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Article Info Abstrak

Kejadian hipoglikemia pada pasien non-diabetes merupakan temuan yang cukup jarang.
Etiologi hipoglikemia yang tidak terkait penyakit diabetes cukup bervariasi, antara lain
hiperinsulinemia, defisiensi hormon, keganasan, hingga penyakit kritis. Laporan kasus ini
menggambarkan upaya penegakan penyebab hipoglikemia berulang pada seorang
pasien laki-laki usia 46 tahun yang sebelumnya telah didiagnosis dengan karsinoma sel
hati (KSH). Anamnesis dan pemeriksaan yang telah dilakukan berhasil mengerucutkan
diagnosis diferensial penyebab hipoglikemia menjadi antara gagal hati akibat KSH atau
akibat sindrom paraneoplastik dari tumor sel non-beta yang dikenal dengan istilah non-
islet cell tumor hypoglycaemia (NICTH). Ketiadaan stigmata penyakit liver kronis pada
pasien mendukung NICTH sebagai penyebab utamanya. Pada akhirnya, keputusan
pemeriksaan diagnostik yang sebaiknya dilakukan dalam menghadapi kasus langka
seperti NICTH bergantung pada penilaian klinis dengan mempertimbangkan asas
Ariana, A.M., Permadi, G.A., Susanto, H.  efektivitas biaya dan juga harapan pasien. Terlepas dari apapun etiologinya, manajemen
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Symptomatic hypoglycemia in patients without underlying diabetes is uncommon.
https://doi.orq/10.19184/ams.v10i1.459  Etiology of non-diabetic hypoglycemia varies from hyperinsulinism, hormone deficiencies,
24 malignancies, to critical illness. This case report illustrates the attempt to determine the
cause of refractory hypoglycaemia in a 46 years old male patient with underlying
hepatocellular carcinoma (HCC). Anamnesis and examinations have narrowed differential
diagnosis to concurrent systemic illness (liver failure due to HCC) or paraneoplastic
syndrome from non-beta cell tumors, referred as non-islet cell tumor hypoglycemia
(NICTH). It was noted that the absence of chronic liver disease stigmata has put NICTH as
the possible main cause. Deciding what diagnostic modalities needed to perform to
establish the diagnosis eventually relies on clinical judgement while taking cost-
effectiveness and patients’ preference in consideration, particularly in low-resource
settings. Nonetheless, the main goal of treating hypoglycemia is to immediately achieve
and sustain euglycemia which can be achieved conservatively or definitively with surgery
despite the etiology.
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Introduction

Hypoglycemia is a condition characterized by low plasma glucose
concentrations which may progress to severe complications,
such as lethal neurologic or cardiovascular ischemia, when not
being treated immediately. Symptomatic hypoglycemia in
patients without underlying diabetes is uncommon because
counter-regulatory mechanism in the human body exists to
compensate for low glucose level. Most cases result as
complications from diabetes mellitus medication. Etiology of
non-diabetic hypoglycemia varies from hyperinsulinism,
hormone deficiencies, malignancies, to critical illness (Martens
and Tits, 2014). Nonetheless, establishing the true cause may be
difficult particularly in low-resource settings due to the fact that
the diagnostic modalities required are mostly advanced and
unavailable. Consequently, diagnosis is often made through
exclusions.

Hypoglycemia in hepatocellular carcinoma (HCC) is not unusual
given that decompensated liver may naturally impair
gluconeogenesis pathway. Tumor-induced hypoglycemia which
mechanism involves tumor’s ability to directly produce insulin
growth factor may also be a possible cause albeit rare. Tumor
associated hypoglycemia may be caused by insulin producing
islet-cell tumors (i.e. insulinoma) or a manifestation of
paraneoplastic syndromes from extra-pancreatic tumors which
include HCC (Pelosof and Gerber, 2010; Regino et al., 2020). This
case report illustrates the attempt to determine the cause of
refractory hypoglycemia in a patient with HCC.

