Uncorrected Proof

I[\ Shiraz E-Med J. ; In Press(In Press): 153673 https://doi.org/10.5812/semj-153673

Research Article

Published Online: 2024 December 11

Information Requirements of Clinical Decision Support Systems for
the Diagnosis and Prediction of Preeclampsia

Nazanin Khayatan ', Nasim Aslani ¢! 1»" Ali Garavand () !, Nasrin Galehdar 2, Vadad Khayatan 3

! Department of Health Information Technology, School of Allied Medical Sciences, Lorestan University of Medical Sciences, Khorramabad, Iran
2 school of Allied Medical Sciences, Lorestan University of Medical Sciences, Khorramabad, Iran
3 Mahdieh Hospital, Tehran, Iran

*CorrespondingAuthor: Department of Health Information Technology, School of Allied Medical Sciences, Lorestan University of Medical Sciences, Khorramabad, Iran.
Email: aslaninasim@yahoo.com

Received: 18 August, 2024; Revised: 13 November, 2024; Accepted: 17 November, 2024

4 N\
Abstract

Background: Clinical decision support systems (CDSS) are valuable tools for diagnosing and predicting diseases. However,
their effectiveness hinges on the quality of the information provided.

Objectives: This study aimed to identify the information requirements for a CDSS designed to diagnose and predict
preeclampsia.

Methods: This applied study was conducted in 2024. A literature review was performed to identify relevant studies. Based on
the findings, a questionnaire with a five-point Likert scale was developed and validated through the input of 22 experts in
related fields. Data were analyzed using SPSS version 22, and the findings are presented in the text and tables.

Results: Among 143 items identified, 115 were deemed essential for a CDSS to diagnose and predict preeclampsia. The
information requirements were classified into eight main categories: Demographic information, medical history, laboratory
data, pregnancy-related data, complications in other organs, medical examinations, warning signs, paraclinical data, and
lifestyle.

Conclusions: The findings of this study provide critical insights for developers of CDSS tailored to preeclampsia diagnosis and
prediction. By addressing these information needs, such systems can significantly enhance the capabilities of women's health
professionals, advancing timely diagnosis and prevention of preeclampsia.
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1. Background

The complexity of women's health extends beyond
medical and surgical knowledge and clinical obstetric
advancements. During the sensitive period of
pregnancy, women face various complications and
disorders. Among the most significant and controversial
unresolved issues in obstetrics are hypertensive
disorders, particularly preeclampsia (1-3).

Preeclampsia is often characterized by hypertension
accompanied by proteinuria; however, this disorder
encompasses more than elevated blood pressure and
protein in the urine. Proteinuria remains one of the
most critical diagnostic criteria for this condition.
Preeclampsia is a pregnancy-specific syndrome that can

potentially affect nearly every organ system. It is a
multisystem disorder occurring in 3 to 8 percent of
pregnancies in the United States and 1.5 to 16.7 percent
globally. Each year, it leads to approximately 60 000
maternal deaths and over 500 000 infant mortalities
worldwide (4-6).

Women with preeclampsia are at risk of various
complications, including seizures (eclampsia),
cardiovascular disease, and acute kidney injury.
Additionally, their offspring are at higher risk of adverse
outcomes such as premature birth, fetal growth
restriction, and intrauterine fetal demise. The only
therapeutic interventions currently available for
affected mothers are blood pressure control and early
delivery (7-9). These severe consequences and the lack of
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effective treatment methods highlight the critical need
for preventive measures.

In recent years, healthcare providers have
increasingly leveraged innovative technologies like
health information systems to predict and manage
diseases. Clinical decision support systems (CDSS) are
among the most essential tools within health
information systems (10). Clinical decision support
systems software is designed to directly assist in clinical
decision-making. Its functionalities are wide-ranging,
encompassing diagnosis, alert systems, disease
management, medication management, and more.
However, the effectiveness of CDSS in managing
conditions like preeclampsia depends on the quality
and comprehensiveness of the data it processes (11-14).

