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Introduction: The risk of developing ketoacidosis in patients with type 1 diabetes at high altitude is high.
Anorexia associated with acute mountain sickness, dehydration and additional exercise associated with climbing
exacerbates the generation of ketones and the development of ketoacidosis.

Case presentation: A 33-year-old gentleman with known history of uncontrolled type 1 diabetes mellitus trekked
to Everest Base Camp at an altitude of 3440 m and became unwell. He developed altered sensorium and
shortness of breath. He ingested eight tablets of acetazolamide (250 mg each) to address these symptoms. Upon
presentation to emergency, he was diagnosed with severe diabetes ketoacidosis (DKA) with shock. Resuscitation
was started with fluid, insulin, vasopressors and mechanical ventilation. Despite adequate fluid resuscitation,
insulin, bicarbonates and other supportive measures, his acidosis and shock persisted and then managed with
hemodialysis. After the first session of hemodialysis, improvement in acidosis and shock was noted. He was
successfully extubated and later discharged.

Discussion: In this case report, DKA due to acute mountain sickness was complicated by acetazolamide use and
noncompliance to his regular insulin intake. There is no proper guideline regarding the role of renal replacement
therapy in management of DKA. However, evidence of hemodialysis in DKA is limited to few case reports.
Improvement seen in our patient after dialysis is related to dialyzable nature of acetazolamide.

Conclusion: We present a case of a severe DKA potentially precipitated by acute mountain sickness, use of
acetazolamide, noncompliance to his regular insulin intake and managed with hemodialysis in addition to
conventional treatment for DKA.

Acute mountain sickness
High altitude
Hemodialysis

1. Introduction hemodialysis.

Diabetes ketoacidosis (DKA) is a complex medical emergency
characterized by hyperglycemia, metabolic acidosis and ketosis.
Various stressful conditions that decompensate metabolic demand lead
to DKA [1,2]. The association of DKA with different precipitating events
has been mentioned in literatures, but there are few reports mentioning
the acute mountain sickness triggering this life-threatening condition.
Different pathophysiological changes that occur at high altitude can
lead to DKA in diabetes patients [3]. The major elements of treatment of
DKA include fluid resuscitation, insulin therapy, electrolyte replace-
ment and optimization of potential precipitating factors. Rarely, dia-
lysis has been used as a treatment modality for refractory acidosis as-
sociated with DKA [4-7]. Here we present a rare case of acute mountain
sickness induced DKA with refractory acidosis managed with
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1.1. Case summary

A 33-year-old gentleman with known history of uncontrolled type 1
diabetes mellitus trekked to Everest Base Camp for 4 days at an altitude
of 3440 m. He became unwell and developed altered sensorium and
shortness of breath. He had missed his insulin doses for last 2 days. He
ingested 8 tablets of acetazolamide (250 mg each) over 24 hours for his
shortness of breath while trekking. He also had nausea, headache, loss
of appetite and palpitation. He was then taken to a nearby primary
center at low altitude by his friends where his primary supportive care
was done with oxygenation and intravenous fluid. He was then referred
to our hospital in Kathmandu via helicopter transport.

On presentation to our Emergency he was drowsy and his Glasgow
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Coma Scale (GCS) was E2V3MS5, breathing was labored with respiratory
rate of 34 per minutes, SPO2 was 86% with supplemental oxygen, blood
pressure was 90/70 mm of Hg, heart rate of 128/min, and temperature
of 37 °C. The patient was dehydrated. However, there was no pallor,
icterus, palpable lymph node or peripheral edema. The jugular venous
pressure was not raised. There were no signs of microvascular and
macrovascular complications.

1.2. Investigations

Laboratory investigation revealed random blood sugar of 433 mg/dl
with HbAlc 16.9%. His urine acetone was positive. Blood gas analysis
at the time of admission showed pH of 6.89, bicarbonate of 2.0 meq/dl,
anion gap of 44 and lactate of 1.4 mmol/l. His serum sodium was 126
mmol/], potassium 3 mmol/], chloride 80 mmol/l, blood urea 49 mg/
dl, serum creatinine 0.9 mg/dl. His blood ketone level was 2.2 mmol/l.
His hemoglobin was 17.4 g/dl, total leucocyte counts of 36,850/mm?>
and platelet count 218,000/mm?. On chest auscultation crackles were
present on bilateral chest. On chest radiography, there was patchy in-
filtration in the bilateral lung fields. The EKG was normal. CT head was
done for low GCS and drowsiness and the findings were normal.

1.3. Treatment, outcomes and follow ups

Fluid resuscitation was started with multiple boluses of normal
saline and continued as per requirement. Acetazolamide was stopped
and dexamethasone was started. Potassium replacement was also done
for hypokalemia. In addition, infusion of regular insulin at 6-12 U/h
with 5% dextrose was initiated. Despite ample fluid boluses the patient
was hypotensive thus requiring multiple vasopressors (noradrenaline,
vasopressin and adrenaline). He was also given intravenous sodium
bicarbonate infusion in the initial 12 hours due to severe metabolic
acidosis. He was intubated because of persistent shock, decreasing
consciousness level and hemodynamic instability.