Case Report

We report a 46 years old male patient admitted to a
tertiary hospital in Surabaya, Indonesia, with refractory
hypoglycemia referred from a hospital in Bojonegoro district,
located 68 miles from Surabaya city. He was found unconscious
in his bed when his family tried to wake him up in the morning,
therefore, the true duration of patient’s blackout is not clearly
known. The examination done in the Bojonegoro hospital
showed normal vital signs and rapid glucose test showed 0
mg/dL. The patient was immediately treated with intravenous
glucose injection and maintained with 5% dextrose solution. Five
months ago, he started to feel an enlarged stomach particularly
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Figure 1. Physical examination exhibiting abdominal distension without chronic liver disease stigmata

Journal of Agromedicine and Medical Sciences. 2024. 10(1): 5-11

on the upper right part that felt solid and grew progressively. It
was the first time he seeks for medication and was eventually
diagnosed by an internist with liver cancer and hepatitis B after
several examinations including abdomen ultrasonography (USG)
and computed tomography (CT) scan. The patient refused
treatment because he was told that he had to be referred across
the city for advanced therapy. He accepted his condition as a
terminal state and only consumed curcuma occasionally. Two
weeks before admission, the patient frequently complained of
weakness and tremulousness that resolved after he ate
something. This was his first blackout episode. During
observation in the emergency room in Bojonegoro, he
experienced loss of consciousness recurrently with a glucose
level below 50 mg/dL and became responsive each time 40%
dextrose concentrated solution was injected. This incidence
occurred repeatedly that it was decided to refer him to
Surabaya.

The physical examination in Surabaya showed weak state
and GCS 456. Blood pressure 130/90 mmHg, heart rate 110 bpm
regular, respiratory rate 22 times/minutes, temperature of axilla
36,2°C, capillary refill time less than 2 seconds, oxygen
saturation 97% without oxygen support (98-99% with nasal
cannula 4 liters/minute). From physical examination, a mass in
right hypochondriac region reaching the epigastric region was
palpable (Figure 1). Chronic liver disease stigmata such as spider
angioma, jaundice, palmar erythema, gynecomastia, and ascites
were not found. The laboratory resultis shown in Table 1. Thorax
photo discovered normal lungs and heart with no signs of
metastatic in lungs and bones. The patient brought abdominal
USG 4 months prior to current admission. The USG showed
enlarged left lobe with solid and bobbing mass 68,2 x 69,3 mm
and multiple solid nodule in its surrounding. The CT scan done in
Surabaya exhibited enlarged liver size with heterogeneous
parenchyma density; solid mass in right lobe 7,9 x 14,2 cm and
solid mass in left lobe 16,4 x 22,4 cm with positive infiltration;
normal biliary duct; and thickening of right and left pleura. It
suggested hepatocellular carcinoma on right and left lobes with
no thrombus portal and minimal bilateral pleural effusion
(Figure 2).
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Figure 1. Abdominal CT-Scan suggesting hepatocellular carcinoma

Table 1. Laboratory data progress

Normal Past examinations (4 months prior  Day 1 admission Day 3 admission
reference to admission)
Hgb (g/dL) 13.3-16.6 10.5 10.6
WBC (/uL) 3.37-10.0 x103 9.65 12.730
Plt (/uL) 150-450,000 272,000 191,000
Neut (%) 91.6 86.8
Lymph (%) 2.5
MCV (fl) 86.7-102.3 86.1
MCH (pg) 27.1-32.4 27
MCHC (gr/dl) 29.7-33.1 29.2
Glucose (mg/dL) <100 <5
BUN (mg/dL) 10-20 17
Creatinine (mg/dL) 0.5-1.2 0.6
SGOT (U/L) <41 1,420
SGPT (U/L) 0-50 464
Albumin (g/dL) 3.4-5.0 3.8
Total protein (g/dl) 6.0-8.3 6
Globulin (g/dl) 2.0-3.5 2.6
Total bilirubin (mg/dL) 0.2-1.0 5.54
Direct bilirubin (mg/dL) <0.2 4,03
PPT 9-12 13.4
APTT 23-33 27.5
Na (mmol/L) 136-144 142
K (mmol/L) 3.8-5.0 4.2
I (mmol/L) 97-103 99
AFP (ng/ml) <20 >400
HbsAg Negative Reactive
Anti-HCV Negative Non-reactive
HIV Negative Negative
HbA1c (%) <5.7 5.5
Insulin (LIU/mL) 3,2-28,5 1,9
Urine SG 1,020
pH6
Glucose (-)
Ketone (-)
Bil (+3)
Pro (+2)
Nitrite (+)
Uro (+2)
Leu (+1)

Bacteria (+)
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The patient was diagnosed with hepatocellular carcinoma
(Child-Pugh A), urinary tract infection, and refractory
hypoglycemia. He was planned to have blood and urinary
culture, insulin measurement, and strict glucose monitoring
every 3 hours. The absence of chronic liver disease stigmata and
sepsis signs as well as the newly found low insulin result
suggested NICTH as a possible etiology. Nonetheless, due to
limited resource and patient’s wish for a palliative care, further
diagnostic method including pathological examination was not
conducted.

