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ABSTRACT. One essayist suggests that continuous monitoring 
of alveolar and inspiratory concentrations of anesthetic and 
respiratory gases has little or no positive effect on patient out- 
come and may even be detrimental to patients. Such moni- 
toring, he says, tends to remove anesthesiologists from per- 
sonal contact with their patients. He recommends careful 
monitoring of fresh gas concentrations leaving the anesthetic 
machine, careful monitoring of inspired gas in a circle absorp- 
tion breathing system, and improved training of anesthe- 
siologists to prevent human error. Another essayist suggests 
that continuous monitoring of alveolar and inspiratory con- 
centrations of anesthetic and respiratory gases is cost-effective 
and relatively simple. He says that such monitoring, without 
being a source of legal problems for its users, improves the 
quality of patient care. 
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The anesthesiologist seeks to maintain alveolar gas and 
vapor  tensions at a level that will maintain optimal re- 
spiratory gas exchange and the appropriate depth of  an- 
esthesia. It would thus seem logical to analyze continu- 
ously all the gases entering and leaving the lungs. 
Unfortunately,  there are a number  o f  technical dif- 
ficulties with this approach and it is expensive. It is 
therefore necessary to consider whether alveolar gas 
monitor ing is justified and, i f  not, whether sufficient 
information for safe practice can be obtained by simpler 
means, such as the monitor ing of  fresh gas concentra- 
tions leaving the anesthetic machine and the monitor ing 
of  inspired gas in a circle absorption breathing system. 
For convenience, the monitor ing of  respiratory gases 
and anesthetic vapors will be considered separately. 
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RESPIRATORY GASES 

Fresh Gas Supply 

The first requirement o f  any anesthetic machine is that it 
provide a gas mixture containing not less than 21% 
oxygen at a flow rate appropriate for the chosen breath- 
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ing system or ventilator. As a first line of  defense against 
the delivery of  a hypoxic gas mixture, every anesthetic 
machine should be fitted with a device that gives an 
audible warning when the pressure in the oxygen line 
between the reducing valve and flowmeter decreases to 
about one-half or two-thirds the normal value. Such a 
device may be coupled to a mechanism that simulta- 
neously cuts of f  the supply of  other gases. Although an 
audible warning device may be fitted to a machine with- 
out a cutoff  device, the latter should never be fitted to a 
machine without an audible warning device [1]. Oxy-  
gen pressure failure warning devices are automatically 
activated and tested when the oxygen supply is switched 
on, are simple and reliable, and warn of  oxygen supply 
failure as it occurs. This is in marked contrast to a pa- 
tient monitor,  such as the pulse oximeter, which may 
not display a change in saturation until several minutes 
after an oxygen supply failure because of  the buffering 
effect of  the large gas volumes in a circle breathing sys- 
tem and in the lungs. 

It is now generally agreed that an oxygen pressure 
failure warning device is an essential component of  
every anesthetic machine, but that it needs to be supple- 
mented by an oxygen analyzer that sampl.es the fresh gas 
mixture close to the common gas outlet. An analyzer in 
this position will guard against the following: crossed 
pipelines; an error in setting or an accidental rotation of  
the flowmeter control knobs; sticking of  the rotameter 
bobbins because o f  bad alignment, dirt, or static elec- 
tricity; and a differential leak o f  oxygen from the fresh 
gas supply system [2]. An oxygen analyzer placed 
downstream from the common gas outlet may also be 
used to detect inadvertent activation o f  the oxygen by-  
pass control. However ,  the presence of  such an analyzer 
may give a false sense o f  security. First, the anes- 
thesiologist may forget to switch on the analyzer or to 
set the alarm limits. Second, the analyzer may give an 
inaccurate reading o f  oxygen concentration; fuel cells 
require replacement at regular intervals, whereas po- 
larographic sensors are subject to battery failure, drying 
of  the electrolyte, membrane rupture, calibration errors, 
and sensitivity to halothane or nitrous oxide [3-5]. 
Third, even if  an analyzer is functioning correctly, it 
may not give a warning o f  oxygen supply failure. For 
example, an oxygen analyzer plugged into the common 
gas outlet will show little change in oxygen concentra- 
tion when the oxygen supply fails on a machine fitted 
with a nitrous oxide cutout, because all gas flow stops 
when the failure occurs and the sensor continues to read 
the oxygen concentration o f  the gas that was in the 
region o f  the sensor when the stoppage occurred (Fig 1). 
A similar hazard exists when the machine is fitted with a 
device that reduces nitrous oxide in proportion to the 
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Fig 1. An oxygen supply failure may not be detected by an oxy- 
gen analyzer placed at the common gas outlet of an anesthetic ma- 
chine if the machine is also fitted with a nitrous oxide cutoff de- 
vice. The resulting decrease in J?esh gas flow into the breathing 
system may not activate a pressure-operated disconnect alarm, be- 
cause the ventilator will continue to produce fluctuations in airway 
pressures. 

