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Long-term Outcomes of Children with Myelomeningocele and

the Quality of Life in Survivors

ABSTRACT

Objective: Myelomeningocele, a condition that causes chronic health conditions and diminished
quality of life, affects not just the children but also their families. Therefore, we comprehensively
evaluated the data of 101 children with MMC (myelomeningocele) and aimed to compare the
quality of life between children with MMC and their siblings. It is crucial to understand that children
with MMS have a diminished quality of life with social and behavioral aspects and health issues,
which can be emotionally challenging for them and their families.

Methods: In this retrospective study, we collected data from electronic files, ensuring a
comprehensive and accurate representation of the participants’ medical history. To measure the
quality of life, we used the KIDSCREEN 10 instrument, a widely recognized and validated tool in
pediatric research.

Results: Of the 101 children, 93 were survivors. Comparing the survivors (n=93) with their
siblings, survivors had lower HRQoL (health-related quality of life) scores in subdimensions of
physical well-being (p<0.001), relationships with family (p<0.001) and friends (p<0.001), school
performance and attention (p<0.001). On the other hand, the psychological wellness score was
higher in survivors than in siblings (p<0.001). Most 44 (43.5%) had average mental capacity. The
HRQoL score, a measure of the impact of health conditions on a person's overall well-being, was
lower in the Chiari type 2 group than in the other survivors (p=0.035). Serum and folic acid levels
did not correlate with HRQoL measures.

Conclusions: This study illuminates the quality of life measures in MMC survivors and the Chiari
type 2 group and utilizes new MRI findings, which provide groundbreaking insights into the health
conditions and well-being of these populations. These findings are of utmost importance for
medical professionals, researchers, and healthcare providers specializing in pediatric care and
neurology, as they can significantly impact the treatment and care of these patients.

Keywords: Myelomeningocele, Quality Of Life, Chiari Type 2 Malformation, Magnetic
Resonance

Miyelomeningoselli Cocuklarin Uzun Dénem Sonuglar1 ve

Hayatta Kalanlarin Yasam Kalitesi

OZET

Amac¢: Kronik saglik sorunlarina ve yasam kalitesinin diismesine neden olan
miyelomeningosel, sadece ¢ocuklar: degil ailelerini de etkilemektedir. Bu nedenle MMC'li
(miyelomeningosel) 101 ¢ocugun verilerini kapsamli bir sekilde degerlendirdik ve MMC'li
cocuklar ile kardesleri arasindaki yasam Kkalitesini karsilagtirmayr amagladik. MMS'li
cocuklarin sosyal ve davranigsal yonleri ve saglik sorunlari nedeniyle yasam Kkalitesinin
diistigiinii ve bunun kendileri ve aileleri i¢in duygusal agidan zorlayici olabilecegini anlamak
¢ok onemlidir.

Yontem: Bu retrospektif caligmada elektronik dosyalardan veri toplayarak katilimcilarmn tibbi
geemisinin kapsamli ve dogru bir sekilde temsil edilmesini sagladik. Yasam kalitesini 6l¢gmek
icin pediatrik arastirmalarda yaygin olarak taninan ve dogrulanan bir ara¢ olan KIDSCREEN
10 cihazini kullandik.

Bulgular: Meningomyeloselli 101 ¢ocuktan 93'i hayatta kaldi. Hayatta kalanlar (n=93)
kardesleriyle karsilagtirildiginda, hayatta kalanlarin fiziksel iyilik hali (p<0,001), aileyle
iligkiler (p<0,001) ve arkadaslarla iligkiler (p<0,001) alt boyutlarinda HRQoL (saglikla iligkili
yasam kalitesi) puanlar1 daha diisiiktii (p<0,001), okul performansi ve dikkat (p<0,001). Ote
yandan hayatta kalanlarda psikolojik iyilik puan1 kardeslere gore daha yiiksekti (p<0,001).
Cogu 44 (%43,5) ortalama zihinsel kapasiteye sahipti. Saglik kosullarinin kisinin genel refahi
izerindeki etkisinin bir 6l¢iisii olan HRQoL puani, Chiari tip 2 grubunda diger hayatta
kalanlara gore daha diisiiktii (p=0,035). Serum ve folik asit diizeyleri HRQoL 6l¢iimleriyle
korelasyon gostermedi.

