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Male, 17

Diabetic ketoacidosis revealing severe G6PD deficiency with methemoglobinemia
Jaundice

None

Hematology

Unusual clinical course

Glucose-6-phosphate dehydrogenase deficiency (G6PD-D) is the most common red blood cell enzymopathy dis-
order. Severe hemolysis due to G6PD-D may rarely manifest as methemoglobinemia. Although acute hemolytic
crises are usually induced by the exposure to certain oxidative stresses, diabetic ketoacidosis may also elicit
hemolytic reactions in G6PD deficient persons.

A 17-year-old male with type 1 diabetes mellitus presented with diabetic ketoacidosis and features of hemo-
lytic anemia which turned to be G6PD-D related. Interestingly, the arterial blood gas of the patient showed an
elevated methemoglobin level (8.1%).

G6PD-D induced hemolysis is conventionally caused by oxidative stress, however, we report here a case of
G6PD-D induced methemoglobinemia as a complication of diabetic ketoacidosis that has not been, as far as
we know, previously reported.

Diabetic Ketoacidosis ¢ Glucosephosphate Dehydrogenase Deficiency ¢ Hemolysis ¢
Methemoglobinemia
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Background

Glucose-6-phosphate dehydrogenase deficiency (G6PD-D) is the
commonest enzyme deficiency in humans [1]. This condition
is most prevalent in the Mediterranean and the Middle East
areas with male predominance due its X chromosome linked
inheritance pattern [2]. The G6PD enzyme plays a role in pro-
tection of red blood cells from oxidative injury by generating
NADPH (a reduced form of nicotinamide adenine dinucleotide
phosphate) [3]. Common oxidative injuries precipitating acute
hemolysis in patients with G6PD-D include medications, certain
food such as fava beans, acute illnesses like infections, and
rarely diabetic ketoacidosis [4,5]. The severity of hemolysis is
variable and disappears when the normal metabolic balance
is restored [2]. Severe hemolysis due to G6PD-D may rarely
manifest as methemoglobinemia [6], in which the heme iron
is in the oxidized ferric state rather than the ferrous state [7].
Methemoglobin cannot carry oxygen and the remaining oxy-
hemoglobin develops increased oxygen affinity resulting in im-
paired oxygen delivery [8]. Here we report a case of a patient
with diabetic ketoacidosis complicated by G6PD-D hemolysis
induced methemoglobin.

Case Report

A 17-year-old male with type 1 diabetes mellitus presented
to the Emergency Department of our institution complaining
of abdominal pain, vomiting, jaundice, tea colored urine, and
generalized fatigability started 2 days after missing his insulin
injections. The patient also gave a history of fever and symp-
toms of upper respiratory tract infection that resolved 5 days
prior to his presentation. He had 4 previous episodes of dia-
betic ketoacidosis caused by missing insulin or by an infec-
tion. Family history was significant for G6PD deficiency in his
brother. His regular home medications include only insulin lan-
tus 30 IU at bedtime and insulin aspart 15 IU before meals. He
also took paracetamol for fever prior to presentation.

Upon examination, he was fully conscious, oriented and ap-
peared deeply jaundiced. He was afebrile with normal heart
rate and blood pressure. His respiratory rate was 24 breaths
per minutes and oxygen saturation was 82% on 15 L of oxygen.
Initial arterial blood gases showed a pH of 7.125, PaCo, of
20.4 mmHg, Pa0, of 223 mmHg (on oxygen), bicarbonate
(HCO3) of 8.8 mmol/L, methemoglobin of 8.1% (normal range,
0.0%-1.5%) and oxygen saturation of 100.6% (Table 1). His
random blood sugar was 517 mg/dL. Complete blood count
showed hemoglobin of 8.7 g/dL (normal range, 12.0-14.0 g/dL),
(2 months back his hemoglobin was 15.2 g/dL), white blood
cells count of 35.6 K/uL (normal range, 4.5-13.5 K/uL), red blood
cells count of 3.09 K/uL (normal range, 3.8-5.8 K/uL), plate-
lets of 750 K/uL (normal range, 140-450 K/uL). Reticulocyte
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Table 1. The arterial blood gas (ABG) results of the patient.

Parameter Result Reference range
PH 7.125 7.35-7.45
Paco2 204mmHg 350450
Pa02 223 mmHg 83.0-1080
CHeo3 g8 mmoll 220260
CMetHb 81%  00-15
 Oxygen saturation*  1006% 950-99.0

* Spo2 of 82% on 15 L of oxygen.

Table 2. Summary of the laboratory tests results.

