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Abstract

Through engineering projects, we have integrated software engineering, geographical information
systems and HL7 standard to propose a model of an eHealth management platform for Down’s
syndrome screening, replicable in all the country. It will use real time sample information ac-
quired from the local population and will geographically reference this information in the territo-
ry of Panama for future research.
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1. Introduction

In many countries like Panama, a lot of medical information is not saved electronically. It brings deficiency to
the health system of the country affecting different areas of health care. It makes necessary the use of eHealth
management platforms. For this reason, we want to focus our work in one of the illness that is actually affected
by the lack of information which is the Down’s syndrome also called trisomy 21.

In the health community, the hospital information systems are not developed with standards that help to man-
age the patient’s clinical information [1]-[3]. The clinical information is scattered around the country in different
administrative entities and private and public hospitals.

In order to get clinical data about trisomy 21, we need to access, collect and analyze data from various health
entities. Because of that, a lot of patients are wrongly diagnosed or receive their treatments later than due.

In this document we make a proposal for the analysis, model and development of an eHealth management
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platform for the antenatal screening for Down’s syndrome in the republic of Panama.

The rest of the document is structured as follow: Section two is a state of the art about the trisomy 21 and the
current trends in antenatal screening for trisomy 21. Section three explains the technologies that are going to be
used to develop the eHealth management platform. Section four is a revision of others eHealth platforms. Sec-
tion five explains the proposed eHealth management platform’s architecture. The next section presents the con-
clusions of our work.

2. Trisomy 21
2.1. Aneuploidy Trisomy 21

Trisomy 21 is an Aneuploidy where the fetus shows a genetic alteration having 3 chromosomes 21 [4] [5]. This
trisomy is one of the major causes of deficiencies or physical disabilities in children, premature deaths that take
place before birth, situation that many mothers are unaware. This chromosomal disorder causes various physical
deformities, hearth defects, organ malformations, mental retardation, thyroid disorder and diseases like Alzhei-
mer’s. Trisomy 21 responsible for Down’s syndrome is the most frequent aneuploidy

2.2. Probabilistic Method for Trisomy 21 Detection

The Screening is a probabilistic technique applied to a population to calculate the risk or probability that the fe-
tus suffer a particular disease.

In the screening, first serum and biochemical markers [3] are established and compared with historical me-
dians references values of the population. When the test results of the patient and the MOM or Multiple of Me-
dian of the markers [4] have different values, the test is considered positive.

The effectiveness of this method is measured in terms of its detection rate (DR) which it is better the greater
its value, and depending on the detection rate of false positives (FPR) [6] [7]. These two variables are affected
by what is known as the cutoff, making the effectiveness of the test depends off this value.

These rates should be 75% DR and 3% FPR based on the standard set in 2008 by the National Screening
Committee with aspirations of reaching 90% and 2% respectively [4] and even reduced to 1% and 1.5%.

The screening is performed in the second and first trimester being the first trimester the most difficult to real-
ize because of various reason being one of them the lack of sampling data to perform the test.

Initially, second trimester reached a detection rate of 80%. Then in 2000, it began to be performed first tri-
mester screening with 85% detection rate and false positive of 5%.

For the first trimester trisomy 21 screening, it is necessary to perform a more effective detection taking in
consideration some mother’s characteristics like her weight, her ethnicity, if she has diabetes or if is smoke.
These factors could affect the result of the test so it needs to be corrected.

3. eHealth Management Platform Technologies

3.1. Component Based Development in the Cloud

Component based development in the cloud is also known as Software as a Service. It provides to us a lot of
benefits like access to resources as they are needed and out of the box, development time and cost reduction [8]-
[11]. These are important values for the proposed platform. There are important component like the geographi-
cal system that will be incorporated in our design. This component is widely used, tested, secure and free.

3.2. HL7

A common disadvantage that most of the hospital information systems have for the clinical information man-
agement is lack of interoperability between them. Health Level Seven HL7 [1] [3] [10] [12]-[15] and Open HER
[12] [16] [17] are international standards to manage clinical information electronically promoting the interope-
rability.

