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Mauriac syndrome is a rare disorder that occurs in patients with type 1 diabetes mellitus (T1DM) with glucose levels signifcantly
above target, characterized by hepatomegaly, growth delay, and cushingoid features. Another distinguishing feature of Mauriac
syndrome is persistent lactatemia during diabetic ketoacidosis (DKA) management. We present a case of an 18-year-old patient
with T1DM who presented in DKA and then developed elevated lactate levels leading to a diagnosis of Mauriac syndrome. Te
cause of the persistent lactatemia is not well understood though it is likely related to glycogenic hepatopathy causing hepa-
tomegaly, abnormalities in glucose metabolism, and subsequent inappropriate lactate production. Since the liver changes seen in
Mauriac syndrome are reversible with optimal blood glucose control, these patients should be connected to intensive psychosocial
and medical support to help them improve their blood glucose levels.

1. Introduction

Mauriac syndrome is a rare disorder that occurs in patients
with type 1 diabetes mellitus (T1DM) with glucose levels
signifcantly above target particularly in adolescents and young
adults, though it can occur at any age [1]. It can occur equally in
males and females. It is associated with brittle glycemic control,
high total daily doses of insulin, and recurrent episodes of
diabetic ketoacidosis (DKA). It has become less common with
the advent of accessible and afordable intensive insulin therapy
using premixed basal and bolus insulins as well as continuous
subcutaneous insulin infusions [2]. Te main hallmarks of this
syndrome are hepatomegaly with altered liver enzymes, growth
delay, delayed puberty, and cushingoid features [3].Te altered
liver enzymes are due to hepatic glycogenosis caused by
chronically elevated blood glycose levels [4, 5]. Te liver
dysfunction can also lead to persistent lactatemia that can
transiently worsen with DKA and persist after resolution of
DKA [5–7].

We present a case of an 18-year-old patient with T1DM
admitted with DKA who was found to have persistently
elevated lactate and hepatomegaly, then was subsequently
diagnosed with Mauriac syndrome based on their clinical
and biochemical fndings.

2. Case Presentation

An 18-year-old nonbinary (sex-assigned at birth was female)
patient with T1DM with an A1c of 10.9% presented to our
tertiary care center with DKA.

On history, they were diagnosed with T1DM at the age of
9 and hadmultiple prior presentations with DKA earlier that
year. Tey used Degludec 30 units in the morning and
Aspart insulin with meals with an insulin to carbohydrate
ratio of 1 : 5.Tey had been previously on a pump, which was
discontinued since the patient was unable to consistently test
their capillary glucose levels, and so were no longer eligible
for provincial funding to cover the cost of the pump. During
an admission a year prior with DKA, this patient had also
been noted to have hepatomegaly of unclear etiology on
prior CT imaging of their abdomen, despite extensive
workup. Tis included infectious and autoimmune in-
vestigations such as hepatitis B and C screening, HIV and
CMV testing, negative ANA, rheumatoid factor, smooth
muscle antibody, anti-liver kidney microsome, anti-TTG,
negative alpha-1 antitrypsin testing, and a negative ceru-
loplasmin. In addition, the patient struggled with multiple
mental health and developmental concerns, including
anxiety/depression, suicidal ideation, borderline personality
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disorder traits, and possible autism spectrum disorder, and
had two prior hospitalizations under Psychiatry for
suicidality.

Preceding their admission, the patient had a viral gas-
trointestinal illness and was unable to manage their own
insulin administration at home. On admission, they pre-
sented with an elevated anion gap of 35mmol/L and hy-
perglycemia with serum blood glucose of 41.6mmol/L, as
well as an elevated lactate of 5.8mmol/L that increased to
7.8mmol/L on repeat blood work. Teir DKA was treated
with intravenous insulin infusion and hydration. As their
anion gap closed, their lactate initially improved to
4.2mmol/L but then quickly increased to a peak of
8.4mmol/L. Tey were assessed for type A lactic acidosis
(hypoperfusion and tissue damage) but no cause was found.
Teir lactate spontaneously decreased and reached a nadir of
2.4mmol/L but never normalized. At this point, the in-
patient Endocrinology service was consulted to assist with
the etiology of the elevated serum lactate in this patient.

On exam, the patient was found to have cushingoid
features, including preauricular and central adiposity.
However, they did not have hypertension or violaceous
striae. Teir height was at the 11th percentile for their age
with a BMI of 25.3 kg/m2. During the assessment for type A
lactic acidosis, an abdominal CTscan with enhancement was
done to rule out ischemic bowel and found hepatomegaly
suspicious for congenital hepatopathy based on the radi-
ologist’s interpretation.

Further investigations showed an A1c of 10.9% and
elevated liver enzymes including an AST 99U/L, ALT 81U/
L, and ALP 140U/L. Tey also had elevated triglycerides of
4.65mmol/L. Tey had a normal TSH and fT4. Due to the
presence of cushingoid features, a 1mg dexamethasone
overnight suppression test was done after resolution of their
DKA and revealed a nonsuppressed cortisol of 314 nmol/L.