decrease in oxygen flow. The oxygen analyzer reading 
also remains unchanged when a major leak occurs in the 
fresh gas supply system distal to the flowmeters, a com- 
plication that is occurring with increasing frequency be- 
cause o f  the introduction o f  interchangeable vaporizers. 

Although it is accepted that every anesthetic machine 
should be fitted with a fresh gas oxyen analyzer, it is 
important  that its limitations be recognized. To provide 
effective monitoring o f  oxygen concentration in fresh 
gas, the analyzer should sample gas close to the com- 
mon gas outlet and distal to the entry of  the oxygen 
bypass tube. It should be switched on and calibrated 
automatically whenever the machine is brought into 
use, and there should be two separate sensors with con- 
tinuous comparison of  their readings to detect abnormal 
function. Anesthetic machines that meet these require- 
ments are only now becoming available. 

Inspired Gas 

A frequent cause of  a hypoxic incident is an inadequate 
flow of  fresh gas into a breathing system or ventilator. 
This may be due to gas supply failure, incorrect setting 
of  the flowmeter controls, leaks within the anesthetic 
machine, or disconnection between the machine and the 
breathing system or ventilator. An inadequate supply of  
fresh gas can result in rebreathing, which can be de- 
tected by monitoring inspired gas concentration [6]. 
However,  this measurement also has severe limitations. 
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First, a true inspired sample can only be obtained from a 
non-rebreathing system (where it should have the same 
composition as fresh gas) and from a circle system in 
which fresh gas and expired gas have been allowed to 
mix before entering the inspiratory tube. In most circle 
systems there is a cyclical variation in inspired oxygen 
concentration because of the mixing of the stead3; flow 
of fresh gas with an intermittent flow of gas that has 
passed through the carbon dioxide absorber; this may 
lead to an error in measurement if a slow-responding 
analyzer is used. It is also impossible to obtain a repre- 
sentative sample of inspired gas with a breathing system 
such as the Bain because of the variable amount of ex- 
pired gas that is reinhaled with the fresh gas. The differ- 
ence in oxygen concentration between inspired and end- 
expired gas is normally 4% to 5%, but it will increase if 
ventilation is decreased. However, it could be argued 
that, even with this possibility of error, measurement of 
oxygen concentration in the inspiratory limb of a circle 
system or at the patient connection port of a Mapleson 
A or D system could provide a useful monitor of the 
adequacy of gas flow into a breathing system. 

For a circle absorption system fed with a mixture of 
nitrous oxide and oxygen this assertion is probably true. 
After 10 to 20 minutes of anesthesia, oxygen consump- 
tion will exceed nitrous oxide uptake and inspired oxy- 
gen concentration will be lower than fresh gas oxygen 
concentration if the fresh gas flow into the system is less 
than the minute volume. The difference between the 
two is reasonably predictable at fresh gas flows around 2 
to 3 L/min [7], but not when flows are reduced to less 
than 1.5 L/min [8]. Furthermore, nitrogen from the 
body accumulates in the breathing system at low flows, 
thus further increasing the fresh gas to inspired oxygen 
concentration difference [9]. Thus, inspired oxygen 
monitoring in a circle system can provide a valuable 
safeguard against the inhalation of a hypoxic mixture 
and can provide warning of an inadequate fresh gas flow 
into a circle system when nitrous oxide and oxygen are 
being used. However, when the system is filled with 
oxygen alone, there will be no reduction in inspired 
oxygen concentration until most of the oxygen has been 
consumed by the patient. 

