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ABSTRACT

Hyponatremia is a common electrolyte abnormality caused by an excess of total body water when compared to total body sodium content. 
Hyponatremia can be classified according to its osmolality, volume status, and urine osmolality. Diabetic ketoacidosis with its high blood glucose 
will usually cause dilutional hyponatremia. This paper will also discuss classification of hyponatremia and the development of hyponatremia in 
diabetic ketoacidosis or in hyperglycemic patients.
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ABSTRAK

Hiponatremia adalah gangguan elektrolit karena total air tubuh yang berlebih dibandingkan dengan total jumlah natrium. Hiponatremia 
dapat diklasifikasikan menurut osmolalitas, status volume tubuh, dan osmolalitas urin. Ketoasidosis diabetik dengan kadar gula darah tinggi 
biasanya akan menyebabkan hiponatremia dilusional. Pada laporan kasus ini akan dibahas klasifikasi hiponatremia dan kejadiannya pada pasien 
ketoasidosis diabetik atau pada pasien hiperglikemia. Irianto. Diabetic Ketoacidosis with Hyponatremia

Kata Kunci: Ketoasidosis diabetic, hiperglikemia, hiponatremia.

INTRODUCTION
Diabetic ketoacidosis (DKA) results from 
insulin deficiency with a relative or absolute 
increase in glucagon; it may be precipitated 
by inadequate insulin administration, 
infection, infarction, surgery, trauma, drugs, or 
pregnancy.1 It is a potentially life-threatening 
complication of diabetes mellitus. This report 
is a case of diabetic ketoacidosis and severe 
acidemia presumed to be precipitated by 
inadequate glycemic control and infection, 
succeeded by hyponatremia after diabetic 
ketoacidosis resolution, treated in a private 
type C hospital in Indonesia.

CASE
A 55-year-old male presented to the 
emergency department with sudden onset of 
shortness of breath. He has a history of type-
2 diabetes and took metformin thrice a day. 
He was fully alert but tense, blood pressure 
160/100 mmHg, heart rate 110 beats/min, 
respiratory rate 30 breaths/minute with 
bilateral slight rhonchi, temperature 36,5°C, 
body weight of 45 kg and dehydrated with dry 
mucous membrane. The electrocardiogram 

(ECG) showed sinus rhythm at the rate of 
96 beats per minute without any significant 
findings. Laboratory investigations revealed 
an elevated white blood count of 20.330 
mm3/μL. Urea was slightly elevated at 45:9 
mg/dL. Metabolic acidosis was found with 
arterial pH of 6.884 and bicarbonate of 3.5 
mmol/L. Arterial pO2 and PCO2 levels were 
113.2 mmHg and 19.3 mmHg respectively. 
Random blood glucose was high - indicated 
levels above 600 mg/dL with a ketone serum 
of 2.7. His sodium, potassium and chloride 
levels were 131.1 (the normal reference range 
of sodium is 130-150 mmol/L in our laboratory 
values), 4.33 and 85 mmol/L respectively. The 
chest X-ray showed a normal heart contour 
and a bilateral infiltration in the perihilar lung 
region, interpreted as bronchopneumonia. 

He was diagnosed with diabetic ketoacidosis. 
This was his second episode of diabetic 
ketoacidosis. Treatment started with an initial 
1 L intravenous normal saline using two IV 
lines, followed by a 0.1 unit/kg insulin bolus 
and a 50 mEq potassium replacement over 6 
hours. Additional normal saline was also given 

to a total of 4.5 L over 6 hours, followed by 
fluid maintenance of 2000 L per 24 hours. The 
Empirical intravenous antibiotic levofloxacin 
500 mg once daily was started to treat 
bronchopneumonia.

Insulin was given initially with 0.1 unit/kg bolus 
and maintained with 0.1 unit/kg/h. Blood 
glucose was checked hourly. He was given an 
additional 0.1 unit/kg bolus of insulin because 
his blood glucose didn’t decrease more 
than 50 mg/dL. With fluid resuscitation and 
continuous insulin drips, his blood glucose 
started to fall adequately; 25 mEq bicarbonate 
was given twice through a peripheral IV line. 

