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Abstract

Objective—To describe a case of hepatomegaly and elevated transaminases in a patient with 

glycogenic hepatopathy (GH) as a complication of uncontrolled diabetes.

Methods—Clinical, laboratory, and pathological information are described.

Results—An 18-year-old male with uncontrolled type 1 diabetes and recurrent diabetic 

ketoacidosis (DKA) presented with abdominal distention and severe hyperglycemia. Physical 

examination revealed massive hepatomegaly. Laboratory evaluation showed anion-gap metabolic 

acidosis, ketonuria, and markedly elevated aspartate and alanine amino transaminases (AST = 

1,162 IU/L and ALT = 598 IU/L, respectively). Despite resolution of DKA with insulin infusion, 

transaminases continued to increase (peak AST = 3,725 U/L, ALT = 1,049 U/L) with no signs of 

liver failure (normal coagulation profile and albumin level). Abdominal ultrasonography revealed 

an enlarged liver with moderate echogenicity, consistent with steatosis. Extensive evaluation for 

causes of hepatitis including toxic, autoimmune, genetic, and infectious diseases was unrevealing. 

Liver biopsy showed no signs of nonalcoholic fatty liver disease (NAFLD), such as fibrosis, 

steatosis, or portal inflammation. However, swollen hepatocytes with glycogen accumulation 

consistent with GH were seen.

Conclusion—GH can present as hepatomegaly and elevated liver transaminases in patients with 

uncontrolled diabetes. Clinicians should consider GH in patients with uncontrolled diabetes after 

ruling out other common causes. Liver ultrasound cannot differentiate this condition from the 
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more commonly seen NAFLD. Although liver biopsy remains a gold standard, evaluation with 

magnetic resonance imaging may be considered as a less invasive alternative in the appropriate 

clinical setting.

INTRODUCTION

Glycogenic hepatopathy (GH) is the hallmark pathological finding of Mauriac syndrome, 

first described in 1930 in children with uncontrolled type 1 diabetes, delayed growth, 

cushingoid features, hypercholesterolemia, hepatomegaly, and elevated liver transaminases 

(1). More recently, it has been recognized that adolescents and adults with uncontrolled 

diabetes on insulin therapy may present with hepatomegaly and elevated transaminases 

without the other classic syndromic features (2). A recent small case series also identified an 

elevated level of lactic acid as part of the syndrome (3). GH has been traditionally diagnosed 

by liver biopsy; however, less invasive alternatives, such as gradient-dual-echo magnetic 

resonance imaging (MRI), have been recently suggested (4).

Here we present a young male with poorly controlled diabetes presenting with 

hepatomegaly, elevated transaminases, lactic acidosis, and liver histopathology findings 

consistent with GH. Since GH is probably underrecognized due to similarities with 

nonalcoholic fatty liver disease and the need for liver biopsy to establish a definitive 

diagnosis (5), we also propose an algorithm to assist clinicians with the diagnosis.

CASE REPORT

An 18-year-old Hispanic male with uncontrolled type 1 diabetes and recurrent diabetic 

ketoacidosis (DKA) presented to the emergency department complaining of abdominal pain 

and distention for weeks, worsening over the last few days. He also endorsed nausea, early 

satiety, and bloating. He reported normal growth and pubertal development. He has had 

multiple hospitalizations for DKA due to poor compliance with insulin therapy. On 

presentation, he was tachycardic, with normal blood pressure, respiratory rate, oxygen 

saturation, and temperature. On general examination, he had a thin body constitution with no 

acanthosis nigricans. No syndromic features were noted. He had dry mucous membranes 

and a nontender but massive hepatomegaly.

