VENTILATION AND CHEMOREFLEXES DURING ENFLURANE SEDATION AND
ANAESTHESIA IN MAN

R.L. KNILL, P.H. MANNINEN AND J.L. CLEMENT

ENFLURANE is a potent ventilatory depressant in
the absence of surgical stimulation'? and perhaps
the most potent among the inhaled anaesthetics.?
Its effect on those reflexes central to the
metabolic regulation of ventilation. the ventila-
tory responses to carbon dioxide, hypoxia and
variations of arterial hydrogen ion concentration
is not known in man. The activity of these re-
flexes is of particular interest to anaesthetists. as
hypercapnia, hypoxia and metabolic acidosis are
well known complications of both anaesthesia
and the immediate post-anaesthetic state. Ac-
cordingly, we measured ventilatory responses to
experimental hypercarbia and hypoxaemia in fit
young subjects while fully awake. during seda-
tion with sub-anaesthetic concentrations and
during anaesthesin with enflurane (0.1 and 1.1
MAC). In addition. we studied responses 1o a
small intravenous bolus of doxapram. Both seda-
tion and anaesthesia reduced responses to all
three chemical stimuli. with the greater impacton
responses to hypoxaemia and doxapram, which
are those mediated by peripheral chemorecep-
tors.

METHODS

The subjects studied during sedation were
anaesthetic residents, anaesthetists and respira-
tory technologists; those studied during anaes-
thesia were patients who had agreed to an extra
period of anaesthesia before an elective surgical
procedure (usually multiple dental extractions).
There were 23 subjects altogether, eight males
and 15 females, whose ages ranged from 18 to 30
years and whose mean weight and height were
65.0 = 9.8 kg and 168 6 cm respectively (mean
+ S.D.). All were non-smokers and in excellent
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health. No subject took regular medication. Each
signed a consent form approved by an Ethics
Review Committee of the University of Western
Ontario.

The detailed methods were similar to those
emploved previously for halothane studies.® For
anaesthesia. each unpremedicated subject was
positioned supine. We induced anaesthesia with
enflurune in oxygen. frequently supplemented
by intravenous thiopentone -2 mg- kg™', during
the excitement phase. Following neuromuscular
paralysis with intravenous succinylcholine |
mg.kg™!, the upper trachea was sprayed with
lidocaine four per cent and then intubated with an
8 or 9 mm cuffed orotracheal tube. Breathing
spontaneously. each subject inhaled enflurane in
oxygen from a non-rebreathing circuit. with the
vaporizer concentration set to achieve an end-
tidal value equivalent to 1.1 or 1.5 MAC. Inhala-
tion continued for 45 minutes. to uchieve rea-
sonably steady anaesthetic and respiratory states
as assessed by continuous monitoring of ventila-
tion and end-tidal concentrations of enflurane and
carbon dioxide. During this period subjects re-
ceived an intravenous infusion of dextrose five
per cent in 0.2 per cent saline. up to 7060 ml. To
estimate Paco,. blood was drawn anaerobicatly
into a previously heparinized syringe from 2
necedle placed either in the radial artery or in a
free-flowing cutaneous vein of the dorsum of the
hand.* The sample was capped, placed in ice and
analyzed within one hour. We next recorded a
one-minute period of unstimulated ventilation
and noted the end-tidal concentration of carbon
dioxide.

Progressive hypercarbia was created by the
rebreathing technique of Read.® employing a
closed circuit primed with carbon dioxide 7.5t0 9
percent, enflurane in a concentration appropriate
to maintaining anaesthetic depth constant and the
remainder oxygen. The tracheal tube was con-
nected to the Read circuit at the end of an expira-
tion. We immediately equilibrated the alveolar,
mixed venous and circuit carbon dioxide levels
by inflating the lungs three to five times with large
volumes from the circuit.” Then, as the subject
breathed spontaneously and continued to re-
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breathe, the carbon dioxide levels of both circuit
and subject progressively increased. The test was
terminated at a circuit carbon dioxide concentra-
tion of 9.5 to 10.5 per cent, which was uvsually
attained within five or six minutes. The progres-
sive increase of circuit carbon dioxide observed
during this test is believed to represent nearly
identical changes in blood and brain carbon
dioxide levels.”

