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Continuous presence of a qualified anesthesia provider is a standard set by
the ASA.
i) Continual monitoring of oxygenation, ventilation, circulation, and
temperature.
ii) Frequency of mandatory monitoring varies between each category, but
never exceeds five minutes.
(1) If not used, a reason should be recorded on the patient record.
iii) The following are all specifically mandated.
(1) Oxygen analyzer with a low inspired concentration limit alarm during
general anesthesia
(2) Quantitative assessment of blood oxygenation













(3) Ensuring adequate ventilation during all anesthetic care including
verification of expired oxygen (when possible), quantitative measurement
of tidal volume, and capnography in all general anesthetics.
(4) Qualitative evaluation of ventilation is required during all other care.
(5) Ensure correct placement of endotracheal tube or laryngeal mask airway
via expired carbon dioxide (CO2).
(6) Alarms for disconnects when a mechanical ventilator is used
(7) Continuous display of ECG
(8) Determination of arterial BP and heart rate at least every 5 minutes.
(9) Adequacy of circulation is to be determined by quality of pulse either
electronically, through palpation, or auscultation
(10) The means to determine temperature must be available and should be
employed when changes in temperature are anticipated or intended.

History of Pulse Oximetry






Since the early 1980s, when pulse oximetry
was introduced, oxygen saturation level in a
patient’s blood (SpO2) has become a standard
method.
Before the advent of pulse oximetry, the
common practice was to draw blood from
patients and in-vitro analysis instruments were
either blood gas analysers or haemoximeters.





Blood gas analysers determine the partial
pressure of oxygen in the blood (pO2) by
means of chemical sensors.
Haemoximeters work on spectrometric
principles and directly measure the ratio of the
oxygenated haemoglobin to the total
haemoglobin in a sample of blood (SaO2).



Hewlett-Packard pioneered the first in-vivo
technology to measure a patient’s oxygen
saturation level without the need of drawing
blood samples in 1976 with the HP 47201A
eight-wavelength ear oximeter.



An ear probe was coupled through a fibreoptic
cable to the oximeter mainframe, which
contained the light source (a tungsten-iodine
lamp and interference filters for wavelength
selection) and receivers.



The real breakthrough came in the 1980s with
a new generation of instruments and sensors
that were smaller in size, easier to use.



Isobestic point
This is the point at which two substances
absorb a certain wavelength of light to the same
extent. In oximetry, the isobestic points of
oxyhaemoglobin and deoxyhaemoglobin occur
at 590 nm and 805 nm. These points may be
used as reference points where light absorption
is independent of the degree of saturation.
Some earlier oximeters corrected for
haemoglobin concentration using the
wavelength at the isobestic points.

Sources of error in pulse
oximetry



No effect
Fetal haemoglobin (HbF), SulphHb, Bilirubin
(absorption peaks are 460, 560 and 600 nm),
dark skin.



Falsely low reading



Methaemoglobin (MetHb). The presence of MetHb will prevent the oximeter from working
accurately and the readings will tend towards 85%, regardless of the true saturation.
Methylene blue. When methylene blue is used in surgery (e.g. parathyroidectomy or to treat
methaemoglobinaemia), a short-lived reduction in saturation estimations is seen. Readings
may fall by 65% at a concentration of 2-5 mg/kg for between 10 and 60 minutes.
Indocyanine green. Use of this dye (e.g. in cardiac output studies) may cause a transient
reduction in recorded saturations.
A reduction in peripheral pulsatile blood flow produced by peripheral
vasoconstriction results in an inadequate signal for analysis.
Venous congestion, which may be caused by tricuspid regurgitation, high airway pressures
and the Valsalva manoeuvre, may produce venous pulsations which can produce low readings.
Venous congestion of the limb may affect readings, as can a badly positioned probe.



External fluorescent light in the operating theatre may cause the oximeter to be
inaccurate, and the signal may be interrupted by surgical diathermy. Shivering may
cause difficulties in picking up an adequate signal.
Nail varnish may cause falsely low readings.




Falsely high reading
Carboxyhaemoglobin (CoHb). CoHb (haemoglobin combined with carbon
monoxide) is registered as 90% oxygenated haemoglobin and 10%
desaturated haemoglobin - therefore the oximeter will overestimate the
saturation.





Limitations
The oximeter averages its readings every 10-20 seconds. Hence, they
cannot detect acute desaturation. The finger probe has a response time of
approximately 60 seconds, whereas the ear probe has a response time of
10-15 seconds.
The site of application should be checked at regular intervals, as pressure
sores and burns have been reported.
The pulse oximeter only provides information about oxygenation. It does
not give any indication of the patient’s carbon dioxide elimination.

Non-invasive measurement of
blood pressure (NIBP)








History
Measurement of blood pressure was first attempted by Hales in 1733. He
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cuff was developed by Riva-Rocci in 1896. Cushing introduced the
measurement of blood pressure into anaesthetic practice in 1901.
Stephen Hales (1677-1761). English naturalist.
Scipione Riva-Rocci (1863-1937). Italian physician.
Harvey Williams Cushing (1869-1939). American neurosurgeon. Pioneered
diathermy, advocated record keeping and monitoring in Anaesthesia.
Described Cushing’s disease, syndrome, reflex and ulcer.



This is also known as a Device for Indirect Non-Invasive Automatic Mean
Arterial Pressure (DINAMAP).



