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SUCCINIC SEMIALDEHYDE DEHYDROGENASE (SSADH) 
DEFICIENCY (OMIM # 271980) IS ONE OF THE FEW GE-
NETIC DISORDERS AFFECTING GABA METABOLISM 
and homeostasis. The clinical phenotype is generally nonspecif-
ic, featuring seizures, developmental delay, intellectual disability, 
delayed or absent speech, hypotonia, behavioral problems, and 
ataxia, with a typically static clinical course.1 Neuroimaging has 
most consistently demonstrated abnormalities in the globus pal-
lidus, subthalamic nucleus, and cerebellar dentate nucleus.2

The biochemical hallmark is accumulation of γ-hydroxybutyric 
acid (GHB) (Figure 1). In addition, there is significant elevation 
in GABA in physiologic fluids as well as brain parenchyma, as 
measured by MR spectroscopy with special editing.3,4 GHB may 
act directly as a partial weak GABAB receptor agonist or as a di-
rect neuromodulator on GHB receptors at pharmacologic concen-
trations, in addition to its interconversion to GABA.5 Exogenous 
GHB administration is associated with disinhibition, drowsiness, 
and ultimately coma at high doses.6 Chronic GHB administra-
tion in patients with narcolepsy-cataplexy increases delta sleep 
and suppresses REM intrusions with decreased awakenings and 
percentage of time awake during stage REM.7 We hypothesized 
that patients with SSADH deficiency have increased symptoms 
of sleep disorders and abnormal sleep architecture characterized 
by increased delta sleep and decreased stage REM sleep.

METHODS
Patients with SSADH deficiency were recruited for com-

prehensive clinical, imaging, and neurophysiologic studies. 
Diagnosis of SSADH deficiency in all patients was based on 
a consistent phenotype, 4-hydroxybutyric aciduria, and confir-
mation utilizing enzymatic assay, mutation analysis, or both. 
Patients were not selected based on specific symptomatology. 
Ten patients were enrolled. Thirteen overnight PSG studies fol-
lowed by daytime MSLTs were performed. Four patients were 
initially studied at CNMC (patients 2, 3, 7, and 10 in Table 2), 
and 9 patients were subsequently studied at NIH (3 patients were 
studied at both sites, separated by 3 years). All PSG recordings 
utilized EEG (4 channels at CNMC, 11 channels at NIH) plus 
2 leg movement channels, EOG, EKG, oximetry, snore moni-
tor, airflow, chest movements, abdominal movements, and chin 
EMG). MSLT was performed the day following overnight PSG; 
patients were offered five 20-minute naps 2 hours apart. Sleep 
latency was scored utilizing EEG, EOG, and EMG and com-
pared to pediatric normative data as reported by Hoban and 
Chervin (2001).8 The studies were done using a Grass Telefac-
tor machine in the NIH sleep laboratory and a SensorMedics 
SomnoStar Alpha system (version 4.2) at CNMC. Sleep was 
scored according to Rechtschaffen and Kales,9 and apneas and 
hypopneas were scored according to the 1998 American Tho-
racic Society criteria.10

RESULTS
Ten patients were enrolled into the study (7 male, 3 female, 

age range 11-27 years; Table 1). The results of polysomnogra-
phy are shown in Table 2 along with published age- and gender-
related normative data utilized by the sleep laboratories where 
these studies were performed.11 Thirteen overnight sleep studies 
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were obtained. Of the 3 patients studied at both sites, there was a 
time period of 3 years between the studies. Eleven MSLTs were 
completed (Table 3). Two patients did not tolerate the daytime 
recordings (patients 5 and 6, Table 3). The mean sleep efficiency 
was 90.4% (range: 79% to 98.1%). The mean percent for each 
sleep stage was: stage 1, 2.9%; stage 2, 42.2%; stage ¾, 31.9%; 
and stage REM, 8.21% (range 0.1% to 13.8%). Three patients had 
periodic leg movement indices greater than 5.0/h (Table 4). There 
was no evidence for significant sleep related respiratory distur-
bances; the apnea-hypopnea indices are reported in Table 4.

The time latency to stage REM was prolonged, with a mean 
and standard deviation of 272 ± 89 minutes. This latency was 
prolonged by 2 standard deviations (SD) in 8 of 13 recordings 
(Table 2). This finding was consistent in 2 patients studied 
twice (patients 7 and 10). In the third patient studied twice (pa-
tient #3), the REM latency was prolonged on the first study and 
borderline prolonged (by 1 SD) on the repeat study. The time 
spent in stage REM was decreased by 2 SDs in 7 of 13 studies. 
This included one patient studied twice (patient 3), with a low 
percent REM on the second study and a borderline-low percent 
REM on the first study.

Eleven of 13 attempted diurnal MSLTs were completed. The 
numbers of naps achieved per attempt are shown in Table 3. 
Five patients had decreased mean sleep latency times compared 
to Tanner stage based control data (Table 3). Two of these 5 pa-
tients had been studied twice. One (patient #10) had decreased 
mean sleep latency by 2 SD on both studies, and the other (pa-
tient #3) had a decreased sleep latency by 2 SD on one study 

and by 1.5 SD on the repeat. Two MSLTs 
had 2 sleep onset rapid eye movement 
(SOREM) episodes.