Initial laboratory evaluation showed severe DKA (glucose of 1,166 mg/dL, anion gap of 22, 

and ketonuria) and elevated liver transaminases. Notably, lactic acid was also elevated at 2.4 

mmol/L on presentation and peaked at 8.0 mmol/L on day 2 of hospitalization. DKA was 

managed in the intensive care unit with continuous intravenous regular insulin infusion, and 

the patient was subsequently transitioned to the medicine floor on a basal-bolus 

subcutaneous insulin regimen. As seen in Figure 1, despite the resolution of DKA with 

insulin therapy, liver transaminases continued to increase from baseline (aspartate 

transaminase [AST] = 1,162 IU/L and alanine transaminase [ALT] = 598 IU/L), peaking on 

day 3 (AST = 3,725 U/L and ALT = 1,049 U/L). However, no signs of acute liver failure 

were observed; bilirubin, albumin level, and coagulation profile remained normal during his 

hospitalization. Abdominal ultrasonography revealed an enlarged liver (25 cm) with 

moderate echogenicity, suggestive of steatosis.
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Given the degree and progressive elevation of liver transaminases, which were not consistent 

with hepatic steatosis, an extensive evaluation for other causes of hepatomegaly and hepatitis 

was pursued. Evaluation for toxins, autoimmune, genetic, and infectious etiologies were 

unrevealing. An ultrasound-guided liver biopsy was performed and showed swollen 

hepatocytes with intracytoplasmic glycogen accumulation that was highlighted with periodic 

acid–Schiff (PAS) staining (Fig. 2), consistent with GH. As glycemic control improved, liver 

transaminases started to decrease on day 4 (Fig. 1) and abdominal symptoms mostly 

resolved. He was discharged home with close outpatient follow-up.

DISCUSSION

We described a case of hepatomegaly and elevated liver transaminases in a patient with 

poorly controlled type 1 diabetes. Based on the clinical presentation and liver biopsy results, 

we concluded that GH was the final diagnosis. As seen in this case, it has been recognized 

that adolescents and adults with uncontrolled diabetes on insulin therapy may present with 

hepatomegaly and elevated transaminases without the other classic features of Mauriac 

syndrome such as delayed growth and cushingoid features (2). Although the true incidence 

of GH is unknown, van den Brand et al (6) found a total of 42 patients from 14 case reports 

or case series that were published from 1990 to 2009. The authors noticed that up to 95% of 

these patients had type 1 diabetes.

Unlike most organs where insulin facilitates glucose entry to cells, excess glucose enters 

hepatocytes by insulin-independent passive diffusion. Concomitant presence of insulin 

activates glycogen synthase, a key enzyme in glycogen synthesis, which converts glucose to 

glycogen in the hepatocytes. In the presence of both frequent hyperglycemia and 

supraphysiological levels of insulin, glycogen starts accumulating in the hepatocytes (2). 

When this cycle continues, hepatomegaly, its associated obstructive symptoms, and elevation 

of liver transaminases start to manifest (2,7). In the current case, the levels of hepatic 

transaminases increased after intensive insulin therapy was started on day 1, peaking on day 

3. When hyperglycemia finally improved on day 4 (average daily blood glucose <200 mg/

dL), his transaminases also started to normalize (as shown in Fig. 1). Thus, improving 

glycemic control is the mainstay of therapy, and complete symptomatic and biochemical 

resolution have been previously documented. The overall prognosis is good with no 

progression to liver fibrosis (5,6).

Despite numerous case reports, GH is still widely underrecognized, and diagnosing this 

condition remains a challenge for both internists and endocrinologists (5,8). GH can be 

misdiagnosed as nonalcoholic fatty liver disease (NAFLD), the most common cause of 

hepatitis in the adult diabetic population, since it has indistinguishable ultrasonographic 

features (9). Despite recent advances in less invasive diagnostic modalities, GH is still 

largely diagnosed by histopathologic evaluation of liver biopsy samples (9). Pathologic 

features of NAFLD, such as fibrosis, steatosis, and portal inflammation, are not seen in GH, 

where hepatocytes are pale, swollen, and have PAS-positive intracytoplasmic inclusions that 

disappear after digestion with diastase (8,9).
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In the appropriate clinical setting, gradient-dual echo liver MRI can help distinguish GH and 

NAFLD (4). In NAFLD, the presence of hepatic fat content causes a difference in signal 

intensity from images in the opposed-phase versus images in the in-phase sequence of a T1-

weighted liver MRI. This signal intensity difference is not found in conditions where there is 

no liver fat accumulation, such as GH, supporting the diagnosis of GH instead of NAFLD 

(4,9).