The subject next inhaled enflurane in oxygen
from the non-rebreathing circuit for a sufficient
time (approximately five minutes) to re-establish
controf values of ventilation and PET¢g,. Progres-
sive hypoxaemia was then induced by the method
of Weil.® We gradually replaced inhaled oxygen
with air and then with air and nitrogen, so that
end-tidal oxygen tension decreased to 5.3-6.0
kPa (40-45 torr) over an 8- to 10-minute period.
During this test end-tidal carbon dioxide concen-
tration was monitored continuously, and 100 per
cent carbon dioxide was added to inspired gas
when necessary to maintain end-tidal isocapnia.

After recovery from this stimulus and while
again hyperoxic, three subjects received an in-
travenous bolus of doxapram 0.4 mg-kg™' as
another test of ventilatory chemosensitivity.®

During and after all tests we monitored and
recorded radial pulse rate. electrocardiogram
lead 1. systemic arterial pressure, inspired ven-
tilatory volumes and end-tidal concentrations of
enflurane, oxygen and carbon dioxide.

For enflurane sedation, subjects sat in a com-
fortable chair. breathing through a mouthpiece
with the nose occluded by a clip. They inhaled
small concentrations of enflurane (0.3 to 0.5 per
cent) in oxygen for at least 20 minutes to achieve
and maintain a steady end-tidal concentration
equivalent to 0.1 MAC. With sedation continu-
ing, tests were performed as in the anaesthetized
state. except that the Read circuit was primed
with seven per cent carbon dioxide, equilibration
with the circuit was attained by three to five
spontaneous large breaths and the test pro-
gressed to a carbon dioxide concentration of 8.5
per cent.

Studies of the awake state were also conducted
with subjects seated and breathing through a
mouthpiece. Details of the carbon dioxide re-
sponse test were the same as in the sedated state.
In each subject who had been anaesthetized, we
attempted to measure ventilation and the re-
sponse to hypoxaemia at or as close as possible to
the elevated end-tidal carbon dioxide tension
which had been present during his anaesthetic.
This level was re-created by adding carbon
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dioxide to inspired gas for a 10- to 12-minute
equilibration period.

In all tests, exhaled gases were sampled con-
tinuously close to the airway and analyzed by a
Perkin-Elmer #1000 mass spectrometer, which
was regularly calibrated with Scott or Canadian
Liquid Air specialty gases. Values of end-tidal
carbon dioxide, oxygen and enflurane were the
end-tidal plateau concentrations read from a
time-based recorder. Blood Pco, was measured
by a Radiometer Copenhagen BMS 3 system,
calibrated daily with tonometered blood. In-
spired flows and volumes were determined by
pneumotachography. calibrated and employed as
previously described.* Values of instantaneous
ventilation and tidal volume were the average of
at least three consecutive breaths and were con-
verted to BTPS.

Carbon dioxide responses are reported as the
slope of the least squares linear regression of the
ventilation: Pco, relationship. Hypoxaemic re-
sponses are represented by two values - the
AVi,s, which is the increment in ventilation from
hyperoxaemia to hypoxaemia (PETy, 6.0 kPa) (45
torr) and “"A”* — a shape parameter of the entire
hypoxaemic response, which assumes a hyper-
bolic relationship between ventilation and
PETo,.* Doxapram responses are the maximum
increment in ventilation during the first minute
following bolus injection.®

Statistical evaluation was by two tailed t-tests
for paired data. We considered p values of 0.05 or
less as indicative of a significant difference be-
tween awake and enflurane data.

REesuULTS

There were no important complications during
or after the study. Enflurane 0.1 MAC produced a
state of pleasant drowziness closely akin to that
previously observed with halothane 0.1 MAC.'°
Sedation altered neither arterial blood pressure
nor pulse rate. Anaesthesia reduced systolic
pressure modestly (average drop 2.7 kPa [20
torr], from highest to lowest systolic value)
while increasing heart rate slightly (average 4
beats/min). The heart rate and blood pressure
responses to hypoxaemia and hypercarbia in
awake, sedated and anaesthetized states were
similar to those previously described.'!

