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Abstract: Neu-Laxova syndrome is a rare and lethal genetic disease with autosomal recessive
inheritance involving abnormalities of multiple systems. It was first reported in 1971. Since then, just
eighty-eight cases have been reported. The syndrome is characterized by early and severe growth
restriction, and craniofacial anomalies, such as microcephaly, hypertelorism and other malformations,
resulting in quite characteristic features. Additionally, it might appear as generalized edema, flexion
contractures and other malformations of the extremities, abnormalities in the CNS (central nervous
system), skin (severe ichthyosis), and genitourinary and cardiac abnormalities. We present the case of
a patient who had her first pregnancy with a fetus with Neu-Laxova syndrome diagnosed in our
center during the second-trimester ultrasound. The ultrasound findings suggested the diagnosis,
which was confirmed with a genetic study of the amniotic fluid: the variant of the PSAT1 gene,
associated with NLS (Neu-Laxova syndrome) 2 in homozygosis. Moreover, there was a second
pregnancy with a fetus carrying the same mutation in heterozygosis. In addition, we have carried out
a review of published literature about this disease up to the present time.

Keywords: Neu-Laxova syndrome; ultrasound findings; fetal edema; proptosis; intrauterine growth
restriction; restrictive dermopathy; facial dysmorphism; genetic study; amniotic fluid

1. Introduction

Neu-Laxova syndrome (NLS) is a lethal disorder with multiple abnormalities. This
pathology was described for the first time in 1971 by Neu and in 1972 by Laxova and indi-
vidualized under this entity that bears the names of these two authors by Lazjuk et al. [1-3].
The main manifestations of this syndrome have been summarized under the term “neuro-
oculo-ectodermal dysplasia”. These manifestations include intrauterine growth restric-
tion (IUGR), and facial dysmorphism with very characteristic features, such as prop-
tosis, ichthyosis and central nervous system (CNS) malformations dominated by mi-
crolissencephaly. Other alterations are hypokinesia, arthrogryposis, subcutaneous edema
and pulmonary hypoplasia. Affected children usually die in utero or shortly after birth due
to respiratory failure and/or infectious and neurological complications [4]. Eighty-eight
cases have been reported to date [5].

Until recently, the etiopathogenesis was unknown. In 2014, a gene mapping study
in three consanguineous families affected by NLS identified a mutation in the PHGDH
gene. This entity was named Neu Laxova 1 syndrome (NLS-1). During the same year, two
additional modifiers in genes encoding phosphoserine aminotransferase 1 (PSAT1) and
phosphoserine phosphatase (PSPH) were identified by Acufia-Hidalgo et al. NLS caused by
the mutation in the PSAT1 gene was classified as Neu Laxova 2 (NLS-2), with a phenotype
very similar to 1. These genes are involved in the serine synthesis pathway;, vital for the
synthesis of brain lipids [6,7]. Therefore, NLS is genetically heterogeneous and can be
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caused by mutations in the three previously described genes that encode enzymes of the
L-serine biosynthetic pathway, an amino acid required for the synthesis of brain lipids
sphingolipids and gangliosides. It has an autosomal recessive inheritance pattern and most
of the time it is related to consanguinity [3]. This suggests that NLS represents a more
severe form within a continuous spectrum of serine-deficiency disorders, and NLS itself
might also have a variable clinical expression [7]. Among other things, this is the reason
why the prenatal diagnosis of NLS still remains a challenge. The following image (Figure 1)
summarizes what was previously stated.

Suspected diagnosis by second — trimestre ultrasound in

Case report our center.

NEU-LAXOVA SYNDROME
Confirm diagnosis: genetic study of ammiotic fluid:

variant of the PSAT1 gene, associated with INLS 2 in
homozygosis.

A review of published | First reported by Neu et alin 1971

Since then, just eighty-eight cases have been
reported.

