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Abstract: Objectives: To investigate the relationship between the defects and symptoms caused
by myelomeningocele (MMC) and quality of life. Design: A cross-sectional questionnaire survey:.
Methods: The subjects were 52 parents of children with MMC. Structured questionnaires were used:
the Pediatric Quality of Life Inventory 4.0 Generic Core Scales (PedsQL™ 4.0) and a Study-Specific
Questionnaire (SSQ). Results: The overall PedsQL™ 4.0 score was 56.4 (SD + 14.7). A strong,
significant negative correlation was found between the children’s age and emotional functioning.
Functioning in this area deteriorated with age by a mean of 1.5 points per year of age. Children with
no hydrocephalus functioned significantly better than those with this defect in the physical, social,
and school areas (p < 0.05). Foot deformities significantly (p = 0.033) adversely affected the children’s
physical functioning. Living in a single-parent family had no statistically significant impact on
functioning in any of the areas analyzed (p > 0.05). Conclusion: Understanding the QoL of children
with MMC and identifying its determinants may help in planning interventions to minimize the
adverse impact of the illness.

Keywords: quality of life; myelomeningocele; comorbidities

1. Introduction

Myelomeningocele is the most common congenital neural tube defect [1,2]. Its root
cause is a defect occurring around the fourth week of pregnancy in the process of neural
tube formation in the embryonic ectoderm, in which the tube does not fully close on the
dorsal side. In consequence, an opening remains in the spinal canal through which the
meninges and cord may herniate [3,4]. The incidence of myelomeningocele is approxi-
mately 0.6 cases per 1000 live births [5], but it differs by country. It is slightly more common
in girls than in boys. Neutral tube defects (NTDs) have multiple causal factors, both
exogenous and genetic. Kase et al. [6] found four single nucleotide polymorphisms (SNPs)
in the SOD1 gene (rs202446, rs202447, rs4816405, and rs2070424) and one SNP in SOD2
(rs5746105) associated with the risk of developing myelomeningocele in the population.
Hydrocephalus and the Chiari IT malformation (CM II) are the most frequently observed
anomalies associated with MMC [7], resulting in delayed psychomotor development. CM II
may obstruct the flow of cerebrospinal fluid, which may contribute to the development
of hydrocephalus and the need for shunt diversion [8]. Only prenatal surgical treatment,
known as in utero MMC repair, can protect the fetus from developing CM II. The most
common myelomeningocele sites are the lumbar (60-70%) [9] or lumbosacral (46.6%) seg-
ments of the spine. This defect of the spinal cord results in neural pathway damage and
lower limb and lesser pelvis dysfunctions, such as muscle paralysis or paresis, sensory
loss, weak or absent reflexes, and anal sphincter and urinary bladder dysfunctions [10].
The defect has both physical and psychological consequences that last throughout the
patient’s lifetime. Motor development, both in terms of fine and gross motor skills, is
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delayed, and impaired visual motor integration interferes with the acquisition of knowl-
edge and experience from one’s environment and during education. Myelomeningocele
treatment does not end once the patient is discharged from hospital after surgery. Surgical
treatment must be followed by comprehensive specialist care, which both enables early
identification of complications and associated pathologies and reduces the negative impact
of the condition on the functioning of the whole family.

Quality of life (QoL) assessment has gained particular importance in the context of the
World Health Organization (WHO)’s definition of health, which is not just the absence of
disease or dysfunction but a state of complete physical, mental, and social wellbeing [11].
This notion plays a special role in cases of chronic illness, which places a burden on all
aspects of being: physical, psychological, emotional, and social, as well as family and
professional life. It is a measure of the perceived impact that one’s chronic condition has
on one’s physical and psychosocial functioning [12]. Despite advances in the treatment of
congenital disorders, from infancy into adolescence, long-term complications of the various
therapies and psychological issues (discomfort, interference with life plans) may adversely
affect the QoL of children and adolescents.

The purpose of this paper is to investigate the relationship between the defects and
symptoms caused by myelomeningocele (MMC) and the quality of life of the children
affected.

2. Materials and Methods
2.1. Study Design

A descriptive, correlational, cross-sectional study was performed in the first quarter of
2019 and included the parents of children with myelomeningocele provided with specialist
care via the Association of Patients with Myelomeningocele in Poland. The sample con-
tained parent proxy-report data on 52 children aged 2 to 18 years (Figure 1). Surveys were
completed by parents (one guardian for one child; depending on the will of the caregivers,
father or mother) during the families” stay at the hospital and the follow-up visit in the
regional rehabilitation centers. All respondents received a hard copy of the questionnaire
to complete with an information sheet providing instructions. In total, 58 people were
invited to participate; 2 declined and 4 did not return their questionnaires. Ultimately, 52
correctly completed surveys were included in the analysis, of which 75% were filled out by
female participants (n = 39) and 25% by male participants (n = 13). Before the start of the
study, all parents were advised that participation would be voluntary and anonymous.

