How the body uses diffusion to maintain fluid balance
Patient with kidney disease
Mr. Owusu, a 53-year old male, was rushed to the hospital with difficulty breathing. Upon arrival to the emergency room, Mr. Owusu was in severe respiratory distress and hypovolemic shock. His oxygen level was 87%, and his blood pressure was 73/66 mmHg. It was also determined that Mr. Owusu was experiencing acute kidney injury. His creatinine which serves as a marker for kidney function, was 5.9 mg/dL. With no known history of respiratory disease, the physician ordered a COVID-19 test which was positive. He was immediately admitted to the ICU. Fluid resuscitation, a bronchodilator, and oxygen therapy were initiated while waiting for other laboratory results. Further laboratory work revealed that Mr. Owusu had underlying diabetes that had been left untreated. His HgbA1c was 11 mg/dL.
Different types of fluids used in patient care
Crystalloids and colloids are the most common fluid mixtures used in volume replacement therapy. Crystalloids are preferred for treating hypovolemia that is unrelated to bleeding. These may be either isotonic, hypotonic, or hypertonic. The provider prescribed 2 liters of Ringer's lactate solution bolus for Mr. Owusu.  
Mr. Owusu's urine output remained low despite intravenous fluid replacement. He began to show worsening renal symptoms. His creatinine levels that had trended down after initial fluid therapy began to rise again above normal levels. His glomerular filtration rate (GFR) was now 35. The provider prescribed hemodialysis to treat the patient’s apparent kidney failure. After two weeks in the ICU and eight days on the medical unit, Mr. Owusu was discharged home. He currently receives hemodialysis three times a week for chronic kidney failure. He also takes insulin for his diabetes.



A. Student Questions
1.  Describe the differences between crystalloids, colloids, and suspensions.
2. Describe the process of diffusion.
3. Explain the difference between isotonic, hypotonic, and hypertonic solutions?
4. The fluid replacement therapy for Mr. Owusu included a prescription for 1L of 0.9 normal saline solution infused over 12 hours. At what rate in milliliters per hour should the nurse set the pump?
5. Fluid replacement for pediatric patients is determined by weight. The recommended rate is calculated using the weight-based formula below2. 
First 10 kg = 100 ml/kg per day
Next 10 to 20 kg = additional 50 mL/kg per day
Any remaining weight over 20 kg = additional 20 mL/kg per day
     What will be the fluid requirement for a child who weighs 24 kg?

B. How does dialysis restore the fluid balance for patients who are experiencing acute or chronic kidney diseases? 
During hemodialysis, the patient's blood goes through a semipermeable membrane housed within a dialysis machine. With the help of a dialysate bath, uremic solutes diffuse from the blood through the permeable membrane into the dialysate. This process also removes excess fluid and waste products restoring chemical and electrolyte balance. A dialysate comprises proportions of a base (bicarbonate) or acid buffer (acetate) and ions. The concentrations of these ions, such as sodium, potassium, magnesium, and calcium, are constituted to be lower or higher than serum concentrations to create a diffusion gradient. The buffer and ions are mixed in purified water in concentrations that favor the movement of waste from the patient's blood into the dialysate. Patients receiving dialysis treatment require more frequent monitoring of serum electrolytes to help constitute the dialysate.
C. Pharmacological Considerations
Pharmacokinetics involves drug absorption, distribution, metabolism, and excretion. Providers must consider these processes to determine drug dosages for patients. Most drugs are excreted from the body by the kidneys. Patients who have acute and chronic kidney injury have reduced renal clearance that affects the excretion of some medications. Dialysis can also speed up the clearance of certain medications. To increase medication effectiveness and avoid toxicity, providers must adjust doses to ensure that there is enough medication for effective treatment while preventing the build-up of the chemical components of these medications in the blood. 
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