A significant advantage of rule-based CDSS is their
ability to enhance adherence to medical guidelines and
protocols. The robust knowledge base of these systems
enables them to provide alerts, reminders, treatment
plans, and specific diagnostic and therapeutic
recommendations by integrating and cohesively
assessing patient information. Clinical decision support
systems offer numerous key benefits, including
improved patient safety, reduced medical errors, cost
savings, enhanced collaboration among healthcare
teams, and, most importantly, support for the timely
diagnosis of diseases (14-16).

Research demonstrates that information technology
serves as a powerful tool in predicting diseases and
addressing maternal and women's health disorders. For
instance, Liu et al. developed a decision support system
that analyzed clinical data from prenatal and early
pregnancy screenings to predict preeclampsia in
pregnant women. The system automatically identified a
set of predictive features, achieving high performance
in assessing preeclampsia risk using early pregnancy
data (17).

Similarly, Jhee et al. conducted a study to create a
predictive model for late-onset preeclampsia using
computer-based methods. Their system incorporated
information such as age, blood pressure, BM]I,
gestational age, history of hypertension, previous
preeclampsia, and diabetes. Laboratory data, including
blood nitrogen and urea levels, were also utilized. The
resulting CDSS demonstrated improved prediction
accuracy compared to traditional statistical methods
(18).

In another study, Wang et al. developed a CDSS to
evaluate the risk of cardiac diseases in women with

preeclampsia. This study exemplifies the effectiveness of
CDSS tailored to women's health issues, highlighting the
value of incorporating essential information
requirements for predicting and managing diseases
(19).

2. Objectives

Given the critical role of decision support systems in
predicting and diagnosing diseases in a timely manner,
as well as the importance of a comprehensive and
accurate knowledge base for their optimal functionality,
the present study aimed to identify the essential
information requirements for a decision support
system based on established medical guidelines.

3. Methods

This applied study was conducted in 2024 and
comprised two main steps. The first step involved
identifying requirements through content analysis of
related studies and the Delphi technique. In the second
step, information needs were determined based on the
results from the first step.

3.1. First Step

A review was conducted to determine the
information requirements. Searches were performed on
PubMed, Web of Science, Scopus, and Cochrane using
keywords such as “dataset,” “minimum dataset,” “CDSS,”
and “preeclampsia” to locate relevant articles without
time restrictions. Additionally, related websites, such as
those of the World Health Organization, and guidelines
from reputable global women's surgery associations
were reviewed to identify other relevant texts, including
reports, standards, and guidelines. Articles specifically
related to CDSS and preeclampsia, as well as studies
addressing preeclampsia datasets, were included. Other
study types were excluded, except for review articles,
letters, and short communications. Data extraction was
independently carried out by two authors (N.Kh and
A.G) using a structured data extraction form. Content
analysis was used for data analysis, and the results were

presented in both text and tables.

3.2.Second Step

Based on the results of the first step, a questionnaire
was developed to identify essential information
requirements. The study population consisted of
relevant experts, including gynecological surgeons (5
individuals), obstetricians, midwifery specialists (7
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individuals), and health information management
(HIM) professionals (10 individuals). Purposeful
sampling was employed, and experts with at least three
years of professional experience were selected.

The experts were asked to evaluate each data item
using a Likert Scale. Additionally, they were invited to
suggest important information items by adding them at
the end of each section of the questionnaire. Data items
with a confirmation rate exceeding 75% were approved,
while those scoring below 50% were removed.
Information elements scoring between 50% and 75%
proceeded to the next round of the Delphi method.

Data analysis was conducted using descriptive
statistical methods, such as percentages and
frequencies, with the assistance of SPSS software
(version 22). The analyzed data were presented in tables
for clarity.

