Pediatric Health, Medicine and Therapeutics Dove

ORIGINAL RESEARCH

Congenital Hydrocephalus and Associated Risk
Factors: An Institution-Based Case—Control
Study, Dessie Town, North East Ethiopia

Melese Shenkut Abebe ', Girma Seyoumz, Bahru Emamu3, Demissie Teshome®

IDepar‘tment of Anatomy, School of Medicine, College of Health Science, Wollo University, Dessie, Ethiopia; 2Depar‘tment of Anatomy, School of
Medicine, College of Health Sciences, Addis Ababa University, Addis Ababa, Ethiopia; 3Department of Radiology, School of Medicine, College of
Medicine and Health Science, Wollo University, Dessie, Ethiopia; “Department of Radiography, Dessie Health Science College, Dessie, Ethiopia

Correspondence: Melese Shenkut Abebe, Department of Anatomy, School of Medicine, College of Health Science, Wollo University, Dessie, Ethiopia,
Email melese | 9@yahoo.com

Introduction: Congenital hydrocephalus is one of the commonest congenital anomalies of the central nervous system. It is
characterized by extensive accumulation of cerebrospinal fluid within the ventricles of the brain due to an imbalance between
synthesis and absorption of cerebrospinal fluid. This study was planned to investigate the incidence and associated risk factors of
congenital hydrocephalus.

Methods: Unmatched case—control study was conducted in 34 (cases) and 104 (controls) pregnant women. Maternal data were
collected from a structured questionnaire, and fetal-related data were recorded from obstetric ultrasound. Epi-info 7 and SPSS version
24 were used for data entry and analysis, respectively. The association between congenital hydrocephalus and risk factors was
evaluated using binary logistic regression.

Results: The incidence of congenital hydrocephalus was 2.67 per 1000 pregnancies. The result of multivariate logistic regression
indicated that alcohol use and iron with folic acid supplementation during pregnancy were significantly associated with the develop-
ment of congenital hydrocephalus (OR: 7.64, 95% CI: 1.97-29.66 and p-value: 0.003 and OR: 0.186, 95% CI: 0.07-0.49 and p-value:
0.001, respectively). Maternal exposure to typhus and typhoid and use of antibiotics during early pregnancy were also significantly
associated with congenital hydrocephalus. Moreover, significant association was also observed between the simultaneous development
of spina bifida and congenital hydrocephalus (p-value 0.03).

Conclusion: In conclusion, alcohol consumption, unprescribed use of antibiotics and infection during pregnancy as well as absence of
folic acid supplementation may predispose to congenital hydrocephalus.
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Introduction

Hydrocephalus is one of the commonest central nervous system anomalies manifested by excessive cerebrospinal fluid
(CSF) accumulation within the ventricular system of the brain. It occurs due to the abnormalities in the CSF circulation,
ie imbalance between the site of production (choroid plexus) and its sites of absorption.'*

Hydrocephalus may present at birth (congenital) or develop in later life (acquired). However, some forms of
hydrocephalus can be seen at birth, but they are due to another problem. Such type of hydrocephalus remains hidden
until aging or the pathology causes it to become symptomatic.'~

The pathological accumulations of CSF in the ventricular system exert pressure on the surrounding developing brain.
If left untreated, the condition leads to various degrees of cognitive impairment, cerebral palsy and visual deficit. In
severe case, the condition may be fatal.®

A report from Zhang et al* investigation depicted that mild-to-moderate hydrocephalus causes structural brain deficit
mainly in the middle temporal and middle frontal gyri. In another study, severe hydrocephalus produces compression on
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the cerebral cortex, with reduction of an overall brain mass and cortical thickness, particularly in the parieto-occipital
lobe.” The cortical tissues are affected by the mechanical injury of the high CSF pressure, secondary changes associated
with increased interstitial edema, ischemia and oxidative stress.