Early and severe growth restriction.
Rare and lethal Generalized edema.

genetic disease with Craniofacial anomalies.

autosomal recessive Flexion contractures and other malformations of the extremities.
inheritance involving Abnormalities in the CINS.

abnormalities of

multiple svstems Severe ichthyosis.
ple =y ’ Genitourinary and cardiac abnormalities.

Figure 1. Summary of the main aspects discussed in the manuscript.

2. Materials and Methods

This is a review of all the literature published to date. In total, 81 cases have been
published, the last one in 2016. Subsequently, seven more cases have been reported from
different laboratories around the world. Therefore, we present a retrospective descriptive
cross-sectional study using all the available bibliographies in the usual databases, such
as Cochrane, Scopus, Science Direct, or PubMed. In addition, we present two cases that
happened in our center in the year 2021, in the Materno-Infantil Universitary Regional
Hospital of Malaga. Of course, with the approval of the Hospital Ethics Committee. In the
diagnosis of the key case, the collaboration of the Genetics and Prenatal Diagnosis Services
had been essential. The objective of this review is to clarify and emphasize the ultrasound
characteristics of this rare syndrome as much as possible so that it can be suspected in daily
clinical practice and confirmed by appropriate genetic tests which will be later described
in the discussion. Ideally, an early gestational age diagnosis offers better advice to family
members on the approach and management of this syndrome, which is so complex and has
such a poor prognosis.

3. Results: Case Presentation

A 26-year-old primigravida patient with no personal or family history of interest. Both
parents are healthy, without apparent consanguinity between them. A normal evolution of
pregnancy to date, normal first-trimester ultrasound and combined screening for chromoso-
mal abnormalities in the first-trimester: low risk for Down, Edward’s and Patau syndromes.
Blood tests of first and second-trimesters without pathological findings. She was assessed
by the Prenatal Diagnosis Unit to perform a morphological ultrasound at week 21. The
ultrasound examination revealed biometry not in accordance with gestational age, which
meant an early diagnosis of severe IUGR (according to 17 + 4 weeks, EFW: 208 g). In
addition, a fetal morphological study showed some morphological abnormalities.

At the intracranial level, the cavum septum pellucidum (CSP) was absent and there
was an abnormal bridge of tissue across the midline at the level of the CSP, visualizing
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directly the columns of the fornix. On the prefrontal area, the midline was open in three
lines in the sagittal section with an elevation of the third ventricle. Additionally, the corpus
callosum was not identified in the sagittal section (Figures 2 and 3). All these indirect
findings were suggestive of agenesis of the corpus callosum (ACC). In the posterior fossa,
the hypoplastic cerebellum: the cerebellum presented a transverse diameter of 14 mm,
according to 15 + 2 weeks and thin thickness (Figure 4). Ventriculomegaly was not observed.
Profile with the nasal bone present, although a slightly flattened frontal area was
appreciated, with prefrontal edema and subjective micrognathia (Figure 5). Mild ocular
proptosis bilaterally (Figure 6). Cardiac study within normal limits, except for slight
levocardia (Figures 7 and 8). Vertebral column without apparent anomalies. Normal male
genitalia. Regarding the extremities, the fetus presented hands with normal fingers and
phalanges, as well as preserved mobility. However, the wrist joint seemed fixed and the feet
were located in hyperflexion with little mobility. Feet were located in forced hyperflexion
and with reduced mobility (Figures 9 and 10). Nonamniotic fluid alterations were found.

DBP EETI
EG 16s1d+8d
rac. 0.01* %
FEP  29-11-2021
12.55 cm
16s2d+8d

c.  0.01* %
FEP  28-11-2021

Figure 2. Axial view of midline with non-visualization of the CSP, showing directly the columns of
the fornix. Additionally, we can observe microcephaly. Measurements corresponding to a gestational
age of 16 weeks.

Figure 3. In sagittal section, the corpus callosum is not present. Both findings are consistent with
total ACC.
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3.28 cm
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0.01* %
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1.44 cm
15s2d17d

Figure 4. Axial view of the posterior fossa. Hypoplastic cerebellum: it shows cerebellum with
a maximum transverse diameter of 14 mm. Cerebellomedullary cistern and nuchal fold within
normal range.