4.Results

This study initially identified data elements through
a questionnaire developed by reviewing previous
studies and medical guidelines. Subsequently, essential
information elements were determined based on the
opinions of the research participants. The demographic
characteristics of the participants are shown in Table 1.

Table 1. Participants’ Demographic Information

Parameter and Categories Values
Age,y
30-35 7(31.81)
35-40 7(31.81)
>40 8(36.38)
Field of study
HIM 10 (45.45)
Gynecological surgery 7(31.81)
Midwifery specialist 5(22.74)
Grade level
BSc. 4(18.18)
MSc. 1(4.54)
PhD 10 (45.45)
OB-GYN specialist 7(31.81)
Work experience, y
<5 3(13.63)
5-10 9(40.90)
>10 10 (45.47)

Abbreviation: HIM, health information management.

@ Values are expressed as No. (%).
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According to Table 1, most participants were aged 40
or older and had more than 10 years of professional
experience.

Table 2 presents the results of the first round of
expert opinion polling conducted using the Delphi
technique. It includes essential data elements for CDSS
for preeclampsia prevention.

Table 2. Results of Identifying Information Requirements for Clinical Decision
Support Systems in Preeclampsia Prevention (First Round of Delphi)?

Frequency

Categories and Information i Result
Mean SD Percentage
Mother’s Personal Information
1. First name 3.59 1.07 7
2. Last name 3.64 118 72.8
3.Father's name 35 172 70 N
4.Spouse's name 3.45 133 69 *
5.Spouse's last name 3.45 131 69
6. Date of birth 418 092 863 v
7. Place of birth 377 104 75.4 v
8. Residence 3.95 121 79 v
9. National ID 373 1.03 74.6
10. Mother's age 4.91 018 982 v
11. Spouse's age 414 1.01 82.8 v
12. Spouse's occupation 427 086 85.4 v
13. Ethnicity 377 117 75.4 v
14. Employment status 432 1.02 86.4 v
15. Education level 4 1.03 80 v
16. Income level 391 088 78.2 v
17. Nationality 409 026 818 v
18. Religion 314 11 62.8 *
19. Mother's contact number 3.91 1.04 782 v
20. Spouse's contact number 3.68 121 7.6 *
21. Email 245 134 49 x
22. File number 3.45 0.93 69 *
Medical history
23. History of kidney disease 436 1.04 87.2 v
24. History of autoimmune diseases 445 067 89 v
25. History of inflammatory bowel disease 436 0.62 87.2 v
26. History of heart disease 45 053 90 v
27. History of vascular disease 455 049 91 v
28. History of thyroid disease 436 043 87.2 v
29. History of uncontrolled hyperthyroidism 373 108 74.6 *
30. History of seizure disorder 3.68 100 73.6 "
31. History of chronic hypertension 4.86 037 97.2 v
32. History of anemia 395 103 79 v
33. History of urinary tract infection 359 119 718 *
34. History of type 1 diabetes 436 0.82 87.2 v
35. History of type 2 diabetes 4.45 115 89 v
36. History of obesity 482 045 96.4 v
37. History of visual impairments 3.91 114 782 v
38. History of mental disorders 327 126 65.4 *
39. History of post-traumatic stress disorder 323 1.03 64.6
40. History of rheumatism 4 0.56 80 v
41. History of liver disease 405 107 81 v