Although GH and NAFLD should be in the differential diagnosis of patients with 

hepatomegaly/elevated transaminases and uncontrolled diabetes, other more common and 

potentially life-threatening conditions should be evaluated first in the appropriate clinical 

settings. These include ischemic, autoimmune, toxic (acetaminophen, alcohol), infectious 

(acute viral hepatitis), and genetic (Wilson disease, hemochromatosis) etiologies (7,9). If the 

above evaluations are unrevealing, other findings that suggest GH include preserved liver 

synthetic function and elevated lactic acid level (3,5). Unlike other causes of hepatomegaly/

elevated transaminases, GH does not usually affect liver synthetic function. In a case series 

by Chatila et al (2), all GH patients (n = 8) had normal (or mildly elevated) total bilirubin 

and prothrombin time.

More recently, an elevated lactic acid level has been proposed as an additional feature of GH 

(3); however, other conditions, such as primary mitochondrial disorder and shock liver, may 

also cause elevated lactic acid levels and hepatomegaly. Although GH can also cause 

abnormal, giant mitochondria (8), the absence of stroke-like episodes, epilepsy, deafness, 

cardiomyopathy, and maternal inheritance of this disorder in our patient suggests that 

primary mitochondrial disorder is unlikely the cause of out patient’s lactic acidosis (3). 

Furthermore, the fact that improved glycemic control in our patient resulted in improvement 

of liver transaminases and lactic acid further supports the diagnosis of GH, instead of a 

primary mitochondrial disorder. Shock liver was ruled out in our case given the fact that our 

patient never developed circulatory shock during his hospitalization.

In our patient, the initial evaluation was unrevealing, liver synthetic function was preserved, 

and lactic acid level was elevated, all of which may suggest GH. However, given the rarity of 

this condition, we pursued an ultrasound-guided liver biopsy to confirm the diagnosis. Based 

on recent studies (4,7), one can argue that in the case of a negative initial evaluation for 

common causes of elevated transaminases, along with a preserved liver synthetic function 

and elevated lactic acid level, a gradient dual-echo MRI followed by a positive response to 

treatment could be considered as an alternative to liver biopsy (see algorithm in Fig. 3).

CONCLUSION

After excluding common causes of hepatomegaly and elevated liver transaminases, 

clinicians should consider GH in patients with uncontrolled diabetes treated with insulin 

therapy. Given the similar ultrasonographic appearance, this condition is commonly 

misdiagnosed as NAFLD, the most common cause of hepatopathy in patients with diabetes. 

However, unlike NAFLD, GH does not usually progress to liver cirrhosis, and glycemic 

control has been shown to improve the hepatomegaly and elevated transaminases in these 

patients. Recent reports suggest that consistent MRI findings combined with response to 
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treatment in the appropriate clinic setting may be used as an alternative to liver biopsy in 

diagnosing GH. Consequently, we propose an algorithm that incorporates less invasive 

diagnostic methods to guide clinical diagnosis in these cases. However, further studies are 

needed to validate the accuracy of such an algorithm compared to the standard liver biopsy.
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Fig. 1. 
Relationship between liver transaminases and mean daily blood glucose (capillary point-of-

care blood glucose): AST = aspartate aminotransferase (reference range, 10 to 40 IU/L); 

ALT = alanine aminotransferase (reference range, 7 to 56 IU/L).
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Fig. 2. 
Left: liver biopsy showing swollen hepatocytes with cytoplasmic clearing, suggestive of 

glycogen accumulation (hematoxylin & eosin, × 200). Right: hepatocyte cytoplasm showing 

accumulation of glycogen, highlighted by periodic acid–Schiff staining (×200).
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Fig. 3. 
Proposed diagnostic algorithm for glycogenic hepatopathy (GH): CT = computed 

tomography; MRI = magnetic resonance imaging.
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