His shortness of breath was subsiding after 
his blood glucose reached 200-250 mg/dL. 
Oral feeding was started while his insulin was 
maintained at 2 units/hour to slowly solve his 
acidosis. Repeated serum electrolytes showed 
normal potassium levels (4.05 mmol/L) and 
hyponatremia (127.8 mmol/L). The symptoms 
were gradually resolved.

The hyponatremia was treated with 500 
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ABSTRACT

Introduction: A subsequent headache within seven days of a head injury (or after regaining consciousness after the head trauma)is referred to 
as a post-traumatic headache (PTHA); it is referred to as chronic or chronic post-traumatic headache (CPTHA) if it lasts longer than three months 
after the injury. Case : A 17-year-old male with headache since 3 months ago, 3 days after suffered a blow to his left head from falling from a 
chair. At that time, the patient fainted for about 15 minutes but had no complaints after regained consciousness. Pain is felt on the left side of 
the head, throbbing, mild-moderate intensity, and feels heavier with a loud sound or a too-bright light. Discussion: Post-traumatic headache is 
clinically diagnosed. Laboratory and routine diagnostic imaging studies are unnecessary and have minimal clinical utility. Conclusion: Chronic 
post-traumatic headaches often occur, especially after minimally traumatic brain injury. The clinical picture is variable and may be similar to 
tension-type headaches and/or migraines.
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ABSTRAK

Pendahuluan: Nyeri kepala dalam tujuh hari setelah cedera kepala atau setelah sadar kembali dari trauma kepala disebut nyeri kepala pasca-
trauma (post-traumatic headache/PTHA); disebut sakit kepala pasca-trauma kronis atau kronis (CPTHA) jika berlangsung lebih dari tiga bulan 
setelah cedera. Kasus: Seorang laki-laki berusia 17 tahun dengan keluhan nyeri kepala sejak 3 bulan, 3 hari setelah kepala kiri terbentur karena 
jatuh dari kursi. Saat itu, pasien pingsan sekitar 15 menit, tidak ada keluhan setelah sadar. Nyeri dirasakan di sisi kiri kepala, berdenyut, intensitas 
ringan-sedang, terasa lebih berat jika ada suara keras atau cahaya terlalu terang. Diskusi: Nyeri kepala pasca-trauma didiagnosis secara klinis. 
Laboratorium dan studi pencitraan diagnostik rutin tidak diperlukan dan memiliki utilitas klinis minimal. Simpulan: Nyeri kepala pasca-trauma 
kronis sering terjadi, terutama setelah cedera otak traumatis minimal. Gambaran klinisnya bervariasi dan dapat mirip nyeri kepala tipe tegang 
dan/atau migrain. Eric Hartono Tedyanto, I Made Oka Adnyana, I Putu Eka Widyadharma. Sakit Kepala Tipe Tegang dan Migrain sebagai 
Manifestasi dari Sakit Kepala Kronis Pasca-Trauma.

Kata kunci: Migrain, sakit kepala pasca-trauma, sakit kepala tipe tegang.

INTRODUCTION
Patients with brain injuries may experience 
chronic pain due to various causes; its 
prevalence rates range from 10 to 95%.1 A 
subsequent headache within seven days 
of a head injury is referred to as a post-
traumatic headache (PTHA) (or after regaining 
consciousness after the head trauma). If a 
post-traumatic headache lasts longer than 
three months after the injury, it is referred to as 
a chronic post-traumatic headache (CPTHA).2 
CPTHA is probably the most prevalent 
type of pain following mild brain damage, 
but its cause and course of treatment are 
yet unknown.3 Clinical characteristics and 
neurological examination are the keys to 

diagnosing CPTHA.3

CASE
A 17-year-old male with headaches for three 
months, three days after a traumatic injury to 
his left head from falling from a chair, fainted for 
about 15 minutes; he regained consciousness 
with no complaints of a headache. Headache 
is on the left side of the head, throbbing, with 
mild-moderate intensity, and aggravated by 
loud sound or too-bright light; it is felt almost 
every day, approximately 10 times daily, and 
lasts about 5-10 minutes and interferes with 
his daily activities.