The causes of hydrocephalus are genetic factors, premature birth, infection, intraventricular hemorrhage and structural
anomalies of the brain such as neural tube defects, agenesis of the corpus callosum and cerebral aqueduct stenosis.” From
these causes, abnormal brain development, blockage of the cerebral aqueduct, Chiari malformations, and Dandy—Walker
malformation are the leading causes of congenital hydrocephalus (CHC).®

The incidence of congenital hydrocephalus differs worldwide. However, it falls in the range between 2.2 and 18 per
10,000 live births. From different types of hydrocephalus, CHC accounts around 50%.%'°

Ultrasound screening has been allowing ever earlier intrauterine diagnosis of congenital hydrocephalus and has been
used as the primary diagnostic method for tracking CHC within the population. It is readily available at low cost
especially for the developing world where advanced radiologic techniques are insufficient. In addition to this, it has no
danger of ionizing radiation. Ultrasound can detect CHC with 90% accuracy even if it is associated or not with other
anomalies.'' "

Congenital hydrocephalus is one of the greatest burdens in developing countries, especially in East Africa, with more
than 6000 new cases estimated per year. It is a major public health concern.® Worldwide, more than 300,000 new cases of
CHC are reported each year.'*

The prevalence of CHC is varied in different population. In California, an overall population prevalence of CHC is to be
5.9 per 10,000 live births.'® In Saudi Arabia, the prevalence of CHC is 1.6 per 1000 live births,'® while in Egypt it is 6.76/
1000 live births.'* In addition, based on the study conducted in Denmark, the incidence of CHC is 0.062/1000 live births.!”

Several children and maternal-related risk factors have been associated with the development of congenital hydro-
cephalus. Consanguinity, maternal diabetes, pregnancy-induced hypertension, oligohydramnios, family history of hydro-
cephalus, drugs intake during pregnancy, lack of prenatal care, multiparous gestation and alcohol use during pregnancy
are some reported risk factors associated with the occurrence of CHC.>'*!'"'® Timely and accurate evaluation of risk
factors of CHC is a crucial step for the evaluation of prevention programs and to influence public health policy and
resource allocation.'%-*°

In developing countries, including Ethiopia, studies on such topics are limited. Thus, the aim of this study was to
investigate the incidence and associated risk factors of CHC in Dessie town, North East Ethiopia.

Subjects and Methods
Study Setting

The study was conducted in the Ultrasound center of Ethiopian Family Guidance Association (EFGA) North East Model
Clinics in Dessie Town. The town is located 400 kms North East to Addis Ababa, the capital city of Ethiopia. The
ultrasound center is used as a diagnostic center for many patients including pregnant women either coming to the clinics
or referred from different health centers in Dessie town.

Study Design

An unmatched case—control study was utilized to investigate the incidence and associated risk factors of CHC.

Sample Size and Sampling Technique

The sample size was calculated using Epi info version 7 considering the following assumptions: proportion of mothers
who had a family history of CHC and gave birth to a baby with hydrocephalus were 15% and those who did not were
2%,"¢ 95% confidence interval, 80% power and case to control ratio of 1:3. This gave a total sample size of 124 (31:93).
Considering 10% non-response rate, the final sample size was 136. Conveniently, the data were collected prospectively
from March 2019 to February 2020. In this study, cases and control were pregnant women who conceived fetus with
hydrocephalus or not, respectively. For every diagnosis of congenital hydrocephalus by ultrasound (case), the next three
women with non-hydrocephalus pregnancies were considered as controls.
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Data Collection Tools and Techniques

Maternal related data (risk factors of CHC) were collected by a Midwife using pretested structured questionnaire and
fetal related data (number, sex and gestational age of the fetuses as well as the presence of congenital anomalies) were
taken from Ultrasound reading. Ultrasound findings were interpreted by a senior radiologist. We have excluded refusers
and seriously ill women.

Data Analysis

Data entry and analysis were done by Epi info 7 and SPSS 24. Binary logistic regression with descriptive statistics was
conducted. Univariate analysis was performed to check the association between the dependent variable and each
independent variable. Then each predictor variable with a p-value less than 0.2 was selected for multivariate analysis.
Finally, variables with p-value <0.05 were taken as statistically significant in the multivariate logistic regression. Odds
ratio (OR) and 95% confidence interval (CI) were used to express the strength of association. The results are presented in
text, tables and figures.

Results
In the study period, the total number of pregnant women who visited the ultrasound center of EFGA Dessie Clinics
was twelve thousand seven hundred thirteen (12,713). Obstetric ultrasound was prescribed as routine antenatal care
(ANC) service. During the study period, 34 pregnant women were diagnosed as conceiving a fetus with CHC and
102 pregnant women were taken as control. In this research, the incidence of CHC was 2.67 per one thousand
pregnancies.

