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Summary 

 

A 14-year-old boy with Type 1 Diabetes mellitus (diagnosed at eight years of age) presented with complaints of 

fever, weight loss, growth failure, pubertal delay, abdominal swelling and discomfort. He was on Premixed insulin 

(70/30) with inadequate follow-up and poor diabetic control. Examination revealed cachexia, generalised 

lymphadenopathy, a protuberant abdomen and hepatosplenomegaly. Anthropometry showed a bodyweight of 

19.6kg, a height of 116cm and a BMI of 14.1kg/m2, all markedly below the 3rd centile. He had no secondary sexual 

characteristics: axillary hair stage 1, pubic hair stage 1, penile length of 4.9cm and prepubertal testicular volumes 

of 3mls bilaterally. At presentation, his random blood glucose was 400mg/dl, and glycosylated haemoglobin was 

11.6%. Screening for tuberculosis, human immunodeficiency virus, hepatitis and lymphoproliferative disorders 

were negative. Other blood investigation findings included leucocytosis, erythrocyte sedimentation rate of 

30mm/hr, normal liver function tests, normal serum electrolytes, urea and creatinine. His haemoglobin genotype 

was AS. Chest radiograph showed features of bronchopneumonia. A presumptive diagnosis of Mauriac Syndrome 

was made. With the optimisation of glycaemic control, he improved clinically with a weight gain of 5.7kg over 

four months and resolution of hepatosplenomegaly. 
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Introduction  

 

Mauriac syndrome (MS) is characterised by 

growth failure, delayed puberty, cushingoid 

features and hepatomegaly, usually associated 

with poor control of Type 1 Diabetes mellitus 

(T1DM) in children and adolescents. [1-4] The 

pathophysiology of MS is not entirely 

understood, but some mechanisms for 

glycogenosis have been suggested. In 

prolonged hyperglycaemia, glucose passively 

enters the hepatocytes by the insulin-

independent membrane glucose transporter 

GLUT2 mechanism and is rapidly 

phosphorylated. Subsequent insulin treatment 

promotes the polymerisation of glucose-6-

phosphate to glycogen by glycogen-synthase, 

driving a large amount of glycogen synthesis in 

the presence of trapped high cytoplasmic 

glucose concentrations. [1,2,5-7] Some authors 

have suggested that genetic factors may be 

involved in the predisposition to MS, which 

may explain why some patients with poorly 

controlled T1DM develop the condition while 

others do not. [1,8]  
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MacDonald et al. hypothesised that a 

heterozygous mutation found in a subunit of 

the liver glycogen phosphorylase kinase 

enzyme complex (which catalyses the first step 

in glycogen breakdown in the liver) combined 

with extreme hyperglycaemia acted together to 

inhibit glycogenolysis and to cause massive 

glycogen accumulation in the liver cells.[8] The 

glycogen deposition in the liver described in 

MS has also been noted in other reports without 

the full spectrum of MS, both in adults and 

children with T1DM and rarely in T2DM. [9] 

Some of the different terminologies used to 

describe this entity include hepatic 

glycogenosis, glycogen hepatopathy, glycogen 

storage hepatomegaly and hepatic glycogen 

storage. [9] Torbenson et al. [10] first used the term 

“glycogenic hepatopathy” to describe their 

histopathological findings in 14 children and 

adults with the condition. This term has been 

used universally since then to describe this 

unique pathologic feature. [9, 10] 

 

No sex preponderance has been noted in the 

literature. [1-4]. Current thinking is that a 

diagnosis of MS can be made based on clinical 

features and the results of imaging and 

laboratory tests associated with good clinical 

response, while liver biopsy can be reserved for 

unclear diagnosis or non-response. [1,2,4] Timely 

institution of good glycaemic control can 

reverse these features with no case of evolution 

to end-stage liver disease. [1-4] This report is 

presented to emphasise the need to maintain a 

high index of suspicion for prompt diagnosis 

and management. 

 

 

Case Description 

 

A 14-year-old boy with T1DM who was 

diagnosed at eight years of age presented to the 

Endocrinology Clinic of the Federal Medical 

Centre, Umuahia, in May 2020, with complaints 

of fever, weight loss and pubertal delay. There 

was associated abdominal swelling and 

discomfort. The only significant previous 

history was jaundice in the neonatal period, 

which resolved within two weeks. Initial 

diagnosis of DM was made when he presented 

in diabetic ketoacidosis and was managed with 

intravenous insulin. He was subsequently 

placed on subcutaneous pre-mixed (70/30) 

insulin (1.42units/kg), but his compliance was 

poor due to severe financial constraints and an 

irregular supply of insulin. Clinic attendance 

was also erratic because of low finances and 

distance from his rural abode to the health 

facility. He could not afford a home blood 

glucose monitoring device due to poverty. He 

was not covered by medical insurance, and his 

medical bills were being footed by donations.  

