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Abstract
Background

Diabetic ketoacidosis (DKA) is an acute, major, life-threatening complication of diabetes that requires
immediate treatment. Allergic reaction to insulin is rare, especially when using recombinant human
insulin. The clinical presentation of insulin allergy can range from minor local symptoms to a severe
generalized allergic reaction such as anaphylaxis. A limited number of cases have been reported on the
treatment of severe DKA in patients with type 2 diabetes with insulin allergy. Here, we describe a patient
with type 2 diabetes with insulin allergy in which severe DKA resolved after the initiation of continuous
intravenous (IV) recombinant human insulin infusion.

Case presentation

A 58-year-old man with type 2 diabetes initiated subcutaneous insulin administration (SIA) after failure of
oral antidiabetic treatment. Symptoms of an allergic reaction developed, including pruritic wheals
appearing within 10 minutes of injection and lasting over 24 hours. Both skin prick and intradermal tests
were positive with different types of insulin. Two days before admission, he stopped SIA because of
allergic symptoms and then experienced weakness and upper abdominal pain. On admission, he was in
severe metabolic acidosis with a pH of 6.984 and bicarbonate of 2.5 mmol/litre. The blood glucose level
was 20.79 mmol/litre, BUN 4.01 mmol/litre, creatinine 128 µmol/litre, and urinary ketone 11.44
mmol/litre. Over 24 hours, metabolic acidosis was refractory to IV �uids, bicarbonate and potassium
replacement, as well as haemodialysis. Ultimately, he received continuous IV recombinant human insulin
infusion at a rate of 0.1 units/kg/hour, in combination with haemodia�ltration, and no further allergic
reactions were observed. On day 5, ketonaemia and metabolic acidosis completely resolved. He had
transitioned from IV insulin infusion to SIA on day 14. He was discharged on day 21 with SIA treatment.
Three months later, he had good glycaemic control but still had allergic symptoms at the insulin injection
sites.

Conclusions

In this patient, SIA caused an allergic reaction, in contrast to continuous IV insulin infusion for which
allergic symptoms did not appear. Continuous IV recombinant human insulin infusion in combination
with haemodia�ltration could be an option for the treatment of severe DKA in patients with diabetes with
insulin allergy.

Background
Diabetic ketoacidosis (DKA) is one of the most serious acute complications of diabetes that mainly
occurs in patients with type 1 diabetes, but it is not uncommon in some patients with type 2 diabetes.(1,
2) The treatment for DKA includes correction of the �uid and electrolyte abnormalities and the
administration of insulin. Moreover, patients with refractory DKA may improve following treatment with
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continuous venovenous haemodia�ltration (CVVHDF) and appropriate supportive care.(3–5) Allergic
reaction to insulin is rare, especially when using recombinant human insulin, with a frequency of less
than 1% in patients with diabetes.(6) The clinical presentation of insulin allergy can range from minor
local symptoms to a severe generalized allergic reaction, speci�cally anaphylaxis.(7, 8) Insulin allergy can
be managed safely and successfully by desensitization treatment.(7, 9) However, a limited number of
cases have been reported on the treatment of severe DKA in patients with type 2 diabetes with insulin
allergy. Here, we describe a patient with type 2 diabetes with an insulin allergy in which severe DKA
resolved after the initiation of continuous intravenous (IV) recombinant human insulin infusion in
combination with haemodia�ltration.

Case Presentation
In August 2018, a 58-year-old man [height: 169 cm, body weight: 56 kg, and body mass index (BMI): 19.6
kg/m2] was admitted to our emergency department with upper abdominal pain, hyperglycaemia and
metabolic acidosis. He had lived with type 2 diabetes for sixteen years and had no history of any allergy,
hypertension, hyperlipidaemia or renal diseases. Five months prior to admission, he initiated
subcutaneous insulin administration (SIA) with the biphasic insulin analogue aspart after failure of
sitagliptin and metformin therapies (HbA1c: 8.07% [65 mmol/mol]). Glycaemic control did not improve
(HbA1c: 10.2% [88 mmol/mol]; total daily insulin dose was 20 UI), and aspart administration caused mild
allergic symptoms. Aspart was then substituted by biphasic human insulin in which the total daily insulin
dose increased up to 37 units. However, 5 months after the initiation of these regimens, he developed a
pruritic wheal, especially distinct at the injection site (Figure 1A). Pruritic wheals appeared within 10
minutes of injection and lasted over 24 hours. The levels of fasting blood glucose and HbA1c
deteriorated to 8.6 mmol/litre and 11.2% (99 mmol/mol), respectively. An allergy to insulin was then
suspected. A skin prick test was carried out with different types of insulin [insulin aspart (NovoRapid®),
recombinant human insulin (Actrapid® and Insulatard®), insulin glargine (Lantus Solostar®), and insulin
lispro (Humalog®, Humalog mix®)] in which the test was positive for all of these types. Two days before
admission, he stopped SIA because of an allergic reaction and was treated with anti-allergic drugs.

