DIABETIS MELLITUS:

It is syndrome of disturbed energy homeostasis or energy control , caused by deficiency of insulin or its function resulting in abnormal metabolism of CHO, protein, and fat . It is one of the most common sever chronic childhood disease and 40% of individuals with TIDM (Type 1 DM ) are younger than 20 year of age .
TYBES OF DIA BETES:

 1- Type I or insulin dependant DM (TIDM):
Which associated with certain HLA- antigen and Islent   cell auto antibodies. 
2-Type II DM (non-insulin dependant DM) (TTDM):

In this type there is defect in glucokinase enzyme, or defect in glucose transport, or glycogen synthetase , or defect in insulin receptors.

3-Secondary DM:

Occur secondary to other condition like cystic fibrosis, Cushing's syndrome or due to ingestion of certain substance which are toxic to the islet cells like cytotoxic drugs ex. Cyclosporine.

EPIDEMIOLOGY

· The incidence of TIDM is highly variable among different ethnic groups and the incidence varies from 0.7 / 100000 per year in Pakistan to 40/ 100000 per year in Finland. Male and female are equally affected and there is no correlation to the socioeconomic condition , occur in 2 age groups 5-7 years, and at time of puberty.

· The first peak is due to increase exposure to infectious agents at the time of school entry, and later peak is due to increase pubertal GH which antagonize insulin effect, and may be due to emotional stress of puberty, and there is seasonal variety with increase newly diagnosed cases in time of winter and autumn.

AETIOLOGY

It may be related to the fallowing points:
1- autoimmune mechanism:
Patient with IDDM has increase incidence of other autoimmune disorders like Addison disease, Hashimoto's thyroiditis, pernicious anemia.
Also 80-90% of newly diagnosed cases of IDMM has island cell antibodies, and this will support autoimmune mechanism.

2-genetic predisposition: 
 The genetic of TIDM cannot be classified according to specific model of inheritance and the most important genes are located with in the HLA class 2 region on chromosome 6 p21 (other region locus on chromosome 11)  ,accounting for about 60% of genetic susceptibility for the disease . Increase the incidence of IDDM in child with certain HLA DR3, DR4, B8, BW15, so inheritance of HLA DR3, or DR4 appear to increase risk of development of DM by 2-3 times. But inheritance of both types will increase risk to 10 times.

Inheritance of properdin factor which occur in 20% of diabetic patient, and 2% of normal individual and inheritance of this factor increase risk to 15 times.

In the last years, it is found the major susceptible site (locus) to have DM in DQβ1 chain and gama chain.

These sites at 57 and 52 respectively. So homozygous  absence of aspartic acid in site 57 will increase risk to DM to 100 times because these sites may act on T cell which may prevent the presentation of antigen to  lymphocyte, so play a role in the stimulation of auto antibodies formation. The prevelance of T1DM in sibling is 6% ,but in the general population is 0.4% in USA .
RECURRENCE RISK TO DIABETES MELLITUS:-  

· If newly diagnosed diabetic patient less than 10 years age ,the risk for  other sibling  is 6%.

· The risk from diabetic parent is 3-4% for the mother and 5-6% for the father and usually the risk is higher when the father affected.
· The risk in monozygotic twin is 30-65% ,but in dizygotic twin is 6-10% .
· The genetic susptibility for T1DM in the parents of a child with diabetes is estimated 3% .

· It should be kept in mind that although there is a large genetic component in T1DM ,85% of newly diagnosed T1DM patients do not have a family history of T1DM ,so we cannot depend on family history to identify patients who may be at risk for the future development of T1DM because most cases will develop in individual with no such family history .
3-Viral infection:

Viral infection act as triggering factor for autoimmune mechanism, and they found that Coxsackie's B3 and B4 ,CMV , rubella and mumps ,can infect human B cells but only congenital rubella infection is associated with DM in latter life and it is estimated that 40% of  patients infected with congenital rubella develop TIDM and up to 70% associated with B-cell autoimmunity and the time lag between infection and development of diabetes may be as high as 20 yr also T1DM after congenital rubella is more likely in patient that carry the higher risk genotypes. 

There is no increase in risk of diabetes when rubella infection develop after birth ,or when live virus rubella immunization is used .

