
INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI

films the text directly from the original or copy submitted. Thus, some

thesis and dissertation copies are in typewriter face, while others may

be from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the

copy submitted. Broken or indistinct print, colored or poor quality

illustrations and photographs, print bleedthrough, substandard margins,

and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete

manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate

the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by

sectioning the original, t:~ginnjng at the upper left-hand comer and

continuing from left to right in equal sections with small overlaps. Each

original is also photographed in one exposure and is included in

reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white

photographic prints are available for any photographs or illustrations

appearing in this copy for an additional charge. Contact UMI directly

to order.

UMI
A Bell & Howell Information Company

300 North Zeeb Road. Ann Arbor. M148106·1346 USA
313:761-4700 800:521·0600





Order Number 9519476

Estimating the effectiveness of diagnostic technologies in
Government of Belize/Ministry of Health hospital based
perinatal management

Tucker, Robert Verne, Ph.D.

University of Hawaii, 1994

V·M·I
300 N. Zeeb Rd.
Ann Arbor, MI 48106





ESTIMATING THE EFFECTIVENESS OF DIAGNOSTIC TECHNOLOGIES

IN GOVERNMENTOF BELIZEIMINISTRY OF HEALTH

HOSPITAL BASED PERINATAL MANAGEMENT

A DISSERTATIONSUBMITTEDTO THE GRADUATE DIVISION OF THE
UNIVERSITYOF HAWAII IN PARTIALFULFILLMENT OF THE

REQUIREMENTS FOR THE DEGREE OF

DOCTOR OF PUBLIC HEALTH

DECEMBER 1994

By

Robert Verne Tucker

Dissertation Committee:

Walter K. Patrick, Chairperson
Arthur Kodama

Jerrold M. Michael
Jack Suyderhoud
Sheldon Vamey



ACKNOWLEDGEMENTS

"If we open our eyes, if we open our minds, if we open our hearts, we wi II find this world
is a magical place. The discovery ofthat magic can happen only when we transcend
our embarrassment about being alive. and when we have the bravery to proclaim

the goodness and dignity of human life, without hesitation or arrogance."

Shambhala

I cannot begin to express the feelings I have for those individuals who have helped

me on this academic journey. The road I have navigated has been filled with fond

memories and learning experiences from fellow sojourners who knew the paths to follow.

This enlightening experience has given me the distinction and honor of becoming a Doctor

of Public Health. I now want to acknowledge those individuals who have helped me on

this rewarding and productive voyage.

First of all. I want to thank my wife and daughter who have had to put up with my

late hours, frustrations, and sometimes erratic behavior. But most ofall. for giving me

their undivided support, both here in Honolulu and in Belize.

Secondly, to Dr. Walter Patrick who has been my trusted ally in this process. He

has been my leader and guide for the past six years. Next, I want to thank my doctoral

committee members (Dr. Arthur Kodama. Dr. Jerrold M. Michael, Dr. Jack Suyderhoud,

and Dr. Sheldon Varney) for their time, patience. and faithful direction. Special thanks

goes to Dr. Suyderhoud for the valuable time he spent in his conscientious examination of

the dissertation. Dr. Harold Ayabe is another person that needs to be mentioned for his

illuminating suggestions into my dissertation's study design. The careful editing of my

dissertation by my friend and consul, Mrs. Lillian Pebbles cannot be forgotten.

111



Thirdly, but surely not least, is the admiration and respect I have for the entire

School of Public Health, University of Hawaii faculty and staff for their support and

compassionate understanding during my tenure as a doctoral student and colleague at the

School of Public Health.

Finally, this dissertation could not have been done without the help and assistance

from the Government of Belize/Ministry of Health Staff Special mention needs to be

given to Dr. Errol Vanzie, Dr. Ramon Figueroa, and Mrs. Elaine Clarke.

IV

. -- _...._---_._----_. ----



ABSTRACT

This study involved a sample of 549 perinatal cases at four Government of

Belize/Ministry of Health (GOBIMOH) hospitals. The research investigated the medical

effectiveness ofdiagnostic technology in GOBIMOH hospital-based perinatal morbidity

and mortality. The analysis ofthe information revealed the fact that technology use was

statistically significant in its association with unhealthy perinatal outcome and was found to

be primarily restricted to high risk mothers and mothers at risk because of complicated

pregnancies. Both groups experienced high levels of perinatal morbidity or mortality. Of

the four high risk indicators studied, parity, gravida, and particularly hemoglobin

determinations were significant; age was not.

This research project demonstrated that use ofa spectrometer is an ineffective way

ofassessing the well-being of perinates in Government cfBelize/Ministry of Health

hospitals, not from the standpoint of the critical need for testing the mother's hemoglobin,

but from the perspective of the inefficient delivery of the hemoglobin results and lack of

understanding ofthe importance of that information. It was found that inefficient delivery

of the results of hemoglobin testing is due to not having the technological capacity to test

the blood hemoglobin in the laboratory, hospital wards, and/or prenatal clinics, and/or

mismanagement in the transfer of the hemoglobin results from the laboratory back to the

hospital wards or prenatal clinics. The lack of understanding of the importance of the

information may be due to the health care provider's lack of trust in the health system and

diagnostic results or for the reason Swingler (1989) discusses of how physicians ignore

unexpected abnormal results of screening tests in clinical settings.
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CHAPTER 1

THE PROBLEM

GENERAL BACKGROUND

Health has very different meanings to various population groups of the world,

but in any case, health or the relative absence of it can serve as a discriminating feature

between the developed and developing nations of the world. The health conditions that

characterize many of the developing countries continue to include high infant mortality

rates, coupled with high birth rates, high morbidity rates and a relatively abbreviated life

expectancy at birth. The major causes ofdeath in these countries remain infectious

diseases as opposed to the degenerative diseases extant in the industrialized nations.

The improvement of health status in developing countries is the result ofa

complex interplay of factors that cannot be attributed to the modernization and

development of medical care alone. Frequently policy makers and political leaders

assume that health and medicine are synonymous. As a result, they perceive that the

promotion of health requires primarily the presence of hospitals, the training of

specialized physicians, and the acquisition of the most advanced medical technologies.

Several studies have shown that historically health improvements have been associated

with better environmental habitats, nutrition, and education, and not so much with the

presence of medical facilities and personnel (Jackson & Ugalde, 1985). In addition, this

perception of health coupled with facilities and highly trained personnel has been

erroneously interpreted by many to mean economic development. That is, the
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placement of medical care after other prerequisites for improving the health status has

led to the false assumption that economic growth will be followed by better health

conditions. This interpretation is now properly questioned. There is increasing

evidence that suggests that development, modernization, and the technologies used to

produce them, not only have limited impact on health, but in some instances have had

detrimental effects on the health status of the population (Echeverri, 1991).

Many subscribe to the thought that alleviation of the health problems now faced

by most of the people in developing countries will be achieved only through politically

supported social programs and by adopting a balanced combination of health

technology and human resources as defined in the broadest sense (Bader, 1977). So the

important question becomes how to select and utilize health technology to meet human

needs within the limits of available resources.

This study's aim is to assess what relevance existing diagnostic technology has on

health care. For the purposes of this research, "health technology" is synonymous with

"medical technology" and refers only to technology used for the provision of personal

health care services. Medical technology, as defined by the U.S. Office of

Technology Assessment (Office of Technology Assessment [OTA], 1978), is "the set of

techniques, drugs, equipment, and procedures used by health care professionals in

delivering medical care to individuals and the systems within which such are delivered."

The focus ofthe study is to assess the impact of health care resource allocations

by decision-makers. How to allocate limited available resources requires intelligent

choices founded upon sound decision modeling and planning. It is unfortunate that in
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Belize, as well as most other developing countries, most of the scarce resources are

misallocated (Pena-Mohr, 1987). This results in a very inefficient health care system

which thus provides an unequal distribution ofthe resources, and/or the services they

support. The study is directed to the thesis that if the current diagnostic technology in

Government of Belize/Ministry of Health (GOB/MOH) hospitals is not being used

effectively, the decision to invest in higher level technologies would be an imprudent

one, not only for its high cost to the society, but because it could sacrifice equal access

to quality health care for all Belizeans.

SPECIFIC BACKGROUND

Most developing countries, including Belize, experience relatively high perinatal

mortality when compared to the levels in industrialized countries. This perinatal

morbidity/mortality, has more to do with the socioeconomic status, living conditions,

and demographic structure ofthe populations in developing countries than the

availability ofmodem health care facilities (Panerai & Attinger, 1984). Nonetheless,

given the present dismal economic forecast for many developing countries in the future,

it is only through a wise choice and use of health technology that health providers and

decision-makers can expect to improve the outcome of pregnancy and labor (Banta,

1982).

This research undertaking used perinate morbidity and mortality because

epidemiological research and demographic analysis have shown that there is an

association between the health, social status, and level of education of women and the

risk of their children dying in infancy (Behm & Robles, 1988). Moreover, as reporting
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of deaths becomes complete, in both developed and developing countries, it becomes

apparent that approximately half of all infant deaths occur in the first month of life, and

usually within the first week. The underlying and often direct causes of these deaths

relate to the health and nutritional status of the woman during pregnancy, the quality of

care during pregnancy and delivery, and the immediate care of the newborn infant.

Furthermore, the consequences of maternal ill-health and poor-quality maternal care are

reflected in a high risk of impaired function and disability among the surviving newborn

infants.

This study assesses the medical effectiveness of simple Diagnostic Technology

(DT) used in hospital-based perinatal management in GOB/MOH hospitals. The

selected technology used for this study is the spectrometer. The selection ofthis device

was based on two criteria: it was the exclusive medical technology/device present in all

the hospitals under investigation, and it needs to have routine and/or daily calibration,

standardization, quality control, and maintenance. Medical effectiveness in this context

means the impact or value of the spectrometer on diagnosis and thus reduction in

perinatal morbidity/mortality through its measurement of hemoglobin levels.

Hemoglobin levels are useful in perinatal management for the assistance they give the

physicians and midwives in diagnosing and treating high-risk pregnancies and neonatal

problems.

The Study Site

The study site, Belize (formerly known as British Honduras), is located on the

Yucatan Peninsula in Central America. It has a population of approximately 200,000
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people living in an area of23,000 Km2
, roughly the size ofthe state of New Hampshire

in the United States ofAmerica. Forty-five percent of its population is under 15 years

ofage. Belize became independent from the United Kingdom in 1981. Although

English continues to be the major language of commerce and education, Spanish is

growing in popularity and use. Belize has several racial, cultural, and socioeconomic

groups: Creole, Mestizos, Mayans, Garifunas, Europeans, East Indian, and Middle

Easterners. This diversity of groups shares common health knowledge and practices

with its Spanish-speaking neighbors.

Some of the key health statistics are:

• population per physician = 2202

• population per hospital bed = 261

• Infant Mortality Rate (lMR) = 30.2/1000

• Crude Birth Rate (CBR ) = 43.1/1000

• Crude Death Rate (CDR) = 4.911000

• Expanded Program for Immunization (EPI) coverage is about 80%.

Other relevant information about Belize's health infrastructure include:

• lack ofa sufficient number ofqualified graduate nurses because many from the

country's only nursing school migrate to the United States ofAmerica

• the lack of adequately compensated public sector jobs for physicians

• appropriate development ofan effective and well-functioning health care

delivery system (facilities, technology, and infrastructure)
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• unequal access to health care - only about 15% of Belizeans have access to

private medical care - another 55% rely on government health care facilities

the remaining 30% are in areas where they have little or no access to organized

health care

• Belize's economic conditions - withdrawal ofthe United Kingdom's military

forces after more than 14 years ofcontinued support through the presence of

approximately 5,000 troops - breaking of its close ties and interdependence on

the UK since the early 1800s creates problems - withdrawal of the United

States Aid for International Development Mission in 1996 will eliminate

developmental programs - the country's dependence on foreign trade and

commerce and its lack ofnatural resources

• the need to overcome bureaucratic import hurdles and to find cost-effective

solutions rather than using crisis management

• within the technical cooperation framework, the Belizean Ministry of Health has

yet to successfully update its activities in such regional projects as malaria

control, managerial capabilities, equipment maintenance, essential drugs

acquisition and distribution, and AIDS control

• the new Belize City Hospital is still under construction, while improvements to

the old Belize City Hospital continue

• the intersectoral coordination between other ministries for health education

programs and environmental health projects remains an obstacle
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Belize was chosen for this study because of the investigator's three year's

experience in Belize as a Program Director for Project Concern International's Belize

Primary Health Care (PHC) program. This project was in a counterpart relationship

with the GOBIMOH. The GOBIMOH staff directly responsible for the PHC program,

at both the national and district levels, were physicians. Because of this counterpart

relationship, the investigator became knowledgeable about how health care resources

were allocated, especially given the close relationship of physicians and politicians.

This experience suggested that a disproportionate amount of resources were going to

physician's requests for new technology, crisis management, and/or dealing with the

acute care of the politicians' families and selective constituents.

This was exacerbated by inadequate planning and in the absence of proper

infrastructure to support PHC (GOBIMOH National Primary Health Care Committee,

personal communication, January 1985 to June 1988). The effect was a low level of

health service utilization by the majority of the population and the stymieing ofPHC

efforts.

It was the investigator's opinion that Belize's decision-makers need to have a

more comprehensive understanding ofthe contribution of health technologies to a

defined outcome, particularly to meeting local health needs and to an effective working

ofthe local social, economic, and institutional sectors. Such an understanding is

essential if technology is to promote health effectively in Belize.

A critical concern regarding the issues above is the discussed dilemma of

deciding how to best allocate limited health care resources to meet the health needs and
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demands of the population. This is especially vital in the context of the increasing

disparity between those segments of the population that can afford the high cost of

health care, and those that cannot. One outcome would be a decision model that will

help determine the allocation of resources, based on: the normative standard of

Belizean physicians; the vital statistical standards of Belize; and the size of the actual

health budget allocations provided by the GOBIMOH.

This decision model is a desired outcome of this study. This research is but the

first step in developing the decision model process. It assesses the use ofone piece of

medical technology and determines its relevance on the future health of the perinate.

The study uses the principles set forth in preforming technology-oriented Health

Technology Assessments (HTA) and uses the medical effectiveness approach with

perinatal outcome as its measure. The fundamentals ofHTA are discussed in Chapter

Two and the details of the study's methodology are described in Chapter Three.

Survey Sites

The investigation took place in the Orange Walk, San Ignacio, Belmopan, and

Belize City Hospitals. The Orange Walk and San Ignacio hospitals are district/rural

hospitals. The Belmopan and Belize City Hospitals are referral hospitals as they have

both specialists (obstetrician/gynecologist & pediatrician), and an operating theater. The

leading referral hospital is Belize City Hospital with its high level of specialists and

technologies. The study took three months to complete. The details of the survey's

events can be reviewed in the trip report (Appendix A).
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PROBLEM STATEMENT

The problem is that the GOBIMOH has no decision-making model or gauge to

identify those medical technologies that can lead to minimizing morbidity/mortality and

having maximum impact on improved health outcome. Despite the limitations and

distortions associated with mortality statistics in developing countries for the

characterization of their health conditions, the excessive mortality/morbidity in their

populations is a major target for action (Attinger & Panerai, 1988). Under a scenario of

limited resources, especially given the world's current economic conditions, the

introduction of some kind of an assessment for evaluating medical technologies in

Belize, should move to the forefront as a key adjunct for improving the health status of

Belizeans.

RESEARCH QUESTION & HYPOTHESIS

The purpose of this study is to demonstrate to the GOB/MOH the

constructiveness in assessing medical technologies. Given the limited availability and of

medical technologies used in Belize, diagnostic technologies were chosen for

assessment. Perinatal management in GOB/MOH hospitals was chosen to measure the

effectiveness ofthe diagnostic technologies because of the important role perinatal

morbidity/mortality has in determining quality of health care being delivered. This led

to the development of the research question: is diagnostic technology effectively used to

improve perinatal outcomes in GOBIMOH hospitals? This question then led to the

following hypothesis to analyze the question: "Use ofdiagnostic technology (the

spectrometer) is not associated with reduced perinatal morbidity/mortality." In other

9
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words, the hypothesis states that using diagnostic technology does not influence the

survivorship and well-being (outcome) of the perinate.

This hypothesis operates under the following assumptions:

• therapeutic measures for high risk mothers continue unchanged, regardless of

the spectrometer's evaluation of the mother's or perinate's hemoglobin level

• physicians are now requesting and will continue to request new diagnostic

technologies (Faundes et al., 1988)

• the infrastructure, i.e., capital, manpower, facilities, training, maintenance, and

spare parts, is not present to properly support Diagnostic Technologies (DT)

(Perry & Chu, 1988)

• tertiary or referral hospitals will have a greater availability ofDTs than the

district or rural hospitals

• the technology transfer that has occurred in the region has been characterized by

the indiscriminate acceptance and wholesale acquisition of technologies without

regard to actual maintenance status, usability, suitability, efficiency, and/or

effectiveness

• high levels ofDT (electronic fetal monitoring and ultrasonographic equipment)

cannot be supported if low level DT cannot be maintained (Roseman, Patrick,

and Tucker, 1991)

10



CONCEPTUAL FRAMEWORK

The conceptual framework for the study is based on the fact that both high risk

and normal pregnant mothers enter the hospital for delivery and to achieve successful

perinatal and maternal outcomes. In the GOB/MOH's efforts to ensure child survival

through the effective management of the perinate, testing for hemoglobin levels through

the use of the spectrometer has become a critical marker for successful outcomes. The

medical effectiveness, or lack thereof, in the spectrometer's ability to determine the

mothers' hemoglobin level can alert the GOBIMOH decision-makers, hospital

administrators, physicians, and/or midwives of potential problems and need for other

possible medical interventions/health technologies, for improving the survival of the

perinate and mother.
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CHAPTER 2

REVIEW OF RELATED LITERATURE

INTRODUCTION

This section resulting from a critique of the literature, reviews the main concepts

and methodologies involved in health technology assessment and discusses its potential

contribution to improving health care delivery in developing countries.

In the last two decades, the need to assess new and costly medical technologies

has become more ofa priority issue in developed countries in light of increased health

care costs and concerns about the safety and utilization criteria governing a growing

number of technological procedures. The problems developing countries face in

utilizing and assessing health technologies are not typical ofthose in developed nations.

The approach for this research undertaking takes into account these different

characteristics.

The development of modern medical technologies can be traced back to

discoveries in the physical and biological science during the 17th century (Reiser, 1978).

But, in the industrial nations of the Northern Hemisphere, it is only since World War II

that there has been an almost explosive process of innovation and diffusion of modern

medical technologies and marked increase in the number of medical procedures that

lead to a cure or other sensational results (Reiser, 1978). Before this latter phase

occurred, socioeconomic changes and the sanitation movement of the 19th century

brought the nonmedical technologies (nutrition, hygiene, health education, coordinative
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services) to a large majority of the population in these countries, independent of

individual need, thus marking the beginning of the largest "preventive" campaign in

history. The results ofthe large-scale diffusion ofthe nonmedical technologies were

evidenced in the first decade of the 20th century by the significant fall in incidence and

mortality rates ofdiseases such as tuberculosis (McKeown, 1976), typhoid fever

(Dingle, 1973), and pneumonia (Dingle, 1973), even before modem treatment methods

had been developed. The advent of modem medical technology in developed nations,

added to the ability to deal with infectious and parasitic diseases and complications of

birth, leaving degenerative and chronic diseases as the main health issues in these

countries.

