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Abstract 

Background: The spectrum of disorders associated with hyperinsulinemic hypoglycemia (HHI) has vastly increased 
over the past 20 years with identification of molecular, metabolic and cellular pathways involved in the regulation of 
insulin secretion and its actions. Hereditary tyrosinemia (HT1) is a rare metabolic disorder associated with accumula-
tion of toxic metabolites of the tyrosine pathway due to a genetically mediated enzyme defect of fumarylacetoac-
etate hydrolase. Transient tyrosinemia of the newborn (TTN) is a benign condition with a maturational defect of the 
enzymes associated with tyrosine metabolism without any genetic abnormalities.

Results: We describe two rare cases of HHI, one in a patient with HT1 and for the first time, in a patient with TTN. 
Each of our patients presented in the neonatal period with persistent hypoglycemia that on biochemical evaluation 
was consistent with HHI. Each patient received diazoxide therapy for 3.5 months and 17 months of life, respectively 
and HHI resolved thereafter.

Conclusion: Despite the fact that HHI has been described in HT1 for several decades, no specific mechanism has 
been delineated. Although we considered the common embryonal origin of the liver and pancreas with the hepato-
toxic effect in HT1 also impacting the latter, this was not a possible explanation for TTN. The commonality between 
our two patients is the accumulation of certain amino acids which are known to be insulinotropic. We therefore 
hypothesize that the excess of amino acids such as leucine, lysine, valine and isoleucine in our patients resulted in 
HHI, which was transient. Both patients responded to diazoxide. This novel presentation in TTN and the reassuring 
response in both HT1 and TTN to diazoxide will be useful to inform physicians about managing HHI in these patients. 
Further studies are required to delineate the mechanism of HHI in these infants.
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Background
Our knowledge of the metabolic and molecular basis 
of hyperinsulinemic hypoglycemia of infancy (HHI) 
has dramatically increased over the past 20  years [5, 6, 
9, 18]. Monogenic forms of HHI have been identified 
with defects in the pancreatic ATP sensitive potassium 

(KATP) channels, transcription factors and enzymes of 
the insulin secretory pathway resulting in excessive pro-
duction and secretion. Syndromic forms of HHI form a 
separate entity of genetic HHI disorders, which include 
Beckwith Wiedemann Syndrome, Kabuki Syndrome, 
Turner Syndrome and Hereditary Tyrosinemia Type I (de 
Leon and Stanley 2017) [10, 18].

Hereditary Tyrosinemia Type 1 (HT1, OMIM # 
276700) is a rare autosomal recessive disorder with an 
estimated incidence of 1:100,000 [4]. HT1 results from 
an inability to metabolize the amino acid tyrosine due to 
deficiency of the enzyme fumarylacetoacetate hydrolase 
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(FAH, EC number EC Number:  3.7.1.2) encoded by the 
FAH gene (Gene ID: 2184) on chromosome 15q25.1. 
This leads to the accumulation of succinylacetone, a toxic 
metabolite, resulting in damage to the liver, kidneys and 
peripheral nerves. HT1 has a broad spectrum of clinical 
presentations, which may be complicated by liver and 
kidney dysfunction if not appropriately treated [3, 15].

In contrast to HT1, transient tyrosinemia of the new-
born (ORPHA:3402) is considered to be a benign con-
dition caused by a maturational delay in the enzymatic 
action of the tyrosine catabolic process without any 
genetic mutation. This condition resolves spontaneously 
after several months of life and generally is without long-
term sequelae [22].

HHI has rarely been reported in infants with HT1, but 
to date no cases have been reported in patients with tran-
sient tyrosinemia of infancy [1, 3] .We describe two unre-
lated patients with HHI in infancy, one with genetic and 
the other with transient forms of tyrosinemia. To main-
tain euglycemia, both patients initially required diazox-
ide, which was eventually discontinued in each of them.

We hypothesize that the metabolic derangements asso-
ciated with tyrosinemia place a patient at risk for hyper-
insulinism that may require pharmacological treatment. 
With scarce literature available on the subject, we explore 
some possible mechanisms for the etiology of this pres-
entation in both these forms of tyrosinemia. This report 
should alert clinicians to the possible risk for hypogly-
cemia and its resolution with diazoxide treatment in 
patients with tyrosinemia, and highlights the need for 
further mechanistic studies.