52 parents of children with MMC

A 4 h 4

Female, n =39 (75%) Male, n =13 (25%)

 J A\

Age distribution of children

k4 k4 L 4 Y
2-4 years, n =15, 5-7 years, n =17, 8-12 years, n =13, 13-18 years,n =7,
(28.8%) (32.7%) (25%) (13.5%)

Figure 1. Flowchart of study population.

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Institutional Review Board (or Ethics Committee) of Wroclaw Medical
University (protocol code KB 539/2019 and 14 June 2019).
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The inclusion criteria were defined as follows: diagnosis of MCC; a declaration that
the respondent was the patient’s guardian and lived with the patient; no diagnosed mental
illness in the respondent; written informed consent to participate in the study; surgically
corrected defect in the patient. The exclusion criteria were as follows: lack of written
consent; incomplete survey.

The research instruments included our own survey questionnaire, the study -specific
questionnaire (55Q), and one standardized instrument, the Pediatric Quality of Life Inven-
tory (PedsQL™) 4.0 Generic Core Scales [13-17].

The SSQ, featuring family, demographic, and medical questions, was completed by
participants. Clinical data, such as the type of MMC, the age of gestation, treatment used,
associated anomalies, and number of admissions since treatment, were obtained from
medical records. The SSQ also included the sociodemographic data of participants (e.g.,
age, sex, residence, income) and disease-related data (e.g., psychological evaluation).

The PedsQL is a modular instrument designed to measures health in four domains:
physical, emotional, social, and school functioning. It comprises 23 items to measure the
QoL over the previous month in pre-school children (5-7 years old), primary school children
(8-12), and adolescents (13-18). Results are recorded on a five-item Likert scale, where 0
stands for “never a problem” and 4 stands for “almost always a problem”. Responses are
reverse-scored and linearly transformed to a 0-100 scale (0 = 100, 1 =75, 2 =50, 3 = 25,
4 = 0), where 100 indicates the best QoL. The total score is the sum of the average scores
from each subscale. Lower scores indicate a poorer QoL.

2.2. Data Analysis

The collected data were used in statistical analyses, which included the follow-
ing stages:

1.  Qualitative variables (e.g., child’s sex) were cross-tabulated as numbers (1) and
percentages (%), and associations between pairs of variables were evaluated using
Pearson’s chi-squared test;

2. For quantitative variables (e.g., age), means (M), standard deviations (SD), and the
median (Me), lower quartile (Q1), upper quartile (Q3), and extreme (Min and Max)
values were calculated;

3. For all quantitative variables, distribution normality was verified using the Shapiro—
Wilk test;

4. The significance of differences between mean values of quantitative variables with
a normal distribution and homogeneous variances in two independent groups (e.g.,
comorbidity: present or absent) was verified using Student’s t-test. For larger numbers
of groups (e.g., areas of functioning), single-factor analysis of variance (ANOVA)
was used;

5. The strength and direction of linear correlations between two continuous variables
was determined by regression analysis. Pearson’s linear correlation coefficient (r)
was calculated and, if significant (p < 0.05; r # 0), i.e., if the regression coefficient
significantly differed from 0, regression equation coefficients (bi) were estimated.
Regression coefficients were estimated using the least square method;

6.  Calculations were performed using Statistica v. 12.5 software and Excel spreadsheets.

3. Results
3.1. Baseline Characteristics

Table 1 summarizes the characteristics of the group studied.
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Table 1. Characteristics of the parents and their children.

Characteristic (Variable) Statistics

Parent’s age (years)

M + SD 355472

Me [Q1; Q3] 35 [30; 40]

Min-Max 22-58
Child’s age (years)

M £ SD 7.5+10.0

Me [Q1; Q3] 7 [4;10]

Min-Max 1-17
Child’s sex (n and %)

Girl 41 78.8

Boy 11 21.2
Residence (n and %)

Rural 25 48.1

Urban 27 51.9
Gestational age at birth (n and %)

<37 weeks 30 57.7

>37 weeks 22 42.3
Children diagnosed with associated birth defects (n and %) 49 94.2
Associated comorbidities (n and %)

Hydrocephalus 22 42.3

Neurogenic bladder 42 80.7

Neurogenic bowel 38 73.1

Superficial and deep sensation loss 13 25.0

Lower extremity paralysis or paresis 23 442

Spinal deformity 21 40.4
Foot deformities (n and %)

Talipes equinovarus 24 46.2

Talipes calcaneus 2 3.8

Hip dysplasia 9 17.3

Other 4 7.7
Has the child’s illness forced the parent to quit their job (1 and %) 32 61.5
Which parent has quit their job? (1 and %)

Mother 28 53.8

Father 4 7.7

M, mean; Me, median; Min, minimum; Max, maximum; SD, standard deviation.