Following treatment for DKA, the patient’s symptoms
resolved, and they were discharged with plans for close
follow-up with their outpatient Endocrinologist and Di-
abetes Educator for reconsideration for insulin pump
therapy. Teir lactate reached a nadir of 2.4mmol/L but
never normalized.

After discharge, the patient struggled with checking their
blood glucose regularly and as a result was not a candidate
for an insulin pump. Although they initially denied hypo-
glycemic episodes, collateral history from their grandmother
revealed that the patient would need to be fed juice and
dextrose tablets to treat episodes of hypoglycemia up to 3-
4 times per week. Te patient is currently working with
diabetes educator on improving their blood glucose man-
agement, though continues to struggle with follow-up.
Lactate levels and repeated imaging of the patient’s liver have
not yet been repeated, though the patient has been given
requisitions for further testing and imaging.

3. Discussion

Mauriac syndrome was frst described in 1930 in children
and adolescents with T1DM who presented with hepato-
megaly and growth/developmental delay [8]. It has become

much less common with the advent of modern preparations
of long and short acting insulins [1, 3]. Te exact cause of
Mauriac syndrome is unknown, though it is hypothesized to
be caused by poor uptake and utilization of glucose by
tissues, decreased insulin-like growth factor-1 and growth
hormone levels, and hypercortisolism, that then result in
developmental delays [3, 4, 6, 9]. As this is a very rare
disorder, there are no formal diagnostic criteria for Mauriac
syndrome.

Tere are two phenotypes of Mauriac syndrome de-
scribed in the literature [3]. Te frst subtype is associated
with periods of hypo- and hyperglycemia and cushingoid
features as a result of inconsistent insulin dosing.Te second
subtype is associated with persistent hyperglycemia due to
underdosing insulin without cushingoid features [3]. As this
patient presented with T1DM with elevated Hemoglobin
A1c, hepatomegaly, and cushingoid features, they were
diagnosed with Mauriac syndrome, falling into the frst
subtype. Of note, the 1mg dexamethasone overnight sup-
pression test was done in the inpatient setting and thus is
likely to confounded by acute illness. Repeat testing is
planned in the outpatient setting but the patient has not been
able to complete it.

One of the characteristic features of Mauriac syndrome
is glycogenic hepatopathy, marked by hepatomegaly and
abnormal liver enzymes. Although its pathophysiology is not
completely understood, it is thought to be caused by elevated
blood glucose levels and administration of supraphysiologic
insulin doses to control hyperglycemia [9, 10]. Te high
insulin and glucose levels both stimulate glycogenesis in the
liver, resulting in excessive glycogen storage and hepato-
megaly. Glycogen production can persist even after the
decline of insulin levels [10]. It is unclear why only some
patients with chronically elevated blood glucose levels de-
velop glycogenic hepatopathy. Several gene mutations in
enzymes involved in glycogen metabolism, such as PHGK2
[11], have been investigated as culprits, but none thus far
show clear association with the disease [4, 9, 10, 12].

Te gold standard method of diagnosing glycogenic
hepatopathy is on histology through a liver biopsy, which is
especially useful in distinguishing it from metabolic
dysfunction-associated steatotic liver disease (MASLD) [2].
Unlike MASLD, patients with glycogenic hepatopathy do
not exhibit progressive liver fbrosis. Furthermore, glyco-
genic hepatopathy associated with Mauriac syndrome is
reversible with adequate BG control without any liver f-
brosis or scarring [2, 12–14].

One feature of Mauriac syndrome that has been noted in
the literature is the presence of persistently elevated serum
lactate levels. Type A lactic acidosis is caused by hypo-
perfusion of peripheral tissue and end-organ dysfunction,
while type B is characterized by hepatic dysfunction in the
synthesis or clearance of lactate. Te cause of persistent
lactatemia in Mauriac syndrome is not currently well un-
derstood. One current hypothesis suggests that chronic
hepatic glycogen overload reduces gluconeogenesis during
periods of excess insulin availability during DKA treatment,
thus shunting glucose to lactate-producing pathways [15].
Other hypotheses postulate the presence of a genetic defect
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in glycogen metabolism that predisposes an individual to
glycogenic hepatopathy and subsequent sequelae from the
disease [5, 16].

Although liver changes associated with Mauriac syn-
drome are reversible with adequate BG control, the neu-
rodevelopmental delay associated with the syndrome makes
this challenging. Furthermore, patients with Mauriac syn-
drome often come from backgrounds lacking adequate
psychosocial support and health literacy. As demonstrated
by this case, an increased efort to connect patients with
Mauriac syndrome to holistic supports, including social
work, psychology/psychiatry, and community resources, is
paramount to preventing further episodes of DKA and
reversing liver changes.

4. Conclusion

Tis case demonstrates how persistent lactatemia in the
setting of DKA in a patient with T1DM can alert clinicians to
consider Mauriac syndrome as a diagnosis. Early identif-
cation of these patients is benefcial in connecting them with
more intensive psychosocial support to achieve in-target BG
levels and resolution of their glycogenic hepatopathy.

