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A rare presentation of diabetic ketoacidosis: Meningeal 
syndrome
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ABSTRACT

Diabetic ketoacidosis (DKA) typically presents with abdominal pain, vomiting, fatigue, and 
excessive thirst. Although it is a state of acidosis, symptoms related to the central nervous 
system are not frequent in DKA. We here report our experience of a patient with DKA 
receiving immunosuppressive drugs due to renal transplantation who initially presented 
with the meningeal syndrome. The condition resolved quickly after correction of acidosis 
and hyperglycemia. In this particular case, we had clues for drug-related side effects of 
immunosuppressants that possibly facilitated the occurrence of meningeal irritation. Our 
observations may contribute to the care of patients with DKA who are on such treatment 
regimens.
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Introduction
Diabetic ketoacidosis (DKA) is a serious complication of di-

abetes mellitus (DM) and can be the initial presentation of the 
disease in some patients. On the other hand, most patients with 
DKA typically present with abdominal pain, vomiting, fatigue, 
and excessive thirst. 

The Meningeal syndrome is another problematic condition 
in the emergency room, characterized by the symptoms and 
findings of altered state of consciousness, headache, fever, 
dizziness, and neck rigidity. Infections and malignancies are 
the most common causes of the meningeal syndrome, while 
other less frequent factors such as heat stroke, autoimmune 
diseases, adverse drug reactions or post-vaccination may also 
be encountered (1-4). 

Although changes in blood gasses are the hallmark of DKA, 
many patients do not have central nervous system depression 
due to acidemia. Further, meningeal irritation associated with 
acidosis, hyperglycemia or increased osmolarity is unlikely. We 
here report a sporadic patient with DKA who presented with the 
signs of meningeal irritation which improved after successful 

treatment.

Case Presentation
A 40-year-old woman with known type 1 DM, hypertension 

and functional renal transplantation due to diabetic nephrop-
athy for 3 years was admitted to the emergency room with an 
altered state of consciousness, disorientation, and agitation. 
Her medications included insulin aspart 14 Units/day (total dai-
ly dose) , insulin detemir 24 Units/day, mycophenolate mofetil 
1080 mg/day, everolimus 1 mg/day, methylprednisolone 4 mg/
day, sodium bicarbonate 2 g/day, nebivolol 2.5 mg/day, doxaz-
osin 4 mg/day, diltiazem 240 mg/day and nitrofurantoin 100 mg/
day. However, her medical history obtained from relatives re-
vealed that she has not been using insulin therapy recently.Her 
vitals were as follows: blood pressure 125/80 mmHg, heart rate 
97 beats per minute, body temperature 37.2°C, and respiratory 
rate 24 per minute. Physical examination revealed Kussmaul 
breathing pattern, meningeal irritation signs including neck 
stiffness and positive for Kernig’s and Brudzinski’s signs. The 
blood and urine test results at the time of admission and after 
treatment were given in Table I.
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as follows; hemoglobin: 15 g/dl (11.9-14.6), white blood cell 
count: 20.6 x  103 cells/µL (4.49-10.9 x 103), neutrophil count: 
19.2 x 103 cells/µL (2.1-8.89 x 103), olatelet counr: 273 x 103 
cells/µL (171-388 x 103), glucose: 398 mg/dL (74-110), creat-
inine: 1.09 mg/dL (0.66 – 1.09), urea: 57 mg/dL (17-43), so-
dium:142 mmol/L (136-146), potassium: 4.5 mmol/L (3.5-5.1), 
alanine aminotransferase (ALT): 41 U/L (7–35), aspartate ami-
notransferase (AST): 77  U/L (15– 35), alkaline phosphatase:85 
U/L (40–120), gamma-glutamyl transferase: 13 U/L (0–38), lac-
tate dehydrogenase: 398 U/L (0–247), serum albumin: 4.11 g/
dL (3.5–5.2), erythrocyte sedimentation rate: 24 mm/h(0–30), 
C-reactive protein: 107.9 mg/L(0-5), blood gas pH:7.24 (7.35-
7.45), bicarbonate:11.6 mmol/L. In addition to normal urine 
pH and density, the patient had severe glucosuria (++++) and 
ketonuria (++++). Lumbar puncture was negative for bacteri-
al meningitis. Cranial diffusion magnetic resonance imaging 
and computerized cranial tomography showed no pathological 
signs of hemorrhage, ischemia or tumor. The patient was di-
agnosed with DKA and hospitalized in the intensive care unit. 
With treatment including hydration, insulin, and potassium re-
placement blood gases, glucose and other metabolic values 
returned to normal and the meningeal irritation signs gradually 
resolved by the 24th hour of hospitalization. The patient was 
discharged home with full recovery.

