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Abstract

Purpose Neonatal nonketotic hyperglycinemia is an

autosomal recessive inborn disorder of glycine metabolism

in which large quantities of glycine accumulate in all body

tissues. It is characterized by a progressive lethargy,

hypotonia, myoclonic jerks, and early death secondary to

respiratory problems. As a result of early diagnosis and

treatment protocols, more patients survive the critical

neonatal period with profound mental retardation, delayed

developmental milestones, seizures, and spasticity. There

are no reports about the orthopaedic manifestations of

neonatal nonketotic hyperglycinemia. The purpose of this

study is to evaluate the musculoskeletal findings of

neonatal nonketotic hyperglycinemia.

Methods This is a retrospective IRB-approved study of all

patients in our Orthopaedic and Genetics Clinics with the

diagnosis of neonatal nonketotic hyperglycinemia during a

10-year period. Demographic, clinical, and imaging data

were analyzed.

Results Twelve patients with neonatal nonketotic hyper-

glycinemia were evaluated, with a mean age of 7 years and

2 months (range: 5 months to 21 years). Seven were male

and five were female. Eleven patients (92 %) have evi-

dence of progressive early-onset neuromuscular scoliosis

with a mean Cobb angle of 55� (range: 30–95�). Five

children (42 %) presented evidence of progressive hip

dislocation secondary to spasticity. All the patients have

severe multiple joint contractures.

Conclusion Neonatal nonketotic hyperglycinemia is a

rare metabolic disorder presented in the past as a lethal

condition. Recent advances in early diagnosis and neonatal

care improve overall outcome. As pediatric orthopaedic

surgeons, we need to establish treatment based on update

information of the disease and probability to improve

quality of life.

Keywords Metabolic disorder � Scoliosis � Joint

contractures � Hip dislocation

Introduction

Neonatal nonketotic hyperglycinemia (NKH) (McKusick

23830, OMIM 605899) [1], also known as glycine enceph-

alopathy, is an autosomal recessive disorder of glycine

metabolism [2] that causes an excessive accumulation of

glycine in all body fluids and tissues, including the brain and
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nerve tissues [1, 3–13]. Glycine functions as both excitatory

and inhibitory neurotransmitters. It acts as a neuromodulator

with an excitatory effect at the N-methyl-D-aspartate

receptor channel complex located at the cortex and fore-

brain, causing intractable seizures, and acts as an inhibitory

neuromodulator at the spinal cord and brainstem level,

causing muscular hypotonia, neonatal apnea, and hiccup-

ping [1–4, 8, 11, 12].

The incidence is 1 in 12,000 live births in Finland and 1

in 63,000 live births in British Columbia, Canada [3, 6, 8].

There is an elevated presentation among the Arab-Israeli

population, New Zealand Maori, and southern part of the

Netherlands [11, 14].

NKH has been classified based on the age of manifes-

tation and clinical outcome as neonatal, infantile, late-

onset, and transient types [8]. The majority of the cases

presented in the neonatal form, also known as classical

type, with progressive lethargy, hypotonia, and myoclonic

jerks in the first hours to days of life, leading to apnea and

death after an uneventful pregnancy and delivery [2–4, 9,

11, 13–15]. The patients, who rarely survived, have pro-

found intellectual disability and intractable seizures. The

initial hypotonia converts to a severe spasticity before

6 months of age [4]. The second most frequent presentation

is infantile with hypotonia, progressive spasticity second-

ary to the intractable seizures with developmental delay,

and severe psychomotor retardation after a normal preg-

nancy, labor, and neonatal period. The other presentations

range from milder disease, with onset from late infancy to

adulthood, to rapidly progressing and severe disease with

late onset. The overall life expectancy from this metabolic

entity varies by clinical form, with an evident poor life

expectancy in the neonatal form compared with those

patients with infantile or atypical presentation, who have a

better prognosis [1, 4].

Additional clinical features of NKH anecdotically repor-

ted include cleft lip/cleft palate, dysplastic ears, congenital

hernia, cryptorchidism, pulmonary hypertension [15, 16],

and brain malformations, such as hypoplasia of the corpus

callosum [10]. The occurrences of those manifestations are

always associated with a poor clinical course [1]. The

orthopaedic manifestations of NKH have not been previ-

ously described in the literature. The purpose of this study

is to present the natural history and musculoskeletal man-

ifestations of a neonatal NKH patient group.

