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Insulin lowers not only blood glucose levels but also serum potassium levels by driving potassium into the cells.
Hypokalemia can occur during aggressive treatment of hypoglycemia in patients with insulin overdose and is
a well-documented clinical phenomenon; however, there are no studies describing delayed hyperkalemia oc-
curring after initial treatment in patients with insulin overdose.

A 23-year-old male with a history of type 2 diabetes mellitus and self-medicating with insulin, attempted sui-
cide by subcutaneously injecting 2100 units of insulin. He was admitted to our emergency department due to
recurrent hypoglycemia. Continuous administration of 50% glucose and potassium via a central venous cath-
eter was performed to maintain his glucose levels above 80 mg/dL and serum potassium level between 3.5
and 4.0 mEg/L. Because his serum potassium level exceeded 4.5 mEq/L at day 3 after admission, the dosage
was adjusted accordingly. After his serum potassium level declined to 3.0 mEg/L, his potassium level abrupt-
ly increased to 6.0 mEqg/L at day 5 after admission. The patient was placed on a potassium-restricted diet and
administered furosemide. Potassium infusion was also discontinued. After serum potassium levels returned to
the normal range without interventional therapies, the patient was discharged to home on day 14.

In cases of high-dose insulin overdose, management of hyperkalemia following recovery from hypoglycemia is
a critical aspect of patient management. Conservative administration of potassium to correct initial hypokale-
mia may be considered in patients with high-dose insulin overdose.

Blood Glucose ¢ Hyperkalemia ¢ Hypokalemia ¢ Insulin ¢ Suicide
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Background

Insulin self-injection is a common mode of treatment for pa-
tients with diabetes mellitus across the globe [1]. Several cas-
es of intentional insulin overdose have been reported to date.
Previous reports focus primarily on controlling blood glucose
levels after insulin overdose [2—4]. Insulin administration low-
ers serum potassium concentrations by driving potassium into
cells via enhancing the activity of the Na-K-ATPase pump [5].
Some studies have reported hypokalemia after aggressive treat-
ment of hypoglycemia in patients with insulin overdose [1,6-8].
However, to our knowledge, there are no studies describing
delayed hyperkalemia occurring after initial treatment. Here,
we report a case of massive insulin overdose in a patient who
developed hyperkalemia after initial treatment of hypoglyce-
mia and hypokalemia.

Case Report

A 23-year-old Japanese male, with a history of type 2 diabetes
mellitus and self-medicating with insulin, attempted suicide
by subcutaneously injecting 2100 units of insulin: 900 units of
insulin aspart (100 unit/mL) and 1200 units of insulin glargine
(100 unit/mL). The patient became increasingly aware of his
depreciating state of consciousness and managed to visit the
local doctor’s office approximately 8 hours after the initial in-
jection. His blood glucose level was 45 mg/dL, therefore he
had 20 g of glucose administered intravenously. Improvements
in his level of consciousness were noted and he was trans-
ferred to our emergency department 10 hours after the initial
injection due to recurrent hypoglycemia. He had been diag-
nosed with dyslipidemia, fatty liver, and type 2 diabetes mel-
litus at the age of 19 years and had been placed on a regimen
of 16 units of insulin at bedtime and 7 units of insulin aspart
at meal time and oral vildagliptin (100 mg/day). The patient
had never been diagnosed with any psychological disorders.

On admission, the patient had no specific complaints. He was
171 cm tall and weighed 65 kg. Glasgow Coma Scale was
E4V5M6, blood pressure was 121/83 mm Hg, heart rate was
67 beats per minute, respiration rate 11 breaths per minute,
oxygen saturations 100% on room air, and body temperature
36.7°C. Physical examination revealed bilateral soft swellings
across the mid-section of the abdomen, which were suspected
as the sites of massive insulin self-injection (Figure 1). The pa-
tient presented with no apparent neurological abnormalities.

Table 1 shows the initial laboratory investigations. The patient’s
potassium level was 3.8 mEq/L, blood sugar was 247 mg/dL, and
hemoglobin (Hb)Alc (NGSP) was 10.2% (normal range, 4.6-6.2%).
No renal, thyroidal or liver dysfunctions were noted. Chest ra-
diograph and electrocardiogram showed no abnormalities.
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Figure 1. Physical findings of abdomen.

We considered surgical removal of the subcutaneous pockets
of insulin; however, the insulin deposits were confirmed to
be in sedimentary pattern via ultrasonography and thus the
surgical option was abandoned. Although the patient was ca-
pable of consuming an oral diet of 1800 kcal (carbohydrate
275 g, potassium 2540 mg) per day, continuous parenteral
administration of glucose was required to maintain his blood
glucose level above 80 mg/dL. Maximum dosage of glucose
administration was 35 g/hour (0.54 g/kg/hour). The glucose
requirement gradually decreased and ultimately the patient
required over 90 hours of continuous administration at var-
ious concentrations (Figure 2). Additionally, intravenous po-
tassium administration was used to maintain his serum po-
tassium level between 3.5 and 4.0 mEqg/L. A central venous
catheter was performed for continuous infusion of highly con-
centrated glucose and potassium. Although we started with
1.67 mEg/hour of potassium administration, the patient’s se-
rum potassium level did not increase and hovered between
3.3-3.5 mEq/L. Additionally, the patient required increased glu-
cose supplementation in order to maintain plasma glucose lev-
els. Therefore, we increased the potassium dosage on day 2
as a preventive measure against the hypokalemia expected to
occur in the wake of the increased glucose and insulin admin-
istration. Since serum potassium levels exceeded 4.5 mEq/L at
day 3 after admission, the dosage was reduced.

