MONITORING THE ANESTHETIZED PATIENT 

Definition:

· The process by which anesthesiologists recognize and evaluate potential physiologic problems in a timely manner

· In perioperative care, monitoring implies the following four essential features: 
1. Observation and vigilance, 
2. Instrumentation, 
3. Interpretation of data, 
4. Initiation of corrective therapy when indicated.

Mandatory Monitors (ASA Standards)

1. Oxygenation monitoring

· Early detection and prompt intervention may limit serious sequelae of hypoxemia. 
· The clinical signs associated with hypoxemia (e.g. tachycardia, altered mental status, cyanosis) are often masked or difficult to appreciate during anesthesia. 
· Oxygen analyzers assess oxygen delivery to the patient. 
· Pulse Oximetry: Pulse oximetry is the standard of care for monitoring oxygenation during anesthesia. 
· Pulse oximeters measure pulse rate and oxygen saturation of hemoglobin (Hb) (SpO2) on a noninvasive, continuous basis. 
2. Carbon Dioxide monitoring
· Expiratory CO2 monitoring (PECO2) has evolved as an important physiologic and safety monitor. 
· CO2 is usually sampled near the endotracheal–gas delivery interface. 
· Alterations in ventilation, cardiac output (CO), distribution of pulmonary blood flow, and metabolic activity influence PECO2 and the capnograph display obtained during quantitative expired gas analysis.

· Capnometry is the measurement and numeric representation of the CO2 concentration during inspiration and expiration. 
· A capnogram is a continuous concentration–time display of the CO2 concentration sampled at a patient's airway during ventilation. 
· Capnography is the continuous monitoring of a patient's capnogram. 
· Capnography is an essential element in determining the appropriate placement of endotracheal tubes. 
· The presence of a stable ETCO2 for three successive breaths indicates that the tube is not in the esophagus. 

3. Blood pressure monitoring (NIBP)

· Perioperative measurement of arterial blood pressure is an important indicator of the adequacy of circulation. 
· Systemic blood pressure monitoring is commonly performed indirectly using extremity-encircling cuffs or directly by inserting a catheter into an artery and transducing the arterial pressure trace. 

· Cuff-based pressure monitoring continues to be the standard method used in the perioperative period. 
4. ECG monitoring
· Analysis of cardiac rhythm is perhaps the ECG's most widely used feature; it is used to clarify the mechanism of an irregular heart rhythm detected on physical examination or that of an extremely rapid or slow rhythm.

· The ECG is also used to monitor cardiac rate and rhythm

· The ECG is an important tool for rapidly assessing metabolic and toxic disorders of the heart. 
· Characteristic changes in the ST-T waves indicate imbalances of potassium and calcium.

5. Temperature monitoring
· The ability to monitor body temperature is a standard of anesthesia care. 
· The continual observation of temperature changes in anesthetized patients allows for the detection of accidental heat loss or malignant hyperthermia. 
· Heat is produced as a consequence of cellular metabolism. 
· Perioperative hypothermia predisposes patients to increases in metabolic rate (shivering) and cardiac work, decreases in drug metabolism and cutaneous blood flow, and impairments of coagulation. 
· Anesthesiologists frequently monitor temperature and attempt to maintain central core temperature at near-normal values in all patients undergoing anesthesia.

· Central core temperatures can be estimated using probes that can be placed into the bladder, distal esophagus, ear canal, trachea, nasopharynx, or rectum.
6. Nerve stimulator

7. Chest stethoscope

8. Urine output when necessary

Supplemental Monitoring

1. Invasive arterial pressure

2. Arterial blood gases

3. Central venous pressure

4. Pulmonary artery pressures

5. Cardiac output

6. TEE (transesophageal echocardiography)

7. EEG

8. Evoked cortical or somatosensory potentials