A microprocessor controls the sequence of inflation and deflation of the
cuff. The cuff is inflated to a pressure above the previous systolic pressure;
it is then deflated incrementally. A transducer senses the pressure changes,
which are processed by the microprocessor. This has an accuracy of +/2%. The mean arterial pressure (MAP) corresponds to the maximum
oscillation at the lowest cuff pressure. The systolic pressure corresponds to
the onset of rapidly increasing oscillations. Diastolic pressure corresponds
to the onset of rapidly decreasing oscillations. It is also calculated from the
systolic and MAP (MAP= diastolic + one-third pulse pressure)

The cuff


The cuff should cover at least two-thirds of the upper arm. The width of the
cuff’s bladder should be 40% of the mid-circumference of the limb. The
middle of the cuff should overlay the brachial artery. The device has a fast
rate of inflation and a slow cuff deflation. This avoids venous congestion
and allows time to detect arterial pulsation.








Sources of error
If the cuff is too small, the blood pressure over-reads. Similarly, if too large
then the blood pressure under-reads (greatest error is seen with an
undersized cuff). Systolic pressure over-reads at low pressures (<60
mmHg) and under-reads at high systolic pressures. Arrhythmias such as
atrial fibrillation affect accuracy. External pressure on the cuff (e.g. the
surgeon!) can cause inaccuracies.

Complications
Frequent, repeated inflations can cause ulnar nerve palsy and petechial
haemorrhage of the skin underlying the cuff.

Direct measurement of blood pressure and
Allen's test
Invasive arterial pressure monitoring provides beat-to-beat information about
the patient.

Equipment
Arrow arterial products
An indwelling Teflon arterial cannula (20/22 G) is used. The cannula may be
sited in the radial, ulnar, brachial, posterior tibial, femoral or dorsalis pedis
artery. The radial artery is the preferred site. The cannula has parallel walls to
minimise turbulent flow.



Allen’s test
Before cannulating the radial artery, Allen’s test should be carried out
(inadequate collateral flow exists in 3% of hospitalised patients)
Causes of inadequate ulnar circulation
[i] Normal anatomic variant
[ii] Hypothenar hammer syndrome



Technique
1) Patient elevates their hand and makes a fist for 20 seconds
2) Firm pressure is held against both the radial and ulnar arteries
3) Patient opens their hand and it should blanche white
4) Examiner releases ulnar compression only
Normal result
Hand colour flushes within 5 to 7 seconds



Abnormal result
1) Inadequate collateral circulation
2) Hand remains white until radial pressure released
3) Risk of serious hand ischaemia if radial vessel spasm

Hence, if abnormal result (negative Allen’s test) do not cannulate the radial
artery.

The invasive arterial system and
Wheatstone bridge











The cannula is connected to a transducer (a transducer converts one form of energy
to another) via a column of heparinised saline at a pressure of 300 mmHg.
The saline passes through a drip chamber adjusted to allow a flow of 4 ml/hour.
This continuously flushes the tubing and cannula.
The ideal solution for use is dextrose, since a non-electrical conducting fluid avoids
current passing down the catheter into the heart.
The transducer is a strain gauge variable transducer.
If a wire is stretched it becomes longer and thinner and thus its resistance increases.
This is known as a strain gauge.
This is connected to an amplifier and oscilloscope.

Mechanism
The saline column moves back and forth with
the pulsation.
This causes the diaphragm to move.
This movement results in a change in
resistance and current flow (V=IR) through
the transducer.
The transducer is connected to a Wheatstone
bridge.
The heparinised saline allows flushing of the
cannula and prevents backflow.

Wheatstone bridge
Sir Charles Wheatstone (1802–1875),
British physicist and inventor.


Null deflection of the galvanometer implies
R1/R2=Rv/Ru









The Wheatstone bridge is an electrical circuit for the precise comparison of
resistances.
It consists of a common source of electrical current and a galvanometer that
connects two parallel branches, containing four resistors, three of which are
known.
One parallel branch contains one known resistance and an unknown (Ru).
The other parallel branch contains resistors of known resistances.
In order to determine the resistance of the unknown resistor, the resistances
of the other three are adjusted and balanced until the current passing
through the galvanometer decreases to zero.











The Wheatstone bridge is well suited also for the measurement of small
changes in resistance and, therefore, is also suitable to measure the
resistance change in a strain gauge.
The strain gauge transforms strain applied to it into a proportional
change in resistance.
Changes in resistance and current are measured, then electronically
converted and displayed as systolic, diastolic and mean arterial pressures.
Most pressure transducers contain four strain gauges, which form the four
resistances in the Wheatstone bridge.
The system is designed so that the resistances of two of the strain gauges at
opposite sides of the bridge increase while the resistances of the other two
decrease. This results in a larger potential change at the galvanometer
connections. The potential is then amplified before display.

Sources of error (damping and resonance)









Damping is caused by dissipation of stored energy.
Anything which takes energy out of the system results in a progressive
diminution of amplitude of oscillations.
Increased damping lowers the systolic pressure and elevates the diastolic
pressure.
Mean arterial pressure is unaltered.
Damping can result from air bubbles, blood clots, soft diaphragm or soft
tubing.
The transducer
should be at the
level of the right
atrium. Raising or
lowering the
transducer results
in errors.













Resonance occurs when the driving force frequency coincides with the
resonant frequency of the system.
This may occur if the tube or diaphragm is too stiff or non-compliant.
The resonant frequency (or natural frequency) is the frequency at which the
monitoring system itself resonates and amplifies the signal.
It should be at least 10 times the fundamental frequency.
If the natural frequency is less than 40 Hz, it falls within the range of the
blood pressure and a sine wave will be superimposed on the blood pressure
wave.
The fundamental frequency of this system is the heart rate. This is also
known as the first harmonic.
The first 10 harmonics contribute to the waveform seen.

Information that can be determined from the
arterial waveform












Arterial blood pressure: The mean pressure is the average pressure
throughout the cardiac cycle.
Systole is shorter than diastole, the mean arterial pressure (MAP) is slightly
less than the value halfway between systolic and diastolic pressure.
MAP can be determined by integrating a pressure signal over the duration
of one cycle.
The mean pressure is then given by the value of this integral divided by
time.
The slope of the upstroke of the wave reflects myocardial contractility
(dP/dt).
The stroke volume can be calculated by measuring the area from the
beginning of the upstroke to the dicrotic notch. If this is multiplied by the
heart rate, then cardiac output can be estimated.