In total, 21.2% of the children studied were male (n = 11) and 78.8% were female
(n=41). The breakdown by age was as follows: 5-7 years old—32.7%, 2—4 years old—28.8%,
8-12 years old—25%, 13-18 years old—13.5%, mean age—7.5 &+ 10.0. In most children
(62%), MMC was located in the lumbar-sacral area, in 33% it was in the thoracolumbar
area, and in 5% it was lumbosacral. Hydrocephalus was found in 43% of patients, and
23% of patients had Arnold-Chiari syndrome. Based on the psychological questionnaire,
below-average intellectual development was found in 31% of the children, mild intellectual
disability in 7%, moderate intellectual disability in 6%, and severe intellectual disability in
5%. More than half of the patients used a wheelchair, and 42.3% reported pain. Living in a
single-parent family had no statistically significant impact on functioning in any of the areas
analyzed, including EF (p > 0.05). The mean number of hospitalizations was significantly
lower among children whose parents were professionally active than among those whose
parents did not work professionally (p = 0.044). Mothers were more likely than fathers to
give up working (28 vs. 4, p = 0.003).

3.2. Analysis of QoL Measured Using the PedsQL™ 4.0 Generic Core Questionnaire

The impact of the child’s illness on their physical functioning (PF), emotional func-
tioning (EF), social functioning (SF), and school/preschool/nursery (role) functioning (RF)
was evaluated, and the results are shown in Table 2. The overall PedsQL Generic Core
score was 56.4 (SD + 14.7) (Table 2).
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Table 2. Survey results for the parents of 52 children with myelomeningocele.

Descriptive Statistics

Questionnaire M
M + SD 5[3?1 Min-Max
Physical functioning (PF) 41.8 £20.1 42[25;53] 9-100
Emotional functioning (EF) 63.9 £145 65][50; 73] 35-100
Social functioning (SF) 58.6 +19.9 63 [48; 70] 10-100
School/preschool /nursery (role) functioning (RF) 724 +229  75]58;92] 8-100
Overall functioning score 56.4 + 14.7 57 [49; 64] 27-92

M, mean; Me, median; Min, minimum; Max, maximum; SD, standard deviation.

PF was significantly poorer than EF, SF, and RF. Physical functioning, including
movement and activity (walking, running, participating in sports or exercise), performing
self-care, and symptoms such as fatigue and pain, was rated the poorest (total score: 41.8,
SD = 20.1). The best-rated aspect was emotional functioning (total score: 63.9, SD = 14.5),
including such factors as feeling afraid, sad, or angry and having trouble sleeping. Multiple
comparison results are shown in Table 3. The differences between EF and SF and between
EF and RF were the only ones found to be not significant (p > 0.05).

Table 3. Results of multiple comparisons between scores for the investigated areas of the children’s

functioning.
Area of PF EF SF RF
Functioning M =41.6 M =63.9 M =58.6 M=724
PF X p <0.001 p <0.001 p <0.001
EF p <0.001 X p=0.489 p=0.120
SF p <0.001 p=0.489 X p =0.002
RF p <0.001 p=0.120 p =0.002 X

M, arithmetic mean; PF, physical functioning; EF, emotional functioning; SF, social functioning; RF,
school/preschool/nursery (role) functioning.

3.3. The Impact of Demographic Characteristics on QoL

A strong, statistically significant negative correlation was found between the children’s
age and emotional functioning (Table 4). Functioning in this area deteriorated with age by
a mean of 1.5 points per year of age. Residence had no statistically significant impact on
the children’s functioning in any of the analyzed areas (p > 0.05; PF, p = 0.313; EF, p = 0.756;
SE, p = 0.937; RF, p = 0.352). Interestingly, although gestational age had no statistically
significant impact on the children’s functioning in any of the analyzed areas (p > 0.05), the
poorest QoL was found in terms of PF (total score: 39.2, SD + 17.9).

Table 4. Pearson’s correlation coefficients for children’s age and functioning.

Child’s Area of Functioning Total S
otal Score

PF EF SF RF
r=—0.141 r=—0.445 r=—-0.019 r=—-0220 r=—0211
p=0320 p =0.001 p =0.896 p=0117 p=0133

PE, physical functioning; EF, emotional functioning; SF, social functioning; RF, role functioning.

3.4. QoL in Children with MMC

When analyzing PedsQL scores in the context of associated comorbidities, low PF
scores (total: 40.8, SD =+ 20.3) were found compared to other areas such as EF (total: 64.4,
SD =+ 14.7) and SF (total: 59.0, SD + 20.4). Children with no hydrocephalus functioned
significantly better than those with this defect in the physical, social, and school/preschool
areas (p < 0.05). Overall functioning was also better among children without hydrocephalus
(p <0.01, Table 5).
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Table 5. Basic statistics (M 4 SD) for children’s functioning scores, broken down by the presence or
absence of hydrocephalus, with significance test results.

