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ABSTRACT 

Using decision analysis techniques, the cost-effectiveness of two alternatives for 

treating hiunan poison exposures were modeled. The alternatives were the treatment of 

poisonings with the services of a regional poison control center versus without access to 

any poison control center. The relative cost-effectiveness was modeled based on two 

outcomes (morbidity and mortality) for each of four typical poison exposures: 

acetaminophen overdose, tricyclic antidepressant overdose, cleaning substance exposure 

in children, and cough / cold preparation overdose in children. Additionally, analyses 

were conducted to test the sensitivity of the cost-effectiveness ratio to outcome 

probability, average inpatient and emergency room charges, and proportion of poison 

exposures managed on site by the regional poison control center. This research was 

conducted firom society's point of view. 

The regional poison control center was substantially more cost-effective than the 

treatment of poison exposures without the services of a regional poison control center for 

both outcomes (morbidity and mortality) in each of the poison exposures considered. 

The results of the sensitivity analyses demonstrated that the outcome of the decision 

analyses do not change regardless of the type of poison exposure, outcome considered, 

clinical outcome probabilities, average inpatient charges, and proportion of poison 

exposure cases managed on site by a regional poison control center. That is, a regional 

poison control center is the dominant strategy with an average cost-effectiveness ratio 

(cost per successful outcome) approximately one half of that achieved with the treatment 
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of poison exposures without the services of a regional poison control center. 

Additionally, these results demonstrate that for each additional successful outcome 

obtained with a regional poison control center there is at least a $12,000 cost savings 

realized. Finally, these results represent a very rare event: an alternative with an 

increased effectiveness accompanied by decreased costs. 



CHAPTER 1 

INTRODUCTION 

Poison exposures are a significant public health concern and are considered to be 

the third most common cause of death in the home (Schauben and Spillane, 1991). In 

the United States, it is estimated that poison exposures account for three percent of total 

injuries and 5 percent of the total lifetime cost of injury, at least eight billion dollars, are 

spent each year to treat human poison exposures (Schauben and Spillane, 1991; Mrvos et 

al., 1994). Schauben and Spillane (1991) estimate that poisonings account for an 

estimated 10 percent of all emergency department visits and 5 to 10 percent of all 

medical admissions. 

While the true incidence of poisoning is unknown, it is estimated that there are 

over four million poison exposures per year (Litovitz et al., 1995; Frankenfield. 

Reynolds, and Regina, 1991). Approximately 86 percent of all reported poisonings are 

accidental, while suicidal intent accounts for less than eight percent of all reported 

poison exposures (Litovitz et al., 1995; Simonsen, 1992). The vast majority (over 90 

percent) of human poison exposures occur in the home, followed by the workplace (2.9 

percent), and schools (1.2 percent) (Simonsen, 1992; Litovitz et al., 1995). At least 72 

percent of all reported poison exposures are managed at a non-health care facility 

(usually at the site of exposure), whereas 24 percent of all poisoning cases are managed 

at a health care facility (Litovitz et al., 1995). Cleaning substances are the most 

frequently implicated products in all reported human poison exposures, accounting for 
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over 10 percent of all poisonings, followed by analgesics (over nine percent), and 

cosmetics (over eight percent) (Litovitz et al., 1995). Ingestion is the predominant route 

of exposures and poisoning fatalities, accounting for approximately 75 percent of all 

poison exposures, followed in frequency by dermal, inhalation, and ophthalmic routes of 

exposure (Simonsen, 1992; Litovitz et al., 1995). 

Litovitz et al. (1995) reported that in 1994 there were 766 poison-related 

fatalities. While the majority of all poisonings occurred in children, they accounted for 

very few of the poison-related fatalities (four percent). Over 59 percent of all poisoning 

fatalities occurred in the 20 to 49 year-old age group. Drug products are implicated in 

the majority of poisoning fatalities, with analgesics, antidepressants, sedative/hypnotics, 

and stimulants and street drugs constituting the top four products implicated (Simonsen. 

1992; Litovitz et al., 1995). Iron products continue to be the leading cause of death in 

pediatric poisonings. 

Children are the primary victims of poison exposures, with over 48 percent of all 

poison exposure cases reported in children under the age of three years and over 54 

percent in children under the age of six years (Litovitz et al., 1995; Simonsen, 1992). 

Woolf (1992) estimates that over one million children (under the age of 6 years) are 

poisoned in the United States each year and that the peak age for reported poisonings 

was approximately two years old. One of the most startling facts is that over 30 percent 

of all young children who suffer one poisoning episode will have at least one additional 

poisoning episode before the age of six years (Woolf, 1992). 
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In 1950 the American Academy of Pediatrics became alarmed over the increasing 

incidence of injuries to young children. As a result, a Committee on Accident 

Prevention was formed to research the problem and to find ways of reducing the 

incidence of injury in young children. The committee, headed by Dr. George M. 

Wheatley, discovered that a large proportion of the accidents and injuries (including 

many deaths) of children was the result of accidental poisoning (Robertson, 1978). This, 

coupled with physicians' need for a source of up-to-date information on the toxic 

ingredients in the thousands of substances on the market in the United States, provided 

the impetus for the formation of the poison information center. Poison control centers 

have been instrumental in increasing public awareness of poison prevention techniques 

in the home, as evidenced by an 85% reduction in the number of reported deaths in 

children under the age of 5 since the implementation of poison prevention week 

campaigns in 1962 (Schauben and Spillane, 1991). 

Although the number of poison exposures reported have steadily increased, the 

percent of US population with access to the services of a regional poison centers 

decreased fi-om 59% to 50% between 1991 and 1994 (Litovitz et al., 1995). The 

declining number of poison control centers reflects the growing fiscal pressures on 

government at the local, state and national level as well as on the health care system. 

Today, poison control centers across the country are facing a serious financial 

crisis. Many of those centers fortunate enough to remain open are scrambling for fimds 

and curtailing services provided. The majority of regional poison control centers receive 
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their support from sponsoring hospitals, while only 37.3% of all centers receive 

governmental support and 3.7% receive significant philanthropic gifts to offset operating 

costs (King and Palmisano, 1991). In 1993,27 poison centers reported budget 

reductions estimated at over $2.5 million (Litovitz et al., 1994). 

The ongoing financial plight of poison control centers nationwide places 

increasing importance on the justification of poison center services (Tong and Soloway. 

1994). Geller and Looser (1985) used survey methodology to determine what action 

recent poison control center consumers (users) would have taken if the center had not 

existed and the impact of health insurance on the course of action they would take. The 

authors reported that "most" of the respondents indicated that they would have called an 

emergency room or physician, or gone directly to an emergency room or physician. 

While no exact figures were provided, the authors concluded that direct medical costs 

(amount spent on medical services to treat poison exposures) were reduced wdth poison 

center use by 75 to 80 percent. Additionally, the authors did find that there were no 

significant differences in intended courses of action between those who possessed 

insurance and those who did not. 

Schleich and Mclntire (1984) estimated the role of poison control centers in cost 

containment. Surveys were conducted to determine what action previous users of the 

poison center would have taken if the center had not existed. Using this data, the authors 

projected that 8 percent of the patients calling the center (who were treated at home) 

would have made an unnecessary visit to an emergency room and almost 85 percent 



would call the emergency room or their physician. The authors concluded that over the 

five year study period (1977-1981) the poison control center saved $202,810.89 in 

needless emergency room visits and over 2,250 personnel-hours of time on the phone 

(assuming at least 10 minutes per phone call to the emergency room or physician). 

In an important study. King and Palmisano (1991) compared emergency 

poisoning health care utilization between two states: one state whose population did not 

have access to a poison control center (Louisiana); and another that did have access to a 

poison control center (Alabama). The authors found significant differences between the 

two states' utilization of emergency care for poison exposures. Only 28 percent of the 

human exposures in Louisiana resulted in patient home management; while 74 percent of 

the cases in Alabama were managed at home. Conversely, the Louisiana self-referral 

rate was over 63 percent, while the rate for Alabama was less than 15 percent. The 

authors estimated the number of excess health care visits in Louisiana to be 2,108 over a 

seven month period. Extrapolating their results over a one year period and using cost 

data for both physician and emergency room visits, the researchers estimated the cost of 

excess health care visits for one year to be as high as $1.4 million. 

A significant advancement in the research into the costs incurred from 

unnecessary emergency department visits for poison exposures was accomplished by 

Filandrinos et al. (1993) at the Minnesota Regional Poison Center. The authors used an 

elaborate methodology consisting of five separate surveys and concluded diat 54.6 

percent of possible poisonings that could be treated on site would be treated in an 



emergency department if a poison center had not been available. Excess health care 

expenditures (in the absence of a poison center) were estimated to be $3,192,988 per 

year, or $152,708 per 1,000 exposures. 

Recently, the economist Ted R. Miller (Landis, 1994) estimated that in 1992, 

without poison control centers, over 600,000 additional poisoning victims would have 

required treatment at a health care facility. Finally, it was estimated that for every dollar 

spent on poison center services, at least $7.75 in medical spending is avoided. 

To date, the most definitive research into the cost effects of a regional poison 

control center was published by Kearney et al. (1995). The authors used survey research 

to estimate the health care cost effects of the use of a regional poison control center by 

the general public. The authors reported that without access to a regional poison control 

center. 79% of all poison exposure cases would have sought assistance from the local 

emergency health care system; while the regional poison control center managed over 

72% of all cases on site. The annual cost savings from the unnecessary ER visits was 

estimated to be over $3.3 million, over three times the center's annual operating budget. 

However, it is important to note that all of the previous smdies undertaken to 

justify the services of poison control centers have focused on health care resource usage 

avoided by the services provided by a poison control center. Essentially, the researchers 

are stating that the "effect" of poison control centers are health care visits avoided. 

While this is an important aspect of poison control center service, it is most definitely 

not the only effect and does not follow the framework outlined by the Center for Disease 
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Control (CDC) for assessing the effectiveness of disease and injury prevention programs 

(Harrison et al., 1995; CDC, 1992). The avoidance of unnecessary health care visits is 

considered by health care professionals and society in general to be a "secondary" effect. 

The main effects of poison control centers are in the clinical arena. Poison control 

centers can reduce patient mortality and morbidity, decrease poison exposures, and 

increase patient quality of life. Clearly, what is needed are comprehensive economic 

analyses, such as cost-effectiveness or cost-benefit analyses, centered around the clinical 

effects of poison control centers. These economic analyses require a clear comparison of 

all the significant inputs to an output (outcome) of the poison center's services. 

POISON CONTROL CENTER PRODUCTION MODEL 

Economic analyses arose from the classical production model, that specifies the 

inputs to the process and then describes the outputs. In the classical production model, 

with a clear output, the production model is easily identified. However, when the 

production model is applied to a service fimction (such as poison control centers) it 

requires modification and is not easily specified because many activities, and subsequent 

outputs, are ignored (e.g., education, data collection, research). 

In any economic analysis, the perspective (point of view) taken must be clearly 

expressed, and subsequently greatly influences the inputs and outputs considered in the 

analysis. The inputs and outputs included in the economic analysis, when conducted 

from society's perspective, will significantly differ from those considered when the 



analysis is conducted from die institution's (provider) perspective. When the economic 

analysis is undertaken from society's perspective, the production model serves as the 

basis for the analysis and must include all pertinent inputs (direct and indirect costs 

incurred and avoided by society) to the provision of therapy (to include adverse effects 

associated with the therapy) and must be compared to the output (clinical effect). 

Figure 1 depicts the proposed production model used in the economic analyses of 

a poison center (from society's perspective) (Harrison et al., 1995). The production 

model is an adaptation of the model described by Gavett and Mushlin (1986) and Slack 

and Draugalis (1993). This model clearly delineates the significant inputs and outputs 

involved in the production of poison center services. As can be seen, the inputs to a 

regional poison center fall mainly into three categories: personnel, equipment (physical 

facilities), and administrative. These inputs lead to the four main activities of a regional 

poison center: education, clinical, data collection, and research. Finally, each activity 

yields a group of unique outputs (effects). This model forms the proposed theoretical 

framework for economic analyses of a poison control center. 

As a comparison, the production of poison exposure treatment services without 

poison control center services can be extracted from Figure 1, using those elements of 

the production model expressed in italics. Without poison control services, the emphasis 

centers on specific clinical outcomes: mortalities and morbidities avoided. Many other 

clinical outcomes are ignored, as well as education, data collection, and research 
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outcomes. Specifically, the thrust of poison exposure activities, without poison centers, 

switches from preventing to treating exposures once they occur. 

Figure 1. Services Production Model for a Regional Poison Control Center 

Inputs Activities Outputs 

Personnel: 
Health Care Personnel 

Physical Facilities: 
Equipment-. 
Automation Support Equipment 
Other Capital Equipment 

References: 
Automated 
Text 

Administrative 
Support Personnel 
Administrative Overhead 

Educational: 
Consumer 
Health Care 

Clinical Consultations: 
Phone 
Written 
Public 
Health Care Personnel 
Law Enforcement 
Speciali:ed Consultation 

Data Collection 
Data Gathering 
Data Manipulation 
Data Evaluation 

Research 
Results Published 

Education: 
Consumer 

Decreased ExfKJSures 
Increased Quality-of-Life 
Increased Health 
Decreased Health Care Utilization 

Health Care Personnel: 
"Critical" Mass Trained 

Increased Quality of Treatment 

Clinical: 
Health Care Personnel Consultations 
Increased Quality of Treatment 

Mortalities Avoided 
Decreased Length of Stay 
ylorbidities Avoided 
Decreased Health Care Utilization 

Consumer Consultations 
Decreased Health Care Utilization 
Increased Consumer Awareness 

Data Collection 
Product Modification 
Marketing Claims 
Legistation/Regulation 
Consumer Awareness 

Research 
Increased Health Care Expertise 
Increased Prevention 
Increased Consumer Knowledge 

Italics = Production of poison exposure treatment services without poison control centers 

Source: Harrison et aL, 1995 

Several examples can be used to illustrate the production model for a regional 

poison control center. We will utilize a hypothetical case concerning the services 
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provided by a regional poison control center in the treatment of poisonous snake bite 

envenomation as an example. However, it is important to remember that as we discuss 

the management of this case, it is possibly only one of hundreds of interventions 

provided daily by poison center specialists, and when conducting economic analyses it is 

the total aggregate costs and outcomes (of all poison center interventions) that are 

included in the analyses. 

Inputs 

As Figvire 1 demonstrates, the components of the production model (inputs, 

activities, and outputs) are interrelated. Inputs directly influence the processes that the 

poison center is capable of undertaking and form the basis for the numerator of any 

economic analysis. The dollar value of the inputs are siommed and considered as "costs" 

incurred during the production of a clinical effect (outcome). As can be seen, there are 

significant setup costs involved in the production of poison center services, and implies 

that there are significant economies of scale to be realized. This further strengthens the 

argument for a few, well-equipped regional poison centers. 

In our hypothetical poisonous snake bite envenomation case, significant inputs 

are needed to enable the poison exposure specialist to manage the case. Sophisticated 

facilities, such as computers, automated references, capital equipment, and specialized 

training are needed before the poison center specialist can begin the activities that are 

necessary to manage the case. 
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Activities 

The activities undertaken by a poison center are intermediate steps between the 

inputs and outputs, and serve to convert the various inputs into associated outputs. They 

form the basis for determining the outputs produced by the poison center. 

In our hypothetical poisonous snake bite case, the poison center specialist utilizes 

the resources of the poison center to provide clinical consultations with the attending 

physician(s). The clinical consultations are conducted round-the-clock and provide the 

physician with advice concerning all aspects concerning the management of the case, 

from antivenom dosage to the treatment of any adverse reactions incurred. 

Outputs 

The outputs derived from poison center services provide the conceptual 

framework for assessing the effectiveness of a poison center. As such, they contribute to 

the denominator in the economic analyses of a poison center. Additionally, many 

outputs from a poison center production model may contribute to the costs (inputs) 

assessed in economic analyses because they become costs avoided by the poison center's 

services. For example, a poison center's ability to manage poison exposures at the site 

has resulted in the elimination of a significant number of unnecessary ER visits. As 

such, those ER visits avoided can be considered costs avoided by the intervention of a 

poison center. 



In our poisonous snake bite case, the intervention provided by the poison control 

center provides many possible outcomes. Certainly one outcome may be mortality 

avoided. There are other, less conspicuous outcomes associated with this intervention. 

It is possible that the poison center's services result in reduced patient morbidity, as 

evidenced by saving the patient's limb, and improved quality of life. Another effect that 

is often overlooked is that the consultations provided by the poison center specialists 

help train the attending physicians, providing a "critical mass" of trained physicians 

leading to improved care provided by those physicians. 

Many of these outcomes can be valued in dollars, summed, and considered as 

costs avoided by the poison center. They represent the economic benefits of having 

poison control center services available. Certainly, a value can be assigned to the 

mortalities and morbidities avoided by poison control centers and treated as costs 

avoided (benefits) in any economic analysis. Additionally, the poison center may reduce 

the length of hospital stay, and a dollar value is assigned to the number of days for which 

the hospital stay has been reduced. The impact of poison centers on health care use has 

been well documented, and should be incorporated into any economic analysis; however, 

it is important to emphasize that the costs avoided by the poison center should not be the 

main effect or outcome considered. 



Economic Analyses 

There are two main economic evaluation methodologies applicable to the 

evaluation of poison center services. The first economic evaluation methodology is the 

cost-effectiveness analysis (CEA). There are many definitions of CEA (Chrischilles, 

1991; Drummond and Stoddart and Torrance, 1992; Luce, 1993; Gaspari, 1983; 

Eisenberg, 1989; Birch and Gafiii, 1992). In general, it is a method used to identify, 

measure and compare all the significant inputs of a health care intervention to an output 

(outcome) of the intervention. Therefore, cost-effectiveness is a comparison of the 

inputs (costs) of an intervention with the output (outcome). 

The second economic evaluation methodology applicable to a poison center is the 

cost-benefit analysis (CBA). CBA is a technique for choosing among alternative 

programs by comparing dollars of benefits to dollars of costs for the alternative 

programs, so limited resources can be used most effectively (Kitz, 1991). It is similar to 

the CEA, except that the effects (outputs) of a program are valued in dollars. A CBA 

includes the monetary value of the inputs and the monetary value of at least one output, 

and because outputs are valued in dollars, multiple outputs may be considered 

simultaneously. The CBA is ideally suited for programs (such as poison centers) with 

multiple outcomes that can be valued in dollars. 



