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ORIGINAL ARTICLE
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ABSTRACT

Objective: To analyze the most common ophthalmologic disorders in pregnant women seen in
a hospital in Munich in Germany using a big data analysis system, as well as to compare the
results obtained with those from other epidemiological studies that used different data acquisition
methods. Methods: We retrospectively analyzed electronic health records of pregnant women
who were seen at the ophthalmology department from 2003 to 2019 at the Ludwig-Maximilians-
Universitat Miinchen hospital. The main complaints that led to ophthalmic consultations during
this period were evaluated, and also the variation in intraocular pressure of patients throughout
gestational trimesters by analyzing data from the data warehouse system. Results: A total of
27,326 electronic health records were analyzed. Of participants, 149 (0.54%) required eye care
during pregnancy. Their mean intraocular pressure was 17mmHg in the first trimester, 12mmHg in
the second trimester, and 14mmHg in the third trimester. The most prevalent findings were dry
eye (29.3%) and conjunctivitis (16%), and ametropia (16%). The most common posterior segment
problem was diabetic retinopathy (4.6%). The lower mean intraocular pressure in the second and
third trimester found in our study is in accordance with other studies that used other method
for data acquisition. Conclusion: The most common ophthalmic conditions found in this study
population were dry eye, conjunctivitis, and ametropia. The use of data warehouse proved to be
useful for acquiring and analyzing data from many patients. This study results are comparable with
other studies in published literature that adopted different methodology.
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INTRODUCTION

About 90% of the planet’s data was generated in the last 2 years. Google estimates
that mankind has created about 300 exabytes of data in the last 5 years. Medicine
has produced a great amount of data due to the use of electronic health records
(EHRs). This significant amount of data exceeds human capacity and requires the
development of algorithms to analyze the information.() One way to analyze this
large amount of data is to use a data warehouse, which is a system that gathers
information from different sources. Depending on the information required to
develop a study, different methodologies can be adopted. The data warehouse
is built to hold a large amount of data and enables its rapid analysis, which
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creates opportunities to develop more studies with large
samples in less time and at a low cost. Epidemiological
studies with large samples are important to establish
clinical guidelines.*™ Studies based on the information
from large electronic databases can be developed
using the data warehouse, which extracts important
information such as ophthalmic disease classification
and patients’ intraocular pressure. The ability to collect
and store data has far surpassed our ability to analyze,
summarize and extract knowledge from them. The data
warehouse is useful for processing a large amount of
medical data into valid and reliable information that
could be used to assist the decision making process.*>

During pregnancy there are physiological changes
that could cause pathological eye conditions or interfere
with pre-existing ones. Some of these changes are
diabetic retinopathy, central serous chorioretinopathy,
preeclampsia and eclampsia, uveitis, idiopathic
intracranial hypertension, and pituitary tumors. Most
ophthalmic manifestations are due to the metabolic,
hormonal and immunological changes that occur
during pregnancy. Most of changes do not cause visual
sequelae.®”

OBJECTIVE

To analyze the most common ophthalmic manifestations
in pregnant women seen in a hospital in Munich in
Germany by using a big data analysis system, and
then compare the results with those from other
epidemiological studies that used other data acquisition
methods.

METHODS

Study setting and design

This was a cross-sectional study that analyzed the health
records of women who gave birth from 2003 to 2019
and were seen during pregnancy at the Department of
Ophthalmology at a single tertiary referral center in
Germany (University Eye Hospital, Ludwig-Maximilians-
Universitait Minchen, Munich, Germany). All data
warehouse queries were approved by the local data
protection officer. Written informed consent for the
retrospective use of anonymized data was provided
by all patients included in this study. All procedures
performed in studies involving human participants
were in accordance with the ethical standards of the
University Hospital Munich, Ludwig-Maximilians-
Universitdt Miinchen, Germany. This study follows
the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

einstein (Sao Paulo). 2022;20:1-6

Data source and patient characteristics
We retrospectively reviewed the EHRs of all women
who gave birth from 2003 to 2019 at the Ludwig-
Maximilians-Universitdt Miinchen of Germany hospital.
All patients requiring eye care in the 9-months period
prior to delivery were included for analysis, whereas
those with incomplete data or those without ocular
manifestations were excluded. The chief complains
and intraocular pressures in the three trimesters
were collected. Data from the EHRs was extracted,
transformed into consistent data, and then loaded
into the data warehouse. All clinical data used for
this study was queried from the data warehouse. This
warehouse was established in 2013, and since then
has been collecting information from the EHRs and
diagnostic devices from more than 330,000 patients. It
contains clinical findings from the patients’ EHR and
results from previous studies.G¥