The history has been quite different in developing countries. Owing to

socioeconomic problems and the time lag ofdevelopment relative to population size,

most of these countries have been unable to utilize the nonmedical technologies on a

broad geographic scale. In recent years, technology dispersal has been achieved only

by a small number ofcountries such as Costa Rica, Sri Lanka, and Cuba (Pan American

Health Organization [pAHO], 1982), with results that validate the experience in more

developed countries.

Modem technologies have reached the Southern Hemisphere. Some population

groups in these countries enjoy standards of living similar to those in rich nations.

These circumstances have created a demand for the same modem, and often costly,

technologies that are being marketed in the Northern Hemisphere. The political and

economic power of elite groups in developing countries and international pressure for

13



the sale of modem equipment - often referred to as "technology transfer" and tied to

intergovernmental loans and donations from philanthropic organizations - have led to

facilities in some large urban centers of the Southern Hemisphere that duplicate those

found in a modem hospital of a developed country (Bader, 1977). The result of this

anomalous process has often been an imbalance in the allocation of scarce technological

resources among populations with heterogenous health problems and needs, which is

aggravated by inappropriately distributed health manpower and lack of infrastructure.

It would be naive to propose that developing countries should proceed through

the same stages as the developed countries did in their move to improve health standards

for their populations. Although the cultural and economic realities of these two worlds

may differ, the use of many modem technologies can be explored in developing

countries, since they are more cost-effective than alternatives available a few decades

ago.

One answer for developing countries in the choice of which medical

technologies to select is in the wise determination and well-planned extension of

technological options that are appropriate to local conditions and can produce optimal

health improvements within the limitations set by available human and financial

resources. However, Panerai & Pena-Mohr (1989) are quick to point out that the word

"appropriate" means not only that the necessary infrastructure should be available, but

that the technology should not be harmful to the environment, social relationships, at

odds with ethical values or the legal system. This task will require appraisals from the

economic, epidemiological, and clinical points of view (Panerai & Pena-Mohr, 1989).
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The word technology deserves a clear definition. Galbraith (1977) defines

technology as "the systematic application of scientific or other organized knowledge to

practical tasks." In the context of health care delivery, the United States Office of

Technology Assessment (OTA) defines it as "the drugs, devices, and medical and

surgical procedures used in medical care, and the organizational and supportive systems

within which such care is provided" (OTA, 1982). However, in the broader context of

health care, the OTA definition must be expanded to encompass knowledge that can be

used by health care providers and by communities to solve or ameliorate their health

problems and improve their health status (Panerai & Pena-Mohr, 1989).

In health, the costs and benefits of technology are a much discussed and

controversial issue in both the developed and developing countries. Health technology

is ofgreat relevance to health administrators, physicians, educators, and politicians. The

reasons are the high costs of medical technology, its limited coverage, resource

allocation questions, and the central role that these professionals have in its selection and

use (Coe, 1988).

In the late 1970s and early 1980s, leaders in health care intensified their efforts

to improve health in the developing world. Following the declaration of "Health for All

by the Year 2000", there began a period ofreview, debate, and planning to achieve this

goal. The top priorities identified were: immunization and oral rehydration; nutrition;

birth spacing; control ofacute respiratory infections; control of vector-borne diseases;

and the provision of potable water and adequate basic sanitation (Mandl, 1983; World

Health Organization [WHO], 1979).
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The setting of these priorities emerged from a variety ofconsiderations. First,

the rates of infant and childhood death were unacceptably high in developing countries,

varying from two to twenty times the rates in developed countries. Second, the

priorities reflected those interventions that might contribute most significantly to

reducing morbidity/mortality among children. Third, it was argued that technologies to

carry out these interventions had been developed. Although vaccines, oral-rehydration

solution (ORS), foods and food supplements, antibiotics, vector-control agents, water

pumps and sanitary latrines were known, these interventions were not sufficiently

available to all people (Free, 1992).

Over the next few years, the experience of implementing primary health care

programs in developing countries supported the initial enthusiasm. Where programs

were applied with strong political commitment and adequate funding, impressive

reductions in infant mortality followed (WHO, 1987). It became increasingly clear,

however, that "something was wrong." Infant mortality remained high even in countries

with the best programs. Health experts realized that the early optimism that

"technological solutions existed" was naive. In practically every primary health care

program, problems had arisen with the application of technologies. These included the

following:

• vaccines exposed to heat lost their potency (Wilson et aI., 1986; The Rockefeller

Foundation [RF], 1984)

• cold chains designed to protect vaccines required expensive equipment, fuel, and

maintenance (Wilson et al., 1986: RF, 1984)
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• syringes that were not properly sterilized resulted in the transmission of disease

(Wilson et al., 1986; RF,1984)

• mothers did not like the taste ofOral Rehydration Solution (ORS) and

demanded modified solutions (Williams, 1987; RF, 1984)

• ORS did not "cure" the cause of diarrhea, stimulating a search for a modified

solution that reduces stool output and helps maintain nutritional status (Williams,

1987; RF, 1984).

• vector-control agents resulted in the dominance of resistant strains and were

considered dangerous to the environment, resulting in the abandonment oftheir

use and the initiation of research of new products (Curtis, 1990)

• contraceptives had side effects and were not effective or acceptable in other

ways (Cates et al., 1990)

• water pumps broke down and could not be repaired easily in the field (Morgan,

1990)

• latrines became sites ofdisease because they could not easily be maintained

(Morgan, 1990)

THE SHELF LIFE OF TECHNOLOGY

There have been very few technologies that have proven to be the definitive

answer to a health problem; most commonly there is a continuous process of

technological innovation that closely follows breakthroughs in the biomedical and

physical sciences (Banta, 1984). Every time a new technology surfaces, it sets in

motion a complex chain-reaction of impacts as it spreads and is put into use. A
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technology will eventuaJly be abandoned for a number ofdifferent reasons, thus

completing its "life-cycle" in health care delivery. An understanding of this cycle is

necessary to identify the main determinants and influences that drive this dynamic

process. Only then can the facts needed to understand it and to formulate the most

appropriate and effective control policies be discovered. The innovation, diffusion, use,

acceptance, and abandonment of technology in developed countries have been

characterized to include the foJlowing stages (Annerstedt, 1978; Banta et al., 1981;

Sabato, 1975; Panerai & Pena-Mohr, 1989):

• innovation - this stage includes four phases: (1) research - the discovery of new

knowledge, (2) development - the application of this new knowledge into

development and patenting of technological prototypes, (3) product testing, its

evaluation for effectiveness and safety, and (4) production

• diffusion - this involves early acceptance ofthe new technology, and the

development of national and international markets

• acceptance or incorporation - this is seen when new technology becomes

accepted and used

• utilization - the routine use of the health technology

• abandonment - the discarding of the technology

One of the major problems involved with the innovation, diffusion, and use of

technology in Latin America, except for Argentina, Brazil and Mexico, is that the first

four phases of the above cycle (research, development, testing, and production) are
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totally lacking. This results in an almost total dependence on industrialized countries for

the diffusion of technologies, and usually without properly assessing them for their

appropriateness. The other disparity is that the research that is being done in Argentina,

Brazil, and Mexico has closer links to industrialized countries than to the production

processes or real needs ofdeveloping countries (Sagasti et aI., 1983).

The problem of the diffusion and transfer of hardware without the transfer of

the know-how to manage and operate it was identified as a key problem in the Science

and Technology Policy Instruments (STP) Project supported by the International

Development Research Center ofCanada in the 1970s (Contreras et aI., 1980). The

STP project studied the transfer of industrial, agricultural, and textile technology and

identified four problem areas:

• Lack of autonomy in decisions referring to technology. Technology was

purchased by entrepreneurs who lacked technical knowledge and information;

who therefore were virtually dependent upon foreign corporations to supply

technology, technical advice, engineering know-how, and equipment.

• Lack ofcapaci1y and trained personnel to select the most suitable technologies.

National governments could not clearly identify the problems requiring foreign

technology, the information regarding technological alternatives, or the

conditions under which the contract should be negotiated.

• Lack ofcapabilities for search, evaluation, and absorption of imported

technology. National governments did not know how to search, evaluate,

bargain for, incorporate, or absorb technologies acquired abroad.
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• The purchase of inappropriate technologies. Technologies purchased often are

those that satisfy the consumption needs of the higher income classes, instead of

those needed for the country's development.

When countries are technologically dependent, it creates major difficulties for

their governments. This difficulty is found in how to use this new science and/or

technology to attain social, economic, and political goals of the country. Dependence

relates not only to importing the equipment itself, but also to importing information on

its uses, expertise on its operation, the capacity to maintain, repair, and calibrate it, an

understanding of its limitations and indications for use, the ability to negotiate and

bargain over the terms of the purchasing contract, a calculation of fair purchasing price,

the assessment of alternative technologies, and the adaptation of technology to national

conditions (Givan, 1983; Mytelka, 1978; Sabato, 1975; Sagasti, 1983; Sagasti et aI.,

1983; Suarez & Ciapuscio 1975). More important is that dependence generates further

dependence. This cycle ofdependence is only broken when countries become actively

involved in developing their own technological capabilities. Although most developing

countries import substantial technology, the capacity to better select, adapt, use, and

maintain it, is increased as the country becomes more capable and self-reliant.

One factor that should motivate national leadership to regulate the importation

of health technology is the problem of their nation's unhealthy population, especially

those who cannot afford, or do not have access to medical care. The understanding of
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how to allocate limited available resources will require intelligent choices founded upon

sound decision modeling.

The need for a serious effort to establish a system that helps governments in

choosing and using health technology is widely recognized due to the enormous

economic impact it could achieve. In fact, Latin America and the Caribbean import

over US$1 billion per year of health technology. More than US$200 million in

pharmaceutical and almost US$400 million in medical equipment were imported to the

Latin America! Caribbean region in 1981-82 from the U.S. alone (Coe, 1988). In

addition, the region invested nearly US$1 billion in both internal and external research

and development in 1977 (Coe, 1988). It is also estimated that 20% of all health care

dollars are expended for actual physician costs, while the remaining 80% pay for

physician prescribed diagnostic and therapeutic services (Gibson et aI., 1983). A central

question related to curtailing rising costs must center on the procedural emphasis at all

levels of health care, the country's use of technology, and its ability to properly assess

the existing technology and needs for new technology.

It has become increasingly evident that the health systems of Latin America have

certain political, economic, and socio-cultural features that make many current medical

technological interventions inappropriate given the availability of limited resources

(Banta, 1984). For example, it is not enough for an effective vaccine to exist if it

cannot be effectively administered or if prevailing human and environmental factors

cause it to be used improperly. Technological transfer from more developed countries

has been the most widespread means of bringing technological development into Latin
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America. In practice, this transfer has consisted in the indiscriminate acceptance and

wholesale acquisition oftechnologies, without regard for the actual usability, suitability,

efficiency, and/or effectiveness of the technologies transferred (PAHO, 1980).

Moreover, health services in developing and developed countries are usually

dominated by urban hospital-based curative services which feature a reliance on

complex western imported medical technology (WHO, 1987). In some developing

countries, this type of health service was installed by the previous colonial power,

reflecting choices made by the then ruling elite. Since independence, however, many

governments have continued this pattern of resource allocation, influencing directly

which technologies are chosen and where they are used. This pattern, with some

notable exceptions (Orubuloye & Oyeneye 1982), has continued despite increasing

concern about meeting the health needs of the rural poor. Several studies (Laurent,

1982; UNICEFIWHO, 1981; Venkatratnam, 1986; Panikar, 1986; Piachaud, 1979)

validates this fact.

It has been shown (Bader, 1977) that many "advanced" technologies introduced

into Latin America have failed because the appropriate infrastructure was not in place.

Had strong health technology assessment programs existed in these countries, the

decision might have been made to find more appropriate or more easily sustainable

technologies. Alternatively, these resources spent on the advanced technologies might

have been allocated to public health measures or other non-technological initiatives

(Perry & Marx, 1992).
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The practical problems oftransferring medical care technology to developing

nations are significant issues for technology assessment that warrant attention at many

levels. Often, private companies in the United States and western Europe generate new

medical technologies and offer these new drugs and devices for sale to institutions in

developing countries. Local governments, public health institutions, and medical

providers in less-developed countries try to seek access to new, promising technologies

with the hope that these new technologies will help them solve pressing local health

problems. However, all too often, the promised benefits never materialize. As a result,

these well intentioned (and occasionally incompetent) bureaucrats waste scarce local

resources. People at every step in the chain of technology transfer, i.e., industries in

industrialized countries and governments, institutions, and providers in developing

countries must bear responsibility for this waste (Serpa-Florez, 1993).

HEALTH TECHNOLOGY ASSESSMENT (HTA)

Before health technologies can be properly assessed, the role they are to play in

influencing the health level of the population and individuals must be understood.

"Health" represents a complex state involving not only physical wellness but also social

and psychological well-being. In view ofthese multiple determinants, it is often

impossible to measure health with a single indicator that can be used in international

comparisons. However, a few simple cause-specific indicators do show that many

biological health problems that have been reduced to a minimum in developed countries

still plague most developing countries. Such indicators are infant mortality rate,

prevalence of infectious and parasitic diseases, and most universally, life expectancy.
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This observation indicates that in most developed countries the role of health

technologies can be analyzed in terms of their impact on "quality of life." In less

developed countries priorities can still be established on the basis of mortality statistics,

which are the best health problem indicators available for most of these countries.

The observation that technology has great potential to influence one's daily life,

drastically or in subtle ways, has been made through the ages by philosophers and

laymen alike (Mumford, 1934). However, with the evolution of systems analysis and

forecasting techniques in the 1960s, concern with the unforeseen and long-term impacts

of technologies merged with analytical techniques to form the new discipline of

technology assessment. Typical objects of study at that time were supersonic flight,

mobile communications, offshore oil operations, solar energy, and remote sensing

(Arnstein & Christakis, 1975).

The potential benefits of technology assessment to society, apart from protecting

it against technological disasters, can be envisaged broadly as fostering democracy, and

more specifically, serving as a social policy tool (Panerai & Attinger, 1986). Although

technology assessment could be used to advance the particular interests ofcorporations

and other groups (Benn, 1974), it can work as a mechanism for public participation and

information if due caution is exercised in forming the assessment team, deciding the

study contents, and disseminating conclusions (Benn., 1974; Wynne, 1974).

An intrinsic objective of technology assessment is to contribute to the formation

of public policy. Since technological choices can shape economic, social, and cultural

evolution ofa society, policies can only be formulated with confidence if the impacts of
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different technological alternatives are comprehensively analyzed. It is generally agreed

that all assessments should include some degree of policy analysis, which means a

discussion ofalternatives and their ramifications (Arnstein & Christakis, 1975; Lee &

Bereano, 1981). However, there is considerable debate among experts regarding the

degree to which assessors should advocate one particular policy among all alternatives

(Arnstein & Christakis, 1975). Some argue that policy advocacy gives greater

respectability to a study (Enzer, 1975), while others believe it increases the biases

inherent in technology assessment when dealing with value-laden issues (Arnstein &

Christakis, 1975; Wynne, 1974).

Technology assessment's ultimate goal is to provide decision-makers with

information on policy alternatives for resource allocation, need for further research and

development, development of regulations, and new legislation to promote appropriate

technological advances.

Despite scattered efforts in some countries of the Latin American region, the

positive effects of health technology assessment remains rudimentary or nonexistent

(Banta, 1986). It is estimated that 30-40% ofall medical equipment in Brazil is out of

service because oflack of maintenance and spare parts (Wang, 1984). In Colombia, a

total of 1,289 pieces of medical equipment was imported from Europe between 1974

and 1979. In 1982,95% of this equipment was not functioning because it was: not

installed (65%), pending installation (10%), waiting for a service representative (10%),

needing maintenance (8%), and (7%) due to a lack of training of personnel and spare

parts (Villegas, 1983). Also, technologies are often acquired without sufficient thought
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given to operating and maintenance costs. For example, it is usually forgotten that the

buyer or developing countries may be charged excessively for spare parts, that long

delays may occur at the customs on arrival, or when equipment is shipped abroad for

repair. Such problems as these, i.e., the proportions ofdown equipment in Brazil and

Colombia and logistical problems with technology transfer, would not be as they are if

HTA had at least some influence on the selection and utilization of medical devices.

Some of the questions that Health Technology Assessment (HTA) tries to

answer are: (I) what technologies can developing counties afford? (2) which medical

devices are appropriate in particular countries and how can their proper use be insured?

and, (3) how can a Minister of Health be certain that there is a good fit between a

technology and the health system for which he is responsible?

Five reasons why a technology could be categorized as inappropriate are (Perry

& Chu, 1988):

I. The failure by the donor, manufacturer, or importing country to understand the

needs and social conditions of the purchase,

2. The incomplete transfer of knowledge and skills needed for proper use and

maintenance of the technology, or lack of personnel suitable for training in the

purchasing country,

3. The incompatibly with or duplication ofexisting technology or services in the

health sector due to incomplete data or knowledge concerning the country's

health care system,
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4. The pressure from an affluent elite to purchase a technology to which only a

few citizens can afford access,

5. The pressure from the donor or manufacturer to accept only a certain kind of

equipment or technology (e.g., what is produced only in a particular country).

It is comparatively easy to transfer the hardware associated with a technology

from a developed to a developing country. The required knowledge can also be

transferred, but the ability to use it can only be acquired through the efforts of the

indigenous people. Skills have to be learned and social arrangements made to produce

the intended benefits.

There is often a shortage of people capable ofoperating and maintaining

medical technology. In one country in the Americas it was discovered that 44% of the

technological research institutions did not have a maintenance engineer or technician

(Gaillard & Outtan, 1988). In another country from the same region less than 3% of

the hospitals had technicians who could repair medical devices (PAHO, 1983).

Presently, there is little known about how technology is acquired and utilized in

Latin America (Panerai et al., 1993). Without at least a minimum of such information,

policies cannot be adopted to constructively channel technology acquisition. Therefore,

the development ofa decision model is necessary before the technology itselfcan be

assessed.

Technology assessment remains imperative, especially in developing countries

which have limited resources. It is needed for a more comprehensive understanding of
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a technology's potential usefulness and ability to assure improved health care (OTA,

1982).

The ultimate solution to these problems of inappropriate technology transfer

must emerge from that country's own health care delivery system. Decisions to invest in

and use medical technology are exceedingly complex and the procedures involved vary

greatly from country to country. For most developing countries, it is the government's

policies on technological innovation, transfer, and promotion in the health care system

that provide the final decision or level of care (Banta, 1984).

HTA IN DEVELOPING COUNTRIES

Considering the points discussed above, it is clear the HTA needs to be part of

the planning and policy-making processes ofany health care system concerned with

equity, efficiency, and quality (Coe & Banta, 1992). It is also clear that the conceptual

and methodological evolution ofHTA has been affected by operational problems of

immediate concern in developed nations. HTA would obviously be highly valuable in

developing countries, but only if it is applied with due consideration for the differences

and particular problems affecting those countries. If it isn't, its application would be

doomed to failure and the historical mistakes ofclassic "technology transfers" would be

repeated.