PROBLEM STATEMENT 

There is little doubt that poison control centers are etlective in reducing the 

morbidity and mortality associated with poisoning exposures (Micik, 1978; Litovitz and 

Elshami, 1982; Misra, Haulman, and Robertson, 1993). Poison control centers have 

been the cornerstone of poison prevention educational activities and have been 

instrumental in achieving an 85% reduction in the number of reported deaths in children 

under the age of 5 since the implementation of poison prevention week campaigns in 

1962 (Schauben and Spillane, 1991). However, what is not known is whether or not 

poison control centers are a more cost-effective method of treating human poison 

exposures than treatment without access to any poison control center services; while 

policy makers have implicitly assumed that treatment without poison control centers 

services is as effective as treatment with the services of poison control centers. What is 

needed is a cost-effectiveness analysis (CEA), based on the clinical effect of a poison 

center, that incorporates all significant costs incurred and avoided (economic effect) 

during the treatment of human poison exposures with the intervention of a poison center; 

and follows the framework outlined by the Center for Disease Control (CDC) for 

assessing the effectiveness of disease and injury prevention programs (Harrison et al., 

1995; CDC, 1992). Additional support for the importance of this topic is demonstrated 

by the recent request for proposal (RFP #482) funded by the CDC to demonstrate the 

cost-effectiveness of a regional poison control center. 



STATEMENT OF PURPOSE 

The overall purpose of this research was to establish the relative effectiveness of 

regional poison control centers for treating human poison exposures compared to the 

treatment of poisonings without access to any poison control center services; then to 

compare the cost-effectiveness of the two alternatives from society's perspective. Using 

the decision analysis modeling techniques described by Weinstein et al. (1980), the 

cost-effectiveness of a regional poison control center (RPCC) in the treatment of poison 

exposures was compared to the treatment of poison exposures without the services of a 

EIPCC by constructing a decision tree. Cost-effectiveness ratios were calculated by 

entering the treatment costs and path probabilities into the decision tree and calculating 

the expected value for each alternative. Two average cost-effectiveness ratios (average 

cost per successful outcome), one using mortality avoided and the other using morbidity 

avoided, were modeled for both alternatives included in this research. A final purpose of 

this research was to calculate the incremental cost-effectiveness ratios for each outcome. 

RESEARCH OBJECTIVES 

The following objectives of this research were proposed: 

(1) Determine the probability of morbidity associated with each of the treatment 

alternatives considered in this research. 

(2) Determine the probability of mortality associated with each of the treatment 

alternatives considered in this research. 



(3) Determine the probability of poison exposure treatment adverse effects associated 

with each of the treatment alternatives considered in this research. 

(4) Determine the direct costs incurred during the treatment of human poison exposures 

by each of the treatment alternatives considered in this research. 

(5) Determine the average cost-effectiveness ratios for the two treatment alternatives 

considered in this research, based on both measures of effectiveness. 

(6) Determine the incremental cost-effectiveness ratios for each poison exposure and 

outcome. 

SIGNIFICANCE OF THE PROBLEM 

Despite the fact that poison control centers are effective in reducing morbidity 

and mortality associated with poison exposures, they are facing a serious financial crisis 

today. While the number of toxic substances on the market continues to increase, policy 

makers deny a increasingly larger portion of the population access to the services 

provided by a poison control center. 

In 1993, twenty seven poison centers reported budget reductions totaling over 

$2.5 million (Litovitz et al., 1994). The poison center in Washington DC narrowly 

averted closure on February 28, 1994, and its future is still in doubt. In August, 1993. 

the center in Irvine, California closed, leaving 5.5 million people without poison center 

services. The poison center in Fresno California faces an imcertain future after being 

notified that its supporting private hospital was discontinuing support. The Knoxville, 



Tennessee poison center has closed, leaving 1 niillion residents without poison center 

services, while a neighboring center (Middle Tennessee) is also being threatened. The 

poison center in Tucson, Arizona continues to face a series of budget crises, even after 

closure of the center in Phoenix. The Rocky Mountain Poison Center was forced to 

discontinue service to eight counties who wouldn't contribute to its operation. Even the 

Chicago and Northeastern Illinois Regional Poison Control center at 

Rush-Presbyterian-St. Luke's Medical Center, regarded as the first comprehensive poison 

control center, is being threatened. 

The majority of regional poison control centers receive their support from 

sponsoring hospitals, while only 37.3% of all centers receive governmental support and 

3.7% receive significant philanthropic gifts to offset operating costs (King and 

Palmisano, 1991). Due to severe financial pressures on the centers' sponsoring 

hospitals, ftonding for poison center operations has been continuously curtailed. The 

ongoing financial plight of poison control centers nationwide places increasing 

importance on the justification of poison center services. Economic analyses, such as 

cost-effectiveness are essential to the economic justification of poison control center 

services. These economic analyses require a clear comparison of all the significant 

inputs to a poison control center to an output (outcome) of the poison center's services. 

A production model for a poison control center can be an invaluable guide to the 

researcher interested in conducting an cost-effectiveness analysis of a poison center. 
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allowing for a clear identification of all significant inputs and outputs of a poison control 

center. 

Finally, the significance of the need to evaluate the economic value of clinical 

pharmacy services, such as poison control centers, has been recognized by the American 

College of Clinical Pharmacists (ACCP). ACCP has stressed that for poison control 

center services to survive, it must be proven that they provide quality poison exposure 

care at a cost acceptable to society (Willett et al., 1989). It was also stressed that any 

attempt at demonstrating the economic value of poison control center services, must be a 

full economic evaluation (one in which at least one alternative to a poison control center 

is evaluated). The best alternative, with which to compare poison control centers, is the 

treatment of poison exposures without access to any poison control center services. This 

is the approach taken in this research, and will provide a clear comparison between the 

economic value of the treatment of poison exposures with and without poison control 

center services. 

DEFINITIONS 

Chance Node - Denotes a point in time at which one of several possible events beyond 

the control of the decision maker may take place (Weinstein et al., 1980). 

Cost - The consumption of a resource that would otherwise be used for another purpose. 

It is heavily dependent on the perspective taken during the economic analysis (Eisenberg, 

1989). 
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Cost-Benefit Analysis (CBA) - a technique for choosing among alternate programs by 

comparing dollars of benefits to dollars of costs for the alternate programs, so limited 

resources can be used most effectively (Kitz, 1991). It is similar to the CEA, except that 

the effects (outputs) of a program are valued in dollars. 

Cost-Effectiveness Analysis (CEA) - "An approach used for identifying, measuring, and 

comparing all the significant pros and cons of alternative health care practices 

(interventions)" (Chrischilles, 1991). In general, it is a method used to identify, measure, 

and compare all the significant inputs of a health care intervention to an output 

(outcome) of the intervention. 

Decision Analysis - A systematic approach to decision making under conditions of 

uncertainty (Weinstein et al., 1980). 

Decision Node- Also known as a choice node. Denotes a point in time at which the 

decision maker can elect one of several alternative courses of action (Weinstein et al.. 

1980). 

Decision Tree - A fundamental analytic tool for decision analysis. A way of displaying 

the proper temporal and logical sequence of a clinical decision problem (Weinstein et al.. 

1980). 

Decision Tree Path - Also known as a scenario. A particular sequence of actions and 

events beginning with a particular choice at the initial choice node and following a 

particular event or choice at each subsequent chance or choice node from lefl to right 

(Weinstein et al., 1980). 
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Economic Evaluation - A comparison of inputs and outputs of at least two health care 

alternatives (Drummond et al., 1987). It examines both their costs and consequences. 

Usually consists of one of four types: CEA, CBA, cost minimization analysis (CMA), 

and cost utility analysis (CUA). 

Expected Value - Weighted average of possible values. The weights are the 

corresponding probabilities (Weinstein et al., 1980). Interpreted as the average cost per 

patient entering a specific branch of the decision tree. 

Incremental Cost-Effectiveness Ratio - Reflects the additional cost incurred for one more 

successful outcome (Bloom et al., 1995). 

Morbidity - Any untoward condition (e.g., liver, renal, CNS, cardiac toxicity) caused by 

a poison exposure. 

Poison Exposure - A potential exposure to a toxic substance, intentional or unintentional, 

that could potentially result in patient harm. Can include (but not restricted to) a wide 

variety of situations: snake envenomations, insect bites, drug overdose, adverse drug 

reactions, poison ingestion, and environmental exposures. 

Production Model - A systematic method for identifying all significant inputs, activities, 

and outputs of a program being evaluated (Gavett and Mushlin, 1986; Slack and 

Draugalis. 1993). 

Regional Poison Control Center - A clinical service organized to provide information 

and therapeutic advice pertaining to the management of any poison exposure. This 

service is organized at the regional level, serving all persons (health care professionals 



and lay persons) within the specified region. Additionally, regional poison control 

centers must meet stringent certification criteria delineated by AAPCC (AAPCC, 1978). 

Treatment Adverse Effects - Any unwanted effects (e.g., nausea, vomiting, 

bronchospasms) directly resulting from any poison exposure treatment provided. 
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CHAPTER 2 

REVIEW OF RELATED LITERATURE 

This chapter presents a review of the salient literature related to this research. 

The important literature can be divided into seven major areas: 

1. An overall review of literature pertaining to the incidence of human poison 

exposures in the United States. 

2. A review of the history of poison control centers in general, and specifically 

regional poison control centers. 

3. A literature review of the activities conducted by the specialist employed by 

regional poison control centers. 

4. A review of the application of economic evaluations in medicine. 

5. A review of the literature assessing the cost-effectiveness of regional poison 

control centers. 

6. A review of the published literature documenting the economic impact of 

poison control centers. 

7. An overview of decision analysis process and its application in clinical 

settings. 

POISONING INCIDENCE 

Poison exposures are a significant public health concern and are considered to be 

the third most common cause of death in the home (Schauben and Spillane, 1991). 
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While the true incidence of poisoning is unknown, it is estimated by many researchers 

that there are over four million poison exposures per year (Litovitz et al., 1995; 

Frankenfield, Reynolds, and Regina, 1991). Litovitz et al. (1995) estimated that at least 

31 percent of all patients who reported exposure to a poison developed symptoms 

directly related to their exposure. Over 86 percent of all reported poisonings were 

accidental, while suicidal intent accounted for less than eight percent of reported poison 

exposures (Litovitz et al., 1995; Simonsen, 1992). The large proportion of accidental 

poisonings represent preventable events. Disease prevention objectives described in 

"Healthy People 2000" call for the reduction of poisonings and emergency department 

treatments (Litovitz et al., 1994). 

Since the implementation of poison prevention week campaigns in 1962, the 

number of deaths reported in children under the age of 5 has been reduced by 85% 

(Schauben and Spillane, 1991). Meanwhile, the number of poison exposures reported 

through the American Association of Poison Control Centers Toxic Exposure 

Surveillance System (TESS) has steadily increasing each year (Litovitz et al., 1995). 

While the number of poison exposures reported have steadily increased, from 1.837,939 

in 1991 to 1,926,438 in 1994, the p)ercent of US population with access to the services of 

a regional poison centers decreased from 59% to 50% between 1991 and 1994 (Litovitz 

etal., 1995). 

In the United States, it is estimated that poison exposures account for three 

percent of total injuries and 5 percent of the total lifetime cost of injury, over eight 



billion dollars, are spent each year to treat human poison exposures (Schauben and 

Spillane, 1991; and Mrvos and Dean and Krenzelok, 1994). Schauben and Spillane 

(1991) estimate that poisonings account for an estimated 10 percent of all emergency 

department visits and 5 to 10 percent of all medical admissions. The vast majority of 

human poison exposures occur in the home. In 1994, over 90 percent of all human 

poisonings occurred in the home, followed by workplace (2.8 percent) and schools (1.2 

percent) (Simonsen, 1992; Litovitzetal., 1995). Cleaning substances were the most 

frequently implicated products in all reported human poison exposures, accoimting for 

over 10 percent of all poisonings, followed by analgesics (over nine percent), and 

cosmetics (over eight percent) (Litovitz et al., 1995). 

Children are the primary victims of poison exposures, with over 48 percent of all 

poison exposure cases reported in children under the age of three years and over 54 

percent in children under the age of six years (Litovitz et al., 1995; Simonsen, 1992). 

Woolf (1992) estimates that over one million children (under the age of 6 years) are 

poisoned in the United States each year and that the peak age for reported poisonings 

was approximately two years old. However, only 10 percent of these poisonings result in 

signs and symptoms, 2 percent in hospitalization, and less than 4 percent in death 

(Chafee-Bahamon and Lovejoy, 1983; Litovitz et al., 1995). It is important to note that 

over 30 percent of all young children who suffer one poisoning episode will have at least 

one additional poisoning episode before the age of 6 years, as a result of parental 
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inability to use a previous exposure to improve poison exposure readiness and poison 

prevention activities (Woolf, 1992). 

While children represent the majority of all poisonings, they accounted for very 

few of the poison related fatalities (four percent) (Litovitz et al., 1995). Of the 766 

poison related fatalities reported in 1994, over 59 percent occurred in the 20-49 year-old 

age group (Litovitz et al., 1995). In 1994, almost 95 percent of all poison exposures 

were acute cases, accounting for over 62 percent of all poison related deaths (Litovitz et 

al., 1995). Drug products are implicated in the majority of poisoning fatalities, with 

analgesics, antidepressants, sedative/hypnotics, and stimulants and street drugs 

constituting the top four products implicated (Simonsen, 1992; Litovitz et al., 1995). 

The high incidence of drug products implicated in fatal poisonings (74 percent of all fatal 

poisonings) can be explained by the fact that over 76 percent of all adult (poisoning) 

deaths in 1994 were intentional (Schauben and Spillane, 1991; Simonsen, 1992; Litovitz 

et al., 1995). In contrast, accidental ingestion of iron products continues to be the 

leading cause of death in pediatric poisonings. 

Over 72 percent of all poison exposures reported to regional poison control 

centers were managed at a non-health care facility (usually at the site of exposure), 

whereas only 24 percent of all poisoning cases were managed at a health care facility 

(Litovitz et al., 1995). 

The overwhehning majority of human poison exposure cases reported involved 

only one substance (93.2 percent), while only 5.1 percent of all reported cases involved 



37 

two poisonous substances (Litovitz et al., 1995). Ingestion is the dominant route of 

exposure. Over 75 percent of all poison exposures were accounted for by ingestion, 

followed in frequency by dermal, inhalation, and ophthalmic routes of exposure 

(Simonsen, 1992; Litovitz et al., 1995). Additionally, ingestion was the predominant 

route of exposure in the 766 poisoning fatalities. 

HISTORY 

In 1950 the American Academy of Pediatrics became alarmed over die increasing 

incidence of injuries to young children. As a result, a Committee on Accident 

Prevention was formed to research the problem and to find ways of reducing the 

probability of injury to young children. The committee, headed by Dr. George M. 

Wheatley, discovered that a large proportion of the accidents and injuries (including 

many deaths) of children was the result of accidental poisoning (Robertson, 1978). This, 

coupled with physicians' need for a source of up-to-date information on the toxic 

ingredients in the thousands of substances on the market in the United States, provided 

the impetus for the formation of the poison information center. 

In 1953, Edward Press, M.D., along with fellow pediatricians, several local 

health care facilities, and local government agencies founded the first poison information 

center in Chicago, Illinois. Initially, the poison information center's operations were 

modest, responding only to local health professionals. One of the most significant 

contributions was the publishing of a monograph that served as a reference/guide to 
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chemical entities of common household products, along with their treatment 

recommendations for accident poisonings in children (Scherz and Robertson, 1978). 

Soon, the model developed in Chicago was replicated around the country. In less 

than a quarter of a century, the number of poison control centers across the country had 

mushroomed to over 600 and peaked at 661 centers in 1978. (Litovitz et al., 1994; 

Scherz and Robertson, 1978; Litovitz and Elshami, 1982). Many of these early centers 

were based in emergency departments or pharmacies of health care facilities and were 

manned by nurses, pediatric residents, or pharmacists with limited training in toxicology 

and with paluy information resources. With the rapid expansion in the number of poison 

control centers came the realization that many services and efforts were being needlessly 

duplicated across the country. Among the nation's poison centers there were wide 

variations in call volume and populations served. Some centers received as many as 80 

calls per day while others received only one call per day. Additionally, some centers 

served populations of only a few thousand while other centers served populations that 

contained millions of people. Finally, only a few poison centers were separately staffed, 

and usually these staffs were inadequately trained. 

The Emergency Medical Services Systems Act of 1973 provided the catalyst and 

financial assistance to improve the quality of the nation's poison control services 

(Litovitz et al., 1994). Due to increasing financial pressure and a desire to improve the 

quality of poison control services, the concept of regional poison control centers began 

to emerge. The major supporter of regionalization, the American Association of Poison 



Control Centers (AAPCC), recognized that the majority of existing poison control 

centers were not providing comprehensive services and had insufficient resources, 

experience, and call volume to develop and provide toxicologic expertise. 

The concept of regional poison control centers provided for fewer, yet more 

sophisticated poison control centers. Regional centers have been generally 

acknowledged as being better staffed and equipped than nonregional poison centers 

(Scherz and Robertson, 1978; Robertson, 1978; Litovitz and Elshami, 1982; Litovitz et 

al., 1994). With guidance of AAPCC, regionalization led to the development of national 

standards for poison centers and a certification process that measured compliance with 

these standards (AAPCC; 1978). Regionalization, in the early 1980's, accompanied a 

rapid decline in the number of poison control centers across the United States. Often, 

many smaller (local) poison centers merged together to provide more sophisticated 

services to a larger region. 

In 1994, 87 poison centers remain; however only 39 of these are certified. 

Further, only 65 out of the 87 total poison centers report their data to the Toxic Exposure 

Surveillance System (TESS) operated by AAPCC (Litovitz et al., 1995). It must be 

stressed that these figures may not be completely accurate due to the high rate of both 

certified and uncertified poison center closures (Litovitz et al., 1994). These figures 

reflect the growing fiscal pressures on federal, state, and local governments; as well as 

local health care facilities, leading to poison center closures or cutbacks. 
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There is an increasing body of literature supporting the superior quality of 

services provided by regional centers, when compared to nonregional centers. 

Thompson et al. (1984) assessed the competency of regional and nonregional poison 

centers in handling a case of salicylate poisoning. The researchers found that regional 

centers asked significantly more questions than nonregional centers and were 

significantly more proficient in taking patient histories. Astonishingly, one third of all 

nonregional centers surveyed did not consider the potentially toxic ingestion of salicylate 

important enough to treat or were not willing to handle the case. The researchers 

concluded that the chance of obtaining incorrect recommendations for poisoning 

treatment from the nonregional centers was nine times greater than that from the regional 

centers. 

In their effort to improve the previous research of Thompson et al., Geller et al. 

(1990) found that regional centers provided complete and correct answers in 83 percent 

of the presented cases, while nonregional centers' perforaiance was only 57 percent. 

Further, the researchers found that regional center status, staff experience, center call 

volume, and medical direction ail were significantly and positively related to correct 

answers. Litovitz et al. (1984) provided additional evidence of the differences between 

regional and nonregional poison control centers in their research comparing the results of 

a national certification examination for poison information specialists administered by 

AAPCC. The failure rate in regional centers was less than half that in nonregional 

centers. Further, it was found that poison information specialists in centers receiving 
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more than 15,000 calls each year had significantly higher examination scores. Finally, 

the authors demonstrated that regional center poison information specialists achieved 

significantly higher scores (77.1 percent) than a control group of emergency room 

physicians (57 percent). These were strong arguments for regionalization and the need 

for the specialized services of a regional poison control center. 