Hydrocephalus
Child’s Area of Functioning Present None p-Value
n=49 n=3
Physical functioning (PF) 322+171 489+194 0.002
Emotional functioning (EF) 60.7 £ 152 663 +13.7 0.167
Social functioning (SF) 500 £220 648=*158 0.007
School/preschool /nursery (role) functioning (RF) 648 +272 7814176 0.037
Total score 492 +138 61.6+132 0.002

The presence of a neurogenic bladder had no statistically significant impact on func-
tioning in any of the areas analyzed (p > 0.05). Despite the lack of statistical significance,
the data indicate that the children’s functioning was the poorest in the physical area (total
score: 31.6, SD =+ 18.6). The presence of a neurogenic bowel significantly (p = 0.040) affected
the children’s physical functioning (Table 6).

Table 6. Basic statistics (M £ SD) for children’s functioning scores, broken down by the presence or
absence of a neurogenic bowel, with the significance of the test results.

Neurogenic Bowel

Constant
Child’s Area of Functioning None Constipation Passing of p-Value

n=10 n=10 Stool

n=232
Physical functioning (PF) 53.1+17.8 381+£20.0 323+144 0.040
Emotional functioning (EF) 65.7 £19.6 62.6 £12.6 71.7 £58 0.512
Social functioning (SF) 59.3+199 58.7 £18.7 53.3 +88.8 0.896
School/preschool (role) functioning (RF)  71.4+235 7124230 91.7+14.4 0.332
Total score 603+175 549+136 5554151 0.508

Depending on the level of the spinal cord defects, neurosegmental lesion can result in
paresis of the lower limbs, as well as deformity of the hip, knee, and foot. The presence of
superficial and deep sensation loss had no statistically significant impact on functioning in
any of the areas analyzed (p > 0.05). Children with lower extremity paralysis and paresis
had significantly (p = 0.002) worse physical functioning (Table 7). Furthermore, their
overall functioning score was lower (total: 32.2, SD & 15.8). Importantly, foot deformities
significantly (p = 0.033) deteriorated the physical functioning of children (Table 8).

Table 7. Basic statistics (M 4 SD) for children’s functioning scores, broken down by the presence or
absence of lower extremity paralysis or paresis, with the significance of the test results.

Lower Extremity Paralysis or

Paresis
Child’s Area of Functioning p-Value

Present None

N=23 N=29
Physical functioning (PF) 323 +15.8 49.4 £20.2 0.002
Emotional functioning (EF) 60.7 = 13.8 66.6 = 14.7 0.147
Social functioning (SF) 52.8 +22.4 63.1 +16.7 0.064
School/preschool/nursery (role) functioning (RF) 65.9 +25.6 776 £194 0.068

Total score 50.1 +£12.7 61.3 + 144 0.005
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Table 8. Basic statistics (M 4 SD) for children’s functioning scores, broken down by the presence or
absence of foot deformities, with the significance of the test results.

Foot Deformities

Child’s Area of Functioning Present None p-Value
N=30 N=22
Physical functioning (PF) 36.8 +14.4 48.7 +24.7 0.033
Emotional functioning (EF) 622 +124 66.4 + 16.9 0.307
Social functioning (SF) 58.8 = 16.2 58.2+24.4 0.908
School/preschool /nursery (role) functioning (RF) 70.3 +24.0 754 +21.4 0.433
Total score 54.0 +10.7 59.6 £ 18.6 0.178

Foot deformities significantly (p = 0.033) adversely affected the children’s PF (Table 8).

4. Discussion

Congenital myelomeningocele may affect patients” QoL in specific ways. Advances
in treatment and perioperative care have significantly reduced surgical risk, improved
long-term outcomes, and prolonged patients’ lives. Still, one may wonder whether surgical
success and clinical outcomes correlate with patients’ self-reported wellbeing and quality
of life.

The present findings indicate a considerable deficit in QoL among children with
myelomeningocele. This is consistent with other studies which relied both on PedsQL
scales and on other instruments. These other reports confirm that the QoL of patients
with myelomeningocele is poorer than that of healthy children [18-24]. Furthermore, both
in the present study and in those by other authors, the lowest-scored area was physical
functioning and the highest-scored one was emotional functioning [25].

The proposition that many of the characteristics of a child’s physical condition are
associated with QoL should be investigated further to determine whether these effects
simply reflect the general severity of illness of a child or the specific adverse effect of a
particular function.

Many factors have been investigated for possible effects on the QoL of patients with
MMC. Some researchers have noted that poor QoL is clinically related to age, ambulatory
ability, or family functioning [26,27]. Meanwhile, other studies [28,29] have noted that
QoL in MMC is unrelated to age, functional ability, sex, or lesion level. Our investigation
found a strong, statistically significant correlation between the children’s age and a loss of
emotional functioning (1.5 points per year of age). Further analysis of the effects of aging
on MMC patients may be warranted to examine this finding.