Sedation (0.1 MAC) and anaesthesia (1.1 and
1.5 MAQC) reduced ventilation in a dose-
dependent fashion (Table 1, Figure 1). The effect
of sedation was only slight, but the effect of
anaesthesia was marked. With reduction in ven-
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TABLE I
VENTILATION AND RESPONSES TO STIMULY DURING ENFLURANE SEDATION AND ANAETHESIA

0.1 MAC (n = 10) 1.1 MAC (n = 10)
Awake Sed’n. Awake Anaes.

VENTILATION

(L/min) 8.0+ 0.3 6.9 + 0.6% 16.6 + 1.7 3.5+ 0.2¢

PErc02 (torr) 37+ 08 37 £ 0.8 43 +1.2* 47 £ 1.4

Pacp, (torr) 38+£1.4 B+ 1.1 43 + 1.6* $4 1+ 2.1
CO; RESPONSE SLOPE

(L/min/torr) 2.6 + 0.2 2.0 + 0.31 1.9+£0.2 0.7 £ 0.1%
HYPOXEMIC RESPONSE

AViys (L/min) 7.8%+2.5 3.5+ 1.0 13,7+ 3.4 0.4 + 0.3}

“A" (L- torr/min) 132 + 30 50 + 121 273 + 83 5+ 5%

Values are mean + S.E.M,

Ventilation and Hypoxemic Responses in each state measured at Pco; indicated.
*Pco, increased by inhaling CO..

tSignificantly different from awake (p < 0.05).

tilation, tidal volumes were smaller and breathing or
frequency increased (Figure 1). For awake, 0.1,
1.1 and 1.5 MAC states, values of ventilation
(meant S.E.M.)were8.0£0.3,691 06,35+ sk
0.2 and 2.9 = 0.5 litres per minute respectively.
Tidal volumes for the same states were .66 +
0.04, 0.53 £ 0.02, 0.20 + 0.01 and 0.15 % 0.02 Vi
litres. Breathing frequencies were 12+ 1,13+ 1, (L/min) &
18 = 1 and 20 2 breaths per minute. Enflurane B.T.P.S.
anaesthesia consistently produced an unique pat-
tern of inspiratory flow (Figure 2). Sedation did 4
not alter PET¢q, Or Page,; anaesthesia (1.1 MAC)
increased both and produced an arterial to end-
tidal Pco, difference of 0.9 kPa (7 torr) (Table 1).

At enflurance 1.5 MAC, there was a profound
and somewhat variable depression of ventilation,
with the result that it was difficult to be certain of

n=10

steady anaesthetic and respiratory states. Thus, 8

we can report values of Paco, and chemoreflex

activity for one dose of anaesthesia (1.1 MAC) VT e}

only, (L)
Accompanying the reduction in ventilation BT.PS. 4

during sedation and anaesthesia there was a 2L

dose-related impairment of the carbon dioxide L

response slope (Table I, Figure 3) and dose-
related and marked depression of the reflex re-
sponse to hypoxaemia {Table 1. Figure 4). Seda-
tion reduced both indices of response to
hypoxaemia to less than one half of awake values

20
FiGURE | Inspired ventilation and its components, f
tidal volume and breathing frequency (breaths/minute),
of subjects awake and at three doses of enflurane —0.1, 10}
1.1and 1.5 MAC. Values depicted are means £ S.E.M. Lt 1 1 )
Data representing the awske state are those of the AWAKE ‘1 i1 -5

sedated group of subjects only. MAC MAC MAC
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Figure 2 Comparison of inspiratory flow patterns
of a subject anaesthetized with halothane 1.1 MAC and
another anaesthetized with enflurane 1.1 MAC. During
halothane anaesthesia there was the usual sinusoidal
pattern of inspiratory flow, Enflurane typically causeda
slower and somewhat variable deceleration from peak
inspiratory flow. Note that the slower respiratory fre-
quency associated with enflurane was due to prolonga-
tion of both inspiratory and expiratory phases.
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FiGure 3 Ventilatory responses to carbon dioxide
of subjects awake and at enflurane 0.1 MAC and 1.1
MAC. Dots represent mean values of ventilation {with
S.E.M.) at mean resting Pacq,. Lines depicting mean
slopes of ventilation: Pco, relationships extend from
the rvesting points. The awake state is represented by
data collected from the sedated group of subjects only.

and anaesthesia nearly abolished them. Due to
the intolerance of most awake subjects to the
magnitude of hypercarbia which had been pres-
ent during their anaesthetic, we failed to compare
awake and anaesthetic values of ventilation and
response to hypoxaemia at the same level of
Pacg, (Table 1).

