perinatal period, this type of evaluation is very relevant to 

the vast majority of patients.  This study found that pharmacogenetic screening to guide postnatal 

analgesic treatment was not costs savings, and was associated with a cost of $9,997 to avert one 

adverse event.  The work also showed that the utilization of opioids in the postnatal ward in a 

Toronto hospital was comparable to rates previously published in the literature and that these 

patients were also similar in terms of HRQoL and anxiety levels to postnatal patients elsewhere. 

These similarities suggest that this CEA may be relevant to a wider audience across Canada and 

beyond.   

For the decision maker, this provides a valuable step towards understanding the value of novel 

interventions, which hold promise but may not quite be appropriate for wide-scale 

implementation.  New technologies are emerging at a rapid pace but the benefits to the patient, 

and to society at large need to be evaluated systematically.  The choices they must make are 

difficult and challenging because healthcare resources are finite and certainly constrained around 

the world.  The choices about the best treatment strategies that present the best value for the 

healthcare dollar are critical to improving the health of a population.  
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Appendix A: Formulas for Specific Cost Items 

Cost 
Item 

Variable 
Name 

Cost 
Components 

Formula 

Screeni
ng 
Proced
ure 

cScreen cTesting 
cTestPrep 
cShipping 
cCounselling 

cTesting + cCounselling+cTestPrep+cShipping 

Codein
e 
Exposu
re 

cCodeineEx
p 

cCodeineUnit 
qCodeineUnit 
cAddAnalgesic 
qAddAnalgesic 
cDispense  
qDispense 

(cCodeineUnit*qCodeineUnit)+(cAddAnalgesic*qAddAnalgesic
)+(cDispense*qDispense) 

Non-
Codein
e 
Exposu
re 

cNonCodei
neExp 

cOtherAnalges
ic 
qOtherAnalge
sic 
cDispense 
qDispense 

(cOtherAnalgesic*qOtherAnalgesic)+(cDispense*qDispense) 

Infant 
Advers
e Event 
Costs 

cAE cPatientOutof
Pocket 
cHelpCall 
cPhysicianVisit 
qPhysicianVisi
t 
cLabTest 
qLabTest 

PatientOutofPocket+(cPhysicianVisit*qPhysicianVisit)+(cLabTe
st*qLabTest)+cHelpCall 

Emerge
ncy 
Visit 
Costs 

cEmergency cAmbulance 
cERVisit 
cER_Physician 
cLostProdDay 

cAmbulance+cERVisit+cER_Physician+cER_LostProdDay 

Hospita
l 
Admissi
on 
Costs 

cAdmit cHospAdmit 
qAdmitDays 
cAdmit_PhysD
ay1 
cAdmit_PhysS
ubs 
cLostProdDay 

cHospAdmit+cAdmit_PhysDay1+(cAdmit_PhysSubs*(ceiling(q
AdmitDays)-1))+ (cAdmit_LostProdDay*qAdmitDays) 

81 



 

Appendix B: Model Pathway Cost Formulas for Terminal Nodes 

 

Path Path Details Cost Formula 
1 Screen, UM/Test+, Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
2 Screen, UM/Test+, Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
3 Screen, UM/Test+, Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
4 Screen, UM/Test+, Codeine, Well cScreen+cCodeineExp+cNonCodeineExp 
5 Screen, UM/Test+, Non-Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
6 Screen, UM/Test+, Non-Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
7 Screen, UM/Test+, Non-Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
8 Screen, UM/Test+, Non-Codeine, Well cScreen+cCodeineExp+cNonCodeineExp 
9 Screen, UM/Test-, Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 

10 Screen, UM/Test-, Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
11 Screen, UM/Test-, Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
12 Screen, UM/Test-, Codeine, Well cScreen+cCodeineExp+cNonCodeineExp+cNonCodeineExp 
13 Screen, UM/Test-, Non-Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
14 Screen, UM/Test-, Non-Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
15 Screen, UM/Test-, Non-Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
16 Screen, UM/Test-, Non-Codeine, Well cScreen+cCodeineExp+cNonCodeineExp 
17 Screen, nonUM/Test+, Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
18 Screen, nonUM/Test+, Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
19 Screen, nonUM/Test+, Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
20 Screen, nonUM/Test+, Codeine, Well cScreen+cCodeineExp+cNonCodeineExp+cNonCodeineExp 
21 Screen, nonUM/Test+, Non-Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
22 Screen, nonUM/Test+, Non-Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
23 Screen, nonUM/Test+, Non-Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
24 Screen, nonUM/Test+, Non-Codeine, Well cScreen+cCodeineExp+cNonCodeineExp 
25 Screen, nonUM/Test-, Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
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26 Screen, nonUM/Test-, Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
27 Screen, nonUM/Test-, Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
28 Screen, nonUM/Test-, Codeine, Well cScreen+cCodeineExp+cNonCodeineExp+cNonCodeineExp 
29 Screen, nonUM/Test-, Non-Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
30 Screen, nonUM/Test-, Non-Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
31 Screen, nonUM/Test-, Non-Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
32 Screen, nonUM/Test-, Non-Codeine, Well cScreen+cCodeineExp+cNonCodeineExp 
33 NoScreen, UM/unknown, Codeine, AE, Emerg, Admit, Well cNoScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
34 NoScreen, UM/unknown, Codeine, AE, Emerg, Well cNoScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
35 NoScreen, UM/unknown, Codeine, AE, Well cNoScreen+cCodeineExp+cNonCodeineExp+cAE 
36 NoScreen, UM/unknown, Codeine, Well cNoScreen+cCodeineExp+cNonCodeineExp+cNonCodeineExp 
37 NoScreen, UM/unknown, Non-Codeine, AE, Emerg, Admit, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
38 NoScreen, UM/unknown, Non-Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
39 NoScreen, UM/unknown, Non-Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
40 NoScreen, UM/unknown, Non-Codeine, Well cScreen+cCodeineExp+cNonCodeineExp 
41 NoScreen, nonUM/unknown, Codeine, AE, Emerg, Admit, Well cNoScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 
42 NoScreen, nonUM/unknown, Codeine, AE, Emerg, Well cNoScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
43 NoScreen, nonUM/unknown, Codeine, AE, Well cNoScreen+cCodeineExp+cNonCodeineExp+cAE 
44 NoScreen, nonUM/unknown, Codeine, Well cNoScreen+cCodeineExp+cNonCodeineExp+cNonCodeineExp 
45 NoScreen, nonUM/unknown, Non-Codeine, AE, Emerg, Admit, 

Well 
cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency+cAdmit 

46 NoScreen, nonUM/unknown, Non-Codeine, AE, Emerg, Well cScreen+cCodeineExp+cNonCodeineExp+cAE+cEmergency 
47 NoScreen, nonUM/unknown, Non-Codeine, AE, Well cScreen+cCodeineExp+cNonCodeineExp+cAE 
48 NoScreen, nonUM/unknown, Non-Codeine, Well cScreen+cCodeineExp+cNonCodeineExp 
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