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Question

Group 2 Category (MBBS)

1. Define the Following Terms

A. Ketogenesis

B. Ketonaemia

C. Ketonuria

D. Ketogenesis

2. What are the consequences of ketosis

3. Write concisely on the management of ketoacidosis.
Answer

1. Define the Following Terms
A. Ketogenesis

      Ketogenesis is the biochemical process through which organisms produce ketone bodies through breakdown of fatty acids and ketogenic amino acids, which provide an alternative form of energy for the body under circumstances such as fasting or caloric restriction to certain organs, particularly the brain, heart and skeletal muscle. The body is constantly producing small amounts of ketone bodies that can make 22 ATP each in normal circumstances and it is regulated mainly by insulin.

B. Ketonaemia

       The rise of ketone bodies in blood above normal level is known as ketonaemia. It is seen in conditions in which the body produces excess ketones as an indication that it is using an alternative source of energy.

C. Ketonuria

        A medical condition in which abnormally high amounts of ketones and ketone bodies (a byproduct of the breakdown of cells) are present in the urine. It is seen during starvation or more commonly in type 1 diabetes mellitus. It can also occur in women who are pregnant or breastfeeding. Production of ketone bodies is a normal response to a shortage of glucose, meant to provide an alternate source of fuel from fatty acids. Ketonuria occurs when fatty acids are moved from triglyceride stores in the body in response to inadequate intake or availability of carbohydrates. Under conditions of abnormal carbohydrate metabolism, such as occurs in diabetes mellitus, ketones accumulate in the blood (ketonemia) and are excreted in the urine (ketonuria). 

2. What are the consequences of ketosis

a). ketosis leads to reduced insulin levels, which causes a lot of fat to be released from the fat cells. When this happens, the liver gets flooded with fat, which turns a large part of it into ketones.

b). During ketosis, many parts of the body are burning ketones for energy. This includes a large part of the brain.
c). ketosis leads Headache, Fatigue, Brain fog, Poor sleep and Decreased physical performance 
d). In ketosis, some people may experience leg cramps. Leg cramps in ketosis are usually connected to dehydration and loss of minerals. This is because ketosis causes a reduction in water weight. Glycogen binds water. This gets flushed out when carbohydrate intake reduced.

e).Constipation is a very common side effect of ketosis. This is most commonly due to not eating enough fiber and not drinking enough fluids. Some people may also get diarrhea, but it's less common.

f). Ketosis leads Increased hunger and Nausea.

g). Ketosis may lead  to bad breath, often described as fruity and slightly sweet. It's caused by acetone, a ketone that is a byproduct of fat metabolism.
h). Ketosis leads lose weight rapidly in the first week of a very low-carbohydrate diet.

i). Some people also experience increased heart rate as a side effect of ketosis.

j). Some people get increased total and low-density lipoprotein (LDL) cholesterol levels.

k). Regular ketosis may lead to ketoacidosis.

3. Write concisely on the management of ketoacidosis.

     Ketoacidosis is a potentially life-threatening complication of diabetes, making it a medical emergency ketoacidosis results from a dysregulation of carbohydrates, protein and lipid metabolism  and usually occurs as a consequence of absolute or relative insulin deficiency accompanied by an increase in counter-regulatory hormones (glucagon, catecholamine, cortisol, growth hormones and epinephrine), which contribute to increased blood glucose levels and insulin resistance. It is a complex disordered metabolic state characterized by hyperglycaemia (elevated blood glucose), acidosis (pH imbalance) and ketonaemia (excess ketones in the blood). The combination of insulin deficiency and increased counter-regulatory hormones leads to alteration in glucose production and use, increased lipolysis (breakdown of fatty acids to form alternate source of energy) and production of ketone bodies. An increase in hepatic gluconeogenesis (production of glucose from non-carbohydrate sources) and glycogenolysis (breakdown of glycogen to glucose), renal glucose production and impaired glucose use in peripheral tissues leads to severe hyperglycaemia. An increase in free fatty acids in circulation as a result of lipolysis enhances hepatic production of ketone bodies, which result in ketonaemia and metabolic acidosis.

