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Abstract 

Background  A recurrent de novo variant (c.892C>T) in NACC1 causes a neurodevelopmental disorder with epilepsy, 
cataracts, feeding difficulties, and delayed brain myelination (NECFM). An unusual and consistently reported feature 
is episodic extreme irritability and inconsolability. We now characterize these episodes, their impact on the fam‑
ily, and ascertain treatments that may be effective. Parents of 14 affected individuals provided narratives describing 
the irritability episodes, including triggers, behavioral and physiological changes, and treatments. Simultaneously, 
parents of 15 children completed the Non-communicating Children’s Pain Checklist-Revised (NCCPC-R), a measure 
to assess pain in non-verbal children.

Results  The episodes of extreme irritability include a prodromal, peak, and resolving phase, with normal periods 
in between. The children were rated to have extreme pain-related behaviors on the NCCPC-R scale, although it 
is unknown whether the physiologic changes described by parents are caused by pain. Attempted treatments 
included various classes of medications, with psychotropic and sedative medications being most effective (7/15). 
Nearly all families (13/14) describe how the episodes have a profound impact on their lives.

Conclusions  NECFM caused by the recurrent variant c.892C>T is associated with a universal feature of incapacitat‑
ing episodic irritability of unclear etiology. Further understanding of the pathophysiology can lead to more effective 
therapeutic strategies.

Keywords  NACC1, Extreme irritability, NECFM, Episodic irritability, Agitation, Paroxysmal sympathetic hyperactivity, 
Neuroirritability

Background
The nucleus accumbens associated 1 gene (NACC1 
[MIM: 610672]) is a member of the BTB/POZ domain-
containing gene family and encodes NAC1, a protein 
that functions as a transcriptional regulator. Our group, 
as part of the Undiagnosed Diseases Network (UDN), 
previously reported a recurrent de novo missense vari-
ant in NACC1 (NM_052876.3:c.892C>T, p.(Arg298Trp)) 
in seven children, resulting in severe to profound intel-
lectual or developmental disability (7/7), epilepsy (7/7), 
bilateral congenital cataracts (5/7), postnatal microceph-
aly (5/7), feeding difficulties and/or feeding intolerance 
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(7/7), stereotypic movements (6/7), sleep disorder (5/7), 
delayed myelination (4/7), and cyclical bouts of irritabil-
ity (7/7) [MIM# 617393; Neurodevelopmental disorder 
with epilepsy, cataracts, feeding difficulties, and delayed 
brain myelination (NECFM)] [1]. Although not included 
as a key feature in the acronym NECFM, recurring epi-
sodes of excessive crying, tactile aversion, breath-holding 
spells, and inconsolability had been reported. Since this 
publication, more individuals have been diagnosed with 
NECFM, and it is evident from communications from 
parents and providers, that the periodic irritability is 
ubiquitous in individuals with the recurrent c.892C>T 
variant, manifests early in infancy, is debilitating and is 
thus a source of extreme hardship for families. The epi-
sodes are challenging to treat.

The term “irritability” was chosen to characterize these 
behaviors in this study because it is defined as an abnor-
mal responsiveness to a broad variety of stimuli, which 
could include pain, fright, drug, emotional trigger, or 
medical condition [2]. An alternative term that would be 
appropriate is “neuroirritability” which has been used to 
describe persistent or recurrent episodes of pain arising 
in the CNS, once nocioceptive sources of pain have been 
ruled out [2]. However, since we are not sure if the cycli-
cal episodes are solely pain-related, we use the broader 
term of “irritability” to describe these. Severe irritabil-
ity has been observed in many neurodevelopmental and 
neurologic disorders [2–7], although not typically epi-
sodic as in NECFM. These include a few rare genetic 
disorders, such as Krabbe [8], Juvenile Neuronal Ceroid 
Lipofuscinosis (JNCL) [9], and Rett syndrome [10, 11]. 
In Krabbe disease, the etiology of irritability is uncertain, 
but may be pain-related due to peripheral neuropathy 
[8]. Children with Baker-Gordon syndrome, an ultra-rare 
disorder caused by SYT1 variants, experience agitated 
phases, which are unprovoked and may include scream-
ing, increased involuntary movements, chest-beating, 
and minor self-injury including chewing on fingers and 
hands [12]. The length of the episodes varies from min-
utes to days, but unlike NECFM they were not described 

during infancy [12]. The episodic irritability observed 
in NECFM appears to be unique in that it is cyclical, 
extreme, seemingly unprovoked, manifesting in infancy, 
and long-standing.

Since the cause of the irritability is unknown in 
NECFM and children are unable to communicate, we 
considered possible sources, beginning with pain. Pain is 
defined as an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage 
[2]. In children with severe neurological impairments, 
there are many different causes of pain, such as nociocep-
tive (arising from damage to non-neural tissue), or neu-
ropathic (arising from disruption of the somatosensory 
nervous system, such as central neuropathic pain and 
visceral hyperalgesia) as well as autonomic dysfunction 
[2] and we sought to obtain more information on pain 
through a validated pain survey. However, the possibility 
remains that the cyclical episodes in NECFM are caused 
by an underlying etiology other than pain. Due to the 
universal, unique, severe and incapacitating nature of the 
periodic irritability and the tremendous medical impact 
on the affected individuals and psychological impact on 
the families, we designed a study to describe the episodes 
in further detail, understand the clinical correlates and 
determine if there were interventions that were effective 
in mitigating these, from the perspectives of parents car-
ing for these individuals.

Results
Nineteen parents of 15 individuals with the recurrent 
NACC1 variant c.892C>T participated in this study. All 
families (15/15) completed the NCCPC-R, and 14/15 
families completed the parental narratives. Participants 
resided on four continents (North America, Europe, Asia 
and Australia) and their details are provided in Table 1.