The effects produced by an inadequate flow of fresh 
gas into other breathing systems will depend on the 
configuration of the system used. With a non-re- 
breathing system there will be inadequate filling of the 
reservoir bag or ventilator bellows so that expired vol- 
ume will decrease during both spontaneous and con- 
trolled ventilation. However, with ventilators fitted 
with an air inlet valve there will be dilution of fresh gas 
but no reduction in minute volume. With breathing sys- 

tems such as the Magill or Lack (Mapleson A) or the 
Bain (Mapleson D), rebreathing will occur. During 
spontaneous ventilation in lightly anesthetized patients, 
the rebreathing may stimulate ventilation so that end- 
tidal carbon dioxide tension (PETCO2) is little changed, 
but in those with a depressed respiratory center there 
will be an increase in PETCO2 and a decrease in end-tidal 
oxygen tension (PETO2). During controlled ventilation 
with the Bain system, the effects of a reduction in fresh 
gas flow or disconnection are governed by the propor- 
tions of fresh gas and expired gas delivered to the lungs. 
A reduction in fresh gas flow increases the proportion of 
expired gas that is reinhaled, thus causing an increase in 
PETCO2 and a decrease in PETO2. It also decreases the 
tidal volume, but because of the relatively high ven- 
tilator tidal volumes used with this system, there may 
still be enough fluctuation in airway pressure to satisfy 
the lower limits of a pressure-operated disconnect 
alarm, even when fresh gas flow into the system is re- 
duced to zero. 

The type of ventilator used with the Bain system also 
influences the inspired oxygen. If the ventilator is of the 
bag-in-the-bottle type it will retain expired gas within 
the system so that hypoxia and hypercapnia result from 
an inadequate inflow of fresh gas. However, if the ven- 
tilator (e.g., the Nuffield 200) drives oxygen into the 
expiratory tube, cessation of fresh gas flow may result in 
an increase in oxygen at the patient connection port due 
to longitudinal mixing in the expiratory tube. Discon- 
nection of the Bain system from the common gas outlet 
with this type of ventilator leads to a reversed flow of 
oxygen (i.e., out of the inspiratory tube), so that the 
patient may be hypercapnic but well oxygenated. 

The problems of monitoring inspired gas concentra- 
tions with such breathing systems have led to an in- 
creasing interest in the monitoring of alveolar gas com- 
position. 

Alveolar Gas 

The composition of alveolar gas varies throughout the 
lung, the concentration of oxygen and carbon dioxide in 
each alveolus depending on the inspired gas composi- 
tion and the ratio of ventilation to perfusion. "Alveolar" 
gas samples therefore represent a conglomerate of sev- 
eral million gas samples from different parts of the lung. 
Because some alveoli empty more quickly than others, 
and because the composition of alveolar gas is continu- 
ally changing throughout the respiratory cycle, it is not 
surprising that the alveolar "plateau" is frequently not 
horizontal. Because a true alveolar gas concentration 
could be obtained only by instantaneous expiration 
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from a completely homogeneous lung, it is customary 
to use the end-tidal concentration as an index of  alveolar 
gas composition. 

The composition of  end-tidal gas is best determined 
by continuous sampling from the interior of  the endo- 
tracheal tube. A sample can also be obtained from the 
face-mask angle piece, but this may be contaminated 
with dead-space gas caused by incomplete washout at 
low tidal volumes. Sampling close to the fresh gas outlet 
in a Bain breathing system also leads to considerable 
errors because of  contamination of  the expired gas with 
fresh gas [10]. 

Two types of  rapid analyzers may be used for respira- 
tory gases. An infrared analyzer samples at a rate of  up 
to 500 ml/min,  does not provide a measurement of  oxy- 
gen, and is subject to zero and calibration errors and to 
interference by nitrous oxide. It also tends to have a 
relatively slow response time, so that it fails to record 
the true zero and end-tidal values at frequencies greater 
than 15 to 20 breaths per minute. This limits its applica- 
tion in pediatrics [11,12]. Partial blockage of  the sam- 
piing line decreases the frequency response and may also 
decrease the pressure in the analysis cell, resulting in an 
error in the PETCO2. The mass spectrometer can ana- 
lyze oxygen, carbon dioxide, and all the anesthetic gases 
and vapors and has a faster response time and a lower 
sampling rate, but it is less reliable and much more ex- 
pensive. Corrections are required for water vapor, 
whereas the addition of  other gases (e.g., helium used 
for laser surgical procedures) or the injection of  some 
inert propellants for asthma inhalers into the gas sample 
may disrupt the analysis for many hours. For economy, 
mass spectrometers are often multiplexed to serve a 
number of  operating rooms. This adds the complica- 
tions of  an increased sample delay time (up to 15 sec- 
onds in some environments), a limited period of  sam- 
pling (10 to 15 seconds every two to three minutes with 
12 operating rooms), and an inevitable blurring of  the 
square-wave response [13]. There are often difficulties 
in recognition of  the various points in the respiratory 
cycle that can lead to errors in the display, and blockage 
of  the sampling line is not an infrequent occurrence. 