Figure 5. Sagittal section of the fetal profile, where nasal bone, prefrontal edema and mild microg-
nathia could be seen.

Figure 6. Initial ocular proptosis bilaterally.
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Figure 9. Wrist joint seemed fixed and feet located in hyperflexion with little mobility.
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2.38 cm

Pi
LF / Pie 99.93 %

Figure 10. Feet located in forced hyperflexion and with reduced mobility.

After those described fetal abnormalities, the patient was informed of them and about
the fetal prognosis, as well as the possible causes (mainly genetic and infectious). She
was offered the possibility of performing an invasive technique to refine the diagnosis
and be able to name the syndrome. She accepted and amniocentesis was performed at
21 weeks. Quantitative Fluorescence-Polymerase Chain Reaction (QF-PCR) and compara-
tive genomic hybridization arrays (CGH-arrays) studies were requested from the Genetics
Service, cytomegalovirus (CMV) and toxoplasma PCR from the Microbiology Unit and
toxoplasmosis, rubella cytomegalovirus, herpes simplex (TORCH virus) serology from
the Clinical Analysis Laboratory. Results were as follows: QF-PCR Diploid 13, 18, 21. XY;
negative CMV and toxoplasma PCR in LA; negative TORCH serology. An extended genetic
study revealed a pathogenic missense variant. This variant was identified in apparent
homozygosis in the PSAT1 gene, associated with NLS-2 by autosomal recessive inheritance.
Through a segregation study of the parents, it was observed that both were carriers of the
PSAT1 gene. At this point, the pregnant woman was informed of the known prognosis for
this syndrome to date and the possibility of continuing with the pregnancy to the benefit
of the Organic Law of Sexual and Reproductive Health (SRH). Finally, with the help of
the Obstetrics team and psychological support, the patient opted for legal termination
of pregnancy.

Recently, this couple has become pregnant again and despite having been genetically
counseled, they have had a bad outcome. The new pregnancy had a normal first and second-
trimester ultrasound as well as a low-risk first-trimester screening for Down, Edward’s and
Patau syndromes. Female sex. During the first-trimester, a chorionic biopsy was performed
because no preimplantation genetic diagnosis (PGD) was performed. QF-PCR and CGH-
arrays were normal. An extended genetic study revealed a non-pathogenic missense
variant. This variant was identified in apparent heterozygosis in the PSAT1 gene, which
theoretically does not imply disease. The fetus is a non-symptomatic carrier. However,
at week 25 the patient was consulted due to decreased fetal movements, confirming the
antepartum death of the fetus. They did not want further studies and they are currently
being advised by the Perinatal Bereavement Unit of our center.

4. Discussion

As discussed in the previous clinical cases, arrays-CGH and QF-PCR were performed
with normal results, respectively. Subsequently, the exome was studied by massive se-
quencing, detecting the homozygous variant of the missense type in the PSAT1 gene in the
first fetus, classified as the pathogenic according to the guidelines of the American College
of Medical Genetics and Genomics. The NM_058179:¢/296C>T variant identified in the
PSAT1 gene results in the substitution of an alanine for valine amino acid at position 99 of
the protein (p(Ala99Val)) on chromosome 9. Polyphen2, LRT, MutationTaster, MutationAss-
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esor, FATHMM, MetaSVM and MetaLR give a deleterious effect of the variant detected on
the function or structure of the protein encoded by the PSAT1 gene, while the SIFT predictor
gives it a tolerable effect. The variant is found in the Genome Aggregation Database with
an allelic frequency of 0.02% and is registered in the dbSNP database in fetuses affected by
Neu Laxova 2 syndrome, described as pathogenic in the ClinVar database [5,8]. There were
no additional regions of homozygosity identified and no other variants of interest in this
region. This suggests the parents likely share a distant common ancestor even if they do
not know it. However, this variant in heterozygosis does not seem to be involved with the
disease, although there are fewer reported data on this spectrum. Our findings place NLS
at the severe end of the spectrum of serine-deficiency disorders. It is important to note that
in the cohort of 12 families studied, Acufia-Hidalgo et al. did not identify any mutations in
the three genes in two families, so other genes are thought to be involved in NLS. Therefore,
the molecular mystery of NLS is far from being completely elucidated. Other molecular
studies should follow to improve our understanding of this deadly metabolic disorder [7].