One day later, he experienced weakness and upper abdominal pain. On admission, clinical examination
revealed a dehydrated patient with a heart rate (HR) of 130 beats/minute, a temperature of 37°C and a
systolic/diastolic blood pressure (BP) of 150/90 mmHg. He was tachypnoeic and dyspnoeic with a
respiratory rate (RR) of 28 breaths/minute. He had hot and dry skin without pruritic wheals, isochoric
pupils, and had no focal neurological de�cit. He had normal breath sounds and a soft and non-tender
abdomen. Electrocardiogram showed sinus tachycardia at a rate of 130 beats/minute. Echocardiography
revealed normal chamber size and systolic function, without valvular lesions. Laboratory tests revealed
high anion gap metabolic acidosis with an arterial blood pH of 6.984, bicarbonate of 2.5 mmol/litre and a
serum anion gap (AG) of 26.4 mmol/litre. The arterial PO2 and PCO2 levels were 164.3 mmHg and 10.5
mmHg, respectively. Serum glucose was 20.79 mmol/litre, serum lactate was 1.5 mmol/litre, and urinary
ketone was 11.44 mmol/litre. Serum potassium, sodium and chloride levels were 5.7 mmol/litre, 137.4
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mmol/litre and 114.2 mmol/litre, respectively. Liver and renal function tests were normal, and there was a
slightly elevated white blood cell count of 14.1 x 109/litre. He was admitted to our emergency ICU with a
diagnosis of severe DKA in a patient with type 2 diabetes with an insulin allergy. Intravenous (IV) �uids,
bicarbonate and potassium replacement and intermittent haemodialysis (IHD) were initiated. During the
�rst 12 hours, he received an initial one litre IV bolus of normal saline (0.9% NaCl) in the �rst hour,
followed by a rate of 250 mL/hour, with 26 mmol of potassium chloride added per litre of normal saline.
He also received 500 mL of sodium bicarbonate 1.4% solution over two hours and then repeated as
needed. However, his tachypnoea (35 breaths/minute) and metabolic acidosis persisted (arterial blood pH
of 7.192, bicarbonate of 4.0 mmol/litre, PO2 of 156.1 mmHg, PCO2 of 10.3 mmHg, AG of 24.69

mmol/litre), prompting the initiation of CVVHDF using the Prisma�ex® system (Gambro Lundia AB,
Sweden) at the following settings: blood �ow, 160 mL/minute; replacement volume, 1200 mL/hour; and
dialysate, 1200 mL/hour. After 24 hours of �uid resuscitation (6500 mL), he was haemodynamically
stable and had 3500 mL of urinary output. However, he developed a decreased level of consciousness,
agitation, and fatigue of his respiratory muscles. He was intubated for airway protection and was
mechanically ventilated for respiratory support. Furthermore, hypotension (HR and BP were 120
beats/minute and 80/40 mmHg, respectively) occurred after intubation. A bolus of normal saline (1000
mL) was provided, and norepinephrine was administered at a rate of 0.3 µg/kg/minute. Haemodynamic
stability was recovered after one hour, with a HR of 110 beats/minute, BP of 120/60 mmHg, and
measured CVP value of 8 cmH2O. Arterial blood gases revealed a worsening metabolic acidosis with an
arterial blood pH of 7.022, bicarbonate of 2.5 mmol/litre and a serum AG of 25.75 mmol/litre. Renal
function declined with a serum creatinine level of 198 µmol/litre. Serum glucose, potassium, sodium and
chloride levels were 23.32 mmol/litre, 4.35 mmol/litre, 140.5 mmol/litre and 116.6 mmol/litre,
respectively. CVVHDF and IV �uids and potassium replacement were continued. Although haemodynamic
and respiratory stabilities were maintained, metabolic acidosis persisted. Further skin prick testing with
different types of insulin [insulin aspart (NovoRapid®), recombinant human insulin (Actrapid®,
Insulatard®, Mixtard®, Humulin R®, and Humulin N®), and insulin glargine (Lantus®)] only showed
positivity to two (aspart, human) of these types. However, the intradermal test with these types was
positive (the time of testing as shown in Timeline table). A 40 mg dose of methylprednisolone sodium
succinate and 10 mg of diphenhydramine were given in the event of the possible occurrence of a severe
allergic reaction, and continuous IV infusion of recombinant human insulin was initiated at a rate of 0.1
units/kg/hour. Approximately 60 minutes after continuous IV infusion of insulin, he developed
hypotension without any signs or symptoms of allergic reactions of the skin and mucosa, and the HR
was 115 beats/minute and BP was 80/40 mmHg. Infusion of insulin was temporarily stopped followed
by intravenous epinephrine administration at a starting rate of 0.15 µg/kg/minute in addition to an IV
bolus of 1000 mL of normal saline. He regained haemodynamic stability after 30 minutes, including a HR
of 110 beats/minute and a BP of 120/70 mmHg, and did not require any additional administration of
epinephrine after 5 hours. Continuous IV infusion of recombinant human insulin at a rate of 0.1
units/kg/hour continued without any events such as signs or symptoms of allergic reactions and
hypotension.