Narrative description of irritability episodes
Fourteen families completed the narrative prompts. 
Almost all (13/14) of the families described episodes of 
extreme irritability, agitation and inconsolability. One 

Table 1  Demographic information for respondents and the affected child

a The skewed female/male ratio is noted, but the gender difference is not as striking in a larger cohort of individuals known to the authors

Demographic variables Respondent (N = 19) Affected child (N = 15)

Gender 10/15 mother only (67%)
1/15 father only (7%)
4/15 both parents (27%)

4/15 female (27%)
11/15 male (73%)a

Average age (years) 34.0 ± 10.1 (34–72 years) 9.0 ± 6.4 (1–25 years)

Local origin 14 Caucasian, 3 Asian, 2 preferred not to respond 12 Caucasian, 2 Asian, 1 > 1 race

Ethnicity 1/19 Hispanic (5.2%) 1/15 Hispanic (7%)

Age at diagnosis n/a Mean: 6.2 ± 6.2 (birth to 25 years)
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family described their 1 year old child as having had only 
had one crying episode; however within the next month 
this family reported that their child was experiencing the 
typical episodic crying and inconsolability. However, for 
consistency of the methods, the original narrative pro-
vided by the family was used for analysis.

Analysis of the parental descriptions of the irritability 
episodes demonstrated that they consisted of sequen-
tial Prodromal, Peak, and Resolving phases (Table 2). In 
between these episodes the parents described their chil-
dren as engaged, happy and content in the setting of sig-
nificant developmental disability.

Duration of episodes and change over time
The duration and intervals between episodes varied 
between the individuals. The parents reported the onset 
of irritability and inconsolability occurred between birth 
and 12 months of age. Of the six families who reported 
onset at birth, three described the inconsolable crying as 
nearly constant initially, but over time becoming more 
episodic in nature. The parents described the current fre-
quency of episodes as one to four times per month, and 
the duration of the episode from hours to days, with the 
maximum length reported at 10  days. Most of the par-
ents also described a change in the pattern over time, 
with half noting overall improvement with age (7/14).

Improvements in the episodes were attributed to inter-
vening earlier as parents identified signals that an epi-
sode was starting, and reducing environmental triggers 
(if known) and GI discomfort. Of the families who have 
children over 3 years of age, none reported that the epi-
sodes had worsened since that age, and six reported that 
the severity of the episodes has remained the same since 
that time. However, 3 of the 5 families with post-pubertal 
children commented that the episodes were temporarily 
worse during puberty.

In the very beginning we couldn’t recognize the start 
and stop of the single cycle... Then we started to rec-
ognize the phases, looking like a sinusoidal curve.... 
Family 8
They are better now, due to a wider array of medi-
cations that we use to treat his discomfort and pain 
(benzos, nausea/GI meds, spasticity, sleep, CBD oil), 
and also a general approach to treat aggressively 
sooner rather than later. Family 4

Symptomatic associations, triggers, or external/
environmental factors precipitating or preceding 
an episode
The majority of parents (9/14) specifically stated that 
they have not been able to identify a consistent trigger. 
Although a causal link is not certain, five of the families 

have identified circumstances that are sometimes associ-
ated with the the onset of episodes, including GI discom-
fort, overstimulation, and lack of sleep. However none of 
these are consistent triggers, and the episodes may occur 
in the absence of them.

We had done a follow-up over several weeks in 2015 
to identify cycles, with her meals, her bowel move-
ments, her crying, her crises, rests, but nothing came 
out. Family 15
He has had many clinic and ER visits earlier on in 
his life (first 2 years)… looking into GERD, ear infec-
tions, gall stones, kidney stones, bladder infections, 
broken bones, headaches, abdominal distress all to 
no avail. He has been tested for metabolic or elec-
trolyte changes…. spasticity pain, neuropathic pain, 
sickness, full moon cycles, weather patterns, tooth 
pain, intolerance to tube feedings…, but have never 
been able to link any of these items to be what has 
caused or triggered an episode. Family 1

Eleven of the families reported that their child has had 
seizures, and of these the majority were under control 
(9/11). One family was uncertain about whether their 
child had seizures. Seizure activity was not reported to be 
consistently related to the irritability episodes.

Some (3/14) feel that there is connection with GI 
symptoms (constipation, GERD), although it is unclear 
whether there is a causal relationship or an observed 
association.

Nothing related to the environment, no hard trigger, 
no exact association, but in our opinion and experi-
ence, just “soft” wrong things that start the bad cycle 
(examples: a meal not perfectly digestible, eating too 
fast, too much vegetables, change in habits or about 
daily routine, strong noises or excess of excitement). 
Family 8

Intervention during episodes and outcomes
The parents reported limited and variable success in 
treating the irritabilty episodes with medication, pri-
marily focusing on symptom management. One of the 
families reported that aggressive bowel cleanout and 
medications, in combination with early recognition of 
signs, has reduced the severity of the episodes.

The only medications we’ve found helpful are those 
that treat the symptoms... Nothing we have ever 
tried has prevented or lessened the length of the epi-
sodes themselves. They seem to change and evolve 
over time without any rhyme or reason as to why. 
Family 11
Daily CBD oil (seems to have) helped make the 
irritability cycles less frequent and not as severe. 
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Table 2  Descriptions and representative quotes from parents characterizing the phases of the irritability episodes

a Parents did not use specific terms to describe the prodromal and resolving phases

Description of episodes Representative quotes from parent narratives

Prodromal phase:
Occurs 1–2 days prior to the peak of the irritability episode
Families describe their children as having behavioral or physical changes 
indicating the impending onset of an irritability episode (13/14). They describe 
increase in vocalization (7/14), movements (6/14) and stiffness/spasticity 
(6/14); development of agitation (6/14), jaw clenching (5/14), inappropriate 
smiles/laughter (7/14), clammy hands and feet (7/14), an unusual smell (3/14), 
and decreased sleep (6/14)

There are several behavioral and movement symptoms that precede his bad 
episodes or storms as we call them. We start to notice 1–2 days prior to the cycle 
these symptoms: sleep disturbances, trouble sleeping, red clammy hands/feet, 
grinding his teeth, slight increased spasticity, and more sensitivity to his environ‑
ment such as him giving us warning yells or the inappropriate laughter. The 
sensitivity to his environment includes not being able to tolerate people talking 
to him and responding with an inappropriate crazy laughter that actually then 
turns into a pout and a cry. It’s his way of saying, "this is too much loud and too 
much input and I can’t take it anymore, stop." Family 1
We can understand the bad cycle upcoming when we see a different gaze 
in the eyes of [our son]. He becomes disoriented, starts to contract muscles, puts 
his hands in his mouth, increases the salivation, his hands and feet have a cold 
sweat. Family 8
Stiffness in limbs, involuntary movement of arms and legs (dystonia) vomit‑
ing and nausea and retching, sleeplessness, not wanting to eat or drink. Manic 
laughing, restless and not sleeping. Family 5
I notice clammy hands, hot/sweating forehead, more rigidity in his arms 
and legs, constipation, serious/no smiles. Family 9
For a while she had a smell, coming from her breath/head, that we’d call the bad 
day smell. She’d get it the day before the bad days. It was a weird acidic sort 
of smell. Family 11
She starts with her right ear getting red and blotches of red on arms, chest, 
and face which usually signals one coming. She get very stiff and yells, cries, 
or laughs uncontrollably. Family 12