Materials and methods

This is a retrospective study of all neonatal NKH patients

diagnosed and followed in the Orthopaedic and Genetics

Clinics of Mayaguez Medical Center, Puerto Rico, from

2000 to 2010. Approval was given by the Institutional

Review Board of the Ponce School of Medicine, Puerto

Rico. All the patients were diagnosed due to the presence

of an increased cerebrospinal fluid (CSF) to plasma glycine

ratio ([0.08, normal level \0.02), together with a CSF

glycine concentration over 80 lmol/L (normal level

\20 lmol/L) at birth, motivated by the clinical picture of

neonatal hypotonia, seizures, and respiratory problems.

The following clinical demographic data were collected:

age, gender, birth history, weight, treatment, family his-

tory, symptoms, hospitalizations, and age at death. The

physical examination included joint range of motion and

deformities. The radiograph evaluation consisted of a serial

pelvis and spine radiograph done every 6 months over the

10-year study period.

Results

Twelve neonatal NKH patients were evaluated during the

2000–2010 study period. Seven patients were male (58 %)

and the remaining five patients were female (42 %). The

mean age at the last evaluation was 7 years and 2 months

(range: 5 months to 21 years). The mean follow-up time

was 5 years and 4 months (range: 5 months to 10 years).

None of the patients were lost to follow-up. Of the 12

patients studied, five patients are surviving at the time of

writing the study, with a mean age of 5 years and 6 months

(range: 2–12 years). All the patients presented severe

spasticity associated to intractable seizures, developmen-

tal delay, deep psychomotor retardation, and respiratory

problems that required multiple annual hospitalizations.

Seven patients died during the follow-up period, at a mean

age of 8 years and 5 months (range: 5 months to 21 years),

secondary to respiratory problems, such as aspiration

pneumonia, infections, or respiratory insufficiency.

The clinical findings and orthopaedic manifestations of

the 12 patients are presented in Table 1. Seizures, neonatal

hypotonia, late-onset spasticity with multiple joint con-

tractures, failure to thrive, nonambulatory, and severe global

mental retardation were present in all patients. Four of

twelve of the patients required mechanical ventilation dur-

ing the neonatal period. The mean birth weight percentile

was within the normal range for gestational age and gender

(mean: 43th, range: 10–97th). Progressively, these patients

develop a decrease of their percentile secondary to failure

to thrive (mean: 27th, range: 3–50th). Grade IV gastro-

esophageal reflux was documented in all patients requiring

gastrostomy, with fundoplication in 10 of 12 patients.

All the patients had orthopaedic manifestations of

diverse severity. Except for one patient that died at

5 months of age, the rest of the patients had early-onset

progressive neuromuscular scoliosis. The curve involves

the entire thoracic and lumbar spine with the apex being
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near the thoracolumbar junction, with an evident pelvic

obliquity as the main presentation (see Fig. 1). The mag-

nitude of the spine progressive deformity was defined using

the Cobb measurement [17]. The mean Cobb angle was

55�, with a range of 30–95�. The mean Cobb angles in the

surviving patients at study preparation was 45� (range:

30–63�) versus 63� (range: 45–95�) in those patients that

expired before the preparation of the manuscript (p =

0.5208; no significant differences). The clinical features

combined with the spine deformity confirmed that our

population suffered a clear picture of thoracic insufficiency

syndrome [18], secondary to the inability of the chest to

maintain an adequate chest and lung growth and function.

This limitation is secondary to the chest muscle spasticity

and limited lung space available, due to the severe scoli-

osis. Once the patient progressed to more than 40�, they

were treated with bracing without success to control the

progression of deformity.

Besides joint contractures and scoliosis, other muscu-

loskeletal manifestations included neuromuscular hip dis-

location, pathologic fractures, and rigid pes equinovarus.

Five of twelve patients presented painful hip dislocation

secondary to the adductor contractures, with evidence of

progressive hip dysplasia (see Fig. 2). The rest of the

patients were found with limited abduction (less than

40�) with coxa valga without evident hip dislocation. All

patients have bilateral knee extension contractures with

bilateral ankle equinovarus deformity secondary to the

joint contractures. The upper extremities showed bilateral

shoulder adduction contractures, bilateral elbow extension

contractures, and bilateral wrist flexion contractures with

thumb in palm. They have an opisthotonus presentation.

Due to the osteoporotic bone, four patients had pathologic

fractures that were treated conservatively.

