Diabetic Ketoacidosis (DKA)
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Causes: 3 Is
1. Initial manifestation of type 1 DM (first presentation).

2. Increased insulin requirements in type 1 DM patients with infection, AMI, trauma, surgery, stroke, emotional stress.

3. Insulin omission in DM type 1.

Rarely RKA may develop in DM type 2 under severe stress e.g. sepsis or trauma.
Symptoms
1. Polyuria and Polydipsia for few days.-

2. Nausea, vomiting ± abdominal pain (DKA is one of the medical causes of acute abdomen, so prominent GIT symptoms may → 
suspicion of infra-abdominal pathology.

3. Fatigue, mental stupor that may progress to coma.

 Signs
1. Vital signs.
a. Blood pressure: hypotension. Pulse: tachycardia
c. Temperature: mild hypotermia. infection is often with no fever.
d. Respiratory rate:  tachypnea. rapid deep breathing ( Kausmaul's respiration)
      2. Evidence of dehydration.

3. Abdominal tenderness.

4. Coma.

Investigations: ABC

- ABG, amylase.

- Bicarbonate, blood glucose, ketones, urea, creatinine.

- Culture (blood and urine), chest x-ray. 
Lab Diagnostic Features

1. Hyperglycemia: Which may be moderate < 300 mg/dl (16.6 mmol/L),

2. Ketoacidemia: The only true ketoacid present is acetoacetic acid, which along with its by product acetone is measured by nitroprusside reagents (acetest and Ketostix) But the sensitivity to acetone is poor. The more prevalent B-hydroxybutyric acid has no ketone group and is therefore not detected by conventional nitroprusside test. In presence of circulatory collapse during DKA. ↑ lactic acid → shift in the redox state to ↑ B-hydroxybutyric acid at the expense of readily detectable acetoacetic acid.

** Urine ketones docs not equate with ketacidosis. Normal individuals may have up to ++ ketonuria after an overnight last. Alcohol also may → ketonuria. Other causes of ketonuria: post exercise states, pregnancy.   False positve ketonuria: dehydration, presence  of levodopa metabolites or sulphhydryl containing compounds e.g. captopril.

3. Metabolic acidosis with blood pH < 7.3 and serum bicarbonate < 15 meq/L.

Anion gap should exceed 12 [Anion gap = Na+ - (Cl + HC03)]

4. Others

a. Serum potassium: is often elevated despite total potassium depletion
due to Polyuria or vomiting. As acidosis is corrected, K+ flows back into the cells and hypokalemia can develop if K+ replacement is not
instituted.

b. Serum sodium:    Hyponatermia is common due to osmolar compensation for hyperglycemia. f or normal Na+ indicates severe water loss.

c. Leucocytosis as high as 25,000//μLwith a left shift may occur with or without associated infection.

d. Increased serum amylase is common, but often represents salivary and pancreatic amylase (so it is not specific for acute pancreatitis). Serum lipase is useful if acute pancreatitis is suspected.

e. Phosphate and magnesium stores are subnormal in DKA patients and plasma

Management

               Preferably in ICU

1. Fluids: IV access and start fluid (0.9% saline)
* immediately 2 litre(L) of 0.9% saline over 1h.
                        1 L over 2h 
                        1 L over 4h 
                 then 1 L over 6h      '

* When blood glucose is 14 mmol/L (252 mg/dl) shift to dextrose saline (D5NS) to reduce the likelihood of cerebral edema. Use D-,NS and NS alternatively so with blood glucose > 14 mmol (252mg/dl) →D5NS with blood glucose >14 mmol → NS

2. Regular insulin replacement 
a. A loading dose of 0.1 u/kg IV bolus
 then 0.1 u/kg as continuous infusion.

b. When blood glucose is 14 mmol/L (252 mg/dl) follow the following IV sliding scale: -

hourly blood glucose result                  soluble insulin
        8-11.9 mmol/L    .                                     2 u/h 
          12-16 mmol/L                                         3 u/h 
            > 16 mmol/L                                         4 u/h

c. When acidosis is corrected and the patient is able to drink and eat
shift to s.c. insulin. Give the first dose of s.c. insulin approximately 30 min. before stopping IV route. Don't shift to s.c sliding scale but to the previous fixed dose of insulin.