Regarding the different sociodemographic characteristics of the cases and controls, their values were respec-
tively 50% and 45.1% in the age range of 21-25 years, 41.2% and 43.1% completed high school education, 91.2%
and 92.1% Ambhara in ethnicity, 73.5% and 76.5% lived in the urban area and 88.2% and 94.1% did not work in
factories (Table 1). With regard to the sex distribution of fetuses with CHC, 58.8% were females and the rest
males (Table 2).

Table | Univariate Analysis of the Association Between CHC and Sociodemographic Factors (Cases N = 34)
and (Controls n = 102)

Variables Frequency No (%) COR 95% ClI p-value
Controls Cases
Maternal age <20 4 (3.9 3 (8.8) 0.75 0.06-8.83 0.819
21-25 46 (45.1) 17 (50) 0.37 0.05-2.84 0.338
26-30 33 (32.4) 8 (23.5) 0.242 0.03-1.99 0.187
31-35 17 (16.7) 4 (11.8) 0.235 0.03-2.22 0.206
> 35 2(2) 2(59) Ref
Educational background No formal Education 5(4.9) 2 (5.9) 1.2 0.19-7.29 0.843
Elementary (gradel-8) 26 (25.5) 9 (26.5) 1.04 0.36-3.03 0.945
High school (grade 9-12) | 44 (43.1) 14 (41.2) 0.96 0.36-2.51 0.925
College and above 27 (26.5) 9 (26.5) Ref
Ethnicity Amhara 93 (91.2) 31 (91.2) 2 0.23-17.23 0.529
Oromo 3(29) 2(5.9) 4 0.25-63.9 0.327
Tigre 6(5.9) 1 (2.9) Ref
Residence Urban 78 (76.5) 25 (73.5) 0.855 0.35-2.08 0.729
Rural 24 (23.5) 9 (26.5) Ref
Occupation Factory worker 6 (5.9) 4 (11.8) 2.133 0.56-8.07 0.264
Non-factory worker 96 (94.1) 30 (88.2) Ref

Abbreviations: COR, crude odds ratio; Cl, confidence interval; Ref, reference.
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Table 2 Univariate Analysis of the Association of Risk Factors and Occurrence of CHC (Cases N = 34) and (Controls n = 102)

Variables Frequency No (%) COR 95% CI p-value
Controls Cases
Sex of the fetus Male 52 (51) 14 (41.2) 0.673 0.31-1.48 0.323
Female 50 (49) 20 (58.8) Ref
Any alcohol intake during pregnancy No 94 (92.2) 26 (76.5) Ref
Yes 8 (7.8) 8 (23.5) 3.62 1.24-10.6 0.019
Any khat chewing during pregnancy No 91 (89.2) 28 (82.4) Ref
Yes I'1(10.8) 6 (17.6) 1.773 0.6-5.23 0.299
ANC follow-up No 13 (12.7) 6 (17.6) Ref
Yes 89 (87.3) 28 (82.4) 0.682 0.24-1.96 0.299
Iron and folic acid supplementation during pregnancy No 18 (17.6) 15 (44.1) Ref
Yes 84 (82.4) 19 (55.9) 0.271 0.12-0.63 0.003
Consanguinity No 100 (98) 32 (%94.1) Ref
Yes 2(2) 2 (5.9) 3.13 0.42-23.1 0.264
Presence of any disease during pregnancy No 87 (85.3) 24 (70.6) Ref
Yes 15 (14.7) 10 (29.4) 2.42 0.96-6.06 0.06
Any drug intake during pregnancy No 88 (86.3) 24 (70.6) Ref
Yes 14 (13.7) 10 (29.4) 2.62 1.04-6.63 0.042

Abbreviations: COR, crude odds ratio; Cl, confidence interval; Ref, reference.

The result of univariate logistic regression reported that all maternal sociodemographic characteristics, sex of the
fetuses, khat chewing during pregnancy, ANC follow-up and consanguinity did not show significant correlation with the
development of congenital hydrocephalus (Tables 1 and 2).

Three congenital anomalies/clinical conditions were simultaneously detected in 23.5% of the fetuses with CHC.
These were spina bifida (11.8%), polyhydramnios (8.8%) and oligohydramnios (2.9%). Among these, spina bifida was
significantly associated with CHC, p = 0.03 (Figure 1).