DISCUSSION
SSADH deficiency is an autosomal 

recessive inherited disorder of GABA 
degradation that has a well characterized 
human phenotype and murine model.12 
The models are consistent in biochemi-
cal alterations involving cerebral and 
CSF levels of GABA, GHB, and other 
amino acids and neurotransmitter me-
tabolites.13,14 Animal models have dem-
onstrated that hyperGABAergic states, 
e.g., via inhibition of GABA transami-
nase using L-cycloserine, are associ-
ated with reduction of REM sleep and 
prolongation of the transition phase be-
tween sleep stages NREM and REM.15 
The biochemical hallmark of SSADH 
deficiency is accumulation of GHB. This 
compound has known sedative effects in 
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Figure 1—Biochemical Pathway of GABA Metabolism. 

Table 1—Demographic Data of Patients

PID Sex Age Tanner 
Stage

Medications

1 M 10 1 none
2* M 10 2 none
3* F 11 2 methylphenidate
3 F 14 3 none
4 M 11 1 none
5 M 12 3 trazodone, stopped 1 wk before 

study
6 F 12 4 levetiracetam
7* F 13 3 methylphenidate
7 F 16 4 none
8 M 14 2 methylphenidate, citalopram, 

polyethylene glycol
9 F 19 5 aripiprazole, benztropine, citalo-

pram, metformin
10* M 23 5 carbamazepine, resperidone, 

fluoxetine
10 M 27 5 carbamazepine, fluoxetine, 

levothyroxine, risperidone

*Denotes Sleep study completed at CNMC

Table 2—Results of Polysomnography in Patients with SSADH Deficiency

PID Efficiency Sleep Lat 
(min)

REM Lat 
(min)

Stage 1% Stage 2% Stage 3/4 % REM %

1 91.8 15.5 216.0 19.9 45.1 31.5 3.5
2* 89 6.5 192 2.0 42.4 36.4 9.5
3* 94 4.5 prolonged 3.7 41.1 30.6 19.7
3 87.4 34.5 235 9.7 47.5 31.0 11.7
4 92.1 8.5 242.5 18.7 49.9 24 9.4
5 78.9 42 363.0 13.4 41.6 44.7 0.3
6 81.8 9.5 358.5 19.9 39.2 30.4 10.5
7* 84.0 12.5 prolonged 1.8 45 25.3 13.8
7 95 11 264.5 16 51.3 28.7 4
8 95 12.5 390.0 29.1 43.2 25.8 1.9
9 98 3.5 126.5 18.4 11.2 60.4 4.7
10* 80.0 28 216.0 3.7 36.8 21.4 17.6
10 98.1 0 390.0 11.7 54.2 25 9.1

Bold: > 2 SD from mean. *Denotes Sleep study done at CNMC
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humans, associated with potential for abuse as well as therapeu-
tic value for consolidation of sleep and reduction in cataplexy 
in patients with narcolepsy. GHB has furthermore been associ-
ated with reduced stage REM and augmented delta sleep.

Sleep disturbances, therefore, may be anticipated in SSADH 
deficiency. Recent reports have emphasized sleep disorders 
in young adults with SSADH deficiency including prolonged 
sleep attacks with hallucinations in a pair of brothers.14,16 A sin-
gle case report of polysomnography in a patient with SSADH 
deficiency revealed a slight increase (0.1%) in delta sleep the 
first night and an increase in slowing and delta sleep the second 
night following a generalized tonic-clonic seizure.17

We have previously reported an approximately 40% inci-
dence of clinical sleep disturbances based on self-report by fam-
ilies in a database comprised of questionnaire-derived data.18 
The symptoms are typically difficulty with maintaining sleep or 
excessive daytime sleepiness. We now report sleep study results 
of 13 PSG recordings in 10 patients with SSADH deficiency. 
Polysomnographic results did not substantiate consistent prob-
lems with sleep efficiency, overnight sleep fragmentation, or 
respiratory disturbances. Sleep architecture, however, showed 
a trend toward prolonged latency to achieve stage REM and 
a decreased amount of stage REM. Approximately half of the 
patients had decreased mean sleep latency on MSLT, consistent 
with excessive daytime somnolence. The results were concor-
dant between repeat studies in the same patients, so that abnor-
malities were consistently abnormal by 2 SD, or were abnormal 
by 2 SD on one study and a trend in this direction without quite 
achieving this level of significance on the other study. While 
some patients were on antidepressant medications having the 
effect of potential REM suppression, 5 of the 8 patients with 
decreased REM percentage were on no medications at the time 
of the study (Table 1).

Thus, SSADH deficiency appears to be associated with sup-
pression of REM sleep. This is consistent with experimental 
findings of decreased stage REM related to elevations of both 
GHB and GABA, although the mechanism for REM sleep in-
hibition in SSADH deficiency is unknown. Studies utilizing 
agents that augment stage REM, e.g., donepezil, may be con-
sidered in the murine model or clinical disorder.
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