Peak phase:
The peak of the irritability episode lasts from 1 to 5 days, with the longest 
reported at 10 days
Parents describe the escalation of the episodes in various terms, includ‑
ing “storms”, “bad cycles”, “hypercycle”, “panic attacks”, “spells”, and “bad days”.a 
The child’s vocalizations become screams/yells (14/14), abnormal movements 
increase including rolling, thrashing, and posturing (11/14), with stiffness 
and spasticity (11/14). Signs of agitation (8/14) and gastric symptoms (6/14) 
increase with some children not being able to eat or drink (5/14). Parents note 
that their child is unfocused and disengaged (5/14)

It is a painful scream and sometimes more fierce like a neurological crazy cry, 
like something is driving him crazy/mad and he cannot stop it. Family 1
When the bad cycle became worst, we lose him, he seems to be absent, 
and seems to be concentrated only on his pain. He is in another dimension, 
and we can do very little to calm him, to resolve the situation. Family 8
Behaviors that emerge or are more severe during an episode—biting or chew‑
ing of himself, temperature disregulation (he gets hot very quickly), GI discom‑
fort. He goes from using communication techniques (nods or raising eyebrows) 
to not communicating at all (except to scream) Family 4
Irritability getting worse over time, will not sleep without sedative medications, 
thrashing hands, stomping feet, arching back, lifts head and swing back violently, 
wriggling around, restless body, turning head side to side, rubbing face -causing 
skin irritation, stiff, wants to be flat—does not want to sit. Eyes not focusing 
on anything in particular. Increase work of breathing, stridor is worse. Increased 
heart rate. Doesn’t smile or laugh. Doesn’t interact with family/carers. Sometimes 
bites fingers. Grinding teeth. Dry cracked lips. Head becomes very sweaty. Body 
temperature increases. Family 10
During these episodes, she is very irritated, it is better to leave her alone 
in the dark without noise. She can’t stand being touched, talked to, cuddled… 
No communication is possible. Family 15
During a hypercycle (irritable cycle), he has involuntary movements and can roll 
in his bed for hours on end. There is a lack of sleep and that sometimes that lasts 
about 2–3 days maximum. Exercise (therapy), loud noises, chaos and light will 
only intensify his involuntary movements. He screams and makes a lot of loud 
noises. This escalates over 2–3 days till it reaches a peak and then it ends 
with a sleeping cycle. Family 7
We have noticed temp changes and he will be diaphoretic, clammy and have 
low grade fevers that are resolved once the cycle has stopped. Family 1

Resolving phase:
The episodes often end with the onset of sleep, tiredness, and lethargy, typi‑
cally lasting 1–2 days

In the following days after the bad part of the cycle, [he] sleeps a lot, he is in gen‑
eral sloppy and with a very low tone, he eats and drinks with no rush…. we say 
that he is recovering from his marathon, from his endurance race. Family 8
The cyclic bad days would last 3–4 days often culminating in an evening 
of extreme nausea (nonstop gagging and retching) and then we knew the bad 
days were ending. She’d sleep that night and wake up better the next day. Often 
she’d sleep a day or two straight to recover from the bad days. Family 11
Since she doesn’t sleep much during an episode, when she calms down she 
sleeps a lot for a couple of days. Family 12
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Maybe. Our initial go-to during cycles is Ativan, and 
if that does not help him calm down, we try Tiza-
nidine (muscle relaxant). If that doesn’t help, we try 
Clonidine (lowers BP)… Most irritability incidents 
are resolved with the Ativan. Family 4

All 15 families responded to the questions about medi-
cation efficacy; they had tried an average of 8.5 ± 12.7 
medications (1–53), with a median of 5. However, not 
all families documented or provided all the medica-
tions tried across the child’s lifespan, so this is likely an 
underestimate. The most common categories of medi-
cations tried were psychotropic medications and seda-
tives (10/15) and anti-epileptic/neuralgic/dystonia 
medications (11/15), followed by medications for GERD/
GI problems (9/15) and anti-adrenergic medications 
(7/15) (Table  3). Some of these medications were given 
daily as a maintenence dose, and others were utilized 
only during the Prodromal or Peak phases. Psychotropic 
medications including anti-anxiety, anti-depressant, and 
anti-psychotic, and sedative medications were the most 
effecive in treating Peak phase symptoms (Table 3). Two 
other drugs were reported to be effective by multiple 
families in the peak phase—the alpha-agonist and anti-
adrenergic medication clonidine (6/15), and medical 
marijuana/THC (4/15), given as THC only, THC + CBD 
oil, or liquid via G-tube.

In addition to medications, parents also have tried 
comforting their child by reducing environmental stimuli 
(quiet, calming environment), cuddles, rocking etc.

He can get so sensitive as we cannot look or directly 
talk to him and he only remains content and with-
out cries if we keep him in a dark quiet room.  
Family 1

NCCPC‑R results
The surveys were completed by all families (15/15). Fig-
ure  1 illustrates the frequencies for each item on the 
NCCPC-R. The mean total score was 51.9 ± SD 8.1 (37 
to 64), and a median of 56. Remarkably, all 15 individuals 
had scores higher than the NCCPC-R cutoff of 7, which 
indicates pain. All the parents endorsed that their chil-
dren were stiff/spastic/tense/rigid and jumping around/
agitated/fidgety (Fig. 1).

Impact on families
The extreme nature of the episodes, the medical impact 
on the child and the lack of an etiology and specific treat-
ment is theorized to result in an impact on the families. 
Indeed, we found that nearly all parents report a tremen-
dous impact on the well-being of their family, including 
an emotional impact (12/14), practical/logistical chal-
lenges of everyday life (13/14), and impact on extended 
family and/or siblings (8/14) (Table  4). Although not 
specifically asked through prompts, three families also 
described medical uncertainty and concern about the 
future.