Discussion 
Herein we present an interesting DKA patient with typical 

symptoms of the meningeal syndrome including altered state 
of consciousness and neck stiffness. We specifically excluded 
common causes (i.e., infections, tumors) of the syndrome us-
ing appropriate tools such as head scans and lumbar puncture. 

Moreover, the state of aseptic meningitis relieved after effective 
treatment of DKA.

Current knowledge and available reports suggest that an 
atypical presentation of DKA is quite unusual. An interesting 
initial presentation of an acromegaly patient with DKA due to 
prolonged hyperglycemia was previously reported (5). How-
ever, reports of meningeal irritation associated with DKA are 
extremely rare (6) Several authors have suggested that cere-
bral edema associated with DKA may cause meningeal irrita-
tion in DKA (7-9). However, cerebral edema is also rare (10) 
and whether it responds quickly to the correction of acidemia 
in DKA is not known. Moreover, in contrast to our 40-year old 
patient, cerebral edema is frequently seen among children (11). 
Besides, DKA patients with cerebral edema are at increased 
risk of mortality than those without (35% vs. 1.1%, respectively)  
(12).

We were not able to identify any report of meningeal irrita-
tion related to acidosis in different conditions, hyperglycemia 
or increased plasma osmolarity in the literature. However, our 
patient was receiving mycophenolate mofetil and everolimus 
as immunosuppressive therapy for transplant kidney. Aseptic 
meningitis, encephalopathy, headache, and seizures were list-
ed among the common the side effects of biological treatments 
and immunosuppressants (13, 14). Therefore, in our patient, 
acidosis, hyperglycemia or hyperosmolarity might have trig-
gered everolimus induced aseptic meningitis, which rapidly 
recovered after correction of the metabolic disturbances. Nev-
ertheless, this hypothesis remains to be supported by future 
observations.    

Table 1. The blood and urine test results ufon admission and after treatment

Time of 
Admission

After 
Treatment 

Reference 
Range

White blood cell count (cells/uL) 20.6x10^3 15.9x10^3 4.49-10.9 10^3
Hemoglobin (g/dL) 15.0 12.5 11.9-14.6 
Platelets (cells/uL) 273x10^3 270x10^3 171-388x10^3 
Neutrophil count (cells/uL) 19.2x0^3 9.6 x10^3 2.1-8.89 x10^3  
Glucose (mg/dL) 398 117 74-110 
Urea (mg/dL) 57 44 17-43 
Creatinine (mg/dL) 1.09 1.01 0.66- 1.09 
Sodyum (mmol/L) 142 144 136-146 
Potassium (mmol/L) 4.5 4.68 3.5-5.1 
Alanine aminotransferase (ALT) (U/L) 41 38 7–35 
Aspartate aminotransferase (AST) (U/L) 77 54  15– 35 
Gamma-glutamyl transferase (GGT) (U/L) 13 10 0–38 
Alkaline phosphatase (ALP) (U/L) 85 62 40–120 
Lactate dehydrogenase (LDH) (U/L) 398 243 0–247 
C-reactive protein (CRP) mg/L 107.9 18.7 0-5 
Erythrocyte sedimentation rate (ESR) (mm/h) 24 22 0–30 
Blood gas pH 7.24 7.41 7.35-7.45
Bicarbonate (mmol/L) 11.6 21.9 22-26 
Urine pH 5.5 6.0 4.5-8.0
Urine keton ++++ Negative Negative
Urine glucose ++++ + Negative
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Conclusions
Albeit rare among adult patients, a sudden onset of severe 

neurological symptoms in a patient with DKA requires differ-
ential diagnosis of the possible causes of the meningeal syn-
drome in the absence of apparent etiologic factors. Comorbid-
ities and possibilities of drug-related causes that facilitate the 
occurrence of meningeal irritation may improve clinical man-
agement in rare cases. 
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