Although HTA is still a new field of endeavor in the developing world, some

experiences with its application in Latin America have been documented. A study by

Panerai et al. (1993) came to the conclusion that immediate action needs to be taken to

create the necessary conditions for health technology in Latin America. This study
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examined 1,074 articles that dealt with perinatal technologies. These articles were

extracted from 168 different periodicals regularly published in Latin America and

indexed in Index Medicus of Latin America (IMLA). Out of this total, only 104 papers

were felt worthy by the authors for full examination. The 104 papers selected to be

classified covered 35 technologies. Only 37.3% of the studies gave a clear description

of the population studied, and 26.8% did not specify the source of data. Several

studies excluded more than 15% ofthe subjects in their sample, and none discussed the

effects that this exclusion could have on the initial analysis. Most studies (74.6%) did

not have controls. In the seventeen studies that did have a control h'TOUP, only five

(29.4%) were considered adequate. Most studies are of the observational type (90%)

with a cross-sectional design (70.0%). For the 65 papers that did some kind of

statistical analysis, 28 (43.1%) were limited to descriptive statistics in the sense that no

results were subjected to hypothesis testing. Of the seven papers dealing with diagnostic

technologies, only two (28.6%) presented findings on sensitivity, specificity, or both.

Finally, in 35 papers (52.7%), the authors generalized their conclusions to populations

other than the one studied. The results of this study show that the Latin American

literature on perinatal care technologies has serious limitations regarding the support it

can give to health technology assessment in the region. This conclusion has broad

implications for fostering technology assessment in Latin America, particularly in light

of its importance to improving health planning, resource allocation, and the quality of

services (Panerai et al.; ]993). A set of recommendations for Latin American countries
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was proposed. They address the four main problems that Panerai et al., (1993) identified:

1. Scarcity of technology assessment studies in health care.

2. Irregular coverage of (perinatal) health care technologies.

3. Quality of research designs and the resulting literature.

4. Inadequate diffusion of the information required by technology assessment (i.e.,

effectiveness, safety, costs, and social impacts).

SPECIFIC CONCERNS

This section of the paper attempts to identify the problems peculiar to

developing countries and their health systems and to discuss the adaptations and

developments that they would need to establish in the process and methodology of

HTA.

Resource Limitations

Throughout the developing world, financial and capital resources and other

elements that are essential to assemble a well-structured and efficient health cart: system

are in short supply. Inadequacies in the supply of human resources include not only the

mal-distribution ofdoctors and shortage of nurses and auxiliary personnel, but also

insufficient numbers of people who are capable of producing technological innovation,

assuming an administrative role, or maintaining equipment. Although the number of

hospital beds in some urban areas may be adequate, other areas suffer from a lack of

health facilities, especially at the primary care level where the cost of care is low and

access to a facility could produce considerable gains in health (Dahlman et al., 1985).
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The economic conditions in which many developing countries find themselves

makes it doubtful that any dramatic improvement in the above situation will occur in the

near future. If changes are to be realized in the area of health care, imagination and the

wise use of whatever available resources are available will be required. In this regard,

HTA can be an extremely useful tool ifit is appropriately adapted to each case.

HTA must address not only whether to accept or reject a new and/or complex

technology, but also knowledge as how to work the additional cost into a budget where

the total financial resources for health care may actually be shrinking. The problem is

clearly one of selecting the best technologies from a number ofoptions on the basis of

effectiveness and cost, while giving due consideration to their safety, social cost, and the

key constraints imposed by the environment (Panerai & Pena-Mohr, 1989). In

developing countries, the process ofassessing and choosing between health

technologies, including older, existing, and/or classic ones, will require the development

of the necessary methodologies within each country.

Morbidity Patterns

A significant fraction of the population in developing countries is affected by

health problems that have been eliminated or reduced to a minimum in most developed

countries (Dingle, 1973). Infectious and parasitic disease are the main representatives

of this class of illnesses, which also broadly includes malnutrition and perinatal

problems. Thus, in these countries HTA needs to evaluate the technologies that pertain

to conditions such as malaria, diarrheal diseases, and malnutrition, which are not usually

the object ofassessment in the developed world.
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Cultural Diversity

In Latin America, there are many different ethnic and indigenous !:,'TOUpS, as well

as rich local cultures that produce markedly different life-styles. Since culture

influences the value system and it in turn affects and is affected by technology (Banta et

al., 1981), two types of interaction problems can be distinguished. The first is the way

culture might inhibit technological effectiveness; the second is the risk that certain kinds

of technological innovation might be harmful to some cultures.

"Technology transfer," whereby products (hardware or services) as opposed to

knowledge, are imported from developed countries into the Third World, represents the

permeation of the values of industrialized nations into the culture of the developing

nations. Therefore, the importation of foreign (exogenous) innovation can create a

clash of values of varying levels of intensity and persuasiveness (Bader, 1977).

Culture affects the perception of health and disease and the reliance ofa

population !:,'TOUp on traditional medicine. A health technology that is well-accepted by

one population group may be rejected by another. Nonacceptance ofmedical

technologies such as devices and diagnostic procedures is not as apparent since the

patient plays a passive role. However, with the "nonmedical" technologies such as

education and organizational systems, which require some active participation, culture is

a factor determining success or failure. "Appropriate technology" is usually regarded as

a solution to the health problems ofdeveloping countries that offers lower cost and

better operating reliability. This concept can be enlarged to take into account cultural

diversity by defining a technology as appropriate when it does not contradict the values
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of the community that is going to use it. In principle, this perfect compatibility is only

achievable if the technology is a natural product of the community, that is, an

endogenous solution to the local problem (Long & Oleson, 1980; Parker et al. 1977)

Political System

In any society, democratic or totalitarian, decision-making and the formulation

of public policy are influenced by politics and power (Echeverri, 1991). However, in

many circumstances political interest and the indiscriminate use of power can be held in

check by technical evidence supporting a preferred line of action. To illustrate this

point, a public health care system of a developed country would be in a very difficult

position if it refused to reimburse for a procedure that was thoroughly tested and proven

to be more cost-effective than alternatives. It would, therefore, seem justifiable to do

assessments in some developing countries for the purpose of challenging health policies

and health resource allocations that perpetuate the existing distortions and inefficiencies

in the health systems (PAHO, 1982; Pena-Mohr et aI., 1985).

Structure of Health Care Systems

Most health technologies are delivered through a health care system that

includes private and public institutions. The structure of a health system needs to be

considered in any HTA because it directly influences the way health technologies are

incorporated and utilized. Furthermore, polices and strategies for control and regulation

of technological innovation should be formulated in accordance with the particular

system structure in each case (Panerai & Pena-Mohr, 1989).
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In Latin America, most health care systems are operated by the government

and/or social security institutions, either directly or through agreements and the purchase

of services from the private sector (Pena-Mohr et al., 1985). This aspect of the

organization of health systems pushes HTA toward studies that are broad in scope and

have far-reaching implications in the country or region. Features of health care system

structure that have a direct bearing on technology utilization are access and coverage,

costs, forms of payment, human resources, and organization of services.

One aspect of health care delivery that concerns health administrators is the

quality of services. Donabedian et al., (1982) defines quality as "the improvement in

health levels that can be attributed to health care." The same author proposed that

quality is determined by a set of three basic variables: structure, process, and outcome.

Frenk and Pena (I 985) reviewed the subject ofquality of care in the context of Latin

American health problems and highlighted its relationship to technology. In terms of the

Donabedian model (1982), it is clear that health technology is an essential element of

both structure and process, and can be critical in determining outcome. In developing

countries, any discussion ofquality of care must take into account the present health

levels ofthe population.

The importance ofoutcome must be emphasized because the health systems in

places such as Latin America (Pena-Mohr et al., 1985) suffer from disproportionate

provision of tertiary care and an over supply of capital technology in relation to the real

demand (Kisil, 1977). The concern for quality of care has often justified the purchase

of complex and costly medical equipment on the assumption that it is essential for
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improving quality, either as part of the structure or the process of health care delivery.

This observation is particularly true regarding diagnostic equipment, whose impact on

outcome is rarely evaluated properly.

Infonnation and Data Availability

In general, the developing world suffers severe limitations in the collection,

analysis, and dissemination of information that is essential for HTA activities. HTA is

basically an information science. Even the first step - identifying the problem to assess 

requires baseline information and data. Much broader information is needed if the

potential ofHTA is going to be fully realized.

Data and information are severely lacking in the areas of surveillance and

regulation ofhealth technologies. In a country such as Belize, where the amount and

quality ofdata are limited, and the health and administrative personnel are prejudiced

against initiatives to change this situation, HTA requires special methodologies and a

realistic assessment of the depth and accuracy possible in the studies that are needed to

be performed. At present, when faced with difficulties in data availability, the best

policy is for HTA to proceed gradually - making use of the existing information,

performing appropriate studies, and then meshing the results as an argument for the

need for better and more specific data. Information is an important resource and as

such it needs to be used in the best way possible within the existing limitations.

ASSESSING TECHNOLOGY UTILIZATION

An integral component in this research methodology of this dissertation is the

utilization oftechnology. Routine utilization of health technologies has received very
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little attention from investigators. This lack of knowledge is unfortunate, because

utilization is the most important of all phases of technology assessment since it is then

that health benefits are accrued, critical resources expended, and safety hazards detected

(Panerai & Pena-Mohr, 1989). These types ofassessments are referred to as

technology-oriented HTA or medical effectiveness research and both use health

outcome as its measurement of impact.

Technology-oriented HTA or medical effectiveness research is usually restricted

to the identification of potential impacts and/or an evaluation of the negative impacts.

Some studies may suggest strategies to minimize the impacts of concern. Up to the

present, most studies have been purely descriptive and make use ofdirect observations

(Guillemin, 1984; Hackett & Cassem, 1975), literature reviews (Reiser, 1978; Evans,

1983; Fraser, 1983; McPeek et a\., 1977), interviews (Garcia, 1982; Evans et a\., 1985),

or questionnaires (Maratos, 1984) directed to the individuals affected.

The impact or health outcome of a medical device is the benefit it provides to

patients in any of the multiple dimensions of health: physiological (morbidity/mortality),

psychological, or social (Panerai & Attinger, 1986). In most instances this benefit can

be equated to a positive change in the quality oflife ofthe individuals or populations.

For any given technology, benefits will depend on the health problem involved,

population affected, and the conditions of use (Banta et a\., 1981). Medical efficacy

covers these three aspects (Moses & Brown, 1984). The U. S. Office of Technology

Assessment (1978) defines efficacy as: "the probability of benefit to individuals in a

defined population from a medical technology applied for a given medical problem
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under ideal conditions of use." However, effectiveness is a more useful concept in that

ideal conditions of use are usually not present and reflects the benefits derived from a

technology under average conditions of use.

The term effectiveness concerns the level of benefit when services are rendered

under ordinary circumstances by average practitioners for typical patients (Lohr, 1988).

Evaluating the efficacy ofa medical technology is impossible in most developing

countries because of the diminished effects from its infrastructure and changes in the

experience, motivation, and skills of the health personnel when one moves from the

ideal or controlled environment to those ofaverage conditions of use.

Besides infrastructure and manpower, a third factor usually comes into play that

reduces the ability to measure efficacy in an uncontrolled environment (Panerai &

Attinger, 1986). A medical device is usually tested on very specific groups of patients

who, because of rigid selection criteria, are likely to benefit from the procedure at the

pre-market trial or at its stage of innovation. As the technology goes into the field and

diffuses, indications for its application become inexact, and involves patients who do not

present the original conditions. As a result of the foregoing complications, medical

effectiveness research or technology-oriented assessments becomes the standard for

evaluating medical technology in developing countries.

Another problem that needs to be addressed in the evaluation ofdiagnostic and

monitoring devices, along with preventive, coordinative/adrninistrative, and therapeutic

devices is that all are only partial determinants ofoutcome, and all have the common

characteristic of participating in technological interactions which will dictate their
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resulting effectiveness (Panerai & Attinger, 1984). The problems of this interaction in

medical effectiveness research have been well-documented (Pena-Mohr, 1987). The

effectiveness ofone technology cannot be assessed in isolation of the other concurring

technologies that precede or follow their utilization. For example, the impact of such

therapeutic procedures as surgery or the use ofdrugs will depend on the stage of

disease, and consequently, of the effectiveness of the preceding diagnostic tests and/or

preventive measures. Conversely, very accurate diagnostic methods are only of

academic interest unless the abnormalities detected can be efficiently treated by some

form of therapy.

The above cases are independent of the outcome criteria used to measure the

effectiveness ofthat specific health teclmology. The classical approach to evaluating

this interdependence among technologies is the use of "decision trees" incorporating the

probabilities associated with the chain ofevents in the natural history of disease for both

diagnostic and treatment procedures (Weinstien & Fineberg 1980; Luce, 1981).

However, this approach has two limitations: (1) it requires a high degree of accuracy to

estimate the number of parameters needed and (2) it becomes impractical as the

number oftechnologies involved grows above four or five. Consequently, because of

the limited amount ofdata available for developing countries and the need to involve

many technologies, other alternatives have to be found.

Ramanujam and Saaty (1981) developed a methodology for the above purpose.

In their approach, technologies under evaluation are compared according to a number

ofattributes constructed in the form ofa hierarchical tree. In each instance, experts
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compare technologies two-by-two for each given attribute and the result is a ranking of

alternatives and their associated measure of preference. Sharif and Sundararajan (1983)

have extended this method to situations where part of the necessary information is

available as objective data. Unfortunately, Saaty's methodology cannot be directly

extended to assessing a composite of health technologies, e.g., those that deal with

perinatal care. This is because Ramanujam and Saaty'sr "Analytic Hierarchy Approach"

is limited to the evaluation ofa nine technological alternative maximum at anyone time.

Furthermore, this inquiry ofeffectiveness when a composite of technologies is

available remains a question in the developed world. One strategy developed for the

assessment of both therapeutic and diagnostic technologies, is an evaluation

methodology based on a flowchart ofaveraged, relative, weighted, and multiple

parameters. It is designed as an objective system that eliminates the influences of

ambition, prestige, prejudice, and politics. It works off a selection of priorities from a

scale of "reasonable requirements" based on the above formulated flowchart. All

parameters should comprise measurable elements of technology: equipment, devices,

drugs, procedures, and capital and human investments. However, these complex

parameters, with further potential facets, are naturally subject to periodic variations, to

overlap and merging, and to changing trends of science, morbidity, utilization, and

economics. They, therefore, need to be correctly weighted in the particular "algorithm"

relevant to each case (Penchas, 1986).

The Panerai & Attinger (1984) methodology for assessing health technologies in

perinatal care relies on the collaboration ofexperts for the estimation of sets of
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coefficients. These are then used to compute a relative index ofeffectiveness for

individual technologies. This methodology aims at collecting information from expert

groups, and then organizing the information in a coherent fashion so that it will enable

the calculation of locally applicable solutions. However, this methodology is limited to

those areas where a panel ofexperts is available, and the technique carries the limitation

of using expert opinion that lends itself to definite levels of bias and prejudice.

It is evident from the above discussions that to weigh or gauge the influence of

one health technology, either diagnostic or therapeutic, on the health outcome ofa

patient is very difficult to do. This is even more troublesome for developing countries

where there is lack of information and consensus on diagnosis or therapy, especially

given the transitory nature of the health providers in government service. However,

technology-oriented HTAs continue to be done, even in recognition of this interaction

(Panerai et al., 1993).

This dissertation research (using the medical effectiveness approach) was done

so that the GOBIMOH might start considering the real benefit of evaluating health

technology in Belize. TJ-IIS RESEARCH EXAMINED DIAGNOSTIC

TECHNOLOGY (THE SPECTROMETER) AND ITS IMPACT ON PERINATAL

OUTCOME.

THE PERINATE

This study looked at the outcome ofthe perinate. That outcome was chosen for

measuring impact for various reasons. Perinate outcome status is becoming a new

indicator for the health status of nations. Most deaths to infants under five years are
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due to preventable or treatable diseases. Therefore, as a barometer, a high infant

mortality rate also reflects a country's inability to make necessary health technologies

available to impact the total infant population in a positive way. Across Latin America,

close to 40% ofall deaths occur in children younger than five years old (Behm &

Robles, 1988).

Mortality in the first week oflife is the most difficult component of infant

mortality to reduce (WHO, 1986A). A decrease in infant mortality during this period,

as well as in the frequency ofdisabling sequelae that originate during this period, will

require new strategies in the perinatal field. One low cost option is activities aimed at

developing and strengthening the health services and interventions available to pregnant

women and newborns.

Available data suggests that the decline in Latin America's infant mortality was

mostly attributable to a reduction in the postneonatal component (deaths occurring

during 7 to 28 days oflife). The neonatal component (less than seven days oflife)

decreased as well but not as much as the postneonatal period or from the seventh day to

the end of the first month (PAHa, 1990). One explanation for this differential change

is that postneonatal mortality is more highly associated with socioeconomic factors and

its disease burdened environment, and, therefore, can be reduced through improved

environmental sanitation, control ofvaccine-preventable diseases, diarrhea diseases,

malnutrition, and acute respiratory infections. In contrast, earlier neonatal mortality is

more closely linked to biologic factors and hospital care; thus, its reduction is more

dependent upon strengthening hospital-based technology.
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Only a few medical conditions that originate during the perinatal stage are

responsible for most of the morbidity/mortality that occur in this period, and are

strongly associated with environmental, economic, and educational factors. These

causes are: (1) maternal and fetal malnutrition; (2) ovular, fetal, and neonatal infection;

(3) premature rupture of membranes, with or without ovular infection; (4) prematurity

because of spontaneous (possibly pathologic) or iatrogenic (induced or cesarean)

delivery; (5) chronic or pregnancy-induced hypertension (toxemia with or without

premature separation of placenta or placental infarcts); (6) dystocia and iatrogenesis

during delivery (due to trauma, oxytocic, anesthetics, analgesics, other drugs,

amniotomy, cesarean abuse, etc.); (7) fetal and neonatal hypoxia (umbilical cord

accidents, meconium aspiration); and (8) congenital anomalies (PAHO, 1990). The

causes mentioned above (apart from respiratory distress, acute fetal hypoxia, iatrogenic

prematurity, birth trauma caused by improper delivery care, and congenital fetal

anomalies) are those chiefly implicated with low-weight births (premature newborns and

those with retarded intrauterine growth). These causes are responsible for most

neonatal deaths during the first week oflife, for growth and development disorders, and

for neurologic sequelae that may have a long-term effect on the child. There is also a

direct association between low birth weight, perinatal asphyxia, and neuropsychic

development disorders with disabling sequelae in children (PAHO, 1990).

Advances in knowledge about treatment during the perinatal period brought

fears that preventing the death ofextremely ill infants would increase the number of

children with disabling sequelae. However, studies ofchildren who received special
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neonatal care reveal a more optimistic picture and point out that the quality of care is an

important determinant of potential health problems later. During the last 25 years,

combinations of complex technology for the specific care of very low-weight newborns

produced a progressive reduction in neurologic sequelae in groups that had access to

such care (PAHO, 1990).

