CASE #1 JENNIFER BROWN TUTOR'S GUIDE 

You are working in tertiary care hospital and are called by a physician in a smaller primary care hospital who has 

been looking after a 15 month-old-girl. He wishes to transfer the child to your department. He reviews this child's history with you. She presented at 1730 hours to an emergency department of a small local hospital. Her mother brought her to the emergency department because she had been unwell for 48 hours. The child had developed polyuria, extreme thirst, lethargy, vomiting and diarrhea. Over that time frame she was crying uncontrollably for fluids, about every half hour, and diaper changes were required about every half hour. When seen in the emergency department she was felt to be dehydrated. Her blood pressure was normal at 80/50, the heart rate was 120/min, she had dry mucous membranes and decreased skin turgor.  Her weight was only 10 kg, no focal abnormalities were found. The emergency doctor gave her a bolus of 500 cc of normal saline. She did have some oral intake but this was not recorded. Blood work was done at 1820 hours which showed a blood sugar of 47.2 mmol/L. She had a pH of 7.25, the bicarbonate was 12 mmol/L, her electrolytes showed a sodium of 132 mmol/L, potassium of 5.6 mmol/L and a chloride of 101 mmol/L. The child was then sent to a secondary care hospital and admitted to the ward. She was treated with intravenous fluids at a rate of 77cc/hour. She was on normal saline with 20 mEq of potassium chloride per L. At that time her blood pressure was 96/55 and heart rate was 153/min. The glucose was 24 mmol/L at 2300 hours, an insulin infusion was started at 0.05 U/kg/hour. She was monitored every 3 hours by glucometer and vital signs were taken at the same time. The blood sugars continued to decrease by 0800 hours. She had received 1740 ml of I. V. fluid plus at least 450 ml of oral fluid. It was felt that the oral intake was much more than recorded but the nurses had not recorded all of the intake. Her blood sugar had dropped to 11 mmol/L. She was drowsy but responded to movement. Her pupils were equal and reactive. The insulin infusion was decreased to 0.02 ml/kg/hour and the normal saline decreased to 40 ml/hour. At 0920 the nurses observed that Jennifer was cyanotic. The intern was called and a code was called. Cardiopulmonary resuscitation was initiated, a heart rate was established. Following intubation she continued to have no spontaneous respiration. The pupils were non-reactive. They now are wishing to transfer the child to the tertiary care hospital. 

Jennifer has developed cerebral edema, an uncommon complication of management of DKA. The management includes hyperventilation, Manitol, decreased fluid intake and eventually intracranial pressure monitoring. The risks factors for developing cerebral edema during DKA resuscitation include: 

1. The patient's age, it is much more common in young children and toddlers. 

2. Excess fluid administration, this child received 50 cc/kg bolus which way in excess of the recommended treatment The maximum bolus a child should ever receive is 20 ml/kg. They should receive 10 ml/kg as an initial bolus if they are unstable from a circulatory point of view, another 10 ml/kg bolus can be repeated an hour later if there is still vascular compromise. Her fluid resuscitation continued to be in excess of a recommended replacement. She should have received 56 cc/hour of total fluids. This includes the replacement line and insulin drip. Over the 14'/2 hours that she was hospitalized her total intake should have been no more than 800 cc, (works out to 785 cc). During this same time frame she actually received 2100 cc plus some unrecorded oral intake. 

3. The other factors that predispose to cerebral edema include, very rapid osmotic shifts dropping the blood sugar too quickly, bicarbonate administration particularly bicarbonate pushes. 

These children are all very hyperosmolar. This child's corrected sodium was 158 mmol/L. Usually children in ketoacidosis look more dehydrated than they actually are, mainly because they have a hypemeutremic dehydration and you get fluid shifts from the intracellular space to the extracelluar space. These children also have lost a significant amount of true body weight prior to presentation. They have lost muscle mass and fatty tissue because of the diabetes. People need to remember that the percentage of dehydration is a clinical judgement, and based on weight loss. Severe dehydration is equivalent to shock meaning that you have a low blood pressure and decreased perfusion. In an infant under 1 year this represent 15% dehydration. In a child over 1 year this is 9% dehydration. This particular case is a child with moderate dehydration in the order of 6-7%. Her fluid deficit was 600 cc. The maintenance fluid for this child is 1000 cc per/day. I included a copy of the diabetic ketoacidosis protocol. These will be handed out to the students. It has been made as a guide to prevent overhydration of these children. This was on request of the Coroner's office. The particular case described is a child who died of cerebral edema largely secondary to fluid overload It is important that children not be treated with an adult DKA protocol as they all will be fluid overloaded. Once children develop cerebral edema mortality occurs between 60 and 90% depending upon the series. Those who survive are often are left with significant neurological sequelae. The other error in management in this child is that she was managed with a relatively low insulin infusion rate which often does not inhibit ketogenesis and does not improve the acidosis. We normally recommend the children be started on an insulin drip of 0.1 U/kg/hour. The maintenance I. V. is usually started with normal saline but can involve halfnormal saline if the children are not significantly hypemeutremic. Potassium is always needed in the I. V. fluids. These children do have total body potassium depletion and often require at least 40 rnEq/L to maintain normal serum potassium levels. As the blood sugars drop glucose needs to be added to the I. V. fluids. We actually are aiming to keep the blood sugars between 12 and 20 mmol/L. Often these children require D 1 OW Y2 normal saline with potassium in their I. V. fluid in order to allow adequate insulin administration to reverse the ketoacidosis without dropping the blood sugars. Had this particular child been managed with lower fluid intake there likely would have been a very different outcome. She did not have a lot of the other risk factors for development of cerebral edema. In particular she had not been severely acidotic, there was not a prolonged history ofDKA. Because of this case, protocols have been distributed throughout the province and there also was the recommendation that this protocol be followed by all physicians in the province. Hopefully this will prevent further deaths of cerebral edema. 