The PSAT1 gene has been described in the scientific literature as the cause, among other
phenotypes, of Neu Laxova 2 syndrome, with an autosomal recessive model of inheritance.
This disease is characterized by severe IUGR, severe microcephaly, severe CNS defects,
such as ACC and hypoplastic cerebellum and brainstem, severe ichthyosis, and facial
dysmorphism. An ultrasound at 19 or 20 weeks of gestation may show polyhydramnios,
intrauterine growth retardation, hypoechoic skeletal structures, microcephaly, bulging
eyes, retrognathia, and hypomobility with flexion deformities, so we can suspect this
pathology [5,9].

As the result of these findings, we wanted to review all the cases published to date,
representing the most important clinical and ultrasound features in the following table
(Table 1). Of the 88 reported cases of NLS to date from genetics laboratories around the
world [5], 81 have been published in the literature in different articles over the years (but
the vast majority of them are cases of postnatal diagnosis, cases of prenatal diagnosis are
fewer), which are the ones we have analyzed in this review [4,9-20]. In most cases, the
findings have been studied postmortem by necropsy. With this table, we wanted to collect
findings that can also be interpreted by ultrasound for prenatal management. For this
reason, striking signs, such as ichthyosis, have not been included in the table.

Sex does not seem to be a predisposing factor. Diagnosis usually occurs during the
second-trimester ultrasound through indirect signs. Although, several cases of diagnosis
in the first-trimester through increased nuchal translucency (NT) have been identified [8].
For this reason, we want to emphasize the importance of ultrasound in all its stages. The
karyotype was normal in most cases. It was not until 2014 when the extended studies of
the human exome began, revealing the three genetic anomalies: PHGDH, PSAT1 and PSPH
genes that we explained before [7]. In our sibling fetuses, the mutated gene found was
PSAT1, homozygous in case 1 and heterozygous in case 2. Regarding consanguinity, 45%
of the cases were confirmed to be relatives, the rest did not confirm it but the possibility of
distant ancestors cannot be ruled out.

The main manifestation, which is generally the first ultrasound finding in the second-
trimester ultrasound, is IUGR. It is usually severe, early and determines a poor prog-
nosis [14]. IUGR was reported in most cases (87% of cases) [4-20]. Skin abnormalities
associated with NLS are typical, such as subcutaneous edema and ichthyosis. Ichthyosis,
although characteristic, is not easy to diagnose intrauterine [11]. Subcutaneous edema is
a frequent sign with variable intensity (73% of cases) [4-20]. It is often important in the
extremities giving the appearance of “inflated gloves” and in its most severe form can
be seen as generalized hydrops fetalis [12,13]. In our case one subcutaneous edema was
present, but not hydrops.
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Table 1. Review of NLS cases published to date, representing the most important clinical and
ultrasound features.

Literature (83

Cases) Casel Case 2
0, . 0,
Sex 57% Female; 33% Male Female
Males
Age (weeks) 1241 21 13
Consanguinity 45% No
Karyotype Normal 73% Normal
Gene PHGDH, PSAT1 and PSAT1 in PSAT1 in
PSPH homozygosis heterozygosis
IUGR 87% Yes No
Hydrops or subcutaneous 73% Yes No
edema
CNS malformations
Microcephaly 85% Yes No
Hypoplastic cerebellum 36% No No
Lissencephaly 45% No No
Agenesis/hypoplasia of CC 36% Yes No
Ventriculomegaly 17% No No
Craniofacial
dysmorphism
Micrognathia 68% Yes No
Ocular proptosis 56% Yes No
Flattened nose 79% Yes No
Flattened forehead 81% Yes No
Hypertelorism 49% No No
Limb abnormalities
Arthrogryposis 80% Yes No
Syndactyly 48% No No
Pulmonary hypoplasia 39% No No
Polyhydramnios 31% No No
Cardiopathy 6% No No
Others <5% No No