The public health approach is another successful strategy in reducing perinatal

morbidity/mortality. This approach provides pregnant mothers with prenatal care. It

has been shown that prenatal care directly affects outcome of pregnancy (American

Academy of Pediatrics & The American College of Obstetricians and Gynecologists

[AAP/ACOG], 1983). A good comprehensive prenatal care program involves an

integrated approach to medical care and psychosocial support rendered throughout

pregnancy and the perinatal period and includes risk assessment, prenatal education, and

follow-up during the postpartum period. This program requires early and routine visits

(preferably one at each trimester) by the pregnant mother where she can be evaluated

by the attending health care worker. During these visits there are a number of standard

examinations and clinical exams that are used to monitor the mother during her

pregnancy so as to allow for the perinate's survival. There is ample evidence to show

that certain known risk factors can be used to identity high-risk mothers early in the

prenatal period (AAP/ACOG, 1983). These risk factors include:

• under 16 or over 35 years

• primigravida

• multiparous (more than five)
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• anemIa

• diabetes mellitus

• toxemia and prevention ofeclampsia

• previous cesarean delivery

• isoimmunization

• breech or transverse lie of the fetus

• alcohol or other drug addiction

Anemia

Because of the direct association between perinatal outcomes and the

determination of hemoglobin levels, anemia was reviewed in the literature search.

Anemia is indicated for the pregnant mother by her blood hemoglobin level. It

is an important indicator of the nutritional status of the woman. According to the World

Health Organization's (1988) estimates, three out of five pregnant women in developing

countries are anemic (HOB < 10 Mgs.%). A diet lacking in absorbable iron, previous

menstrual bleeding, malaria, and worm infestation are the important causes ofanemia in

pregnant women.

Anemic women have poor resistance to infection and are less likely to survive

hemorrhagic or other complications of labor and delivery. In one study (Chi,

Agoestima, & Harbin, 1981) anemic women were four times as likely to die in

childbirth as non-anemic women. A close association has been shown between the

incidence of prematurity, low birth weight and perinatal mortality on one hand and level

of hemoglobin on the other (Prema et al. 1981). There is a two to three fold increase in
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perinatal mortality rate when maternal hemoglobin levels fall below 8 Mgs. %, and a

eight to ten fold increase when maternal hemoglobin falls below 5 Mgs.%. Anemia not

only results in poor fetal growth but also acute or chronic hypoxia, which in tum is

responsible for interuterine death as well as chronic growth failure in utero (Sethi et al.

1991).

THE NEED FOR GOB/MOH PERINATAL MANAGEMENT HTA

As living conditions improve and technology becomes more available in less

developed countries, the perinatal morbidity/mortality risk factors should be comparable

to those observed in developed countries. Consequently, control measures will

necessarily have to be similar. However, this possibility seems less likely as the

technological gap that separates third world countries from more developed countries

widens. The difficulties that exist in generating and introducing social changes that can

improve the quality oflife and health care, and also the limited availability of resources,

have prompted the need to develop appropriate technologies and instruments to identify

!,7fOUPS exposed to a higher perinatal risk, with morbidity susceptible to change by using

an essentially preventive approach. In this regard, it is extremely important to have the

proper means of evaluating those interventions in terms of their possibility of practical

application, acceptability, sensitivity, specificity, predictive value, impact, and cost

(Torres-Pereyra, 1988).

The high financial cost of the technology used in caring for low-weight

newborns and the lack of equity in access to services, means that only small segments of

the population in developing countries benefit from the technology available for
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perinatal care. Most Latin American countries, including Belize, do not have enough

resources for training sufficient personnel to provide such care, and it is these same

budgetary restrictions that limit their ability to find the needed technology for effective

perinatal care management. The result is often the incorporation of medical equipment

that does not improve perinatal health.

Only after identifying the major causes of perinatal morbidity/mortality can

priorities be set by assessing available interventions and technologies. Given the lack of

access to any perinatal and intrapartum care for most women in developing countries, it

should be clear that expenditures on costly electronic fetal monitoring and

ultrasonographic equipment are an unacceptable investment until most women have

access to basic prenatal and intrapartum care. Simpler clinical diagnostic tools, which

can be applied at the primary health care level for the provision of prenatal and delivery,

nutrition, immunization and fertility regulation services, are the most relevant

technologies for maternity care for the present health situation in most developing

countries (Faundes et aI., 1988).

THE DECISIONAL MODEL FOR BELIZE

In the health sector, technologies are being selected and purchased without the

infrastructure to operate and maintain them optimally. Medium and long-range

planning to rationalize health care allocations and assure equity does not exist. Few

Latin American countries have regulations to assure that health devices sold are safe and

effective, that they comply with good manufacturing practices, and that the

manufacturer will provide manuals, parts, and other follow-up services at a fair cost. In
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effect, no infrastructure exists for the management of health technology and no policy

exists to consciously orient the use of technology toward the economic, social, and

political goals of society (Health Manpower Development Program, 1988).

The power to purchase medical technology confers an ethical responsibility to

allocate scarce resources for the good ofthe entire population. It has long been

acknowledged that political commitment is the overriding factor determining health

priorities in both developing and developed countries (UNICEF/WHO Joint Committee

on Health Policy [UNICEFIWHO] 1981). Thus, the mismatch between health needs

and allocation ofresources for those needs cannot be explained solely by limited

resources. This UNICEFIWHO (1981) report emphasizes that "Redressing the

imbalances requires political decision and action at the highest level." Neither is it only

a matter of technology availability. Not all imported medical technology is specialized,

costly and curative; there are also many preventive technologies, such as environmental

healthy technologies, which are very important in low-income urban and rural settings.

The range of medical technology availability for transfer represents an important

opportunity, but it implies that there are many priorities to be set and choices to be

made.

Because every community in that country's population has unique needs, people

involved in medical technology transfer must take the time to understand those needs.

Otherwise, they will share responsibility for the mistakes.

A case in point, to exemplify the effects of the lack of planning, is a scenario

observed in the Colombian Ministry of Health (MOH). The Colombian MOH
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purchased a complete set of x-ray machines for its secondary and tertiary hospitals in

the country's main cities. Unfortunately, Ministry officials did little planning before the

decision to purchase these machines. While Colombia had enough hospitals (920) and

beds (46,000) for its population, the country does not have enough radiologists and

technicians, especially in smaller towns. In addition, the Ministry had planned to place

machines in towns with meager or no sources ofelectricity. As a result, the local sites

had no idea where to put the new equipment. After the machines arrived (generally in

towns with strong political ties), five or ten years passed before many of these local sites

could use the machines. Many hospitals put the machines into temporary storage; some

machines simply sat outside of the facilities exposed to the weather. Even after sites had

been modified and the machines were put to use, maintenance difficulties and lack of

spare parts led to further disappointments. Finally, the MOH realized that they needed

to work more closely with the National Hospital Fund, a semiautonomous entity

charged with supervising and providing planning services to hospitals. (Serpa-Florez,

1993)

As mentioned previously, the challenge of scientific and technological

development in health for Latin America and the Caribbean is great. To meet this

challenge, there must be a strong commitment by institutions from different sectors,

such as ministries of health, councils for science and technology development, schools

of medicine and public health, other national agencies, and international organizations.

The schools of medicine and public health also need to decide the role they wish to play
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in scientific and technological development in health for this region and the rest ofthe

developing world (Coe & Banta. 1992).

For most developing countries. it is the government's policies on technological

innovation. transfer. and promotion in the health care system that effects the final

decision on level ofcare (Banta. 1984). Governments need to make choices in the

allocation of resources between competing technologies since it is not possible for the

community to have unlimited amounts of every beneficial technology.

For a technology to be relevant to a special health problem it must fill a real

need. This should be the result of a health planning process that begins by identifying,

through use of statistical and epidemiological studies, and addressing the most important

health problems in a given population (Faundes et al., 1988).
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CHAPTER 3

METHODOLOGY

OVERVIEW

This chapter describes the research methodology and design, the operational

definitions of the variables in the study, data collection, the study population and

sample, measures, and data analysis.

RESEARCH METHODOLOGY AND DESIGN

This descriptive research uses a cross-sectional survey design to evaluate the

medical effectiveness ofdiagnostic technology in Government of Belize hospital-based

perinatal management. Panerai & Pena-Mohr (1989) describe this type of study as a

technology-oriented Health Technology Assessment (HTA) in which one of the

following is done: identification of potential impacts, an evaluation of the acceptability

of negative impacts, and/or provide strategies to minimize impacts of concern.

The diagnostic technology device used in the study was the spectrometer. The

spectrometer was chosen because it was the exclusive medical technology/device present

in all the hospitals under investigation, and it is subject to routine and/or daily

calibration, standardization, quality control, and maintenance in order to be used. It was

also the only medical device in all hospitals that met the operational definition of

"diagnostic technology." An original plan for this study was to evaluate more than one

medical technology used in GOBIMOH perinatal management. It was anticipated that

over the six years since the investigator left Belize in 1988, that the transfer of
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technology would have been more extensive in terms of the quantity and sophistication

ofdiagnostic technology than observed in 1994. This was not true.

The research evaluated medical effectiveness by comparing the following

parameters:

1. The use/non-use ofthe spectrometer on all pregnant females admitted to

GOBIMOH hospitals for delivery, as related to the outcome of the perinate.

2. The use ofthe spectrometer, and its ability to determine blood hemoglobin

concentrations, to develop a comparison between high risk pregnant females and

normal pregnant females admitted to the GOBIMOH hospitals for delivery, as

related to the perinate outcome.

3. The use of the spectrometer to develop a comparison between rural hospitals

(those without an operating theater) and referral hospitals with an operating

theater.

The follow-on step was to analyze the associations between the dependent

variable (perinatal outcome) and the independent variables (technology use, high risk

mothers, type of delivery, and attendance at prenatal clinics).

Research Ouestion

An purpose ofthe study is to see ifthe existing diagnostic technology is being

used in a medically effective manner. The research question becomes: is diagnostic

technology effectively used to improve perinatal outcomes in GOBIMOH hospitals?

This question directly relates to whether or not the spectrometer is giving the

GOB/MOH health care providers the quality information they need to provide the best
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perinatal management available so as to ensure positive health outcomes, primarily

survivorship of the perinate.

Hypothesis

The following hypothesis was developed to test and analyze this question.

Use ofdiagnostic technology (the spectrometer) is not associated with perinatal

outcome.

Procedure for Examining the Hypothesis

Data was collected by surveying four GOBIMOH hospitals and obtaining the

following:

]. Information from hospital patient charts of all admitted pregnant females for the

months ofJanuary and February 1994 was obtained. The information gathered

was:

a. the female's vital statistics, i.e., age, gravida/parity, type ofdelivery, and

whether she attended prenatal clinic;

b. the perinate's outcome, i.e., death (abortion, stillborn, died during

delivery, or died as an inpatient) or a live discharge;

c. length of stay;

d. birth weight;

e. APGAR score; and

f whether the technology was used or not used and its results (the

hemoglobin level).
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2. Information from laboratory record books for the months ofJanuary and

February 1994 was obtained. This was to confirm the results found in the

patient charts in terms of technology use and the result of the procedure.

3. Information from an inventory oflaboratory equipment or medical devices that

met the study's definition ofdiagnostic technology. Notation of routine

calibration and quality control was also recorded.

Dependent Variable

The dependent variable was the outcome of the perinate as measured by

whether the perinate lived or died (abortion, stillborn, died during delivery, or died as an

inpatient), a length of stay over seven days, a birth weight less than 2.5 kg, and an

APGAR score of seven or less at five minutes. The outcome variable was determined

during the original data entry stage. Stillborn, death during delivery, and death while at

the hospital were combined because ofthe low numbers of stillborn. All three class

features were grouped into a new variable namely death. During data collection, birth

weight, length of stay in hospital, and APGAR score were recorded in their original

continuous measurement. These were transformed to nominal variables for ease in

defining the dependent variable, perinatal outcome.

Independent & Confounding Variables

The independent variable technology use was either the technology was used or

not used for each perinate. The utilization frequency of the technology per pregnant

mother was not used as a criteria because of the differences found in the number of
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diagnostic exams requested and reported, both in the patient charts, and in laboratory

records.

The three confounding variables in the study were: (1) type of delivery (vaginal,

cesarian, or mechanical). Ultimately mechanical deliveries were combined with cesarian

deliveries because ofthe low number in separate groups. This action made the type of

delivery into a nominal variable, "other" or "vaginal." (2) whether the pregnant female

attended prenatal clinics. Attendance at prenatal clinics was recorded as either yes or

no. (3) whether she was classified as a high risk mother (indicated by her age,

gravida/parity, and hemoglobin level of less than 10 mgOlo). These indicator variables of

the high risk mother were all originally recorded in continuous form. These were also

later transformed into nominal variables for ease of bivariate analysis.

Operational Definitions

I. Diagnostic Technology (DT) - DTs are electronic medical devices used for

diagnostic purposes in perinatal management that routinely need calibration,

quality control, and maintenance.

2. Utilization ofDTs - This utilization is operationalized by the hospital patient

charts and the ancillary unit housing the DT. Utilization of the DT is measured

by whether it was used or not used on the admitted pregnant female. The

information was obtained from both patient charts and laboratory records.

4. Perinate Outcome - This is the outcome of the perinate while under hospital

care. It was classified by whether it was a negative, i.e., died (abortion, stillborn,

died during birth, or died as an inpatient); had a length of stay more than seven
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days in the hospital; a birth weight ofless than 2.5 kg.; and/or an APGAR score

of less than seven at five minutes; or was a positive outcome (positive occurs

when the perinate was discharged alive, exclusive of the above restrictions).

This information was obtained from the patient charts.

5. APGAR Score - The APGAR score is the immediate estimate of the physical

condition of the neonate at birth. This estimate uses a scoring procedure

sampled at one and five minutes after birth. The scoring is based on five

parameters of the neonate's condition at the one and five minute intervals. Each

of the five signs has a maximum score of two. A perfect score is ten. If the

APGAR score is considered low, i.e., less than seven, the infant may need

immediate attention (resuscitation, etc.). Careful repeated assessment is done

until a good score is reached, and/or continuous proper treatment. A low

APGAR score designated the perinate outcome as negative.

6. Death of the Perinate - This variable considers the death of perinate from the

28th week ofgestation up through the first seven days after birth. This includes

abortions, stillbirths, deaths during delivery, or deaths up to the end of the

seventh day after delivery. The low frequency of this variable may be presumed

to be a result of the under-reporting ofabortions by either the mother and/or the

public official. A death ofa perinate results in a negative perinatal outcome.

7. Length of Stay - This variable is operationalized by the period of time the

perinate was resident in the hospital. Any stay over seven days was considered a

negative attribute, and thus resulted in the perinatal outcome as a negative one.
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8. Birth Weight - This is the weight of the perinate at birth in kilograms. Any

weight under 2.5 kilograms designated the perinatal outcome as negative

(GOBIMOH-Manual of Norms and Procedures for Maternal and Child Health

Services [BPN], 1991).

8. Age of Pregnant Female - The age of the mother was rounded off to the nearest

year. An age of less than 16 or over 35 years of age designated the patient as a

high risk mother (BPN, 1991).

9. Gravida - Gravida is the number of previous pregnancies or the mother. More

than five designated the patient as a high risk mother (BPN, 1991).

10. Parity - Parity is the number of live births the mother had. A pregnant female

that has had no previous births (primigravida) designated her as a high risk

mother (BPN, 1991).

11. Type of Delivery - Delivery type was operationalized by whether the delivery

was normal vaginal, or other. Other is defined by either mechanical extraction

(forceps or vacuum) or cesarean. Mechanical and cesarian types ofdelivery

were combined because of the low number of mechanical deliveries.

12. High Risk Pregnancy - A high risk pregnancy results from those mothers who

are primigravida or gravida more than 5, less than 16 years of age or over 35

years, or who have a hemoglobin level ofless than 10 mg. % (BPN, 1991).

This information was not readily available from the patient record. This variable

was determined at the time ofdata entry into the computer.
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13. Attended Prenatal Clinic - This variable "attended prenatal clinic" was

operationalized by whether the mother was recorded in the patient chart as

either being "booked" or "unbooked." The significance of booked or unhooked

is whether the admitted pregnant female attended prenatal clinics. This was

verified by either the patient bringing her prenatal card or another type of

verification from the attending public or rural health nurse to the hospital.

14. Gestational Age - The age of the living perinate as measured from the mother's

last menstrual period or date ofdelivery is gestational age. This variable was

important in determining whether the technology was used before or during the

perinatal period.

15. Hemoglobin Measurements - Hemoglobin measurement is the value of the

hemoglobin content in the blood of the female and/or perinate. These

measurements were taken either at prenatal clinics or the hospital. Hemoglobin

levels in Milligrams % were recorded for only that period from 28 weeks

gestation until the end of the 7 days after delivery.

SURVEY INSTRUMENT

The survey instrument (Appendix B) for data collection contained close-ended

questions. An earlier revision (Appendix C) was pilot-tested on 32 pregnant women

admitted for delivery at a Honolulu hospital. The pilot study was significant in the

design of this study's data gathering instrument for the following reasons:

1. It reduced the total length ofthe instrument down to a one-page sheet, using

both front and back. This reduction was achieved by the elimination of
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variables that either be would impossible to gather or had no significance. This

provided for easy recording of the data and facilitated case accountability.

2. It provided information that was particularly useful in the instrument's design,

e.g., how to deal with mothers who had more than one neonate, how to deal

with more than one technology, and how to make the recording of the

information flow in a more logical framework.

3. There was a need to put the instrument on a database and statistical program.

The instrument was transferred to Center for Disease Control's (CDC) Epi Info

Version 5, word processing, database, and statistics system.

Further modification of the instrument became necessary after a second pilot

study ofactual patient charts in Belize and discussions with the GOBIMOH Director of

Health Services and Director ofMatemal and Child Health/Primary Health Care. The

changes were the addition ofAPGAR scores at one minute and five minutes, the

hemoglobin levels, information as to whether the pregnant female attended prenatal

clinics, and other transformations or rewording for ease of handling during the statistical

analysis. These modifications were made before the data collection started and

remained constant throughout the study.

STUDY SAMPLE

The study sample included all perinates delivered by pregnant females admitted

to the four Government of BelizelMinistry of Health (GOBIMOH) hospitals under

investigation during the months ofJanuary and February 1994. Four hospitals were
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surveyed in Belize (Table 4.1) in order to obtain a sufficient number ofcases that would

be representative and capable ofbeing generalized to the entire Belizean population

served by all seven GOBIMOH hospitals. This provided a total sample size of549

cases.

Permission to conduct the study was obtained from the GOBIMOH Director of

Health Services (DHS), Dr. Errol Vanzie (Appendix D). This allowed the researcher

access to the GOB/MOH health system and patient charts. After arrival in Belize,

another letter was executed by the DHS (Appendix E) that provided the researcher with

an introduction to the respective personnel of the GOBIMOH hospitals under

investigation.

This study was also approved by the University ofHawaii Human Subjects

Research Committee in February of 1994 (Appendix F).

Hospitals Surveyed

The four hospitals in order of visitation were: Orange Walk, San Ignacio,

Belmopan, and Belize City.

Approximately two weeks was spent at each hospital. Some time was spent

briefing and interviewing medical officers, nurses, administrators, and public health

personnel. However, most of the time was spent in first organizing patient charts, then

reviewing patient charts, and finally examining laboratory records.