After serum potassium levels gradually declined to 3.0 mEq/L,
they abruptly increased to 6.0 mEg/L at day 5 after admission.
Although no symptoms and no significant changes in electro-
cardiograms were observed, the patient was placed on a po-
tassium-restricted diet and potassium infusion was discontin-
ued. Furosemide was consecutively administered intravenously
for 3 days and orally for 4 days. After serum potassium levels
stabilized without resorting to use of furosemide administra-
tion, the patient was discharged to home on day 14 (Figure 3).
Ultimately, the total amount of potassium administered dur-
ing this hospitalization reached 200 mEgq.

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Miyakuni Y. et al.:
A case involving massive insulin overdose...
© Am J Case Rep, 2020; 21: €920078

Table 1. Laboratory data on admission.

Complete blood cell count Biochemical examination

White blood cells 12,900 /pL
" Redblood cels 495 «l0vpL
© Hemoglobin 145 gd
 Platelets 245 «lovpL

pH 7.410
paco, 396 mmHg
p0, 104 mmHg
. Baseexcess 00 mmoll
hco; 245  mmoll
lactate 143 mmolL

Hormone Cholesterol

TSH 0.29 pLU/mL
Free T3 3.13 pg/mL
Free T4 0.97 ng/dL

Sodium 136 mmol/L
Potassum 38 mmoll
Chloride 104 mmoll
calium 92  mgdl
Totalbilirubin 10 mgdl
AT 18w
At oo
Ureanitrogen 14 mgdl
 Creatinine 043 mgdl
| Creatine kinase 80 mgdl
Glucose 247 mgdl
ke 015  mgdl
CHbAlC(NGSP) 102 %

Total cholesterol 162 mg/dL
WL 59 mgdl
oL 08 mgdl

Normal range: lactate, 0.50-2.00 mmol/L; TSH, 0.54-4.26; Free T3, 2.29-4.17; Free T4, 0.72-1.52; HbAlc, 4.9%—6.0%.
TSH — thyroid stimulating hormone; AST — aspartate aminotransferase; ALT — alanine aminotransferase; CRP — C-reactive
protein; HbAlc — hemoglobin Alc; NGSP — National Glycohemoglobin Standardization Program; HDL — high-density lipoprotein;

LDL - low-density lipoprotein cholesterol.
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Figure 2. Clinical course regarding glucose.

Discussion

Insulin overdose is a life-threatening condition. An overdose
of insulin due to intentional poisoning events such as suicides
results in severe hypoglycemia [6]. Although suicide attempts
using high doses of insulin have been reported, only a limited
number of cases document the administration of >2000 units
of insulin [6,9,10]. A previous study demonstrated the relation-
ship between recovery time from hypoglycemia and the dose
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of insulin. Approximately 45 and 90 hours is required to re-
cover from hypoglycemia in patients injected with 1000 and
2000 units of insulin, respectively [11]. In the present case,
the high-dose of insulin required a high-dose and long-term
administration of glucose and potassium in order to maintain
nominal blood glucose and potassium levels. The recovery time
from hypoglycemia in our case was approximately 60 hours,
which is consistent with a previous report [11].

In addition, a well-known feature associated with insulin over-
dose is hypokalemia [1,6-8]. The total content of potassium
in the body is not reduced in patients with hypokalemia after
overdose of insulin injection. The hypokalemia under these cir-
cumstances represents only a temporary shift from the intra-
vascular fluid into cells. A possible explanation for the hyper-
kalemia documented in this case could be the high dosage of
glucose and potassium administration in the acute phases of
treatment. After insulin overdose, the potassium initially shifts
intracellularly, however, as stabilization of blood glucose and
serum potassium levels occurs, this pooled potassium gradu-
ally shifts back into the intravascular fluid resulting in elevat-
ed serum potassium levels. A conservative administration of
potassium may be considered in these cases.
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Figure 3. Clinical course regarding potassium.
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Symptoms of hyperkalemia include arrhythmias, numbness of
limbs, muscle weakness, and nausea. Among clinical manifes-
tations, the most important is arrhythmia, which can lead to
cardiac arrest due to ventricular fibrillation [12,13]. Emergency
treatment for hyperkalemic patients involves administration
of calcium gluconate which has antagonistic actions to potas-
sium cardiomyotoxicity, and sodium bicarbonate, glucose and
insulin, which temporarily transfers potassium into cells [12].
However, the effects of these treatments are temporary, as
the total potassium content in the body does not change. In
order to treat the root cause, it is essential to remove the ex-
cess potassium accumulated in the body with loop diuretics,
enema/oral administration of cation exchange resin, and he-
modialysis [13]. In the present case, serum potassium levels
were corrected by infusion, diuretics, and potassium-restrict-
ed diet; however, it should be noted that the amount of time
invested in potassium management outweighed that which
was required for glucose control.
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One important lesson learned from this case was the delayed
hyperkalemia triggered by the large volumes of potassium ad-
ministered. The present case serves as an important remind-
er to monitor these patients on a slightly extended basis even
after blood glucose levels are stabilized because the patient
could develop delayed hyperkalemia.

Conclusions

In cases of high-dose insulin overdose, management of hy-
perkalemia following recovery from hypoglycemia is a critical
issue and a conservative administration of potassium to cor-
rect initial hypokalemia may be considered in these patients.
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