Sonug: Bu ¢aligma yalnizca MMC'den sag kurtulanlarda ve Chiari tip 2 grubundaki yasam
kalitesi Olciimlerini aydmlatmakla kalmiyor, aym1 zamanda bu popiilasyonlarin saghk
kosullar1 ve refah1 hakkinda ¢i8ir agict bilgiler saglayan yeni MRI bulgularint da kullaniyor.
Bu bulgular, bu hastalarin tedavi ve bakimini énemli dlciide etkileyebileceginden, pediatrik
bakim ve ndroloji alaninda uzmanlagmis tip uzmanlari, aragtirmacilar ve saglik hizmeti
saglayicilari i¢in son derece dnemlidir.

Anahtar Kelimeler: Meningomyelosel, Chiari Tip 2 Malformasyonu, Manyetik Rezonans.
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INTRODUCTION

Spina bifida is a development and closure
defect of the neural tube. Myelomeningocele

(MMC), Alternatively, open spina bifida is
the most severe spina bifida associated with
malformations (Chiari tip two malformations,
hydrocephalus, brainstem, and midbrain
abnormalities). Spinal cord injury and brain
abnormalities may cause paralysis, sensory
dysfunction, and bladder and bowel incontinence.
These  abnormalities  have  neurobehavioral
consequences (1,2). Other impairments include
learning  disabilities, memory difficulties,
depression, anxiety, and impulsive behaviors. The
children with MMC have survival rates increasing
up to %70-80. These advances led to the need to
research disabilities and their effects on daily life.

Spina bifida, a chronic health condition,
significantly affects an individual's quality of life.
This term encompasses their position within their
cultural and value systems, goals, expectations, and
concerns. The impact of spina bifida extends across
multiple domains, including psychosocial, physical,
and cognitive issues, as well as school attendance
and performance. Understanding and addressing
these issues is crucial for improving the lives of those
with spina bifida (3,4,5).

The study aims to compare these parameters
of individuals with or without Chiari malformations,
providing a comprehensive understanding of the
unique challenges and needs of those with this
specific form of spina bifida.

MATERIAL AND METHODS

Our study, which drew data from the Duzce
University School of Medicine database, focused on
children with myelomeningocele (n=101). The
HRQoL questionnaire was administered to MMC
survivors aged between 2 and 18 years, with non-
completion of the questionnaire being the only
exclusion criterion. Data from the questionnaires
were collected via phone calls, and the patients'
parents were duly informed about this retrospective
study, ensuring the reliability and relevance of our
findings.

Our study adhered to the highest ethical
standards per the 1964 Helsinki Declaration. The
Bioethics Committee of the Medical University of
Duzce University approved the study (date:
18.03.2022 number), further attesting to the ethical
soundness of our research.

We present all demographics and laboratory
and clinic data (sex, age, hydrocephalus, mobility,
urinary incontinence, mental status, cranial
malformations, serum Vitamin B12, folic acid, and
ferritin levels) with MMC. A child and adolescent
psychiatrist evaluated the cognitive capacities of the
patients as a result of psychometric tests and
psychiatric interviews. Some of the participants’
(n=58) psychometric examination files were
available in the study and were evaluated with a

detailed psychiatric examination by a child and
adolescent psychiatrist based on a medical board
report. When the retrospectively examined files of
the cases were examined, it was found that the
Denver Il developmental screening test was applied
to children between the ages of 0-6, and the Kent-
EGY intelligence test - Porteus Labyrinths Tasti and
Wisc-R Intelligence tests were applied to children
and adolescents between the ages of 6-18 to evaluate
the cognitive development of some cases. As a result
of all these examinations, the cognitive capacity and
accompanying psychiatric disorders of the cases
were evaluated. The Kent EGY test is applied to
evaluate the verbal intelligence skills of individuals
based on knowledge and language; there is no time
limit, and it is used individually in a single session.
We used The Porteus Maze Test and The Denver
Developmental Screening Test (DDST) for
cognitive capacity. The Porteus Maze Test was used
as a nonverbal intelligence test to measure planning
and adaptation to new conditions, as well as some
competent functions such as making decisions,
prescience, impulsivity, and the ability to delay
contentment (6). DDST was used to detect
developmental retardation in infants and children
below 6 years of age. The parameters of this test
detect properties such as; gross motor, language, fine
motor-adaptive, and personal-social (7).

We also compared the HRQoL between
several groups [Chiari Type 2 group vs. non-Chiari
Type 2 group) (MMC survivors vs. their siblings)].
The questionnaire included eleven questions,
revealing physical, psychological, social status, and
school performance. Questions 1-2 are related to
general health, and 3 and 4 show emotional levels.
Questions 4-9 include social accordance (lifestyle,
relationships with family and friends). Finally,
questions 10-11 show school attendance, success,
and attention (Table 1) (8).