Rotten childhood vaccination do not increase the risk of TIDM and immunization against mumps and pertussis has been to decrease the risk of T1DM. 
There is a possible protective role of infections with entero viruses (Hygenic theory ) .
4-Diet:

Breast feeding may decrease the risk of T1DM either directly or by delay exposure to cows milk protein because early introduction of cows milk protein and early exposure to gluten lead to increase development of autoimmunity. Other dietary factors that have playing a roll in DM risk include omega-3 fatty acid ,vitamin D ,ascorbic acid ,zinc and vitamin E.
5-Psycholgic stress :
Several studies show increase prevelance of stressful pschologic situation among child who subsequently develop T1DM.
PATHOPHYSIOLOGY:
In normal individual there is a regular alteration between post-prandial high insulin anabolic state and fasted low insulin catabolic state.
But in patient with IDDM and due to progressive destruction of β-cells and when the function of secretion <25% of normal, there will be a low insulin catabolic state which persist due to low secretion, and this will affect the liver, muscle, fatty tissue, and will result in decrease glucose uptake in the peripheral tissue , and increase glycogenolysis  resulting in hyperglycemia.
Insulin deficiency is the primary defect, but there are several secondary changes which involve increase secretion of counter-regulatory hormone which include epinephrine, cortisol, GH, and glucagons leading to increase in metabolic decompensation by further impairment in insulin secretion, and decrease glucose uptake and gluconeogenesis, and increase lipolysis, and ketogenesis. This event result in hyperglycemia, with glycosuria, when the renal threshold exceed 180 mg/dL (10 mmol/L).
This result in osmotic diuresis resulting in polyuria, electrolytes loss. dehydration, and compensatory polydepsia, 

The physiological stress like dehydration result in hyper secretion of the counter inhibitory hormone, and result in magnification of metabolic abnormalities.
Hyperosmolarity commonly result from hyperglycemia lead to alteration in the level of consciences and mental state in diabetic 

ketoacidosis (DKA).

                                        Blood sugar mg/dl       blood urea mg/dl  

Osmolarity = 2 x (Na + K) + ----------------- + ---------------  
                                                 18                                   3
measured by m.osmol/kg.

in diabetic patient + 300 -310 m.osm/kg

The combination of insulin deficiency, and increase plasma level of counter inhibitory hormone lead to lipolysis, and impaired fat synthesis which resulting in increase plasma concentration of total lipid, cholesterol, triglyceride, and free fatty acid which are shunted into keton bodies formation which is β-hydroxybuteric acid, and acetoacetate resulting in metabolic acidosis and acidotic breathing called kusmaul respiration.
Acetone is formed by non enzymatic conversion of acetoacetate which are responsible for the fruity odor of breathing in patient with DKA.

keton bodies are excreted in urine in association with cations leads to further loss in electrolytes, and dehydration.

Some patients may have impaired level of consciousness due to progressive dehydration, acidosis, hyperosmolarity, and decrease cerebral O2 utilization 
NATURAL HISTORY OF T1DM:
It involve some or all the fallowing stages :

1-Intial autoimmunity .

2-Preclinical autoimmune with progressive loss of B-cell function.

3-Onset of clinical disease.

4-Tranient remission.

5-Established disease.

6-Development of complications.
CLINICAL MANIFESTATION
· The classical presentation of DM in children is a history of polyuria, polydypsia , polyphagia, and weight loss, and duration of these symptoms varies,  but usually < 1 month (in young infant due to rapid destruction of B-cell), and the  clue to the presence of polyuria is the onset of secondary nocturnal enuresis.

· Some patients may have chronic presentation (in adolescent) which involve lethargy, weakness, and weight loss. 

· Weight loss occur despite increase the appetite of the patient because 50% of caloric intake will lost through the urine in the form of CHO.

· Some patients may have pyogenic skin infection, and monilial vaginitis, especially in teenage female.

Ketoacidosis may be the initial presentation in 20-40% of cases of diabetic children and early manifestation may be mild and consist of vomiting, polyuria, dehydration, but in more sever cases kussmaul respiration, and odor of acetone in the breath, cerebral impairment, coma may occur, abdominal pain and rigidity might simulate acute abdomen.

LAB FINDING IN DKA:
1-glucosuria, ketonuria

2-hyperglycemia (blood sugar > 300 mg/dl). Ketonemia, and metabolicacidosis, leukocytosis is common, and non specific serum amylase may be elevated, but the level of serum lipase is within normal 
DIAGNOSIS:

The children in whom diagnosis of DM may be considered can be divided into 3 groups:

1-Patient who have history suggestive of DM like polyuria, polydepsia, weight loss in patient with good appetite.

2-Patient who have transient or persistent glucosuria.

3-Patient present with symptom of DKA with or without stupor, and coma.

All the 3 groups diagnosed depend on demonstration of hyperglycemia.

Random blood sugar > 200 mg/dl(11.1 mmol/L) in association with glucosuria with, or without ketonuria, and when the classical symptom of DM are present, GTT is not needed to support the diagnosis.
DKA is present when there is hyperglycemia > 300 mg/dl, ketonemia, acidosis (pH < 7.3), and HCO3 level < 15 meq/L, and glucosuria, and 
ketonuria, in addition to the clinical features of precipitating event like infection, trauma, and psychological disturbance.
MANAGEMENT

It is divided to 3 phases according to the presentation:

1-Management of ketoacidosis.   

2- Management of patient in post-acidotic phase, or the transitional period for metabolic control and this include also management of classical DM without metabolic decompensation.