The management of patients presenting with ketoacidosis includes a full clinical assessment, while regular monitoring of vital signs and consciousness levels, which include:
a). Fluid replacement
b). Insulin therapy (fixed-rate intravenous insulin infusion).
c). Correcting metabolic acidosis and electrolyte imbalances.
d). Special patient groups

e). Patient considerations

a). Fluid replacement

Fluid replacement is one of the most important initial therapeutic interventions in the management of ketoacidosis. Patients are usually dehydrated and correcting this deficit will result in significant metabolic improvement. The main aims for fluid replacement are:

• Restoration of circulatory volume.
• Clearance of ketones.
• Correction of electrolyte imbalance.
Pulse and blood pressure should be used to assess the severity of dehydration, as hypotension (systolic BP<90mmHg) is likely to be due to low circulatory volume. Other causes such as heart failure, sepsis and factors such as age, sex and medication history should also be taken into consideration.

Normal saline (0.9% sodium chloride) is recommended for fluid resuscitation. Rapid fluid replacement is usually required in the first few hours of treatment; most patients require between 500ml and 1L to be given rapidly. However, the rate of fluid replacement must be tailored to patients’ clinical situation. Special attention must be paid to fluid balance in patients at high risk of complications - these include older people, pregnant women, children and young people (18-25 years), and those with heart and kidney failure.

b). Insulin therapy

A fixed rate intravenous insulin infusion (FRIII) calculated on 0.1 units/per kilogram body weight is recommended. It may be necessary to estimate the weight of the patient. The recommendation for preparation of insulin infusion is 50 units of human soluble insulin made up with 50ml normal saline (0.9% sodium chloride).  FRIII should continue until DKA is resolved. When the blood ketones are <0.6mmol/L, pH >7.3 and the patient is able to eat and drink, an appropriate subcutaneous insulin regimen should be recommenced. Give background insulin alongside IV to prevent rebound hyperglycaemia.

Insulin has several effects, but the following are the most important when treating ketoacidosis:

• Suppression of ketogenesis.
• Reduction of blood glucose.
• Correction of electrolyte disturbance.
 Insulin therapy increases peripheral glucose use and decreases hepatic glucose production, thereby lowering blood glucose concentration. It inhibits the release of free fatty acids from adipose tissues and decreases ketogenesis.
c). Correcting metabolic acidosis and electrolyte imbalance

The following are metabolic treatment targets for ketoacidosis:

• Reduction of the blood ketone concentration by 0.5mmol/L/hour.
• Increase the venous bicarbonate by 3.0mmol/L/hour.
• Reduce capillary blood glucose by 3.0mmol/L/hour.
• Maintain potassium between 4.0 and 5.5mmol/L.
If these rates are not achieved, then the FRIII rate should be increased. Blood glucose, ketones, electrolytes, including bicarbonate, and venous pH, should be monitored closely at or near the bedside. If the above targets for blood ketones and/or bicarbonate are not reached, the rate of the IV insulin infusion should be increased by 1 unit every hour until metabolic targets are achieved.

d). Special patient groups

The following groups of patients need specialist input as soon as possible and special attention needs to be paid to their fluid balance. They include:
• Elderly

• Pregnant

• Young people 18 to 25 years of age 

• Heart or kidney failure

• Other serious co-morbidities
e). Patient considerations

        Patients with diabetes who are admitted with ketoacidosis should be referred to the diabetes specialist team within one working day and should be counseled about the precipitating cause and early warning symptoms. Failure to do so is a missed educational opportunity. Things to consider are:

• Identification of precipitating factor(s) e.g. infection or omission of insulin injections.

• Review of their usual glycaemic control.

• Review of their injection technique / blood glucose monitoring / equipment / injection sites.

• Prevention of recurrence e.g. provision of written sick day rules.

• Insulin ineffective e.g. the patient’s own insulin may be expired or denatured. This should be checked prior to reuse.
• Assess the need for, and where necessary, provision of handheld ketone meters for use at home.

• Provision of a contact number on how to contact the diabetes specialist team out of hours.

• Education of health care professionals on the management of ketonaemia.

• Provision of a written care plan – allowing the patient to have an active role in their own diabetes management.