Information was extracted from the data warehouse
according to the following: firstly, all patients’
records containing the International Classification
of Diseases tenth revision (ICD-10) code of delivery
were identified. From this group, patients that require
eye care in the 9-months period prior to delivery were
selected. Exclusion criteria were incomplete data from
the medical record. All the participants had undergone
a comprehensive ophthalmological examination, which
included medical history, visual acuity, refraction,
intraocular pressure measurements with Goldmann
applanation tonometry, and a slit-lamp examination.

Statistical methods

All statistical analyses were performed by using
the programming language “R” (R Foundation for
Statistical Computing, Vienna, Austria). The relevant
data for the study was retrieved from the data warehouse
with Sequence Query Language Statements (SQL). The
boxplot was calculated with the R plot function ggplot
with two variables, intra ocular pressure of the patients
and trimester. The box starts at the 25" percentile and
ends at the 75" percentile of the patients. The black
line in the box is the 50" percentile and the end of the
lines are marking the lowest and the highest level of the
measurements.

RESULTS

Of 27,326 women who gave birth from 2003 to 2019,
only 149 required eye care during pregnancy (0.54%).
The patients’ age ranged from 17 to 45 years old, with a
mean of 32 years old. Their mean intraocular pressure
was 17mmHg in the first trimester, 12mmHg in the
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second trimester, and 14mmHg in the third trimester
(Figure 1). The most prevalent diseases were those
affecting the ocular surface and ametropia: dry eye
(29.3%), conjunctivitis (16%), and ametropia (16%).
The main alteration in the posterior pole was diabetic
retinopathy (4.6%) (Table 1).

Cases of conjunctivitis were also documented in
the general population seen at the same hospital from
2003 to 2019. The numbers of all pregnant women
requiring eye care were compared (149) with the total
number of patients requiring eye care in the same
period (27,2873) (Figure 2). The general population
(27,2873) had a higher prevalence of conjunctivitis from
April to June (spring in Germany) while the pregnant
women exhibited higher peaks in April, May, July, and
December.

We also compared the seasonality of conjunctivitis
(allergic and infectious) cases in the general population
with the pregnant population that were seen in clinical
settings from 2003-2019 (Figure 3). The general population
(27,2873) had a higher prevalence of conjunctivitis from
April to June (Spring in Germany), which reflects an
increase in allergic related conditions. The group of
pregnant women exhibited higher peaks of conjunctivitis
in April, May, July, and December.
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Figure 1. Individuals mean intraocular pressure was 17mmHg in the first
trimester, 12mmHg in the second trimester, and 14mmHg in the third trimester

Table 1. Most common chief complaints from pregnant women at the Ludwig-
Maximilians-Universitét Miinchen hospital from 2003 to 2019. The percentile of
diseases diagnosed at the pregnant patients was gained with Sequence Query
Language Statements in the data warehouse

Ophthalmological manifestations (%)
Dry eye 29.3
Refractive error 16
Conjunctivitis 16
Hordeolum/chalazion 9.7
Subconjunctival hemorrhage 6.2
Diabetic retinopathy 46
Other causes 18.2

Pregnant_Nr
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Figure 2. The numbers of all pregnant women requiring eye care were compared
(149) with the total number of patients requiring eye care in the same period
(27,2873)
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Figure 3. Seasonality of conjunctivitis (allergic and infectious) cases in the
general population with the pregnant population that were seen in clinic from
2003-2019

Comparison with other studies
Our study showed similar results when compared
with other epidemiological studies that used different
methods of acquiring the data. The lower mean
intraocular pressure in the second and third trimester
found in our study was in accordance with other studies
described in the table 2.%!) The intraocular pressure
may decrease by an average of 2mmHg to 3mmHg in
the second trimester of pregnancy and tends to return
to the baseline two months after the delivery.®!?
Other studies have also pointed out a different
seasonal presentation of some diseases in pregnant
women. For example, a survey conducted in Denmark
revealed a seasonal variation in hypertensive disease
of pregnancy, probably related to vitamin D levels
fluctuation.!® The different seasonal presentation of
conjunctivitis between pregnant women and general
population that we noticed in our study could be better
elucidated in future prospective cohorts.
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Table 2. Comparison of studies previously performed