Physicians, Veterinarians, and other health care professionals recognize that 

consultation with regional poison control center specialists can improve patient care. In 

a survey of emergency room physicians in the state of Washington, respondents called 

the regional poison control center an average of 23 times per year (Misra et al. 1993). 

They used the regional poison control center's services for three primary reasons: 1) 

signs of a specific chemical's acute toxicity, 2) general or specific recommendations for 

emergency treatment, and 3) ingredient information of trade and generic brand products. 

Additionally, 85 percent of the respondents felt that the center's response time was "very 

reasonable". Finally, 91 percent of all respondents stated that their calls to the poison 

control center had significantly contributed to better patient management. 

The proportion of United States population served by certified regional poison 

control centers continues to shrink, despite substantial evidence of their superiority and 

value in treating human poison exposures. In just four years the population served 

shrank fi-om 59 percent (1991) to 50 percent (1994) (Litovitz et al., 1995). Financial 

pressures have forced many regional centers to close and many more to curtail 

operations. These closures and cutbacks have had some profound effects. The result has 
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been impaired service, reduced surveillance efforts, and a reduction in poison prevention 

activity. The results of these closures and cutbacks may result in unnecessary health care 

resource utilization, increased poisonings, and increased morbidity and mortality 

resulting fix»m poison exposures. 

POISON CONTROL CENTER ACTIVITIES 

Regional poison control centers conduct a wide range of activities. Their most 

important function is to provide therapeutic advice on the management of poisonings 

(and environmental exposures) to both health professionals and lay persons. Poison 

control centers have been instrumental in reducing the morbidity and mortality 

associated with poisoning events (Micik, 1978; Litovitz and Elshami, 1982; Misra, 

Haulman, and Robertson, 1993). Poison control centers have been the cornerstone of 

poison prevention educational activities. According to a recent survey conducted by 

AAPCC, the average (for all reporting centers) full time equivalent staff members 

dedicated to community education is 0.7 (Litovitz et al., 1994). Other vital functions 

performed by poison control centers include the collection, analysis and dissemination of 

patient experience data, the coordination and interpretation of toxicologic laboratory 

analyses, the provision of health professional education, and epidemiological research. 

Misra et al. (1993) found that 31 percent of the poison information specialist's 

time was spent in documented telephone interaction (including poisindex retrieval). An 

additional 6 percent of the specialist's time was spent in non-poisindex information 
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retrieval. Finally, almost 25 percent of the specialist's time was spent in documentation 

activities. 

There are many cases documenting the important roles played by poison control 

centers. Perry et al. (1992) described the key role played by poison control centers in 

responding to poisonings in the school setting. Scalise et ai. (1989) documented the 

important role poison centers play m the treatment of toxicological exposures within 

health care facilities. Litovitz et al. (1993) described the activities of poison centers in 

the prevention and treatment of occupational and environmental exposures. The role of 

poison control centers in veterinary poisoning emergencies has significant economic 

implications. Often when a specialist provides treatment recommendations for one case, 

the case can involve hundreds of animals (livestock). For example, Krenzelok et al. 

(1992) described the key role played by a poison control center in the treatment of 

pesticide poisoning in a herd of 200 cattle. 

Additionally, the data collected by AAPCC through TESS has far reaching 

implications. TESS data have been used supporting evidence in product reformulations, 

repackaging, recalls, and bans (Litovitz et al., 1995). TESS safety data have been used to 

support or oppose applications for conversion from prescription to over-the-counter 

status. Additionally, TESS data have been instrumental in the postmarketing 

surveillance of newly released drugs and products. 
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ECONOMIC EVALUATIONS IN MEDICINE 

The basic assumption of economic analysis is that choices are required between 

alternative uses of resources (Bootman et al., 1991; Drummond et al., 1992). Decisions 

must consider both cost and consequence (outcome) because there are not enough 

resources to provide all the medical care technically possible, tradeoffs and choices are 

inevitable. Economic analysis identifies and make specific a set of criteria that may be 

used in deciding resource allocation between alternatives. Drummond et al. (1992) 

define economic evaluation as "the comparative analysis of alternative courses of action 

in terms of both their costs and consequences." The basic requirements of any economic 

evaluation are to identify, measure, value, and compare the costs and consequences of 

the alternatives being considered. Complete economic evaluations require the 

comparison of two or more alternatives and both costs and consequences must be 

considered (Drummond et al., 1992). 

There are three dimensions that must be considered during the conduct of an 

economic analysis (Eisenberg, 1989). The first dimension to consider is the type of 

economic analysis (cost-minimization, cost-effectiveness, cost-benefit, and cost-utility). 

The second dimension to consider is concerned with the points of view that may be taken 

during the analysis (society, payer, provider, and patient). The third, and final dimension 

to consider is the costs to be included in the medical economic analysis (direct, indirect, 

and intangible costs). 
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Cost-Minimzation 

Cost-minimization provides the answers to the question, "What is the Cost?" 

The costs incurred because of disease or because of the medical resources utilized to 

treat disease can be determined and compared between two competing alternatives. It 

seeks to identify the lowest cost of different competing alternatives (Bootman et al., 

1991; Drummond et al., 1992). The central assumption of cost-minimization analysis is 

that the outcomes of the strategies under consideration are identical (to include adverse 

effects). Therefore, the goal is to find the least expensive way of achieving the outcome 

(efficiency evaluation). Cost-minimization analysis is often referred to as 

cost-identification analysis or cost-analysis and has also been used to quantify the 

economic burden of a disease or its (Eisenberg, 1989). 

Cost-Effectiveness 

Cost-effectiveness analysis incorporates both cost and effect (Eisenberg, 1989; 

Bootman et al., 1991; Drummond et al., 1992). It measures the net cost of providing a 

service (costs incurred minus costs avoided) as well as the outcomes (output) obtained. 

The outcome (effect) is reported in a single unit of measurement, usually a conventional 

clinical outcome (e.g., life-years gained) or a measure that combines several outcomes on 

a common scale. It is important to stress that the outcome of competing programs must 

be measured in identical terms (e.g., mortality, morbidity) and all alternatives which 

have a common effect can be compared. The results of cost-effectiveness analysis are 



stated in terms of cost per unit of effect or in terms of effects per imit of cost. Most 

importantly, this measure of efficiency means little by itself; the cost-effectiveness of a 

clinical strategy must be compared with the cost-effectiveness of alternative ways of 

caring for the patient or using a resource (Bootman et al., 1991; Drummond et al., 1992). 

An advantage of cost-effectiveness analysis is that it considers the possibility of 

improved outcomes in exchange for the use of more resources. However, the outcome 

under consideration must be relevant to practicing clinicians and policy makers. 

Cost-Benefit 

While cost-effectiveness analyses are useful to decision makers, they do not 

expressly assess whether the outcomes are worth the cost. Cost-benefit analysis expands 

the analysis beyond measuring effectiveness in clinical terms or abstract concepts 

(Eisenberg, 1989). Cost-benefit analysis forces an explicit decision about whether the 

cost is worth the benefit by measuring both (costs and benefits) in the same units (usually 

dollars). Cost-benefit analysis is similar to cost-effectiveness analysis, except that 

clinical effect or outcome of a clinical strategy is assigned a dollar value. By assigning 

dollar values to clinical outcomes (effects), competing programs with completely 

different clinical outcomes (in terms of measurement) can be compared since these 

outcomes are both converted to common units of measurement (dollars) (Bootman et al., 

1991; Drummond et al., 1992). Comparisons between competing alternatives can be 

carried out through a calculation of the net benefit (or net costs) by subtracting cost firom 
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benefit. Additionally, comparisons may be made by calculating the ratio of benefits to 

costs. 

Cost-Utility 

Another method of measuring the value of an outcome is utility analysis. Utility 

refers to the value or worth of a specific level of health status (Eisenberg, 1989; Bootman 

et al., 1991; Drummond et al., 1992). The utility or value of each outcome can be 

measured in standardized units. These standardized units can be combined to yield an 

overall value for the total impact of an intervention. 

The various methods used to estimate utility values include standard reference 

gambles, rank and scale, and time tradeoff (Eisenberg, 1989). All methods require the 

use of scenarios that require the patient to compare the relative values of a number of 

possible scenario outcomes. Of these, standard gamble is the most preferred since it is 

capable of incorporating conditions of uncertainty into the utility measure. Utility 

analysis can be used to generate a utility score for an combination of outcomes. Utility 

values can be used to adjust a given set of outcomes for quality of life and are normally 

expressed in quality adjusted life years (QALYs) or healthy days. 

Cost-utility analysis expresses the results as a ratio of the costs per healthy day or 

costs per QALY. This method for conducting economic analysis is becoming 

increasingly popular in medicine (Drummond et al., 1992). It not only allows for the 



48 

direct comparison of two programs with completely different and multiple outcomes, but 

also incorporates the patient's utility for the outcomes in question. 

Perspective of Economic Analysis 

Costs, outcomes, and benefits may be viewed differently when the point of view 

taken in the analysis is varied between the viewpoints of society, patient, payer, or 

provider (Eisenberg, 1989; Larson, 1991; Drummond et al.. 1992). Cost is defined as the 

consumption of a resource that could have otherwise been used for other purposes 

(Eisenberg, 1989). By giving up the opportunity to use the resource for other purposes, 

these costs are often referred to as "opportunity costs." 

The cost to the payer (e.g.. Medicare) is the charge allowed by the payer. The 

cost to the provider is usually the real cost of providing the service, regardless of what is 

charged. Meanwhile, the cost to patients is the amount paid for the service (portion not 

covered by insurance) plus all other costs that might be incurred due to illness or 

treatment (including time lost from work). Finally, the cost to society is usually 

considered the total net cost to the different components of society, including lost 

productivity and expenses incurred for providing and obtaining medical care. These 

costs are referred to as "social opportunity costs" because they result in society giving up 

the opportunity to use the resources for other purposes (Eisenberg, 1989). 
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Costs 

Direct costs are actually transactioiis; they represent expenditures for medical or 

nonmedical products and services. Direct medical costs usually include: hospitalization, 

drugs, physicians' fees, laboratory tests, radiological procedures, rehabilitation, durable 

medical equipment, and long-term care. Additionally, direct costs can include costs for: 

food, transportation, lodging, family care, home aides, and clothing. It is important to 

note that these costs are the results of an illness but do not involve purchasing medical 

goods and services. 

Indirect costs may also have a significant impact. Indirect costs are those that 

result from loss of life or livelihood and may result from morbidity or mortality 

(Eisenberg, 1989; Larson, 1991). Indirect morbidity costs may be incurred because of a 

forced absence from work or because of long-term disability that requires a change in 

type of employment. Indirect mortality costs are the costs of premature death; for 

example, income lost. There are two general approaches to estimating indirect costs: the 

human capital approach and the willingness to pay approach. The human capital 

approach has become less favored for the estimation of indirect costs because it 

estimates the value of potential production lost, whereas the actual loss for society may 

be much smaller (Koopmanschap and Rutten, 1993). 

A third category of costs are intangible costs. They include the costs of: pain, 

suffering, grief, and other nonfinancial outcomes of disease and medical care. Generally 

speaking, these costs are often very difficult (if not impossible) to directly measure. 



When intangible costs are considered in cost-benefit analysis, they must be measured in 

the same units as direct and indirect costs (dollars). The willingness to pay method is 

normally employed to convert intangible costs and benefits into dollar values. Intangible 

costs and benefits are increasingly being incorporated into cost-utility analysis by 

incorporating them into scenarios to which the participants respond (Eisenberg, 1989). 

ECONOMIC IMPACT OF POISON CONTROL CENTERS 

One of the most ardent topics in the literature today is the impact of poison 

control centers on health care resource utilization. Poison control center closings and 

budget cutbacks have been the impetus behind the popularity of this research subject. 

Many researchers have highlighted the key role poison control centers play in the health 

care utilization aspect of the production model for regional poison control centers, by 

reducing the unnecessary health care resource use. Further, it is society in general that 

must ultimately bear the burden of the unnecessary health care resource use in the 

absence of regional poison control centers. 

Chafee-Bahamon and Lovejoy (1983) assessed the impact of poison control 

center in reducing needless emergency room visits. Of all pediatric patients seen in the 

emergency room (during the study period) for poisoning, 63 percent did not require the 

service of a hospital and 95 percent did not contact the regional poison center before 

going to the hospital. Only 0.5 percent of all parents who called the poison center made 

needless emergency room visits, compared to 28 percent of those who did not call 
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(p<0.00l). However, the researchers did not attempt to assess the economic impact of 

the uimecessary health care resources consumed. 

Geller and Looser (1985) used survey methodology to determine what action 

recent poison control center consumers (users) would have taken if the center had not 

existed and the impact of health insurance on the course of action they would take. The 

authors reported that "most" of the respondents indicated that they would have called an 

emergency room or physician, or gone directly to an emergency room or physician. 

While no exact figures were provided, the authors concluded that direct medical costs 

were reduced with poison center use by 75 to 80 percent. However, the mediods used in 

this research was not provided, and it is impossible to determine the accuracy of the 

conclusions reached by the researchers. In addition, the authors found that there were no 

significant differences in intended courses of action between those who possessed 

insurance and those who did not. 

Schleich and Mclntire (1984) estimated the role of poison control centers in cost 

containment. Surveys were conducted to determine what action (go to the ER, call 

physician, etc.) previous users of the poison center would have taken if the center had not 

existed. Using this data, the authors projected that 8 percent of the patients calling the 

center (who were treated at home) would have made an uimecessary visit to an 

emergency room and almost 85 percent would call the emergency room or their 

physician. The authors concluded that over the 5 year study period the poison control 

center saved $202,810.89 in needless emergency room visits and over 2,250 



personnel-hours of time on the phone (assuming at least 10 minutes per phone call to the 

emergency room or physician). However, the researchers excluded all patients over 18 

years old. 

Although the authors used a weak method, surveys asking recall questions about 

past intentions, they established that regional poison control centers avoid significant 

costs associated with unnecessary ER visits. Their estimate should be considered very 

conservative though because they excluded significant sources of costs (uimecessary 

hospitalization and ambulance use). In addition, the study was based on the assumption 

that the clinical outcomes (i.e., morbidity and mortality) are the same for treatment with 

and without the services of a regional poison control center. 

In an important study assessing the impact of poison control center closure on 

emergency health care resource use. King and Palmisano (1991) compared emergency 

poisoning health care utilization between two states: one state whose population did not 

have access to a poison control center (Louisiana), and another that did have access to a 

poison control center (Alabama). The authors found significant differences between the 

two states' utilization of emergency care for poison exposures. Only 28 percent of the 

human exposures in Louisiana resulted in patient home management; while 74 percent of 

the cases in Alabama were managed at home. Conversely, the Louisiana self-referral 

rate to the ER was over 63 percent, while the rate for Alabama was less than 15 percent. 

The authors estimated the number of excess health care visits in Louisiana to be 2,108 

over a 7 month period. Extrapolating their results over a one year period and using cost 



data for both physician and emergency room visits, the researchers estimated the cost of 

excess health care visits for one year to be as high as $1.4 million. However, there is a 

significant limitation in the methodology used in this research. During the research 

period, limited poison information services were available for the state of Louisiana 

through a special interstate telephone line with the regional poison center at The 

Children's Hospital of Alabama in Birmingham. As a result, the authors' conclusions 

may underestimate the economic impact of a poison center. In addition, the study was 

based on the assumption that the clinical outcomes (i.e., morbidity and mortality) are the 
% 

same for treatment with and without the services of a regional poison control center. 

A significant advancement in the research into the costs incurred fi-om 

unnecessary emergency department visits for poison exposures was accomplished by 

Filandrinos et al. (1993) at the Minnesota Regional Poison Center. The authors used an 

elaborate methodology consisting of five separate surveys and concluded that 54.6 

percent of possible poisonings that could be treated on site would be treated in an 

emergency department if a poison center had not been available. In their analyses, the 

authors included actions taken by patients, ER physicians, and family practitioners to 

determine unnecessary ER visits and ambulance use. Excess ER health care 

expenditures (in the absence of a poison center) were estimated to be $3,192,988 per 

year, or $152,708 per 1,000 exposures. 

The economist Ted R. Miller (Landis, 1994) estimated that in 1992, without 

poison control centers, over 600,000 additional poisoning victims would have required 



treatment at a health care facility. Finally, he estimated that for every dollar spent on 

poison center services, at least $7.75 in medical spending is avoided - a figure widely 

quoted and utilized by health care policy makers. 

To date, the most explicit research into the cost effects of a regional poison 

control center was published by Kearney et al. (1995). The authors used survey research 

to estimate the health care cost effects of the use of a regional poison control center by 

the general public. In their analyses, the authors included actions taken by patients, ER 

and other physicians, and 911 personnel to determine unnecessary ER visits and 

ambulance use. The authors reported that without access to a regional poison control 

center, 79% of all poison exposure cases would have sought assistance from the local 

emergency health care system; while the regional poison control center managed over 

72% of all cases on site. The annual cost savings from the unnecessary ER visits was 

estimated to be over $3.3 million, over three times the center's annual operating budget. 

In a survey conducted in 1993 by AAPCC, the average cost of a certified poison 

center was $29.27 per human exposure (Litovitz et al., 1994). Additionally, the cost of a 

noncertified poison center per human exposure was almost identical to that of certified 

centers. Over 70 percent of the direct operating costs for poison centers are professional 

personnel costs and each flill time equivalent specialist handles an average of 3,458 

human exposure calls per year (Litovitz et al., 1994). The implicit production model 

goveming this research was one consisting of two components: inputs (operating cost) 
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and output (case managed). All other aspects of the production model (especially many 

vital outputs) were ignored. 

In summary, the results of the research conducted on the economic impact of 

regional poison control centers have focused on reducing the type of inputs, usually ER 

services, utilized in the treatment of human poison exposures. The results demonstrate 

that regional poison control centers have a major impact on reducing urmecessary health 

care resource use. Further, it is society that ultimately pays for the unnecessary health 

care resource use required to treat poisonings in the absence of regional poison control 

centers. 

COST-EFFECTIVENESS OF REGIONAL POISON CONTROL CENTERS 

There have been numerous assertions that regional poison control centers are cost 

effective. However, to date there are no published empirical data utilizing true 

cost-effectiveness research methods. Many researchers have claimed that poison centers 

were cost-effective by extrapolating the cost savings data attained by poison centers. 

Essentially, the researchers are stating that the "effect" of treating poison exposures 

through poison control centers are health care visits avoided. While this is an important 

aspect of poison control center functions, it is most definitely not the only effect and is 

only one of 19 potential outcomes identified in the production model for regional poison 

control centers. Because a regional poison control center (RPCC) is a method for 

providing medical treatment, the primary, and most important, effect of a RPCC is its 
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effect on the clinical outcomes, such as morbidity and mortality resulting from poison 

exposures. Poison control centers avoid or reduce patient mortality and morbidity from 

poison exposures. Finally, the studies reviewed in the previous section do not follow 

the framework outlined by the Center for Disease Control (CDC) for assessing the 

effectiveness of disease and injury prevention programs, which requires the identification 

of a clear and explicit clinical effect to be used in the assessment (Harrison et al.. 1995; 

CDC, 1992). 