Severe CNS malformations have been consistently seen in patients with NLS on ul-
trasound and/or neuropathological examination and have been considered “mandatory”
manifestations of NLS. They are dominated by severe microcephaly (85% of cases) with
other associated anomalies, such as cerebellar hypoplasia (36% of cases), lissencephaly
(45% of cases), CC agenesis or hypoplasia (36% of cases), ventriculomegaly (17% of cases)
and other CNS anomalies (<10% of cases) [4-20]. These include vermis agenesis, neural
tube closure defects type of anencephaly or spina bifida, or Arnold—Chiari type II mal-
formations [21]. In our case 1, the CNS alterations were dominated by CC agenesis and
microcephaly. Hypoplastic cerebellum, lissencephaly and ventriculomegaly were not found.
The post-mortem study was not carried out, so we lack the data.

Craniofacial dysmorphism is very characteristic and considered quite specific to NLS.
This comprises severe microcephaly, sunken forehead, proptosis with rudimentary eyelids
that give the impression of an “absence of eyelids”, hypertelorism, micrognathia, flattened
nose, rounded and open mouth with thick lips and misshapen ears that are often low
inserted [12,15,17]. Unfortunately, not all of these signs can be diagnosed prenatally by
ultrasound. About the signs that can be seen sonographically: 68% of the cases presented
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micrognathia, 56% ocular proptosis, 79% flattened nose, 81% flattened forehead and 49%
hypertelorism [4-20]. In our case 1, the only sign not present was hypertelorism.

Among limb anomalies, arthrogryposis stands out as one of the most constant signs
of NLS (80% of cases) and is usually suggested on prenatal ultrasound [4-20]. It is part
of the so-called hypokinesia sequence, fetal or cerebro-arthro-digital, secondary to severe
deterioration of the CNS and ichthyosis [18,21]. It is associated with muscle hypotrophy
and bone abnormalities. The latter, linked to a defect in bone modeling, are characterized
by kyphoscoliosis [21]. In our case 1, flexion contractures of the wrist joints were found.
No syndactyly was observed, present in 48% of cases. Other abnormalities frequently
associated with NLS, including pulmonary and genital hypoplasia, were also not observed.
Finally, some anomalies are rarer, such as cardiopathies (atrial or ventricular septal defect),
renal malformations (hydronephrosis, renal hypoplasia, or agenesis), or cleft lip (<10%
of cases). None of them were observed in our case 1. In addition, polyhydramnios is a
frequent sonographic sign (31% of cases) [4-20] that was not present in our case 1.

The differential diagnosis of the NLS arises prenatally, mainly with the other syn-
dromes associated with a sequence of fetal hypokinesia or akinesia. It should include
cerebro-ocular-facial-skeletal (COFS) syndrome, Walker-Warburg syndrome, Pena-Shokeir
syndrome type L, cerebro-arthrodigital syndrome, Smith-Lemli-Opitz syndrome and Miller-
Dieker syndrome (Table 2) [3].

Table 2. Differential diagnosis of the NLS [3].

Craniofacial malformations, ocular
abnormalities, musculoskeletal defects,
malformations and progressive degenerative
changes of the brain and spinal cord.

COFS

Severe congenital oculo-cerebral abnormalities,

Walker-Warburg syndrome including lissencephaly and ventriculomegaly.

Arthromyodysplasia, dyscephaly, sacral

Cerebro-arthrodigital sd agenesis, and hypoplastic digitis.

Abnormal fetal movement profile, craniofacial

Pena-Shokeir syndrome type I malformations, pulmonary hypoplasia, IUGR.

