
 

TYPE 1 DIABETES MELLITUS  
Epid. It accounts ≈10% of all DM 
 Peak age ≈ 7-15 yr, with equal sex distribution.  
Et. T1DM is due to chronic T cell–mediated autoimmune process & 
Path. Both genetic susceptibility and environmental factors 
contribute to the pathogenesis  
 
C.M. Polyuria (including nocturia & nocturnal enuresis), 
Polydypsia, Polyphagia (↑ appetite), & Weight loss. Vaginal 
candidiasis may develop due to chronic glycosuria.  
When keton bodies accumulate, they may cause nausea, vomiting, & 
abdominal discomfort which may progress to DKA. 
 
  
Inv. Initial tests for DM include:-  
1. Random & Fasting glucose levels.  
2. GUE, especially for glucose & ketone bodies.  
3. Serum electrolytes.  
4. Baseline HbA1c.  
5. Search for other autoimmune diseases e.g. celiac disease, 
thyroiditis... 
  
Rx of T1DM (without DKA):-  
It can be managed as an outpatient setting, but require a team of 
endocrinologist, nursing staff, dietitian, and social worker; otherwise, 
initial therapy should be done in the hospital.  
SC insulin is the standard therapy for T1DM. It has many types 
include:- (The following data are in hours & had been approximated).  
Type of Insulin                                                          Onset     Peak      Duration  
Very short-acting e.g. lispro, aspart             15m        1hr         3hr 
Short-acting e.g. regular                                   45m        3hr        8hr            
Intermediate-acting e.g. NPH, lente               3hr         8 hr     16 hr 
Long-acting e.g. ultralente, protamine zinc   5hr        12 hr      30 hr 
Basal e.g. Glargine, Detemir                              1hr       No peak   30 hr 
Note: Currently, inhaled & oral insulin as well as SC Amylin have also been 
evaluated for Rx of DM.  

Starting Doses of SC Insulin (without DKA)  
Insulin Regimens:-  
For School-age children; because they depend on their 
relatives for injection, therefore the most commonly used schedule is 



2 daily injections of short-acting + intermediate-acting insulin. 2/3 of 
total dose given in the morning & 1/3 in the evening.  
For Adolescents; because they can depend on themselves for 
injection, most commonly used schedule is long-acting insulin at bed 
time & very short-acting insulin before each meal.  

The starting daily total dose is 0.7I.U /kg which usually adjusted 

according to the response and may be increased during puperty 

due to insulin resistance by sex hormones 

Diabetic Ketoacidosis                                                       

Et. DKA usually occur in 3 main conditions:-  
1. 20–40% of children with new-onset diabetes.  
2. Children with known diabetes who omit insulin doses.  
3. Children who do not successfully manage an intercurrent illness. 
  
Path. DKA is the end result of the metabolic abnormalities resulting 
from a severe deficiency of insulin → 3 physiologic processes:-  
1. ↑ Glucose production coupled with ↓ glucose utilization raises 
serum glucose → ↑ serum osmolality → hypertonic dehydration.  
2. ↑ Release of free fatty acids from peripheral fat stores supplies 
substrate for hepatic ketoacid production → accumulation of large 
amounts of ketoacids → ketonuria, ↑ ion gap, ↓ serum bicarbonate, & 
↓ pH.  
3. Metabolic acidosis → cellular losses of K, Pi, & Na.  
 
 
Rx of DKA: It is better be done according to the following 10 steps:-  
1. Flow chart: Severe DKA is better Rx in the ICU for frequent 
monitoring of vital signs, neurologic assessments, and recording of 
all fluids input & output (by insertion of Folly's catheter).  
Blood tests for glucose, K, Na, CO2, & pH should be checked every 1-2 
hr in severe DKA, 2-3 hr in moderate DKA & 3-4 hr in mild DKA.  
2. Fluid therapy: Initially patient should be managed by nothing by 
mouth with shoots of fluids for severe dehydration by NS (or RL) 
10-20 ml/kg which can be repeated.  
3. Insulin therapy: It should be given either in conjunction with 
fluid therapy (by separate IV line) or after fluid boluses. It should be 
given by infusion (not bolus) in rate 0.05-0.1 Unit/kg/hr.  