Clearly, a comprehensive cost-effectiveness analysis based on the clinical effects 

of poison centers would provide critical information on the use of poison centers in the 

management of poison exposures (Harrison et al., 1995; CDC, 1992; Willett et al., 

1989). Further evidence of the need for a comprehensive analysis of the 

cost-effectiveness of a regional poison control center is demonstrated by the recent 

request for proposal (RPP #482) funded by the CDC to demonstrate the 

cost-effectiveness of a regional poison control center. 

An appropriate alternative with which to compare the cost-effectiveness of a 

regional poison control center is required (CDC, 1992; Drummond et al., 1992; 

Chrischilles, 1991; Eisenberg, 1989; Willett et al., 1989). Perhaps the best alternative 

(and certainly the most realistic) is no alternative at all. It is important to assess just 

what exactly would happen if there were no poison center resources available to the 

public or health care professionals. Finally, what is needed is cost-effectiveness research 

that includes all the costs incurred by poison centers (it is possible that poison centers 



incur some additional health care costs by practicing overly conservative poison 

exposure management) and the many costs "avoided" by poison control centers. Poison 

centers avoid costs by providing public and health care professional education, by greatly 

reducing unnecessary health care expenditures, by reducing unnecessary ambulance 

support, and by greatly reducing physician time spent on the phone answering patient 

poison exposure inquiries. 

DECISION ANALYSIS 

Decision analysis is a systematic approach to decision making under conditions 

of uncertainty. Because it incorporates conditions of uncertainty, decision analysis is 

ideally suited to the clinical setting (Weinstein et al., 1980). Decision analysis 

originated in World War II when the British developed it to assist them in allocating 

scarce resources (Barr and Schumacher, 1991). Decision analysis has been an important 

tool for assisting decision makers and has been applied in business and only recently 

(mid-1970s) in medicine. 

Decision analysis is explicit, quantitative, and prescriptive (Weinstein et al., 

1980). It requires the decision maker to explicitly identify the logical structure of the 

decision problem into its components so that they can be analyzed individually and then 

recombined. It requires the decision maker to consider the timing at which choices are 

made, the data needed to make choices, and the uncertainties (probabilities) surrounding 

the values of possible outcomes. Decision analysis is quantitative in that it uses 



empirical evidence and beliefs about the key uncertainties (probabilities) and to be 

precise regarding the values placed on possible outcomes. However, the most important 

aspect of decision analysis is that it is prescriptive (not descriptive) (Weinstein et al., 

1980; Einarson et al., 1985; Habbema et al., 1990). It is intended to aid physicians in 

deciding what they should do, in a given a set of circumstances. 

The Decision Analysis Process 

Decision analysis encompasses four basic steps (Weinstein et al., 1980; Einarson 

et al., 1985; Habbema et al., 1990; Pauker and Kassirer, 1987; Hagen, 1992). The first 

step is to define and bound the decision problem. Clinical problems are broken down 

into their component parts: alternative actions, clinical information needed, clinical 

states of the patient, and other relevant considerations. The decision maker must clearly 

identify possible alternative actions required to treat the patient at all points in time. 

These alternative actions can range from seek additional data to undertake treatment. 

The decision maker must identify the fragments of clinical information that is available 

to make the various decisions. This may range from obtaining results of various lab 

tests, to evaluating patient symptoms, and to appraising patient response to treatment. 

The third component of identifying and bounding the decision problem is concemed with 

the aspects of the patient's health that are of particular concern within the decision 

problem. Finally, there are other considerations that impact upon the decision but are not 
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directly related to outcome of the treatment. Financial costs may be one of the most 

important considerations. 

The second step in the decision process is to structure the decision problem. The 

components of the clinical problem are structured in a logical and temporal sequence. 

This sequence should clearly demonstrate the points at which choices must be made 

among alternative actions and those points at which information is obtained or outcomes 

are revealed. Time is a critical component of the decision structure. The product of this 

step is the decision tree. The decision tree is a flow diagram that specifies the sequential 

nature of events and decisions. 

The third step in the decision analysis is recognizing the nature of the 

uncertainties and the valued outcomes associated with the decision tree developed in the 

second step. The uncertainties in a clinical decision are potential sources of error, 

ambiguity in the clinical data, and uncertainty in the diagnosis and in the effects of 

treatment. For each source of uncertainty, the decision maker should first seek to 

understand the factors underlying the uncertainty. Medical literature, consultation with 

experts, and personal experience should be considered in evaluating sources of 

uncertainty. When outcomes are valued, the personal values of both the patient and 

physician should be considered. 

The fourth and final step, choosing the action to be taken, requires combining the 

information gathered in the third step using the structure developed in the second step. 

There are two important aspects of this process: quantification of uncertainties and 
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valued outcomes, and sensitivity analysis. The quantification of uncertainties and valued 

outcomes involves breaking down the decision tree into its component parts and 

analyzing smaller sections. This is done in reverse order of the decision tree's 

development by starting at the right and working back to the initial decision or choice 

node. This process weights each path's outcome value by its probability of occurrence 

while working fi^om right to left, from outcomes to options. This is done through a 

process called "averaging out and folding back." A sensitivity analysis is conducted by 

methodically varying the different assumptions that are built into the decision tree and 

numerical assessments (probabilities and valuations) to determine the effect different 

probabilities and values have on the conclusion (Briggs et al., 1994; Petitti, 1994). If the 

conclusions do not change significantly, then the model is robust to the assumptions, 

probabilities and valuations outlined in the decision tree. However, if the conclusions do 

change significantly, then the decision maker should assess how likely the "sensitive" 

value is to occur. 

Applications of Decision Analysis 

Decision analysis has been applied in a wide variety of clinical settings. It has 

been utilized in deciding between two competing clinical programs (Magdid et al., 1992; 

Habbema et al., 1990; Hilden and Habbema, 1990; Pauker and Kassirer, 1987). 

Additionally, decision analysis is widely used in the decision making process between 

two competing specific therapeutic alternatives (especially pharmaceuticals) (Gonzalez 
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et al., 1994; Brixner, 1994; Paladino, 1994). Finally, there have even been published 

reports of the use of decision analysis in case studies (Barr and Schumacher, 1991). 

Advantages and Disadvantages of Decision Analysis 

The benefits of decision analysis can be grouped into two general categories: 

helping physicians treat disease, and helping physicians communicate with each other 

(Weinstein et al., 1980, Hagen, 1992). Decision analysis helps physicians treat disease 

through the structuring of the decision problem, assessing probabilities, and assessing 

valuations. The decision analysis method forces the decision maker to break down 

complex problems into simpler components. This enables the physician to focus on the 

separate parts without losing sight of the whole. Decision analysis requires clinicians to 

search for specific estimates of probabilities which promotes a competent quantitative 

interpretation of clinical tests. Finally, decision analysis focuses attention on the values 

placed on different outcomes. 

The second group of benefits derived from decision analysis are concerned with 

the ability to help physicians communicate with each other. Decision analysis requires a 

specific vocabulary for assessing clinical tests and weighing individual preferences, 

which provides a basis for meaningfiil communication among physicians regarding 

patient care strategies. Finally, the decision analysis approach can clarify the nature of 

disagreements among clinicians. This aids in determining precisely which aspect of the 

decision (structure, probabilities, or outcomes) is in dispute. An important consequence 



of this disagreement may be the identification of a potential area for further clinical 

research. 

However, there are some potential disadvantages to decision analysis. Weinstein 

et al. (1980), identified three potential sources of the deficiencies of decision analysis: 1) 

the complexity and other characteristics of the clinical encounter, 2) the technical 

features of the analytical method itself, and 3) the behavioral qualities of the decision 

maker. 

Among the major hurdles to the application of decision analysis are multiple 

problems within a single patient, a complex array of alternative actions and events, and 

an urgent need to make decisions. When patients have more than one health problem, a 

single problem may be so complex that the resulting decision tree becomes unwieldy. 

Additionally, the highly complex problem is aggravated by the usual urgency to reach a 

decision. 

A second source of deficiencies associated with decision analysis results from 

possible technical problems in using the method. The analysis depends heavily on the 

correctness of the structure of the decision, on the probabilities determined, and the 

valuation of outcomes. A specific analysis remains valid for as long as its structural and 

quantitative components are current, and the practice of medicine and pharmacy can be a 

rapidly changing process. 

The third source of deficiencies associated with decision analysis results from 

problems introduced by the user. Many decision makers (especially clinicians) have 



difficulty with the probabilistic nature of the decision process and information. As a 

result, physicians may have difficulty wielding probabilities, constructing coherent sets 

of probabilities, or quantifying their degree of belief. The skills required to conduct these 

analyses must be learned. 

CONCLUSIONS 

This chapter provides the theoretical basis upon which this research was 

developed. A review of the literature concerning the incidence of human poison 

exposures was presented to establish the seriousness of the problem of poisonings. An 

overview of the history and activities were presented to establish the need for regional 

poison control centers and to delineate the myriad of valuable activities they perform. 

An an overview of the economic evaluations in medicine was presented to provide the 

reader with background information and enable the reader to critically evaluate cost 

studies of poison control centers. A review of the literature concerning the economic 

impact of poison control centers was presented to demonstrate that regional poison 

control centers can significantly decrease urmecessary health care resource utilization, 

and associated costs, in the treatment of poison exposures. Next, a review of the 

literature describing the cost studies of regional poison control centers was presented to 

show that no reported studies compared the clinical effectiveness of regional poison 

control centers to a no-RPCC altemative, then related effectiveness to costs. Finally, an 
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overview of decision analysis was considered to demonstrate its usefulness in conducting 

economic evaluations. 
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CHAPTERS 

METHODOLOGY 

GOALS 

The overall purpose of this research was to establish the relative effectiveness of 

regional poison control centers in treating human poison exposures compared to the 

treatment of poisonings without access to any poison control center services; then to 

compare the cost-effectiveness of the two altematives from society's perspective. Using 

the decision analysis modeling techniques described by Weinstein et al. (1980), the 

cost-effectiveness of a regional poison control center (RPCC) in the treatment of poison 

exposures was compared to the treatment of poison exposures without the services of a 

RPCC by constructing a decision tree. Cost-effectiveness ratios were calculated by 

entering the treatment costs and path probabilities into the decision tree and calculating 

the expected value for each alternative. Two average cost-effectiveness ratios (average 

cost per successful outcome), one using mortality and the other using morbidity, were 

modeled for both altematives included in this research. Additionally, incremental 

cost-effectiveness ratios were calculated for each outcome. 

VARIABLES 

Treatment Variable 

This research included two levels of the treatment variable, the treatment of 

human poison exposures. The first treatment alternative assessed was the intervention of 
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a regional poison control center in the treatment of human poison exposures. The second 

treatment alternative included in this research was the treatment of human poison 

exposures without access to any poison center services. As previously discussed, poison 

control centers have been shown to provide effective treatment of human poison 

exposures. Therefore, the intervention with a regional poison control center is expected 

to reduce morbidity and mortality through higher quality of care. 

Dependent Variables 

Two sets of dependent variables were estimated. The first set of dependent 

variables established the relative effectiveness of the two treatments and were the 

probabilities of mortality, morbidity, and treatment adverse effects associated with 

poisonings. In economic terms, clinical outcomes are referred to as "outputs". This 

research evaluated the probability of two clinical outputs, morbidity and mortality. 

Because no published data support or quantify the effects of a RPCC on 

morbidity, mortality, and treatment adverse effects associated with the intervention of 

regional poison control center specialists, a panel of expert physicians consisting of five 

toxicologists, estimated the probability of morbidity, mortality, and treatment adverse 

effects when treatment occurs either with or without the services of a Regional Poison 

Control Center (RPCC). 

The second set of dependent variables assessed in this research were direct costs 

incurred (by society) during the treatment of human poison exposures. For this study. 
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only direct medical costs incurred were calculated. Indirect costs were not included. 

Direct costs are enumerated below. 

DIRECT MEDICAL COSTS: 

Emergency room visits 
Physician services 
Poison center operational costs 
Hospitalized bed days 
Laboratory costs 
Drug costs 

Valuation of Medical Costs 

For this study, direct medical costs were determined from the average local 

medical charges to each type of cost included in this research. This research is being 

undertaken from the perspective of society, and average charges are an accurate 

reflection of the costs incurred by society (Eisenberg, 1989; Larson, 1991; Drummond et 

al., 1992). 

METHODS 

Sites and Participants 

Study Site 

The Axizona Poison and Drug Information Center (APDIC) provides poison 

information for the entire state of Arizona, serving a population of four million people. 

The APDIC is a certified regional poison control center and is open 24 hours a day, 365 

days a year. The APDIC receives almost 34,000 human poison exposure calls per year (a 

total of 78,000 calls per year), of which 20 percent are from health care providers. The 
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APDIC call volume, on a per-population basis, is one of the highest in the country. 

Additionally, all staff members are full-time clinical pharmacists who are certified 

AAPCC poison information specialists. During 1993, persotmel of the APDIC gave 144 

presentations, and distributed 40,000 poison center phone stickers, 36,000 poison 

prevention brochures, and 80 snake venom poisoning posters. 

In 1994, over 77 percent of the total poison exposure calls managed by the 

APDIC were managed at the site of exposure (usually at home). Almost 44 percent of all 

1993 poison exposure cases were in children 12 years old and under. During 1994, there 

were eight reported fatalities fi-om human toxic exposure in the region served by the 

APDIC. The APDIC is also considered the nationwide expert on the management of 

rattlesnake envenomations; routinely managing snake bite cases from across the country. 

Research Protocol 

The procediore for implementing the research protocol is described below: 

1. Expert Physician Selection: The toxicologists were recruited from the population of 

toxicologists not affiliated with the APDIC, in order to minimize bias. The physician 

experts were recruited from members listed in the American Academy of Clinical 

Toxicology, Inc. 1994/1995 Membership Directory (AACT, 1994). 

2. Poison exposure selection: Four types of typical poison exposure cases were included 

in the evaluation of the cost-effectiveness of both alternatives based on a combination of 

their overall incidence and deaths caused, according to AAPCC data (Litovitz et al.. 
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1995). The four types of poisonings were: 1) typical acute acetaminophen overdose in 

adults, 2) typical acute tricyclic antidepressant overdose in adults, 3) typical acute 

cleaning substance exposure in children (under 13 years of age), and 4) typical acute 

cough / cold preparation overdose in children (under 13 years of age). 

3. Determination of Outcome: The probability of clinical outcomes (morbidity and 

mortality) and probability of adverse effects resulting from the treatment of poison 

exposures associated with the two treatment alternatives were established by an expert 

consisting of five toxicologists. A questionnaire was used to collect data from the panel. 

The questionnaire was pretested for content and face validity by faculty members, 

clinical poison specialists, toxicologists and modified as appropriate (Appendix A). 

Each toxicologist estimated the percentage of patients experiencing the overall incidence 

of morbidity, mortality, and treatment adverse effects associated with four typical poison 

exposures, when treatment occurs either with or without the services of a RPCC. The 

median probability was used for the probabilities of morbidity, mortality, and treatment 

adverse effects assigned to the various nodes of the decision tree modeling of the 

cost-effectiveness assessments. 

4. Determination of Costs: The direct cost incurred by each branch of the decision tree 

involving hospitalization was determined through a survey of charges based on 

ICD-9-CM codes for inpatient charges. The 1CD-9-CM (PMIC, 1993) codes were as 

follows: acetaminophen overdose (965.4), tricyclic antidepressant overdose (969.0), 

cleaning substance exposure (983.9), and cough / cold preparation overdose (963.0). 



Average ICD-9-CM based charge data were provided by the Arizona Department of 

Health Services. Additionally, this research assumed that all patients admitted to the 

hospital would be admitted through the ER. Therefore, the average ER visit charges 

(discussed later) were added to the average inpatient charge for both alternatives in the 

decision analysis. Further, it was determined that adverse treatment effects prolonged 

inpatient stays by one day, on average, and would increase the "level" of physician CPT 

code (99263) (AMA, 1993). 

ER visit charges were determined through a combination of ER visit and 

physician (CPT 99285) charges (AMA, 1993). Average ER charges were determined 

through a survey of charges of four local hospitals. Direct costs associated with the 

management of poison exposure cases with the services of a RPCC was estimated using 

an average RPCC operational cost per poison exposure case managed. Finally, when 

considering the average ER visit and inpatient charge with the service of a RPCC. the 

average RPCC cost per case managed was also added to the average ER visit and 

Inpatient charges. In summary. Table I depicts the calculation of charges for each 

branch of the decision tree. 
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Table 1. Calculation of Decision Tree Branch Charges 

Path Branch Calculation of Charges 

With RPCC 

On Site Success Average APDIC Cost per Case 

AE Success Average APDIC Cost + Average Inpatient Charges + 
Average AE Charges ^Average ER Charges + Average 
ER CPT Charges 

Failure Average APDIC Cost + Average Inpatient Charges + 
Average AE Charges +Average ER Charges + Average 
ER CPT Charges 

No AE Success Average APDIC Cost + Average Inpatient Charges 
+Average ER Charges + Average ER CPT Charges 

Failure Average APDIC Cost + Average Inpatient Charges 
+Average ER Charges + Average ER CPT Charges 

ER Success Average APDIC Cost + Average ER Charges + Average 
ER CPT Charges 

Without RPCC 

On Site Success Zero 

AE Success Average Inpatient Charges + Average AE Charges 
+Average ER Charges + Average ER CPT Charges 

Failure Average Inpatient Charges + Average AE Charges 
+Average ER Charges + Average ER CPT Charges 

No AE Success Average Inpatient Charges +Average ER Charges + 
Average ER CPT Charges 

Failure Average Inpatient Charges +Average ER Charges + 
Average ER CPT Charges 

ER Success Average ER Charges + Average ER CPT Charges 



Data Analysis 

Decision Analysis 

The relative cost-effectiveness of a RPCC in the treatment of four typical poison 

exposures, compared to treatment without the services of a RPCC, was modeled using 

decision analysis techniques and decision trees described by Weinstein et al. (1980). 

Decision trees (for both clinical outcomes in all four poison exposures) were constructed 

and the cost-effectiveness of both alternatives modeled using the decision analysis 

software DATA (version 2.6) for Windows (TreeAge, 1995). Decision analysis was 

used to calculate the average cost per patient (expected value) and number of successful 

outcomes for each alternative. The basic decision tree used in all four poison exposure 

cases is depicted in Figure 2. Probability estimates employed in the various nodes of the 

decision tree(s) were derived from a combination of published literature and median 

panel responses (Figure 2). Average (A) Cost-effectiveness ratios were calculated by 

dividing the average cost by the probability of successfiil outcome for each alternative. 