Parameter Result Reference range
Random blood sugar 517 mg/dl <140
Hemoglobin  87gdl  120-140
Swee  ekmL 454135
REC o309KmL 3858
Platelets 7s0kML 140-450
Reticulocyte count 6%  13%
Totalbiliubin  72mgdl 021
Directbiliubin  12mg/dl 00502
AT oun 1537
AT leouL 1463
oH Be2UL 81-234
BN 2amgidl 7-18
Creatinine Llomgd 06-10
N 138 meEql 136-145
e si0megl 3551
Mo 7mEqL 232
Serumosmolalty  319mOskg 85-295

count was 14.6% (normal range, 1-3%). Peripheral blood film
showed polychromasia with significant numbers of bite cells
and blister cells. Neutrophilia and shift to the left and toxic
changes were also noted. Total bilirubin was 7.2 mg/dL (nor-
mal range, 0.2-1 mg/dL) with a direct bilirubin of 1.2 mg/dL
(normal range, 0.05-0.2 mg/dL), aspartate aminotransferase of
29 U/L (normal range, 15-37 U/L), alanine aminotransferase of
169 U/L (normal range, 14-63 U/L), and lactate dehydrogenase
was 3362 U/L (normal range, 81-234 U/L). BUN was 24 mg/dL
(normal range, 7-18 mg/dL), creatinine was 1.10 mg/dL (normal
range, 0.6-1.0 mg/dL), sodium was 138 mEq/L (136-145 mEq/L),
potassium was 5.10 mEg/L (normal range, 3.5-5.1 mEq/L), and
bicarbonate was 7 mEq/L (21-32 mEg/L). Serum osmolality
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was 319 mOs/kg (normal range, 285-295 mOs/kg) (Table 2).
Urine analysis was positive for nitrates, ketones and showed
red blood cells of 10-20 per HPF (normal range, 0-3 per HPF).
G6PD deficiency screening test was positive. Direct antiglobulin
test was negative. Urine and blood culture showed no growth.
Chest x-ray was unremarkable. The diagnosis of G6PD-D he-
molysis with methemoglobinemia most likely secondary to di-
abetic ketoacidosis was made. It's worth mentioning that this
patient was not aware of his G6PD-D and did not report hav-
ing previous episode of hemolysis. He also denied taking any
medication or having exposure to chemicals that may cause
methemoglobinemia.

The patient was managed as per the hospital diabetic keto-
acidosis protocol, transfused with 2 units of packed red blood
cells, and started on piperacillin-tazobactam empirically. For the
methemoglobinemia, he was given 1 g of ascorbic acid orally,
as methylene blue should be avoided in patients with G6PD
deficiency. He was followed with serial arterial blood gases,
electrolytes, CBC, and hemolytic parameters, which showed
resolution of the metabolic acidosis and successful decrement
in methemoglobin level as well as improvement in hemolytic
parameters. The patient was discharged after 5 days with
methemoglobin level of 1% and hemoglobin level of 9.8 g/dL.

Discussion

Acute hemolysis in G6PD deficient individuals is caused by
several factors via inducing oxidative stress. Certain medica-
tions, foods, and medical illnesses such as infections are com-
monly implicated. The correlation between diabetic ketoaci-
dosis and G6PD-D hemolysis remains controversial. Diabetic
ketoacidosis is commonly precipitated by physiological stress.
The same fundamentals could be implicated in the hemolysis
of the red blood cells in G6PD-D. Diabetic hyperglycemia pre-
cipitating G6PD-D hemolysis has been reported in a few case
studies, however, the underlying mechanism remains poorly
understood [9-11]. Interestingly, an earlier study showed that
hyperglycemia was associated with reduction in G6PD activity
in rats [12]. More recently, similar observation was obtained
from a study involving human and mouse islets cells [13].
In addition, the reverse was shown in the aforementioned
study, in which G6PD-deficient mice had smaller islets and im-
paired glucose tolerance compared with control mice, which
suggests that G6PD deficiency per se leads to beta-cell dysfunc-
tion and death which may provide a mechanistic explanation
for the gradual loss of beta cells in patients with diabetes [13].
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The case we present herein is unusual for many reasons. The
oxidative stress resulting from the diabetic ketoacidosis had
unmasked the G6PD-D and led to hemolysis. Furthermore, this
was complicated by methemoglobinemia which has been rarely
reported in severe cases of G6PD-D hemolysis [14]. The diagno-
sis of methemoglobinemia was made based on the methemo-
globin level in the arterial blood gases and the difference be-
tween the oxygen saturation measured by pulse oximetry and
the oxygen saturation calculated from the arterial blood gases
analysis (saturation gap). The level of methemoglobinemia in
our patient was consistent with what has been reported in the
literature for G6PD-D hemolysis related methemoglobinemia
(<10%) [7]. The antidote of choice for methemoglobinemia is
methylene blue that will be converted to leucomethylene blue
by NADPH methemoglobin reductase, which in turn reduces
methemoglobin to hemoglobin [15]. However, methylene blue
should be avoided in G6PD-D since the reduction of methemo-
globin by methylene blue is dependent upon NADPH generated
by G6PD. In addition, it might also be potentially dangerous
since it has an oxidant potential that may induce hemolysis
in G6PD deficient subjects [16]. Another treatment option is
ascorbic acid which should be given in moderate doses (300
to 1000 mg/day orally in divided doses) since very high doses
of it may also cause oxidant hemolysis in G6PD-deficient pa-
tients [8]. Our patient was given a single dose of 1 g of ascor-
bic acid, which had successfully decrease methemoglobin level.

Conclusions

Hemolytic anemia in the background of diabetes has con-
ventionally been associated with bacterial infections and he-
molytic drugs. However, in the absence of these, a search of
the root cause is mandatory. In addition to the hemolysis, the
presence of methemoglobinemia should rise the possibility of
G6PD-D. This case highlights an unrecognized complication of
diabetic crises such as G6PD-D hemolysis with methemoglo-
binemia. As reported in this case, physicians should be aware
of the association of all 3 conditions together.
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