Page 7/13

On day 5 of follow-up, ketonaemia, metabolic acidosis (arterial blood pH of 7.465, bicarbonate of 18.4
mmol/litre and AG of 12.73 mmol/litre), and renal dysfunction (serum creatinine of 108 µmol/litre) had
almost resolved, and CVVHDF was withdrawn. He did not require vasoconstrictors. Continuous IV
infusion of recombinant human insulin continued and was adjusted according to blood glucose levels
measured with a portable blood glucose meter. He was extubated on day 7 and transitioned from
continuous IV insulin infusion to subcutaneous insulin (combined regular human insulin with insulin
glargine) administration on day 14. He was discharged on day 21 with SIA (combined regular human
insulin with insulin glargine) in combination with an oral antidiabetic drug (sitagliptin and metformin).
Three months later, glycaemic control was gradually restored (HbA1c: 8.3 % [67 mmol/mol]; total daily
insulin dose was up to 44 UI); he still appeared to have mild allergic symptoms, such as local erythaema
and swelling, especially distinct at the injection site of insulin glargine (Figure 1B).

Discussion And Conclusions
DKA is not just the hallmark of absolute insulin de�ciency in type 1 diabetes; it is increasingly being seen
in people presenting with type 2 diabetes.(2) This condition is a complex disordered metabolic state
characterized by hyperglycaemia, high anion gap metabolic acidosis, and ketonuria.(10) DKA must be
distinguished from other causes of high anion gap metabolic acidosis, including lactic acidosis (which
can rarely be associated with metformin), aspirin or acetaminophen toxicity and poisoning with
methanol, ethylene glycol, and propylene glycol.(10, 11) The clinical and laboratory �ndings of our
patient, however, revealed a typical DKA according to the diagnostic criteria proposed by the American
Diabetes Association (ADA).(10) DKA is an acute, major, life-threatening complication of diabetes that
requires immediate treatment. Although DKA has a low rate of hospital mortality, the short-term risk of
death is associated with recurrent DKA admissions in patients with diabetes.(12) However, this disorder
can have signi�cant mortality if misdiagnosed or mistreated, which is almost 100% without insulin
therapy.(13)