DATA ANALYSIS

The study data was analyzed on a computer using either the CDC Epi Info

Version 5 or Quantitative Micro Software's Micro TSP statistical software. The
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analysis of the study was conducted at two levels, descriptive and inferential. The

descriptive analysis of the study examined each variable's characteristic: its variability,

frequency distribution, and measure ofcentral tendency. This descriptive analysis

provided a profile of each variable and how each appears in relationship to the others

based on the same characteristics.

The inferential statistical procedure used in the data analysis to reject or not

reject the study's hypotheses was by cross-tabulation methods using the Chi-square

statistical method.

Multiple regression was used to determine the relationships between the various

independent variables (utilization, vs. the age, gravida/parity, the type ofdelivery, and

number of issues at delivery), to the dependent variable, and outcome of the perinate

(death, birth weight, APGAR score at five minutes, and hemoglobin level).

Regression analysis was also used to determine which of the independent and/or

confounding variables were more important in predicting the dependent variable and the

possible relationships between them, i.e., technology use and type ofdelivery, mothers

that attend pre-natal clinics, high risk mothers, death of the perinate, length of stay in

the hospital, birth weight, parity, and gravida.
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CHAPTER 4

FINDINGS

INTRODUCTION

This chapter covers the descriptive and analytical results ofanalysis of the

principal variables of the study. The descriptive results include univariate frequency

distributions of the dependent and independent variables. The analytical results present

findings from bivariate and multivariate analyses. Bivariate relationships include

associations between the dependent variable and independent variables using the Chi

square statistical method to measure the significance at «= 0.05. All ofthe bivariate

analyses were done on CDC's Epi InfoVersion 5. The multivariate analysis provides the

results of regressions of the dependent variable on selected independent variables using

Quantitative Micro Software's Micro TSP version 7.0.

DESCRIPTIVE RESULTS

Hospitals and Sample Size

The largest proportion of the sample comes from Belize City Hospital (BCH) as

indicated by the size ofboth the number ofbeds and respective health personnel at

BCH (Table 4.1).

The total sample size for this study was 549 (100%) perinatal cases. The total

for each of the four hospitals surveyed are: Belize City, 268 (48.8% of the total);

Belmopan, 78 (14.2%); Orange Walk, 111 (20.2%); and San Ignacio, 92 (16.8%). The

total number of hospital beds at all four hospitals was 267 (100%). Belize City has, 150
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(56.2%), Belmopan, 55 (20.6%), Orange Walk, 38 (14.2.5%), and San Ignacio, 24

(9.0%).

The respective health personnel, physicians, nurses, and lab technicians, also

show the skewed distribution toward Belize City. The number of physicians at Belize

City was 45 (77.6% of the total) followed by Belmopan with 6 (10.4%) physicians,

Orange Walk with 5 Medical Officers (8.6%), and San Ignacio with 2 (3.4%). The

nurses show the same pattern with 141 (73.4%) in Belize City, 19 (9.9%) in Belmopan,

17 (8.9%) in Orange Walk, and 15 (7.8%) in San Ignacio. The numberoflaboratory

technicians was the same for Belmopan and Orange Walk, each with 3 (27.3%), and

five (45.4%) in Belize City. San Ignacio has none since it has no medical laboratory.

Table 4.1 Number of Beds and Personnel in the Belizean Hospitals Surveyed

HOSPITALS" SAMPLE SIZE I BEDS I DOCTORS NURSES LABTECHS

BCH 268 150 45 141 5
(48.8%) (56.2%) (77.6%) (73.4%) (45.4%)

BMPH 78 55 6 19 3
(14.2%) (20.6%) (10.4%) (9.9%) (27.3%)

OWH III 38 5 17 3
(20.2%) (14.2%) (8.6%) (8.9%) (27.3%)

sm 92 24 2 15 0
(16.8%) (9.0%) (3.4%) (7.8%) (0.0%)

TOTAL PER 549 267 58 192 II
COLUMN (100%) (100%) (100%) (100%) (100%)

"BCH =Behze City HOSPital, BMPH =BelmopanHOSPital, OWH =Orange Walk
Hospital, SIR = San IgnacioHospital.

The low number of laboratory technicians at Belize City Hospital (BCH) is

because the BCH clinical lab is strictly an emergency clinical laboratory or "STAT lab"

which does a restricted number of procedures (Appendix I). Most of the routine lab
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work is sent to the Central Medical Laboratory (CML). CML has seven technicians

and has a larger capacity to do clinical laboratory procedures than BCH (Appendix I).

Frequency Distribution of the Dependent Variable

Perinate Outcome

The dependent variable in this study is perinatal outcome. Perinatal outcome is

defined by four indicator variables: death (abortion, stillborn, or death while an

inpatient through the seventh day); APGAR score less than seven at five minutes;

length of stay of more than seven days; or a birth weight less than 2.5 kilograms (Table

4.2). If a perinate had anyone ofthe above criteria, the perinate was defined as having

a negative outcome; otherwise the perinate was considered "normal". Presence of

more than one of the indicator variables did not have any bearing on the severity or

rank of the outcome because it was beyond the scope of the study to measure the

combined effects ofthe indicator variables on each perinate classified with a negative

outcome.

The total number of perinates classified as having negative outcomes for all

four hospitals was 89 (100%). Of this total, Belize City had 63 (70.8%); Orange

Walk, 10 (11.2%); and both Belmopan and San Ignacio had 8 (9%) negative outcomes

each. Table 4.2 also reveals that a birth weight of less than 2.5 kilograms is the most

frequently occurring cause of the negative perinate outcome indicators (40.8%),

followed by an APGAR score ofless than seven at five minutes (25.6%), death

(17.7%), and finally length of stay more than seven days (15.9%). This pattern of

morbidity and mortality follows findings found in similar studies (Almeida et aI., 1991).

63



A comparison between the hospitals indicates that the majority of the perinatal

morbidity and mortality is seen at the Belize City Hospital. This is attributable to the

fact that BCH is the Belize referral hospital and the immediate population it serves is

approximately one forth of the country's total population. Appendix G contains a full

display of the perinate outcome indicator variables.

Table 4.2 Dependent Variable - Perinate Outcome per Indicator Variable and Hospital

HOSPITAL
INDICATORS

BCH BMPH OWH SIR COMBINED
N=268 N=78 N=III N=92 TOTAL

DEATHS 16 I 0 3 20
(19.3%) (11.1%) (0.0%) (27.3%) (17.1"/0)

APGAR<7@5' 20 3 3 3 29
(24.1%) (33.4%) (30.0%) (27.3%) (25.6%)

LOS'> 7 DAYS 14 I 2 I 18
(16.8%) (11.1%) (20.0%) (9.1%) (15.9%)

BW"<2.5 KG 33 4 5 4 46
(39.8%) (44.4%) (50.0%) (36.3%) (40.8%)

INDICATOR TOTAL 83 9 10 II 113
PER HOSPITAL (100%) (100%) (100%) (100%) (100%)

Total Negative Outcomes 83 9 10 II 113
(73.5%) (8.0%) (8.8%) (9.7"10) (100%)

Cases With Multiple 20 I 0 3 24
Negative Outcomes (83.3%) (4.2%) (0.0%) (12.5%) (100%)

PERINATE 63 8 10 8 89
CLASSIFIED AS NEG. (70.8%) (9.0%) (11.2%) (9.0%) (100%)

OUTCOME
• LOS=Length ofStay. b BW=Blfth Weight.

Frequency Distribution of the Independent Variables

Technology Use

This independent variable was defined by whether the technology (the

spectrometer) was used or not used on the perinatal case. The use of the spectrometer

was observed in 402 (73.2%) of the 549 perinates in the sample (Table 4.3).
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The lowest percentage technology utilization (52.2%) was seen in San Ignacio

because it has no medical laboratory. The reason that there is any technology use at all

in San Ignacio is because women attending prenatal clinics have their hemoglobin level

tested prior to hospital admission. The blood of these pregnant women is drawn and

sent to the Belmopan Hospital laboratory for hemoglobin analysis.

Belize City, Belmopan, and Orange Walk hospitals all have about the same

percentage (78.7%) ofspectrometer utilization. At first glance, one would think that

Belize City Hospital (BCH), being the referral hospital and with the largest number of

attending physicians, would have a higher rate of technology use. The explanation for

this observed equivalent utilization among the three hospitals is based on two issues.

One is that technology use per capita among the samples at all hospitals (except for San

Ignacio since it has no diagnostic technology) is the same when compared to the

sample size at each hospital. And secondly, Belize City Hospital had a relatively high

number of admitted pregnant mothers that had "no technology used" (15.3%). This

was because either the women came to the hospital late in the their pregnancy or had

their blood checked for hemoglobin before the 28th week ofgestation.

Type Delivery

Type ofdelivery was dichotomized as either a normal vaginal delivery or one

having the medical intervention ofa cesarian or mechanical extraction. Cesarian and

mechanical extractions were grouped into one category called "other" because of the

low frequencies of mechanical extractions.
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The predominant type ofdelivery was vaginal (90.2%). Two atypical

observations stand out. One is the grouping of the hospitals into two sets, Belize

City/Belmopan and Orange Walk/San Ignacio hospitals (Table 4.3). The distinguishing

characteristic is between vaginal and "other" deliveries. There are lower frequencies of

"other" type extractions and high percentages ofvaginal deliveries for Orange

Walk/San Ignacio, whereas Belize City/Belmopan have higher percentages of

caesareans and mechanical deliveries and a fewer number of vaginal deliveries. The

reason is that Belize City and Belmopan have surgical operating rooms where cesarian

or mechanical extractions can be preformed.

The other atypical observation is that there were some cesarian and/or

mechanical extractions performed at the San Ignacio and Orange Walk hospitals

where there is no operating room or OB/GYN physician. The explanation here is that

those pregnant mothers surveyed at San Ignacio and Orange Walk with complicated

pregnancies and needing more acute care were referred to either Corozal, Belmopan,

or Belize City hospitals. These cases were subsequently followed up by the

investigator at the respective referral hospital to reflect the incapacity of the referring

hospitals, and to maintain consistency in the follow up of the entire GOBIMOH

hospital sample.

Booked Mothers

The designation ofbeing a "booked" mother occurs when a pregnant woman

attends a prenatal clinic. The notation "booked" was written on the patient chart when

the mother had indeed gone to a prenatal clinic. The attendance at prenatal clinics was
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verified by the researcher during visits to either the Public Health Center at the hospital

or traveling to the Rural Health Centers and confirming the visitation by the mother at

the clinic or through mobile clinics to the communities by the nurse.

The nation ofBelize prides itself on its public health coverage. The frequency

of mothers booked, 503 (91.6%), for the total sample surveyed, validates this assertion.

The percentage of91% holds true across the board of hospitals except for that of

Orange Walk, with a slightly lower rate of 85.6% (Table 4.3). This lower rate can be

explained by the fact that the Orange Walk District area has a high concentration of

either recent refugees or immigrants who have not yet been covered by GOBIMOH

prenatal clinics.

Table 4.3 Independent Variables: Technology Use, Type of Delivery, & Prenatal Visits by
Hospital (Reported as per cent ofhospital total)

HOSPITALS
Independent

Variables BCH BMPH OWH 8m TOTAL PER
N=268 N=78 N=l1l N=92 VARIABLE

TECHU8E 203 64 87 48 402
WITHINA (75.7%) (82.1%) (78.4%) (52.2%) (73.2%)

Tech use 22 3 18 28 71
outside" (8.2%) (3.9%) (16.2%) (30.4%) (12.9%)

No tech use 41 9 6 16 72
1153%) {II ,\0/n\ t« 4°/n\ f174°/n\ f111°/n\

TYPED V=88.1% V=79.5% V=97.3% V=96.7% V=90.2%
DELIVERY 0= 11.9% 0=20.5% 0=2.7% 0=3.3% 0=9.8%

MOTHERS 253 71 95 84 503
BOOKED (94.4%) (91.0%) (85.6%) (91.3%) (91.6%)

TOTAL 268 78 III 92 549
SAMPLE SIZE (100%) (100%) (100%) (100%) (100%)

..
A Technology use withinor outside the perinatal penod
B V=Vaginal delivery, O=Other delivery (cesarian or mechanical)
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High Risk Mothers

BPN (1991) designates a high risk mother as one who: is under the age of 16;

over the age of35; has had more that 6 pregnancies; is a primipara; and/or has a blood

hemoglobin concentration under 10 Mg. %. These Belize Perinatal Norms are based

on the perinatal norms established by the Pan American Health Organization (1990).

Using these indicators, there were 297 (54.1%) identified high risk mothers out of the

total sample 549 pregnant females (Table 4.4), 49.5% of these came from the referral

Belize City Hospital.

Another category ofHigh Risk Mothers (HRM) was identified during the

analysis because ofmulticollinearity. Multicollinearity exists when there are high

correlations among predictor variables in multivariate regression analysis. This

condition is seen between HRM and technology use. There is a correlation between

the indicator variable hemoglobin and the independent variable technology use because

a hemoglobin level cannot be determined without technology use. A new group, High

Risk Mothers With Out (HRMWO), identifies a high risk mother without the use of a

hemoglobin test as an indicator variable. This avoids multicollinearity between

HRMWO and technology use in the multiple regression analysis of the study's

variables. This new variable's frequency is shown in Table 4.4.

Of the four risk factors that designate a high risk pregnancy, primipara (or not

having had a live birth) ranks as the most frequent indicator variable, being present in

170 (48.0%) ofthe 297 high risk pregnancies. This means that roughly one half of all

women who come to the hospital and are identified as high risk for delivery in Belize,
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do not or have not had any live biological children. The second most-frequent

indicator was a hemoglobin level ofless than lOMgs.% (2 1.7%) followed by gravida

more than six, and then age. For calculations purposes, both age designations (over 35

or under 16) were grouped together because ofthe low frequency in both age groups.

These indicator variables are more further evaluated in Appendix H.

Table 4.4 High Risk Mothers and Indicators by Hospital

HOSPITALS
INDICATORS

BCH BMPH OWH SIH HOSPITALS
N=268 N=78 N=lIJ N=92 COMBINED

AGE<J6>35 II 3 8 10 32
(6.3%) (5.5%) (11.2%) (18.2%) (9.2%)

GRAVIDA>6 24 14 19 18 75
(13.9%) (25.9%) (26.4%) (32.7'l1o) (21.1%)

PARITY < J 91 29 30 20 170
(52.6%) (53.8%) (41.6%) (36.4%) (48.0%)

HGB" < JOMg% 47 8 15 7 77
(27.2%) (14.8%) (20.8%) (12.7%) (21.1010)

TOTAL PER 173 54 72 55 354
HOSPITAL (100%) (100%) (100%) (100%) (100%)

TOTAL HIGH 173 54 72 55 354
RISK FACTORS (48.9%) (15.3%) (20.3%) (15.5%) (100%)

CASES WITH 26 5 II 15 57
MULTIPLE HIGH (45.6%) (8.8%) (19.3%) (26.3%) (100%)
RISK FACTORS

HIGH RISK 147 49 61 40 297
MOTHERSb (49.5%) (16.5%) (20.5%) (13.5%) (100 %)

HRMw/oHGB 123 45 56 39 263
(46.8) (17.1%) (21.3%) (14.8%) (100%)

• HGB =Hemoglobin
b High Risk Mothers are defined by the above 5 parameters (AGE < 16, AGE> 35, GRAVIDA> 6, PARITY <

I, and HGB < IOMg.%).
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ANALYTIC RESULTS

This section first presents the result of the analysis evaluating the relationship

between perinatal outcome and technology use. This is followed by the analyses of the

other independent variables affecting technology use and perinate outcome. Finally, the

results of multiple logit regression analysis ofthe dependent variable, perinatal outcome,

and selected independent variable predictors are discussed.

Bivariate Results

Relationships Between the Dependant Variable or Perinate Outcome

The relationship between technology use and perinatal outcome was shown to be

statistically significant (X~4.19, p=O.040). The analysis indicates that technology use or

testing for hemoglobin levels is identified more with perinatal morbidity and mortality than

with successful term pregnancies (Table 4.5).

Table 4.5 Perinatal Outcome by T~hnology Use or Hemoglobin Testing

X2 = 4.19 TECHNOLOGY USE P =0.040

OUTCOME Used Not Used TOTALS

Negative 16 (10.8%) 73 (18.1%) 89 (16.2%)

Positive 131 (89.2%) 329 (81.2%) 460 (83.8%)

TOTALS 147 (26.']010) 402 (73.3%) 549
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Four other independent variables are significantly associated with perinatal

outcome as shown by their statistically significant relationship (p<O.05):

1. Type ofdelivery (X2=1O.28, p=O.OOl). Although 90% ofall sampled mothers

had vaginal deliveries, those 10% that had cesarian or mechanical deliveries had

worse outcome or perinatal morbidity and mortality. Thirty percent of all "other"

deliveries had negative outcome as compared to 15 % with vaginal deliveries

(Table 4.6);

Table 4.6 Perinatal Outcome by Deliver Type

X1 = 10.28 DELIVERY TYPE p =0.001

OUTCOME Cesarian or Mechanical Vaginal TOTALS

Negative 17 (31.4%) 72 (14.5%) 89 (16.2)

Positive 37 (68.6%) 423 (85.5%) 460 (83.8%)

TOTALS 54 (9.8%) 495 (90.2%) 549

2. High risk mothers (X~5.24, p=O.022). Approximately half (54.1%) of the total

sample were high risk mothers. Of these mothers, 20 percent suffered negative

perinatal outcome as compared to 12 percent of the non high risk or normal

mothers (Table 4.7);

Table 4.7 Perinatal Outcome by High Risk Mothers

X1 = 5.24 HIGH RISK MOTHERS p= 0.022

OUTCOME Unclassified Mothers High Risk Mothers TOTALS

Negative 31 (12.3%) 58 (19.5%) 89 (16.2%)

Positive 221 (87.10/0) 239 (80.5%) 460 (83.8%)

TOTALS 252 (45.9%) 297 (54.1%) 549
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3. Hemoglobin < 10 Mgs. % (X~5.32, p=0.021). Twenty percent ofall mothers

tested for hemoglobin had hemoglobin values less than 10 Mgs. % (Table 4.8).

Of that total, roughly 30% had negative outcome as compared to only 16%

negative outcome with mothers that have a hemoglobin level of more than 10

Mgs.%; and

Table 4.8 Perinatal Outcome by Hemoglobin Level Less Than 10 Mgs. %

X2 = 5.32 HEMOGLOBIN LEVELS < 10 Mgs. % p = 0.021

OUTCOME Normal HGB HGB < 10 Mgs.% TOTALS

Negative 52 (16.0%) 21 (27.3%) 73 (18.0%)

Positive 273 (84.0%) 56 (72.7%) 329 (82.0%)

TOTALS 325 (80.8%) 77 (19.2%) 402

4. A primipara or having had delivered no live offspring (X~5.59, p=0.018).

Primiparas comprised roughly one third of the total pregnant mothers sampled.

These first time mothers were more likely (22%) to experience a negative

outcome than a mother who had given birth to at least one neonate (14%) (Table

4.9).

Table 4.9 Perinatal Outcome by Parity

X2 = 5.59 PARITY P =0.018

OUTCOME Multiparous Primiparous TOTALS

Negative 52 (13.70/0) 37 (21.7%) 89 (16.2%)

Positive 327 (86.3%) 133 (78.3%) 460 (83.8%)

TOTALS 379 (69.0%) 170 (31.(010) 549
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4. High risk mothers without the indicator variable hemoglobin (X~2.91, p=0.087)

approaches statistical significance. This finding stresses the importance ofthe

other high risk mother indicators: parity, gravida, and age (Table 4.10).