Facial anomalies, mental retardation, pre- and
Smith-Lemli-Opitz syndrome postnatal growth disorder and abnormalities in
the external genitalia.

It is a variety of lissencephaly, where the brain

Miller-Diek d : .
rlertieker syndrome presents with few or no convolutions.

Serine supplementation of affected embryos appears to be an attractive treatment
option for the treatment of NLS or at least to reduce the severity of the development deficit.
This therapeutic approach faces the difficulty of establishing a molecular diagnosis of the
disease at the stage of embryonic development. This early prenatal diagnosis is theoretically
possible in families with a high risk of recurrence and where the mutation was previously
identified in the index case [22].

5. Conclusions

NLS is a lethal entity characterized by huge phenotypic and genetic heterogeneity.
Only eighty-eight cases have been reported to date. In the diagnosis, the collaboration of
the Genetics and Prenatal Diagnosis Services is essential. The disorder is characterized by
severe IUGR, microcephaly, ichthyosis, short neck, limb deformities, hypoplastic lungs,
subcutaneous edema, facial dysmorphism (marked proptosis, micrognathia, hypertelorism,
flattened nose and malformed ears) and CNS anomalies. It can be induced by a mutation
to one of three genes involved in de novo serine synthesis: PHGDH, PSAT1, and PSPH.
Apparently, heterozygosis in the PSAT1 gene theoretically does not imply disease. There
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are also more genes involved yet to be elucidated [4]. In our case, with a homozygosis
mutation identified in the PSAT1 gene, preimplantation genetic diagnosis or prenatal genetic
diagnosis is a good option in future pregnancies. Public awareness in the form of genetic
counseling and the risks associated with consanguinity should be emphasized to reduce
the incidence of NLS [23].

In general, the prognosis is poor. However, the variety in the phenotypic spectrum
has allowed the expansion of prognostic ranges. In addition, serine supplementation of
affected embryos appears to be an attractive future treatment option for patients affected
by NLS. Although more studies should be carried out that can demonstrate the safety and
effectiveness intrauterine and after birth [23].

Author Contributions: A.S.O. drafted and designed the article. A.P.L. reviewed the clinical case and
current literature. M.M.C. also reviewed the clinical case and current literature. A.S.O. and A.P.L.
contributed to the images and performed the surgery. S.M.R. reviewed carefully the clinical case and
current literature. LN.A. reviewed the current literature. ].S.J.L. reviewed the article critically and
continued the patient’s follow-ups. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent was obtained from the patient for publi-
cation of this case report and any accompanying images. The patient was informed and consented
to the elaboration and publication of this review. Similarly, the ethics committee of the provincial
investigation of Malaga of our center gave its approval.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.

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

References

1. Neu, R.L; Kajii, T.; Gardner, L.I.; Nagyfy, S.F. A lethal syndrome of microcephaly with multiple congenital anomalies in three
siblings. Pediatrics 1971, 47, 610-612. [CrossRef] [PubMed]

2. Laxova, R.; Ohara, P.T; Timothy, J.A. A further example of a lethal autosomal recessive condition in sibs. J. Ment. Defic. Res. 1972,
16, 139-143. [CrossRef] [PubMed]

3. Aslan, H.; Gul, A.; Polat, I; Mutaf, C.; Agar, M.; Ceylan, Y. Prenatal diagnosis of Neu-Laxova syndrome: A case report. BMC
Pregnancy Childbirth 2002, 2, 1. [CrossRef]

4. Darouich, S.; Boujelbene, N.; Kehila, M.; Badis, M.; Reziga, H.; Gaigi, S.; Masmoudi, A. Syndrome de Neu-Laxova: Rapport de
trois cas et revue de la littérature. Ann. Pathol. 2016, 36, 235-244. [CrossRef]

5. Regional Maternal-Child University Hospital of Malaga. Report of the Molecular Genetics Unit, National Molecular Ge-
netics Database, Madrid, February 2021. Available online: http://www.hospitalregionaldemalaga.es/InforCorporativa/
UnidadesdeGesti%C3%B3nCl%C3%ADnica/UGCdelLaboratorio/CarteradeServicios.aspx (accessed on 9 May 2022).