Incremental (I) cost-effectiveness ratios were calculated for both outcomes and for each 

poison exposure case. Incremental cost-effectiveness ratios are very important in the 

decision making process, and reflect the additional cost incurred for one more successful 

outcome (Bloom et al., 1995). 
. _ Costs(WiUi) Costs(Without) 

Success(With) ^®tSUS success(Without) 

r _ Cosis(Wiih) - Costs(Without) 
Success(With) - Success(Without) 

Costs = Average Cost Per Patient Derived From Decision Analysis 
Success = Probability of Success Derived From Decision Analysis 
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Figure 2. General Decision Tree 

fN 

Success = Survival or No Morbidity 
Failure = Death or Morbidity 
(1) = Probabilities Derived From Published Literature 
(2) = Probabilities Derived From Panel of Expert Physicians 
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Sensitivity Analyses: 

A series of sensitivity analyses were conducted for each cost-effectiveness ratio 

modeled for each of the four types of poison exposures; using only the morbidity clinical 

outcome (Petitti, 1994; Briggs et al., 1994). Morbidity was chosen for the sensitivity 

analyses because of the magnitude of impact regional poison control centers potentially 

have on the morbidity associated with poison exposures. Specifically, two sets of 

sensitivity analyses, for a total of 8, were conducted (one outcome for each of four types 

of poison exposures). The first set of sensitivity analyses performed was a two-way 

sensitivity analysis across reasonable ranges of average inpatient charges and average ER 

visit charges for the effect on morbidity for each type of poison exposure. The second 

set of sensitivity analyses assumed equal probability for both clinical outcomes in the 

decision tree (morbidity and treatment adverse effects) while performing a two-way 

sensitivity analysis across reasonable ranges of proportion of poison exposures managed 

on site by the RPCC and average inpatient charges. These two sets of sensitivity 

analyses were chosen because of their potential impact on the decision process. These 

two sensitivity analyses target the high cost components of the treatment process (Petitti, 

1994; Briggs et al., 1994). Additionally, the second set of sensitivity analyses was 

chosen because of its importance to public health policy makers and assumed a 

cost-minimization approach while determining sensitivity to the proportion of poison 

exposure cases that must be managed on site by the APDIC and the average cost of 

inpatient care. 
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ASSUMPTIONS 

1. That the range of values assigned to each source of medical costs are both appropriate 

and representative of normal values. 

2. That the two treatments studied in this research are independent of each other. 

3. That the physician responses obtained in this research are not biased in any way. 

4. That the lower bounds of the effectiveness of a RPCC in the treatment of poison 

exposures is equal to the effectiveness without the services of a RPCC. 

5. That the average inpatient charges (for each ICD-9-CM code) for both alternatives are 

equal. 

6. That all poison exposure hospital admissions are through the ER. 

7. That the inpatient (ICD-9-CM) charges for both success and failure outcomes were 

equal (on average). 

STUDY LIMITATIONS 

A significant limitation of this research is that these analyses only represent a 

"snapshot" in time; especially since average costs and charges were employed in the 

conduct of this research. As discussed previously, there are significant economies of 

scale in the operation of a regional poison control center. This research will provide 

significant insights into the cost-effectiveness of providing regional poison control center 

services based on the current call volume managed by the APDIC. If call volume 

increases, the cost to operate the APDIC remains essentially the same, potentially 
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making the cost-effectiveness ratio even smaller (providing more output per dollar 

expended). Conversely, if caU volume decreases, the cost to operate the APDIC still 

remains essentially the same, potentially making the cost-effectiveness ratio larger 

(providing less output per dollar expended). 

Another limitation of this research is the choice of outcome assessed. There are a 

wide range of possible outcomes associated with a regional poison control center, 

including: educational, clinical, and economic. This research focused on only two 

possible clinical outcomes. In this research, clinical outcomes were chosen because the 

clinical effects of regional poison control centers are their "reason for being". While the 

educational and economic effects of poison controls centers are quite substantial, the 

primary effect is in the clinical arena. Additionally, there is significant value in the 

information gathered, collated, and disseminated through TESS. Further, this research 

ignores the possible impact of a regional poison control center on animals, especially 

livestock. Because of multiple outcomes (that can be valued financially), the optimal 

solution to this limitation is to conduct a cost benefit analysis (CBA) of a regional poison 

control center and alternatives. 

A fiirther limitation is that there are significant direct costs avoided by a RPCC 

that are not considered in this research. The first of these are the costs associated with 

the training of pharmacy students (clinical rotation sites). Another important direct cost 

avoided is in the area of hospitalization. In this research equal inpatient charges for each 

1CD-9-CM code were assumed (because of the inability to measure charges without the 
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services of a RPCC). It is possible that the services of the APDIC may reduce the 

average inpatient charges (through a reduction in length of stay), when compared to 

those without the service of a RPCC. Finally, another important consideration is the 

central role of RPCCs in the provision of poison prevention/exposure presentations. In 

1993, the APDIC gave 144 presentations to the media, lay personnel, and medical 

professionals. 

Another possible limitation of this research is the evaluation of the alternative to 

a regional poison control center. In the state of Arizona all citizens have access to the 

services of the APDIC. It is impossible to determine exactly the effectiveness of the 

treatment of poison exposures either with or without the services of the APDIC. 

Therefore, the expert opinions of a panel of toxicologists were solicited for use in the 

cost-effectiveness modeling. The expert panel may have provided biased responses or 

may not have the experience, or knowledge, to make informed or truly accurate 

responses. However, it is hoped that this limitation is minimized by the use of published 

reports for most probabilities used and through the performance of a series of sensitivity 

analyses. Additionally, this potential limitation is addressed through the use of 

toxicologists that are not affiliated with the APDIC. 

An additional limitation of this research may be the assignment of values used in 

calculating total costs. Local average charges were used in assigning values. However, 

this was deemed a reasonable method for determining costs incurred by society during 

the treatment of human poison exposures. 
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Another possible limitation of this research is that only direct costs were included 

in the calculation of the various cost-effectiveness ratios. It is possible that the indirect 

costs associated with the interventions considered may be substantial. Especially if one 

were to value the indirect cost incurred and/or avoided by the various morbidities (e.g.. 

loss of limb) incurred and/or avoided as a result of the interventions considered in this 

research. As a result, the decision to not include indirect costs and benefits will most 

likely underestimate the cost-effectiveness ratio for the APDIC. This is mainly due to 

the suggested ability of regional poison control centers to reduce patient mortalities 

and/or morbidities due to poison exposures. 

A final limitation of this research is concerned with the possibility of false 

negative diagnoses for each on site treatment branch. This limitation is mainly the result 

of the inability to directly measure or assess the rate of false negative diagnoses for both 

altematives. However, there are APDIC data suggesting that due to the number of 

follow-up calls for each poison exposure case managed, this threat is insignificant for the 

APDIC alternative (less than 0.1% required subsequent referral to an ER). However, 

this may be a potentially real threat to the alternative of treatment of poison exposures 

without a RPCC. Currently, there are no data available on this subject and should be a 

source of future research. 

External validity of this study is limited to those characteristics of the population 

studied, as well as the characteristics of the regional poison control center (APDIC) 

evaluated in this research. Additionally, validity of this research can only be assured 
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when using the range of cost values, assigned to each source of medical cost, utilized in 

this research. It is not necessarily the results that are generalizable, but rather it is the 

methods that can be generalized to regional poison control centers across the country. It 

is our main intent to provide other centers with the methods that they may utilize to 

evaluate data from their own regions. 
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CHAPTER 4 

RESULTS 

Utilizing the decision analysis techniques described by Weinstein et al., (1980) 

the cost-effectiveness of a regional poison control center (RPCC) in the treatment of 

human poison exposures was modeled, as compared to treatment without the services of 

a RPCC. The data were manipulated via the DATA (version 2.6) software (TreeAge, 

1995). Analyses of the expert physician responses (node probabilities), branch cost 

estimations, cost-effectiveness data, and sensitivity analyses are presented in this chapter. 

PROBABILITIES 

As previously stated, currently there are no published empirical data concerning 

the effects of a RPCC on the morbidity, mortality, and treatment adverse effects 

associated with poison exposures. As a result, an expert panel consisting of five 

physicians (toxicologists) were asked questions concerning the overall probability of 

morbidity, mortality, and treatment adverse effects associated with four types of poison 

exposures, when treatment occurs either with or without the services of a RPCC. The 

responses to these questions served as the probabilities associated with the clinical 

outcomes (morbidity and mortality) and adverse effects portions of the decision tree 

(Figure 2). The median responses to the questions pertaining to the four poison exposure 

cases are depicted in Tables 2-5. There was very little variation in probabilities between 
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experts. Additionally, the median probabilities reported by the toxicologists were fairly 

congruent with data reported in toxicologic references (Goldfrank, 1994). 

Table 2. Expert Panel Probabilities for Acute Acetaminophen Overdose 

Outcome Probability 

With RPCC Median Range 

Morbidity 0.15 0.2-0.4 

Adverse Effects 0.15 0.2-0.10 

Mortality 0.03 0.01-0.05 

Without RPCC 

Morbidity 0.3 0.2-0.4 

Adverse Effects 0.25 0.2-0.3 

Mortality 0.09 0.05-0.12 

RPCC = Regional Poison Control Center 

Table 3. Expert Panel Probabilities for Acute Tricyclic Antidepressant Overdose 

Outcome Probability 

With RPCC Median Range 

Morbidity 0.3 0.1-0.5 

Adverse Effects 0.3 0.1-0.5 

Mortality 0.06 0.02-0.1 

Without RPCC 

Morbidity 0.55 0.4-0.75 

Adverse Effects 0.45 0.3-0.6 

Mortality 0.1 0.05-0.15 

RPCC = Regional Poison Control Center 
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Table 4. Expert Panel Probabilities for Cleaning Substance Exposure (Children) 

Outcome ProoaDiiity 

With RPCC Median Range 

Morbidity 0.13 0.05-0.2 

Adverse Effects 0.09 0.03-0.15 

Mortality 0.0001 0.0001 

Witiiout RPCC 

Morbidity 0.25 0.2-0.3 

Adverse Effects 0.15 0.05-0.25 

Mortality 0.0002 0.0001-0.0003 

RPCC = Regional Poison Control Center 

Table 5. Expert Panel Probabilities for Acute Cough / Cold Overdose (Children) 

Outcome Probability 

With RPCC Median Range 

Morbidity 0.06 0.10-0.01 

Adverse Effects 0.03 0.05-0.01 

Mortality 0.0001 0.0001 

Without RPCC 

Morbidity 0.14 0.07-0.3 

Adverse Effects 0.15 0.2-0.1 

Mortality 0.0002 0.0001-0.0003 

RPCC = Regional Poison Control Center 

The probability of ER visit was established from reports in the literature. An 

estimated 63% to 79% of all poison exposure patients are seen in an ER without the 

services of a RPCC (Filandros et al., 1993; Kearney et al., 1995). Therefore, a median 



83 

probability of 0.71 was assigned to the ER node of the no RPCC path. A probability of 

0.29 was assigned to the on site treatment node. In contrast, in 1994, the APDIC 

managed 77% of all poison exposure cases on site (at site of exposure); therefore a 

probability of 0.77 was assigned to the on site treatment node and a probability of 0.23 

was assigned to the ER treatment node of the RPCC path.. 

The probability of being admitted to a hospital for treatment was based on data 

provided by the AAPCC (Litovitz et al. 1995). It was reported that with the services of a 

RPCC ahnost 6% of all poison exposures result in health care facility admissions (26% 

of poison exposures not treated on site by a RPCC). Therefore, a probability of 0.26 was 

assigned to the admit node of the RPCC path. Additionally, it has been estimated that 

approximately three percent of the uimecessary visits to the ER will result in urmecessary 

hospitalizations (Mrvos et al., 1994). As a result, hospitalization without the services of 

a RPCC was estimated to be 9% of all poison exposure cases (12% of poison exposures 

not treated on site). A probability of 0.12 was assigned to the admit node of the no 

RPCC path. 

COST DETERMINATION 

Costs assigned to the various branches of the tree were derived from an average 

of charges. Initially, the average cost per case managed by the APDIC was calculated. 

In 1994, the total operating budget of the APDIC was approximately $920,000 and 

34,000 poison exposure cases were managed. Therefore, the average cost per case 
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managed was $27; which is consistent with other published estimates (Litovitz et al., 

1994; Kearney et al., 1995). The average cost per case managed was added to all 

estimated average charges within the RPCC paths of the decision tree. 

Average inpatient charges were determined by ICD-9-CM code. Due to the 

inability to estimate charges without the services of a EIPCC, it was assumed that the 

average inpatient charges were equal (except for average RPCC case management costs) 

for both alternatives. Average inpatient charges per 1CD-9-CM codes, provided by the 

Arizona Department of Health Services, are presented in Table 6. Additionally, this 

research assumed that all patients admitted to the hospital would be admitted through the 

ER. Therefore, the average ER visit charges (discussed later) were added to the average 

inpatient charge for both altematives in the decision analysis. Further, it was determined 

that adverse treatment effects prolonged inpatient stays by one day, on average, and 

would increase the "level" of physician CPT code (99263). Accordingly, for all adverse 

effects branches of the decision tree an additional charge of $803 was added to the 

average inpatient charge (bed day = $700 and CPT = $103). Finally, it was assumed that 

inpatient charges for both success and failure outcomes were, on average, equal. 

Table 6. Average Inpatient Charge Per ICD-9-CM Code 

Code Average Inpatient Charge 

965.4 (Acetaminophen Overdose) $5,813 

969.0 (Tricyclic Antidepressant Overdose) $6,164 

963.0 (Cough/Cold Overdose) $5,385 

983.9 (Cleaning Substance) $6,667 
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A survey was conducted of local ER visit charges (including physician charge -

CPT 99285), for both adult and pediatric poison exposures. The average local ER charge 

(including physician charge) was $420 (+33) for adult, and $275 (+50) for pediatric 

poison exposiire cases. Additionally, the average cost per case managed ($27) was 

added to the ER visit charges within the RPCC path of the decision tree(s). 

DECISION ANALYSES 

The relative cost-effectiveness of the treatment alternatives were modeled using 

decision analysis techniques (Weinstein et al., 1980), considering two different 

outcomes: morbidity and mortality. An identical procedure for modeling the relative 

cost-effectiveness was followed for all four types of poison exposure cases and both 

outcomes evaluated in this research. Specifically, eight decision analyses were 

conducted to evaluate the relative cost-effectiveness of the two alternatives. Table 7 

provides the legend for the interpretation of all decision analyses presented in this 

research. 

Acetaminophen Overdose 

Using decision analysis techniques, the relative cost-effectiveness of the 

treatment alternatives were modeled using two different outcomes (consequences): 

morbidity and mortality resulting from a typical acetaminophen overdose (Weinstein et 

al., 1980). An identical procedure for modeling the relative cost-effectiveness was 

followed for both outcomes. Specifically, the relative cost-effectiveness of the treatment 



Table 7. Decision Analyses Legend 

Abbreviation Definition 

With RPCC Poison exposure with services of a RPCC 

Without RPCC Poison exposure without services of a RPCC 

On Site Poison exposure treated at site of poisoning (home) 

ER Poison exposure treated in an ER 

ADMIT Poison exposure requiring admission to hospital 

Release Poison exposure treated in an ER and released 

AE Poison exposure treatment with an adverse treatment effect 

No AE Poison exposure treatment without an adverse treatment effect 

Success Successful outcome (no mortality or morbidity) 

Failure Unsuccessfiil outcome (mortality or morbidity) 

RPCCOS Cost associated with a poison exposure treated on site by RPCC 

SUCCESSAE Cost associated with a successful outcome of a poison exposure 
admitted to the hospital and complicated by an adverse effect and 
with services of an RPCC available 

FAILAE Cost associated with an unsuccessful outcome of a poison exposure 
admitted to the hospital and complicated by an adverse effect and 
with the services of an RPCC available 

SUCCESS Cost associated with a successful outcome of a poison exposure 
admitted to the hospital without complications and with the services 
of an RPCC available 

FAILURE Cost associated with an unsuccessful outcome of a poison exposure 
admitted to the hospital without complications and with services of 
an RPCC available 

RPCCER Cost associated with the treatment of a poison exposure in the ER 
and with the services of an RPCC available 

WRPCCAE Cost associated with a poison exposure admitted to the hospital and 
complicated by an adverse effect and without the services of an 
RPCC available 

WRPCCADMIT Cost associated with a poison exposure admitted to the hospital 
without complicationsand without the services of an RPCC available 

WRPCCER Cost associated with the treatment of a poison exposure in the ER 
and without the services of an RPCC available 

RPCC = Regional Poison Control Center 
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of a typical acetaminophen overdose with and without the services of a regional poison 

control center, using both morbidity and mortality as the outcome measure, was modeled 

using decision analysis software (DATA by TreeAge, 1995). 

Morbidity 

The results of the decision analysis for the relative cost-effectiveness of both 

treatment alternatives in the treatment of a typical acetaminophen overdose, using 

morbidity as the outcome measure (consequence), are shown in Figure 3. The average 

cost per patient with the regional poison control center is substantially smaller (at least 

$330) than that achieved without regional poison control center alternative. Further, the 

average cost-effectiveness ratios (average cost per successful outcome) calculated from 

the decision analysis were $482 (with RPCC) and $836 (without RPCC). This indicates 

that a regional poison control center is substantially more cost-effective than no regional 

poison control center in the treatment of a typical acetaminophen overdose, when 

morbidity is the outcome considered. The incremental cost-effectiveness ratio 

(additional cost to achieve one more successful outcome with a regional poison control 

center) was -$20,813. This indicates that for each additional successful outcome 

obtained with a regional poison control center, there is an average savings to society of 

almost $21,000. 



Figure 3. Decision Analysis Using Acetaminophen Morbidity as the Outcome. 



Mortality 

The results of the decision analysis for the relative cost-effectiveness of both 

treatment alternatives in the treatment of a typical acetaminophen overdose, using 

mortality as the outcome measure (consequence), are shown in Figure 4. The results of 

this analysis were very similar to that achieved using morbidity as the outcome. Figiare 4 

demonstrates that the average cost per patient with the regional poison control center is 

substantially smaller (at least $330) than that achieved without regional poison control 

center alternative. Further, the average cost-effectiveness ratios (average cost per 

successful outcome) calculated from the decision analysis were $479 (with RPCC) and 

$819 (without RPCC). The incremental cost-effectiveness ratio (additional cost to 

achieve one more successful outcome with a regional poison control center) was 

-$69,400. This indicates that for each additional successful outcome achieved with a 

regional poison control center, there is an average savings to society of over $69,000. 

This indicates that a regional poison control center is considerably more cost-effective 

than no regional poison control center in the treatment of a typical acetaminophen 

overdose, when mortality is the outcome considered. 

