THE MONITORS 

I. Standard ASA monitoring for  general anesthesia , monitored anesthesia care and regional anesthesia :-

1. Oxygenation (oxygen analyzer, pulse oximetry), 

2. Ventilation (capnography, minute ventilation), respiratory rate (under regional anesthesia)

3. Circulation (electrocardiogram [ECG], arterial blood pressure, perfusion assessment), 

4.  Temperature.
II. Cardiovascular system.
Cardiovascular system. The circulatory system is responsible for oxygen delivery to and removal of waste products from the organs, and this must be maintained during anesthesia.

· Circulation
· Signs and symptoms of perfusion abnormalities
· Central nervous system: mental status changes, neurologic deficits.

· Cardiovascular system: chest pain, shortness of breath, ECG abnormalities, wall motion abnormalities on echocardiogram.

· Renal: decreased urine output, elevated blood urea nitrogen and creatinine, decreased fractional excretion of sodium.

· Gastrointestinal: abdominal pain, decreased bowel sounds, hematochezia.

· Peripheral: cool limbs, poor capillary refill, diminished pulses.

· ECG. The ECG monitors the conduction of electrical impulses through the heart. 

· Rhythm detection is best seen in lead II.

· Arterial blood pressure. Automated noninvasive blood pressure is the most common noninvasive method of measuring blood pressure in the operating room. 

· Invasive blood pressure monitoring uses an indwelling arterial catheter coupled through fluid-filled tubing to a pressure transducer. The transducer converts pressure into an electrical signal to be displayed.

· Indications
· Need for tight blood pressure control (e.g., induced hyper- or hypotension).

· Hemodynamically unstable patient.

· Frequent arterial blood sampling.

· Inability to utilize noninvasive blood pressure measurements.

· Central venous pressure (CVP) and cardiac output
· CVP is measured by coupling the intravascular space to a pressure transducer using fluid-filled tubing. Pressure is monitored at the level of the vena cava or the right atrium. 

· Indications
· Measurement of the right heart filling pressures to assess intravascular volume and right heart function.

· Drug administration to the central circulation.

· Intravenous access for patients with poor peripheral access.

· Indicator injection for cardiac output determination (e.g., green dye cardiac output).

· Access for insertion of pulmonary artery catheter.

· Range. The CVP is normally 2 to 6 mm Hg.
	


III. Respiratory system.

Respiratory system monitoring include pulse oximetry, capnography, a fraction of inspired oxygen analyzer, and a disconnect alarm. 

How does the pulse oximeter works? 

Pulse oximeter combines the principles of oximetry and plethysmography to noninvasively measure oxygen saturation in arterial blood. The pulse oximeter probe contains two light emitting diodes at wavelengths of 940nm and 660 nm. Oxygenated and reduced hemoglobin differ in light absorption (940 and 660 nm respectively). Thus the change in light absorption during arterial pulsation is the basis of oximetry determination. The ratio of the absorption at the two wavelengths is analyzed by a microprocessor to record the oxygen  saturation. 

What is Capnometry? 

Capnometry is the measurement of end-tidal carbon dioxide tension. This provides valuable  information to the anesthesiologist. The presence of end tidal CO2 aids in confirming  endotracheal intubation. Alteration in the slope of the graph can give clues to the presence of airway obstruction. A rapid fall in reading may signify extubation, air embolism or low cardiac output with hypovolemia. 

IV. Central nervous system (level of consciousness) monitoring

· Bispectral index (BIS) assess central nervous system depression during general anesthesia.It is based on the surface electroencephalogram (EEG), which predictably changes in amplitude and frequency as the depth of anesthesia increases.

V. Temperature monitoring

· Indications
· Infants and small children are prone to thermal lability due to their high surface area to volume ratio.

· Adults subjected to large evaporative losses or low ambient temperatures (as occur with exposed body cavity, large volume transfusion of unwarmed fluids, or burns) are prone to hypothermia.

· Malignant hyperthermia is always a possible complication, and temperature monitoring should always be available.

· Monitoring site
· Tympanic membrane temperature 

· Rectal temperature 

· Nasopharyngeal temperature, 

· Esophageal temperature monitoring reflects the core temperature well. The probe should be located at the lower third of the esophagus and rarely may be misplaced in the airway.

· Blood temperature measurements may be obtained with the thermistor of a PAC.

VI. Neuromuscular blockade monitoring: 

Neuromuscular blockade is monitored during surgery to guide repeated doses of muscle relaxants and to differentiate between the types of block. All techniques for assessing neuromuscular blockade use a peripheral nerve stimulator (PNS) to stimulate a motor nerve electrically. 
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MONITORING
COMMONLY USED MONITORING DEVICES

pulse oximeter 
· measures SaO 2 by red and infrared light absorption by Hb; oxygenated and deoxygenated Hb have different absorption characteristics 

· non-invasive

· can show pulse waveforms on suitably equipped monitors 

· if ventilation is accidentally terminated, the SaO 2 may remain normal for several minutes in a well oxygenated patient due to the high partial pressure of O 2 remaining in the lungs

· inaccurate with 

i. hypotension,

ii. vasoconstriction 

iii. dyes, (e.g. nailpolish),

iv. other Hb (e.g. CarboxyHb)

v. compression of the limb

vi.  movement
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Capnometer 

Measures exhaled CO 2 indicates adequacy of ventilation of lungs and cardiac output, confirms ETT placement

2. ECG • changes in rate,rhythm, STelevation/depression

3. BP cuff (manual/automatic)

4. stethoscope (precordial, esophageal)

5. thermometer (surface or core)

6. peripheral nerve stimulators (when using neuromuscular blockade or blocking drugs) 

deliver electrical stimulus to elicit muscle responses indicates degree of muscle relaxation

7. machine function "monitors" - i.e. volume and pressure alarms and inspired O2 alarms

8. mass spectrometer/gas analyzer • identifies and measures inhaled/exhaled gases
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Patient Monitoring

Examples of Multiparameter Patient Monitors