 

On examination, he was cachectic, anicteric, 

afebrile, not pale but had generalised 

lymphadenopathy. There were no peripheral 

stigmata of chronic liver disease. He had a 

protuberant abdomen, hepatomegaly (4cm 

below the right costal margin) and 

splenomegaly (3cm below the left costal 

margin). Anthropometry showed a 

bodyweight of 19.6kg, height of 116cm and 

Body Mass Index (BMI) 14.1kg/m2, all 

markedly below the third percentile for age and 

sex. There were no secondary sexual 

characteristics such as axillary hair Stage 1, 

pubic hair Stage 1, penile length of 4.9cm and 

prepubertal testicular volumes of 3mls 

bilaterally (Figure 1).   

The results of laboratory evaluation at 

presentation included a random blood glucose 

of 400mg/dl (22.2mmol/), glycosylated 

haemoglobin (HbA1c) level of 11.6% 

(103mmol/mol) [higher than the target for 

good glycaemic control of <6.5% 

(58.5mmol/mol)]. Others included a Packed 

Cell Volume (PCV) of 34.7%, haemoglobin 

concentration of 12.5g/dl, White Blood Cell 

count (WBC) of 11,870/mm3 (neutrophils – 

54.5%, lymphocytes – 30%), platelet count of 

338,000/mm3. Erythrocyte Sedimentation Rate 

was 30mm/hr. The haemoglobin genotype was 

AS. Serum electrolytes were normal: 

bicarbonate – 24.5, sodium – 132, chloride – 97, 

potassium – 4.3, (all in mmol/L); urea – 

22mg/dl (10-55mg/dl) and creatinine – 
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0.3mg/dl (male: 0.7-1.2mg/dl). Liver function 

tests (LFTs) were normal: alanine transaminase 

(ALT) -10.4 (up to 41U/l), aspartate 

transaminase (AST) - 15.4 (up to 40U/l), 

alkaline phosphatase (ALP) - 87.3 (40-130U/l), 

Gamma Glutamyltransferase (GGT): 42.4 

(<60U/l), Total bilirubin 0.3 (0.2 -1.0mg/dl), 

direct - 0.10 (up to 0.2), indirect 0.2 (up to 

0.8mg/dl). Screening for hepatitis B and C were 

negative.  

 

 

     
 

Figure 1: Patient at presentation [showing short stature, cachexia and absent secondary sexual characteristics] 

 

Chest radiograph showed patchy opacities 

suggestive of bronchopneumonia but not 

tuberculosis. GeneXpert and Human 

Immunodeficiency Virus (HIV) screening were 

negative. Initial screening for 

lymphoproliferative disorders with peripheral 

blood film was normal. Abdominal ultrasound 

scan (USS) findings included minimal 

hepatomegaly with preserved parenchymal 

echogenicity, splenomegaly with preserved 

echotexture, normal dimensions of kidneys 

with good corticomedullary distinction, 

normal gall bladder, pancreas, adrenals, and 

abdominal aorta; no masses, free fluid or 

dilation of bowel loops was seen. Due to 

financial constraints, serum lipids, bone 

marrow aspiration, lymph node, and liver 

biopsy could not be done. A presumptive 

diagnosis of Mauriac syndrome was made 

based on his clinical and obtainable laboratory 

findings.  

 

Available resources were channelled towards 

optimising the blood glucose control with 

accessible and affordable insulin, premixed in 

the ratio of 70/30. He was also treated with 

intravenous antibiotics (ceftriaxone) for five 

days and discharged on oral ciprofloxacin for 

seven days. The blood glucose control 

improved, and the patient gained 5.7kg over 

four months with a resolution of the 

hepatomegaly and splenomegaly (Figure 2). He 

is yet to develop any secondary sexual 

characteristics. He is on follow-up care, and 

efforts are being made to get him on sustainable 

NGO support for his insulin supplies and blood 

glucose testing kits.  
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Figure 2: Four months after treatment [showing no cachexia] 

 

 

Discussion 

 

Mauriac syndrome was originally described in 

1930 as a triad of poorly controlled diabetes 

mellitus, hepatomegaly and short stature. [1, 9] 

Over time, the definition has been expanded to 

include other variable features such as delayed 

puberty, cushingoid habitus and growth 

failure. [1-3, 5] The index patient presented with 

hepatomegaly, growth failure and pubertal 

delay on a background of poorly controlled 

diabetes mellitus as evidenced by the high level 

of HbA1C and hyperglycaemia at presentation. 

 

The peak age of occurrence of MS is in 

adolescence. The age of the index patient fits 

into the age incidence.  A retrospective study by 

Fitzpatrick et al. [2] of about 31 patients reported 

a median age of 15.1 years (IQR 14-16.2). 