Potassium replacement

Serum K+ (mmol/L)                  amount of KC1 add per litre

                                                           Of IV fluid
 < 3.0              

               40 mmol

3-4    

                           30 mmol

4-5                                                     20 mmol
4. Others:

A. Sodium bicarbonate can be given if severe acidosis with pH < 7. One or two amp of sodium bicarbonate (each amp contains 44 mcq/50ml) should be added to 1L of 0.45% saline.
B. Phosphate. If severe hypophosphatemia < 1 mg/dl (< 0.32 mmol/L) develops during insulin therapy, a small amount of phosphate: 40-50 mmol of phosphate should lie replaced as KH^P04 IV at a rate of 3 mmol/h because too rapid replacement of phosphate may induce tetany.
C. Magnesium. Magnesium sulfate is indicated, if hypomagnesemia is associated with ventricular arrhythmia magnesium sulfate 1-2 g IV over 30-60 min.
D. Start broad spectrum antibiotics early if infection is suspected.
E. Monitoring of therapy
- blood glucose should be monitored hourly
 - serum electrolytes every 2h. ECG monitoring for hyperkalemia or    hypokalemia
  - ABG as necessary
F. NOT: in comatose patient to correct gastric dilatation and prevent vomiting.

    * Urinary catheter: for comatose patient or if no urine for > 4 h.

Complications of DKA

1. Lactic Acidosis:  may result from prolonged dehydration, shock, infection and tissue hypoxia 111 DKA patients. Lactic acidosis should be suspected in patients with refractory metabolic acidosis and a persistent anion gap despite optimal therapy for DKA.

Treatment: adequate volume replacement; control of sepsis and 
                      careful use of bicarbonate.
2. Arterial thrombosis (due to hypoperfusion f blood viscosity) → AMI, brain infarction (stroke), bowel infarction, or an ischemic limb.
3. Cerebral edema: especially among children and adolescents → mortality in 70% and recovery without permanent impairment of function in only 7-14%. Symptoms of ↑ intracranial pressure (e.g. headache, altered mental status), papilledema or sudden deterioration in mental status after initial improvement in a patients with DKA should raise suspicion for cerebral edema.


Pathogenesis:

A. The chronic hyperosmolar state of hyperglycemia generates idiogenic osmoles by the brain cells to increase osmotic pressure thereby maintaining their intracellular water content. If turnover of idiogenic osmoles is slower than the rate at which extracellular space osmolality is lowered (with insulin treatment and fluids) this leads to cerebral edema.
B. Activation of Na+ / H+ exchange mechanisms in cerebral plasma membrane through acidification of cytoplasm by weak organic acids →↑Na+ within brain cells.

Diagnosis by CT scan of brain, without contrast 
Treatment: IV Mannitol
Prognosis of DKA: DK.A is a life threatening emergency with mortality
      rate < 5 % in patients < 40 yrs but > 20 % in elderly.

Non-Ketotic Hyperosmolar Coma (NKHC) Hyperglycemic   
     Hyperosmolar State


Essentials of Diagnosis

Hyperglycemia > 600 mg/dl (33.3 mmol/L) Hyperosmolar state (serum osmolality > 310 m osm/kg) No acidosis (blood pll > 7.3) Serum bicarbonate > 15 meq/'L Normal anion gap ( < 14 meq/L) ± f BUN > 100 mg/dl (36 mmol/L)

Pathogenesis and Clinical Features
                          Partial or relative insulin deficiency


  ↓ glucose utilization by                                                 Hyperglucogonemia   
     muscle, fat and liver                                              
                                                                                  ↑ Hepatic glucose output
     severe hyperosmolality                                            Marked hyperglycemia
                                                                                       Massive glycosuria
                                                                                         
                                                                                       sever polyuria
lethargy, confusion           dehydration(especially if old patients can't drink
↓ may progress to                         enough water) 
coma and convulsion

Precipitating Factors 4 1

1. Infection.
2. Infarction (AMI. CVA or bowel infarction).
3. Interference with surgery (operation)
4. iatrogenic (induced by drugs):
e.g. phenytoin, diazoxide, glucocorticoids and diuretics.
Investigations:   ABCE 

1. ABG, Amylase.
2. Bicarbonate; blood glucose, kelones. urea, creatinine.
3. Culture (blood, urine); CBC; CK-MB: and CXR.
* CT of brain without contrast may be needed.
*calculate effective serum osmolality.
4. ECG.
Treatment

1. Fluids: IV access and start fluids immediately.
A. Normal saline 0.9% one litre (L)   over 1h 
                                         500ml     over2h 
                                         500ml     over4h

           If IV fluids are still needed 2 liters of 0.45% sodium chloride 
           could be added over the next 8h.
B. Dextrose saline (D5NS) when blood glucose is 14 mmol/L 
        (252mg/dl), to reduce the likelihood of cerebral edema- So the rate of glucose infusion is adjusted to maintain glycemic level of 252-300 mg/dl (14-16.6 mmol/L). An important endpoint of fluid therapy is to restore urine output to 50 ml/h or more.
    * Careful monitoring of fluid status and electrolytes q2h to avoid fluid 
        overload or rapid correction of hypernatremia.