Table 4.10 Perinatal Outcome by High Risk Mothers Without Hemoglobin (HRMWO)

X~ == 2.91 HRMWO P == 0.087

OUTCOME Unclassified Mothers HRMWO TOTALS

Negative 39(13.6%) 50(19.0%) 89 (16.2%)

Positive 247 (86.4%) 213 (81.0%) 460 (83.8%)

TOTALS 286 (46.0%) 263 (47.0%) 549

Using stratified Chi-square analysis (Tables 4.11a & 4.11b) on high risk mothers

and outcome while controlling for technology use, uncovers the relationship that when

pregnant mothers do get their blood tested for hemoglobin, there is no statistically

significant difference between high risk and non high risk mothers as to rates of negative

outcome (X2=1.68, p=0.195). However, when the pregnant mothers dQ.nQ1 have their

blood tested for hemoglobin, unclassified mothers had better outcome than did high risk

mothers (X2=6.70, p=0.009). This inference is reconfirmed by preforming another

stratified Chi-square analysis controlling for high risk mothers and analyzing the

relationship between outcome and technology use (Table 4.1Ib). High risk mothers show

an insignificant difference in perinatal morbidity and mortality as to whether technology

was used or was not used (X2=0.16, p=0.689). On the other hand, normal mothers do

have a significantly higher level ofnegative outcome when a hemoglobin test is requested

and preformed on the spectrometer (X2= 4.90, p=0.026). These two analyses reveal that

technology is used on mothers considered at risk and/or on non-risk mothers with
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complicated pregnancies. It also discloses that mothers at risk or who have complicated

pregnancies have worse outcomes than mothers not at risk.

Table 4.lla Stratified X1 Analysis - Perinatal Outcome by High Risk Mothers and Controlling for
Technology Use

Spectrometer Used

X2 = 1.68 HIGH RISK MOTHERS P =0.195

OUTCOME Unclassified Mothers High Risk Mothers TOTALS

Negative 26 (14.8%) 45 (19.8%) 71 (17.6%)

Positive 149 (85.2%) 182 (80.1%) 331 (82.4%)

TOTAL 175 (43.5%) 227 (56.5%) 402

Spectrometer Not Used

X2 = 6.70 HIGH RISK MOTHERS p= 0.009

OUTCOME Unclassified Mothers High Risk Mothers TOTALS

Negative 5 (5.8%) 12 (19.6%) 17 (11.6%)

Positive 81 (94.2%) 49 (80.4%) 130 (88.4%)

TOTALS 86 (58.5%) 61 (41.5%) 147

Table4.llb Stratified X2 Analysis - Perinatal Outcome by Technology Use and Controlling for
High Risk Mothers

High Risk Mothers

X2 = 0.16 TECHNOLOGY USE P =0.689

OUTCOME Used Not Used TOTALS

Negative II (17.8%) 47(20%) 58 (19.5%)

Positive 51 (82.2%) 188 (80%) 239(80.5%)

TOTALS 62 (20.8%) 235 (79.2%) 297

Unclassified Mothers

X2 =4.90 TECHNOLOGY USE p= 0.026

OUTCOME Used Not Used TOTALS

Negative 5 (5.8%) 26(15.6%) 31 (12.3%)

Positive 80 (94.2%) 141 (84.4%) 221 (87.7%)

TOTALS 85 (33.7"/0) 167 (66.3%) 252
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Analysis of Relationships Between Independent Variables and Indicator Variables for

Both High Risk Mother and Perinatal Outcome

During the course of the study, interest developed as to relationships between

certain variables in both the independent and indicator variable sets. Six statistically

significant relationships developed. Four of these specifically deal with the interaction

between technology use and the high risk mother and perinatal outcome. The remaining

two deal with delivery type and perinatal outcome indicator variables.

Technology Use and High Risk Mothers (X2::11.49, p=O.0006 - Table 4.12)

This strong relationship illustrates the association technology has with identifying

high risk mothers. It is of interest to note that the relationship between high risk mothers

without the indicator variable hemoglobin and technology use was approaching

significance (X2::3.64, p=O.1 04), but not anywhere near the significance of the high risk

mother using the indicator variable hemoglobin. This association illustrates that those

mothers under suspect of risk or mothers who themselves feel at risk, have their blood

tested for hemoglobin.

Table 4.12 Technology Use by Higb Risk Mothers

X~ = 11.49 HIGH RISK MOTHERS P = 0.0006

TECHNOLOGY USE Normal Mothers High RiskMothers TOTAL

Used 85 (33.7"10) 62 (20.8%) 147 (26.8%)

Not Used 167 (66.3%) 235 (79.2%) 402 (73.2%)

TOTALS 252 (46.0%) 297 (54.0%) 549
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Technology Use and Length of Stay > 7 Days (Fisher Exact Results, p=O.005 - Table

4.13)

Using the spectrometer is related to the amount of time the mother and/or perinate

stay in the hospital. Length of stay in the hospital is siI:,TO of severity of illness which needs

acute care. During this period, the mother and/or perinate will be constantly monitored

for their condition which means they will be evaluated for their hemoglobin level.

Table 4.13 Technology Use by Length ofStay in the Hospital

Fisher Exact Results LENGTH OF STAY p= 0.005

TECHNOLOGY USE Less Than Seven Days More Than Seven Days TOTALS

Not Used 147 (27.7%) 0(0.0%) 147(26.7%)

Used 384 (72.3%) 18 (100%) 402 (73.3%)

TOTALS 531 (96.74%) 18 (3.3%) 549

Technology Use and an APGAR Score < 7 @ 5 minutes (X2=6.24, p=O.OI2 - Table

4.14)

The association between technology use and low APGAR scores is an indicator of

severity of illness and the potential of having a hemoglobin procedure done on the

patient's blood. Table 4.14 clearly indicates that those neonates with an APGAR score of

less than seven minutes have higher rates (93.2%) of technology use than do those

neonates with normal or more that seven minute APGAR scores (72%). When a perinate

has an APGAR score of less than seven at five minutes, immediate therapeutic measures

should be initiated for the perinate's survival. Even after the neonate is stabilized, the new

baby will need to be carefully monitored until it is determined that survival is assured. It is
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also during this period that the neonate or mother will most likely be tested for either

blood loss or degree ofanemia.

Table 4.14 Technology Use by APGAR Score

x2 = 6.24 APGAR SCORE AT FNE MINUTES p = 0.012

TECHNOLOGY USE More than Seven Less than Seven TOTALS

Not Used 145 (28.0%) 2 (6.8%) 147 (26.9"/0)

Used 373 (72.0%) 29 (93.2%) 402 (73.1%)

TOTALS 518 (94.4%) 31 (5.6%) 549

Technology Use and Prenatal Clinics (X2=9.12, p=O.002 - Table 4.15)

This bivariate analysis demonstrates that those pregnant women who go to

GOBIMOH prenatal clinics ("Booked Mothers") or are served by GOBIMOH mobile

clinics are much more likely to get tested for anemia than those mothers who do not.

Table 4.15 Technology Use by Mothers Attending Prenatal Clinics or being "Booked Mothers"

X2=9.12 BOOKED MOTHERS P = 0.002

TECHNOLOGY USE Unbooked Mothers Booked Mothers TOTALS

Not Used 21 (45.6%) 126 (25.0%) 147(26.7%)

Used 25 (54.4%) 377 (75%) 402 (73.3%)

TOTALS 46 (8.4%) 503 (91.6%) 549

Type of Delivery and APGAR Score (X2=4.74, p=O.029 - Table 4.16)

This association demonstrates that those perinates delivered by cesarian or

mechanical extraction are more prone to having a low APGAR score than those delivered

vaginally.
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Table 4.16 Delivery Type by Low APGAR Score

X"=4.74 APGAR SCORE AT FIVE MINUTES P = 0.029

DELIVERY TYPE More than Seven Less than Seven TOTALS

Cesarian or Mechanical 44 (8.6%) 7 (20.6%) 54 (9.8%)

Vaginal 471 (91.4%) 27 (79.4%) 495 (90.2%)

TOTALS 515 (93.8%) 34 (6.2%) 549

Type of Delivery and Death (X2=9.52, p=O.002 - Table 4.17)

The association between type ofdelivery and death is that those mothers who

have a cesarian or mechanical extraction, have more deaths than those mothers who

deliver vaginally. This relationship reaffirms what was seen in the relationship between

type of delivery and perinatal outcome; "other" types ofdelivery have worse outcome or

suffer worse morbidity and mortality.

Table 4.17 Delivery Type by Death

X" = 9.52 DEATH p = 0.002

DELIVERY TYPE Lived Died TOTALS

Cesarian or Mechanical 48 (9.1%) 6 (30.0%) 54 (9.9%)

Vaginal 481 (90.1%) 14 (70.0%) 495 (90.1%)

TOTALS 529 (96.3%) 20 (3.7%) 549

Multivariate Analysis

This analysis uses logit regression to further investigate the relationships between

the dependent variable (perinatal outcome - a dichotomous variable) and the independent

variables of technology use (TECHUSE), the pregnant mothers' attendance at

GOB/MOH prenatal clinics (PNC), and the of high risk mother without hemoglobin
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(HRMWO) classification. The indicator variables of the high risk mother were done so as

to evaluate the importance ofage, gravida, parity, and hemoglobin on the outcome.

Type ofdelivery (DELTYPE). though statistically significant (p=O.OO I) at the

bivariate level with outcome, was omitted from the regression analysis because of its high

correlation with perinatal morbidity and mortality.

Logit regression was used because it allows a regression-like analysis of the data in

cases where the dependent variable is qualitative rather than continuous (Walsh, 1990).

Although ordinary least squares (OLS) multivariate regression is remarkably robust in

most of its assumptions. meaning that if an assumption is violated. the interpretation of

the statistical results are not seriously in error - it is not so robust against the assumptions

of the continuous linearity ofa dichotomous dependent variable (Walsh. 1990).

The configuration in this multivariate analysis uses the dependent variable

(perinatal outcome) and regressed against three different sets of independent variables.

This was done to avoid the problems of multicollinearity and to ensure that all parameters

ofoutcome were examined. Three models were investigated. The first model evaluates

the impact of technology use on predicting perinatal outcome. The second model

analyzes the impact of prenatal clinics and the hospitals. The last model examines the

relationship between high risk mother indicator variables and perinatal outcome. The

statistical significance level for this multivariate analysis is 0.05.

Modell: Impact of Technology Use on Predicting Perinatal Outcome (Table 4.18)

In model I, high risk mothers are statistically significant predictors of perinatal

morbidity and mortality (p = -0.604. p-value = 0.012). However, with the removal of
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hemoglobin as a risk indicator, the category of high risk mother becomes a less accurate

predictor of perinatal outcome. When analyzing the total sample of mothers that have

and have not had their blood examined for hemoglobin, the strength of technology use

decreases but remains significant in predicting negative outcome.

Table 4.18 Modell II Dependent Variable = Perinatal Outcome

Regression Runs

0.0002.163

TECHUSE & HRMWO

P p - value

0.000

HGB&HRMWO

1.711

HRM

HRMWO

CONSTANT

Independent Variables It-----,-----+-----r----+-----,----;

HRM

TECHUSE

HGB

Number in Sample 549 402 549

Log Likelihood X 2 -238.408 -185.296 -239.290

Model 2: Impact of Prenatal Clinics and Hospitals (Table 4.19)

Attendance at prenatal clinics is positively related to perinatal outcome, as shown

by the positive sign of the estimated coefficient. However, PNC is not statistically

significant in its ability to predict perinatal outcome when controlling for both hemoglobin

and technology use. PNC does approach significance with technology use because of its

high utilization at prenatal clinics.

The positive coefficients on the hospital dummy variables show that the hospitals

in Belmopan, Orange Walk, and San Ignacio have better perinatal outcomes when
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compared to the referral or Belize City Hospital. This finding is explained by the fact that

the Belize City Hospital is the referral hospital.

Table 4.]9 Model 211 Dependent Variable = Perinatal Outcome

Regression Runs

Independent Variables

HOB

TECHUSE

HOB Determination

13 p - value

Technology Use

PNC

HRMWO

Belmopan Hospital

Orange Walk Hospital

San Ignacio Hospital

CONSTANT

Number in Sample

Log Likelihood X2

0.659 0.200 0.738 0.067

-0.147 0.589 -0.371 0.123

0.984 0.024 1.093 0.007

1.401 0.001 1.237 0.0009

0.871 0.066 1.095 0.007

0.657 0.229 1.068 0.018

402 549

-176.577 -227.504

Model]: Relationships between High Risk Mother Indicators and Perinatal Outcome
(Table 4.20)

For the entire sample of perinates surveyed, technology use continues to be related

to bad outcome. It is approaching statistical significance in this negative relationship and

should therefore not be dismissed as inconsequential. Holding constant for technology

use, the other indicators of high risk for mothers lost their significance. This finding

relates that without the detection of hemoglobin, the other risk factors lose their properties

as risk indicators.

All of the studied risk factors for pregnant mothers are statistically significant,

except for age in the sample of mothers who have had their blood tested with hemoglobin.

81



Those mothers who have had more than five children have a negative effect on outcome,

whereas those mothers who have had at least one child, contribute positively to better

survivorship in perinates. Detection of hemoglobin is associated with bad outcome for the

perinate.

Table 4.20 Model 3 II Dependent Variable =Perinatal Outcome

Regression Runs

Independent Variables

HGB

TECHUSE

Technology Use HGB Determination

p p - value

AGE

GRAVIDA

PARITY

CONSTANT

Number in Sample

Log Likelihood X~

0.049 0.142 0.033 0.392

-0.086 0.694 -0.492 0.038

0.062 0.790 0.676 0.011

1.045 0.127 1.252 0.109

549 402

-238.164 -.178.725

LIMITATIONS OF STUDY

1. A major limitation to this study was lack ofcontrol for extraneous variables and

not having a randomly selected sample. This lack of control sacrificed the study's

internal validity. External validity was not sacrificed because the study's four

GOB/MOH's hospital sample is very similar to Belize's remaining three

GOBIMOH hospitals (Corozal Hospital in the North, an hour and a halfbus ride

from Orange Walk, and Dangriga Hospital and Punta Gorda Hospital in the

Southern part of Belize). The design of this study, as stated in Chapter Three, is

based strictly on descriptive research using a cross sectional survey design to
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evaluate the medical effectiveness ofdiagnostic technology in GOBIMOH

hospital- based perinatal management.

2. The evaluation of more than one technology would have enhanced the study's

ability to withstand violations of its findings in technology use on perinatal

outcome. GOBIMOH hospitals are severely restricted as to variety and type of

medical technologies being used and whether those in use are having quality

assurance procedures performed on them.

3. Technology interaction was a factor over which the investigator had no control.

The spectrometer was the only technology in its class of technologies available for

investigation at all four study hospitals. This does not exclude interaction. Other

possible technology interactions could have come from the therapeutic

technologies used by the physician or midwife during delivery, use of the

incubator for the neonate or even the currently GOB/MOH promoted Kangaroo

method for incubation, and/or the myriad of pharmaceutical technologies that

could have been administered before arrival while the mother was an inpatient.

4. The spectrometer's frequency of utilization could not be evaluated for each

perinate. This was because of inconsistencies found in the reporting of both

laboratory requests for hemoglobin determination on perinates and the reporting

of those results back to the respective health care provider.

5. Abortions and stillborns after the mother's 28th week ofgestation and/or not

delivered at GOBIMOH hospitals were not included in this study because the

purpose of the study was to evaluate the hospital-based perinatal outcome.
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Therefore, a true representative perinatal mortality rate cannot be provided from

this study.

6. The ability to detect whether the hemoglobin test was done as part ofthe prenatal

checks or done by the physician and/or midwife as a result of complications in the

pregnancy could not be ascertained for the majority of the sample. This inability

was the result of not being able to verify the date and time the hemoglobin

procedure was requested, preformed, and/or reported on the patient charts and/or

prenatal cards and/or daily laboratory log books. It is not presently routine

procedure for blood work to be done on admitted pregnant mothers iftheir patient

charts are marked "booked."
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CHAPTER 5

SUMMARY. CONCLUSIONS. & RECOMMENDATIONS

INTRODUCTION

Chapter Five begins with a brief overview of the study followed by a summary

of the study's bivariate relationships and relative importance of predictors determined by

the multivariate analyses. Immediately after the summary are the conclusions from the

relationships determined through the bivariate and multivariate analyses. Relationships

pertaining to the dependant variable (perinate outcome) precede conclusions about the

four independent variables (technology use, high risk mothers, booked mothers. and

delivery type). The four indicator variables of high risk mothers (hemoglobin. parity,

gravida. and age) are discussed with reference to the dependent and independent

variables. Recommendations for the GOBIMOH are provided at the end of the

chapter.

STUDY OVERVIEW

This research project was based on the investigator's experience with the

Government of Belize/Ministry of Health (GOBIMOH) and the importance for

maintaining the GOBIMOH primary health care program. It was through this

experience that it was determined that insufficient GOB/MOH resources were available

to maintain the GOB/MOH primary health care program. It was also through the

experience in Belize that the investigator observed that available GOB/MOH resources

were directed principally to the expansion ofthe existing hospital or for the recently
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planned new Belize City Hospital. In an attempt to demonstrate to the GOBIMOH the

importance of rationalizing GOBIMOH resources so as to produce greater equity and

access to GOBIMOH health services for Belizeans, this study of the effectiveness of

relatively high level and expensive hospital-based technology on perinate outcome was

carried out. However, upon arrival in-country, the technologies found available for

assessment and in use were very restricted. The only technology present and being used

for perinatal management was the relatively inexpensive mid-level technology, the

spectrometer. The spectrometer is a medical device used for measuring the perinate

hemoglobin level to evaluate the nutritional status of the mother, fetus and/or neonate.

The research focused on the perinate and its mother. Belizean women who

come to the hospital for delivery unavoidably have the possibility of themselves or their

babies undergoing pain, trauma, and possible death. Pregnant women come to the

hospital predisposed to various factors which may determine their ultimate fate or that

oftheir babies. These factors include the mother's age (younger than 16 or older than

35); status as a mother (not having had any children or having more than five); and a

blood hemoglobin level of less than 10 Mg.%. Anyone of these factors label a mother

as being at risk for a complicated pregnancy and the potential for perinatal

morbidity/mortality. The above factors can be easily diagnosed and/or identified early

in the progress of pregnancy and if present, appropriate medical interventions can be

initiated.