Similar age brackets ranging from 11-19 years 

have been documented in various case reports. 
[1,3,4,11-13] Adolescence is critical for T1DM 

patients with poor compliance. Even in climes 

with more flexible and readily available insulin 

regimens, adolescence still presents the 

paediatric diabetologist with significant 

management difficulties because of multiple 

factors, including conflict between an emerging 

individual identity and the control of carers 

and behavioural peculiarities of this age 

group.[1,4,5] The low socioeconomic status of our 

patient and lack of access to a flexible insulin 

regimen could have contributed to suboptimal 

management of his condition. A case report 

from Sudan by Omer documented a 

background similar to that of the index patient 

and the use of premixed insulin. [13] 

 

As observed in previous reports, the index 

patient was severely stunted and wasted with 

absent secondary sexual characteristics. [1,13,14] 

The growth failure observed in some patients 

with MS is evident in the suboptimal 

anthropometric parameters. Studies have 

reported height-for-age z-scores ranging from -

1.01 to 0.4 and BMI-for-age z-scores of -12 to 

0.67. [2, 13] Poor glycaemic control was also 

present with the high HbA1C, similar to other 

reports. [1,2, 13] The index patient had no 

derangement of hepatic enzymes in agreement 
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with previous reports. [1,2,5,13] The consequent 

liver damage from glycogen deposition 

usually, though not always, leads to an increase 

in the serum hepatic transaminases but with 

preservation of the synthetic function of the 

liver. [1,5,7] splenomegaly has been reported in 

16% of children with MS [2] and two patients in 

another report by Munns et al. [4] though this 

finding is yet unexplained. The splenomegaly 

observed in the index patient could have 

resulted from the associated acute infection 

suggested by leucocytosis and pneumonic 

changes on the chest radiograph. [15] 

 

The diagnosis of MS is made from the typical 

clinical features and exclusion of other 

differential diagnoses. Serum levels of 

antinuclear antibodies, anti-smooth muscle 

antibodies, antimitochondrial antibodies and 

antineutrophil cytoplasmic antibodies are used 

to exclude autoimmune hepatitis. [1] Serological 

tests to rule out infectious causes of 

hepatomegaly such as Epstein Barr virus, 

cytomegalovirus, hepatitis A virus, hepatitis B 

virus, hepatitis C virus, human 

immunodeficiency virus can also be 

undertaken. In cases of suspicion of 

haemochromatosis, serum iron studies should 

be done while serum copper/ceruloplasmin 

and a urinary penicillamine challenge are used 

to exclude Wilson disease. [1,2] To investigate 

other causes of growth failure seen in these 

patients, haemoglobin genotype can be used to 

rule out sickle cell anaemia, especially in 

susceptible populations like our setting. 

Abdominal ultrasound is a simple and readily 

available tool to determine the dimension and 

characteristics of the liver tissue and rule out 

other pathology in organs such as pancreatitis. 
[1] Given some of the clinical features in the 

index patient, malnutrition-modulated 

diabetes was considered. The absence of 

pancreatic calcifications on abdominal USS and 

the initial mode of presentation in ketoacidosis 

of the index patient at the diagnosis of DM 

makes this differential diagnosis unlikely. [16] 

 

Thyroid Function Tests, serologic screening for 

coeliac disease and serum insulin-like growth 

factor 1 (IGF1) can be carried out if the clinical 

features suggest these conditions. Financial 

constraints in the index patient prevented 

screening for coeliac disease using the assay for 

tissue transglutaminase antibody and anti-

endomysial antibody. However, the absence of 

other clinical features such as nausea, vomiting, 

diarrhoea, hypoglycaemia and no 

haematological evidence of hypochromic 

microcytic anaemia makes coeliac disease 

unlikely. [17] Relevant radiographs can 

determine skeletal age. Radiological imaging 

studies like computed tomography and 

magnetic resonance imaging in establishing the 

diagnosis of MS could depend on the interval 

changes in the liver density, but their sensitivity 

and specificity are yet to be ascertained. [1] 

 

Non-alcoholic fatty liver disease (which may 

have a potential for significant liver disease in 

adulthood) share some features such as 

steatosis, significant dyslipidaemia and 

ultrasonographic liver appearance with MS. [2] 

This condition was unlikely in the index patient 

because children with non-alcoholic fatty liver 

disease are predominantly overweight/obese. 

In contrast, children with MS are thin, as seen 

in the index patient. As autoimmune hepatitis 

can be associated with T1DM, liver biopsy is 

usually undertaken when this or an alternate 

diagnosis to MS is suspected, especially in 

children with significantly abnormal 

transaminases (>twice the upper limit of 

normal). [2] Given this, a liver biopsy may not be 

necessary for the index patient because his 

transaminases were normal.  

Limitations: Some essential investigations 

required to exclude other causes of 

autoimmune hepatitis and growth failure in the 

index patient could not be done due to severe 

financial constraints. A more extended period 

of follow-up would have also enriched the 

report.    

 

 

Conclusion 
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MS is a rare complication of poorly controlled 

T1DM, and a high index of suspicion should be 

maintained for prompt diagnosis. Timely 

intervention with good glycaemic control 

reverses the clinical features in most cases, and 

adequate growth is achieved.  
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