3- Monitoring  and fallow up.                                   

· 1: Management of diabetic ketoacidosis:

The management should start when we confirm the diagnosis of ketoacidosis, by presence of hyperglycemia, and ketonemia. We must do blood sugar, and keton estimation in the blood, serum electrolytes, blood gases, pH, baseline ECG, and if we suspect presence of sepsis, as precipitating factor, so we should do:
blood culture,

urine culture,

throat culture,

complete blood count,

also we should insert IV line,

flow chart to record the rate of the fluid input, fluid output, insulin that giving, acid-base, an electrolyte status. 

A: fluid therapy:
The dehydration in diabetic ketoacidosis, commonly consider as 8.5% deficit and we can also calculate the deficit from the body weight (gm) multiply by percent of deficit (8.5%) divided by 100.

                         Body weight (gm) x 8.5%  

The deficit =  ---------------------------------  = 85 cc/kg

                                          100

this 85cc/kg is the deficit. 

The maintenance estimated according to the surface area as 1500 cc/m2 , or preferably :

According to the body weight:

less than 10 kg so maintenance = 100cc/kg.

more than 10 kg, and less than 20 kg; so it equal to 1000 cc + 50 cc for each kg above 10 kg. 

Body weight > 20 kg. so the dose = 1500 + 25 cc for each kg above 20 kg.

· The rate of replacement  should be given with  in the next 24 hours; why?
· To avoid cerebral edema.

· The initial fluid with in first hour of infusion 10-20cc/Kg, should be 0.9 saline to ensure the slow decrease in the serum osmolality, and to avoid the cerebral oedema and continue with 0.45 saline .
Then the type of fluid should change to the to 5% dextrose in 0.2 normal saline when the blood sugar  less than 250 mg/dl (14 mmol/L) ; to avoid rapid decrease in serum osmolality , to decrease the risk of cerebral edema.
· B: Insulin:
· use soluble insulin "short acting" infusion by 2 ways: continuous infusion or intermittent method.

· Continuous method:
· 0.1 U/kg initially; fallow by infusion by 0.05- 0.1 U/kg/hr until the blood sugar reach less than 300 mg/dl, and absence of acidosis then we shift to the sliding scale ,0.2-0.4U/Kg every 6-8 hours in subcutaneous route for a full of 24hrs after starting oral intake.
· C: potassium therapy:
· We should give K early especially if the patient receive the initial fluid replacement and when he pass urine;

· K given in dose of 10 meq/pint (5cc/pint) of fluid during the whole period of I.V.  infusion.

· Because PO4 also depleted in D.K.A. so K given in form of K-chloride and KPO4, because if we give only Kcl, so the patient may get hyperchloremic acidosis. Also phosphate decrease which  lead to decrease 2,3 diphosphoglycerate this lead to shift of O2 dissociation curve to left, result in less O2 available to the tissue result in tissue hypoxia; and lactic acidosis and this shift O2 dissociation curve to right. this called Boher phenomena; so we give  Kcl and phosphate to avoid hypophosphatemia. Depletion of phosphate lead to resist the insulin action.
D: Na-bicarbonate:
Should not use unless pH < 7.2 and when pH 7.1-7.2 we give 40 meq/m2.

pH < 7.1 we give 80 meq/m2 and should be infuse over 2hr and given with severe precaution because:

 1-It may lead to alkalosis and shift O2 curve to the left and decrease release of O2, which result in lactic acidosis.

2-Alkalosis will increase or accelerate the entry of K inside the cell which may lead to severe hypokalemia.

3-Administration of Na-bicarbonate according to calculated base deficit may result in alkalosis.

4-Paradoxical cerebral acidosis may result in cerebral edema, which is the most life threatening complication in treatment of child with DKA , which clinically developed after several hours after the therapy, and when clinical and biochemical test indicate improvement and the manifestation are those of increase ICP ( headache, disturbed in consciousness, bradycardia, vomiting, decrease response for pain stimuli, decrease peripheral reflexes, unequal fixed dilated pupils and polyurea secondary to diabetes insipidus due to thalamic impiarment.)
· Precipitating factor for cerebral edema:

· 1-Excessive use of fluid.

·  2-Excessive use of Na-bicarbonate. 

· 3-Compensatory response to the intracellular acidosis through Na-H+ exchange.

· 4-Large dose of insulin which result in rapid decrease in the value of blood sugar. 

· The majority have sub clinical cerebral brain swelling, but only 1-2.5 % have clinical  manifestation    of cerebral edema.
· Once increased ICP become clinically detected do:

1-Reduce the rate of fluid therapy.

2-Use manitol 10-20 gm/m2  2-4 hours interval.

3-Hyperventilation: to washout CO2 to less than 25%.
· E-Use appropriate antibiotic when there is infection as a secondary cause.
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