4. Subsequent fluid & insulin therapy: Fluid in the next hours 
should be replaced with 0.45% NS in amount according to 
"Milwaukee protocol" according to the following formula: 85 ml/kg + 
Maintenance – Boluses.  
In mild DKA, rehydration usually occurs earlier & patient can be 
switched to oral fluids to complete the rest of the calculated fluid. 
Whereas in severe DKA, rehydration must be slowly (within 30-36 
hr) to prevents cerebral edema.  
When blood glucose decrease to < 250 mg/dl, add 5% glucose 
solution to the fluid (or change the fluid to G.S. 1/5). If glucose further 
decrease, lower the infusion rate of insulin but never stop it.  
5. Potassium: K is always depleted in DKA, even if initial serum K 
was normal or high. K levels must be closely followed and ECG 
monitoring continued until DKA is substantially resolved.  
After initiation of fluid & insulin Rx, K will decline dramatically. Thus 
it should be added to the IV fluids after patient pass urine in dose 
40- 80 mEq/L. Half is given as K acetate & other half should be 
given as K phosphate (because Pi is also depleted in DKA). Oral K is 
safer & can be given if there is no emesis.  
6. Sodium: Na level may be normal or falsely low in DKA (due to 
hyperglycemia), thus "true" serum Na can be calculated according to 
the following: [𝐍𝐚] + [𝐠𝐥𝐮𝐜𝐨𝐬𝐞 𝐦𝐠/𝐝𝐥] − 𝟏𝟎𝟎 × 𝟏.𝟔 /100  
Serum Na should be steadily ↑ with therapy by ≈ 1.6 mmol/L for 
each 100 mg/dl ↓ of glucose. If the corrected Na level is high (>150 
mmol/L), it mean severe hypernatremic dehydration which 
require slower fluid replacement (>36 hr), whereas if Na is 
declining rapidly, it may indicate excessive free water 
accumulation with risk of cerebral edema.  
7. Osmolality: Serum osmolality should also steadily ↓ by measuring 
effective serum osmolality .A rapid decline, or slow decline to 
subnormal range, may indicate excess of free water with risk of 
cerebral edema. Therefore, patient should not be allowed oral 
hypotonic fluids until rehydration is well progressed because 
intravascular volume is better maintained in the hypertonic state. –  
 
8. Ketoacidosis: Production of ketone bodies ↓ after insulin therapy. 
β- Hydroxy-butyrate (which is not detected by dipstick of urine) is 
converted to acetoacetate (which can be detected); therefore, 
urinary ketone level is not a useful indicator of the adequacy of Rx.  
There should also be steady ↑ in pH & serum bicarbonate; thus, 
bicarbonate therapy should be avoided except in severe acidosis 



(pH <7.0) that results in hemodynamic instability, or there is 
symptomatic hyperkalemia.  
Persistent acidosis may indicates either inadequate insulin or fluid 
therapy, infection, or rarely lactic acidosis.  
 
9. Transitional phase: When DKA essentially resolved by following:-  
Clinical: Kussmaul respirations abate, abdominal pain resolve, & 
no emesis.  
Laboratory: pH>7.30, CO2>15 mEq/L, Na stable between 135-
145 mEq/L.  
Then child can easily transitioned to oral intake and SC insulin, the 
1st dose is given with meal and insulin drip is discontinued ≈ 30 min 
later.  
10. Follow-up: All patients with DKA should be checked for initiating 
events that have triggered the metabolic decompensation.  
If the patient is newly diagnosed as diabetic, start education & 
monitoring (see later); whereas if he is known case of DM, recheck 
the daily dose of insulin & modify it as needed.  
Honeymoon Period:-  
Some patients with new onset DM (with or without DKA), some 
residual β-cell function may improve after insulin Rx when the child 
recovers from the effects of hyperglycemia and elevated counter-
regulatory hormones; this may necessitate reduction in the initial 
total SC insulin dose used in the 1st few days of therapy.  
Honeymoon period usually starts in the 1st wk of Rx & continue for 
few months, but may last for up to 2 years!. 
 
 
 
  
Cxs of DKA: Cerebral edema; Intracranial thrombosis or infarction; 
Acute tubular necrosis +/_ ARF (due to severe dehydration); 
Pancreatitis (with ↑ serum Amylase); Arrhythmias (due to electrolyte 
abnormalities); Pulmonary edema; and Bowel ischemia.  
 
Cerebral Edema:-  
CE is the most serious Cx of DKA with a mortality rate 20-80%. 
Clinically apparent CE occurs in 1-5% of DKA cases & typically occurs 
6-12 hr after initiation of DKA Rx.  
Et. Unknown, but there are some risk factors of CE include: ↑ initial  
urea level, ↓ initial Pco2 level, failure of serum Na to ↑ as glucose ↓ 

during Rx, rapid ↓ in osmolality, & bicarbonate therapy.  