The patient was provided with diet through nasogastric
tube and was treated with the following medications: infusion of
5% dextrose 1000 mL/day, intravenous injection of ceftriaxone 1
gram/12 hours, intravenous injection of methylprednisolone
62.5 mg/day, lamivudine 100 mg/day, and additional
intravenous injection of 40% dextrose following every
documented hypoglycemia. Despite being provided with enteral
nutrition in a timely manner and treated with steroid injection,
the blood glucose level still fluctuated from 32 mg/dl to 123
mg/dl accompanied with frequent loss of consciousness. On the
third day of treatment, patient refused further treatment and
asked to be discharged despite of the poor condition because he
preferred palliative and supportive care at home. He was
discharged with nasogastric tube to support his diet needs at
home, methylprednisolone 16 mg/8 hours orally, cefixime 100
mg/12 hours orally, and lamivudine orally. The patient passed
away five days after discharge in his home.

Discussion

Global data suggest HCC as the fifth most prevalent
cancer worldwide with high mortality. The main risk factors of
HCC include hepatitis B virus (HBV), hepatitis C virus, alcohol,
nonalcoholic fatty liver disease, and metabolic syndromes
(McGlynn et al., 2021). Hepatitis B may progress to HCC through
integration of HBV-DNA to the host genome stimulating
carcinogenic process which involves chromosome alterations,
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p53 inactivation, and overexpression of liver progenitor cells
(Levrero and Zucman-Rossi, 2016). The incidence of
hypoglycemia in HCC is not clearly known.

Hypoglycemia is a condition of which manifestations of
Whipple’s triad are documented: symptoms or signs consistent
with hypoglycemia; low glucose level concentration (less than 55
mg/dl or 3,0 mmol/liter); and resolution of symptoms after
glucose level is raised. Potential etiology of hypoglycemia in non-
diabetic patient can be simply classified as drug-induced,
concurrent systemic illness, hormone deficiency, and
hyperinsulinemia (Figure 3) (Martens and Tits, 2014; Bansal and
Weinstock, 2020). It is important to briefly exclude the possibility
of each of the etiologies.

Drug-induced hypoglycemia can be excluded given that
patient did not take any medications that may precipitate
hypoglycemia such as insulin, insulin secretagogues, alcohol,
fluoroquinolones, sulfonamides, ACE-inhibitors, and herbal
drugs (Bansal and Weinstock, 2020). Counter-regulatory
hormones consisting glucagon, epinephrine, cortisol, and
growth hormone (GH) oppose the action of insulin thus
promoting glycogenolysis, gluconeogenesis, and ketogenesis
which result in hyperglycemia. Consequently, deficiency of these
hormones may provoke hypoglycemia. However, it is not custom
for counter-regulatory hormones deficiency to present with
hypoglycemia as a sole manifestation. It commonly consists of a
group of clinical signs and symptoms altogether (Cryer et al.,
2009; Koren and Palladino, 2016). Hypercortisolism is a
condition which resulted from the inability of adrenal glands to
produce sufficient cortisol hormone and other steroid hormones
such as aldosterone. Clinical manifestations of hypercortisolism
cover weight loss, fatigue, postural hypotension, hyponatremia,
normochromic anemia, lymphocytosis, and eosinophilia (Kasper
et al., 2015). Epinephrine deficiency leads to primary autonomic
nervous system failure and elevated dopamine which clinically
manifest as orthostatic hypotension, ptosis, nasal congestion,
exercise intolerance, and sexual disorders (Koren and Palladino,
2016). GH deficiency in adults may occur in 2 conditions: children

Hypoglycemia Etiology
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Figure 2. Etiology of Hypoglycemia
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Table 2. Previous reports of hypoglycemia in HCC patients due to NICTH
Age Sex Clinical Presentation Laboratory and Radiology Treatment End Result Reference