Table 3  Details of empirical medications, categorized by class and by efficacy in Peak phase

a The medications are not mutually exclusive, and many patients were on multiple medications

Medication class Number 
of patients

Single most effective medicine 
for each patient during peak of 
episodes

Additional effective medicationsa endorsed by 
parents

Non-opioid painkillers 5 Paracetamol (2)

Opioid painkillers 5 Hydromorphone
Oxycodone

Psychotropic medications and sedatives: 
anti-anxiety, antidepressant, anti-psychotic

10 Clonazepam (2)
Lorazepam
Diazepam (2)
Chloral hydrate
Nortriptyline

Lorazepam (3)
Diazepam
Chloral hydrate
Clonazepam

GERD/GI medications 9 Daily enema

Anti-epileptic, neuralgic, dystonia 11 Medical marijuana/THC (2) Medical marijuana/THC (2)
Phenobarbital

Anti-adrenergic 7 Clonidine (2) Clonidine (4)
Tizanidine

Beta blocker 2 Propranolol Atenolol (tachycardia)

Miscellaneous 4 Atenolol (tachycardia)
Ondansetron injection (severe nausea)
Tetrabanazine

Non-prescription sleep aids 4 Dream (melatonin, gabapentin, chamomile extract)
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Discussion
Individuals with NECFM caused by the recurrent NACC1 
variant c.892C>T have a unique, ubiquitous and debili-
tating manifestation of episodic irritability [1]. Nearly all 
parents describe extreme episodes of irritability, agitation 
and inconsolability that result in disruption of their daily 
activities, feeding, sleep, and require multiple medica-
tions that are typically not utilized in the management 
of individuals with severe neurodevelopmental disor-
ders (outside of behavior/sleep). The episodes generally 
consist of three parts, including prodromal, peak, and 
resolving phases, and between episodes the children are 
described as being content, emphasizing that the irrita-
bility is cyclical and not chronic. Although most parents 
have not identified triggers, over time they have identi-
fied medications or environmental changes that shorten 
or decrease the intensity of the irritability episode.

The cause of the episodic irritability is unknown, but we 
considered several possibilities based on parental feed-
back. Parents consistently endorsed pain-related behav-
iors, but without an identified underlying source of the 
pain. While a score of seven or more on the NCCPC-R 

has been shown to indicate a child is in pain, the families 
in this study reported pain behaviors ranging from five to 
nine times higher than this, with a median score of 56. 
Parental narratives provided further details and corrobo-
rated these scores. While it is conceivable that medical 
problems experienced by these individuals could explain 
the pain behaviors, such as seizure activity and gastro-
intestinal problems, they did not consistently coincide 
with the irritability episodes making central neuropathic 
pain (mediated by the GI tract) and visceral hyperalge-
sia unlikely, and other underlying sources of nociocep-
tive pain were not identified. The parental description of 
changes suggestive of dysautonomia, such as tachycardia, 
sweating, and  dystonic posturing raise the possibility of 
pain due to paroxysmal sympathetic hyperactivity (PSH). 
The classical occurrence of PSH is with traumatic brain 
injury, but in this setting the PSH episodes are usually 
associated with a trigger, unlike the episodes in NECFM 
which are cyclical and lack observable triggers [13, 14]. 
Moreover, we did not see brainstem lesions in our cohort 
with NECFM; instead they had global delayed myelina-
tion and volume loss [9, 14, 15]. We also considered other 
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Fig. 1  l. Parental responses to the 30 items on the NCCPC-R, illustrating the multiple and frequent indicators of pain in the affected individuals
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pain causes such as spasticity, dystonia, muscle spasms, 
and delirium, but these are also not consistently reported 
in parental narratives.

Due to the cyclical nature of the episodes, we consid-
ered episodic syndromes of childhood associated with 
migraine, including abdominal migraine, benign paroxys-
mal vertigo, and cyclic vomiting syndrome. These cyclical 
episodes may include irritability, photophobia, phono-
phobia, decreased oral intake, vomiting, and/or dystonic 
posturing, and a reduced quality of life [16, 17]. The epi-
sodes often include premonitory symptoms and a post-
drome phase, similar to episodes in the NECFM cohort 
[18]. Interestingly, there are associations between babies 
who have colic, originally termed “paroxysmal fussing in 
infancy”, and those who later develop migraines in child-
hood, indicating a possible underlying central neurologic 
source [19, 20]. Some individuals in this study preferred 
being in a quiet, dark room during the peak of the epi-
sodes. However, other symptoms of migraine such as 
vomiting and cranial autonomic symptoms such as con-
junctival injection and rhinorrhea were not evident in our 
cohort during the episodes and so we do not have enough 
evidence that migraine variants are the underlying cause 
of episodic irritability in NECFM [17]. Overall, although 
there is overwhelming endorsement of pain-related 

behaviors by families, corroborated by the high scores 
on the validated pain scale, it remains unknown whether 
pain is the primary underlying cause of the episodes or if 
there could be pain and non-pain related etiologies; addi-
tionally, we do not know the exact underlying cause, if 
indeed the cyclical episodes are due to pain.

Although no medication has been identified that elimi-
nates the irritability episodes, parents reported that some 
medications do reduce the intensity of the symptoms 
in some patients. The most common group of medica-
tions reported by parents to be efficacious included psy-
chotropics and sedatives, particularly benzodiazepines 
including clonazepam, diazepam, and lorazepam. This 
drug class potentiates gamma-aminobutyric acid (GABA) 
neurotransmission by binding to the GABA receptor 
complex and inhibits the sympathetic nervous system 
response, thus slowing the central nervous system. Other 
mood stabilizing medications that were reported by par-
ents to be helpful include a hypnotic (chloral hydrate) 
and tricyclic antidepressant (nortriptyline). In addition, 
clonidine, also reported as effective by some families, 
attenuates sympathetic nervous system responses and is 
often used in individuals with severe neurologic impair-
ment as a treatment for neuroirritability. Similar effec-
tiveness was reported in a small number of individuals 

Table 4  Representative quotes describing the impact of the irritability episodes on families