Studies have confirmed the association between the severity of the condition and QoL.
In our analysis, the percentage of patients with hydrocephalus was 43%, which is well
below the usual range of 70-86% [30]. The explanation for this is that other studies included
all spinal dysraphisms, while our sample only focused on myelomeningocele. The presence
of hydrocephalus was associated with poorer QoL in children with MMC. These data are
consistent with other studies showing an association between factors other than disability
and children’s QoL [31,32]. The effects of hydrocephalus on children’s functioning vary
considerably across children and depend on the areas of the brain most affected.

What should be noted and applied in subsequent studies is that Kulkarni et al. [33]
developed a measurement of QoL, the Hydrocephalus Outcome Questionnaire (HOQ).
In a study using the HOQ, Kulkarni et al. demonstrated that shunt infection and other
shunt-related complications were predictors of poor quality of life.

Renal deterioration is a major cause of mortality for MMC patients of all ages. It re-
sults in chronic elevated bladder pressure with filling and incomplete emptying [34].
Clayton et al. [35] found that urinary incontinence was a significant cause of quality of
life deterioration and limited social independence. However, in our sample of patients
with neurogenic bladders there was no statistically significant impact on functioning in
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any of the QoL areas analyzed, while a neurogenic bowel was found to significantly affect
children’s physical functioning.

Most children with MMC present with foot and ankle deformities. The cosmetic
appearance caused by these deformities is not the only problem, as children may develop
skin irritation and experience difficulties in ambulation. This is consistent with our research,
where foot deformities significantly deteriorated the physical functioning of children.

An illness of one family member affects the entire family, disrupting the balance of the
family system. Families are inherently resilient and, in the face of adversity, work together
to regain stability [36,37]. However, as stated by Solomon et al. [38], having a child with a
chronic disease leads to family difficulties and generates a sense of isolation, loneliness,
powerlessness, and social marginalization in parents. Living with a child with a disability
requires making many sacrifices every day. The stress caused by the presence of a child
with MMC in the family increases the need to learn to deal with the difficult situation,
something that is not easy to accomplish in addition to the normal challenges faced by
parents. It has not been shown so far why some parents are better at this, while others
are worse. Okurowska-Zawada et al. [39] indicated that mothers of children with MMC
have a reduced perception of QoL in all domains (social, physical, emotional) compared
with mothers of healthy children. Additionally, living in a single-parent family brings
with it numerous difficulties, if only due to the greater psychological and physical burden
and lower level of support from relatives. This can result in a lower QoL for both parents
and their children. Our research did not confirm the relationship, but nevertheless it was
mothers who resigned from work more often than fathers to care for their children.

Studies on quality of life in relation to health deliver not only holistic knowledge and
understanding of the consequences of the disease but also a thorough assessment of the
needs of patients and their caregivers. The acceptance of the results of HRQoL studies
is a breakthrough in medicine. The patient ceases to be subjected to treatment and their
opinion and the assessment of the wellbeing associated with the therapy are taken into
account. Therefore, researchers have started following principles of medical practice and
nursing practice based on facts—evidence-based medicine (EBM) and evidence-based
nursing practice (EBNP), respectively—taking into account the feelings of the patient and
their preferences [40,41]. By implementing research findings in clinical practice, one can
plan further interventions more effectively, e.g., by providing the patient and their family
with psychological support, which in the long term may not only improve their QoL or
treatment outcomes but also help physicians have a better relationship with patients and
their families. The findings of this study have to be seen in light of their limitations. The
first limitation is that QoL was assessed only from the parents’ perspective. Parental reports
may not fully reflect the subjective experience of their children. The second limitation
concerns the fact that quality of life was assessed on the basis of generic scales; in the future
studies, a child-specific questionnaire should be used.

5. Conclusions

Children with myelomeningocele require comprehensive long-term care, and their
families must contribute to the treatment and education process. Understanding the QoL
of children and adolescents born with MMC and identifying its determinants is important,
as it may help in planning interventions to minimize the adverse impacts of the illness
and its treatment on patients’ physical and emotional conditions and ensure their optimal
functioning in the family and the society.