The position of the dicrotic notch on the down stroke. A low dicrotic notch
is seen in hypovolaemic patients.
The slope of the diastolic decay indicates resistance to outflow. A slow fall
is seen in vasoconstriction.

The electrocardiogram (ECG)










This is the recording and display of cardiac electrical activity.
First performed in 1887.
Potentials from the heart are transmitted through the tissues and can be
detected by electrodes which produce an ECG recording.
Silver and silver chloride forms a stable electrode combination.
They are separated from the skin by a foam pad soaked in conducting gel.
The ECG signal is boosted by an amplifier, which also filters out noise.
The amplified ECG signal is then displayed on an oscilloscope.



Monitoring mode



This mode has a frequency response of 0.5-40 Hz.
All ECG monitors use filters to narrow the bandwidth in an attempt to
reduce environmental artefacts.
The high-frequency filters reduce distortions from muscle movement,
mains current and electromagnetic interference from other equipment.
The low-frequency filters help to provide a stable baseline by reducing
respiratory and body movement artefacts.
















Diagnostic mode
This mode monitors the ST-segment and there is a greater need for filtering
of the signal.
There is a wider frequency response range of 0.05-100 Hz.
The high-frequency limit of 100 Hz ensures that tracings allow assessment
of QRS morphology and tachyarrhythmias.
The low-frequency limit allows representation of P and T wave
morphology and ST-segment analysis.





Electrode configurations
Lead II is best for detecting arrhythmias.



CM5 detects 89% of ST-segment changes due to left ventricular
ischaemia. (Right arm electrode on manubrium, left arm electrode on V5
and indifferent lead on left shoulder).



CB5 is useful in thoracic anaesthesia. Right arm electrode over the centre
of the right scapula and left arm electrode over V5.



Sources of error



Electrical interference. This is the distortion of a biological signal by
capacitance effects or inductance effects.
Any electrical device, powered by AC, can act as one plate of a capacitor
and the patient acts as the other plate.
This may cause a current with AC frequency to flow in the ECG leads.
Interference may also result from high frequency diathermy.
Shielding of cables and leads, differential amplifiers and filters help
to reduce such interference













The shielding consists of woven material which is earthed.
Interference currents are induced in the metal screen and not in the
monitoring leads.
The screening layer may often be covered by a second layer of insulation.
Shivering can produce artefacts, place electrodes over bony prominences.



Differential amplifiers



The differential amplifier measures the difference between the potential
from two different sources.
If there is interference common to the input terminals (e.g. mains
frequency) it can be eliminated, since it is only the difference between the
terminals that is amplified by the differential amplifier.
This is known as common mode rejection. The ratio of the output signal
amplitude to the input signal amplitude is known as the gain of the
amplifier.





Different modes of PNS stimulation



Single twitch – an electrical pulse is delivered at 1 Hz, and the ratio of the
evoked twitch compared with that before muscle relaxation gives a crude
indication of neuromuscular blockade (Figure 2). When 75% of the
acetylcholine (ACh) receptors on the postsynaptic membrane of the
neuromuscular junction are occupied by a neuromuscular blocking agent
(NMBA), twitch magnitude starts to decrease. When there is 100% drug
occupation, no twitch is elicited.

Train of four (TOF) – four stimuli are given at a frequency of 2 Hz,
potentially eliciting 4 twitches (T1–T4).

The ratio T4:T1 indicates the degree of neuromuscular block. Nondepolarizing NMBAs produce a decrease in magnitude of the first twitch
compared with a pre-relaxant stimulus, and a progressive reduction in
magnitude of T1–T4.

The number of elicited twitches indicates the degree of receptor
occupancy.

Disappearance of T4, T3, T2, T1 corresponds to 75%, 80%, 90% and
100% occupancy.

With recovery of neuromuscular function the twitches appear in the
reverse order.

Accepted values for TOF count are:
• 1 twitch for tracheal intubation
• 1–2 twitches during established anaesthesia
• 3–4 twitches before reversal of neuromuscular blockade is attempted.












Tetanic stimulation at 50 Hz for 5 s produces detectable fade in muscle
contraction, the extent of which is related to neuromuscular block.
No fade indicates no neuromuscular block. In intense neuromuscular
block, TOF stimulation elicits no twitches.
Post-tetanic facilitation (PTP) uses tetanic stimulation for 5 s to mobilize
presynaptic ACh.
Subsequent 1 Hz twitch stimulation can overcome the high concentrations
of NMBAs.
The number of twitches generated (i.e. the post-tetanic count) reflects the
degree of neuromuscular blockade.





Depolarizing NMBAs react differently to the PNS modes of stimulation.
They produce equal but reduced twitches in response to single twitch and
TOF stimulation (the T4:T1 ratio is 1), reduced but sustained contraction
with tetanic stimulation, but do not demonstrate either tetanic fade or PTP.



Double burst stimulation consists of two bursts of three stimuli at 50 Hz
with each triple burst separated by 750 ms.



These manifest visually as two separate stimuli (T1 and T2).



The ratio is related to the TOF ratio and is easier for the operator to
interpret reliably.

Temperature














In health, body temperature is maintained at 37 plus/minus 0.2 degrees C.
Intraoperative monitoring can be via electrical or non-electrical techniques.
Non-electrical techniques
An aneroid gauge uses the expansion of air with increasing temperature to
change the size of a bellows connected to a needle. The needle moves
across a calibrated scale to display the temperature.
Liquid thermometers typically rely on the thermal expansion of alcohol or
mercury.
The liquid is forced into a fine transparent glass tube with an appended
scale. An angulation and constriction below the fine-bore tube prevents the
liquid retracting into the bulb reservoir until the thermometer is shaken.
A short time (2–3 minutes for mercury) is required for complete thermal
equilibration between the liquid and the surrounding environment.
There is a risk of poisoning if the thermometer breaks and mercury leaks.