Our data analysis was comprehensive and
rigorous. We used IBM SPSS V23 to analyze the
data, calculating HLQoL scores by T scores (a mean
value of 50 + a standard deviation of 10). The
Kolmogorov-Smirnov test confirmed the normal
distribution, and the Mann-Whitney U test was used
to compare the groups. Spearman's rho correlation
coefficient was employed to analyze the relationship
between folate and quality of life. We presented the
quantitative data as mean, deviation, median,
minimum, and maximum, and categorical data was
shown as frequency and percentage. A p-value
below 0.05 was considered significant, ensuring the
thoroughness and reliability of our findings.

RESULTS

Out of 101 children with MMC, 93 (92.08%)
survived, resulting in a cumulative survival rate of
92%. The average age of the children at the time of
the study was 9.2+6.1 years. Fifty-five percent of the
children (n=51) were male.
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Table 1. Kidscreen 10 instrument (6)

Cakmak HM et al.

No Question Answer

1. Has your child felt fit and well? Not at all Slightly  Moderately  Very Extremely

2. Has your child felt full of energy? Never Seldom  Quite often  Very often Always

3. Has your child felt sad? Never Seldom  Quite often  Very often Always

4. Has your child felt lonely? Never Seldom  Quite often  Very often Always

5. Has your child enough time for him Never Seldom  Quite often  Very often Always
or herself?
Has your child been able to do things .

6. in her/his free time? Never Seldom  Quite often Very often Always
Has your child felt that her/his .

7. parents treated him/her fairly? Never Seldom  Quite often  Very often Always

8. #?esnﬁzgr child had fun with his or her Never Seldom  Quite often  Very often Always

9. #?;nsézgr child had fun with his or her Never Seldom  Quite often  Very often Always

10. Has your child got on well at school?  Not at all Slightly ~ Moderately ~ Very Extremely

11. Has your child been able to pay Never Seldom  Quite often  Very often Always

attention?

Ninety-two children underwent surgery
within one week after birth, and unfortunately, one
child passed away on the first day of life. The most
common complications found were shunted
hydrocephalus (n=71, 70.3%) and Chiari type 2
malformation (n=20, 25.32%). Of the 101 children,
58 (57.8%) were unable to walk, while 21 (20.79%)
were able to walk unaided. Approximately 56.4% of
the  children  required clean intermittent
catheterization. Most families had 4 (n=27) or 5
(n=20) members.

Table 2. Demographics

Cognitive evaluation revealed that 20
(19.8%) had cognitive impairment, and 38 had
average cognitive capacity (Table 2). Psychiatric
disorders included one (1.8%) adjustment disorder,
6 (10.9%) specific learning disability, and one
(1.8%) selective mutism. Also, we report that three
(5.5%) had attention deficit hyperactivity disorder,
two (3.6%) had an anxiety disorder, two (3.6%) had
conduct disorder, and one (1.8%) had a depressive
attack.

n=101 %
Survival
Live 93 92.08
Dead 8 7.92
Sex
Male 51 50.50
Female 50 49.50
Hydrocephalus 71 70.30
Chiari type 2 malformation 20 25.32
Mobility
Unable to walk 58 57.43
Walking with sticks or crutches 22 21.78
Walking unaided 21 20.79
Urinary continence
Always dry 12 11.8
Always wet 31 30.6
Clean intermittent catheterizations 57 56.4
Unknown 1 0.9
Family size (number of individuals)
<4 6 9.67
4 27 43.55
5 20 32.26
>6 9 14.52
Cognitive function
Average mental capacity 38 37.6
Mild cognitive impairment 7 6.9
Moderate cognitive impairment 4 4
Severe cognitive impairment 5 5
Mild-moderate cognitive impairment 1 1
Moderate-severe cognitive impairment 2 1.98
Borderline mental retardation 1 1
Unknown 43 425
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The median (minimum-maximum) levels of
Vitamin B12, folic acid, and ferritin were
approximately 302.2 (47-1500), 26.9 (3.8-518), and
8.5 (1.7-172.6), respectively. The study found no
correlation between folate levels and HRQoL (r=-
0.122; p=0.519). The most common brain MRI
findings were inferior cerebellar vermis and tonsils

Table 3. Cranial and spinal malformations

(n=45, 54.2%), corpus callosum dysgenesis,
agenesis (n=37, 44.5%), and colpocephaly (n=27,
32.5%). Spinal MRI findings included tethered cord
(n=16, 19%), syringohydromyelia (n=13, 16%), and
scoliosis (n=3, 3.75%) (Table 4). Additionally, one
case involved situs inversus abdominis, and two
involved renal agenesis (Table 3).