Author Contributions: Conceptualization, A.R. and M.I.; methodology, A.R.; software, A.R. and
M.L; validation, A.R., M.I,, and M.B.; formal analysis, A.R.; investigation, M.I; resources, M.I.;
data curation, A.R.; writing—original draft preparation, A.R.; writing—review and editing, M.B.;
visualization, A.R.; supervision, A.R. and M.B.; project administration, A.R. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Int. J. Environ. Res. Public Health 2021, 18, 10756 90of 10

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
Wroclaw Medical University (protocol code KB 539/2019 and 14 June 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Liptak, G.S.; Samra, A. Optimizing health care for children with spina bifida. Dev. Disabil. Res. Rev. 2010, 16, 66—75. [CrossRef]
[PubMed]

Schroder, HK.; Nunes, J.C.; Madiera, L.; Moritz, J.L.; Wulz, R.; Linhares, M.N. Postsurgical infection after myelomeningocoele
repair: A multivariate analysis of 60 consecutive cases. Clin. Neurol. Neurosurg. 2012, 114, 981-985. [CrossRef]

Sawn, K.J.; Thompson, N.P. The experience of finding an effective bowel management program for children with spina bifida:
The parent’s perspective. J. Ped. Nurs. 2009, 24, 280-291. [CrossRef] [PubMed]

Alatise, O.I.; Adeolu, A.A.; Komolase, E.O.; Adejuyigbe, O.; Sowande, O.A. Pattern and factors affecting management outcome of
spina bifida cystica in lie-Ife Nigeria. Pediatr. Neurosurg. 2006, 42, 277-283. [CrossRef] [PubMed]

Halaby, E.; Ismail, M.T. Delayed hydrocephalus after re-pairing un-rupture myelomeningocele. Eqypt. |. Neurosurg. 2016, 31,
167-170.

Kase, B.A.; Northrup, H.; Morrison, A.C.; Davidson, C.M.; Goiffon, A.M.; Fletcher, ].M.; Ostermaier, K.K.; Tyerman, G.H.;
Au, K.S. Association of copper-zinc superoxide dismutase (SOD1) and manganese superoxide dismutase (SOD2) genes with
nonsyndromic myelomeningocele. Birth Defects Research. Part, A. Clin. Mol. Teratol. 2012, 94, 762-769. [CrossRef]

Dlouhy, B.J.; Menezes, A.H. Hydrocephalus in Chiari Malformations and Other Craniovertebral Junction Abnormalities. In
Pediatric Hydrocephalus; Cinalli, G., Ozek, M., Sainte-Rose, C., Eds.; Springer: Cham, Switzerland, 2018. [CrossRef]

McLone, D.G.; Dias, M.S. The Chiari II malformation: Cause and impact. Childs Nerv. Syst. 2003, 19, 540-550. [CrossRef]
Liptak, G.S.; Dosa, N.P. Myelomeningocele. Pediatr. Rev. 2010, 31, 443—450. [CrossRef]

Oncel, M.Y.; Ozdemir, R.; Kahilogullari, G.; Yurttutan, S.; Erdeve, O.; Dilmen, U. The effect of surgery time on prognosis in
newborns with meningomyelocele. J. Korean Neurosurg. Soc. 2012, 51, 359-362. [CrossRef] [PubMed]

World Health Organization. Publications of the World Health Organization; WHO: Geneva, Switzerland, 1958; pp. 101-102.
Waters, E.; Davis, E.; Ronen, G.M.; Rosenbaum, P,; Livingston, M.; Saigal, S. Quality of life instruments for children and
adolescents with neurodisabilities: How to choose the appropriate instrument. Dev. Med. Child. Neurol. 2009, 51, 660—-669.
[CrossRef]

Varni, ] W.; Burwinkle, T.M.; Seid, M. The PedsQL 4.0 as a pediatric population health measure: Feasibility, reliability, and validity.
Ambul. Pediatrics Off. ]. Ambul. Pediatric Assoc. 2003, 3, 329-341. [CrossRef]

Varni, ].W.; Limbers, C.A.; Burwinkle, T.M. Impaired health-related quality of life in children and adolescents with chronic
conditions: A comparative analysis of 10 disease clusters and 33 disease categories/severities utilizing the PedsQLTM 4.0 Generic
Core Scales. Health Qual. Life Outcomes 2012, 5, 43. [CrossRef]

Varni, ] W.; Limbers, C.A.; Burwinkle, TM. How young can children reliably and validly self-report their health-related quality of
life? An analysis of 8591 children across age subgroups with the PedsQL 4.0 Generic Core Scales. Health Qual. Life Outcomes 2007,
5, 1. [CrossRef] [PubMed]

Varni, ] W.; Limbers, C.A.; Burwinkle, T.M. Parent proxy-report of their children’s health-related quality of life: An analysis of
13,878 parents’ reliability and validity across age subgroups using the PedsQL 4.0 Generic Core Scales. Health Qual. Life Outcomes
2007, 5, 2. [CrossRef] [PubMed]

Varni, ].W.; Sherman, S.A.; Burwinkle, T.M. The PedsQLTM Family Impact Module: Preliminary reliability and validity. Health
Qual. Life Outcomes 2004, 2, 55. [CrossRef] [PubMed]