2. Insulin
an initial dose of 0.1 u/kg followed by insulin infusion of l-2u/h which is titrated to lower blood glucose by 50 to 70 mg/dl/h. Monitor blood glucose hourly,   s.c. Insulin should be instituted after the patient hydration status is normalized, the patient is able to cat and blood glucose is 252 mg/dl (14mmol/L).

3. Potassium

If no renal insufficiency, no oliguria. And no hyperkalemia potassium chloride (KCL) can be added to the initial bottles of fluids as 10 meq/L.

Prognosis

The overall mortality rate of NKHC is > 10 times that of DKA, because if higher incidence in older patients who may have CHF, AMI or CVA and whose dehydration is excessive because of delays in recognition and

treatment.
        Hypoglycemia

Hypoglycemia

Hypoglycemia is not a complication of DM, but is a complication of treatment (insulin or oral hypoglycemic)

Clinical features of hypoglycemia.

1. Adrenergic symptoms are catecholamine madiated and include:

2. sweating, palpitation, shaking (tremors).
3. Neuroglycopenic symptoms:   Drowsiness, abnormal behaviour, speech difficulty, headache, contusion ± convulsion ± coma.

Diagnosis

Diagnosis depends upon presence of whipple's triad:

1. Symptoms of hypoglycemia

2. Low blood glucose

3. Immediate recovery upon administration of glucose

The glycemic threshold for symptoms of hypoglycemia is approximately 54 mg/dl (3 mmol/L) and for cognitive brain dysfunction approximately 47 mg/dl (2.6 mmol/L). These glycemic thresholds vary in response to the level of glucose control, particularly in patients with diabetes. So poorly controlled diabetes with persistent hyperglycemia results in higher glucose thresholds (i.e. symptoms of hypoglycemia may occur at > 60 mg/dl (3.3 mmol/L).

Hypoglycemia unawareness: This means hypoglycemia in absence of tremors, sweating or palpitations (warning symptoms

Causes of Hypoglycemic Unawareness:

1. Long duration of DM with recurrent episodes of hypoglycemia,
leading to repeated hypoglycemic damage of glucosensitive neurons.

2. Tight glycemic control so near normalization is a safer target for therapy to avoid hypoglycemia.

3. Alcohol leads to suppression of autonomic peripheral responses (tremors) and impaired cognition.

4. Nocturnal episodes (during sleep).

5. Autonomic neuropathy.

How to avoid Hypoglycemia in a Diabetic?
1. Regular blood glucose monitoring.
2. Nocturnal blood glucose measurement, especially if the patient has hypoglycemic unawareness and in pregnant type 1 diabetic women, because maternal hypoglycemia is common and often severe in pregnant women with type 1 DM. So those patients are advised to check blood glucose at 12 am.
3. Near normalization target of blood glucose.
4. Education of the patient to avoid delaying or neglecting meals especially if the patient is on insulin. Proper teaching of the patient how to follow the prescribed dose of insulin. Some patients may inject themselves with overdoses of insulin because they are not educated, have poor vision, or in an attempt to destroy themselves due to psychological stress.
Treatment of Hypoglycemia

I.   Treatment of hypoglycemic coma: Diagnosis of hypoglycemia should be considered in every unconscious patient.

A. Infuse 50 ml IV bolus of 50% glucose followed by continuous infusion of 10% glucose at a rate sufficient to keep plasma glucose level > 100 mg/d! (Starting at 100 ml/h). Check blood glucose hourly.
B.  Blood sample for electrolytes, blood urea nitrogen, creatinine, insulin, plasma insulin glucose ratio, c-peptide, cortisol, drugs, toxins, hypoglycemic agents e.g. sulphonylureas and alcohol.
C. In absence of IV glucose preparation give glucagon 1mg IV, i.m. or s.c.
II.   Treatment of Mild Hypoglycemia: Oral glucose tablets (4-5g)

or fruit juice followed by a snack containing carbohydrates and proteins.