6. Wood, A.M.; Mottola, A.T.; Rhee, E.H.; Kuller, ].A. Prenatal genetic diagnosis of Neu-Laxova syndrome. ]. Obstet. Gynaecol. 2018,
38, 413-414. [CrossRef] [PubMed]

7. Acuna-Hidalgo, R.; Schanze, D.; Kariminejad, A.; Nordgren, A.; Kariminejad, M.; Conner, P.; Grigelioniene, G.; Nilsson, D.;
Nordenskjold, M.; Wedell, A.; et al. Neu-Laxova syndrome is a heterogeneous metabolic disorder caused by defects in enzymes
of the L-serine biosynthesis pathway. Am. ]. Hum. Genet. 2014, 95, 285-293. [CrossRef]

8.  Bourque, D.K.; Cloutier, M.; Kernohan, K.D.; Bareke, E.; Grynspan, D.; Michaud, J.; Care4Rare Canada Consortium; Boycott,
K. Neu-Laxova syndrome presenting prenatally with increased nuchal translucency and cystic hygroma: The utility of exome
sequencing in deciphering the diagnosis. Am. . Hum. Genet. 2019, 179, 813-816. [CrossRef]

9. Dwivedi, T.; Gosavi, M. Neu Laxova syndrome. Indian |. Pathol. Microbiol. 2019, 62, 149-152. [CrossRef]

10. Kahyaoglu, S.; Turgay, I; Ertas, LE.; Ceylaner, S.; Danisman, N. Neu-Laxova syndrome, grossly appearing normal on 20 weeks
ultrasonographic scan, that manifested late in pregnancy: A case report. Arch. Gynecol. Obstet. 2007, 276, 367-370. [CrossRef]

11. Driggers, R.W,; Isbister, S.; McShane, C.; Stone, K.; Blakemore, K. Early second trimester prenatal diagnosis of Neu-Laxova
syndrome. Prenat. Diagn. 2002, 22, 118-120. [CrossRef]

12.  Ozcan, D.; Derbent, M.; Seckin, D.; Bikmaz, Y.; Agildere, M.; De Sandre-Giovannoli, A.; Lévy, N.; Giirakan, B. A collodion baby

with facial dysmorphism, limb anomalies, pachygyria and genital hypoplasia: A mild form of Neu-laxova syndrome or a new
entity? Ann. Dermatol. 2013, 25, 483-488. [CrossRef] [PubMed]


http://doi.org/10.1542/peds.47.3.610
http://www.ncbi.nlm.nih.gov/pubmed/5547878
http://doi.org/10.1111/j.1365-2788.1972.tb01585.x
http://www.ncbi.nlm.nih.gov/pubmed/4671862
http://doi.org/10.1186/1471-2393-2-1
http://doi.org/10.1016/j.annpat.2016.04.004
http://www.hospitalregionaldemalaga.es/InforCorporativa/UnidadesdeGesti%C3%B3nCl%C3%ADnica/UGCdeLaboratorio/CarteradeServicios.aspx
http://www.hospitalregionaldemalaga.es/InforCorporativa/UnidadesdeGesti%C3%B3nCl%C3%ADnica/UGCdeLaboratorio/CarteradeServicios.aspx
http://doi.org/10.1080/01443615.2017.1343811
http://www.ncbi.nlm.nih.gov/pubmed/28903583
http://doi.org/10.1016/j.ajhg.2014.07.012
http://doi.org/10.1002/ajmg.a.61076
http://doi.org/10.4103/IJPM.IJPM_351_17
http://doi.org/10.1007/s00404-007-0349-x
http://doi.org/10.1002/pd.228
http://doi.org/10.5021/ad.2013.25.4.483
http://www.ncbi.nlm.nih.gov/pubmed/24371398