Oddson, B.E.; Clancy, C.A.; McGrath, PJ. The role of pain in reduced quality of life and depressive symptomology in children
with spina bifida. Clin. J. Pain 2006, 22, 784-789. [CrossRef]

Abresch, R.T.; McDonald, D.A.; Widman, L.M.; McGinnis, K.; Hickey, K.J. Impact of spinal cord dysfunction and obesity on the
health-related quality of life of children and adolescents. . Spinal Cord Med. 2007, 30, S112-S118. [CrossRef] [PubMed]
Flanagan, A.; Gorzkowski, M.; Altiok, H.; Hassani, S.; Ahn, K.W. Activity level, functional health, and quality of life of children
with myelomeningocele as perceived by parents. Clin. Orthop. Relat. Res. 2011, 469, 1230-1235. [CrossRef]

Johansen, H.; Dammann, B.; Andresen, I.L.; Fagerland, M.W. Health-related quality of life for children with rare diagnoses, their
parents’ satisfaction with life and the association between the two. Health Qual. Life Outcomes 2013, 11, 152. [CrossRef]
Freeman, K.A.; Smith, K.; Adams, E.; Mizokawa, S.; Neville-Jan, A. Is continence status associated with quality of life in young
children with spina bifida? J. Pediatric Rehabil. Med. 2013, 6, 215-223.

Ramachandra, P; Palazzi, K.L.; Skalsky, A.].; Marietti, S.; Chiang, G. Shunted hydrocephalus has a significant impact on quality
of life in children with spina bifida. PM&R 2013, 5, 825-831.


http://doi.org/10.1002/ddrr.91
http://www.ncbi.nlm.nih.gov/pubmed/20419773
http://doi.org/10.1016/j.clineuro.2012.02.034
http://doi.org/10.1016/j.pedn.2008.03.008
http://www.ncbi.nlm.nih.gov/pubmed/19632505
http://doi.org/10.1159/000094062
http://www.ncbi.nlm.nih.gov/pubmed/16902338
http://doi.org/10.1002/bdra.23065
http://doi.org/10.1007/978-3-319-31889-966-1
http://doi.org/10.1007/s00381-003-0792-3
http://doi.org/10.1542/pir.31-11-443
http://doi.org/10.3340/jkns.2012.51.6.359
http://www.ncbi.nlm.nih.gov/pubmed/22949965
http://doi.org/10.1111/j.1469-8749.2009.03324.x
http://doi.org/10.1367/1539-4409(2003)003&lt;0329:TPAAPP&gt;2.0.CO;2
http://doi.org/10.1186/1477-7525-5-43
http://doi.org/10.1186/1477-7525-5-1
http://www.ncbi.nlm.nih.gov/pubmed/17201920
http://doi.org/10.1186/1477-7525-5-2
http://www.ncbi.nlm.nih.gov/pubmed/17201923
http://doi.org/10.1186/1477-7525-2-55
http://www.ncbi.nlm.nih.gov/pubmed/15450120
http://doi.org/10.1097/01.ajp.0000210929.43192.5d
http://doi.org/10.1080/10790268.2007.11754614
http://www.ncbi.nlm.nih.gov/pubmed/17874696
http://doi.org/10.1007/s11999-010-1651-7
http://doi.org/10.1186/1477-7525-11-152

Int. J. Environ. Res. Public Health 2021, 18, 10756 10 of 10

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Murray, C.B.; Holmbeck, G.N.; Ros, A.M.; Flores, D.M.; Mir, S.A.; Varni, ].W. A longitudinal examination of health-related quality
of life in children and adolescents with spina bifida. J. Pediatric Psychol. 2015, 40, 419—430. [CrossRef]

Buffart, L.M.; van den Berg-Emons, R.J.; van Meeteren, J.; Stam, H.J.; Roebroeck, M.E. Lifestyle, participation, and health-related
quality of life in adolescents and young adults with myelomeningocele. Dev. Med. Child Neurol. 2009, 51, 886-894. [CrossRef]
[PubMed]

Sawin, K.J.; Bellin, M.H. Quality of life in individuals with spina bifida: A research update. Dev. Disabil. Res. Rev. 2010, 16, 47-59.
[CrossRef] [PubMed]

MacNeily, A.E.; Jafari, S.; Scott, H.; Dalgetty, A.; Afshar, K. Health related quality of life in patients with spina bifida: A prospective
assessment before and after lower urinary tract reconstruction. J. Urology 2009, 182, 1984-1991. [CrossRef]

Olsson, I.; Dahl, M.; Mattsson, S.; Wendelius, M.; Astrom, E.; Westbom, L. Medical problems in adolescents with myelomeningo-
cele (MMC): An inventory of the Swedish MMC. Acta Paediatr. 2007, 96, 446—449. [CrossRef]