In addition to univariate analysis, some of the independent variables were entered into multivariate logistic regression
(rejection level, p-value < 0.2). The result of multivariate logistic regression analysis indicated that alcohol use as well as
iron with folic acid supplementation during pregnancy was significantly associated with the occurrence of CHC (OR:
7.64, 95% CI: 1.97-29.66 and p = 0.003 and OR: 0.186, 95% CI: 0.07-0.49 and p-value; 0.001 respectively) (Table 3).

From the different diseases present during pregnancy, only typhus and typhoid infection were associated with CHC
(OR: 5.03,95% CI: 1.48-17.11 and p = 0.01). While from the drugs used during pregnancy, undocumented antibiotic use
was correlated with CHC (OR: 5.69, 95% CI: 1.28-25.26 and p = 0.02) (Table 4).

Cases
Controls

= Spinabifida = Oligohydraminus Polyhydraminus = Spinabifida = Oligohydraminus Polyhydraminus

Figure | Congenital anomalies/clinical conditions present in association with case and control fetuses, respectively. Numbers indicate relative percentage for the occurrence
of each anomaly.
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Table 3 Multivariate Analysis of the Association Between Risk Factors and Presence of Congenital Hydrocephalus (Cases
N = 34) and (Controls n = 102)

Variables Frequency No (%) AOR 95% ClI p-value
Controls Cases
Maternal age <20 4 (3.9) 3(8.8) 0.361 0.02-6.11 0.48
21-25 46 (45.1) 17 (50) 0.426 0.05-3.78 0.444
26-30 33 (324) 8 (23.5) 0.354 0.38-3.31 0.362
31-35 17 (16.7) 4(11.8) 0.134 0.01-1.59 0.1
> 35 2 (5.9) Ref
Any alcohol intake during pregnancy No 94 (92.2) 26 (76.5) Ref
Yes 8 (7.8) 8 (23.5) 7.64 1.97-29.66 0.003*
Iron and folic acid supplementation during pregnancy No 18 (17.6) 15 (44.1) Ref
Yes 84 (82.4) 19 (55.9) 0.186 0.07-0.49 0.001*
Presence of any disease during pregnancy No 87 (85.3) 24 (70.6) Ref
Yes 15 (14.7) 10 (29.4) 0.965 0.12-7.72 0.973
Any drug intake during pregnancy No 88 (86.3) 24 (70.6) Ref
Yes 14 (13.7) 10 (29.4) 4.433 0.53-36.9 0.169

Note: *Significant p-value.

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; Ref, reference.

Table 4 Association Between Congenital Hydrocephalus and Exposure to Risk Factors During Pregnancy (Cases N = 34) and

(Controls n = 102)

Variables Frequency, No (%) OR 95% CI p-value
Controls Cases

Disease exposure during pregnancy | Typhus and Typhoid Yes 5 (4.9) 7 (20.6) 5.03 1.48-17.11 0.01
Hypertension Yes 2 (2) 2 (5.9) *
Asthma Yes 2 (2.4) 0 .
Febrile illness Yes 1(1) 2 (5.9) .
Gastritis Yes 4 (4.9) 2 (5.9) .
UTI Yes 3(3.7) 0 .
STI Yes 1 (1) 0 .

Drugs used during pregnancy Antihypertensive drug Yes I(1) 2 (5.9) ¢
Drug for Typhus and Typhoid Yes 3(29) 2(5.9) *
Antiasthmatic Yes 2 (2) 0 .
Drug for febrile illness Yes 1 (1) 0 ¢
Antiacid Yes 4 (3.9) 2(59) *
Antibiotic Yes 3(29) 5(14.7) 5.69 1.28-25.26 0.02
Antifungal Yes 1 (1) 0 ¢

Abbreviations: OR, odds ratio; Cl, confidence interval; UTI, urinary tract infection; STI, sexually transmitted infection ¢ p >0.05 (not significant).