Diagnostics 2022, 12, 1535 11 of 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Manar, A.L.; Asma, B. Neu-Laxova syndrome: A new patient with detailed antenatal and post-natal findings. Am. J. Med. Genet.
A 2010, 152, 3193-3196. [CrossRef] [PubMed]

Ugras, M.; Kocak, G.; Ozcan, H. Neu-Laxova syndrome: A case report and review of the literature. J. Eur. Acad. Dermatol. Venereol.
2006, 20, 1126-1128. [CrossRef] [PubMed]

Lazjuk, G.I; Lurie, LW.; Ostrowskaja, T.I.; Cherstvoy, E.D.; Kirillova, I.A.; Nedzved, M.K. Brief clinical observations: The
NeuLaxova syndrome-a distinct entity. Am. J. Med. Genet. 1979, 3, 261-267. [CrossRef] [PubMed]

Mueller, R.E; Winter, R.M.; Naylor, C.P. Neu-Laxova syndrome: Two further case reports and comments on proposed subclassifi-
cation. Am. J. Med. Genet. 1983, 16, 645-649. [CrossRef]

Hickey, P; Piantanida, E.; Lentz-Kapua, S.; Kenner, J. Neu-Laxova syndrome: A case report. Pediatr. Dermatol. 2003, 20, 25-27.
[CrossRef]

Karimi-Nejad, M.H.; Khajavi, H.; Gharavi, M.]. Karimi-Nejad, R. NeuLaxova syndrome: Report of a case and comments. Am. J.
Med. Genet. 1987, 28, 17-23. [CrossRef]

Meguid, N.A.; Temtamy, S.A. Neu-Laxova syndrome in two Egyptian families. Am. ]. Med. Genet. 1991, 41, 30-31. [CrossRef]
Rouzbahani, L. New manifestations in an infant with Neu Laxova syndrome. Am. |. Med. Genet. 1995, 56, 239-240. [CrossRef]
Shved, I.A.; Lazjuk, G.I.; Cherstvoy, E.D. Elaboration of the phenotypic changes of the upper limbs in the Neu-Laxova syndrome.
Am. J. Med. Genet. 1985, 20, 1-11. [CrossRef]

Van der Crabben, S.N.; Verhoeven-Duif, N.M.; Brilstra, E.H.; Maldergem, V.L.; Coksun, T.; Rubio-Gozalbo, E. An update on serine
deficiency disorders. . Inherit. Metab. Dis. 2013, 36, 613-619. [CrossRef] [PubMed]

Kaur, A.; Suranagi, V.; Patil, K.; Bannur, H. Neu-Laxova Syndrome: An Unusual Association with Kyphosis. Turk. Patoloji. Derg.
2018, 34, 259-261. [CrossRef] [PubMed]


http://doi.org/10.1002/ajmg.a.33737
http://www.ncbi.nlm.nih.gov/pubmed/21108408
http://doi.org/10.1111/j.1468-3083.2006.01645.x
http://www.ncbi.nlm.nih.gov/pubmed/16987270
http://doi.org/10.1002/ajmg.1320030304
http://www.ncbi.nlm.nih.gov/pubmed/225952
http://doi.org/10.1002/ajmg.1320160424
http://doi.org/10.1046/j.1525-1470.2003.03005.x
http://doi.org/10.1002/ajmg.1320280104
http://doi.org/10.1002/ajmg.1320410109
http://doi.org/10.1002/ajmg.1320560225
http://doi.org/10.1002/ajmg.1320200102
http://doi.org/10.1007/s10545-013-9592-4
http://www.ncbi.nlm.nih.gov/pubmed/23463425
http://doi.org/10.5146/tjpath.2015.01353
http://www.ncbi.nlm.nih.gov/pubmed/28272663

	Introduction 
	Materials and Methods 
	Results: Case Presentation 
	Discussion 
	Conclusions 
	References