Carbon D i o x i d e  

The presence of  a clearly defined carbon dioxide plateau 
in a gas sample from the endotracheal tube indicates that 
carbon dioxide is being transported to the lungs by the 
circulation and that it is being transferred to the sam- 
phng site by ventilation. It therefore provides incon- 
trovertible evidence that the tube is in the trachea [14]. If 
the frequency response of  the analyzer is appropriate for 
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Fig 2. Trace of carbon dioxide concentration at the mouth during 
spontaneous ventilation with the Bain system to show that re- 
breathing may be occurring even though the carbon dioxide concen- 
tration becomes zero at one point in the respiratory cycle. PaCO2 
= arterial carbon dioxide tension. Shaded area represents re- 
breathed gas containing carbon dioxide. 

the respiratory rate, failure of  the carbon dioxide trace 
to return to zero indicates that rebreathing is occurring. 
However, a zero value for carbon dioxide at some time 
during the respiratory cycle does not indicate that re- 
breathing is absent (Fig 2). A sudden reduction in 
PETCO2 in the presence of  an unchanged minute vol- 
ume suggests that there has been a major reduction in 
pulmonary blood flow resulting from either a reduction 
in cardiac output or pulmonary embolus by air or blood 
clot. Thus, PETCO2 analysis can provide useful qualita- 
tive information, although most of  the information 
above should normally be derived by other means. Al- 
though most anesthesiologists accept that carbon diox- 
ide analysis is the only certain way of  detecting an 
esophageal intubation, it is unrealistic to teach junior 
staff to rely on this technique. All anesthesiologists 
should learn to check that the chest expands equally and 
that there are breath sounds present in each axillary re- 
gion after every intubation. They should also learn to 
appreciate the pattern of  expiratory flow as the expired 
gas returns to the bag. The only time in 36 years of  
practice that I have failed to hear breath sounds was 
when extremely severe bronchospasm developed in a 
patient immediately after intubation. Under such condi- 
tions, there is zero gas exchange even with high airway 
pressures, and a carbon dioxide plateau cannot be ob- 
tained. 

Can a PETCO2 sample provide any quantitative infor- 
mation? It is known that in the patient with normal 
lungs, the arterial-end-tidal carbon dioxide tension dif- 
ference [P(a - tT)CO2] is small, so that the PETCO2 
may be used to estimate PaCO2. During anesthesia 
there is an increase in P(a - ET)CO2 to about 5 tort in 
patients with normal lungs, but there appears to be a 
great deal of  variation both between patients and within 
the same patient during a single operation. Thus it has 
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been shown that, even when the P(a - E T ) C O  2 had 
been established by simultaneous end-tidal and arterial 
sampling during anesthesia, mean values for subsequent 
measurements in the same patient varied from -7 .9  to 
+ 6.4 torr, whereas extreme values ranged from - 12 to 
+ 12.3 torr [15]. Such an error is not acceptable in cir- 
cumstances where accurate Control of carbon dioxide 
tension is important, e.g., during neurosurgical proce- 
dures, eye operations, or anesthesia for cesarean section. 
Furthermore, P(a - Ex)CO2 decreases with increased 
tidal volume [16] and with increased ratio ofinspiratory 
to expiratory time [17]. It also increases when pulmo- 
nary artery pressure is reduced by drugs or blood loss 
[18], and there are usually marked increases in patients 
with chronic obstructive airways disease to whom anes- 
thesia is administered [19]. There is thus enough evi- 
dence to throw serious doubts on the value of end-tidal 
carbon dioxide concentration as an index of PaCO2. 