Emotional impact on families
As a parent, it is heart-wrenching to watch your child scream in such a way that he communicates that he is being tortured. And when nothing you 
do helps, you get depleted, depressed, and it brings on a challenge that no parent should ever have to endure. Family 1
The emotional toll is the worst. It is a mental torture to hear and see your child cry for so long. When he is having a good time period, you are constantly 
wondering (on pins and needles) when he will become upset. Family 9
It is so sad since I remember very few happy times. We have pictures of some happy times and I barely remember anything of them due to complete 
exhaustion and overwhelming stress…. I have mostly stopped dreaming and frequently just exist to keep [his] needs met. It really is not mentally 
healthy to raise a child with this condition. Family 6
Suffering in this way as a person can affect your relationships, your marriage, your friendships, and your parenting. You need to find a lot of men‑
tal and emotional support which can be hard to do because you feel like a broken record over and over expressing the feelings you are going 
through and being a voice for our son who is suffering more than any of us. You also need to lean on one’s strong sense of faith to get through this kind 
of hardship. Family 1
Practical/logical challenges caused by extreme irritability episodes
These cycles of crabbiness have ruined many aspects of our lives. We never know what version of [our son] we would wake up to in the morning 
which created a lot of anxiety related to whether one of us would have to stay home from work. Financially we have had to give up a lot. My husband 
has never worked full time since [our son] was born since we need at least one of us to have a lot of flexibility to stay home with him. Family 6
Overall, it is so challenging to look after a child like [our son], as our brain is constantly working on something about him. It could be either about his 
medications or his doctor appointments or therapies or feeds or something like that. Family 10
Extreme negative impact on [our daughter] and our family. She can scream for 24 h or more. She is unable to participate in activities she likes and we 
can’t take her out. Family 12
Impact on siblings and extended family members
It might mean that the other children go with one parent while the other parent takes care of [our son]. Or it means that care for the other kids is put 
on the back-burner while [he] is cared for. Family 4
It is so frustrating to see him like that. Everyone in the family gets upset when he gets irritable and starts to scream all day for few days. Family 10
Medical uncertainty and concern about the future
I’m afraid to try new medications as once [our son] had to undergo of resuscitation due to drug overdosing. When looking at all the medication he 
is having makes us so upset. We often think, what his future would look like if he is having a hard life when he is just 4 years. Specially when it happens 
continuously since birth it has been so difficult for me and my husband to plan things for the family. For the last 4 years and 4 months he has been 
admitted to the hospital more than 40 times. Family 10
We felt complete and utter helplessness. We had very limited support from the medical community because of their lack in understanding of what 
the true problem was, let alone their disbelief in what we described. It made us feel very alone and isolated. Family 1
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with Baker-Gordon syndrome [12]. Beta-blockers also 
seem to alleviate symptoms. Review of the literature indi-
cates that there is significant overlap between the medi-
cations found to be helpful in PSH and in our cohort of 
patients with NECFM (beta-blockers, benzodiazapenes, 
clonidine) [21].

Medical marijuana in the form of tetrahydrocannabi-
nol (THC) and cannabidiol (CBD) was reported by four 
families to offer some relief, although availability var-
ies widely between countries. Plant compounds derived 
from the Cannabis sativa plant, including THC and CBD, 
have been successfully used for various neurological 
symptoms, including spasticity due to multiple sclero-
sis, seizures and anxiety [22–25]. THC, CBD and related 
compounds are also thought to modulate neurotransmis-
sion in the glutamatergic, GABAergic, and serotonergic 
systems [22, 25]. One study showed that a single dose of 
CBD reduced blood pressures in healthy subjects, sug-
gesting that CBD may cause sympathoinhibition [26]. 
However, the use of CBD or THC and its modulation in 
the sympathetic nervous system, deserves further study.

Finally, this disorder has a profound impact on all 
aspects of family life. There is a need for heightened 
awareness in medical community. Since NECFM is a 
relatively newly described disorder and is ultra-rare, 
families have no evidence-based guidelines on effective 
medications and instead embark on individual and long 
journeys to find relief for their children. They report that 
over time they have learned how to better support their 
children and treat the symptoms through medication and 
environmental changes. It is unknown whether earlier 
effective intervention may alter the course of escalation 
of the irritability episodes, but identification of a prodro-
mal period as described by parents in this study is a first 
step toward investigation this possibility, with further 
studies including objective medical data needed. Partner-
ship with medical providers, particularly palliative care 
specialists, is critical for these families, and may help 
in assisting them to identify caregivers who can under-
stand and help manage the episodes. Undoubtedly, more 
individuals with this ultra-rare disorder will be diag-
nosed over time, due to large scale research sequencing 
of individuals with undiagnosed disorders, such as in the 
UDN, as well as with widespread clinical exome sequenc-
ing. Indeed, the cohort of individuals with the recurrent 
NACC1 variant c.892C>T has increased to over 30 that 
we are aware of, after the initial publication [1]. Further 
studies are needed to understand the pathophysiology of 
this disorder, in order to design targeted treatment with 
the goal of mitigating and ultimately preventing the dev-
astating episodes.

There were limitations to this study. Only families of 
individuals with the recurrent NACC1 variant c.892C>T 

were included in this study. The authors are also aware 
of more than 10 individuals with a variant different than 
the one reported here, who have not experienced these 
extreme irritability episodes, suggesting a variant-spe-
cific phenotype. We decided to only include individuals 
with the recurrent variant, so as to delineate the episodes 
without the confounding bias of genotype effects on the 
clinical course of these. The NCCPC-R was chosen as 
a measure to address the challenge of assessing pain in 
these children who are unable to communicate due to 
profound neurodevelopmental impairment. However, 
since pain is not confirmed to be the underlying cause of 
the behaviors, scores should be interpreted with caution. 
We do not have data beyond pain behaviors that substan-
tiates or refutes other possibilities such as PSH. Further 
study using formal physiological measurements may pro-
vide clarity on the etiology, but are challenging to obtain, 
but the perspectives of neurologists that are treating 
these individuals may be of value in the future. Finally, 
information presented here is from the perspective of 
parents, and formal review of medical records was not 
performed, but could be pursued through a future study.