3.3. GIS

Geographical information systems are systems that use latitude and longitude allowing data geo reference [1] [3]
[18]. This geographical reference applied to health information data allows the development of useful tools. For
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example, we could detect geographic causes of diseases or follow the spread of infectious diseases with updated
online information [18].

3.4. Software Engineering and eHealth

The term eHealth is fairly new. As mentioned in [13] [19] [20], it can be defined as a new paradigm for the
management of medical information that involves technology aspects to access, share and store electronic pa-
tient’s information, administrative and operational processes in health institutions and the interoperability be-
tween hospital information systems. But it is more than that, It also means a culture change, a way of thinking,
seeing and analyzing the entire domain in order to improve patient’s health care.

4. Comparison of Current eHealth Platforms with PLAGETRI21

The use of web platforms in the e-health field is becoming more common. These are used in different areas in
the health domain to achieve different objectives. For example, Peixoto [21] is an eHealth platform, used by
technical staff, administrative staff and clinical team. It manages preventive actions to keep running the infra-
structure of a hospital information system based on action estimation models.

Another platform related with aneuploidy for the risk calculation of trisomy 21 is SBP Software [22]. Unlike
PLAGETRI21, SBP Software does not calculate the MoM. To perform the value calculation of each indicator,
the MoM must be calculated using some other tool or its used generics MoMs that are calculated in other coun-
tries. Therefore, the results will be based on non-local data. The platform also has drawbacks because of the
small amount of information variables stored for each patient, decreasing the possibility of future studies and
research.

There also are software packages like Typolog Software and SsdwLab [4] [23]. The system architecture of
Typolog software stores the information locally, restricting the possibility of using the data for sampling in fu-
ture analysis of variables correlation.

SBP Software does not include important variables for the risk calculation method like the mother ethnic,
weight and others. The sampling data used it is not collected from the Panamanian population. SsdwLab is not
multiplatform; it has not interoperability features and it has the same disadvantage of SBP Software.

In Table 1, it can be appreciated a brief comparison of these platforms with PLAGETRI21.

The platform PLAGETRI21 is designed to meet the information needs of our country, to improve the current
method of trisomy 21 risk calculation, implementing the first trimester test and provide information for future
research about these diseases in Panama.

5. Architecture Components of the eHealth Management Platform for Trisomy 21
Risk Prediction in the Republic of Panama

For the platform design, we have adopted the goal-directed design method created by Allan Cooper [21] [24].
The design’s idea is to be as simple as possible focusing on the main goal and what the medical staff needs to
achieve it. Focusing on which are the functional features that will solve the current deficiencies of the methods
for estimating a woman’s risk of having a pregnancy associated with Down’s syndrome in our country.

The proposed architecture can be appreciated in Figure 1. It is composed of three main components: thse risk

Table 1. Brief platform comparison.

Research Driven MoMs Calculation Data Georeferencing Extra Variables Interoperability
Schedule IT X
SBP Software X
Typolog X
SsdwLab X X X X
PLAGETRI21 X X X
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Figure 1. PLAGETRI21 eHealth management platform architecture.

calculation management component, database interconnection component and the geospatial-referencing com-
ponent.

5.1. Trisomy 21 Risk Calculation Management Component

The eHealth Management Platform PLAGETRI21 is based on the calculation risk method of Likelihood, pub-
lished by Palomaki and Haddow [25] combining the a priori risk for maternal age obtained from the meta-anal-
ysis Cuckle HS, Wald NJ and Thompson [26], with the likelihood obtained from combining the MoM of the
different markers used in each profile. The MoM is calculated using the multivariate normal distribution pub-
lished by Reynolds and Penney MD TM [27].

This calculation method is applied by important programs currently used by healthcare companies such as
Roche to estimate the patient’s risk of trisomy 21 [5] [8] [22] [28].

To explain how PLAGETRI21 works, it is important to first understand some concepts. PLAGETRI21 im-
plement a not invasive diagnostic method. The prenatal diagnosis of the chromosomal defects for trisomy 21
detection usually implements invasive procedures like the amniocentesis and chorionic villus samples [3]. This
type of test presents some danger to the fetus because of their nature.

The platform determines which patient has a major risk of having this pathology from the one is sane.