C.M. CE involves signs of ↑ ICP e.g., sudden severe headache, 
vomiting, ↓ sensorium, seizure, Cushing triad (bradycardia, 
hypertension, apnea), pupillary changes, ophthalmoplegia, & 
papillodema.  
Rx. Rapid use of Mannitol (1 g/kg) +/_ ET intubation &  
hyperventilation.  
 

Non-Ketotic Hyperosmolar Coma  
It characterized by severe hyperglycemia (blood glucose >800 
mg/dL), serum osmolarity > 350 mOsm/kg, absence of or only 
slight ketosis (due to hyperosmolarity), lactic acidosis, severe 
dehydration, depressed sensorium or frank coma. It may predispose 
to thrombosis, although it is uncommon in children.  
Rx. Very slow rehydration by 0.45% NS within 36 hr & low dose  
insulin 0.05 U/kg/hr after the 2nd hr of








Hypoglycemic Reactions in DM:-  
 
Hypoglycemia is the major limitation against tight control of glucose 
levels because it is dangerous for young children that may → 

permanent decrease in cognitive function.  
C.M. It can be divided into the following:-  
Catecholamine release → pallor, sweating, tremor, tachycardia, 
hunger, irritability, & fussiness.  
Cerebral glucopenia → drowsiness, personality changes, 
mental confusion, and impaired judgment. If severe, it can cause 
seizures or coma.  
Rx. Oral (when the patient is conscious)or IV glucose, or glucagon 
0.5-1 mg IM. 
  
 
Morning hyperglycemia in DM is either due to:-  
Dawn phenomenon; it is a common cause due to taking too 
little insulin at bed time combined with ↑ secretion of GH overnight.  
Somogyi phenomenon; it is due to taking too much insulin at 
bed time → hypoglycemia → ↑ counter-regulatory hormones → 

hyperglycemia.  
It is uncommon cause of morning hyperglycemia because many 
children remain hypoglycemic.  



To differentiate between the 2 conditions above, check blood 
glucose at 3:00 am & adjust the dose of insulin accordingly.  
 

Education & Monitoring in DM:-  
The physician should educate the patient & his family with a 
written materials about:-  
How to measure blood glucose by the glucometer & urine 
ketone by the dipstick.  
How to prepare & inject insulin subcutaneously at proper time.  
How to recognize & treat Cxs e.g. hypoglycemia.  
Blood glucose should be checked frequently in the 1st days of 
therapy at least 4 times daily (before each meal & at bed time) & the 
dose of insulin is adjusted accordingly. If blood glucose is high in any 
given time, it usually indicates insufficient insulin dose given in the 
previous period & vice-versa.  
Currently, a continuous glucose monitoring system (CGMS) 
records data obtained from a subcutaneous sensor every 5 min for up 
to 72 hr that provides the clinician with a continuous profile of tissue 
glucose levels.  
Nutritional therapy: Diabetic patient should have a basic meal 
plan. The composition of diet in DM should be approximately as 
follows:-  
Carbohydrate (55%); should be mainly of complex sugar e.g. 
starch.  
Fat (30%); mainly composed of unsaturated F.A. with lower 
cholesterol.  
Protein (15%); it is low because high-protein intake may 
contribute to diabetic nephropathy.  
Diets with high fiber content are useful in improving control of 
blood glucose.  
Glycosylated Hb (HbA1c): Its measurement can give the average 
blood glucose in the preceding 2-3 mo as follows:-  
<6% → Normal. 6-7.5% → 120-180 mg/dl. 7.5-9% → 180-250 
mg/dl. >10% → >250 mg/dl.  
Note: Patients with hemoglobinopathy e.g. thalassemia, measure either 
glycosylated albumin or fructosamin.  
 

Difficulties in Management of DM:-  
Coping styles, non-adherence to Rx, anxiety, & depression, all 
can cause treatment failure with recurrent DKA.  
Eating disorders mainly occur in adolescent females e.g. 
anorexia nervosa or bulimia 



Injection Phobia due to fear of self-injecting and self-testing. 
Exercise may precipitate either hypo- or hyperglycemia. 
  