Conclusions
In conclusion, individuals with NECFM caused by the 
recurrent c.892C>T variant in NACC1 have episodes of 
extreme irritability that are incapacitating and require 
major medical interventions with multiple medica-
tions, causing major hardship for the affected child and 
family members. All parents endorse significant pain 
behaviors during these episodes, and the underlying 
cause remains unknown. It is encouraging to note that 
the episodes stabilize, improve or are managed more 
effectively as the child ages. Support and understanding 
from the medical community is needed, as well as fur-
ther research to better understand the pathophysiology 
of the episodes and how to more effectively treat these, 
for the betterment of the children and their families.

Methods
Participants included parents of individuals from and 
outside the UDN, confirmed to have the recurrent 
NACC1 variant previously reported by Schoch et  al. 
(NM_052876.3:c.892C>T; p.(Arg298Trp)) [1]. All par-
ticipants provided written informed consent to partici-
pate (Duke IRB-approved Protocol Pro00100610). The 
participants were recruited from the NACC1 family 
support group page on Facebook. The study was ret-
rospective in nature, with parental recollections of the 
episodes informing their narratives and answers to the 
pain survey.
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Measures
Parental narratives of the episodes and a pain survey were 
selected to ascertain the clinical features of the episodes. 
Subsequently specific questions were added to describe 
physiological changes during episodes and clarify medi-
cation efficacy and seizure management. Responses were 
collected via REDCap (Research Electronic Data Cap-
ture) [27].

Narratives
Open-ended prompts were designed, informed by prior 
anecdotal information from parents, to better charac-
terize the irritability episodes  (See Parental Narrative 
Prompts in Additional file  1). The five prompts were to 
describe: (1) the episodes in terms of age of onset, fre-
quency and duration, course over time, signs of an 
upcoming episode, behavioral changes and methods used 
by the family to track these for accurate recollection; (2) 
symptomatic associations, triggers, and/or environmen-
tal factors (external to patient) precipitating or preceding 
an episode; (3) changes in eating/appetite or bowel/blad-
der emptying; (4) interventions attempted and the out-
comes of each; and (5) impact on the child’s and family’s 
quality of life. Parents were asked to type their responses 
in the REDCap database.

Pain survey
The Non-communicating Children’s Pain Checklist-
Revised (NCCPC-R) is a pain assessment tool designed 
for children unable to speak because of cognitive impair-
ments [28]. It includes 30 behaviors across seven catego-
ries, including Vocal, Social, Facial, Activity, Body and 
Limbs, Physiological, and Eating/Sleeping. The observer 
is asked to rate the child’s behavior on a Likert scale from 
0 (Not at all) to 3 (Very often). The behavior scores are 
summed for a Total Score, and a Total Score of 7 or more 
indicates a child has pain [28]. Parents were asked to 
complete the questionnaire considering behaviors during 
a typical episode of irritability. If an item did not apply to 
the child, the parents were instructed to mark “not appli-
cable” for that item.

Quantitative data collected from the NCCPC-Rwere 
analyzed with SPSS using descriptive methods (IBM 
SPSS Statistics, version 26). Qualitative responses based 
on the parental narratives were analyzed using directed 
content analysis with ATLAS.ti (version 7.8, http://​atlas​ti.​
com) [29–31]. This qualitative analytic approach enables 
coding and subsequent themes to be developed directly 
from the data without a prior theoretical model. Narra-
tives were read and reread by KS and AMR, and itera-
tive process was used to develop codes with new codes 
added as needed. KS and AMR coded independently and 

then jointly until agreement was reached and findings 
reviewed with VS. Once coded the data were then sorted, 
tabulated, and summarized. This approach was used as 
it provided rich descriptive of the parental perspectives 
of the episodes. The attempted management of the epi-
sodes, including medications used, were reviewed by QT, 
KS, and VS.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13023-​023-​02891-3.

Additional file 1. Parental Narrative Prompts.