42. History of ovarian cyst 3.82 126 76.4 v
43, History of sexually transmitted infections 3.5 155 70 *
44. History of stroke 3.55 114 7
45. History of endometriosis 373 0.69 74.6 "
46. History of miscarriage 464 032 92.8 v
47. History of preeclampsia in previous pregnancies 4.77 023 95.4 v
48. History of multiple pregnancies 4.82 03 96.4 v
Laboratory data
3
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Frequency R . R Frequency
Categories and Information Requirements Result Categories and Information Requirements Result
Mean SD Percentage Mean SD Percentage
Mother’s Personal Information Mother’s Personal Information
49. Uric acid 4.68 018 93.6 v 109. Height 355 1.05 7 -
50. Creatinine 464 038 9238 % 110. BMI 459 0.62 918 4
51.Urinary protein 4.82 0.13 96.4 v 111. Abdominal examination 373 127 74.6 *
52.Blood urea nitrogen 4.45 0.57 89 v 112. Pelvic examination 3.64 124 72.8 *
53.24-hour urine collection 455 023 91 v 113. Skin examination 323 2.00 64.6 *
54. Triglycerides 3.64 1.02 72.8 * 114. Waist circumference measurement 3.41 1.61 68.2 -
55. Total cholesterol 373 1.05 74.6 115. Hip circumference measurement 3.23 2.05 66.4 *
56. Lipoprotein cholesterol 3.64 1.08 72.8 * 116. Arm circumference measurement 3 196 60
57.Serum potassium level 3.64 0.98 72.8 * 117. Head circumference measurement 2.86 2.05 572 ®
58. Serum magnesium level 3.59 143 718 * Warning signs
59. Serum calcium level 314 198 62.8 N 118. Severe headaches 4.82 0.18 96.4 v
60. Serum led level 295 2.02 59 : 119. Difficulty breathing 473 0.23 94.6 v
61. Aspartate aminotransferase 4.55 0.48 91 v 120. Nausea or vomiting 473 0.27 94.6 v
62. Alanine aminotransferase 455 0.68 91 v 121. Problems urinating 473 023 94.6 v
63. Kidney function test 4.59 037 91.8 v 122. Infrequent urination 4.77 0.23 95.4 v
64. Hemoglobin 3.95 1.01 79 v 123. Abdominal pain (ez%ecc)mllyin the upper right a7 0.44 94.6 v
65. Prothrombin time 3.95 1.01 79 v
124. Blurred vision, double vision, or vision loss 473 0.27 94.6% v
66. Partial thromboplastin time 3.91 119 782 v
125. Swelling of the hands, face, or ankles 4.86 0.73 97.2 v
67. International normalized ratio 3.86 124 772 v
126. Seizures 4.82 028 96.4 v
68. Sex hormone-binding globulin assessment 3.05 2.01 61 *
127. Severe confusion or disorientation 4.77 L1 95.4 v
69. Antibody test 3.41 1.45 68.2 ‘
128. Loss of consciousness 4.82 023 96.4 v
70.Pap smear 323 2.02 64.6 N
Paraclinical data
Pregnancy-related data
129. Mammography 2.55 216 51 *
71. Mother's age at first pregnancy 4.91 032 98.2 v
130. Sonography 291 2.05 582 :
72. Number of children 4.59 027 91.8 v
131. Colonoscopy 2.64 2.00 52.8 ®
73. First pregnancy or others 4.91 024 98.2 v
132. CT scan 2,64 2.00 52.8
74. Multiple gestations 4.91 0.18 98.2 v
133. Radiography 2.82 2.03 56.4 *
75. Preeclampsia in the first pregnancy 4.77 0.48 95.4 v
Lifestyle
76. History of in vitro fertilization 4.86 0.17 97.2 v
134. Income level 3.91 1.04 78.2 v
77. Assisted reproductive technology usage 4.82 0.23 96.4 v