Bimetallic strip thermometers comprise two metals with different
coefficients of thermal expansion. With a change in temperature one metal
changes size more than the other causing the strip to bend; this is displayed
via a mechanical linkage on a temperature scale.
Chemical thermometers use liquid crystals composed of chemicals such as
cholesterol esters, that change colour with temperature. Typically these
scales can be accurate only to 0.5 degrees C. They are used for monitoring
skin temperature which may be markedly different from core temperature.












Infrared thermometers use the principle of black body radiation.
Only the temperature of that object determines the maximal amount of
radiation emitted by a body.
The amount of radiation emitted by a surface (e.g. the tympanic membrane)
is less than that emitted by a black body at the same temperature.
The emissivity of the surface is the ratio of these radiation levels.
Measurement of a surface’s emitted radiation combined with a pre-existing
knowledge of that surface’s emissivity can determine the temperature of
that surface.
Infrared tympanic membrane thermometers are in common clinical use.



Electrical techniques



Thermocouples use the Seebeck effect, whereby a small voltage is
produced at a junction between two dissimilar metals, commonly either
platinum/rhodium or copper/constantan.
The temperature at the junction determines the voltage produced.






There is a second junction to complete the electrical circuit.
This is either maintained at a constant temperature, to provide a reference
level, or has built-in compensation for the reference junction temperature,

enabling the first junction to act as a thermometer.









A thermistor is a semiconductor made from tiny beads of heavy metal oxides,
which can be incorporated into the tips of fine temperature probes.
Electrical resistance of semiconductors decreases exponentially with increasing
temperature.
Thermistors require signal conditioning and calibration because resistance may
alter with time.
Thermistors exhibit hysteresis in that their electrical resistance is different at
the same temperature depending on whether the temperature is increasing or
decreasing.

Measurement of pO2, pCO2, pH, and
capnography








Blood gas analysers report a wide range of results, but the only parameters
directly measured are the partial pressures of oxygen (pO2) and carbon
dioxide (pCO2) and blood pH.
The haemoglobin saturation (HbO2%) is calculated from the pO2 using the
oxygen-dissociation curve and assumes a normal P50 and that there are no
abnormal forms of haemoglobin.
Some blood gas analysers incorporate a co-oximeter that directly measures
the various forms of haemoglobin including oxyhaemoglobin, total
haemoglobin, carboxyhaemoglobin and methaemoglobin.
The actual bicarbonate, standard bicarbonate, and base excess are
calculated from the pH and pCO2 using the Siggard-Anderson nomogram
derived from a series of in vitro experiments relating pH, pCO2 and
bicarbonate.











Practical precautions: a heparinized, freshly drawn, bubblefree, arterial
blood sample is required.
Heparin is acidic and if too much is present, the measured pCO2 and
calculated bicarbonate are spuriously reduced.
Delay in measurement allows continued metabolism by the erythrocytes
and reduces pH and pO2 and increases pCO2.
Keeping the specimen on ice allows accurate measurement to be delayed
for up to 1 hour.
Air bubbles introduce error and cause a fall in pCO2 and an increase in
pO2.





•
•
•

The polarographic (Clark) oxygen electrode measures the oxygen partial
pressure in a blood or gas sample.
A platinum cathode and a silver/silver chloride anode are placed in a
sodium chloride electrolyte solution, and a voltage of 700 mv is applied
(Figure 1). The following reactions occur.
At the cathode: O2 + 2H2O + 4e– = 4OH–.
In the electrolyte: NaCl + OH– = NaOH + Cl–.
At the anode: Ag + Cl– = AgCl + e–.



Electrons are taken up at the cathode and the current generated is
proportional to oxygen tension. A membrane separates the electrode from
blood, preventing deposition of protein but allowing the oxygen tension in
the blood to equilibrate with the electrolyte solution. The electrode is kept
at a constant temperature of 37°C and regular checks of the membrane are
required to ensure it is not perforated or coated in proteins. Sampling two
gas mixtures of known oxygen tension allows calibration.



pH electrode: if a glass membrane separates two solutions of different
hydrogen ion concentration a potential difference develops that is
proportional to the hydrogen ion gradient between the two. A
potentiometric electrode is designed to measure the potential between the
sample and a buffer solution.



A measuring silver/silver chloride
electrode is encased in a bulb of special
pH-sensitive glass and contains a buffer
solution that maintains a constant pH .
This glass electrode is placed in the
blood sample and a potential difference
is generated across the glass, which is
proportional to the difference in
hydrogen ion concentration. The
potential is measured between a
reference electrode (in contact with the
blood via a semi-permeable membrane)
and the measuring electrode. Both
electrodes must be kept at 37°C, clean
and calibrated with buffer solutions of
known pH.

The Severinghaus or carbon dioxide electrode






Is a modified pH electrode in contact with sodium bicarbonate solution and
separated from the blood specimen by a rubber or Teflon semipermeable
membrane.
Carbon dioxide, but not hydrogen ions, diffuses from the blood sample
across the membrane into the sodium bicarbonate solution, producing
hydrogen

Hydrogen ions are produced in proportion to the pCO2 and are measured
by the pH-sensitive glass electrode. As with the pH electrode, the
Severinghaus electrode must be maintained at 37°C, be calibrated with
gases of known pCO2 and the integrity of the membrane is essential.
Because diffusion of the CO2 into the electrolyte solution is required the
response time is slow at 2–3 minutes.