Data Availability

Tis is a case report describing one patient. Te patient has
signed a release form to have their data published anony-
mously for this case report. Te data were taken from the
patient’s electronic medical record through Alberta Health
Services.Te data supporting the conclusions are in the body
of this manuscript. If further data are required, then please
contact the corresponding author at Nada.ElTobgy@alber-
tahealthservices.ca for anonymized data.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Acknowledgments

Tis study is self-funded by the authors.

References

[1] A. Subedi, V. C. S. Kumar, A. Sharma, G. Hoilat, and S. John,
“Persistent lactic acidosis in the Mauriac syndrome in type 1
diabetes mellitus,” Baylor University Medical Center Pro-
ceedings, vol. 34, no. 3, pp. 382-383, 2021.

[2] F. Lombardo, S. Passanisi, A. Gasbarro, G. Tuccari, A. Ieni,
and G. Salzano, “Hepatomegaly and type 1 diabetes: a clinical
case of Mauriac’s syndrome,” Italian Journal of Pediatrics,
vol. 45, no. 1, p. 3, 2019.

[3] A. H. Alhajjaj and F. K. Aljishi, “Mauriac syndrome still exists
in poorly controlled type 1 diabetes: a report of two cases and
literature review,” Cureus, vol. 13, no. 4, Article ID e14704,
2021.

[4] L. Plaza Enriquez, N. Konindala, H. Yeh, P. Khatiwada,
M. Sanchez Valenzuela, and K. Askari, “A case report about
glycogenic hepatopathy,” Case Reports in Endocrinology,
vol. 2022, 4 pages, 2022.

[5] M. C. G. J. Brouwers, J. C. Ham, E. Wisse et al., “Elevated
lactate levels in patients with poorly regulated type 1 diabetes
and glycogenic hepatopathy: a new feature of mauriac syn-
drome,” Diabetes Care, vol. 38, no. 2, pp. e11–e12, 2015.

[6] K. S. Deemer and G. F. Alvarez, “A rare case of persistent lactic
acidosis in the ICU: glycogenic hepatopathy and mauriac
syndrome,” Case Reports in Critical Care, vol. 2016, 4 pages,
2016.

[7] K. Cox, M. N. Cocchi, J. D. Salciccioli, E. Carney, M. Howell,
and M. W. Donnino, “Prevalence and signifcance of lactic
acidosis in diabetic ketoacidosis,” Journal of Critical Care,
vol. 27, no. 2, pp. 132–137, 2012.

[8] P. Mauriac, “Gros ventre, hepatomegalie, troubles de las
croissance chez les enfants diabetiques traits depuis plusieurs
annes par l’insuline,” Gax Hebd Med Bordeaux, vol. 26,
pp. 402–410, 1930.

[9] M. van den Brand, L. D. Elving, J. P. H. Drenth, and
J. H. J. M. van Krieken, “Glycogenic hepatopathy: a rare cause
of elevated serum transaminases in diabetes mellitus,” Te
Netherlands Journal of Medicine, vol. 67, no. 11, pp. 394–396,
2009.

[10] J. M. Sherigar, J. De Castro, Y. M. Yin, D. Guss, and
S. R. Mohanty, “Glycogenic hepatopathy: a narrative review,”
World Journal of Hepatology, vol. 10, no. 2, pp. 172–185, 2018.

[11] M. J. MacDonald, N. M. Hasan, I. u H. Ansari, M. J. Longacre,
M. A. Kendrick, and S. W. Stoker, “Discovery of a genetic
metabolic cause for mauriac syndrome in type 1 diabetes,”
Diabetes, vol. 65, no. 7, pp. 2051–2059, 2016.

[12] A. A. Al Sarkhy, Z. A. Zaidi, and A. M. Babiker, “Glycogenic
hepatopathy, an underdiagnosed cause of relapsing hepatitis
in uncontrolled type 1 diabetes mellitus,” Saudi Medical
Journal, vol. 38, no. 1, pp. 89–92, 2017.

[13] A. Abaci, O. Bekem, T. Unuvar et al., “Hepatic glycogenosis:
a rare cause of hepatomegaly in Type 1 diabetes mellitus,”
Journal of Diabetes and Its Complications, vol. 22, no. 5,
pp. 325–328, 2008.

[14] A. Chandel, B. Scarpato, J. Camacho, M. McFarland, and
S. Mok, “Glycogenic hepatopathy: resolution with minimal
glucose control,” Case Reports in Hepatology, vol. 2017,
3 pages, 2017.

[15] B. Touilloux, H. Lu, B. Campos-Xavier et al., “Elevated lactate
in Mauriac syndrome: still a mystery,” BMC Endocrine Dis-
orders, vol. 21, no. 1, p. 172, 2021.

[16] M. Tomihira, E. Kawasaki, H. Nakajima et al., “Intermittent
and recurrent hepatomegaly due to glycogen storage in
a patient with type 1 diabetes: genetic analysis of the liver
glycogen phosphorylase gene (PYGL),” Diabetes Research and
Clinical Practice, vol. 65, no. 2, pp. 175–182, 2004.

Case Reports in Endocrinology 3

mailto:Nada.ElTobgy@albertahealthservices.ca
mailto:Nada.ElTobgy@albertahealthservices.ca