Tricvclic Antidepressant Overdose 

Using decision analysis techniques, the relative cost-effectiveness of the 

treatment alternatives were modeled using two different outcomes (consequences): 

morbidity and mortality resulting from a typical tricyclic antidepressant overdose 



Figure 4. Decision Analysis Using Acetaminophen Mortality as the Outcome. 
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(Weinstein et al., 1980). An identical procedure for modeling the relative 

cost-effectiveness was followed for both outcomes. Specifically, the relative 

cost-effectiveness of the treatment of a typical tricyclic antidepressant overdose with and 

without the services of a regional poison control center, using both morbidity and 

mortality as the outcome measure, was modeled using decision analysis software (DATA 

by TreeAge, 1995). 

Morbidity 

The results of the decision analysis for the relative cost-effectiveness of both 

treatment alternatives in the treatment of a typical tricyclic antidepressant overdose. 

using morbidity as the outcome measure (consequence), are shown in Figure 5. As can 

be seen, the average cost per patient with the regional poison control center is 

substantially smaller (at least $345) than that achieved without regional poison control 

center alternative. Further, the average cost-effectiveness ratios (average cost per 

successful outcome) calculated fi"om the decision analysis were $516 (with RPCC) and 

$899 (without RPCC). This indicates that a regional poison control center is 

substantially more cost-effective than no regional poison control center in the treatment 

of a typical tricyclic antidepressant overdose, when morbidity is the outcome considered. 

Additionally, it is important to note that the results of this decision analysis are very 

similar to both results previously discussed for acetaminophen overdose. The 

incremental cost-effectiveness ratio (additional cost to achieve one more successful 
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outcome with a regional poison control center) was -$11,966. This indicates that for 

each additional successful outcome achieved with a regional poison control center, there 

is an average savings to society of almost $ 12,000. 

Mortality 

The results of the decision analysis for the relative cost-effectiveness of both 

treatment alternatives in the treatment of a typical tricyclic antidepressant overdose, 

using mortality as the outcome measure (consequence), are shown in Figure 6. The 

results of this analysis were identical to that achieved using morbidity as the outcome, 

and very similar to all of the previously discussed analyses. Figure 6 demonstrates that 

the average cost per patient with the regional poison control center is substantially 

smaller (at least $345) than that achieved without regional poison control center 

alternative. Further, the average cost-effectiveness ratios (average cost per successful 

outcome) calculated from the decision analysis were $509 (with RPCC) and $863 

(without RPCC). This indicates that a regional poison control center is considerably 

more cost-effective than no regional poison control center in the treatment of a typical 

tricyclic antidepressant overdose, when mortality is the outcome considered. The 

incremental cost-effectiveness ratio (additional cost to achieve one more successful 

outcome with a regional poison control center) was -$69,400. This indicates that for 

each additional successful outcome achieved with a regional poison control center, there 

is an average savings to society of $69,400. 
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Figure 6. Decision Analysis Using Tricyclic Antidepressant Mortality as the Outcome. 
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Cleaning Substance Exposure in Children 

Using decision analysis techniques, the relative cost-effectiveness of the 

treatment alternatives were modeled using two different outcomes (consequences): 

morbidity and mortality resulting from a typical cleaning substance exposure in children 

(Weinstein et al., 1980). An identical procedure for modeling the relative 

cost-effectiveness was followed for both outcomes. Specifically, the relative 

cost-effectiveness of the treatment of a typical cleaning substance exposure in children 

with and without the services of a regional poison control center, using both morbidity 

and mortality as the outcome measure, was modeled using decision analysis software 

(DATA by TreeAge, 1995). 

Morbidity 

The results of the decision analysis for the relative cost-effectiveness of both 

treatment alternatives in the treatment of a typical cleaning substance exposure in 

children, using morbidity as the outcome measiure (consequence), are shown in Figure 7. 

As can be seen, the average cost per patient with the regional poison control center is 

substantially smaller (at least $280) than that achieved without regional poison control 

center alternative. Further, the average cost-effectiveness ratios (average cost per 

successful outcome) calculated from the decision analysis were $497 (with RPCC) and 

$790 (without RPCC). This indicates that a regional poison control center is 

substantially more cost-effective than no regional poison control center in the treatment 
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Figure 7. Decision Analysis Using Cleaning Substance Exposure Morbidity in Children 
as the Outcome. 
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of a typical cleaning substance exposure in children, when morbidity is the outcome 

considered. Additionally, it is important to note that the results of this decision analysis 

were very similar to the results previously discussed for both acetaminophen and 

tricyclic antidepressant overdose. The incremental cost-effectiveness ratio (additional 

cost to achieve one more successful outcome with a regional poison control center) was 

-$21,556. This indicates that for each additional successful outcome achieved with a 

regional poison control center, there is an average savings to society of almost $22,000. 

Mortality 

The results of the decision analysis for the relative cost-effectiveness of both 

treatment altematives in the treatment of a typical cleaning substance exposure in 

children, using mortality as the outcome measure (consequence), are shown in Figure 8. 

The results of this analysis were identical to that achieved using morbidity as the 

outcome, and very similar to all of the previously discussed analyses. Figtire 8 

demonstrates that the average cost per patient with the regional poison control center is 

substantially smaller (at least $280) than that achieved without regional poison control 

center alternative. Further, the average cost-effectiveness ratios (average cost per 

successful outcome) derived from the decision analysis were $493 (with RPCC) and 

$774 (without RPCC). This indicates that a regional poison control center is 

considerably more cost-effective than no regional poison control center in the treatment 

of a typical cleaning substance exposure in children, when mortality is the outcome 
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Figure 8. Decision Analysis Using Cleaning Substance Exposure Mortality in Children 
as the Outcome. 
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considered. The incremental cost-efifectiveness ratio (additional cost to achieve one 

more successful outcome with a regional poison control center) was -$281,000. This 

indicates that for each additional successful outcome achieved with a regional poison 

control center, there is an average savings to society of $281,100. 

Cough / Cold Preparation Overdose in Children 

Using decision analysis techniques, the relative cost-effectiveness of the 

treatment alternatives were modeled using two different outcomes (consequences); 

morbidity and mortality resulting from a typical cough / cold preparation overdose in 

children (Weinstein et al., 1980). An identical procedure for modeling the relative 

cost-effectiveness was followed for both outcomes. Specifically, the relative 

cost-effectiveness of the treatment of a typical cough / cold preparation overdose in 

children with and without the services of a regional poison control center, using both 

morbidity and mortality as the outcome measure, was modeled using decision analysis 

software (DATA by TreeAge, 1995). 

Morbidity 

The results of the decision analysis for the relative cost-effectiveness of both 

treatment alternatives in the treatment of a typical cough / cold preparation overdose in 

children, using morbidity as the outcome measure (consequence), are shown in Figure 9. 

As can be seen, the average cost per patient with the regional poison control center is 
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Figure 9. Decision Analysis Using Cougli / Cold Preparation Overdose Morbidity in 
Children as the Outcome. 
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substantially smaller (at least $250) than achieved without regional poison control center 

alternative. Further, the average cost-effectiveness ratios (average cost per successful 

outcome) calculated from the decision analysis were $415 (with RPCC) and $671 

(without RPCC). This indicates that a regional poison control center is substantially 

more cost-effective than no regional poison control center in the treatment of a typical 

cough / cold preparation overdose in children, when morbidity is the outcome 

considered. Additionally, it is important to note that the results of this decision analysis 

were very similar to the results presented for all of the previously discussed poison 

exposure cases. The incremental cost-effectiveness ratio (additional cost to achieve one 

more successful outcome with a regional poison control center) was -$30,120. This 

indicates that for each additional successful outcome achieve with a regional poison 

control center, there is an average savings to society of over $30,000. 

Mortality 

The results of the decision analysis for the relative cost-effectiveness of both 

treatment alternatives in the treatment of a typical cough / cold preparation overdose in 

children, using mortality as the outcome measure (consequence), are shown in Figure 10. 

The results of this analysis were identical to that achieved using morbidity as the 

outcome, and very similar to all of the previously discussed analyses. Figure 10 

demonstrates that the average cost per patient with the regional poison control center is 

substantially smaller (at least $250) than that achieved without regional poison control 



Figure 10. Decision Analysis Using Cough / Cold Preparation Overdose Mortality in 
Children as the Outcome. 
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center alternative. Further, the average cost-effectiveness ratios (average cost per 

successful outcome) derived from the decision analysis were $414 (with EIPCC) and 

$664 (without RPCC). This indicates that a regional poison control center is 

considerably more cost-effective than no regional poison control center in the treatment 

of a typical cough / cold preparation overdose in children, when mortality is the outcome 

considered. The incremental cost-effectiveness ratio (additional cost to achieve one 

more successful outcome with a regional poison control center) was -$250,000. This 

indicates that for each additional successful outcome achieved with a regional poison 

control center, there is an average savings to society of $250,000. 

Summary 

The results of these analyses demonstrate that a regional poison control center is 

substantially more cost-effective than no regional poison control center for all poison 

exposure cases considered in this research. Additionally, the results of these decision 

analyses were very consistent, among both poison exposure cases and between outcome 

measures. 

SENSITIVITY ANALYSES 

In order to test the sensitivity of the decision model to the key components of the 

decision making process, a series of sensitivity analyses were performed. Sensitivity 

analyses were conducted for the cost-effectiveness modeled for each of the four types of 
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poison exposures; using only the morbidity clinical outcome (Petitti, 1994; Briggs et al., 

1994). Morbidity was chosen for the sensitivity analyses because of the similarity of 

results previously presented, and due to the magnitude of impact regional poison control 

centers potentially have on the morbidity associated with poison exposures. 

Specifically, two sets of sensitivity analyses, for a total of 8, were conducted (one 

outcome for each of four types of poison exposures). The first set of sensitivity analyses 

performed was a two-way sensitivity analysis across reasonable ranges of average 

inpatient charges and average ER visit charges for the effect on morbidity for each type 

of poison exposure. The second set of sensitivity analyses assumed equal probability for 

both clinical outcomes in the decision tree (morbidity and treatment adverse effects) 

while performing two-way sensitivity analyses across reasonable ranges of proportion of 

poison exposures managed on site by the RPCC and average inpatient charges. The 

second set of sensitivity analyses were essentially cost-minimization decision analyses. 

Acetaminophen Overdose 

Sensitivity Analysis Involving Average Inpatient Charges and Average ER Charges 

Two sensitivity analyses were conducted on the results of the decision analysis 

evaluating the relative cost-effectiveness of the treatment of a typical acetaminophen 

overdose, using morbidity as the outcome measure. The first sensitivity analysis 

performed was a two-way sensitivity analysis across reasonable ranges of average 
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inpatient charges and average ER visit charges for the effect on morbidity derived from a 

typical acetaminophen overdose. Figure 11 depicts the result of this sensitivity analysis. 

This demonstrates that the results of the decision analysis evaluating the relative 

cost-effectiveness of the two alternatives, using acetaminophen overdose morbidity as 

the outcome, is not sensitive across reasonable ranges of average inpatient charges 

($500-510,000) as well as ER charges ($170-$700). Therefore, when morbidity derived 

from a typical acetaminophen overdose is considered; a regional poison control center 

relative is always more cost-effective than no regional poison control center, regardless 

of average inpatient and ER charges. 

Cost-Minimization 

The second sensitivity analysis assumed equal probabilities for the effects on 

morbidity derived from a typical acetaminophen overdose and treatment adverse effects; 

while performing a two-way sensitivity analysis across reasonable ranges of proportion 

of poison exposures managed on site by the RPCC and average inpatient charges. Figure 

12 depicts the results of the decision analysis performed when the treatment adverse 

effects and morbidity derived from a typical acetaminophen overdose were assumed to 

be equal for both alternatives. These results demonstrate that the results change very 

little when the outcomes derived from a typical acetaminophen overdose were 

considered equal; the average cost per patient with the regional poison control center is 

substantially smaller than that achieved without regional poison control center 
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Figure 11. Two-Way Sensitivity Analysis On Acetaminophen Overdose Morbidity. 
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Figure 12. Cost-Minimization Acetaminophen Morbidity Decision Analysis. 
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alternative. Additionally, the ratios of average cost to successful outcome calculated 

from the cost-minimization decision analysis were $491 (with RPCC) and $836 (without 

RPCC). Further, these results demonstrate that even at the cost-minimization level, the 

regional poison control center is by far the dominant strategy. 

Cost-Minimization Sensitivity Analysis 

Figure 13 depicts the results of the sensitivity analysis performed on the results of 

the decision analysis when the outcomes derived from the treatment of a typical 

acetaminophen overdose were considered equal; while performing a two-way sensitivity 

analyses across reasonable ranges of proportion of poison exposures managed on site by 

the RPCC and average inpatient charges. As can be seen, there is a nonlinear 

relationship between the two components of the decision model. Further, once the value 

for average inpatient charges approaches approximately $3,000, the results become not 

sensitive to the proportion of cases managed on site by a regional poison control center. 

When average inpatient charges were as low as $500, the proportion of calls managed on 

site by a regional poison control center can go as low as 0.45. However, when an 

extremely high value for average inpatient charges is assumed (over $10,000), the 

proportion of cases managed on site cannot go much lower than 0.60. 

It is important to note that even when the highest value for average inpatient 

charges is assumed ($10,000), the proportion of cases that must be managed on site 

(0.60) is substantially below that obtained by the APDIC (0.77) and reported previously 



Figure 13. Two-Way Cost-Minimization Sensitivity Analysis On Acetaminophen 
Overdose Morbidity. 
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in the literature for other regional poison control centers (Filandros et al., 1993; Kearney 

et al., 1995; Litovitz et al., 1995). These results demonstrate that at the 

cost-minimization level, the results of the decision analysis, using acetaminophen 

overdose morbidity as the outcome, is not sensitive to average inpatient charges and 

proportion of cases managed on site by the regional poison control center. 

Tricyclic Antidepressant Overdose 

Sensitivity Analysis Involving Average Inpatient Charges and Average ER Charges 

Two sensitivity analyses were conducted on the results of the decision analysis 

evaluating the relative cost-effectiveness of the treatment of a typical tricyclic 

antidepressant overdose, using morbidity as the outcome measure. The first sensitivity 

analysis performed was a two-way sensitivity analysis across reasonable ranges of 

average inpatient charges and average ER visit charges for the effect on morbidity 

derived from a typical tricyclic antidepressant overdose. Figure 14 depicts the result of 

this sensitivity analysis, and demonstrates that the results of the decision analysis 

evaluating the relative cost-effectiveness of the two alternatives, using tricyclic 

antidepressant overdose morbidity as the outcome, is not sensitive across reasonable 

ranges of average inpatient charges ($500-510,000) as well as ER charges ($170-$700). 

Therefore, when morbidity derived from a typical tricyclic antidepressant 

overdose is considered; a regional poison control center is always more cost-effective 
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Figure 14. Two-Way Sensitivity Analysis On Tricyclic Antidepressant Overdose 
Morbidity. 
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than no regional poison control center, regardless of average inpatient and ER charges. 

Finally, it is important to note that the results of this sensitivity analysis were identical to 

that presented for a typical acetaminophen overdose. 

Cost-Minimization 

The second sensitivity analysis assumed equal probabilities for the effects on 

morbidity derived from a typical tricyclic antidepressant overdose and treatment adverse 

effects; while performing a two-way sensitivity analysis across reasonable ranges of 

proportion of poison exposures managed on site by the RPCC and average inpatient 

charges. Figure 15 depicts the results of the decision analysis performed when the 

treatment adverse effects and morbidity derived from a typical tricyclic antidepressant 

overdose were assumed to be equal for both alternatives. These results demonstrate that 

the results change very little when the outcomes derived from a typical tricyclic 

antidepressant overdose were considered equal; the average cost per patient with the 

regional poison control center is substantially smaller than that achieved without regional 

poison control center alternative. Additionally, the ratios of average cost to successful 

outcome calculated from the cost-minimization decision analysis were $532 (with 

RPCC) and $899 (without RPCC). Further, these results demonstrate that even at the 

cost-minimization level, the regional poison control center is by far the dominant 

strategy. 
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Figure 15. Tricyclic Antidepressant Morbidity Cost-Minimization Decision Analysis, 
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Cost-Minimization Sensitivity Analysis 

Figure 16 depicts the results of the sensitivity analysis performed on the results of 

the decision analysis when the outcomes derived from the treatment of a typical tricyclic 

antidepressant overdose were considered equal; while performing a two-way sensitivity 

analyses across reasonable ranges of proportion of poison exposures managed on site by 

the RPCC and average inpatient charges. As can be seen, there is a nonlinear 

relationship between the two components of the decision model. 

The results of this sensitivity analysis are almost identical to the sensitivity 

analysis performed on the cost-minimization decision analysis for acetaminophen 

overdose morbidity (previously discussed). Once the value for average inpatient charges 

approaches approximately $3,000, the results become not sensitive to the proportion of 

cases managed on site by a regional poison control center. When average inpatient 

charges were as low as $500, the proportion of calls managed on site by a regional 

poison control center can go as low as 0.47. However, when an extremely high value for 

average inpatient charges is assumed (over $10,000), tiie proportion of cases managed on 

site cannot go much lower than 0.60. 

It is important to note that even when the highest value for average inpatient 

charges is assumed ($10,000), the proportion of cases that must be managed on site 

(0.60) is substantially below that obtained by the APDIC (0.77) and reported previously 

in the literature for other regional poison control centers (Filandros et al., 1993; Kearney 

et al., 1995; Litovitz et al., 1995). These results demonstrate that at the 



Figure 16. Two-Way Cost-Minimization Sensitivity Analysis On Tricyclic 
Antidepressant Overdose Morbidity. 
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cost-rnininiization level, the results of the decision analysis, using tricyclic 

antidepressant overdose morbidity as the outcome, is not sensitive to average inpatient 

charges and proportion of cases managed on site by the regional poison control center. 

Cleaning Substance Exposure in Children 

Sensitivity Analysis Involving Average Inpatient Charges and Average ER Charges 

Two sensitivity analyses were conducted on the results of the decision analysis 

evaluating the relative cost-effectiveness of the treatment of a typical cleaning substance 

exposure in children, using morbidity as the outcome measure. The first sensitivity 

analysis performed was a two-way sensitivity analysis across reasonable ranges of 

average inpatient charges and average ER visit charges for the effect on morbidity 

derived from a typical cleaning substance exposure in children. Figure 17 depicts the 

result of this sensitivity analysis, and demonstrates that the results of the decision 

analysis evaluating the relative cost-effectiveness of the two alternatives, using morbidity 

derived from a typical cleaning substance exposure in children as the outcome, is not 

sensitive across reasonable ranges of average inpatient charges ($500-$ 10,000) as well as 

ER charges ($170-$700). 

Therefore, when morbidity derived from a typical cleaning substance exposure in 

children is considered; a regional poison control center is always more cost-effective 

than no regional poison control center, regardless of average inpatient and ER charges. 

Finally, it is important to note that the results of this sensitivity analysis were identical to 

that presented for previously discussed poison exposures. 
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Figure 17. Two-Way Sensitivity Analysis On Cleaning Substance Exposure Morbidity. 