Case presentations
Patient 1
This is a female infant born appropriate for gesta-
tional age [birth weight: 2.6  kg (Z = − 0.71 SD), birth 
length: 50  cm (Z = 0.78 SD)] at 37  weeks to a healthy 
mother [Gravida (G) 5,Parity (P)2], with no signifi-
cant prenatal history. Physical examination at birth 

was unremarkable. The patient developed hypoglyce-
mia at 2.5 h of life, with a point of care (POC) glucose 
measurement of 0.72 mmol/L (13 mg/dL). The patient 
required a combined glucose infusion rate (GIR) of 
up to 12  mg/kg/min [intravenous (IV) dextrose plus 
oral feeds] to maintain euglycemia. A critical sample 
was drawn when the plasma glucose was 1.9  mmol/L 
(34 mg/dL) on day of life 5 to evaluate the correspond-
ing insulin and counter-regulatory hormone response 
(Table  1). Hyperinsulinism was diagnosed based on 
the elevated serum insulin (30.6  pmol/L or 4.4uU/ml) 
and C-peptide level (0.004 nmol/L or 1.1 ng/mL) with 
undetectable serum ketone levels (Table  1). Normal 
growth hormone and cortisol levels ruled out pitui-
tary or adrenal dysfunction. The newborn screening 
test (drawn on day of life 3 and 22) reported elevated 
tyrosine levels in blood, but urine succinylacetone was 
negative, indicating that this was not HT1. The consult-
ing genetic-metabolic team considered this to be tran-
sient tyrosinemia of infancy. Despite being on ad lib 
oral feeds with fortified (24  kcal/30  mL) formula, the 
patient continued to have intermittent hypoglycemic 
episodes (less than 3.3  mmol/L or 60  mg/dL beyond 
day 3 of life). Hence, diazoxide was started at two weeks 
of life at a dose of 12 mg/kg/day along with hydrochlo-
rothiazide at 1 mg/kg/day. Thereafter, no further hypo-
glycemia or treatment-induced hyperglycemia was 
recorded. Given consistently normal blood glucose, the 
same diazoxide dose was continued during subsequent 
follow up visits, resulting in a lower per kilogram body 
weight dosing. The parents discontinued her medica-
tions at 3.5  months of life, while continuing to moni-
tor her glucose levels via a POC glucose meter. She has 
since remained euglycemic with appropriate growth 
and development for age. Her transient tyrosinemia 
resolved biochemically when tested at 6 months of life 
and she was subsequently discharged from the endo-
crine clinic at 7 months of life.

Table 1 Patient profiles during hypoglycemia

Patient 1 Patient 2

Laboratory samples (values consistent with hyperinsulinemic hypoglycemia) [7, 13] Transient tyrosinemia of infancy Hereditary 
tyrosinemia 
type I

Preserved plasma glucose < 3.3 mmol/L (< 60 mg/dL) 1.9 (34) 2.2 (39)

Beta-hydroxy butyrate < 1.8 mmol/L  < 0.2  < 0.2

C-peptide > 0.002 nmol/L (> 0.5 ng/dL) 0.004 (1.1) 0.007 (2.1)

Insulin > 13.9 pmol/L (> 2 uU/mL) 30.6 (4.4) 20.8 (3)

Growth hormone > 7.5 ug/L (> 7.5 ng/mL) 17 (17) 7.5 (7.5)

Cortisol 496 nmol/L (> 18 mcg/dL) 551.8 (20) 689.7 (25)
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Patient 2
This is a male infant born appropriate for gestational 
age [birth weight: 3.68  kg (Z = 1.24 SD), birth length: 
52.1  cm (Z = 1.24 SD]) at 38  weeks to a G1P1 mother 
who developed gestational diabetes requiring insu-
lin therapy from the  8th month of pregnancy. At birth, 
physical examination was normal with no signs of dys-
morphia. The patient was born at a regional hospital 
where he required IV fluids for hypoglycemia which 
was attributed to him being an infant of a diabetic 
mother. However, his hypoglycemia persisted with 
repeated POC glucose readings as low as 0.72 mmol/L 
(13  mg/dL). He received intravenous dextrose infu-
sion in addition to oral feeds, requiring a combined 
GIR of up to 13.6  mg/kg/min to maintain euglycemia. 
His newborn screening test (drawn on day of life 2) 
was positive for elevated levels of succinylacetone, sug-
gestive of HT1. The diagnosis of HT1 was confirmed 
by identifying a homozygous pathogenic mutation, 
c.192G > T, p.Q64H in the FAH gene. He was treated 
with nitisinone (2-[2-nitro-4-trifluoromethylbenzoyl]-
1,3-cyclohexanedione, NTBC) and a tyrosine-free 
formula from day 9 of life. His tyrosine levels did nor-
malize with this therapy by day 12 of life. However, he 
continued to have recurrent hypoglycemic episodes 
after two weeks of life. To establish a diagnosis for his 
hypoglycemia, a critical sample was drawn when his 
plasma glucose level was 2.2 mmol/L (39 mg/dL). Unde-
tectable β-OH butyrate (< 0.2  mmol/L) with elevated 
C-peptide (0.007 nmol/L or 2.1 ng/mL) and insulin lev-
els (20.8 pmol/L or 3 uU/mL) in this sample (Table I1 
led to the diagnosis of hyperinsulinism. Serum growth 
hormone and cortisol showed an appropriate response 
to the hypoglycemia indicative of normal pituitary and 
adrenal function (Table 1). He was started on treatment 
with diazoxide at 10  mg/kg/day at two weeks of life, 
which stabilized glycemic control without additional 
need for intravenous glucose. Following discharge from 
the neonatal intensive care unit, the baby had moderate 
control of his tyrosinemia with nitisinone and dietary 
management. He did not have any further hypoglyce-
mic episodes while on diazoxide. The patient gained 
adequate weight in the first year of life with appropri-
ate development for age. Diazoxide dose was gradually 
weaned to sub-therapeutic levels (1.5  mg/kg/day) and 
discontinued at 17 months of life. The patient had one 
episode of hypoglycemia during an upper respiratory 
tract illness after stopping therapy. Diazoxide has since 
then not been restarted and the baby remains euglyce-
mic to date.