The headache increases with his daily activity 

with numeric pain rating scale (NPRS 3-4/10) 
and decreases after rests with NPRS 1/10. The 
patient also reported nausea and vomiting. 
A flash of white light was once reported 
before the headache. Persistent tension and 
pulling pain are also felt in the neck and 
back of the head. Paracetamol did not give 
any improvement. The patient denied any 
symptoms of double or blurred vision, half-
body weakness, tingling sensation, slurred 
speech, impaired walking, convulsions, 
projectile vomiting, and weight loss. The 
patient denied fainting, forgetfulness, anxiety, 
or depression.

The patient’s vital signs were within normal 
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3% hypertonic saline over 24 hours, but the 
sodium level was only slightly increased to 
128.9 mmol/L. On physical examination he 
was euvolemic, the jugular veins were flat, no 
edema, wet mucous membrane with normal 
vital signs. After the stabilization of blood 
glucose, the patient was discharged. The 
patient came a week after discharge with no 
symptoms and then lost to follow-up.

DISCUSSION
Diabetic ketoacidosis (DKA) was diagnosed 
based on findings of shortness of breath with 
acidosis, high blood glucose, and ketosis.2 
Bronchopneumonia from his physical and 
radiographic findings. Since there were no 
other significant findings, bronchopneumonia 
was presumed as the trigger of his DKA. 
The patient’s poor glycemic control may 
also contribute to the condition. The initial 
sodium level was 131.1 mmol/L; it was in 
the lower reference range. But, after diabetic 
ketoacidosis management, hyponatremia was 
developed.

Hyponatremia is a common finding in 
diabetic ketoacidosis (DKA).3 DKA causes a 
hyperosmolar state driven by the osmotic 
force of hyperglycemia in the intravascular 
space; water from body cells was ‘pulled’ 
into the intravascular space, resulting in 
more water than sodium in the intravascular 
space, causing dilutional hyponatremia.3 
Usually, diabetic ketoacidosis hyponatremia 
is treated by fluid administration to reduce 
the hyperosmolar state in the intravascular 
space, which helped water to move back to 
the intracellular compartment resolving the 
dilutional hyponatremia found in DKA.

Hyponatremia is a common electrolyte 
abnormality caused by an excess of total 
body water when compared to total body 
sodium content. Hyponatremia represents an 
imbalance in the ratio where total body water 
is more than total body sodium. Symptoms 
of hyponatremia can range from anorexia, 
nausea and vomiting, fatigue, headache, 
and muscle cramps to altered mental status, 
agitation, seizures, and even coma.4 Severe 
symptoms (altered mental status, agitation, 
seizures) with sodium levels <125 mmol/L 
need to be given immediate hypertonic saline, 
while in asymptomatic to mild symptoms 
of hyponatremia we should evaluate serum 
osmolality, volume status, urine sodium, and 
urine osmolality.5

First, we should evaluate the serum 
osmolality of the hyponatremic patient. 
True hyponatremia patients are hypotonic 
(below 275 mOsm/L) because hyponatremia 
represents excess of free water. If it is 
normotonic (275 mOsm to 290 mOsm/
kg), consider pseudohyponatremia. If 
hypertonic (above 290 mOsm/L) assess for 
hyperglycemia, mannitol or sorbitol usage, 
and other hypertonic fluid administration.4,5