135. Socio-economic status 3.91 1.07 782 v
78. Previous childbirth method|last cesarean 45 0.55 90 v
i - - 136. History of smoking 418 0.99 83.6 v
79. Uterine fibroids 414 1.01 82.8 v 137. History of tobacco use 4.09 0.87 81.8 v
80. Adenomyosis 4.09 1.00 81.8 v 138. Physical activity 3.95 1.03 79 v
81. Uterine abnormalities 418 0.89 83.6 v 139. Dietary habits 4 1.06 80 v
82. Long interval since previous pregnancies 436 0.28 872 v 140. Mobile phone usage (per day) 318 136 633 ®
83. Previous pregnancy with hypertension 4.86 0.18 97.2 v 141. Television viewing (per day) 2.86 151 57.2
84.Type of contraceptive method 4.05 023 81 v 142. Hours spent on daily activities 318 136 63.6 *
85. Hydrops fetalis 3.68 125 73.6 ' 143. Number of hours of sleep per night 3.59 127 71.8 N
86. Hyperemesis gravidarum 4.09 113 818 vV
87.Upper abdominal or epigastric pain 4.59 0.67 91.8 v
88.Vaginal bleeding 423 074 84.6 v 2 Items with an agreement rate exceeding 75% are marked with V. Data elements
89. Bleeding with abdominal pain 4.41 055 882 v scoring between 50% and 75%, are marked with * and proceeded to the second round.
90. History of fetus miscarriage 455 0.84 a1 v Items scoring below 50%, are marked with x, and were excluded.
91. History of miscarriage after ten weeks 4.77 0.18 95.4 v
92. History of intrauterine fetal death 473 0.47 94.6 v
03. Molar pregnancy w os 9 v In the first round of the Delphi process, experts
94.Ectopic pregnancy s o8 86 v deemed the email data element non-essential and
95. History of infertility 4.45 0.47 89 v . .
g excluded it from the vital dataset. Conversely, elements
96. Polycystic ovary syndrome 4.27 0.55 85.4 Vv
o7 Matenal complicaons n s degree rlaves 45 g 00 v such as viral hepatitis, HIV, and certain laboratory data,
(mother|sister) - 3
08, Fetal growth restriction wer o s v including serum sodium levels, which experts
99.Oligohydramnios 436 059 872 v suggested in the initial round, were included in the
100. Uterine fibroids 4.68 0.89 93.6 v : :
second-round questionnaire.
101. Time of blood pressure detection 4.45 1.03 89 v
102. Antiphospholipid syndrome a7 100 854 v In the second round, 27 of the 48 data items were
= . . s e '
B P e removed, including religion, spouse's contact number,
103. Thrombocytopenia 4.09 1.03 81.8 v . . . . .
: history of urinary tract infections, history of post-
104. Hemolysis 3.41 148 68.2 ®
105. Neurological disorders 33 200 64.6 . traumatic stress disorder, sexually transmitted diseases,
TR G 3 el serum calcium level, serum lead level, testosterone
107. Elevated serum amylase 3.91 1.05 782 v . . . . .
evaluation, sex hormone-binding globulin, antibody
Medical examinations
108. Weight 455 oal o v tests, Pap smear, hydrops fetalis, hemolysis, pulmonary
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circumference, mammography, sonography,
colonoscopy, CT scan, radiography, daily mobile phone
usage, hours spent watching television, and hours of
sleep per night.