Discussion
We report two cases of neonatal hyperinsulinemic 
hypoglycemia in the setting of tyrosinemia; one case 
with hereditary tyrosinemia type I, which has been pre-
viously reported and another case with transient tyros-
inemia of the newborn, which to our knowledge has 
not been described.

Despite similar nomenclature, Hereditary Tyrosinemia 
Type I and transient tyrosinemia of infancy have very dif-
ferent pathophysiology and prognosis. While the former 
is a permanent, genetic condition with significant mor-
bidity and mortality, the latter is a benign and transient 
immaturity of enzyme(s). The common factor in both 
conditions, however, is the accumulation of tyrosine.

Hypoglycemia may affect up to 10% of healthy term 
infants in the first 24–48 h of life, but typically resolves 
spontaneously by day three of life. Screening and treat-
ment of hypoglycemia is important to prevent adverse 
neurological sequelae. There remains some debate over 
the definition of hypoglycemia in the neonatal period 
and the glucose levels at which neurological development 
may be affected. More recently, the Pediatric Endocrine 
Society recommended treatment in patients with plasma 
glucose < 2.8  mmol/L (< 50  mg/dL) in the first 48  h of 
life and < 3.3  mmol/L (< 60  mg/dL) beyond 48  h of life 
[19–21].

Both of our patients presented with significant hypo-
glycemia during their first few days of life that persisted 
up to 2  weeks of age. Hyperinsulinism was evident in 
each of these patients based on their biochemical evalu-
ation during hypoglycemia. Mild liver dysfunction was 
documented in both patients which was not severe 
enough to account for such low glucose levels while 
receiving adequate alimentary nutrition.

Our first patient was diagnosed with transient tyros-
inemia of infancy based on her biochemical evaluation. 
Based on our review of the literature, there has been no 
previous report of hyperinsulinism in infants with tran-
sient tyrosinemia, and although hypoglycemia has been 
described in patients with HT1, the mechanism of this 
presentation is not well understood [1, 3].

There are various etiologies of congenital hyperinsu-
linism, which include eleven monogenic forms as well as 
milder episodes as seen in infants with transient perinatal 
stress and prematurity [18]. Different amino acids have 
been known to induce positive as well as negative effects 
on beta cell insulin secretion [12].

Leucine is an amino acid whose well known insu-
linotropic effects are mediated by several differ-
ent mechanisms, including the production of alpha 
ketoglutarate and allosteric activation of glutamate 
dehydrogenase (GDH) [12]. Patients with leucine sensi-
tive hypoglycemia were described as early as in 1960, 
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although the mechanism was only understood after sev-
eral decades [11]. Animal studies in sheep have dem-
onstrated a rise in insulin secretion with intravenous 
administration of amino acids such as leucine, glycine, 
alanine, lysine and serine. Similarly, phenylalanine, a 
precursor to tyrosine, has been shown to induce insulin 
secretion in sheep although no such effects have been 
demonstrated with tyrosine [14].

Human studies have also demonstrated this insuli-
notropic effect of amino acids, both individually and in 
amino acid mixtures [8]. In an experiment in healthy 
humans, Fajans et al. elicited insulin release following IV 
infusion of certain amino acids. Infusion with arginine, 
lysine, leucine, phenylalanine, valine, methionine and 
histidine all resulted in insulin production with arginine 
being maximally potent and histidine the least [8].

Our first patient with transient tyrosinemia had tran-
siently elevated levels of leucine, phenylalanine, iso-
leucine and valine (Table  2). The patient with HT1 had 
transient elevation of alanine, valine and lysine which 
normalized by two months of life. Both patients demon-
strated elevated tyrosine levels (Table  2). We postulate 
that these elevated amino acids had transient insulino-
tropic effects, therefore manifesting as hypoglycemia in 
both patients.