Then, evaluate the patient’s volume status. 
Evaluate vital signs, orthostatic (lying and 
upright blood pressure difference), jugular 
venous pressure, skin turgor, mucous 
membrane, peripheral edema, blood urea 
nitrogen, and uric acid levels. Hypovolemic 
patients with hyponatremia indicate low water 
and salt levels, euvolemic indicates increased 
total body water with normal sodium levels 
and hypervolemic indicates increased total 

body water.4,5

Urine sodium is useful in determining the need 
for isotonic saline administration. Traditionally, 
urine sodium of 20 or 30 mmol/L is used as a 
cutoff value to differentiate whether a patient 
will respond to an isotonic saline infusion or 
not. Low urine sodium, especially below 10 
mmol/L, indicates extrarenal loss of fluid, 
which will respond to isotonic saline infusion. 
Urine sodium greater than 20 or 30 mmol/L 
suggests renal loss of urine, which usually 
requires another intervention.4,6

Urine osmolality (measured with an 
osmometer) is useful for the determination 
of urine diluting ability, which actually reflects 
vasopressin (antidiuretic hormone, ADH) 
activity. A value below 100 mOsm/kg suggests 
that the kidneys’ ability to excrete maximally 
diluted urine remains intact. In this case, 
the cause of hyponatremia is either primary 
polydipsia or other underlying psychiatric 
disorders, such as schizophrenia, which are 
associated with massive water intake. However, 
hyponatremia with decreased Uosm can also 
be observed in individuals who consume large 
amounts of fluid but small amounts of salt 
and protein. This results in a limited amount of 
solutes being excreted and leads to decreased 
water excretion. This phenomenon has been 
reported in ill-nourished heavy drinkers (beer 
potomania syndrome) but also in the elderly 
with increased water and low solute intake 
(for example, tea and toast diet). A value above 
100 mOsm/kg is usually present in syndrome 
of inappropriate antidiuretic hormone, 
hypothyroidism, adrenal insufficiency and 
drug usage.4,5,7

Table 1. Blood glucose levels during initial DKA treatment

Time Initial 1st hour 2nd hour 3rd hour 4th hour 5th hour 9th hour 12th hour

Blood Glucose >600 > 600 444 414 358 238 210 167
Inter-vention 1 liter of 

normal saline
4.5 unit insulin 
bolus and 
4.5 unit/h 
maintenance

4.5 unit/h 
insulin

4.5 unit/h 
insulin + 4.5 
unit bolus

4.5 unit/h 
insulin

2 unit/h 
insulin

2 unit/h 
insulin

1 unit/h 
insulin

Table 2. Sodium levels in this patient during hospital stay.

Time Initial 12 hours 36 hours 4 days

Sodium 131.1 127.8 128.9 132.1
Blood Glucose >600 167 344 187
Intervention DKA protocol 500 cc of hypertonic saline 

for 24 hours
Optimizing blood glucose Discharge
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limits. No abnormalities were found on physical 
examination; global or focal neurological 
deficits were not found. EEG showed no 
abnormalities. Laboratory examinations 
and head imaging were not indicated. A 
combination of paracetamol and ibuprofen, 
and amitriptyline gave an improvement on 
day 3 (NPRS 2-3/10). The patient fits post-
traumatic headache according to ICHD-3 
criteria. A secondary headache related to the 
trauma or injury (post-traumatic headache) 
is coded when a new headache develops for 
the first time in close temporal proximity to 
trauma or injury to the head and/or neck.

DISCUSSION
Post-traumatic headaches are defined by the 
most recent International Classification of 
Headache Disorders (ICHD-3) as a secondary 
headache with onset within seven days 
following trauma or injury, seven days after 
regaining consciousness, or seven days after 
regaining the ability to sense and report 
pain.15 However, this criteria has recently been 
contested, as some individuals may report 
symptoms between three months and one 
year following a shock or injury. The ICHD-
3 temporal criteria lack specific phenotypic 
diagnoses that would enable clinicians to 
treat and manage the various forms of PTHA.4 

Post-traumatic headaches are secondary 
headaches that develop after a traumatic 
brain injury. Mild to moderate symptoms like 
a tension-type headache may accompany 
a post-traumatic headache. Post-traumatic 
headaches may be intermittent or recurrent. 
If headaches remain for more than three 
months following a concussion, it is referred 
to as chronic post-traumatic headache.13