n=101 %
Cranial findings:
Inferior cerebellar tonsils and vermis 45 54.22
Corpus callosum disgenezis, agenezis 37 44.58
Colphocephaly 27 32.5
Inferior fourth ventricle 17 20.48
Interdigitation of posterior and midline structures 13 15.85
Inferior tentorium 12 14.46
Pecking in the tectum 8 9.64
Brainstem atrophy 5 6.02
Cerebellar atrophy 2 2.41
Vermian hypoplasia 1 1.20
Third ventricle's superiority 1 1.20
Leukomalacia 2 2.41
Tower cerebellum 1 1.20
Septal dysplasia 2 2.41
Absent Septum Pellicidum 1 1.20
The cerebellum migrating to the upper cervical canal 2 241
Inferior Medulla oblongata 1 1.20
Evert hippocampus 1 1.08
Superior tentorium 1 1.20
Posterior fossa hypoplasia 2 241
Spinal findings:
Tethered cord 16 19.05
Syringohydromyelia 13 16.05
Medullar Spur 6 7.1
Scoliosis 3 3.75

Our study, involving a sibling group (n=73)
with a mean age of 11.58 and a standard deviation of
7.43, revealed some unexpected findings. Fifty-six
percent (n=41) of the siblings were male. When
comparing the HRQoL between the siblings and
MSS survivors, we found that the siblings had a
significantly higher median total score than the
survivors (57.61 vs. 43.58, respectively) (p<0.001).
This difference was also evident in the median scores
of physical well-being (58.23 vs. 41.83, p<0.001),
social functioning (55.86 vs. 43.27, p<0.001),
friends relations (56.67 vs. 41.31, p<0.001), and
school performance (58.81 vs. 44.72, p<0.001).
Even the mean HRQoL score of relations with
family was higher in siblings (53.81£5.05) than in
survivors (46.81+12.14) (p<0.001). However, it was

surprising to find that the psychologic status was
better in the survivors (median score of 54.8) than in
the siblings (median score of 42.68)(p<0.001)(Table
4). This unexpected finding opens up new avenues
for research and warrants further investigation.

The Chiari type 2 group (median of 44.64)
had lower HRQoL scores than the non-Chiari type 2
group (median of 50.16) in the MMC survivors
group (p=0.035). This finding suggests that
individuals with Chiari type 2 malformations may
experience more significant impairments in their
quality of life than those without this specific
condition (Table 5). The psychological evaluation
of the health status of some of the patients with
myelomeningocele (n=55) was available from the
medical records.
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Table 4. Comparing the HRQoL of MMSS and their siblings

MMSS (n=71) Siblings (n=73) ES TS* p
Median Median
(Min-Max) Mean SD (Min-Max) Mean SD
43.58 57.61
Total (23.33 - 70.07) 434+99 (49.82  62.28) 56.4+44 1.634 6195 <0.001
. . 41.83 58.23
Physical well-being (2543 58.23) 42 +£8.53 (50.03 - 58.23) 57.78+1.88 2372 2955 <0.001
Psychological well- 54.8 42.68
being (42.68 - 91.14) 56.59 £10.31 (42,68 66.91) 4359+33 2202 3685 <0.001
. . 43.27 55.86
Social functioning (22.29  55.86) 441+11.56 (47.47 — 55.86) 55.74+098 1207 10395 <0.001
Relationships with 55.44 55.44
family (4.35  55.44) 46.09 = 12.14 (38.41  55.44) 53.81+5.05 0.657 16545 <0.001
Relationships with 4131 56.67
friends (25.95 56.67) 4423 £11.34 (4131 - 56.67) 55.61+295 1135 1109  <0.001
School functioning a4.12 46.6+871 58.81 5331£10.12 0695 16055 <0.001

(37.67 - 65.85)

(37.67 - 65.85)

ES: Effect Size; T.S.: Test statistics, * Mann Whitney U test, MMSS: Myelomeningocele survivors, HRQoL: Health-related quality of life

Table 5. The comparison of HRQoL of the Chiari type 2 malformation group with the non-Chiari type 2

malformation group

Non-Chiari type 2 malformation group (n=45)

Chiari type 2 malformation group (n=16)  ES TS* p

Median (Min-Max) Mean SD

Median (Min-Max)

Mean SD

Total  50.16 (31.27 — 76.91) 5141+984

44.64 (29.70-61.17)

4524+830 0.560 2315 0.035

ES: Effect Size; T.S.: Test statistics, * Mann Whitney U test, MMSS: Myelomeningocele survivors, HRQoL: Health-related quality of life