Hypothermia, pH-stat, and alpha-stat






The solubility of all gases, including CO2 and O2, in blood increases with
a fall in temperature.
Hypothermia causes the pO2 and pCO2 to fall and the pH to rise. As
analysis of a sample taken from a hypothermic patient occurs at 37°C, the
pO2 and pCO2 results are artificially high.
The result can be corrected to represent the pH, pO2 and pCO2 at the
patient’s temperature. In practice such correction is unnecessary. When
cardiopulmonary bypass was developed it was thought that the reduction in
PaCO2 during hypothermia would result in cerebral vasoconstriction



. In pHstat management, CO2 was added to the oxygenator to maintain a



temperature-corrected PaCO2 of 5.3 kPa and a pH of 7.4.
The alternative and now standard strategy is that of alpha-stat in which a
non-temperature corrected PaCO2 of 5.3 kPa and a pH of 7.4 is maintained.



The true value of PaCO2 is lower than this but the associated alkalosis
thought to aid enzyme function during hypothermia.

Capnography








Capnography is a standard method of monitoring during anaesthesia and is
increasingly used in the ICU. It describes the continuous measurement of
expired carbon dioxide tension at the airway to allow the monitoring of the
end-tidal CO2 tension.
An analyser with a rapid response time is required and most devices
measure CO2 tension from the absorption of infrared light, though other
techniques such as mass spectrometry can be used.
Sidestream sampling is most common and describes the technique of
continually aspirating a sample of gas from the respiratory circuit which is
then fed through the analyser. The gas is either returned to the respiratory
circuit or scavenged.
Sidestream capnography is favoured during anaesthesia owing to the
convenience of a lightweight attachment to the airwaybut may be
troublesome due to sampling line blockage by water vapour following
protracted use.



Mainstream sampling – the analyser head is attached directly to the airway
and the gas is analysed within the respiratory circuit through a clear
window or cuvette. In the ICU where inspired gases are often humidified
actively, mainstream may be more reliable than sidestream capnography.

Capnogram








A typical capnogram is shown below.

During inspiration the CO2 tension should be neligible unless there is
rebreathing.
Dead space gas is exhaled first, it contains no CO2, and is followed by
alveolar gas and a rapid rise in CO2 which reaches a clear plateau in
normal lungs and is termed the end-tidal CO2 tension.
If tidal volumes are very small there is inadequate distinction between dead
space and alveolar gas resulting in an indistinct expiratory plateau and the
end-tidal CO2 tension is inaccurate.











End-tidal CO2: in normal lungs the end-tidal CO2 tension is 5-8mmHg
less than the arterial CO2 tension and is a useful non-invasive estimate of
arterial CO2.
The difference between end-tidal and arterial CO2 is increased if there is
mismatch of ventilation and perfusion within the lung, as occurs in lung
disease. In these circumstances, the end-tidal CO2 may markedly
underestimate arterial CO2 tension.
A reduction in lung perfusion increases alveolar dead space and results in
an end-tidal CO2 tension considerably lower than the arterial CO2 tension.
This may occur in pulmonary emboli, low cardiac output states, hypotension
and following the application of high levels of positive end-expiratory
pressure during mechanical ventilation.
.







A sudden drop in end-tidal CO2 during
anaesthesia may reflect
decrease in cardiac output or pulmonary
embolism (e.g. thrombus, gas, fat).
Monitoring end-tidal CO2 is useful during
cardiopulmonary resuscitation for assessing
adequacy.

Biphasic defibrillators











Defibrillators were essentially the same for all manufacturers.
Most commonly, the defibrillation waveforms used were monophasic.
Monophasic technology was constrained by the electronics components
available during the era it originated (1960s), remained largely unchanged
over time, and never had substantive research to support its performance.
The waveforms used energy inefficiently and were not able to adjust
effectively to a patient’s chest impedance.
Without effective defibrillator impedance compensation, high patient
impedance degrades the waveform, a key factor in the relatively poor
performance of traditional uncompensated monophasic technologies.
Low impedance imposes a different set of potential problem like diversion
of current away from the heart



Modern electronics permit much greater control of therapy generation and
delivery, including the ability to compensate for the untoward effects of
high and low patient impedance.



Dosing Factor 1: Seconds Count; Calculate the Correct
Dose for the First Time



There is ample evidence that speed to an effective first shock matters; even
as little as a minute difference in time to first shock affects patient outcome.
The challenge for the defibrillator, then, is to effectively deliver the right
amount of current on the first shock.








Only a fraction of the current delivered by the defibrillator flows to the
heart.
The rest is divereted or shunted, to the surrounding areas of the chest.
To compensate for this current shunting phenomenon, a well-designed
defibrillator provides sufficient transthoracic current to supply effective
transcardiac current, even in the presence of shunt pathways.



Dosing Factor 2: Ensure that the Dose is Measured Accurately and
Efficiently, Over the Correct Time Course






A critical factor in achieving effective defibrillation is to deliver an
appropriately measured dose of current for the correct amount of time.
The engine of this process is a properly sized defibrillator capacitor.
The size of the capacitor("capacitance", measured in microfarads, or µF) is
crucial to effective and efficient defibrillator design.







A defibrillator's capacitor must be charged to a voltage high enough to
drive appropriate current through the resistance of the patient's chest
throughout the time course of the shock.
Energy is stored in preparation for defibrillation when the capacitor is
charged.
The larger the capacitor, the larger the amount of energy that must be stored
in order to achieve the voltage necessary to initiate an appropriate dose of
defibrillation current.



Dosing Factor 3: Deliver the Current (and Energy) Over
the Correct Amount of Time for Each Patient Regardless
of Impedance - A Personalized Waveform



A defibrillator waveform should compensate for both high and low chest
impedance.
Patient impedance in humans has been shown to vary anywhere from 25 to
180 ohms.
According to Ohm’s Law (I = V/R), a high impedance patient resists the
flow of current and, therefore, the peak current is less; the peak current in a
low impedance patient is comparatively higher.
This Ohm’s Law relationship which shows energy fixed at 150J and the
Philips SMART Biphasic waveform shape and duration adjusting actively
based on patient impedance.