Persistent post-traumatic headaches and 
migraines are related to brain anatomy 
changes, possibly indicating distinct 
underlying pathophysiology. Compared to 
migraine patients, persons with persistent 
post-traumatic headaches have differences 
in regional volumes, cortical thickness, 
brain surface area, and brain curvature. The 
structures of the right lateral orbitofrontal 
lobe, left caudal middle frontal lobe, left 
superior frontal lobe, left precuneus, and right 
supramarginal gyrus varied between groups.12

People with tension-type CPTHA experience 
mild to moderate bilateral pain with pressing, 
tugging, and dull quality, worse by exertion, 

stress, and emotional strain. People with the 
migraine-type of CPTHA experience severe 
pounding, throbbing, and stabbing unilateral 
pain and are made worse by physical activity. 
Patients may also express sensitivity to loud 
noises or bright lights (photophobia and 
phonophobia). Less than one-third of CPTHA 
patients experience “mixed headaches,” 
which are symptoms of the various forms 
of headaches that overlap.4,5 It is coded as a 
secondary headache related to the trauma or 
injury (post-traumatic headache) when a new 
headache develops for the first time in close 
temporal proximity to trauma or injury to the 
head and/or neck. This still applies whether 
the newly developed headache resembles 
any of the primary headache diseases listed in 
Section 1 of ICHD-3.15 In this case report, the 
patient complains of mixed headaches for the 
first time related to head trauma. The patient 
complains of tension-type headaches and 
headaches resembling migraines. The patient 
fits the diagnosis criteria of post-traumatic 
headache. 

Most people get daily or weekly headaches, 
whereas a smaller percentage experience 
them only once a month or less frequently. 
Headaches were said to steadily worsen during 
the episodes, reach very high intensities (VAS 
or NPRS = 8–10), and be painful enough to 
prevent activities. People with CPTHA may 
also experience neck pain, described as a 
feeling of muscular spasm and tightness in the 
neck, particularly in the posterior area.2

There is still a lack of knowledge on the 
pathogenesis of post-traumatic headache 
(PTHA); several hypotheses include altered 
neurometabolic processes, poor descending 
regulation, and trigeminal sensory system 
activation with the probability of several 
overlapping pathways.6 Schwedt et al. 
showed that patients with PTHA had 
structural variations in cortical thickness 
and brain volume.14 Diffuse axonal damage 
after a brain injury may lead to structural 
remodeling of cortical and subcortical areas 
in the somatosensory and insular cortex, 
downregulating the neuromodulation of 
pain-modulating pathways.2

The hypothesis for the origin of PTHA centres 
on abnormalities in the neurometabolic 
system. Damage to cells caused by physical 
stress results in the uncontrolled release of 

ion-exchange neurotransmitters.3 Neuronal 
activity-induced metabolic stress (lactate 
and free radicals) causes axonal damage 
(secondary axotomy). Cortical spreading 
depression (CSD) is an electrical process 
during the migraine aura.7 In CSD, excessive 
glutamate and potassium release caused 
by cellular depolarization increases nerve 
excitability and activation of the trigeminal 
sensory system. CSD may contribute to PTHA 
by causing additional brain damage after 
brain injury.7 Due to neuroinflammation, the 
central nervous system (CNS) can become 
more excitable, causing CSD and activating 
the trigeminal sensory system. Due to 
overlapping communication pathways, 
nociceptive signals from upper cervical 
afferents can activate the trigeminal system. 
The convergence of cervical afferent and 
trigeminal nerve pathways supports the 
discovery that therapies for cervical neck pain 
generators can contribute to PTHA relief.4

Similar to other primary headaches, post-
traumatic headache is clinically diagnosed. 
Laboratory and routine imaging diagnostics 
are unnecessary and have limited clinical 
utility. A head CT scan without contrast may 
be performed to rule out acute cerebral 
hemorrhage, particularly in the elderly and 
patient with neurological deficit.8 Because this 
case is young and has no focal or generalized 
neurologic deficits, imaging tests are 
unnecessary.