Oxygen 

Although some rapid-response analyzers using the 
paramagnetic or polarographic principle have recently 
become available, most rapid oxygen analysis is per- 
formed with a mass spectrometer. As mentioned above, 
this device is usually designed to serve a number of 
operating rooms to reduce the cost of monitoring each 
station, and this may result in an unacceptable delay 
between sampling and display of results. The impor- 
tance of this delay may be emphasized by considering 
two causes of alveolar hypoxia: sudden failure of the 
oxygen supply with continued ventilation and discon- 
nection. When there is a sudden oxygen supply failure 
in the presence of continued ventilation, the rate of de- 
crease in brain oxygen tension is predominantly in- 
fluenced by the rate of decrease in alveolar oxygen ten- 
sion which, in turn, depends on the ratio of ventilation 
to end-expiratory lung volume. When minute volume is 
large and end-expiratory volume is reduced (as during 
anesthesia), brain oxygen tension may decrease to dan- 
gerous levels within one minute. However, when apnea 
occurs without a preceding decrease in inspired oxygen 
concentration, two major factors tend to delay the de- 
crease in brain oxygen tension. The first is that the lung 
contains a large volume of oxygen-enriched gas that is 
only slowly depleted by uptake into the pulmonary cir- 
culation. The second is that PaCO2 increases as a result 
of the apnea. The increase in carbon dioxide tension 
increases cardiac output, shifts the oxygen dissociation 
curve to the right, and dilates cerebral blood vessels. 
These changes cause brain oxygen tension to increase 
initially, reach a plateau, and decrease to dangerously 
low levels only after several minutes of apnea [20]. 

The reduction in end-tidal oxygen after a failure of 
the oxygen supply will be detected by the mass spec- 
trometer, but even if there were no delay between sam- 
piing and display there could be a hazard to the patient 
caused by the delay between the reduction in oxygen 
concentration in the fresh gas supply and the change in 
inspired gas concentration in the breathing system. This 
would be negligible with the Bain system but might 
take several minutes when low flows of fresh gas were 
being used with a circle absorption system. Even if the 
oxygen supply was restored immediately after the re- 
duction in end-tidal concentration had been discovered, 
it would take some time for the alveolar oxygen concen- 
tration to be restored to normal levels, making some 
cerebral damage inevitable. Thus, even though moni- 
toring of end-tidal oxygen concentration should theo- 
retically safeguard the delivery of oxygen to the lungs, it 
is rendered impotent by the time delays due to the 
wash-in of the breathing system and lungs and by the 
delays engendered by a multiplexed mass spectrometer 
system [21]. 

ANESTHETIC GAS AND VAPOR ANALYSIS 

The concentrations of the anesthetic vapors may be 
measured on a breath-by-breath basis by an infrared 
analyzer or by a mass spectrometer [22,23] . These de- 
vices usually have the requisite frequency response, ac- 
curacy, and stability. Halothane may be analyzed by 
the absorption of ultraviolet light [24], and halothane, 
enfiurane, and isoflurane may be analyzed by a piezo- 
electric detector (the Engstrom Emma) [25,26] or by a 
simple device that senses the length of strips of silicone 
rubber (Drager Narkotest) [27]. The Emma is affected 
by water vapor, has a limited frequency response, and 
requires frequent recalibration, whereas the Narkotest is 
affected by water vapor and by nitrous oxide and is 
relatively slow and inaccurate. Fresh gas vapor concen- 
trations can be measured with a slow-response analyzer 
such as the refractometer [28]. 

Most calibrated vaporizers prove reliable as long as 
the vaporizer is serviced at the intervals recommended 
by the manufacturer. The major hazard with halothane 
vaporizers is the accumulation of thymol caused by the 
repeated refilling of the vaporizer during an extended 
period of use. Because most anesthesiologists adjust the 
vaporizer output according to the clinical signs of anes- 
thesia in the patient, there would seem to be little indica- 
tion for vapor analysis at the common gas outlet. 