The Low-Energy Rectilinear Biphasic
Waveform Alternative








The Rectilinear waveform does little to adjust current in response to the
problem of shunt current pathways within the chest.
The waveform utilizes what company literature describes as a "constant
current" approach in the first phase of the waveform.
Rectilinear approach is to hold the overall waveform duration and ratio
between the two phases constant regardless of patient impedance.
Rectilinear Biphasic waveform device starts at 120J and escalates to 200J.
As noted earlier, escalating energy was employed historically to increase
peak current with inherently inefficient monophasic waveforms, but is not
necessary with biphasic when the first shock is adequatley dosed, as in the
case with SMART Biphasic.

The High-Energy Biphasic Waveform
Alternatives
There are several escalating high-energy biphasic wave

The specific methods of impedance compensation vary with the
manufacturer.

It is evident that the two waveforms modify peak current, waveform shape
and duration similarly in response to patient impedance.

The big difference is that the high-energy waveforms require high energy to
deliver adequate current to the patient because of their large capacitors,
while the Philips low-energy BTE waveform delivers adequate current on
the first shock without the need to escalate.

AHA has issued no sciencebased recommendations
regarding biphasic defibrillation
> 200 Joules.

Classification of electrical equipment




Classes
Class I – Earthed equipment. Fuses are also present so that if there is a shortcircuit making the equipment “live”, current will pass to earth causing the
fuse to blow.
Class II – Double-insulated equipment (not earthed)





Class III - Safety extra low voltage (SELV <24 volts AC)
Types
Type B – Class I, II or III. Low leakage current 0.5 mA Class I and 0.1 mA
class II
Type BF – Similar to type B but safer because patient is isolated
Type CF – Lower current leakage, 0.05 mA for class I and 0.01 mA for class
II, protects against microshock

Electrical Safety, Humidity and
Scavenging
Dr.Mohamed Bilal Delvi MD
Department of Anaesthesia

Electrical Safety









Ohms Law:
E=I×R
E= Electromotive force,
I= Current in amperes,
R= Resistance in ohms.
Electrical Power is measured in Watts:
W=E×I, Watt/sec=Joule (work done).

Electrical Safety
1volt of EMF across a 1-ohm resistance will
cause 1 ampere of current to flow.
Direct and Alternating Current :






Current is a flow of electrons through a conductor
Direct Current if flow in one direction.
Alternating current if the flow reverses direction at
regular intervals.

Electrical Safety



1.
2.

Electrical shocks occur when a person becomes a
part or completes an Electrical circuit.
Damage can be :
Electricity can disrupt cellular function.
Electricity can dissipate throughout the body.

Electrical Safety
The longer the individual is in contact with the
electrical source the more dire the
consequence.
 Greater chance of VF from excitation of the
heart during the vulnerable period of ECG.
Grounding:
 Applied to 2 separate concepts namely –
grounding of electrical power and electrical
equipment.


Electrical Safety








Electrical power is grounded at home but not
in OR.
Electrical equipment at home may be grounded
or ungrounded but must be grounded in OR.
Grounding is done to prevent electrical charges
from building up in the wires during electrical
storm.
Also prevents high voltage entering the home
in case of an equipment failure.

Electrical Safety
Electrical Shock Hazard:
 An electrical shock is possible if an individual
comes in contact with a live wire and
completes the circuit may lead to injury or
death.
 VF caused by 3 times DC in comparison to
AC.
 A power cord contains a live wire and neutral
wire to maintain the voltage constant.

Macroshock
1mA(0.001 A)
5mA(0.005 A)
10-20 mA
50 mA
100-300 mA
6000 mA

Microshock
100 µA

Threshold of perception
Maximum harmless current
Let go current
Pain, fainting, mechanical
injury
VF, respiration intact
Sustained myocardial
contraction, followed by
Sinus rhythm.

VF

Electrical Safety






Two wires carry power from the electric company to
a home and from the junction box three wires carry
current to the electrical outlet.
Live wire is colour coded as black, neutral wire is
white and ground wire is green.
A circuit breaker or fuse is connected between the
ground and neutral together and the live wire to a
maximum amperage of 15-20 A for lighting and 3050 A for heating outlet.

Electrical Safety








Supplying ungrounded power to the OR requires an
isolation transformer.
There is no direct electrical current between the
power supplied by the company and the power
induced by the transformer on ungrounded side.
Thus any individual coming in contact with a live
wire will not complete the circuit.
If the two wires of the isolated circuit are connected
the short circuit will trip the circuit breaker or fuse.

Electrical Safety
Electrosurgical Cautery
 Invented in 1926 by Prof Bovie
 Lead to introduction of nonflammable inhalational
anaesthetics.
 Cautery interferes with all equipment like ECG, CO,
pulse oximeter, and pacemaker.
 Operates by generating very high frequency currents
500,000 to 1 million Hz.
 Heat energy is concentrated to the tip of a Bovie
pencil, this high frequency current can pass thro the
myocardium without any effect.

Electrical Safety




The current entering the body thro’ the tip
disperses via a ground plate or correctly named
as dispersing plate.
If the contact of the dispersing plate is
correctly placed the current disperses over a
large area, if contact is defective the current
exits in the area of contact or an alternative
path in contact with any conductor.

Humidity
The amount of water vaporization is directly
proportional to its temperature, the amount of
humidity depends on ambient temperature.
 The warmer atmosphere can hold more water vapor
than a cold one.
 Saturated humidity is the maximum amount of water
vapor held by an atmosphere and again is dependant
on temperature.
 Absolute humidity is the actual amount of water
content in a given volume of gas at a given temp and
pressure.