Sensitivity Analysis on 
Average Inpatient and ER Charges 

M WithRPCC 

@ Without RPCC 

S500.0 S5,250.0 SIO.OOO.O 

Average Inpatient Charges 



118 

Cost-Minimization 

The second sensitivity analysis assumed equal probabilities for the effects on 

morbidity derived from a typical cleaning substance exposure in children and treatment 

adverse effects; while performing a two-way sensitivity analysis across reasonable ranges 

of proportion of poison exposures managed on site by the RPCC and average inpatient 

charges. Figure 18 depicts the results of the decision analysis performed when the 

treatment adverse effects and morbidity derived from a typical cleaning substance 

exposure in children were assumed to be equal for both alternatives. These results 

demonstrate that the results change very little when the outcomes derived from a typical 

cleaning substance exposure in children were considered equal; the average cost per 

patient with the regional poison control center is substantially smaller than that achieved 

without regional poison control center alternative. Additionally, the ratios of average 

cost to successful outcome calculated from the cost-minimization decision analysis were 

$504 (with RPCC) and $790 (without RPCC). Further, these results demonstrate that 

even at the cost-minimization level, the regional poison control center is by far the 

dominant strategy. 

Cost-Minimization Sensitivity Analysis 

Figure 19 depicts the results of the sensitivity analysis performed on the results of 

the decision analysis when the outcomes derived from the treatment of a typical cleaning 

substance exposure in children were considered equal; while performing a two-way 
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Figure 18. Cleaning Substance Exposure Cost-Minimization Decision Analysis. 
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Figure 19. Two-Way Cost-Minimization Sensitivity Analysis On Cleaning Substance 
Exposure Morbidity. 
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sensitivity analyses across reasonable ranges of proportion of poison exposures managed 

on site by the RPCC and average inpatient charges. As can be seen, there is a nonlinear 

relationship between the two components of the decision model. 

The results of this sensitivity analysis are very similar to those obtained from the 

sensitivity analysis performed on the previously discussed poison exposure 

cost-minimization decision analyses. Once the value for average inpatient charges 

approaches approximately $3,000, the results become not sensitive to the proportion of 

cases managed on site by a regional poison control center. When average inpatient 

charges were as low as $500, the proportion of calls managed on site by a regional 

poison control center can go as low as 0.48. However, when an extremely high value for 

average inpatient charges is assumed (over $10,000), the proportion of cases managed on 

site cannot go much lower than 0.60. 

It is important to note that even when the highest value for average inpatient 

charges is assumed ($10,000), the proportion of cases that must be managed on site 

(0.60) is substantially below that obtained by the APDIC (0.77) and reported previously 

in the literature for other regional poison control centers (Filandros et al., 1993; Kearney 

et al., 1995; Litovitz et al., 1995). These results demonstrate that at the 

cost-minimization level, the results of the decision analysis, using morbidity derived 

from a typical cleaning substance exposure in children as the outcome, is not sensitive to 

average inpatient charges and proportion of cases managed on site by the regional poison 

control center. 
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Cough / Cold Preparation Overdose in Children 

Sensitivity Analysis Involving Average Inpatient Charges and Average ER Charges 

Two sensitivity analyses were conducted on the results of the decision analysis 

evaluating the relative cost-effectiveness of the treatment of a typical cough / cold 

preparation overdose in children, using morbidity as the outcome measure. The first 

sensitivity analysis performed was a two-way sensitivity analysis across reasonable 

ranges of average inpatient charges and average ER visit charges for the effect on 

morbidity derived from a typical cough / cold preparation overdose in children. Figure 

20 depicts the results derived from a typical cough / cold preparation overdose in 

children as the outcome, is not sensitive across reasonable ranges of average inpatient 

charges ($500-$ 10,000) as well as ER charges ($I70-$700). 

Therefore, when morbidity derived from a typical cough / cold preparation 

overdose in children is considered; regional poison control center is always more 

cost-effective than no regional poison control center, regardless of average inpatient and 

ER charges. Finally, it is Important to note that the results of this sensitivity analysis 

were identical to that presented for previously discussed poison exposures. 

Cost-Minimization 

The second sensitivity analysis assumed equal probabilities for the effects on 

morbidity derived from a typical cough / cold preparation overdose in children and 



Figure 20. Two-Way Sensitivity Analysis On Cough / Cold Preparation Overdose 
Morbidity. 
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treatment adverse effects; while performing a two-way sensitivity analysis across 

reasonable ranges of proportion of poison exposures managed on site by the RPCC and 

average inpatient charges. Figure 21 depicts the results of the decision analysis 

performed when the treatment adverse effects and morbidity derived from a typical 

cough / cold preparation overdose in children were assumed to be equal for both 

alternatives. These results demonstrate that the results change very little when the 

outcomes derived from a typical cough / cold preparation overdose in children were 

considered equal; the average cost per patient with the regional poison control center is 

substantially smaller than that achieved without regional poison control center 

alternative. Additionally, the ratio of average cost to successful outcome calculated from 

the cost-minimization decision analysis were $423 (with RPCC) and $671 (without 

RPCC). Further, these results demonstrate that even at the cost-minimization level, the 

regional poison control center is by far the dominant strategy. 

Cost-Minimization Sensitivity Analysis 

Figure 22 depicts the results of the sensitivity analysis performed on the results of 

the decision analysis when the outcomes derived from the treatment of a typical cough / 

cold preparation overdose in children were considered equal; while performing a 

two-way sensitivity analyses across reasonable ranges of proportion of poison exposures 

managed on site by the RPCC and average inpatient charges. As can be seen, there is a 

nonlinear relationship between the two components of the decision model. 
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Figure 21. Cough / Cold Preparation Overdose Cost-Minimization Decision Analysis. 



Figure 22. Two-Way Cost-Minimization Sensitivity Analysis On Cough / Cold 
Preparation Overdose Morbidity. 
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The results of this sensitivity analysis are very similar to those obtained from the 

sensitivity analysis performed on the previously discussed poison exposure 

cost-minimization decision analyses. Once the value for average inpatient charges 

approaches approximately $3,000, the results become not sensitive to the proportion of 

cases managed on site by a regional poison control center. When average inpatient 

charges were as low as $500, the proportion of calls managed on site by a regional 

poison control center can go as low as 0.48. However, when an extremely high value for 

average inpatient charges is assumed (over $10,000), the proportion of cases managed on 

site cannot go much lower than 0.60. 

It is important to note that even when the highest value for average inpatient 

charges is assumed ($10,000), the proportion of cases that must be managed on site 

(0.60) is substantially below that obtained by the APDIC (0.77) and reported previously 

in the literature for other regional poison control centers (Filandros et al., 1993; Kearney 

et al., 1995; Litovitz et al., 1995). These results demonstrate that at the 

cost-minimization level, the results of the decision analysis, using morbidity derived 

from a typical cough / cold preparation overdose in children as the outcome, is not 

sensitive to average inpatient charges and proportion of cases managed on site by the 

regional poison control center. 
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SUMMARY 

Table 8 presents a summary of the calculated incremental cost-effectiveness 

ratios. Tables 9-12 present a summary of the results of the decision analyses and 

sensitivity analyses conducted during this research. The results of the analyses 

presented in this chapter demonstrate that a regional poison control center is substantially 

more cost-effective than no poison control center services in the treatment of the four 

poison exposures considered in this research. Additionally, these results demonstrate 

that the relative cost-effectiveness of the two alternatives is essentially unchanged 

regardless of outcome or poison exposure considered. Further, these results show that 

for all poison exposure cases considered, the results of the decision analyses are not 

sensitive across a reasonable range of values for ER ($170-$700) and average inpatient 

charges ($500). When equal outcome probabilities were assumed (cost-minimization), 

the regional poison control center remained the substantially dominant strategy for all 

poison exposure cases; with ratios of average cost to successful outcome considerably 

smaller than those achieved with the no alternative. Finally, the sensitivity analyses 

performed on each of the cost-minimization decision analysis demonstrates that even at 

the cost-minimization level, the decision in favor of the regional poison control center is 

not sensitive to average inpatient charges and proportion of cases managed on site by the 

regional poison control center. 
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Table 8. Summary of Incremental Cost-Effectiveness Ratios 

Exposure Case Morbidity Outcome iMortaiity OuCcome 

Tylenol Overdose -$20,813 -$55,550 

Tricyclic Antidepressant Overdose -$11,966 -$69,400 

Cleaning Substance Exposure -$21,556 -$281,000 

Cough / Cold Preparation Overdose -$30,120 -$250,000 

Table 9. Summary of Results for Acetaminophen Overdose 

Alternative and 
(Outcome) 

EV C-E 
Decision 
Analysis 

($) 

CE 
Ratio 

Sensitivity of 
CE Decision 

Analysis 

EV CM 
Decision 
Analysis 

($) 

CM Cost 
Per 

Success 
Ratio 

Sensitivity of 
CM Decision 

Analysis 

RPCC 
(Morbidity) 

478 482 Not Sensitive 483 491 Not Sensitive 

Without RPCC 
(Morbidity) 

811 836 Not Sensitive 811 836 Not Sensitive 

RPCC 
(Mortalitity) 

478 479 N/A N/A N/A N/A 

Without RPCC 
(Mortality) 

811 819 N/A N/A N/A N/A 

RPCC = Regional Poison Control Center 
EV = Expected Value 
CE = Cost-Effectiveness 
C-M = Cost Minimization 
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Table 10. Summary of Results for Tricyclic Antidepressant Overdose 

Alternative and 
(Outcome) 

EV CE 
Decision 
Analysis 

($) 

CE 
Ratio 

. . .  
Sensitivity ot 
CE Decision 

Analysis 

EV CM 
Decision 
Analysis 

($) 

CM Cost 
Per 

Success 
Ratio 

„  . . .  
sensitivity ot 
CM Decision 

Analysis 

RPCC 
(Morbidity) 

507 516 Not Sensitive 514 532 Not Sensitive 

Without RPCC 
(Morbidity) 

854 899 Not Sensitive 854 899 Not Sensitive 

RPCC 
(Mortalitity) 

507 509 N/A N/A N/A N/A 

Without RPCC 
(Mortality) 

854 863 N/A N/A N/A N/A 

RPCC = Regional Poison Control Center 
EV = Expected Value 
CE = Cost-Effectiveness 
C-M = Cost Minimization 

Table 11. Summary of Results for Cleaning Substance Exposure in Children 

Alternative and 
(Outcome) 

EV CE 
Decision 
Analysis 

($) 

CE 
Ratio 

Sensitivity of 
C-E Decision 

Analysis 

EV CM 
Decision 
Analysis 

($) 

CM Cost 
Per 

Success 
Ratio 

Sensitivity of 
CM Decision 

Analysis 

RPCC 
(Morbidity) 

493 497 Not Sensitive 496 504 Not Sensitive 

Without RPCC 
(Morbidity) 

774 790 Not Sensitive 774 790 Not Sensitive 

RPCC 
(Mortalitity) 

493 493 N/A N/A N/A N/A 

Without RPCC 
(Mortality) 

774 774 N/A N/A N/A N/A 

RPCC = Regional Poison Control Center 
EV = Expected Value 
CE = Cost-Effectiveness 
C-M = Cost Minimization 
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Table 12. Summary of Results for Cough / Cold Preparation Overdose in Children 

Aitemative and 
(Outcome) 

EV C-E 
Decision 
Analysis 

($) 

CE 
Ratio 

Sensidvity of 
CE Decision 

Analysis 

EV CM 
Decision 
Analysis 

($) 

CM Cost 
Per 

Success 
Ratio 

Sensitivity of 
CM Decision 

Analysis 

RPCC 
(Morbidity) 

414 415 Not Sensitive 419 423 Not Sensitive 

Without RPCC 
(Morbidity) 

664 671 Not Sensitive 664 671 Not Sensitive 

RPCC 
(Mortalitity) 

414 414 N/A N/A N/A N/A 

Without RPCC 
(Mortality) 

664 664 N/A N/A N/A N/A 

RPCC = Regional Poison Control Center 
EV = Expected Value 
CE = Cost-Effectiveness 
C-M = Cost Minimization 
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CHAPTERS 

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

This research utilized the decision analysis techniques described by Weinstein et 

al., (1980) to model the cost-effectiveness of a regional poison control center in the 

treatment of human poison exposures, relative to the treatment without the services of a 

regional poison control center. The relative cost-effectiveness of the two alternatives 

were modeled for four typical poison exposures; as well as two outcomes 

(consequences): morbidity and mortality. Additionally, sensitivity analyses were 

conducted on the results of the decision analyses to determine whether the results are 

sensitive to key components of the decision making process. This chapter presents a 

discussion of the results of the analyses conducted on the data. Additionally, 

conclusions drawn from the results are presented. Finally, this chapter proposes some 

recommendations based on the results of this research. 

DISCUSSION 

Probabilities and Costs 

An expert panel of physicians, consisting of five toxicologists, provided the 

probabilities of clinical outcomes (adverse treatment effects, morbidity, and mortality) 

associated with the treatment of poison exposures; both with and without the services of 

a regional poison control center. It is especially interesting to note the differences in the 
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probabilities of adverse treatment effects of a regional poison control center, compared 

to no regional poison control center. Essentially, the expert panel affirmed that the 

regional poison control center is very effective in preventing further harm (caused by the 

medical treatment provided) to the patient. It was surprising to note that the probabilities 

estimated by the expert panel were fairly consistent with those reported in toxicologic 

references (Goldfrank, 1994). Additionally, there was little variance among panel 

members' reported probabilities of clinical outcomes. Finally, it is important to note that 

many experts indicated that while they were unsure of the absolute magnitude of the any 

particular probability, they were very sure of the relative magnitude of differences 

(between probabilities) when both alternatives were compared. 

Average inpatient charges utilized in this research were provided by the Arizona 

Department of Health Services, and were based on the average charge per 1CD-9-CM 

code across the state. It is important to note that the average inpatient charges (which 

make up the bulk of the total average charge per outcome) were very consistent across 

poison exposure cases, varying firom a low of $5,385 (tricyclic antidepressant overdose) 

to a high of $6,667 (cleaning substance exposure). 

Decision Analyses 

Using decision analysis techniques, the relative cost-effectiveness of the 

treatment alternatives were modeled (Weinstein et al., 1980) using two different 

outcomes (consequences): morbidity and mortality resulting fi-om four different typical 
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poison exposures (acetaminophen overdose, tricyclic antidepressant overdose, cough / 

cold preparation overdose in children, and cleaning substance exposure in children). An 

identical procedure for modeling the relative cost-effectiveness was followed for both 

outcomes and for all four poison exposures. Specifically, the relative cost-effectiveness 

of the treatment of typical poison exposures with and without the services of a regional 

poison control center, using both morbidity and mortality as the outcome measure, was 

modeled using decision analysis software (DATA by TreeAge, 1995). 

The results of the decision analyses demonstrated that the treatment of typical 

poison exposures with a regional poison control center is substantially (almost two 

times) more cost-effective than treatment without the services of a regional poison 

control center. The results of the decision analyses were very similar between outcome 

considered (morbidity and mortality); as well as across poison exposure cases. 

Consistently, the average cost per patient with the regional poison control center 

alternative was substantially (almost one half) smaller than that achieved without the 

services of a regional poison control center. Similarly, the average cost-effectiveness 

ratios (average cost per successful outcome) calculated from the results of the decision 

analyses were consistently much smaller (almost one half) for the RPCC. All 

incremental cost-effectiveness ratios calculated demonstrate that each additional 

successful outcome achieved with a regional poison control center is not accompanied by 

an increase in costs. Rather, the incremental analyses show that a very significant cost 

savings is realized ($12,000 minimum for morbidity, and $56,000 minimum for 
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mortality). Normally incremental analyses demonstrate the additional cost that must be 

incurred to realize an additional successful outcome. For example, contrast the 

incremental cost-effectiveness ratio reported by Bloom et al. (1995) of $24.05 for the 

average cost per additional cure obtained with omeprazole compared to 

ranitidine/metoclopramide in the treatment of erosive esophagitis, with -$12,000 

(smallest incremental analysis) calculated in this research. 

In summary, the results of these analyses demonstrate that a regional poison 

control center is substantially more cost-effective than no regional poison control center 

for all poison exposure cases considered in this research. Further, these results 

demonstrate that rather than incurring an additional cost for each additional successful 

outcome obtained with a regional poison control center, a very significant cost savings is 

realized. Additionally, the results of these decision analyses demonstrate that the relative 

cost-effectiveness of the two alternatives is not dependent on outcome considered or type 

of poison exposure. These results provide important information to public health policy 

makers, documenting that a regional poison control center is substantially more 

cost-effective than the treatment of poison exposures without the services of a regional 

poison control center and is not dependent on outcome considered or type of poison 

exposure. 

The consistency of results obtained in this research can be attributed to several 

factors. First, and most importantly, the probabilities and costs used in the decision 

analyses very similar regardless of outcome and poison exposure. A second reason can 
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be attributed to the assumption that the costs associated with both successful and failure 

outcomes were equal. Therefore, due to the "averaging out and folding back" method of 

calculation used in decision analysis, the average cost per patient values attained were 

identical between outcomes. 

Sensitivity Analyses 

In order to test the effect on the decision model of critical components of the 

decision making process, a series of sensitivity analyses were performed. Sensitivity 

analyses were conducted for the cost-effectiveness modeled for each of the four types of 

poison exposures; using only the morbidity clinical outcome (Petitti, 1994; Briggs et al., 

1994). Morbidity was chosen for the sensitivity analyses because of the similarity of 

results previously presented, and due to the magnitude of impact regional poison control 

centers potentially have on the morbidity associated with poison exposures. 

Specifically, two sets of sensitivity analyses, for a total of 8, were conducted (one 

outcome for each of four types of poison exposures). The first set of sensitivity analyses 

performed was a two-way sensitivity analysis across reasonable ranges of average 

inpatient charges and average ER visit charges for the effect on morbidity for each type 

of poison exposure. The second set of sensitivity analyses assumed equal probability for 

both clinical outcomes in the decision tree (morbidity and treatment adverse effects) 

while performing two-way sensitivity analyses across reasonable ranges of proportion of 

poison exposures managed on site by the regional poison control center (RPCC) and 
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average inpatient charges. The second set of sensitivity analyses were essentially 

cost-minimization decision analyses. 

Two-Way Sensitivity Analyses on Average Inpatient and ER Charges 

The first sensitivity analyses performed were two-way sensitivity analyses across 

reasonable ranges of average inpatient charges and average ER visit charges for the 

effect on morbidity derived from the four typical poison exposures. It is important to 

note that the results of the sensitivity analyses presented in Chapter 4 were identical 

across all poison exposures; and demonstrate that the results of the decision analysis 

evaluating the relative cost-effectiveness of the two alternatives, using the morbidity 

derived from the four poison exposures as the outcome, is not sensitive across reasonable 

ranges of average inpatient charges ($500-$ 10,000) as well as ER charges ($170-$700). 