Ultimately, 93 items were approved in the first round
and 22 in the second round, culminating in 115 data
items categorized into nine main groups.

5. Discussion

Clinical Decision Support Systems are pivotal in
healthcare, particularly in preventing disorders like
preeclampsia, where CDSS can significantly contribute
to early detection and intervention. Achieving optimal
patient health outcomes through these technologies
hinges on identifying and incorporating essential
information requirements. Based on the findings, a
comprehensive database for a CDSS designed to prevent
preeclampsia should include diverse data categories
such as maternal identity, medical history, laboratory
findings, pregnancy-specific data, preeclampsia-related
complications in other organs, medical examinations,
warning signs, paraclinical data, and lifestyle
information.

5.1. Demographic Data

Personal information is crucial for identifying
individuals and ensuring  effective  patient
communication. Recording contact numbers and
residential addresses facilitates easy access and
outreach when needed. Demographic data should be
collected initially to avoid redundant registration in
subsequent visits and to expedite patient acceptance
and record management. The Women's Surgeons
Association has identified certain demographic
characteristics, such as low socioeconomic status and
African-American ethnicity, as significant risk factors for
preeclampsia (10, 20, 21).

5.2. Medical History of Patients

The medical history of patients is critical for
understanding preeclampsia risk. Specific factors such
as chronic hypertension, a history of previous
preeclampsia, and multiple pregnancies are recognized
risk indicators. Aziz et al. underscored the importance
of factors like excess weight, previous preeclampsia,
diabetes, multiple pregnancies, and history of
abortions, aligning with the findings of the present
study. Related research has emphasized the importance
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of capturing information such as systolic and diastolic
blood pressure history, chronic hypertension,
gestational diabetes, obesity, immune conditions,
kidney disease, anemia, pregnancy-related vomiting,
headaches, and migraines as essential components of a
patient’s medical history (19, 22, 23).

5.3. Laboratory Data

Laboratory data play a pivotal role in diagnosing
preeclampsia. For instance, elevated creatinine levels
above 1, combined with proteinuria, are significant risk
indicators. Studies have highlighted the importance of
laboratory metrics such as hemoglobin, uric acid,
creatinine, and proteinuria. Jhee et al. emphasized the
predictive value of laboratory data, including blood
nitrogen and urea, serum creatinine, and the urine
protein-to-creatinine ratio, in identifying preeclampsia
risk (18).

5.4. Pregnancy-Related Data

Credible medical guidelines, including those from
the American College of Obstetricians and
Gynecologists, highlight factors such as gestational
hypertension, a previous pregnancy with hypertension,
multiple gestations, nulliparity, an interpregnancy
interval of more than ten years, and the use of assisted
reproductive technology as significant data items
related to pregnancy. A related study examined the
approach and strategies for prevention, care, and follow-
up, emphasizing the importance of the type of
pregnancy prevention method and its role in predicting
preeclampsia (24). This aspect was also deemed
significant in the current study, underscoring its
importance in  anticipating and managing
preeclampsia.

5.5. Complications of Preeclampsia in Other Organs

The recording of thrombocytopenia and other
complications arising in different organs due to
preeclampsia is essential, as these complications can
lead to the primary diagnosis. For instance, if a patient's
blood pressure has not reached the severe preeclampsia
stage but thrombocytopenia or visual disturbances are
present, the diagnosis of preeclampsia can be
established, prompting immediate emergency
measures. A related study highlighted the importance
of data such as neurological disorders and
thrombocytopenia and their impact on predicting
preeclampsia (25).
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5.6. Warning Signs

Identifying warning signs is crucial for the rapid and
timely diagnosis of preeclampsia. Early diagnosis is vital
because preeclampsia can progress rapidly from mild to
severe stages, potentially leading to serious
complications. If these symptoms are recognized
promptly, it is possible to prevent or at least slow the
progression of the disorder (26, 27).

5.7. Medical Examinations

Regular antenatal care is essential for the early
detection of preeclampsia. During these examinations,
healthcare providers assess various indicators, such as
swelling in the face and hands, which can signal
preeclampsia. By routinely monitoring pregnant
individuals for symptoms, healthcare providers can
intervene quickly, improving outcomes for both the
mother and the baby (28-30).

5.8. Lifestyle

While medical interventions play a crucial role in
managing preeclampsia, recent research emphasizes
the importance of lifestyle changes during pregnancy to
reduce the risk of developing this condition. Regular
physical activity, following recommended guidelines,
can contribute to better health outcomes. Dietary
control and stress management techniques such as
meditation and yoga may also be beneficial (29-31).

5.9. Conclusions

In conclusion, identifying the information
requirements for preeclampsia is an effective step
toward designing more precise CDSS, which can
improve their performance in health and prevention. By
accurately determining the information requirements
for these systems, the storage, retrieval, and especially
data processing and information presentation in
reports to women's health specialists will be more
streamlined. Ultimately, by identifying essential
information, a CDSS can support women's health
specialists and assistive technologies in preventing and
reducing the risk of the highrisk disorder,
preeclampsia.
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