Acknowledgements
We thank the families for their participation in this study. Research reported in 
this manuscript was supported by the NIH Common Fund, through the Office 
of Strategic Coordination/Office of the NIH Director under Award Number 
U01HG007672 (Duke University). The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the National 
Institutes of Health.
Group authorship—The Undiagnosed Diseases Network Member list: Maria 
T. Acosta, Margaret Adam, David R. Adams, Justin Alvey, Laura Amendola, 
Ashley Andrews, Euan A. Ashley, Mahshid S. Azamian, Carlos A. Bacino, Guney 
Bademci, Ashok Balasubramanyam, Dustin Baldridge, Jim Bale, Michael 
Bamshad, Deborah Barbouth, Pinar Bayrak-Toydemir, Anita Beck, Alan H. Beggs, 
Edward Behrens, Gill Bejerano, Hugo J. Bellen, Jimmy Bennet, Beverly Berg-
Rood, Jonathan A. Bernstein, Gerard T. Berry, Anna Bican, Stephanie Bivona, 
Elizabeth Blue, John Bohnsack, Devon Bonner, Lorenzo Botto, Brenna Boyd, 
Lauren C. Briere, Elly Brokamp, Gabrielle Brown, Elizabeth A. Burke, Lindsay 
C. Burrage, Manish J. Butte, Peter Byers, William E. Byrd, John Carey, Olveen 
Carrasquillo, Thomas Cassini, Ta Chen Peter Chang, Sirisak Chanprasert, Hsiao-
Tuan Chao, Gary D. Clark, Terra R. Coakley, Laurel A. Cobban, Joy D. Cogan, 
Matthew Coggins, F. Sessions Cole, Heather A. Colley, Cynthia M. Cooper, 
William J. Craigen, Andrew B. Crouse, Michael Cunningham, Precilla D’Souza, 
Hongzheng Dai, Surendra Dasari, Joie Davis, Jyoti G. Dayal, Matthew Deardorff, 
Esteban C. Dell’Angelica, Katrina Dipple, Daniel Doherty, Naghmeh Dorrani, 
Argenia L. Doss, Emilie D. Douine, Laura Duncan, Dawn Earl, David J. Eckstein, 
Lisa T. Emrick, Christine M. Eng, Cecilia Esteves, Marni Falk, Liliana Fernandez, 
Elizabeth L. Fieg, Paul G. Fisher, Brent L. Fogel, Irman Forghani, William A. Gahl, 
Ian Glass, Bernadette Gochuico, Rena A. Godfrey, Katie Golden-Grant, Madison 
P. Goldrich, Alana Grajewski, Irma Gutierrez, Don Hadley, Sihoun Hahn, Rizwan 
Hamid, Kelly Hassey, Nichole Hayes, Frances High, Anne Hing, Fuki M. Hisama, 
Ingrid A. Holm, Jason Hom, Martha Horike-Pyne, Alden Huang, Yong Huang, 
Wendy Introne, Rosario Isasi, Kosuke Izumi, Fariha Jamal, Gail P. Jarvik, Jeffrey 
Jarvik, Suman Jayadev, Orpa Jean-Marie, Vaidehi Jobanputra, Lefkothea 
Karaviti, Jennifer Kennedy, Shamika Ketkar, Dana Kiley, Gonench Kilich, Shilpa 
N. Kobren, Isaac S. Kohane, Jennefer N. Kohler, Deborah Krakow, Donna M. 
Krasnewich, Elijah Kravets, Susan Korrick, Mary Koziura, Seema R. Lalani, Byron 
Lam, Christina Lam, Grace L. LaMoure, Brendan C. Lanpher, Ian R. Lanza, 
Kimberly LeBlanc, Brendan H. Lee, Roy Levitt, Richard A. Lewis, Pengfei Liu, 
Xue Zhong Liu, Nicola Longo, Sandra K. Loo, Joseph Loscalzo, Richard L. Maas, 
Ellen F. Macnamara, Calum A. MacRae, Valerie V. Maduro, Rachel Mahoney, 
Bryan C. Mak, May Christine V. Malicdan, Laura A. Mamounas, Teri A. Manolio, 
Rong Mao, Kenneth Maravilla, Ronit Marom, Gabor Marth, Beth A. Martin, 
Martin G. Martin, Julian A. Martínez-Agosto, Shruti Marwaha, Jacob McCauley, 
Allyn McConkie-Rosell, Alexa T. McCray, Elisabeth McGee, Heather Mefford, 
J. Lawrence Merritt, Matthew Might, Ghayda Mirzaa, Eva Morava, Paolo M. 
Moretti, Mariko Nakano-Okuno, Stan F. Nelson, John H. Newman, Sarah K. 
Nicholas, Deborah Nickerson, Shirley Nieves-Rodriguez, Donna Novacic, Devin 
Oglesbee, James P. Orengo, Laura Pace, Stephen Pak, J. Carl Pallais, Christina 
GS. Palmer, Jeanette C. Papp, Neil H. Parker, John A. Phillips III, Jennifer E. Posey, 
Lorraine Potocki, Barbara N. Pusey, Aaron Quinlan, Wendy Raskind, Archana N. 
Raja, Deepak A. Rao, Anna Raper, Genecee Renteria, Chloe M. Reuter, Lynette 
Rives, Amy K. Robertson, Lance H. Rodan, Jill A. Rosenfeld, Natalie Rosenwas‑
ser, Francis Rossignol, Maura Ruzhnikov, Ralph Sacco, Jacinda B. Sampson, 

http://atlasti.com
http://atlasti.com
https://doi.org/10.1186/s13023-023-02891-3
https://doi.org/10.1186/s13023-023-02891-3


Page 10 of 10Schoch et al. Orphanet Journal of Rare Diseases          (2023) 18:269 

Mario Saporta, Judy Schaechter, Timothy Schedl, Kelly Schoch, C. Ron Scott, 
Daryl A. Scott, Vandana Shashi, Jimann Shin, Edwin K. Silverman, Janet S. 
Sinsheimer, Kathy Sisco, Edward C. Smith, Kevin S. Smith, Emily Solem, Lilianna 
Solnica-Krezel, Ben Solomon, Rebecca C. Spillmann, Joan M. Stoler, Jennifer 
A. Sullivan, Kathleen Sullivan, Angela Sun, Shirley Sutton, David A. Sweetser, 
Virginia Sybert, Holly K. Tabor, Amelia L. M. Tan, Queenie K.-G. Tan, Mustafa 
Tekin, Fred Telischi, Willa Thorson, Cynthia J. Tifft, Camilo Toro, Alyssa A. Tran, 
Brianna M. Tucker, Tiina K. Urv, Adeline Vanderver ,Matt Velinder, Dave Viskochil, 
Tiphanie P. Vogel, Colleen E. Wahl ,Melissa Walker, Stephanie Wallace , Nicole 
M. Walley, Jennifer Wambach, Jijun Wan, Lee-kai Wang, Michael F. Wangler, 
Patricia A. Ward, Daniel Wegner, Monika Weisz-Hubshman, Mark Wener, Tara 
Wenger, Katherine Wesseling Perry, Monte Westerfield, Matthew T. Wheeler, 
Jordan Whitlock, Lynne A. Wolfe, Kim Worley, Changrui Xiao, Shinya Yamamoto, 
John Yang, Diane B. Zastrow, Zhe Zhang, Chunli Zhao, Stephan Zuchner

Author contributions
Conceptualization, methodology, data analysis and writing/editing performed 
by KS, AMR, QKGT, VS. Project administration performed by KS and NW. 
Writing-review and editing performed by VB, TF, CP, ECS and UDN.

Funding
Research reported in this manuscript was supported by the NIH Common 
Fund, through the Office of Strategic Coordination/Office of the NIH Director 
under Award Number U01HG007672 (Duke University). The content is solely 
the responsibility of the authors and does not necessarily represent the official 
views of the National Institutes of Health.

Availability of data and materials
The data that support the findings of this study are not openly available due 
to reasons of sensitivity and are available from the corresponding author upon 
reasonable request. Data are located in controlled access data storage at Duke 
University School of Medicine.

Declarations

Ethics approval and consent to participate
The research project was approved by the Institutional Review Board of Duke 
University Medical Center (Pro00100610).

Consent for publication
All families provided informed consent before participation.

Competing interests
The authors declare no conflict of interest.

Received: 21 April 2023   Accepted: 25 August 2023

References
	1.	 Schoch K, Meng L, Szelinger S, et al. A recurrent de novo variant in NACC1 

causes a syndrome characterized by infantile epilepsy, cataracts, and pro‑
found developmental delay. Am J Hum Genet. 2017;100(2):343–51.

	2.	 Hauer J, Houtrow AJ, Section On H, Palliative Medicine COCWD. Pain assess‑
ment and treatment in children with significant impairment of the central 
nervous system. Pediatrics. 2017;139(6):1–28.