Therefore, when morbidity derived from four typical poison exposures are considered, 

the regional poison control center is always more cost-effective than no regional poison 

control center, regardless of average inpatient and ER charges. 

These results provide important information to public health policy makers and 

document that the substantial cost-effectiveness of a regional poison control center, when 

compared to the treatment of poison exposures without the services of a regional poison 

control center, is not dependent of the average inpatient and ER charges used to conduct 

the decision analyses. Additionally these results demonstrate that the results of the 

decision analyses are not dependent on the type of poison exposure, outcome considered 
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(mortality and morbidity), and average inpatient and ER charges utilized in the decision 

analyses. 

Cost-Minimization 

The second set of sensitivity analyses assumed equal probabilities for the effects 

on morbidity derived from four typical poison exposures and treatment adverse effects; 

while performing a two-way sensitivity analysis across reasonable ranges of proportion 

of poison exposures managed on site by the RPCC and average inpatient charges. This 

set of analyses assumed a cost-minimization approach to the decision analysis. 

The results of the cost-minimization decision analyses were very consistent 

across poison exposure types, and were very similar to the results (average 

cost-effectiveness ratios) derived from the cost-effectiveness decision analyses 

previously discussed. These results demonstrate that the results change very little when 

the outcomes derived from typical poison exposures were considered equal; the average 

cost per patient calculated for the regional poison control alternative was substantially 

smaller than that achieved with the no regional poison control center alternative. 

Additionally, the ratios of cost to outcome calculated from the cost-minimization 

decision analyses were consistently much smaller for the regional poison control center. 

Further, these results demonstrate that even at the cost-minimization level, the regional 

poison control center is by far the dominant strategy and demonstrates that the results of 
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the decision analyses are not dependent the relative clinical outcome probabilities of the 

two alternatives utilized in this research for the clinical outcomes considered. 

This set of decision analyses provides important information to public health 

policy makers. It is especially useful for decision makers that are not convinced that a 

regional poison control center is more effective than the treatment of poison exposures 

without the service of a regional poison control center. Additionally these results 

demonstrate that the results of the decision analyses are not dependent on the type of 

poison exposure, outcome considered (mortality and morbidity), and clinical outcomes 

probabilities utilized in the decision analyses. 

Cost-Minimization Sensitivity Analysis 

A series of sensitivity analyses were performed on the results of the decision 

analyses when the outcomes derived from the treatment of four typical poison exposures 

were considered equal (cost-minimization); while performing a two-way sensitivity 

analyses across reasonable ranges of proportion of poison exposures managed on site by 

the RPCC and average inpatient charges. 

The results of the cost-minimization sensitivity analyses show that there is a 

nonlinear relationship between the proportion of cases required to be managed on site 

and the average inpatient charges. Between $500 and $3,000 there is a dramatic rise in 

proportion of cases required to be managed on site (from 0.45 to 0.58). Further, once the 

value for average inpatient charges approaches approximately $3,000, the results are not 
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affected by the proportion of cases managed on site by a regional poison control center. 

When average inpatient charges were as low as $500, the proportion of calls managed on 

site by a regional poison control center can go as low as 0.45. However, when an 

extremely high value for average inpatient charges is assiraied (over $10,000), the 

proportion of cases managed on site cannot go much lower that 0.60. Additionally, the 

results of the cost-minimization sensitivity analyses were very consistent across poison 

exposure types, indicating that regardless of poison exposure, the results of the 

cost-minimization sensitivity analyses were very similar. 

It is important to note that even when the highest value for average inpatient 

charges is assumed ($10,000), the proportion of cases that must be managed on site 

(0.60) is substantially below that obtained by the APDIC (0.77) and reported previously 

in the literature for other regional poison control centers (Filandros et al., 1993; Kearney 

et al.. 1995; Litovitz et al., 1995). These results demonstrate that at the 

cost-minimization level, the results of the decision analysis, using typical poison 

exposure morbidity as the outcome, is not very sensitive to average inpatient charges and 

proportion of cases managed on site by the regional poison control center. 

Once again, these results provide important information to public health policy 

makers. These results demonstrate to decision makers that regardless of the type of 

poison exposure, outcome considered (mortality and morbidity), clinical outcome 

probabilities, average inpatient charges, and proportion of poison exposure cases 

managed on site by a regional poison control center; the results of the decision analyses 
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are identical - a regional poison control center is the dominant strategy with an average 

cost per patient substantially smaller than that achieved with the treatment of poison 

exposures without the services of a regional poison control center. 

Finally, the results of this research represent a significant advancement in the 

economic analyses of regional poison control centers. Previous attempts at evaluating 

the cost-effectiveness of regional poison control centers have failed to consider the 

clinical effect of regional poison control centers and have focused solely on the costs 

avoided by regional poison control center; while asserting that they are cost-effective 

because of the significant costs avoided. This research represents a significant 

improvement over previous research endeavors in that it simultaneously incorporated 

both the clinical and economic effects of a regional poison control center in the modeling 

of its relative cost-effectiveness. This research confirms the results of the cost avoidance 

studies: regional poison control centers reduce unnecessary health care resource 

utilization. However, this research demonstrates that regional poison control centers 

have a significant clinical effect: reduced probability for poison exposure morbidity, 

mortality and adverse treatment effects. The most significant advancement presented by 

this research is the inclusion of both average and incremental cost-effectiveness ratios. 

This allows a rational simultaneous comparison of the altematives' economic and clinical 

costs and consequences. 

However, there are limitations and assumptions involved in this research. Most 

importantly, this research is limited by the lack of empirical data concerning the efficacy 
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or effectiveness of a regional poison control center and any alternative to the treatment of 

poison exposures without a regional poison control center. These data are essential in 

determining the cost-effectiveness of a regional poison control center compared to any 

alternative to the treatment of poison exposures without a regional poison control center. 

Additional research is needed to provide effectiveness or efficacy data. 

The results of these decision analyses are somewhat hampered by the use of 

expert toxicologists to provide outcome probabilities used. However, this possible 

limitation is minimized through the use of toxicologists not associated with the Arizona 

Poison and Drug Information Center. More importantly, this limitation is minimized 

through the cost-minimization decision analyses results and the sensitivity analyses 

conducted on the results of the decision analyses (especially the cost-minimization 

sensitivity analyses). 

An additional limitation of this research is that not all direct costs were 

incorporated into the decision analyses. Specifically, ambulance service fees and 

physician consultation fees were not included. Their inclusion would have greatly 

increased the complexity of the decision trees while adding little information and impact 

on the final decisions. As a result, the omittance of these cost may slightly underestimate 

the average cost per patient calculated for the no RPCC alternative and therefore slightly 

underestimate the superior cost-effectiveness of a RPCC relative to without a RPCC. 

Additionally, the specific results of this research are not generalizable to other 

regional poison control centers. Most of the cost and probability values utilized in the 
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decision analyses were very specific to the Arizona Poison and Drug Information Center. 

However, the methods employed in this research are certainly generalizable to all 

regional poison control centers. Using the methods employed in this research, other 

regional poison control centers may use costs and probability values specific to their own 

institution in the decision analyses. 

CONCLUSIONS 

The overall purpose of this research was to establish the relative effectiveness of 

regional poison control centers for treating four typical human poison exposures 

compared to the treatment of poisonings without access to any poison control center 

services; then to compare the cost-effectiveness of the two alternatives from society's 

perspective. Using the decision analysis modeling techniques described by Weinstein et 

al. (1980), the cost-effectiveness of a regional poison control center (RPCC) in the 

treatment of poison exposures was compared to the treatment of poison exposures 

without the services of a RPCC by constructing a decision tree. Cost-effectiveness ratios 

were calculated by entering the treatment costs and path probabilities into the decision 

tree and calculating the average cost per patient for each alternative. Two average 

cost-effectiveness ratios, one using mortality avoided and the other using morbidity 

avoided, were calculated for both alternatives included in this research and for each of 

the four typical poisoning exposures considered in this research. Finally, incremental 

cost-effectiveness ratios were calculated for each outcome and poison exposure case. 
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The superior cost-effectiveness achieved by regional poison control centers can 

be attributed to two factors. First, this research demonstrates that regional poison control 

centers exert a significant triage effect, as evidenced by an average cost per patient 

approximately one half of that achieved without a regional poison control center. They 

can significantly reduce uimecessary health care resource use. Secondly, this research 

demonstrates that a regional poison control center is more clinically effective in the 

treatment of poison exposures. 

The regional poison control center was substantially more cost-effective than the 

treatment of poison exposures without the services of a regional poison control center for 

both outcomes (morbidity and mortality) and for each poison exposure considered 

(acetaminophen overdose, tricyclic antidepressant overdose, cough / cold preparation 

overdose in children, and cleaning substance exposure in children). Additionally, the 

average cost per patient calculated for both alternatives were very consistent across 

outcomes considered and poison exposures. Further, the average cost per patient 

calculated for the regional poison control consistently was substantially smaller than that 

calculated for the treatment of poison exposures without the services of a regional poison 

control center. The average cost-effectiveness ratios (average cost per successful 

outcome) calculated from the results of the decision analyses were consistently much 

smaller for the RPCC. All incremental cost-effectiveness ratios calculated demonstrate 

that each additional successful outcome achieved with a regional poison control center is 

not accompanied by an increase in costs. Rather, the incremental analyses show that a 
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very significant cost savings is realized ($12,000 minimum for morbidity, and $56,000 

minimum for mortality). The results of this research represent a very rare event in 

economic analyses: an increase in effectiveness and a decrease in costs. 

In order to test the sensitivity of the decision model to the key components of the 

decision making process, a series of sensitivity analyses were performed. Sensitivity 

analyses were conducted for the cost-effectiveness modeled for each of the four types of 

poison exposures; using only the morbidity clinical outcome (Petitti, 1994; Briggs et al., 

1994). Two sets of sensitivity analyses, for a total of 8, were conducted (one outcome 

for each of four types of poison exposures). The first set of sensitivity analyses 

performed was a two-way sensitivity analysis across reasonable ranges of average 

inpatient charges and average ER visit charges for the effect on morbidity for each type 

of poison exposure. The second set of sensitivity analyses assumed equal probability for 

both clinical outcomes in the decision tree (morbidity and treatment adverse effects) 

while performing two-way sensitivity analyses across reasonable ranges of proportion of 

poison exposures managed on site by the regional poison control center (RPCC) and 

average inpatient charges. The second set of sensitivity analyses were essentially 

cost-minimization decision analyses. 

The results of the sensitivity analyses were very consistent across poison 

exposures; and demonstrate that regardless of the type of poison exposure, outcome 

considered (mortality and morbidity), clinical outcome probabilities, average inpatient 

charges, and proportion of poison exposure cases managed on site by a regional poison 
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control center; the results of the decision analyses are identical - a regional poison 

control center is the dominant strategy with an average cost-effectiveness ratio 

substantially smaller than that achieved with the treatment of poison exposures without 

the services of a regional poison control center. Additionally, it is important to note that 

the ratios of cost to successfiil outcome calculated for both alternatives during the 

cost-minimization decision analyses were very similar to the cost-effectiveness ratios 

calculated during the cost-effectiveness decision analyses. 

RECOMMENDATIONS 

The results of the decision analyses provide the first true evidence of the 

cost-effectiveness of a regional poison control center, compared to the treatment of 

poison exposures without the service of a regional poison control center. These results 

provide critical information to public health policy decision makers. The results 

demonstrate to decision makers that regardless of the type of poison exposure, outcome 

considered (mortality and morbidity), clinical outcome probabilities, average inpatient 

charges, or proportion of poison exposure cases managed on site by a regional poison 

control center; the results of the decision analyses are identical - a regional poison 

control center is the dominant strategy with an average cost-effectiveness ratio (average 

cost per outcome) substantially smaller than that achieved with the treatment of poison 

exposures without the services of a regional poison control center. Further, these results 

show that each additional successful outcome obtained with a regional poison control 
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center is not accompanied by an increase in costs, rather a very significant cost savings is 

realized. These results are rare: an increase in effectiveness and a decrease in costs. 

These results should be used to convince public health policy makers that they must 

reverse the trend of closing and/or cutting regional poison control center services. 

Additional research is needed to expand the economic analyses conducted in this 

research. Specifically, because of the wide array of outcomes identified in the 

production model economic analyses should be undertaken to incorporate as many 

outcomes as possible. Many of the outcomes identified in the production model can be 

valued (in dollars) and incorporated into cost-benefit analyses. Additionally, cost-utility 

analyses would be very useful in this research area. Scenarios that incorporate direct and 

indirect costs and outcome probabilities could be provided to patients in order to 

determine the utility of a regional poison control center relative to any alternative. These 

analyses would provide much needed information to public health policy makers. 

Finally, additional research is needed to confirm the results of these analyses. 

This research must be replicated in other regional poison control centers. Replication of 

these results would provide additional information concerning the consistency of results 

among regional poison control centers. 
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EXPERT PANEL DATA COLLECTION INSTRUMENT 
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DATE 

Dear Colleague: 

Regional poison control centers (RPCCs) across the country are coming under 
intense scrutiny and are being required to provide evidence concerning their 
cost-effectiveness. Due to your expertise, your input is being sought concerning the 
effects of a RPCC on the morbidity, mortality, and adverse effects associated with the 
treatment of four types of poison exposures. You have been identified as one of only six 
potential participants and your input is absolutely critical to the conduct of this research, 
as it will provide the basic information needed to estimate the cost-effectiveness of a 
RPCC. 

Enclosed you will find a brief questionnaire concerning the morbidity, mortality, 
and adverse effects associated with the treatment of four types of poison exposures, both 
with and without the intervention of a RPCC. It is estimated that the questionnaire 
requires 7-10 minutes of your time to complete. Please return the completed 
questionnaire by 1 October, 1995 in the enclosed retum postage paid envelope. Be 
assured that all responses will be treated in a strictly confidential manner and that 
participation is totally voluntary. Additionally, completion of this questionnaire 
demonstrates consent to participate in this research. If you have any fiirther questions 
and/or comments, please feel free to contact me: 

Donald L. Harrison 
Department of Pharmacy Practice 
College of Pharmacy 
The University of Arizona 
Tucson, AZ 85721 
Phone: (520)626-4452 
Fax: (520) 626-4063 

Additionally, we have enclosed a reprint of our recently published manuscript 
outlining the use of the production model in the conduct of economic analyses of 
regional poison control centers. Thank you for participating in this critical research. 

Donald L. Harrison, MS 
Ph.D. Candidate 

Enclosures 
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OUTCOMES ASSOCIATED WITH TYPICAL POISON EXPOSURE CASES 

Instruclioas: Please complete Ihe entire questionnaire. You will be asked to provide 
your expertise concerning the overall incidence of morbidity, mortality, and treatment 
adverse effects associated with four types of poison exposures, when treatment occurs 
either with or without the services of a Regional Poison Control Center (RPCC). 

For the purposes of this research, morbidity is defined as untoward condition 
(e.g., liver, renal, CNS, cardiac toxicity) caused by a poison exposure. Treatment 
adverse effects are defined as any unwanted effects (e.g., nausea, vomiting, 
bronchospasms) directly resulting from any poison exposure treatment provided. 

The next six questions concern the morbidity, treatment adverse effects, and mortality 
associated with a typical acute acetaminophen overdose: 

With the services of a Regional Poison Control Center: 

1. What is the overall percentage of patients experiencing morbidity from a typical acute acetaminophen 
overdose? 

2. What is the overall percentage of patients experiencing adverse effects from the treatment of a typical 
acute acetaminophen overdose? % 

3. What is the overall percentage of patients who die from a typical acute acetaminophen 
overdose? % 

Without the services of a Regional Poison Control Center: 

4. What is the overall percentage of patients experiencing morbidity from a typical acute acetaminophen 
overdose? % 

5.  What is the overall percentage of patients experiencing adverse effects from the treatment of a typical 
acute acetaminophen overdose? % 

6. What is the overall percentage of patients who die from a typical acute acetaminophen 
overdose? % 
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The next six questions concern the morbidity, treatment adverse effects, and mortality 
associated with a typical acute tricyclic antidepressant overdose: 

With the services of a Regional Poison Control Center: 

1. What is the overall percentage of patients experiencing morbidity from a typical acute tricyclic 
antidepressant overdose? % 

2.  What is the overall percentage of patients experiencing adverse effects from the treatment of a typical 
acute tricyclic antidepressant overdose? % 

3. What is the overall percentage of patients who die from a typical acute tricyclic antidepressant 
overdose? % 

Without the services of a Regional Poison Control Center: 

4. What is the overall percentage of patients experiencing morbidity from a typical acute tricyclic 
antidepressant overdose? % 

5.  What is the overall percentage of patients experiencing adverse effects from the treatment of a typical 
acute tricyclic antidepressant overdose? % 

6. What is the overall percentage of patients who die from a typical acute tricyclic antidepressant 
overdose? % 

The next six questions concern the morbidity, treatment adverse effects, and mortality 
associated with a typical acute cleaning substance exposure in children (under 13 years 
of age): 

With the services of a Regional Poison Control Center: 

1. What is the overall percentage of children experiencing morbidity from a typical acute cleaning 
substance exposure? % 

2.  What is the overall percentage of children experiencing adverse effects from the treatment of a typical 
acute cleaning substance exposure? % 

3. What is the overall percentage of children who die from a typical acute cleaning substance 
exposure? % 

Without the services of a Regional Poison Control Center: 

4. What is the overall percentage of children experiencing morbidity from a typical cleaning substance 
exposure? % 
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5. What is the overall percentage of children experiencing adverse effects from the treatment of a typical 
cleanuig substance exposure? % 

6. What is the overall percentage of children who die from a typical cleaning substance exposure? % 

The next six questions concern the morbidity, treatment adverse effects, and mortality 
associated with a typical acute cough/cold preparation overdose in children (under 13 
years of age): 

With the services of a Regional Poison Control Center: 

1. What is the overall percentage of children experiencing morbidity from a typical acute cough/cold 
preparation overdose? % 

2.  What is the overall percentage of children experiencing adverse effects from the treatment of a typical 
acute cough/cold preparation overdose? % 

3. What is the overall percentage of children who die from a typical acute cough/cold preparation 
overdose? % 

Without the services of a Regional Poison Control Center: 

4. What is the overall percentage of children experiencing morbidity from a typical acute cough/cold 
preparation overdose? % 

5. What is the overall percentage of children experiencing adverse effects from the treatment of a typical 
acute cough/cold preparation overdose? % 

6. What is the overall percentage of children who die from a typical acute cough/cold preparation 
overdose? % 

The questionnaire is complete. Once again, thank you for your valued participation in 
this important research. Please return the questiormaire as soon as possible in the 
enclosed self addressed envelope: 

Donald L. Harrison 
Department of Pharmacy Practice 
College of Pharmacy 
The University of Arizona 
Tucson, AZ 85721 
Phone: (520)626-4452 
Fax: (520) 626-4063 
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