Discussion

NKH is an autosomal recessive inborn error of glycine

degradation resulting in an excessive accumulation of

glycine in all tissues, predominantly in the central nervous

system [5]. The diagnosis of NKH is based on an increase

of glycine in plasma and CSF, with an increase in the CSF

to plasma glycine ratio [1, 3–5, 8, 14]. Enzymatic confir-

mation relies on measurement of the glycine cleavage

Table 1 Patient demographics

Patient number 1 2 3 4 5 6 7 8 9 10 11 12

Gender M M F F F M M M M F M F

Birth weight

percentile

10th 50th 50th 50th 75th 97th 25th 10th 50th 25th 50th 25th

Last weight

percentile

10th 3th 10th 50th 3th 25th 25th 50th 50th 50th 3th 50th

Last age 5 months 21 years 6 years 4 years 14 years 12 years 5 years 2 years 6 years 2 years 12 years 2 years

Last status Expired Expired Expired Expired Expired Alive Alive Alive Alive Expired Expired Alive

Follow-up 5 months 10 years 6 years 4 years 10 years 10 years 5 years 2 years 6 years 2 years 10 years 2 years

Scoliosis

(Cobb) (�)
Neg. 57 85 45 95 63 45 30 56 52 45 30

Hip dislocation Neg. Both Right Neg. Both Neg. Left Neg. Neg. Neg. Left Neg.

Pathologic

fracture

Neg. Neg. Pos. Neg. Neg. Pos. Pos. Neg. Neg. Neg. Pos. Neg.

Joint contractures Pos. Pos. Pos. Pos. Pos. Pos. Pos. Pos. Pos. Pos. Pos. Pos.

G-tube Neg. Pos. Pos. Pos. Pos. Pos. Pos. Pos. Pos. Neg. Pos. Pos.

Fig. 1 Spine AP radiograph—17-year-old male patient with progres-

sive neuromuscular scoliosis
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enzyme activity in the liver obtained by open biopsy or by

molecular genetic testing [1–6, 8, 11, 14].

The classification of NKH is based on the age at initial

presentation and ultimate clinical outcome [4]. No effec-

tive treatment exists to counteract the impaired glycine

metabolism in neonatal NKH [1–3, 8, 10, 12, 14]. The

current treatment is targeted to control the cell damage

through a reduction of the plasma concentration of glycine

with sodium benzoate [1, 4, 5]. Clinical data on the CNS

glycine level changes as a result of these medications is

still limited [2, 4]. Blockers of glycine receptors such as

ketamine, dextromethorphan, or felmate, together with an

antiepileptic medication such as benzodiazepines, has been

used with variable outcomes [1, 4, 7, 8].

NKH needs to be considered in the differential diagnosis

of a newborn with unexplained apnea, lethargy, myoclonic

jerks, and seizures [3, 4]. Although this is a rare recessive

metabolic disorder, we have evaluated 12 cases of neonatal

NKH that survived and which were followed in our insti-

tution for a 10-year period. Diagnosis was based upon

clinical features, together with the increase in CSF and

plasma elevated glycine levels, as well as elevated CSF to

plasma ratio. Molecular diagnosis was not performed due

to the high costs of sequencing and the lack of medical

insurance coverage for this test. Enzymatic confirmation

was not performed due to the surgical risk of an open liver

biopsy. As an autosomal recessive condition with a 25 %

of chance of recurrence on each pregnancy [4], two

patients had a sibling with NKH that died during the

neonatal period.

The clinical orthopaedic manifestations seen in these

patients are secondary to the excitatory effect at the cortex

and forebrain level, leading to an extreme spasticity, joint

limit range of motion, and deformity such as painful hip

dislocation, pes equinovarus, and pathologic fractures that

impair quality of life. All the patients suffered from an

early-onset neuromuscular scoliosis. During the 10-year

period of this study, 58 % of patients died secondary to

thoracic insufficiency syndrome [18].

The current literature presented this disorder as a neo-

natal lethal condition jeopardizing the success of any

medical or surgical treatment. Hoover-Fong et al. [4] in

2004, reported 4 years and 2 months as the mean age of

death in those patients that survived the newborn period; in

our study, the mean age of death was 8 years. However,

recent work has reported that patients with a similar clin-

ical presentation, such as severe cerebral palsy, have a life

span that reaches the age of 60 years [19]. The message of

this work is that children with NKH should not be con-

sidered as a severely spastic cerebral palsy patients.

Although none of our patients had surgery, we recognize

that, with recent advances in pediatric post-surgical care

and in non-fusion spine instrumentation techniques, select

patients with painful dislocated hips and/or progressive

scoliosis with thoracic insufficiency syndrome may benefit

from surgery, in spite of their limited life span. The treat-

ment decision must involve the family and must be in the

patient’s best interest.
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