Hampton, L.E.; Fletcher, ].M.; Cirino, P.T.; Blaser, S.; Kramer, L.A.; Drake, J. Hydrocephalus status in spina bifida: An evaluation
of variations in neuropsychological outcomes. Clinical article. J. Neurosurg. Pediatr. 2011, 8, 289-298. [CrossRef]

Karmur, B.S.; Kulkarni, A.V. Medical and socioeconomic predictors of quality of life in myelomeningocele patients with shunted
hydrocephalus. Childs Nerv. Syst. 2018, 34, 741-747. [CrossRef]

Sawin, K.J.; Brei, T.].; Buran, C.F,; Fastenau, P.S. Factors associated with quality of life in adolescents with spina bifida. . Holist
Nurs. 2001, 20, 279-304. [CrossRef]

Tew, B. The effects of spina bifida and hydrocephalus upon learning and behaviour. In Current concepts in Spina Bifida &
Hydrocephalus. Clinics in Developmental Medicine; Bannister, C.M., Tew, B., Eds.; Mac Keith Press: London, UK, 1991; pp. 158-179.
Kulkarni, A.V,; Rabin, D.; Drake, ] M. An instrument to measure the health status in children with hydrocephalus: The
Hydrocephalus Outcome Questionnaire. J. Neurosurg. 2004, 101, 134-140. [CrossRef] [PubMed]

Malakounides, G.; Lee, F.; Murphy, F; Boddy, S.A. Single centre experience: Long term outcomes in spina bifida patients. J.
Pediatr. Urol. 2013, 9, 585-589. [CrossRef]

Clayton, D.B.; Brock, ].W. The urologist’s role in the management of spina bifida: A continuum of care. Urology 2010, 76, 32-38.
[CrossRef]

Wallander, J.L.; Varni, ].W. Effects of pediatric chronic physical disorders on child and family adjustment. ]. Child Psychol.
Psychiatry 1998, 39, 29-46. [CrossRef]

Eggenberger, S.K.; Nelms, T.P. Being family: Family experiences when an adult member is hospitalized with a critical illness. J.
Clin. Nurs. 2007, 16, 1618-1628. [CrossRef] [PubMed]

Solomon, M.; Pistrung, N.; Barker, C. The benefits of mutual support groups for parents of children with disabilities. Am. .
Commun. Psychol. 2001, 29, 113-132. [CrossRef] [PubMed]

Okurowska-Zawada, B.; Kulak, W.; Otapowicz, D.; Sienkiewicz, D.; Paszko-Patej, G.; Wojtkowski, J. Quality of life in children
and adolescents with cerebral palsy and myelomeningocele. Pediatric Neurol. 2011, 45, 163-168. [CrossRef] [PubMed]

Raina, P. The Health and Well-Being of Caregivers of Children With Cerebral Palsy. Pediatrics 2005, 115, e626—e636. [CrossRef]
Uchmanowicz, I.; Jankowska-Polaniska, B.; De Walden-Gatuszko, K. Wybrane zagadnienia psychoonkologii. In Jakos¢ Zycia
W Chorobach Wewnetrznych—Wybrane Kwestionariusze Badawcze; Europejskie Centrum Ksztatcenia Podyplomowego: Wroctaw,
Poland, 2013.


http://doi.org/10.1093/jpepsy/jsu098
http://doi.org/10.1111/j.1469-8749.2009.03293.x
http://www.ncbi.nlm.nih.gov/pubmed/19416327
http://doi.org/10.1002/ddrr.96
http://www.ncbi.nlm.nih.gov/pubmed/20419771
http://doi.org/10.1016/j.juro.2009.02.060
http://doi.org/10.1111/j.1651-2227.2006.00153.x
http://doi.org/10.3171/2011.6.PEDS10584
http://doi.org/10.1007/s00381-017-3691-8
http://doi.org/10.1177/089801010202000307
http://doi.org/10.3171/ped.2004.101.2.0134
http://www.ncbi.nlm.nih.gov/pubmed/15835099
http://doi.org/10.1016/j.jpurol.2013.02.015
http://doi.org/10.1016/j.urology.2009.12.063
http://doi.org/10.1111/1469-7610.00302
http://doi.org/10.1111/j.1365-2702.2007.01659.x
http://www.ncbi.nlm.nih.gov/pubmed/17727583
http://doi.org/10.1023/A:1005253514140
http://www.ncbi.nlm.nih.gov/pubmed/11439824
http://doi.org/10.1016/j.pediatrneurol.2011.04.006
http://www.ncbi.nlm.nih.gov/pubmed/21824563
http://doi.org/10.1542/peds.2004-1689

	Introduction 
	Materials and Methods 
	Study Design 
	Data Analysis 

	Results 
	Baseline Characteristics 
	Analysis of QoL Measured Using the PedsQLTM 4.0 Generic Core Questionnaire 
	The Impact of Demographic Characteristics on QoL 
	QoL in Children with MMC 

	Discussion 
	Conclusions 
	References