Humidity







Maintaining proper environmental humidity is
essential in reducing static electricity in the OR and
also to have a comfortable working condition for the
personnel.
Static electricity is a potential source of ignition in
OR.
When RH is optimal the static electricity is conducted
via the film of humidity to the surrounding thus
preventing the sparks.
A RH of 40-70% prevents bacterial or viral growth,
thus reducing infections in the patients and personnel
alike.

Humidity
Measurement of Humidity :

The instruments used for measurement of
humidity are called Hygrometers.
1. Wet and Dry bulb hygrometer.
2. Dew point hygrometer.
3. Electric dew point hygrometer.
4. Hair hygrometer.
5. Electric hygrometer with Dunsmore Sensor.

Hygrometers
1. Wet and Dry Hygrometer:

Two thermometers placed next to each other.

One end of a wick wraps around the bulb of one
thermometer and the other end of the wick is dipped
in water.

The other thermometer is open to the room air.

The evaporation of water from the wick decreases
the temperature of the wrapped thermometer and
this depends on the moisture content of the room.

The difference of temp is used to calculate the RH
value from a table.

Hygrometers
2. Dew-point Hygrometer :

The dew point is the temperature at which the
ambient air is fully saturated with water vapor.

Consists of a silver tube containing ether and a
thermometer to measure the temperature of ether.

Air is pumped thro’ the ether to cool it.

When dew point is reached water begins to
condense on the outside of the tube.

Hygrometers






The higher the moisture content the higher
the dew point.
If the temperature at dew point = 10deg C:
the SVP of water at this temperature is
~10mm Hg, and the SVP at 20 deg C is 18
mm Hg.
The RH of the OR is 10/18 = 56%.

Hygrometers
3. Electric Dew point hygrometer:
 A beam of light is reflected into a photoelectric cell
by a mirror cooled by an air conditioning coil.
 The temperatures of the room and the mirror are
measured.
 When the mirror starts to fog the water globules
collecting on the surface deflect the light onto a
photoelectric cell connected to a light meter.
 This light meter reads the deflected light and RH.

Hygrometers
4. Hair Hygrometer :
 Useful for measurement of RH between 15% and
85%.
 Commonly used in OR and neonatal incubators.
 Human hair lengthens as ambient humidity increases.
 The increase in length, magnified by a system of
levers, is used to move a pen across a circular chart
bearing calibrations in RH.

Hygrometers
5. Electric Hygrometer with Dunsmore Sensor :
 Dunsmore sensor consists of a bifilar palladium wire
wound around an insulated core, the wire is coated
with hygroscopic film.
 The sensor is mounted on a Wheat-stone bridge,
galvanometer reads 0 when the bridge is balanced.
 Resistance of the sensor increases when moist gases
flow.
 The changes in the resistance are read as RH by way
of nomograms provided by the manufacturer.

Humidity in Anaesthesia Circuits






Water is intentionally removed from medical
gases to prevent clogging of pressure
regulators.
15% moisture from Soda Lime and the
patient’s exhaled gases are a source of water.
This process takes at least an hour (60%
humidity) but a 100% humidity is required at
32 deg C.

Importance of Humidification








Insufficient humidity- During IPPV via an ETT the
upper airway is bypassed hence the load
humidification falls on lower airways.
The inhalation of cold dry air leads to ciliary
immobility, twisting, inspissation of secretions and
tracheal encrusting.
If this extends to the bronchiole level the resistance to
airway increases and V/Q mismatch may occur.
Mucosal inflammation, microatelectasis, decreased
Pul. compliance and ↓ FRC ensue.

Importance of Humidification
Hazards of Overhumidification Increased airway resistance.
 Hyperthermia.
 Airway thermal burns.
 Positive water balance.
 Infection and growth of bacteria.
 Altered ciliary epithelium.
 Altered Pul.function.
 Altered surfactant function.
 Atelectasis.

Humidification
Methods of humidification of Circle System
1. Low gas flow system.
2. Design improvement of circuit.
3. Exogenous humidity.
Exogenous humidity is the most important, there
are various methods of providing exogenous
humidity.

Humidification
Heat Moisture Exchangers:
 “Artificial
noses” are used for both
humidification of inspired gases as well as for
bacterial and viral filtration.
 The pore size is around 0.2 µm which allows
only water vapour and not liquid water to pass.
 These are inexpensive and disposable.
 They deliver 28-30 mg/L of water at 28-30 deg
C.

Humidification
Hot Water Systems:
 When gases are bubbled through water humidification
decreases as the temperature falls.
 Thermostatically
controlled humidifiers like the
cascade humidifier produces small bubbles by a special
process.
 The temperature of the gases exiting are adjusted to 32
deg C at the Y piece (33 mg/L water).
 Disadvantage if temp >32 deg C “rain out” is common
and temp should be monitored carefully.

Humidification
Units with rain out prevention :
 An electrically heated wire runs along the
circuit to prevent water from condensing distal
to the humidifier.
 A thermistor probe is used to measure
temperature at the patient end and the outlet of
the humidifier.
 These can generate in excess of 40 g/L of
water at 37 deg C.

Humidification
Aerosol Generators:
 Also
known as nebulizers deliver small
particles of water instead of water vapor.
 Particles < 1 µm in diameter can reach the
alveoli easily.
 1µm to 3µm reach brochioles and 3-5 µm are
arrested in the trachea.
 5-10 µm are deposited in the pharynx, particles
< 5 µ are in respirable range and < 0.5µ are
exhaled without being deposited.

Humidification
Compressed gas nebulizers:
 A jet of gas is directed above a capillary tube
immersed in water this draws up water by the
Bernoulli principle.
Ultrasonic nebulizer:
 The rapid oscillations of the peizo electric
crystal (1.5 MHz) breaks the water drops to
very fine droplets measuring 2.8- 4.0 µm in
diameter.