Examination

76 F e Episode of collapse e Blood glucose 1 Palliative treatment covering: Patient passed away 3 (North et al.,
e Firm right upper mmol/L e Nocturnal NG feeding of food months after discharge 2022)
quadrant mass e Insulin <6 pmol/I rich in carbohydrates
(NR=12-150) e Prednisolone 40 mg gradually
e (C-peptide 0.19 weaned to 20mg daily
nmol/I (NR=0.34— e Somatostatin analogue 30 mg
1.80) daily
e |GF-I 3.8nmol/I
(NR=4.4-21.8)
e |GF-Il/IGF-I ratio 11.0
(normal <10)
e C(CTscan:Alarge
tumor in the right
lobe of the liver
without extrahepatic
spread
e Percutaneous biopsy:
HCC
71 M e Confused e Blood glucose 31 e The patient had previously Hypoglycaemia resolved (Sinha et al.,
e Diaphoretic mg/dL been treated with nivolumab ~ but the patient passed 2023)
e Lightheaded e Insulin 1.7 ulu/mL for HCC and it was continued away 5 months after due
(NR<19.6) with the same dose. to  COVID-19 related
e (C-peptide 0.00437 e Glucose tablets and glucagon complications
ng/L (NR=0.80-3.85) initially and subsequently the
e CTabdomen: patient was maintained with
Innumerable lesions prednisone 2 mg every 12
throughout the liver hours and a frequent diet
compatible with plan
multifocal
hepatocellular
carcinoma
55 F e Aggressiveness e Cortisol 8.9 ug/dL e TACE was performed twice Due to high tumor burden,  (Regino et al.,
e Disorientation (NR=5.27-22.45) with partial improvement various interventions were 2020)
e Blood glucose 17 e Patient was subsequently deemed to have low
mg/dL provided with palliative care success rate, therefore,
e Insulin 0.40 uU/mL covering parenteral nutrition patient was provided with
(NR=2.6-24.9) with a high dextrose load. palliative care.
e |GF-I<15 ng/mL
(NR=45-210)
e Cpeptide 0.0407
ng/mL (NR=1.1- 4.4)
e PET/CT with 18-FDG:
High FDG uptake
index suggesting an
elevated glucose
consumption tumor
58 M e Headache, e Blood glucose 44 e TACE was performed twice PET/CT evaluation (Albayrak et
dizziness, and mg/dl and the second observed significant al., 2022)
disorganized e Insulin 0.4 pU/mL chemoembolization was decreased in
behavior (NR: 1.9 -23) given with lipiodol. vascularization of the

e Liver palpable 4
cm below the right
rib

e C-peptide: 0.355
ng/mL (NR:1.1-4.4)

e Cortisol: 12.2 ug/dL

e  PET/CT with 18-FDG:
A hypermetabolic
lesion with
heterogeneous
increased FDG
uptake observed in
the liver

e Sorafenib 400 mg daily
e Physiological doses of
prednisolone

mass and intra-mass
stagnation.
Hypoglycaemia is
stabilized with
physiological dose of
steroid.

with GH transitioning to adult and deficiency acquired during

adulthood due to trauma or idiopathic.

Symptoms of GH
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deficiency include low energy level, emotional lability, mental
fatigue, decreased muscle mass, and decreased bone density
(Pia et al., 2004; Gupta, 2011). Due to the absence of clinical
features described above which complements the patient’s
hypoglycemic episodes, related hormone examinations were
deemed unnecessary.

Hyperinsulinemia hypoglycemia can be classified as
endogenous and exogenous due to insulin administration. The
former mainly covers insulinoma, non-insulinoma
pancreatogenesis hypoglycemia syndrome (NIPHS), and insulin
autoimmune syndrome. Ideally, initial examinations to screen
for hyperinsulinemia should consist of plasma insulin, C-peptide,
pro-insulin, and B-hydroxybutyrate concentration (Martens and
Tits, 2014). However, due to the limited resource, it was decided
to test insulin level first. Given the low insulin result,
hyperinsulinemia was eventually ruled out.

Anamnesis and past examinations have narrowed
differential diagnosis to concurrent systemic illness or
paraneoplastic syndrome from non-beta cell tumor. Liver failure,
renal failure, and sepsis are the most common systemic critical
illness which may cause hypoglycemia. Renal failure may cause
impairment in insulin clearance while sepsis releases various
cytokines inducing glucose utilization of which both conditions
are not found in this patient (Martens and Tits, 2014). Liver
failure contributes to hypoglycemia mainly through anatomical
and hepatocytes injury resulting in gluconeogenesis impairment,
diminished insulin production, and decreased insulin uptake by
liver cells. Nonetheless, hypoglycemia is more likely to develop
in massive hepatocytes necrosis. A study in China suggested that
Child-Pugh grade C, higher AFP, and low HbAlc significantly
increase the likelihood of hypoglycemia in the population (Zheng
et al., 2021). In this case, the absence of chronic liver disease
stigmata with a normal albumin and coagulation blood test have
put the patient in a compensated liver state. Therefore, it was
reasonable to consider paraneoplastic syndrome as the possible
main cause of the refractory hypoglycemia in this patient.