Study Country Study design Number of patients 10P

Efeetal,” Turkey Prospective cohort 25 patients Lower in 2" and 3 trimesters
Green etal., 0 United Kingdom Prospective cohort 7 patients Lower in 2" and 3¢ trimesters
Qureshi Pakistan Prospective cohort 36 patients Lower in 2 and 3" trimesters
Ebeigbe et al.,"? Nigeria Prospective cohort 117 patients Lower in 2 and 3" trimesters
Martins et al., Germany Cross-sectional descriptive study (data warehouse) 149 patients Lower in 2" and 3 trimesters

IOP: intraocular pressure.
DISCUSSION measurements tend to be lower. Thus, decreased

According to the results, only 149 pregnant women
(0.54%) sought ophthalmic care at hospital where
the study was conducted. This number may be
underestimated, since some of the pregnant women
may have been seen at other hospitals. The mean age of
these 149 pregnant women was 32 years old. The mean
age of women at the birth of their first child in Germany
is 31,2 years old and 30.9 years in the European Union,
respectively.1¥ As most ophthalmic manifestations that
occur during pregnancy do not inflict major changes
in patients’ eye health and these numbers may be
underreported. Their mean intraocular pressure was
17mmHg in the first trimester, 12mmHg in the second
trimester, and 14mmHg in the third trimester. The
intraocular pressure of all patients was not measured
in all trimesters. The mean intraocular pressure
measured in each trimester was calculated from those
who had this information on file. Only 1.3% of patients
had a diagnosis of glaucoma. Thus, the prevalence of
glaucoma in pregnant women at hospital is lower than
that of the adult population worldwide (2%), and lower
than the adult population older than 40 years old in
Europe (2,4%).0519

The intraocular pressure may decrease during
pregnancy and the rate of aqueous humor formation
has been shown to remain constant during pregnancy.
However, there is an increase of the flow, which may
cause a decrease in intraocular pressure. There is also
a decrease in episcleral venous pressure. It has been
reported that this decrease might be due to a decrease in
general peripheral vascular resistance during pregnancy
and might contribute to a further decrease in intraocular
pressure.®19

However, another theory postulates that the intraocular
pressure does not actually decrease, but the decrease
of corneoescleral rigidity during pregnancy would
lead to false low intraocular pressure measurements
during applanation tonometry. During the second
and third trimesters of pregnancy, a paradoxical state
occurs in which the cornea is thickened as a result of
increased corneal hydration, and intraocular pressure
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intraocular pressure values during pregnancy may
partly reflect decreased corneal rigidity rather than true
intraocular pressure decreases.(1®

The most prevalent diseases were those affecting
the ocular surface and ametropia: dry eye (29.3%),
conjunctivitis (16%), and ametropia (16%). During
pregnancy, the cornea’s sensitivity is reduced, and its
thickness is increased. These physiological changes
can worsen dry eye symptoms and increase contact
lens intolerance. The cornea tends to retain more
water during pregnancy, and this could increase the
myopia shift. Thus, refractive surgeries should be
avoided during this period. There is also decrease
in accommodation and in the production of tears,
facilitating dry eye and infections. According to data
from published literature, up to 10% of pregnant
women may develop conjunctival hemorrhage in the
postpartum period.(""* A study showed that 6.2% of
pregnant women that sought eye care were treated for
subconjunctival hemorrhage, which usually evolved
without sequelae after 2 to 3 weeks.

The group of pregnant women exhibited higher
peaks of conjunctivitis in April, May, July, and December.
This difference may be explained by the immunological
changes during gestation. High cortisol levels are
associated with immunosuppressive mechanisms, as
well as changes in the production and composition
of the tear film, which, in addition to worsening dry
eye symptoms may increase the risk of conjunctival
infections.