These medical interventions can and do improve the perinate's survivability as

well as the mother's (PAHO, 1985). This diagnosis or identification of the above risk
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factors can easily be done by a trained public health nurse, rural health nurse and/or

community health worker. Some ofthe biggest problems in the assessment of the

mother are the technical difficulties in the testing of blood hemoglobin. These problems

were (personal observation, 1985-1985 and March through May 1994):

• hospitals, health centers, and/or health mobiles not having sufficient blood

drawing supplies

• non-routine pick up of the health center's blood samples for laboratory

hemoglobin analysis

• insufficient GOB/MOH laboratory personnel and/or laboratory to preform the

blood hemoglobin analysis

• the spectrometer (the technology used in GOBIMOH hospitals for measuring

blood hemoglobin levels) improperly maintained or non-functional

• the late reporting or lack of reporting ofthe mother's and perinate's hemoglobin

levels, and lack ofor improperly recording the patient's vital statistics on

GOB/MOH patient charts and/or prenatal records

• non-attendance by the mother at prenatal clinics, early detection of the patient's

blood hemoglobin, administration of iron/folic acid and/or food

supplementation, and attendance at special high risk clinics

This research investigated procedures at four GOBIMOH hospitals, assessing

the relationship between using the spectrometer to determine the perinate's hemoglobin

level and perinatal morbidity/mortality. The sample included all pregnant mothers
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admitted to the above hospitals for delivery during the months ofJanuary and February

1994. An examination of these women's hospital patient charts, health center prenatal

records, and hospital medical laboratory log books for the months ofJanuary and

February 1994 was carried out. A total sample size of 549 was obtained. The data

gathered were vital statistics of the mother; her attendance at prenatal clinics; dates and

results of the medical laboratory's use of the spectrometer; the dates and results of the

laboratory reports in the patient charts and prenatal records; and the history of the

patient's stay in the hospital.

SUMMARY

An association between perinatal outcome and use ofdiagnostic technology was

hypothesized in this research. Being a high risk mother, attending prenatal clinics by the

pregnant mother and type ofdelivery were all believed to directly influence perinatal

outcome. Technology use was thought to have no effect on perinatal outcome. Being a

high risk mother and having a cesarian or mechanical delivery were considered to be

directly related to outcome while a mother who was "booked" or attended prenatal

clinics would be inversely related to perinatal outcome.

Analyzed alone, the study hypothesis "use ofdiagnostic technology (the

spectrometer) is not associated with perinatal outcome" was refuted. Using the

spectrometer was statistically significant in its relationship to negative perinatal outcome.

Two of the relationships thought to be related were supported: high risk mothers (being

high risk or a normal pregnant mother) and type ofdelivery (cesarian and mechanical or

vagina\). Both of these showed a statistically significant relationship to perinatal
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outcome. Refuted was the relationship between attendance by the pregnant mother at

prenatal clinics to perinatal outcome at this stage ofanalysis.

Because of the importance of the association between high risk mothers and

perinatal outcome, bivariate analyses were performed on the indicator variables

(hemoglobin, parity, gravida, and age) so as to determine the specific factors influencing

the strong relationship with the dependent variable (perinatal outcome). Hemoglobin (a

level less than JO Mgs. % or above) or the value of the technology, and parity (having

had no live births or having at least one child) were statistically significant in their

association with the dependent variable. Gravida (having more than six pregnancies or

fewer than five) and age (less than 16 or over 35) were not related to negative perinatal

outcome (a low birth weight, low APGAR score, length of stay over seven days, or

death).

The relationship between technology use and perinatal outcome becomes clearer

observing two stratified Chi-square analyses: one is the bivariate relationship between

technology use and perinatal outcome but controlling for high risk mothers; the other is

the bivariate relationship between high risk mothers and perinatal outcome while

controlling for technology use.

In the first analysis involving high risk mothers, the outcome of the perinates is

the same whether they are tested for blood hemoglobin or not. In the case of normal or

non-diagnosed or unclassified high risk mothers, there is a statistical difference between

whether they are tested for hemoglobin or not. In the normal or non-diagnosed high

risk mother scenario, perinates have a better outcome when technology is not used
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rather than when they are tested for blood hemoglobin level. In the other stratified Chi

square analysis where the bivariate relationship between perinatal outcome and high risk

mothers is examined while controlling for technology use, the results show that when

technology is used, both high risk and normal mothers experience the same levels of

outcome. But, when technology is not used, there is a statistical difference between

high risk and normal mothers. In this case, normal mothers have better perinatal

outcomes.

The above two stratified Chi-square analyses disclose that in Belize, technology

use or testing for hemoglobin is done primarily on mothers at risk and non-diagnosed

high risk mothers with complicated pregnancies. This analysis also demonstrates that it

is this group of high risk or non-diagnosed mothers at risk that experience higher levels

of perinatal morbidity and mortality.

Using multivariate analysis with perinatal outcome as the dependent variable and

excluding type ofdelivery because of its direct relationship to perinatal outcome, three

approaches were taken. The first was to analyze just the effects of technology use on

perinatal outcome. The second analyzes the impact of prenatal clinics and the hospitals

on outcome. The last model analyzes the relationship between the indicators of high

risk mothers on perinatal morbidity and mortality.

The first approach looks at high risk mothers, both with and without use of the

risk indicator hemoglobin. It also investigates the difference between those mothers

who had blood examined for hemoglobin content (n = 402) and the total survey sample,

those mothers who did and did not have blood tested for hemoglobin (n = 549). This
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approach found that the high risk mother (with the risk indicator hemoglobin)

classification was statistically significant in its ability to predict perinatal outcome (P =

0.604), but the high risk mother without the risk indicator hemoglobin classification,

was not significant.

In the second model, prenatal clinics and the rural or district hospitals are looked

at. Prenatal clinics become almost statistically significant (P = 0.738, p-value = 0.067)

when technology use is controlled for. This seems to indicate that PNCs contribute to

good outcome by being able to differentiate between normal and high risk mothers.

However, PNCs completely lose significance when hemoglobin is controlled for. This

indicates that it is at the hospital where low hemoglobin (a result of technology use)

becomes statistically significant with perinatal morbidity and mortality. Belmopan,

Orange Walk, and San Ignacio hospitals are all statistically significant in the ability to

predict good survivorship of the perinate when compared to the referral Belize City

Hospital. This finding reflects that the rural hospitals are indeed serving as referral

hospitals or referring out most oftheir complicated pregnancies.

Model number three of the multiple logit regression analysis looks at the risk

factors for pregnant mothers. These include gravida, parity, hemoglobin, and age. All

but age were shown to be statistically significant in the sample of mothers who had a

blood test for hemoglobin. When the mother's blood was not analyzed on the

spectrometer for hemoglobin, all the risk factors lose their significance. In that group

that have the indicator hemoglobin evaluated (n=402), gravida contributes negatively to

outcome (P = -0.492) while parity contributes beneficially to outcome (P = 0.676).
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This finding relates that having less than six children or having more than one improves

perinatal outcome. Both technology use and hemoglobin determination continue to be

associated with negative perinatal outcome.

The remainder of the summary will be restricted to discussion ofonly those

bivariate analyses that showed statistical significance. This limits the deliberation to

technology use and type ofdelivery.

Technology use was identified as being statistically significant with high risk

mothers, length of stay more than seven days, an APGAR score of less than seven at

five minutes, and with prenatal clinics. The association between technology use, length

of stay, and APGAR score demonstrates that these are the two leading indicators of

perinatal outcome that contribute most significantly to the relationship between

technology use and outcome. The relationship between technology use and high risk

mothers can be explained by how the spectrometer helps in the identification of high

risk mothers through its detection ofone of the four indicators of high risk mothers, low

hemoglobin levels. The other contributing factors in the statistically significant

relationship between length of stay, APGAR score and high risk mothers is that all three

are potential indicators of medical problems or complications. Since the survivability of

the mother depends on the medical care provider's knowledge of his or her patient,

diagnostic evaluation of the patient has a high probability of being done.

The association between technology use and perinatal clinics indicates that a

statistically significant amount of technology use was being done at either health centers,

health posts, or mobile clinics.
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Type ofdelivery becomes significant with two indicators of the dependent

variable, DEATH and an APGAR score of less that seven at five minutes. Delivery

type is defined as either being a vaginal or cesarian/mechanical delivery. In the

relationship between DELTYPE and APGAR, it is that perinate who survives the

cesarian or mechanical extraction that will be more prone to birth asphyxia or a low

APGAR score. In the relationship between DELTYPE and DEATH, it is the vaginal

delivery that is more related to death, which illustrates how the lack of proper diagnosis/

high risk identification or lack of medical facilities/appropriate technology causes the

death of the perinate in mothers who have malpresentation, multiple births,

obstructed/prolonged labor, and/or maternal medical problems during late pregnancy

(infection, diarrhea, or eclampsia), and/or history of previous cesarian.

CONCLUSIONS

The major finding in this study is that technology use is associated with negative

perinatal outcome or morbidity and mortality. The dilemma that this finding presents is

that traditionally the health outcome ofa medical device is the benefit it provides to

patients, particularly in the dimension of physiological health, such as

morbidity/mortality (panera & Attingeri, 1986). In most instances the benefit can be

equated to a positive change or outcome in the quality oflife for individuals or

populations (Banta, 1984). The justification for health-related technology is to improve

the productivity of the health sector (Basch, 1993). This means that through the

application ofthe technology, it will help buy more health for the Belizean dollar and

improve the quality oflife for Belizeans.
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When one looks at the other statistically significant associations between

perinatal outcome indicators and independent variables with technology use, the

relationships cast doubt on whether the information generated by the technology is

being used effectively. These three relationships are low APGAR scores, length of stay

more than seven days, and high risk mothers.

The first significant relationship is between technology use and low APGAR

scores. Factors that are major contributors to low APGAR scores or neonatal asphyxia,

are inadequate availability of prenatal care, complications of pregnancy that cause fetal

distress (infection and hypertension), and poor access to obstetric care during labor and

delivery (Torres-Pereyra, 1988). A neonate with asphyxia requires more technological

interventions because of the severity of illness it presents, a resulting stay in the hospital,

a greater number of manpower hours delivering intensive neonatal care, and the neonate

occupies a hospital bed in the Intensive Neonatal Care Unit (!NCU) that either could

have been occupied by another patient or not occupied at all.

The second relationship, the time the baby stays in the hospital (more than seven

days), is also related to additional requested technological interventions, additional

manpower, and the occupation ofa hospital bed that might not have been needed had

the established GOBIMOH perinatal norms been carried out.

The last statistically significant relationship is concerned with technology use,

perinatal morbidity and mortality, and high risk mothers. This relationship

demonstrates, in both stratified Chi-square and multiple regression analyses, that

technology use is primarily seen with high risk mothers and/or normal mothers with
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complicated pregnancies and that both groups of mothers had high levels of unhealthy

perinatal outcome. This finding highlights that technology use is principaJIy observed

with mothers at risk. Thus the inverse correlation between technology use and perinate

outcome. Another interesting factor that plays a role in this scenario of technology use

and high risk women is that when women experience certain signs and symptoms or are

made aware ofa potential risk, either through prenatal clinics or their social support

network, they become suspect of risk and seek medical consultation either by seeking

out obstetric services or hospital care (Infante-Castaneda, 1990).

Because of the importance high risk mothers had with both technology use and

perinatal outcome, high risk mother indicator variables were evaluated. Through both

bivariate and multivariate regression analyses - parity, gravida, and hemoglobin (which

can only be obtained via technology use) where significant indicator variables in their

relationship to perinatal morbidity and mortality. Although the indicator variable age

was not directly significant in this research, it is reported elsewhere that particularly

young mothers less than 15 years old have a high perinatal risk (Torres-Pereyra, 1988).

However, this study does support the above statement by illustrating that primipara or

young women are indeed more likely to experience worse perinatal outcome than

multiparous women. The risk of having had more than five deliveries or live neonates

and experiencing poor outcome is well established (PAHO, 1985).

Hemoglobin levels are important risk indicators ofwomen (Sethi et aI., 199I).

This research clearly established the relationship between hemoglobin levels and high

risk pregnant women. According to PAHO (1985) estimates, three of five pregnant
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women in developing countries are anemic. A diet lacking in absorbable iron, previous

menstrual bleeding, malaria, and worm infestations are the important causes of anemia

in pregnant women (Sethi et aI., 1991). These anemic women are mothers that have

poor resistance to infection and are less likely to survive hemorrhage or other

complications oflabor and delivery. In a study by Chi et a!. (198]) of twelve

Indonesian hospitals, anemic women were four times as likely to die in childbirth as

non-anemic women. Anemia or a low level of hemoglobin is also associated with

prematurity, low birth weight, and perinatal mortality (Prema et al., ]981). There is a

two to three fold increase of perinatal mortality when maternal hemoglobin levels fall

below 8 Mgs.%, and an eight to ten fold increase when materna] hemoglobin falls

below 5 Mgs. % (Prema et a!., 1981). Anemia not only results in poor fetal growth but

also acute or chronic hypoxia, which in turn is responsible for intrauterine death as well

as chronic growth failure in utero (Prema et a!. 1981).

Belize has a good system of prenatal clinics. In this study, a high percentage of

women attended prenatal clinic and were evaluated for their nutritional status through

hemoglobin testing. Women's nutritional intake needs to be sufficient throughout their

lives and not just when they are pregnant (PAHO, 1985). Undernutrition during

childhood can lead to stunted growth and a small and potentially deformed pelvis which

in tum can cause obstructed labor (Sethi et aI., 1991). Undernutrition and avoidance of

certain nutrients during a woman's reproductive years are suspected to increase the risk

of infection and hemorrhage during pregnancy, pre-eclampsia, preterm labor, and low

birth weight (LBW) babies (Sethi et al., ]991). LBW did not have any significance in

96



the statistical analyses ofthis study but it was associated in more than two fifths ofall

identified unhealthy outcome indicators. It is also associated with up to 70% of neonatal

deaths (Puffer & Serrano, 1973). The association of LBW babies with complicated

pregnancies, poor prenatal care, and low levels of socio-economic status is well

documented (Sethi et a\., 1991).

The importance in evaluating hemoglobin as well as the other risk indicators for

pregnant women is well established (PAHO, 1985). This study reveals that the

GOB/MOH's prenatal clinics are successful in evaluating pregnant women and

identifying high risk mothers by GOB/MOH perinatal norm standards, which includes

hemoglobin testing. This research confirms that low hemoglobin levels indicate

unhealthy outcomes and overall, technology use is negatively associated with perinatal

outcome. One possible explanation for this predicament may be what was found in a

study done in South Africa looking at the impact of routine clinical exams on third

world children. Swingler (1989) found that hemoglobin testing had a negligible effect

on patient outcome because more than 90% of unexpected abnormal results were

ignored. It has been suggested that doctors selectively ignore mildly abnormal results

and act on more sever abnormalities (Dutton & Freuban, 1973; Fraser et a\., 1977; Baer

& Berner, 1977). Routine testing on admission to hospitals fails to influence patient

care significantly and the failure is due to the inherent problem ofscreening tests in a

clinical setting where unexpected abnormal results are likely to be ignored (Swingler,

1989). The general use of routine medical tests therefore seems unlikely to produce
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sufficient returns to justify the considerable expense in terms of patient outcome,

money, and skilled manpower.

Cesarian, mechanical, and vaginal deliveries where all related to bad perinatal

outcome. One relationship was between cesarian and/or mechanical delivery and low

APGAR scores. The reasons for a cesarian are also related to the causation of neonatal

asphyxia (Sethi et a!., 1991). These causation factors are: mal-presentation; multiple

births; obstructed/prolonged labor; maternal medical problems during late pregnancy

(infection, diarrhea, and/or eclampsia) and/or having had a prior cesarian. The other

relationship between vaginal deliveries and death is due to the inability or untimely

identification or diagnosis of those factors that cause the need for a cesarian, or not

having the appropriate technologies and/or facilities for doing a cesarian or mechanical

extraction.

The functions the district or rural GOBIMOH hospitals play in relationship to

GOBIMOH prenatal clinics, technology use, and Belizean high risk mothers are as

referral hospitals. An effective referral system for complicated pregnancies can have a

positive impact on perinatal morbidity and mortality (Fortney et a!., 1986). The

requirements for the referral system to work and be effective include rapid and reliable

transportation, well maintained infrastructure and facilities for the patient awaiting

referral, trained and motivated staff, and the confidence ofthe community the referral

hospital serves (Fortney et a!., 1986).

In summary, although the study's hypothesis was refuted, the research question

"is the spectrometer effectively used in providing perinatal care within Belize's public
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hospitals?" was answered with a "No." The research clearly demonstrated that

hemoglobin determination, by using the spectrometer, is of critical importance in

identifying high risk mothers, but using the spectrometer does not necessarily reduce

perinatal morbidity and mortality. This ineffectiveness is attributable to two underlying

causes, the inefficient delivery of the hemoglobin results and lack of understanding of

the importance of that information. It was found that inefficient delivery of the results

of hemoglobin testing is due to not having the technological capacity to test the blood

hemoglobin in the laboratory, hospital wards, and/or prenatal clinics, and/or the

mismanagement in the transfer of the hemoglobin results from the laboratory back to

the hospital wards or prenatal clinics. The lack of understanding the importance of the

information may be due to the health care provider's lack of trust in the health system

and diagnostic results or for the reasons Swingler (1989) discusses.

This research was expecting to evaluate or assess more diagnostic technologies

used in GOBIMOH perinatal management, other than just the spectrometer. One such

technology - cited as improving perinatal outcome - is the image ultrasound. However,

from the results of this research, before the transfer ofany newer or more compl icated

diagnostic technology occurs, the technological capacity in the GOBIMOH hospitals

will have to improve.

RECOMMENDATIONS

This study sought first to learn about the context within which the Belize health

system uses technological resources and second to pave the way for considering both

the advantages and general problems associated with medical technology in Belize. It

99



appears appropriate to make a number of general recommendations concerning

measures urgently needed to improve utilization of medical technology. In particular,

this research indicates that action should be taken to establish formal evaluation

procedures for existing health technologies and the rational acquisition of new medical

technology. This could be done by the appointment of a technology assessment group

or individual assessor whose responsibility would be:

• to keep the GOB/MOH abreast of merging medical technologies

• to conduct feasibility studies on new technologies and cost effective studies on

existing technologies so as to assist policy makers on resource allocation

decisions

• to conduct routine round table discussions with GOBIMOH program managers

to determine their needs and what could be considered appropriate for Belize

• to design and implement programs ofcontinuing medical education concerning

the benefits and limitations of new technology for Belize

• to maintain an up-to-date national register of new and old technological

resources possessed by Belizean health units and of the personnel who manage

those resources

• to design a national program ofstudies and continuing education for support

personnel concerning the operation and maintenance of health technology

resources
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• to seek the assistance from the Pan American Health Organization in providing

assistance through consultants, workshops, and guidelines on health technology

assessment

The third part of this study was to evaluate the impact technology use has on

GOB/MOH hospital perinatal management. It is, thus, appropriate to make the

following recommendations:

• to ensure that the GOBIMOH perinatal norms are enforced and that referral of

identified high risk pregnancies to more comprehensive centers is provided

• to increase supervision for proper reporting and recording of patient data done

at all GOBIMOH laboratories, public health centers, and hospitals

It should also be mentioned that a number of measures have been taken recently

to coordinate public health sector services in Belize, and that proposals have been made

for integrating these services. It seems clear that actions taken to implement these latter

proposals would have to be based on Regionalization ofall public sector health

resources, including health technology, and any movement in this direction could be

expected to focus attention on the need for a properly balanced distribution of

technological resources - both among Belize's various regions and within its different

health care levels. In order to plan for the greater access to technology that this implies,

it would be necessary to have a complete register of all resources available in both the

public and private sectors.
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APPENDIXA

DOCTORAL DISSERTATION RESEARCH
TRIP REPORT

ACTIVITY

25 February 1994

1 March 1994

•

•

Arrived in Belize

Met with the GOBIMOH Director ofHealth Services,
Dr. Errol Vanzie.