Once the risk is calculated, the patient with high risk should receive a diagnostic method to detect if the pa-
tient really has the disease.

With this platform, we look for first improve the results from the currents diagnostics method used in Panama,
working with a real sampling with data from patients in the country and second improve the procedures to real-
ize first trimester screening test.

The screening procedure compares the patient result with the MoMs of the sampling. When the comparison is
completed, the analysis result could be located in 4 groups: true positives, true negatives, the false positives and
the false negatives [20] [29]. The idea is to detect a high rate of true positives cases with the small rate of false
negatives.

The trisomy 21 risk is calculated dividing 1 by the inverse of the probability. (Equation (1): Trisomy 21 Risk
Calculation Formula).

Risk =1:(1/p) @

To make the calculation, a mathematical and statistical process is done with following steps:
o Risk estimation based in the maternal age.
e Markers standardization.
o Multiple of medians (MoM) calculation.
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e Weight and correction factors adjustments.
Maternal weight corrections.
Covariates corrections.
Likelihood ratio estimation.
Risk estimation.

5.1.1. Maternal Age Risk Estimation
This is the first marker that will be used in the platform with the method proposed by Cuckle et al. [6] [22] [30].
Currents software vendors use this risk estimation method.

The equation for the risk calculation can be appreciated below. (Equation (2): Maternal Age Risk Estimation).

Probability = 0.000627 + EXP {~16.2395+ 0.286 x (age - 0.5) |
Risk =1/[ (1- probability),/probability |.

For the age evaluation, there is also a risk known as fetus prior affection [20] that establishes that the risk that
a patient has of presenting trisomy 21 increase and it is higher than the risk calculate based on the age, when this
patient has already presented a trisomy 21 case before.

The intrauterine lethality [20] is also one important variable that needs to be taken in consideration based on
the age of the mother. This variable is calculated based on the aneuploidy observed versus the expected, from
mothers with different age. This correction factor should be used when you want to present the trisomy 21 risk
that the fetus has in a given trimester. In this case according to [6] for trisomy 21 the correction rate is as follows
Table 2.

@

5.1.2. Standardization of Markers Values
The markers values are variables that follow a Gaussian distribution. These values will vary depending on the
gestational age and specific aspects of the mother such as age, race and weight [31].

It is necessary to establish the median of the markers for each gestation week in order to make the transforma-
tion of the markers and thereby reduce the effect of variation that occurs in each week of pregnancy. After these
medians are known, it can be set multiples of medians MoM for each marker.

The eHealth management platform must perform the calculation based on medians that will be determined by
analyzing the values of women who have or not positive cases of trisomy. These values will be provided by the
data sources of health institutions that are part of the project. The fact of having local data sources let us include
in the study specific characteristics of the population or region that could influence the median calculations.
These characteristics cannot be analyzed with data from foreign woman and other regions.

5.1.3. Multiple of Median Calculation (MoM)
The MoMs are calculated by the division of the value of the marker obtained with the test, between the medians
calculated for this marker. (Equation (3): Multiple of Median Calculation).

MoM = Marker Value/Marker Median 3

5.1.4. Adjustments Based on the Weight Correction Factors

As mentioned above, specific properties of the mother like the weight for example, affects the markers values so
it is necessary to correct them. The weight correction can be done applying two methods: The exponential me-
thod: (Equation (4): Exponential Maternal Weight Correction).

Mom = MoM,/10(**®*is") “
And the lineal reciprocal method: (Equation (5): Lineal Maternal Weight Correction).
MoM = MoM/(a-+(b/weight)) ©)

These two correction formulas use coefficients that are shown in the Table 3:

5.1.5. Correction Factor or Covariate FC
In addition to the maternal weight corrections, it is also necessary to make corrections of the markers values

O,
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Table 2. Correction rate of trisomy 21 based on the trimester.