In addition, reports have demonstrated that patients 
with HT1 have hyperplasia of the islet cells of the pan-
creas [16, 17]. This anatomical change, therefore, could 
reflect and be responsible for the hyperinsulinism causing 
significant hypoglycemia. In HT1, there is constant dam-
age to hepatic tissue by toxic metabolites. This results 
in liver repair and nodule formation by activation of the 
stem cell compartment. There is evidence that stem cells 
and progenitor cells in the major duodenal papilla give 
rise to the biliary tree stem cells, which eventually lead 
to organogenesis of both the liver and the pancreas [2]. 
Given the common origin of liver and pancreatic cells, 

one could propose that inadvertent activation of stem 
cells could lead to hyperplasia of pancreatic islet cells 
in addition to hepatocytes, leading to hyperinsulin-
ism (Figure  1). This theory, however, could not explain 

Table 2 Amino acid levels in both infants

Values with upward arrow and in italic indicate high levels of amino acids

Amino acid levels μM 
(normal values)

Patient I Patient II

Day 19 of life Day 22 of life Approximately 
2 months of life

Day 7–8 of life Day 12 of life 3 days 
after starting Nitisinone

17 months of life

Leucine 47–155 ⇑ 164.1 ⇑ 166.7 78.3 126.1 157.7 103.1

Alanine 131–710 534.8 526.6 352.7 ⇑ 841.3 628.6 302.3

Isoleucine 31–86 ⇑ 92.9 ⇑ 102 51.0 50.9 81.1 43.9

Valine 86–190 ⇑ 258.3 ⇑ 234 147.2 ⇑ 265.7 ⇑ 290.5 267.6

Lysine 52–196 ⇑ 200.9 ⇑ 242.7 127.4 ⇑ 395.9 ⇑ 345.9 69

Phenylalanine 31–75 ⇑ 96.5 ⇑ 78.3 41.3 53.6 12 72.6

Tyrosine 22–108 ⇑ 904.3 ⇑ 660.5 ⇑ 211.8
⊛ 79 (6 months 

of life)

⇑ 506 26.8 ⇑ 426.4

Fig. 1 Common origin for the development of pancreatic β-cells 
form from bile duct epithelium. It could be postulated that abnormal 
development of liver cells or abnormalities within the biliary tree 
could affect the appropriate development and/or function of future 
pancreatic cells. The diagram is an adapted proposal illustrating a 
possible path to the development of pancreatic β-cells. Adapted 
from Cardinale et al. [12]
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hyperinsulinism in transient tyrosinemia where toxic 
metabolites do not accumulate.

We found one reported case series of three children 
with hyperinsulinemic hypoglycemia in the setting of 
HT1 that responded to diazoxide therapy [1]. All three 
patients required this medication only transiently, for 
9, 18 and 34 months respectively. Our patient with HT1 
required therapy until 17 months of life with some tran-
sient hypoglycemia during illness following discon-
tinuation of medication. It is yet to be determined if his 
hypoglycemia will recur and require diazoxide again. 
However, hyperinsulinism in our patient with transient 
tyrosinemia was transient with discontinuation of ther-
apy by 3.5 months of life.

Conclusion
In conclusion, we report the first incidence hyperinsulin-
ism in a patient with transient tyrosinemia of infancy. We 
also report a patient with HT1 diagnosed with hyperin-
sulinism requiring diazoxide therapy until 17 months of 
life. Both cases had transient, but prolonged hyperinsu-
linism that was diazoxide responsive. Although hyper-
insulinemic hypoglycemia has been reported in patients 
with HT1, no clear mechanism for this has been delin-
eated. We postulate that the elevation of certain amino 
acids such as leucine, glycine, valine, phenylalanine and 
isoleucine could lead to excess insulin production. This 
hypothesis has not been previously proposed. Although 
pancreatic hyperplasia has been described in HT1, its 
mechanism is not clear. It seems more likely that amino 
acids stimulating insulin production result in islet cell 
hyperplasia. The common origin of the liver and pancreas 
does not explain the etiology of hyperinsulinism in tran-
sient tyrosinemia of infancy and hence cannot be invoked 
in this scenario. Nevertheless, the major novelty of our 
report is that clinicians should be alert about potential 
hypoglycemia in a patient diagnosed with either transient 
or hereditary tyrosinemia type I. Fortunately, we show 
these patients to be diazoxide responsive, so that euglyce-
mia can be achieved in a relatively safe and effective man-
ner. This report provides evidence of the transient nature 
of the hypoglycemia along with guidance for treatment 
to the health care provider and reassurance to the par-
ents. Our proposed theory of amino acid induced hyper-
insulinism is a known entity but has not been previously 
described with these metabolic disorders. Further studies 
are necessary to delineate the precise mechanism in these 
infants.
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