2 March 1994 Made courtesv calls to:
• The United States Aid for International Development

(USAID), Belize Mission's CountryRepresentative, Ms.
Barbara Sandoval.

• The Belize UNICEF office. Met with Ms. Dorothy
Rozga, its Director.

• The GOBIMOH Principal NursingOfficer, Matron
Castillio.

3 March 1994 Made courtesy calls to:
• The GOBIMOH Director ofMaternal and Child

Health/Prirnary Health Care, Dr. Ramon Figueroa.
• The GOBIMOH Health Education Community

ParticipationBureau Director, Ms. Cathy Botarro.
• The GOBIMOH Public Health Nurse Supervisor, Nurse

Araceli Moguel.
• The GOBIMOH Chief ofMedical Laboratories, Mr.

Tillet at Central Medical Laboratory..

9 March 1994 Had working meetings with:
• Dr. Figueroa and Nurse Moguel

Made courtesy calls to:
• The GOBIMOH Principal Public Health Inspector,Mr.

Lenares.
• The GOBIMOH Epidemiologist,Dr. Michael Pitts.
• The GOBIMOH Country Statistician,Ms. Elaine Clark.
• The GOBIMOH Primary Health Care Coordinator, Mr.

Ruben Milton.
• The Pan ArnerianHealth Organization's (PAHO)

representative,Dr. Valdimir Rathauser.

11 March 1994 • Had a working session with Ms. Clark.
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DATE ACTIVITY

14 March 1994 • Started data collection in Orange Walk.
• Met and discussedthe study with the District Medical

Officer (DMO)Dr. Luis Carrillo,Matron Ivorine
Hemmans, Public Health Nurse(PHN) Emiliana Osorio,
and the Laboratory Chief Technician Mr. Remijio
Mendez.

15 March 1994 • Obtained sample for January and February 1994and
started data collection from patientcharts.

17 March 1994 • Reviewed available prenatal cards for the sample.

21 March 1994 • Reviewed laboratorydaily report logs for January and
February 1994.

22 March 1994 • Traveled to Corazol for follow up on cases referred to
the Corazol Hospital. Briefed Corazol's DMO Dr.
Barbosa, on the study and the importanceof following up
on the cases under investigation.

24 March 1994 • Debriefed the Orange Walk Hospital GOBIMOH staff

28 March 1994 • Started investigation at the San IgnacioHospital. Briefed
the DMO Dr. Robert Jacome, Sister in Charge Alva
Gentle, and PHN Martha Sosa.

29 March 1994 • Identified the sample and starteddata collection from the
patient charts.

30 March 1994 • Reviewed availableprenatal cardsand continued
collecting data from the patient charts.

5 April 1994 • Debriefed the San Ignacio Hospital GOBIMOH staff.

7 April 1994 • Started investigation at the Belmopan Hospital. Briefed
the DMO Dr. Jesus Ken, MatronChristine Palacio, and
PHN Serano.

8 April 1994 • Identified the sampleand starteddata collection form
patient charts. Particular attentionpaid to referrals from
Orange Walk and San IgnacioHospitals.
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DATE ACTIVITY

15 April 1994 • Reviewed available prenatal cards and continued
collecting data from patient charts.

18 April 1994 • Reviewed laboratory daily report logs for January and
February 1994.

19 April 1994 • Debriefed the Belmopan Hospital GOBIMOH staff.

21 April 1994 • Started investigation of the Belize City Hospital. Briefed
its ChiefMedical Officer Dr. Gregorio Castillo, Matron I
Lois Neal, the Chief Laboratory Technician Ms. Charlie,
and the Hospital Administrator Ms. Claudette Grinage.

25 April 1994 • Began pulling the identified Belize City Hospital eBCH)
sample's patient charts from the file room.

27 April 1994 • Started data collection on the BCH sample. Paying
particular attention to referrals from Orange Walk, San
Ignacio, and Belmopan Hospitals.

3 May 1994 • Reviewed daily report logs from BCH's laboratory and
the Central Medical Laboratory.

4 May 1994 • Debriefed the GOBIMOH's ChiefPediatrist Dr. Cardo
Martinez, their Chief Medical Officer, and
Epidemiologist Dr. Enrol Vanzie.

16 May 1994 • Interviewed Mr. Tony Nijssen, a PAHOIWHO consultant
for Belize's National Engineering and Maintenance
Center (NEMC). NEMC is the new medical
maintenance division for the GOBIMOH.

17 May 1994 • Returned to Honolulu, Hawaii.
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APPENDIXB

SURVEYfNSTUMENT

___ Nurse Registry Hospital Record Antenatal Record Lab

Estimating the Effectiveness of Ox. Technologies in
Government of Belize / Ministry of Health (GOB/MOH) Hospitals

School of Public Health/University of Hawaii, 1950 East-West Rd .
. Honolulu, Hawal1 95822

MOTHER & PERINATE IDENTIFYING INFORMATION
-----------------------------------------------------------------------------
Date of Review

Subject Id. Number __

Hospital

INFO~~TION - HOTHER

City or Village

Date of Admission __ Date of Discharge __

Total Length of Stay (LOS) in Hospital

Age (years) __

Ethnic Group:
(Creole, Carib, Mayan, Mestizo. White, Immigrant, or Other)

Parity (previous births) __

Mother's Status (Alive or Dead) @: Delivery _

INFORMATION - PERINATE(S)

End of First Week

Date of Delivery Date of Discharge

Number of 'Issues (Single or Multiple) _ APGAR Score _1_

Type of Delivery (Vaginal, Mechanical, Breech or Cesarian) ~

OUtcome of Perlnate(s) calcul~ted from time of delivery to day of discharge:

No. 1

No. 2

If Viable @discharge,
day of discharge:

If Death occured, Stillborn Birthweight
day of death. (Yes or No) (in. grams)

Number of days form hospital admission to perinate's date of discharge

Positive Perinate Outcome or neonate(s) LOS less than 7 days (Yes or No) _
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TECHNOLOGY IDENTIFYING INfO~~TION

Date of Review:

Hospital (Yes o. No): Cayo
Belmopan
Ornage Walk
Belize City

Technology
1.0. Number:

1

2.

3.

4.

5.

6.

Technology Used
(Yes or No)

Daily Quality Control
Preformed (Yes or No)

Utilization rate
per perinate(s)

No.Techs.Used _ Total Tests Done

••••••••••••This Section For Investigator's Use Only ••••••••••••

Did Mother have prenatal visits (Yes or No)

Prenatal information found In Records or Registry

Was anemia (Hgb < lOmg) identified in the following:

Mother during first trimester:
during second trimester:

during thrid trimester:

Neonate:

Does the information meet the case definition?
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APPENDIXC

PILOT SURVEY INSTRillvfENT

ESTIMATIO~ OF DIAG~OSTIC TECHNOLOGY EFFECTIVENESS SURVEY

MOTHER

Mother Identification No.

Technology Identification No.

Site No.

VARIABLE

1. Subject Type

2. Type of Inpatient:

3. Age at last birthday

"4. Number of previous births

5. Birth Interval

6. Ethnic Group: 1) Creole
2) Carib
3) Mayan
4) Mestizo

9. Mar1tal Status
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DESCRIPTION

1) Walk in

2) Referral from:
a) CW""
b) Health Post
c) District Hospital

1) Normal
2) Problem

(in years)

parity

'1n months

5) Spanish
6) White
7) Immigrant

1) Single
2) Married



ESTIMATION OF DIAGNOSTIC TECKNO~OGY EFFECTIVENESS SURVEY

PERINATE

Perinate Identification No.

Technology Identification No.

Site No.

VARH.BLE

1. Sex

2. Number of Issues

3. Gestational Age

4. Type of Delivery

5. Outcome of Perinate

a. Stillborn (gestational age> 28 wks)

b. Death

c. Viable Discharge

d. Days of Stay after Delivery

6. Other Observations:
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DESCRIPTION

1) Male
2) Female

1) Single
2) Multiple

(in months)

1) Vaginal
2) Cesarian

1) yes
2) no

1) yes
2) no

1) yes
2) no

no. of days



ESTIMATION OF DIAGNOSTIC TECHNOLOGY EFFECTIVENESS SURVEY

DIAGNOSTIC TECHNOLOGY

Technology Identification No.

Subject Identification No.

Site No.

A. Technology Description

1. Description

2. Serial No.

3. Location 1) Laboratory
2) Radiology

4. Routine Quality Control for Sensitivity

5. Routing Quality Control for Specificity

C. Other Observations:
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APPENDIXD

GOBIMOH LEITER OF AUTHORIZAnON

Director Of Health Services
Medical Department

Belize City

P.O.Box 615
Belize City, Belize
Central America

Ref: R/25/93

Tel. 501.2.45767.
Fax. 501.2.33081

25th October. 1993

Dr. Walter K. Patrick
School of Public Health
University of Hawaii .
1960 East-West Road
Honolulu, Hawaii 96822

Dear Dr. Patrick,

This letter is in reference to Mr. Robert V. Tucker's proposal for Doctoral
research in Belize.

.1have professionally had the privilege of knowing Mr. Tucker since
1985. He was Project Concern International's (PCI) program Director for
their pilot Primary Health Care (PHC) program in Toledo District from 1985
to 1988. During this period the program saw expansion into two other
districts and stimulated similar PHC programs in Belize's remaining three
districts.

Mr. Tucker's professional integrity and ability to want better health care
for Belizeans remains uncompromised. This is verified by the legacy of his
diligent work while working with PCI and the Government of Belize/Ministry
of Health (GOB/MOH), his marriage to a Belizean, and his desire to further
improve health care delivery for Belizeans through the proposed research.

The GOB/MOH has no reservation in giving authorization to Mr. Tucker
for his Doctoral research. We have reviewed his proposal and find it
addressing a critical concern of the MOH, especially with the GOB/MOH's
shrinking health budget. It will be invaluable to have a tool or gauge by
which the MOH can better assess the effectiveness of our available health
technologies.
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Please contact me if there are any questions remaining about Mr.
Tucker's ability to do his studies in Belize.

Sincerely,

£/~~)... _(;c~-ti_f)
Errol Vanzie MD Dr. iph

Director of Health Services
GOB/MOH
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APPENDIXE

GOBIMOH LETTER OF INlRODUCTION

Director of Health Services
Medical Department

Belize City

P.0.BolC615
&Iiz. City.&Iiz.
CcntnlAmcrio

Ref:

From:

N/1S/94(27)

Director of Health Services

T.I. 02-45767
FOllC. 02·33081

3rd March, 1994

To: To Whom It MayConcern ( All Health Presonnel)

Subject: Letter of Introduction - Mr. Robert V. Tucker, MPH, MT.

This is to introduce Mr. Tucker who hadworked inBelize City from 1985 to 1988
as theProgram Director of Belize's Primary Health Care Program in Toledo and Stann
Creek Districts. He is, therefore, nostrangerto our system andour concernswith
delivering Health Care to Belize's population. He wasevery active in Belize's National
Primary Health Care Committee (NPHCC) and helped in thedevelopment of our National
Primary Health Care Manual.

He is now a doctoral candidate at the School of Public Health, University of
Hawaii. He is doing his dissertation of theeffectiveness of diagnostic technologies used in
hospital perinatal management. Thestudydesign is to examine patient charts of pregnant
females that have delivered in theDistrict Hospitals of Orange Walk, Belmopan, Cayo
District, and theBelize CityHospital. Thesample sizewill be approximately seventy five
cases per hospital.

The results ofMr, Tucker's research will provide Belize with three important
indicators forimproving its delivery of health care. Foremost, it will havesignificant
implications fora more rational allocation of theGOBIMOHs limited resources; secondly,
it will provide a model capable of contrasting alternate solutions to the complex health
careproblems in MCH, and finally contribute to thescarcity of knowledge and primary
databaseto measure theeffectiveness of health technology.

Mr. Tucker assures methathe will personally inform you of his studiesandkeep
you advised of his progress.

The specific dates of hisvisitations will depend on the availability ofdata andyour
cooperation. Theschedule ofvisitations win start in Orange Walk, followed by the Belize
CityHospital, then Belmopan, and terminating in Cayo.
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I wouldappreciate yourassistance in giving Mr. Tucker every possible courtesy
while conducting his investigation. His research has been thoroughly examinedby the
GOBt1vIOH and hasbeen approved. Please contact my office if there are any questions of
concerns.

t~V2 ..
Errol Vanzie,~
Director of Health Services
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APPENDIXG

PERINATALOUTCOME INDICATORS

PERINATAL OUTCOME INDICATORS

HOSPITAL

BCH I BMPH I OWH I SIH II TOTAL

SAMPLE SIZE I 268(100010) I 78(100%) I 111(100%) I 92(100%) II 549(100%) I
DEATHS 16 (6.0010) 1(1.2%) 0(0.0010) 3 (3.3%) 20 (3.6%)

stillborn 9 I 0 0 10

death wfm 7 days 7 0 0 3 10

APGAR<7@S' 20 (7.8%) 3 (3.9%) 3 (2.7%) 3 (3.3%) 29 (S.4%)

range 0- 10 4 -10 6 -10 2 - 10 0-10

mode 9(67.6%) 9(58.4%) 9(73.0%) 9 (87.0%) 9 (70.7%)

mean 8.78 8.81 8.98 8.79 8.83

LOS'> 7 DAYS 14 (S.4%) 1 (1.3%) 2 (1.8%) 1 (1.I;==lr 18 (3.6%)

range 1 - 41 1 - 22 1 - 10 1 - 13 1-41

mode 1(73.5%) 1 (47.4%) 1 (70.3%) 1(69.3%) 1 (68.3%)

mean 2.15 2.26 1.56 1.68 1.96

BWb< 2.5KG 33 (13.1%) 4(5.2%) 5 (4.S%) 4 (4.5°/' AC 10 ..,0'"

range 1.1- 4.9 1.5- S.4 1.4-4.7 1.4 - 4.6 1.1 - 5.4

mode 3.2 (IS.9%) 3.2 (IS.6%) 3.5 (12.6%) 3.2 (20.2%) 3.2 (15.7%)

mean 3.1I 3.33 3.21 3.17 3.17

TOTAL NEGATIVE 83 9 10 II 113
OUTCOMES

CASESWlTH
MULTIPLE NEG. 20 1 0 3 24

OurCOMES

PERINATE
CLASSIFIED AS 63 (23.5%) 8 (10.3%) 10(9.0%) 8 (8.7%) 89(16.2%)
NEG. OUTCOME

• LOS=Length of Stay. b BW=Birth Weight,
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APPENDIXH

HIGHRISK MOTHER INDICATORS

HIGH RISK MOTHER INDICATORS

HOSPITALS

BCH BMPH OWH SIH f: TOTAL
SAMPLE SIZE 268 (100010) 78 (100%) 111 (100%) 92 00(010) 549000%)

AGE<16 4 (1.5%) 2 (2.6%) 4 (3.6%) 3 (3.3%) 13 (2.4%)

AGE>35 70.2%) 1 (1.3%) 4 (3.6%) 7 (7.6%) 19 (3.8%)

range 14 - 40 14- 40 13 - 45 14 - 40 13 -45

mode 19 (9.0%) 18 (9.0%) 20(12.6%) 19 (13%) 19(9.1%)

mean 23.5 24.4 23.6 23.9 23.7

GRAVIDA>6 24 (9.0%) 14 (17.9%) 19(17.1%) 18 (19.U70 75 (13.70/0)

range 1-10 I - 11 1 - 16 1 - II 1 - 16

mode 1 (31.3%) 1 (30.8%) 2 (27.0010) 2 (30.4%) 1(28.2%)

mean 2.87 3.27 3.35 3.49 3.13

PARI1Y<l 91 (34.0010) 29 (37.2%) 30 (27.0%) 20 (21.7010) 170 (31.00/0)

range 0-10 0-10 0-11 0-10 0-11

mode 0(34.0%) 0(37.2%) 0(27.0%) I (33.7010) 0(31.0%)

mean 1.70 1.97 2.14 2.30 1.93

HGB" < lOM2% 47(23.2%) 8 (12.5%) 15 (17.2%) 7 (14.6%) 7709.2%)

TOTAL HIGH 173 54 72 55 355
RISK FACTORS

CASES WTIlI
MULTIPLE HIGH 26 5 11 15 58

RISK FACTORS

HIGH RISK 147 (54.9%) 49(62.8%) 61 (55.0%) 40 (43.5%) 97 (54.1%)
MomERS

TYPE OF V=236 V=62 V= 108 V=89 V=495
DELIVERY' 0=32 0=16 0=3 0=3 0=54

MomERS 253 (94.4%) 71(91.0010) 95 (85.6%) 84(91.3%) 503 (91.6%)
BOOKEDd

"HGB = Hemoglobin
b High Risk Mothers are defined by the above 5 parameters (AGE < 16, AGE > 35, GRAVIDA> 6,
PARITY < I, and a HGB < 10Mg.%).

e V = Vaginal, 0 = Other (Cesarian or Mechanical)
d Mothers Booked are those pregnant females who attendedpre-natal clinics
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APPENDIX I

ThNENTORYOFTECHNOLOGlliS
AT SURVEYED

GOVERNMENT OF BELJZEIMTNISTRY OF HEALTHHOSPITALS

Description

BELIZE CITYHOSPITAL

Serial # Model #

1. Water Bath - Koehler Instrwnents

2. Serofuge - Clay Adams

3. Centrifuge

4. Hemoglobinometer- Clay Adams

5. Centrifuge - Microhematocrit

6. Chloridometer - ICM

7. Photometer - Leitz

8. Blood Bank Refrigerator

9. Multi Block Heater - Lab Line Instruments

BELMOPAN HOSPITAL

n/a n/a

n/a n/a

A7581X-4 CL

22711F ABC II Plus

180031 4207

93061453 21150

41377 M

51273-217 3883

n/a 2097-A

1. Spectrometer- ColemanJunior II

2. Photometer - Bioanalette

3. Centrifuge- Clay Adams

4. Blood Bank Refrigerator

5. Centrifuge- Fisher

6. Centrifuge- no name
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D2335

0510

n/a

32103

nfa

29115

G/20

Bio-An

nfa

Jewett CT-l

228

nfa



ORANGE WALK HOSPITAl.

Description Serial # Model #

1. Spectrometer - Bausch & Lomb nla Model 20

2. Waterbath - Koehler nla UNICEF

3. Incubator - Gallenkamp nla 882942

4. Rotator - Techni Lab Instruments nla 20

5. Centrifuge - International Equipment Corporation nla CL

6. Blood Bank Refrigerator - Forma Scientific nla 3544

7. Microcentrifuge - no name nla nla

CENTRAL MEDICAL LAB

1. Incubator - Clinical Equipment Co. nla #10

2. Spectrometer - Titertek Multiskan 314017-007 314 MK II

3. Centrifuge - MSE nla nla

4. Waterbath - Chicago Surgical Supply 017 13100

5. Rotator - Variable - Hybritech 009595 R4140

6. Waterbath - VWR Scientific Inc. 0302689 I240PC

7. Electronic Blood Counter - Cellstar 88815666 RS 232-C

8. Microhematrocrit - International Equipment 341115797 MD

9. Clinical Centrifuge 42845057 nla

10. Chemistry Analyzer - Bio Chern n/a ATAC 6000

II. Chemistry Analyzer - Curtiss n/a Erneraldill
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