Both pregnancy and atopy are characterized by
a shift from cellular (T-helper cell type 1-dominated)
towards humoral immune responses (T-helper cell type
2-dominated). Pregnancy promotes this immunological
shift in order to prevent fetus rejection while maintaining a
defense mechanism against infections.®

Pregnant women may have ptosis due to the fluid
retention caused by hormonal changes that affect eyelid
aponeurosis. Ptosis usually improves after delivery.!®)
During the study, only 0.6% of the pregnant women
were treated for eyelid changes.
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Symptoms of preeclampsia and eclampsia may occur
in 5% of pregnancies. Symptoms include hypertension,
proteinuria, scotomas, diplopia, hemorrhages and
vascular changes in the retina, papilledema, ischemic
optic neuropathy, and serous retinal detachment.?¥
During the research period, 1.3% of pregnant women
had serous retinal detachment and 1.3% of them had
papilledema.

During the study period, 1.3% of pregnant
women presented retinal venous occlusion. There is a
hypercoagulability state that results from pregnancy-
related changes that can lead to occlusion of the central
retinal branch and vein.®

Diabetic retinopathy was the main cause of
ophthalmic follow-up in 4.6%. Pregnancy may be related
to increased progression of diabetic retinopathy, which
usually improves after the third trimester and delivery.
Pathophysiology may be related to decreased blood
flow, which worsens retinal ischemia and accelerates the
progression of diabetic retinopathy. The treatment is
the same as in any other patient. Macular edema can be
followed up conservatively because it usually regresses
after the delivery. There are no contraindications
for laser use, but the use of intravitreal antivascular
endothelial growth factor (anti-VEGF) injections
should be done with caution, as they may interfere with
placental vascularization. 2%

Strengths and limitations of the study

Strengths of the present study include, to the best
of our knowledge, the fact that this is the first study
that used data warehouse to analyze pregnant women
seen in the eye clinic between 2003 and 2019. Some
limitations of this study should be addressed. Such as,
the data reflects the prevalence of ophthalmological
manifestationsin patientsseenatahospitalin Germany,
which may not be generalized to different settings.
The retrospective design relies on database records.
The high prevalence of dry eye obtained may be due
to its high prevalence in the general population. Many
ophthalmologic manifestations are asymptomatic and
may have a higher prevalence than that presented in
the study. The number of pregnant women with eye
complaints may be underestimated because they may
have been seen at other hospitals. Further studies
including a larger number of pregnant women may help
in the understanding of the conjunctivitis seasonality
variation in this group. The adequate documentation
of data in the EHR is detrimental for the development
of large retrospective studies. Possible ICD-10 code

misclassifications might also have negatively impacted
our findings. Approximately 80% of the data generated
is unstructured, which turns the analysis more difficult.
The data warehouse enables the analysis of different
sources of information, such as numbers, texts and
tables. However, this program has limitations regarding
unstructured data, such as images and graphics. For
this reason, it is important to have ophthalmologists
involved in the development process.®) A prospective
population- based observational study design would
help to address the study limitations and provide
stronger evidence to be used as comparison to the
other studies.

The use of the data warehouse has an important
implication for practice which is the possibility of near
real-time data feeds that will ultimately bring benefits
to patient care at an individual level, and also for public
health strategies. It is also possible to include real-
time scans for population screening requirements. The
data warehouse could be used to provide knowledge to
measure, and improve patient outcomes. The big data
contained in the data warehouse can also be used to
bring up facts that could not be perceived otherwise.
One of the greatest assets of this type of database is
that, not only does it can help provide answers to many
outcome questions, but it can also assist in developing
prospective trials and studies in which targeted data is
required. It is a useful technology for data-intensive
institutions, which are growing larger and more complex
while the data cannot be processed by traditional
applications.

CONCLUSION

This retrospective epidemiological study using the
data warehouse obtained similar results to previous
epidemiological studies using other method of
acquiring the data. The data warehouse is a useful
methodology for epidemiological studies involving
large number of patients, as well as an important tool
in data management and analysis in the big data era.
The main ophthalmic conditions observed in pregnant
women during this study were dry eye, conjunctivitis,
and ametropia. Conjunctivitis in this group did not
present the same seasonal pattern as the general
population of patients seen in same period at the same
hospital. The mean intraocular pressure of pregnant
women was higher in the first trimester. Data on the
main ophthalmic manifestations during pregnancy
could be useful for the development of public health
strategies.
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