Discussion

Recently, the advancement of prenatal screening and diagnostic tools for pregnant women ameliorates early detection of

congenital anomalies. Literatures reported that hydrocephalus is the easiest congenital anomaly to be diagnosed using

ultrasonographic examination.'? Following diagnosis, severe anomalies are usually terminated. This early termination

will decrease its prevalence at birth. The use of imaging techniques is an important method for accurate investigation of

congenital anomalies, especially for countries with poor patient profile documentation. This study investigated the

incidence of CHC in prenatally diagnosed fetuses using obstetric ultrasound and associated maternal and fetal risk

factors.
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The incidence of CHC has been reported worldwide differently; 5.9 per 10,000 births in California,'> 0.81 per 1000
pregnancies in France,”' 0.062 per 1000 births in Denmark,'” 1.47 per 1000 live births in rural tertiary care center in
India,”® 1.6 per 1000 live births in Saudi Arabia,'® 6.76 per 1000 live births in Sohag, Egypt and 0.4% per 5000
pregnancies in Sudan.”®> Based on ultrasound diagnosis, the incidence of CHC in the current study was 2.67 per one
thousand pregnancies. The difference in terms of case definition, type of study and the nature of cases included makes
incidence comparison of CHC difficult bearing in mind the geographical and ethnic disparities.>

In our study, most (58.8%) of the affected fetuses were female (Table 2). Such finding is also mentioned by Stoll et al
1992, Jeng et al 2014, and Kadian et al 2017.'>2"?? In contrast to this finding, a higher prevalence of CHC was reported
in male fetuses in Sudan,” Denmark,'” and Jordan.** This disparity may be due to the variation in the overall birth ratio
and ethnic difference.'®?*

In the current investigation, maternal use of alcohol during early pregnancy was a significant risk factor for the
development of CHC. The result is consistent with the following researches: Van Landingham et al, 2009, Clarren et al,
1978 and Swayze et al, 1997.%%°-*¢ This finding supported the idea that alcohol can disturb neurodevelopment since
ethanol exposure affected cellular differentiation during neurulation.?*’

A plenty of research finding indicated that lack of folic acid use during pregnancy predisposes to the development of
neural tube defects.”®>° On the other hand, the current study revealed significant protective effect of iron with folic acid
supplementation during early pregnancy against the occurrence of CHC (p-value 0.001). This is also reported by Qadir
et al 2017°" as lack of folic acid supplementation is one of the commonest causes of congenital anomalies. This finding
may uphold the idea that anomalies of the neural tube can be the cause of CHC. Because, in this finding, spina bifida
simultaneously occurred with CHC in a significant manner.

Unprescribed/undocumented use of antibiotics during pregnancy was more common in pregnant women who conceived
fetus with CHC than the controls. This use of antibiotics was a significant factor for the occurrence of CHC (p-value 0.02).
Different reports indicated this association for a variety of drugs: antidepressant by Munch et al, 2014,'7 a drug for the
treatment of hemorrhoid by Kubicsek et al, 2011,>* and vaginal use of metronidazole by Kazy et al, 2005.%

The other risk factor that showed significant correlation with CHC development was exposure to typhus and typhoid
illness during pregnancy. Multiple maternal illnesses like hypertension, diabetes, cytomegalovirus and Toxoplasma
gondii infections had been reported as risk factors of congenital anomalies.”'’** The variation in terms of illness
indicates the level of health care coverage in Ethiopia. Because typhus and typhoid illnesses are diseases of poor hygiene.

In the current study, only 76.5% of the cases were isolated CHC. The rest cases were presented with spina bifida,
oligohydramnios and polyhydramnios. Among the three, spina bifida was significantly correlated with the occurrence of
CHC at p = 0.03. In line with this finding, many central nervous system anomalies are associated with CHC commonly
spina bifida and also Arnold-Chiari malformation and Dandy—Walker malformation.'>**

Even though not statistically significant, the blood relationship between the fetus parents was seen in 5.9% of the
cases. However, this percentage was reported very high in Egypt (58%),'* Saudi Arabia (73%),'° Arar city, Northern
Saudi Arabia (60.9%).* This disparity may be due to cultural and religious differences.

Conclusion
The incidence of CHC was 2.67 per one thousand pregnancies which is relatively higher than the prevalence in European
countries and lower than in Egypt. Significant risk factors identified were alcohol and antibiotics use during pregnancy,
maternal exposure to typhus and typhoid infection and lack of iron and folic acid supplementation during pregnancy.
Spina bifida was a commonly associated central nervous system anomaly with congenital hydrocephalus.

Finally, we recommend continued investigation on risk factors of CHC and appropriate preventive methods should be
designed. In addition, antenatal care services should include health education on maternal risk factors.

Abbreviations
ANC: antenatal care, AOR: adjusted odds ratio, CI: confidence interval, CHC: congenital hydrocephalus, COR: crude
odds ratio, EFGA: Ethiopian Family Guidance Association, OR: odds ratio, SPSS: Statistical Package for Social Science.
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