He received about 6 L of fluid in first 6 hours with urine output of
about 1.5 L. His blood glucose level was normal. However, his meta-
bolic acidosis and shock were persistent as the blood gas analysis
showed pH of 6.99, bicarbonate of 5.5 meq/dl, anion gap of 24.5 and
lactate of 1.5mmlo/l. Then he was started on hemodialysis using
Fresenius 4008B, Fresenius medical care at the following settings: blood
flow, 100 mL/min; duration,4hr; anticoagulation, unfractionated he-
parin 1000 IU. After 12 hours of single session of hemodialysis, his
arterial blood pH improved to 7.35 with bicarbonate of 18.5 meq/dl.
Furthermore after 36 hours of hemodialysis his arterial blood showed
pH of 7.45 with bicarbonate of 27.6 meq/dl. The improvement on pH
and HCO3- has been summarized in Table 1. The total amount of in-
travenous insulin he received during his treatment was 80 IU. Over the
course of his stay, vasopressors were tapered off and his GCS improved
to E4M6Vt and he was subsequently extubated on day six of admission.
He was shifted to step down unit on day eight with improvement in his
metabolic and hemodynamic parameter. Finally, he was discharged
home on day fourteen of illness. After a week of follow up he was
completely asymptomatic.

Table 1
Improvement in pH and HCO3-with hemodialysis(HD).
Time since admission pH HCO3- Na+/Cl- K* Anion Gap
Oh 6.89 2.0 126/80 3.0 44.0
6h 6.99 5.5 151/121 29 24.5
12 h (start of HD) 7.15 6.7 154/120 2.2 27.3
24 h (12 h after HD) 7.35 18.5 153/119 3.6 15.5
36 h (24 h after HD) 7.42 25.2 146/109 3.4 11.8
48 h (36 h after HD) 7.45 27.6 146/108 3.7 10.4
72 h (48 h after HD) 7.47 27.7 151/111 3.7 12.3
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2. Discussion

DKA may be precipitated by multiple factors impacting glucose
regulation. In this case report we believe that, DKA manifested because
of his trek to high altitude causing acute mountain sickness and further
complicated by acetazolamide use and noncompliance to his regular
insulin intake. Studies have shown patients missing the insulin dose and
underlying infections mainly predispose to DKA [8,9].

Complications of altitude did not occur with greater frequency in
the diabetic climbers but certain metabolic decompensation that occurs
with high altitude increases the risk of DKA. Anorexia, dehydration and
additional exercise associated with climbing during high altitude ex-
acerbate the generation of ketones and the development of ketoacidosis
[10].

Our patient did not show improvement in his metabolic acidosis
despite adequate fluid resuscitation, insulin and sodium bicarbonate.
The role of sodium bicarbonate as a therapy for diabetic ketoacidosis
(DKA) is controversial. The Systematic review by Chua et al. concluded
that there is no role of sodium bicarbonate in DKA management [11].
However, American Diabetes Association recommends the administra-
tion of 100 mmol sodium bicarbonate in 400 ml sterile water with 20
meq of KClI to patients with a pH of less than 6.90 until the pH rises
above 7.00 [12]. We decided for hemodialysis in our patient for severe
refractory metabolic acidosis and hemodynamic instability. He showed
improvement in metabolic acidosis and shock after hemodialysis.

There is no proper guideline regarding the role of renal replacement
therapy in management of DKA. However, evidence of hemodialysis in
DKA is limited to few case reports [4,13]. Miller and Ahmad reported
DKA in high altitude managed with conventional treatment measures
[14,15]. Additionally, Moore et al. reported ketoacidosis in high alti-
tude managed with conventional treatment measures but they did not
mention how they corrected persistent acidosis in one of the mountai-
neers [10].

Acetazolamide use in our patient might have helped precipitating
DKA. Acetazolamide inhibits the carbonic anhydrase enzyme that re-
sults in reduction of hydrogen ion in the renal tubules and thereby
blocks reabsorption of bicarbonate in the renal tubules which leads to
metabolic acidosis [16]. The low level of bicarbonate i.e. 2.0mmol/I in
this patient is due to impaired reabsorption and increased washout of
bicarbonate from the renal tubules due to acetazolamide. The acet-
azolamide level peaks at 2 hours of its oral intake and has estimated
half-life of 4-8 hours [17]. Acetazolamide might have also led to per-
sistent acidosis in our patient despite normal blood glucose and elec-
trolytes level. This has been observed in previous study [18]. A sig-
nificant amount of acetazolamide (about 30%) can be removed by 4
hours of single session of hemodialysis despite its high protein binding
nature [19]. Improvement seen in our patient after dialysis could also
be related to dialyzable nature of acetazolamide.

An activity at high altitude is associated with increased energy de-
mand that may lead to dysregulation of glucose balance unless ad-
justment in medication is performed. There will be high risk of ketone
production if energy expenditure is not matched by calorie intake
[3,10]. Although there are potential medical risks of high altitude to
diabetics, individuals with well controlled diabetes can do activities at
high altitude with vigilance, well preparation and knowledge about the
risks.

In this case report, we emphasized on severe diabetic ketoacidosis
precipitated by high altitude with other factors and managed with he-
modialysis in addition to other conventional treatment measures.
Knowledge about the pathophysiology of DKA at high altitude and in-
corporating renal replacement therapy in severe refractory acidosis in
DKA management will reduce the morbidity and mortality in this pa-
tient type in the future.
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2.1. Learning points

1. The risk of developing ketoacidosis in patient with type 1 dia-
betes at high altitude is considerably high as metabolic decompensation
that occur with high altitude increases the generation of ketones and
the development of ketoacidosis.

2. Knowledge about the pathophysiology of DKA at high altitude
and incorporating renal replacement therapy in severe refractory
acidosis in DKA management will reduce the morbidity and mortality in
patient with DKA.

3. Although dialysis has been rarely used as a treatment modality
for refractory acidosis associated with DKA, the timely intervention of
dialysis in such conditions has a good outcome.
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