Over the �rst 30 hours after admission, our patient was managed following the ADA guidelines for the
treatment of hyperglycaemic crises in adult patients with diabetes,(10) except for the administration of
insulin. During this period of time, he also received IHD and CVVHDF for correcting severe DKA, but it
persisted. The correction of metabolic acidosis with bicarbonate administration in the treatment of
patients with DKA is controversial.(14) On rare occasions, IHD may be required to treat metabolic acidosis
associated with renal failure. Combined CVVHDF with continuous IV insulin infusion was previously
performed to treat successfully patients with refractory DKA.(3, 5) It is hypothesised that CVVHDF has a
role in removal of plasma growth hormone (GH) and insulin growth factor 1 (IGF–1), similar to the
clearance of other medium size molecules such as brain natriuretic peptide and procalcitonin.(4) In our
patient, severe DKA was refractory to IHD, and duration of CVVHDF before initiation of continuous IV
recombinant human insulin infusion was too short to draw conclusion dealing with clinical effect of
CVVHDF in combination with other appropriate supportive care on the treatment of severe DKA. However,
severe DKA in our patient resolved over a few days after starting combined CVVHDF with continuous IV
recombinant human insulin infusion.
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Immediate reactions to insulin preparations are believed to be immunoglobulin (Ig) E-mediated, type I
immunologic reactions to insulin or to an additive.(15) The insulin-IgE complex binds to IgE receptors on
the surface of basophils and mast cells, causing release of in�ammatory mediators such as histamine,
resulting in the minor local to severe generalized allergic reaction.(16) The IgE and IgG immunoassays
were not available at our hospital; therefore, the patient was not assessed. However, his clinical features
and skin tests showed a typical type-I allergic reaction according to the Gell and Coombs classi�cation.
(17) Anaphylaxis is the most severe presentation of an IgE-mediated drug reaction, and the skin and/or
mucous membranes are involved in almost all cases.(18) In our patient, hypotension developed both
before and after beginning continuous IV recombinant human insulin infusion, as well as after intubation
without any signs or symptoms of allergic reactions of the skin and mucous membranes. However, his
haemodynamic stabilities were rapidly obtained after adequate IV �uid replacement, and he did not
require any further administration of epinephrine. Three risk factors for post-intubation hypotension were
identi�ed by multivariate analysis: decreasing mean arterial pressure pre-intubation, administration of
neuromuscular blockers, and intubation complications.(19) In our patient, hypotension could therefore be
attributed to decreasing mean arterial pressure pre-intubation and/or administration of neuromuscular
blockers rather than severe allergic reactions.

Insulin allergy can be managed safely and successfully by desensitization treatment with the
subcutaneous insulin route.(7, 9, 20) However, insulin tolerability in a severely insulin-allergic patient with
diabetes could also be achieved by the use of intravenously injected insulin.(21) In this patient, treatment
attempts of speci�c immunotherapy with subcutaneous administration of insulin, with continuous
subcutaneous injection of insulin lispro, and with oral anti-allergic agents did not prevent frequent life-
threatening allergic symptoms, especially after bolus injections with meals. Ultimately, no allergic
reactions were observed after the authors applied the required insulin intravenously over a central line at
a dose of 100 UI per 500 mL with a portable pump delivering 5 - 10 mL/hour, adjusted according to self-
monitored blood glucose levels.(21) In our patient, severe DKA was refractory to IV �uid and sodium
bicarbonate therapies and IHD. However, DKA resolved within several days after beginning continuous IV
recombinant regular human insulin infusion in combination with CVVHDF, and no allergic symptoms
were observed as previously described. Moreover, our patient appeared allergic symptoms with
subcutaneous administration of insulin after transitioning from continuous IV insulin infusion. This
phenomenon was also observed in the patient earlier, of whom the levels of anti-human insulin IgE
although returned to normal, as did the levels of anti-human insulin IgG bound/total, without any adverse
effect on glucose control, subcutaneous injection of regular insulin still caused immediate allergic
reactions.(21) A previous study found that insulin treatment led to the production of antibodies against
insulin.(22) A literature review had shown that the development of insulin antibodies was initially thought
to be due to slight immunogenicity induced by the re�ning of preparations or the difference in amino acid
sequences between species. When genetically engineered preparations of human insulin, however, are
used, anti-human insulin IgG subclasses still are frequently detected in patients treated with insulin.(23)
Thus, identical insulin molecules can behave in markedly different ways depending on the route of
injection. Additionally, it is possible that the formation of anti-human insulin IgG is caused only by insulin
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molecules that are in contact with subcutaneous tissue.(21) These were assumed that some modi�cation
of insulin, such as aggregation, leads to the immunologic reactions.(21, 24, 25)

In our patient, SIA caused an allergic reaction, in contrast to continuous IV insulin infusion, for which
allergic symptoms did not appear. We believe that the presentation and progression of our patient
indicated that continuous IV recombinant human insulin infusion in combination with haemodia�ltration
could be an option for the treatment of severe DKA in patients with diabetes with insulin allergy.
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partial pressure of carbon dioxide; ICU: intensive care unit; CVP: central venous pressure; ADA: American
Diabetes Association; Ig: immunoglobulin.
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Figure 1

Allergic reactions to insulin. Before admission, the allergic reaction to insulin was characterized by
urticaria with wheals (some of which are con�uent) and �ares (erythaema) on the abdominal wall
surrounding the umbilicus (A). Over three months after being discharged, the local allergic reaction to
insulin presents with an erythaema and swelling at the injection site – the outer side and front of the
upper right thigh (B).
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