Scavenging in Anaesthesia
Trace Anaesthetic Gases:
 A
study conducted in 1967(Vaismann)
concluded that waste gases like N2O,
Inhalational vapors like Halothane and Ether
caused a high rate of abortions in female
medical personell.
 Other effects like nausea, vomiting, irritability
and fatigue were due to chronic inhalation of
anaesthetic vapors.

Scavenging




NIOSH recommends halogenated vapors to a
maximum of 2 ppm and N2O of 25 ppm if
used as a sole anaesthetic.
Parts/million or ppm for N2O =
100% N2O= 1,00,00,000 ppm
1% N2O= 10,000 ppm
(1/100)×1%N2O= 100 ppm
(1/400)×1%N2O=25 ppm.

Scavenging
2 ppm of Halothane represents =
100 ppm = (1/100)×1% Halothane
2 ppm = (1/100×1/50)× 1% Halothane
(1/5000)×1%= 0.0002%
0.5 ppm = (1/20,000)×1%= 0.00005%
To express in terms of MAC divide the above by
the MAC of the drug
2 ppm=0.0002% ÷ 0.76 = 0.00026 MAC of
Halothane.

Scavenging
When no attempt has been made to scavenge the
waste gases N2O 400-600 ppm and Halothane 5-10
ppm have been detected.
 Volume of gas to be released into the OR can be
easily calculated to maintain at 25 ppm.
 Assume OR is 5m × 5m × 4m
500 cm × 500 cm × 400cm = 100,000,000.
NIOSH limit is 25/100,000,000.
If vol. of OR is 100×100,000,000 the limit is reached by
a release of 25×100 = 2500 ml of N2O.


Scavenging
Sources of Anaesthetic Gas Spillage:
 The main sources are- APL valve, high and low
pressure systems of anaesthesia machine, anaesthesia
ventilator, cryosurgery and other sources.
 The APL valve is the outlet for waste gases and CO2,
>5 lts of gas can exit depending on FGF.
 Large vol. of gases are discharged via APL valve in
Jackson- Rees circuit.(NO2 level may reach >2000
ppm around the anaesthesiologist.

Scavenging
High Pressure Leaks:
 Includes leaks from high pressure system of
the machine to the central supply connections.
 The pressure in the central supply is 50-70
psig, leaks contribute significantly to the
pollution.
 Most of the anaesthesia machines have been
found to be leaking when properly tested for
leaks in the high pressure area.

Scavenging
Low Pressure System:
 Includes the NO2 flowmeter, the vaporizers,
FGF tubing, CO2 absorber, unidirectional
valves, ventilator and parts of the scavenging
system.
 The leak is α to pressure in the breathing
circuit.
 Scavenging system may be ineffective and
release the waste gases into the OR.

Scavenging
O R Ventilation Systems:
 This is the most important factor to reduce
anaesthetic air pollution.
 The components of typical OR ventilation
include- 1) Fresh air intake from exterior,
2)Central Pump, 3) Series of Filters, 4) AC
units, 5)Manifold supplying fresh air to OR,
6)Manifold that collects air from OR, 7)Fresh
air inflow port to each OR.

Scavenging
Nonrecirculating Ventilation System:
 Pumps fresh air from outside the OR and removes the
stale air.
 The no. of air exchanges/hour is an important
determinant of pollution, rate of 10 or more is
recommended, but > 30 is uncomfortable to OR
personnel.
 Eddies are more efficient than a laminar flow to cause
good air mixing and removal of “hot spots” in the
OR.

Scavenging
Recirculating Ventilation System:
 Partial
recirculation of stale air, more
economical as it require less AC.
 The recirculating system is common in very
hot or very cold climates.
 Filtering does not cleanse air of anaesthetic
pollution it may contaminate clean OR from a
a polluted OR by recirculating polluted air.

Scavenging






An ideal scavenging system will not affect the
dynamics of breathing, ventilation or
oxygenation of a patient.
A typical scavenging system consists of 1) A
relief valve, 2) tubing to conduct the system to
scavenging interface, 3) the interface, and 4) the
disposal line.
The scavenging may be active (negative
pressure applied to the disposal line) or passive.

Scavenging
Passive systems


1. A collecting and transfer system that
consists of a shroud connected to the
automatic pressure limiting (APL) valve (or
expiratory valve of the ventilator). A 30 mm
connector attached to the transfer tubing
leading to the receiving system.

Scavenging


2. A receiving system (reservoir bag) can be used. Two
springloaded valves guard against excessive positive
(1000 Pa) or negative (-50 Pa) pressures in the
scavenging system.

Scavenging
The waste gases can be ducted out of the building via:




An open window
A

pipe

passing

through

an

outside

wall

An extractor fan vented to the outside air (N.B. not
into the building's air-conditioning system)

Scavenging
Active systems
 These systems connect the exhaust of the
breathing system to the hospital vacuum
system via an interface controlled by a needle
valve.

Scavenging




The Ohio scavenging interface has connections for
the outlets from the breathing system and ventilator
(A), one or two reservoir bags (B) and the vacuum
line (V).
The suction is controlled by the needle valve (N).
There are both positive (P1) and negative (P2)
pressure relief valves in case the reservoir bag
becomes
empty
or
too
full.

Drager open reservoir
scavenging system

Scavenging






This consists of a reservoir made of plastic pipe of
around 3" in diameter and 2 feet in length, capped at
both ends and with a needle valve fitted at the bottom.
Two holes are drilled in the top cap, one to allow the
hose from the outlet of the anaesthetic machine to be
inserted and the other to allow passage of atmospheric
air.
The valve is adjusted so that air is slowly sucked into
the pipe when the anaesthetic machine is in use: this
will prevent waste gases escaping into the atmosphere.