DISCUSSION

Myelomeningocele causes both physical and
mental sequela. The underlying aetiologies are the
brain and spinal  malformations  (mostly
hydrocephalus and Chiari type 2 malformations (.
Paschereit et al. reported that the histopathological
data of the patients with MMC is variable. The
malformations were hydrocephalus (71%), Chiari Il
malformation (36%), heterotopia (34%), cerebellar
anomalies (36%), gyrification defects (33%),
ependymal denudation (29%), abnormality of corpus
callosum (19%). These findings indicate a wide
range of brain and spinal cord structural
abnormalities, likely contributing to the observed
differences in HRQoL scores. Rare anomalies were
dysplastic cranial nerves, hypoplasia/aplasia of the
mesencephalon, aplasia of olfactory bulbous, atresia
of the 4th ventricle, aqueductal stenosis, anomalies
of the limbic system, hippocampal anomaly, aplasia
of the fornix, nuclear anomalies, dysplastic olives,
diminution of pontine nuclei, and the meningeal
malformations. Some of these histopathological
findings were not present in MRI findings. They
concluded that cerebellar malformations and
cerebral heterotopias accompany MMC (9). In the
literature, cerebellar dysplasia, abnormal gyrus
structure in the cerebral hemispheres, colpocephaly,
corpus callosum dysgenesis or agenesis, large massa
intermedia, small third ventricle, aqueductal
anomalies, absent tentorium, displacement of the
cerebellum towards the upper cervical canal, pons,
herniation of the cerebellar vermis and tonsils into
the upper cervical canal are well documented (9, 10).

These findings further support the hypothesis that
the observed differences in HRQoL scores are due to
the underlying structural abnormalities in the brain
and spinal cord.

In our study, of 101 patients with MMC, the
most common malformations were inferior
cerebellar tonsils and vermis (n=45, 54.2%), corpus
callosum dysgenesis, agenesis (n=37, 44,5%),
colpocephaly (n=27, 32,5%), inferior fourth
ventricle (n=17, 20.48%), interdigitation of posterior
and midline structures (n=13, %15.85), pecking in
the tectum (n=8, 9.64%), brainstem atrophy (n=5,
%6.02). More common than the literature, we
detected interdigitation of the structures, pecking in
the septum, and brainstem atrophy.

Our patients' rare malformations, which were
not reported before, were vermian hypoplasia (n=1),
third ventricle's superiority (n=1), leukomalacia
(n=2), tower cerebellum (n=1), septal dysplasia
(n=2), absent septum pallidum (n=1), evert
hippocampus (n=1), superior tentorium (n=1),
posterior fossa hypoplasia (n=2). In our study, these
findings were reported in the literature before:
cerebellar atrophy (n=2), cerebellum migrating to
the upper cervical canal (n=2), and inferior medulla
oblongata (n=1).

Various studies measured the HRQoL in
MMC survivors. Buoro et al. reported that
myelomeningocele harmed the caregiver's or
mother's quality of life, functional capacity,
emotional status, and mental health. Bladder
catheterization, general care, and financial
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limitations are the main problems. They used the
World Health Organisation Quality of Life, BREF
questionnaire (11). Karmur et al. found that age,
level of myelomeningocele, and socioeconomic
factors were related to health status outcomes (12).
Hydrocephalus Outcome Questionnaire and Health
Utility Index scores revealed higher scores of
HRQOL associated with lower age, lower
anatomical level of myelomeningocele, better family
functioning, and higher family income in patients
with myelomeningocele and shunted hydrocephalus
(12). Previous studies revealed impairment of
HRQOL in the domains of health, relationships,
esteem and sexuality, bladder, bowel, and bathroom
use (13), family and freedom, bladder and bowel
esteem, and independence (14).

In another study using Health Utilities Index
3 from Uganda, carer predictions didn't correlate
with the child's reported score. Urinary incontinence,
essentially family size, male sex, and the presence of
hydrocephalus altered the HRQoL in children with
MMC. As a component of the WHO QOL index, the
Vas score achieved more accurate results than the
Health Utilities Index 13) (15). Abanoz et al.
compared the HRQoL of children with MMC (n=50)
and healthy children (n=50) using the Child Health
Questionnaire Parent Form 50. The patients with
MMC had significantly lower QOL scores (general
health, physical functioning, role/social limitations,
emotional/behavioral, mental health, family
activities, and family cohesion) than those of the
healthy group (14).

Our  investigation  demonstrated  the
impairment in MMS survivors' total HRQoL scores
and domains (physical  well-being, social
functioning, friendly relations, family relations, and
school performance). Inconsistent with the literature,
psychological functioning was significantly better in
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