Vapor analysis in inspired gas is highly desirable if a 
vaporizer is situated in the circle absorption system and 
is being used with low flows of fresh gas. However, ifa 
vaporizer is being used in this position, it should never 
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be used with controlled mechanical ventilation. When 
used with spontaneous ventilation, the ventilatory and 
circulatory responses provide a good guide to the depth 
of  anesthesia. If a vaporizer situated on the anesthetic 
machine is being used to furnish the vapor for the circle 
absorption system, the inspired concentration will ap- 
proximate to the concentration delivered from the 
vaporizer at fresh gas flows greater than 3 L /min  [29]. 
As the fresh gas flow is reduced to less than 3 L/rain, the 
inspired concentration falls below the vaporizer concen- 
tration so that the system is inherently safe. At the pres- 
ent time, there seems to be little justification for the use 
of  fresh gas flows of  less than 3 L /min  other than the 
saving in cost in the use of  volatile agents. There have 
been no studies to show that operating room pollution 
is decreased by the use of  such flows, and low-flow 
techniques inevitably introduce the hazards of  unknown 
oxygen and vapor concentrations and dilution of  the 
inspired gas by nitrogen. 

It may be asked if  there is any value in knowing the 
inspired or alveolar concentration of  anesthetic agents. 
Attempts have been made to compare the potency of 
inhalational anesthetics by measuring the minimal al- 
veolar concentration required to abolish movement in 
reponse to skin incision in 50% of subjects [30]. Al- 
though this may be a useful pharmacological tool, few 
surgeons would tolerate movement  in 50% of their pa- 
tients in response to a skin incision! Even if  the concept 
is expanded to relate the log of  the end-tidal concentra- 
tion to the probit of  the motor response [31], there is 
still a large interpatient variation in response to a given 
alveolar concentration. Among the many reasons for 
this is the variable relationship between end-tidal and 
arterial concentrations, the difference being affected by 
both dead space and shunt [32,33]. Also, minimal alveo- 
lar concentration has been shown to be affected by age 
[34], premedication with morphine [35], the addition of  
nitrous oxide [36], and many other factors [37]. Because 
there is such a wide variation in the end-tidal anesthetic 
level required to obtund the stimulus of  surgical proce- 
dures, there appears to be no point in monitoring end- 
tidal levels except for research purposes. 

CONCLUSIONS 

Although it is difficult to derive exact figures for anes- 
thetic-related morbidity and mortality, critical incident 
analysis indicates that the major cause is human error 
[38]. Equipment-related faults play a small but sig- 
nificant role, disconnection being the most frequent 
problem [39,40]. Furthermore, there is an astounding 
lack of  evidence that monitoring has any effect on pa- 
tient outcome whatsoever [41]. The emphasis must 

therefore be directed toward the improved training of  
the anesthesiologist, including "cockpit drills" to ensure 
that each of  the anesthesiologist's functions is carried 
out with a minimum risk of  error. 

It is a well-recognized principle in the design of  dis- 
play systems that they should provide the minimum 
information necessary for the performance of  the task. 
Similarly, the number of  controls should be reduced to a 
minimum. Translating these principles into anesthetic 
practice suggests that we should monitor and display 
only those variables necessary for the safe conduct of  an 
anesthetic. At present, a dispassionate visitor to operat- 
ing rooms where high-technology monitoring is prac- 
ticed is overwhelmed by the complexity of  some of  the 
monitoring arrays. It is clear that the anesthesiologist 
spends a great deal of  time connecting monitors to the 
patient or the anesthetic apparatus, and even more time 
trying to ensure that they yield a signal. Meanwhile, the 
patient is hidden under drapes and is often outside the 
orbit of  the anesthesiologist's natural senses. The abro- 
gation of  personal contact with the patient and reliance 
on monitors is a recipe for disaster. Monitor probes fall 
off, the readings are often in error, and the monitors 
used frequently do not monitor the variable of  interest 
(e. g., the electrocardiogram has little relation to cardiac 
output, and a pressure-operated ventilator disconnect 
alarm is no substitute for continuous expired volume 
measurement). Machine monitors that can be switched 
off  or disconnected are a waste of  time, because they 
lead to a false sense of  security and predispose to leaks 
from the breathing system. A machine monitor can 
only be satisfactory if  it is properly integrated into the 
design of  the machine, is reliable, and is automatically 
switched on and calibrated whenever the machine is in 
use. If these conditions were met, I would believe that a 
fresh gas oxygen monitor is essential and an inspired gas 
oxygen monitor is highly desirable when a circle ab- 
sorption system is being used. Although I agree that 
analysis of  end-tidal carbon dioxide and oxygen would 
provide an excellent guide to machine and breathing 
system function, I do not believe that the information 
provided by current mass spectrometer techniques can 
produce a significant increase in patient safety. 
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