Lethality
Aneuploidy Between 12 and 40 weeks Between 16 and 40 weeks
Trisomy 21 31-75 (43%) 18 - 50 (23%)
Table 3. Coefficients for the weight regression formulas [16].
White Black Hispanic Other

m b m b m b m b
AFP 0.0017 0.2583 0.00137 0.2227 AFP 0.00173 0.2466 0.00231 0.2904
hCG 0.0018 0.267 0.00141 0.2276 hCG 0.00151 0.2184 0.00341 0.4369
UuE3 0.0006 0.0912 0.00069 0.1127 uE3 0.00075 0.1076 0.00129 0.1625

based on factors such as race, if the patient has diabetes or smokes and the fetal sex [17].
The median for the correction factor for each genetic group are shown in Table 4 and the formula for these
corrections is the following: (Equation (6): Factor Corrections of the MoM).

Corrected MoM by FC = MoM without FC/FC (6)

5.1.6. Likelihood Ratio Calculation for Trisomy 21

Likelihood calculation is performed based on the multivariate normal distribution [5] [32] using the population
parameters. The population parameters consist in three values: the median, the standard deviation of each mark-
er and the variation coefficient between pairs of markers (if it is used more than one marker) for both the healthy
and affected population. The likelihood ratio is calculate dividing (d + n) /n as shown in Figure 2.

5.1.7. Pregnancy without Aneuploidy

The standard deviation of the markers varies from the trimester and correction factors used. For the population
that doesn’t present aneuploidy, the standard deviation will be found within the following limits show in Table
5.

5.1.8. Gestations with Aneuploidy
The population’s sampling values of cases with aneuploidy is much lower than the unaffected. Because of the
small amount of data from affected cases, most of the current test uses generic data from research made in other
countries. The eHealth management platform PLAGETRI21 will record information from many local [33] insti-
tutions, allowing us to make the test using data values from the Panamanian population.

For affected cases the variable values must be within the following limits show in Table 6.

The correlation coefficients for gestations without aneuploidy should be within show in Table 7.

5.1.9. Trisomy 21 Risk Estimation
Trisomy 21 risk is calculated multiplying the maternal age estimated risk by the calculated likelihood of the tri-
somy [25] [27] [33]. (Equation (7): Trisomy 21 Risk).

Trisomy 21 Risk = Maternal Age Risk x Likelihood Ratio for Trisomy 21 @)

5.2. eHealth Management Platform for the Interconnection with Data Sources and HL7
Interoperability.

The eHealth management platform PLAGETRI21 architecture is based on the architecture presented in [9] [34]
which allow the interoperability between many hospital information systems.

PLAGETRI21 will be able to interact using the HL7 standard with many data source of clinical information.
It will collect sampling data necessary to calculate more efficiently the trisomy 21 risk and make future research

in this domain.
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Figure 2. Likelihood ratios.

Table 4. Median for AFP, hCG and uE3 for each genetic group [16].

White Black Hispanic Other

AFP AFP
15 3849 34.9 34.89 316 38.45 38.44 15 534 32.85 3290 117 40.0 40.14
16 7560 39.1 39.06 746 42.95 42.96 16 1043 40.80 4042 239 428 4291
17 2640 45.0 45.01 432 50.10 50.16 17 726 46.10 46.32 107 50.5 52.34
18 964 51.4 51.59 287 59.50 58.82 18 455 51.20 52.00 59 653 61.50
19 357 61.5 63.23 170 67.30 65.93 19 231 62.00 62.05 24 763 75.57
20 171 72.2 70.93 83 77.10 74.13 20 113 68.20 69.40 13 83.0 83.31
21 63 84.4 86.74 42 83.75 79.87 21 40 79.25 79.38 2 93.1 90.46
22 27 97.9 97.90 17 77.90 94.54 22 22 106.00 108.18 1 69.9 62.76
23 14 114.0 130.42 8 109.00 100.95 23 4 151.00 180.72 2 169.4  159.66

hCG hCG
15 3807 35 34.81 314 35.05 36.13 15 534  37.48 3824 116 4163 40.88
16 7500 28.1 28.18 741 30.78 31.15 16 1041 30.07 29.75 238 33.38 33.87
17 2609 22.7 23.50 429 24.96 25.31 17 725 24.54 24.63 105 28.86 28.71
18 954 20.7 20.81 286 22.78 22.02 18 455 21.85 21.79 58 26.83 26.74
19 355 18.2 18.52 170 20.61 19.65 19 231 19.79 19.37 24 18.05 18.76
20 168 16.5 16.38 83 17.15 15.70 20 113 1821 18.08 13 2035 19.24
21 63 19.5 18.15 42 17.03 16.48 21 42 14.69 15.25 2 2451 23.46