Post-traumatic headaches are managed 
and treated using a multimodal approach, 
including oral medications, musculoskeletal 
manipulation and treatment, interventional 
techniques, and behavioral therapy; a 
multidisciplinary approach was the most 
effective in treating PTHA.9 Cognitive-
behavioral therapy (CBT), biofeedback, 
progressive muscle relaxation therapy, 
acupuncture, and physical therapy were 
investigated.9 Nonsteroidal anti-inflammatory 
drugs (NSAIDs), triptans, and intravenous 
antiemetics are used as acute therapeutic 
options.10 In preventive regimens, tricyclic 
antidepressants (TCAs), anticonvulsants, and 
gabapentin are all included. Most patients 
benefited from amitriptyline.16 Cushman 
et al. discovered that patients taking either 
gabapentin or amitriptyline improved 
compared to those who did not receive 
treatment.10
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All in all, hyponatremia is largely a symptom, 
not a disease. Hyponatremia findings can 
help us in cluing where the pathology is, and 
usually the resolution of the pathology will 
also resolve the hyponatremia. We also need to 
determine whether it is true hyponatremia or 
it is pseudohyponatremia from the electrolyte 
testing method and additional lab testing 
described above to guide the treatment of 
hyponatremia.

Electrolyte measurement is usually done by 
direct or indirect testing. Most commonly with 
indirect ion selective electrode (ISE) testing, 
which after a dilution step, does not take into 

account the real percentage of plasma water 
in sodium concentrations determination.5 

Indirect ISE measures electrolyte content in 
total plasma volume as opposed to direct ISE 
which measures electrolyte content in the 
plasma water. Total plasma contains water 
and solid components (protein and lipids), 
a variation of proteins and lipids may cause 
errors in the reported electrolyte results from 
the indirect ISE method.6

In our case, we don’t measure serum 
osmolality, but calculate serum osmolality 
with the Smithline-Gardner formula formula: 
2(Na) + glucose/18 + BUN/2.8,10 which 

result in 311.8 mOsm/L. The diagnosis is 
hypertonic hyponatremia caused by diabetic 
ketoacidosis/hyperglycemia, the treatment 
is to treat the DKA and stabilize the blood 
glucose, and the hyponatremia usually will 
resolve.5

CONCLUSION
We reported a case of a 55 year-old patient 
with diabetic ketoacidosis. The diagnosis 
was made by history, physical examination 
and laboratory findings. The diagnosis was a 
simple DKA with mild hyponatremia after its 
resolution with unknown causes.
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yet unknown.3 Clinical characteristics and 
neurological examination are the keys to 

diagnosing CPTHA.3

CASE
A 17-year-old male with headaches for three 
months, three days after a traumatic injury to 
his left head from falling from a chair, fainted for 
about 15 minutes; he regained consciousness 
with no complaints of a headache. Headache 
is on the left side of the head, throbbing, with 
mild-moderate intensity, and aggravated by 
loud sound or too-bright light; it is felt almost 
every day, approximately 10 times daily, and 
lasts about 5-10 minutes and interferes with 
his daily activities.

The headache increases with his daily activity 

with numeric pain rating scale (NPRS 3-4/10) 
and decreases after rests with NPRS 1/10. The 
patient also reported nausea and vomiting. 
A flash of white light was once reported 
before the headache. Persistent tension and 
pulling pain are also felt in the neck and 
back of the head. Paracetamol did not give 
any improvement. The patient denied any 
symptoms of double or blurred vision, half-
body weakness, tingling sensation, slurred 
speech, impaired walking, convulsions, 
projectile vomiting, and weight loss. The 
patient denied fainting, forgetfulness, anxiety, 
or depression.

The patient’s vital signs were within normal 
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