	3.	 Lecavalier L. Behavioral and emotional problems in young people 
with pervasive developmental disorders: relative prevalence, effects of 
subject characteristics, and empirical classification. J Autism Dev Disord. 
2006;36(8):1101–14.

	4.	 Masri A, Jaafar A, Noman R, Gharaibeh A, Ababneh OH. Intracranial hyper‑
tension in children: etiologies, clinical features, and outcome. J Child Neurol. 
2015;30(12):1562–8.

	5.	 Ljungblad UW, Astrup H, Morkrid L, et al. Breastfed infants with spells, 
tremor, or irritability: rule out vitamin B12 deficiency. Pediatr Neurol. 
2022;131:4–12.

	6.	 Thomas A, Greenwald BD. Paroxysmal sympathetic hyperactivity and clinical 
considerations for patients with acquired brain injuries: a narrative review. 
Am J Phys Med Rehabil. 2019;98(1):65–72.

	7.	 Graus F, Titulaer MJ, Balu R, et al. A clinical approach to diagnosis of autoim‑
mune encephalitis. Lancet Neurol. 2016;15(4):391–404.

	8.	 Stewart WA, Gordon KE, Camfield PR, Wood EP, Dooley JM. Irritability in 
Krabbe’s disease: dramatic response to low-dose morphine. Pediatr Neurol. 
2001;25(4):344–5.

	9.	 Ostergaard JR. Paroxysmal sympathetic hyperactivity in Juvenile neuronal 
ceroid lipofuscinosis (Batten disease). Auton Neurosci. 2018;214:15–8.

	10.	 Smeets E, Schollen E, Moog U, et al. Rett syndrome in adolescent and 
adult females: clinical and molecular genetic findings. Am J Med Genet A. 
2003;122A(3):227–33.

	11.	 Smeets EE, Pelc K, Dan B. Rett syndrome. Mol Syndromol. 
2012;2(3–5):113–27.

	12.	 Baker K, Gordon SL, Melland H, et al. SYT1-associated neurodevelopmental 
disorder: a case series. Brain. 2018;141(9):2576–91.

	13.	 Singh J, Lanzarini E, Santosh P. Organic features of autonomic dysregula‑
tion in paediatric brain injury—clinical and research implications for the 
management of patients with Rett syndrome. Neurosci Biobehav Rev. 
2020;118:809–27.

	14.	 Meyfroidt G, Baguley IJ, Menon DK. Paroxysmal sympathetic hyperactivity: 
the storm after acute brain injury. Lancet Neurol. 2017;16(9):721–9.

	15.	 Fernandez-Ortega JF, Baguley IJ, Gates TA, Garcia-Caballero M, Quesada-Gar‑
cia JG, Prieto-Palomino MA. Catecholamines and paroxysmal sympathetic 
hyperactivity after traumatic brain injury. J Neurotrauma. 2017;34(1):109–14.

	16.	 Greene KA, Lu V, Luciano MS, et al. Benign paroxysmal torticollis: phenotype, 
natural history, and quality of life. Pediatr Res. 2021;90(5):1044–51.

	17.	 Spiri D, Rinaldi VE, Titomanlio L. Pediatric migraine and episodic syndromes 
that may be associated with migraine. Ital J Pediatr. 2014;40:92.

	18.	 Sampaio Rocha-Filho PA, Gherpelli JLD. Premonitory and accompa‑
nying symptoms in childhood migraine. Curr Pain Headache Rep. 
2022;26(2):151–63.

	19.	 Gelfand AA. Episodic syndromes of childhood associated with migraine. 
Curr Opin Neurol. 2018;31(3):281–5.

	20.	 Gelfand AA. Infant colic—a baby’s migraine? Cephalalgia. 
2015;35(14):1243–5.

	21.	 Rabinstein AA, Benarroch EE. Treatment of paroxysmal sympathetic hyper‑
activity. Curr Treat Options Neurol. 2008;10(2):151–7.

	22.	 Syed YY, McKeage K, Scott LJ. Delta-9-tetrahydrocannabinol/cannabidiol 
(Sativex(R)): a review of its use in patients with moderate to severe spasticity 
due to multiple sclerosis. Drugs. 2014;74(5):563–78.

	23.	 Devinsky O, Cross JH, Wright S. Trial of cannabidiol for drug-resistant seizures 
in the Dravet syndrome. N Engl J Med. 2017;377(7):699–700.

	24.	 Devinsky O, Patel AD, Cross JH, et al. Effect of cannabidiol on drop seizures in 
the Lennox–Gastaut syndrome. N Engl J Med. 2018;378(20):1888–97.

	25.	 Garcia-Gutierrez MS, Navarrete F, Gasparyan A, Austrich-Olivares A, Sala 
F, Manzanares J. Cannabidiol: a potential new alternative for the treat‑
ment of anxiety, depression, and psychotic disorders. Biomolecules. 
2020;10(11):1575.

	26.	 Jadoon KA, Tan GD, O’Sullivan SE. A single dose of cannabidiol reduces 
blood pressure in healthy volunteers in a randomized crossover study. JCI 
Insight. 2017;2(12):1–11.

	27.	 Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)—a metadata-driven methodology and 
workflow process for providing translational research informatics support. J 
Biomed Inform. 2009;42(2):377–81.

	28.	 Breau LM, McGrath PJ, Camfield CS, Finley GA. Psychometric proper‑
ties of the non-communicating children’s pain checklist-revised. Pain. 
2002;99(1–2):349–57.

	29.	 Potter WJ, Levine-Donnerstein D. Rethinking validity and reliability in con‑
tent analysis. J Appl Commun Res. 1999;27(3):258–84.

	30.	 Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. 
Qual Health Res. 2005;15(9):1277–88.

	31.	 Elo S, Kyngas H. The qualitative content analysis process. J Adv Nurs. 
2008;62(1):107–15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Parental perspectives of episodic irritability in an ultra-rare genetic disorder associated with NACC1
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Results
	Narrative description of irritability episodes
	Duration of episodes and change over time
	Symptomatic associations, triggers, or externalenvironmental factors precipitating or preceding an episode
	Intervention during episodes and outcomes
	NCCPC-R results
	Impact on families

	Discussion
	Conclusions
	Methods
	Measures
	Narratives
	Pain survey

	Anchor 20
	Acknowledgements
	References