uE3 uE3
15 3807 0.59 0.59 314 0.62 0.61 15 534 0.62 063 116 0.71 0.68
16 7500 0.75 0.75 741 0.75 0.75 16 1041 0.86 0.86 238 0.87 0.87
17 2609 1.01 1.01 429 1.02 1.03 17 725 1.15 1.14 105 1.17 1.17
18 954 1.26 1.26 286 131 1.30 18 455 1.35 1.35 58 152 151
19 355 1.60 1.60 170 1.65 1.67 19 231 1.67 1.67 24 188 191
20 168 1.85 1.85 83 1.72 171 20 113 1.92 1.93 13 2.03 2.02
21 63 217 2.15 42 2.07 2.05 21 42 2.20 2.09 2 2.81 2.78
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Table 5. Deviation range in a healthy population [32].

Marker

Standard Deviation
Healthy Population

Alpha-Fetoprotein
Total hCG
2nd Trimester Beta hCG Libre
1st Trimester Beta hCG Free
Unconjugated Estriol
PAPP-A
Inhibin-A

Nucal Translucency

0.13a0.18
0.2a0.4
0.22a0.27
0.25a0.29
0.11a0.14
0.23a0.29
0.19a0.23
0.12

Table 6. Median and standard deviation values for affected cases [32].

Marker Median Standard Deviation
Alpha-Fetoprotein —0.14t0 —0.15 0.15t00.21
hCG TOTAL 0.30 to -0.33 0.21t00.27
Beta hCG Trimester 2 0.33t00.38 0.291t00.34
Beta hCG Trimester 1 0.281t00.32 0.25t00.29
UE3 -0.13t0 -0.18 0.12t00.18
PAPP-A -0.26 to —0.38 0.27 t0 0.32
INH-A 0.26100.34 0.25100.28
NT 0.30t00.31 0.44100.47

Table 7. Correlation coefficients for not affected gestations [20].

Marker

Standard Deviation

Alpha-fetoprotein/hCG
Alpha-fetoprotein/Beta hCG free in 2nd trimester
Alpha-fetoprotein/uE3
hCG/uE3
PAPP-A/Beta hCG free 1 trimester

0.051t0 0.30
0.01t00.2
0.09t00.3
—0.01to —0.15
0.051t00.25

The interconnection with other data sources involves security and privacy of the information like is presented
by Geissbuhler in [13]. The data that is extracted from the different data sources will include general informa-
tion of the patient like age, sex, ethnic, blood type, place of birth, residence. Specific fields like name, last
names, and personal ID will not be included in the sampling data source. The information will be copied from
the data source without modify the original information. It will be exported and saved to the sampling database

using a web service.

All the process consists in a group of transaction that will implement HL7 like it is implemented in [4] [35] to

guarantee an efficient and reliable information management.

5.3. eHealth Management Platform and Spatial HL7 Integration with the Geographical

Information System

The eHealth management platform PLAGETRI21 will implement the geospatial interoperability standard pro-
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posed in [1] [3]. The inclusion of geographical information to the platform will enable the clinical information
georeferencing by birth place, residence place and location where the patient receives the medical care, allowing
us to save and visualize in a geographical system, information required to in the future research deeper about
this affection. A geographical information system component existing in the cloud will be integrated with the
platform to have access to the geographical data and the component features, benefits and technology.

6. Conclusions

e The development of PLAGETRI21 will collect extremely useful data to make more reliable tests of trisomy
21 and it will allow performing the first trimester screening test for trisomy 21 in Panama.

e The database that PLAGETRI21 manage is a really important element to the future research in the field of
Down’s syndrome in Panama.

e This eHealth Management Platform will be a prototype for future works in medical areas like epidemiology
for example, for the control of infectious diseases in the country as presented in [36].

e Implementing standards like HL7, we open the door for the future integration of PLAGETRI21 with other
platforms that will probably extend the initial functionality and objectives of the platform.
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