Non-beta cell tumor causing hypoglycemia, referred as
non-islet cell tumor hypoglycemia (NICTH), is a rare
paraneoplastic phenomenon of which prevalence not clearly
known and most cases tend to be underdiagnosed. NICTH occurs
when a tumor overly produces incomplete processed insulin
growth factor-Il (IGF-1I) also known as pro-IGF-Il or big IGF-II
because it has high molecular weight. It may origin from solid
tumors, hematopoietic, and neuroendocrine malignancies (De
Groot et al., 2007; Iglesias and Diez, 2014). IGF-Il is a peptide
hormone normally secreted in the liver which is structurally
homologous to insulin. Similar to insulin, IGF-II has the ability to
induce hypoglycemia by increasing glucose consumption in
skeletal muscle, suppressing hepatic glucose production, and
suppressing lipolysis in adipose tissue. High circulating IGF-1l also
gives negative feedback to the pituitary causing a decrease in GH
production (Hu et al., 2009; Dynkevich et al., 2013; Khowaja et
al., 2014; Garlat, 2018). The gold standard for NICTH diagnosis
is measurement of big IGF-Il through chromatography which is
expensive and not widely available. Total IGF-Il assay alone is not
valuable because it measures combination of big IGF-Il and the
mature variant of IGF-Il which does not play major part in NICTH
pathogenesis. An alternative diagnostic method to choose is IGF-
II/IGF-I ratio. A high level of IGF-Il is known to activate IGF-I
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receptors resulting in suppressed IGF-1, therefore, ratio of IGF-
II/IGF-I ratio > 10 suggests diagnosis of NICTH. A positron
emission tomography/computerized tomography (PET/CT) with
fluorine-18-fluorodeoxyglucose (18-FDG) is an imaging method
to evaluate possible glucose uptake by a tumor. However, high
uptake of FDG may result from skeletal and cardiac muscles
resulting in a false negative result (Dutta et al., 2013; Garla et al.,
2019).

The characteristics of HCC patients presenting with
hypoglycemia who had been suspected or diagnosed with NICTH
are presented in Table 2. Of the 4 cases we displayed, one case
was able to display elevated IGF-II/IGF-I ratio to support NICTH
diagnosis; two cases suggested high FDG uptake from PET/CT
scan; and one case did not proceed with specific diagnostic
method for NICTH as mentioned above. All cases presented with
low insulin and low C-peptide and none of them used
chromatography method. Our case was found to have low
insulin; however, IGF-l and IGF-Il assays were unavailable.

Despite the etiology, the main goal of treating
hypoglycemia is to immediately achieve and sustain euglycemia.
This can be accomplished by administration of glucose orally or
intravenously. Other choices of therapy include glucocorticoid,
glucagon, somatostatin analogues, and recombinant human GH
(rhGH) (De Groot et al., 2007; Iglesias and Diez, 2014). A more
definitive treatment aimed at the underlying tumor should be
considered to prevent recurrent hypoglycemic episodes. The
definitive therapeutic choice for both HCC and NICTH is surgical
resection where resolution of hypoglycemia has been exhibited
in cases after subtotal or total tumor resection. However, there
are conditions in which resection may not be possible, for
example large tumor size, widespread metastasis, severe illness,
and patient’s preference. In this circumstances, other local
antitumor therapy like chemotherapy, embolization, or
radiation may be considered with varying success rate (Thomas
and Kumar, 2013; Bodnar et al., 2014).

Due to the extensive size of the tumour, surgical
resection was not feasible option for our patient. Considering his
ill condition, he preferred palliative and supportive treatment.
NICTH independently predicts poor prognosis in patients with
HCC. Along with other forms of paraneoplastic syndromes, it has
a mean survival time approximately 36 days (Kew, 2016). The
studies presented in table 2 suggest that tumour-targeting
therapies such as TACE and sorafenib alleviate hypoglycaemia
episodes notably in patients not qualified for surgery. Currently,
there is no recommendation for diet regimens particularly in
palliative care, however, cases with favourable outcome
proposed that diet can be maintained not only through
nasogastric feeding but also via parenteral access. Most cases
require maintenance of steroid slowly weaned down to the
physiological dose and glucose tablets.

Conclusion

This case report highlights the difficulty of determining
true etiology of hypoglycemia in non-diabetic patients given that
most require advanced diagnostic tools. Deciding what
diagnostic modalities needed to perform to establish the
diagnosis eventually relies on clinical judgement while taking
cost-effectiveness and patients’ preference in consideration,
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particularly in low-resource settings. Our analysis has put NICTH
as the possible main cause. Nonetheless, future assessment
would require IGF-1I/IGF-I ratio examination or chromatography
if possible.
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