Hypoglycemia may develop during or within several hours after 
exercise due to; ↑ uptake of glucose by the muscles & ↑ absorption of 
insulin from the injection site. Rx by either ↑ intake of CHO or ↓ dose 
of insulin.  
Hyperglycemia may develop if patient has poor metabolic 
control due to ↑ counter-regulatory hormones which cause 
hyperglycemia and blunt insulin action.  
Infection may also precipitate either hypo- or hyperglycemia. 
Older children are mainly develop hyperglycemia & DKA due to 
stress which ↑ counter-regulatory hormones; whereas younger 
children are mainly develop hypoglycemia especially if they have 
anorexia 
Infection in patient with DM need frequent checking of blood 
glucose & ketone in urine at home with adjustment of insulin dose 
accordingly, but if fail, refer to hospital.  
Surgery has a similar effect to infection on DM.  

Long-Term Cxs of DM:-  
Retinopathy; it need screening of patients with T1DM after 5 yr 
if pre- pubertal or after 2 yr if pubertal, then every 1-2 yr
Nephropathy; it starts as microalbuminuria, then progress to 
frank albuminuria, then may progress to ESRD.).  
Rx. Control of DM, restriction of protein intake, control of 
hypertension, & use of ACE inhibitors.  
Neuropathy; peripheral neuropathy (especially sensory loss) is 
correlated with the duration of DM rather than metabolic control. 
Early signs of autonomic neuropathy are ↓ HR variability then loss of 
sense in reaction to hypoglycemia.  
Rx. Control of DM, use of aldose reductase inhibitors of the polyol 
pathway, α-lipoic acid (antioxidant); for neuropathic pain use 
anticonvulsants or antidepressants.  
 

TYPE 2 DIABETES MELLITUS  
It considered a polygenic (multifactorial) disease, usually occur in 
older children & adolescents who are obese & have +ve family 
hx of T2DM. Children with hx of IUGR or LBW have ↑ incidence of 
T2DM later on. The concordance rate between identical twins is 
upto 100%.  
Path. Insulin resistance with relative insulin deficiency (due to ↓  



glucose-induced insulin secretion). Autoimmune markers are 
present in ≈ 1/3 of cases.  
Markers of insulin resistance include; Acanthosis nigricans (a dark 
pigmentation of skin creases & flexural areas), hyperinsulinemia, 
hirsutism, premature adrenarche, & gigantism (due to spillover 
effect of insulin that mimic GH).  
Rx.  

↓ Sedentary lifestyle by improving exercise & physical activity.  
Nutritional education with weight loss.  
Insulin Rx may be required for patients who present with DKA or 

markedly ↑ HbA1c (>9.0%).  
Oral hypoglycemic agents are the standard Rx for T2DM e.g. 

Metformin, Sulfonylureas, Acarbose, or Thiazolidinedione.  
Pv. Early Rx of patient with Impaired Glucose Tolerance (IGT) 
can  
prevent the progression to T2DM. Therefore, it is useful to screen 
risk groups which include obese children with +ve family hx of 
T2DM & those with any marker of insulin resistance by using Oral 
Glucose Tolerance Test (OGTT).  
 

NEONATAL DIABETES MELLITUS  
Transient DM in Newborn:-  
It is started in the 1st wk of life & usually persist for only several 
weeks to months before spontaneous resolution.  
the infant usually has LBW.  
Path. Severe hyperglycemia & glycosuria → hypertonic 
dehydration &  
Rx. 1-2 U/kg/day of intermediate-acting insulin in 2 divided 
doses  
with frequent checking of blood glucose after 2 mo of age for 
hypoglycemia, when recovery is expected.  
Pg. The disease either disappear completely or it may reappear 
after 7-20 yr of life as T1DM.  
 
Permanent DM in Newborn:-  
It is either due to pancreatic agenesis (rare) or specific gene mutation  
Abnormalities of Insulin Gene .  
Abnormalities of Gene of Insulin Receptors  
Mitochondrial Gene Defects  
 
 
.  



Autoimmune Diseases associated with DM  
Chronic Lymphocytic Thyroiditis (Hashimoto thyroiditis);  

Autoimmune Adrenal Insufficiency should also be considered.  
Celiac disease; 7-15% of children with T1DM develop celiac 

disease within 6 yr of Dx, especially if the patient was girl & below 4 
yr of age, so send them for Antitissue transglutaminase and 
antiendomyseal Ab 

Other Autoimmune diseases that may be associated with T1DM 
include: IgA deficiency, Atrophic gastritis, circulating antibodies to 
multiple endocrine organs e.g. thyroid, adrenal, pancreas, 
parathyroid, and gonads.  

 