The response to doxapram of four subjects
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FIGURE 4 Ventilatory responses to isocapnic
hypoxaemia during (4) enflurane sedation (0.1 MAC)
and (B) enflurane anaesthesia (1.1 MAC). along with
their awake controls. Each response is represented by
mean values of ventilation (£ §.E.M.) at Pero, §3.2
13.3.9.3 and 6.0 kPa (400, 100, 70 and 45 torr) and lines
hand drawn through these points. Sedation and awake
data were collected at an identical mean Pagy,. 5.1 kPa
(38 torr}, but anaesthesia and awake responses were at
markedly different Pacg,, 7.2 and 5.7kPa (54 and
43 torr) respectively.

while sedated was 5.9 + 2.7 I/min (mean *+
S.E.M.). compared to 16.4 £ 3.3 I/min while
awake (p < 0.05). The same response of three
anaesthetized subjects was only 0.7 = 0.2 l/min
(mean = S.E.M.). a value markedly less than
when awake (15.9% 2.3 1/min) p< 0.02).

To compare the activity of each chemoreflex
during sedation and anaesthesia (thatis at 0.1 and
1.1 MAC), we constructed a bar diagram depict-
ing the responses in each state as a percentage of
control or awake (see Figure 5). The response to
carbon dioxide was represented by the slope of
the ventilation: Pco, relationship, the response to
hypoxaemia by the AVig and the response to
doxapram by the maximum increment in instan-
taneous ventilation. The diagram illustrates that
sedation and anaesthesia had a more potent im-
pact on response to hypoxaemia and doxapram
(sedation p < 0.05; anaesthesia p< 0.01).



KNILL, ef al.: VENTILATION AND CHEMOREFLEXES

100 Bl HYPERCARBIA
[ HYPOXIA

a3 22 DOXAPRAM
O 751

o

w

2

S

O

w 50

e}

-

z

]

O 25

w

a

010 4 10103
| MAC I-1MAC

FIGURE 5 The relative activity of each chemoreflex
tested atenflurane 0.1 MACand 1.1 MAC. expressedas
a per cent of awake. The index used to represent each
reflex is stated in the text. Sedation and anaesthesia
reduced all three responses and particularly those 10
hypoxaemia and doxapram. Note that during anaes-
thesia, the response 1o hypoxaemia was nearly
abolished.

DisCUSSION

Like halogenated anaesthetic agents in general
in man, enflurane reduces total and alveolar ven-
tilation and alters the pattern of breathing to smali
volumes and increased frequencies.'2-12-13 |ts
overall ventilatory impact is profound. In light
anaesthetic concentrations without surgical
stimulation, enflurane frequently increases Pacg,
to 8.0 kPa (60 torr) or more.* The purpose of this
work was to describe the impact of enflurane on
central and peripheral chemoreflexes funda-
mental to -regulation of breathing. the ventila-
tory responses to hypercarbia and isocapnic
hypoxaemia.

Experimental conditions in our study were
identical for awake and sedated states; subjects
sat in a chair, breathed through a mouthpiece and
were eucapnic. However. there were several
added variables during anaesthesia. Anaes-
thetized subjects were supine, their tracheas
were intubated, they had received thiopentone
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during induction and Pacg, was increased (Table
1). We doubt that these additional factors reduced
the significance of the differences observed be-
tween the awake and anaesthetized states. The
supine position does not influence ventilation or
the response to carbon dioxide in the awake
state:'4 our dose of thiopentone (1 to 2 mg-kg™")
has no discernible effect on ventilatory control;'$
tracheal intubation with an 8 mm or 9 mm oro-
tracheal tube does not alter chemoreflex activity
during light halothane anaesthesia;* and differ-
ence in Pco, between the awake and anaes-
thetized states would only underestimate the im-
pact of enflurane on the isocapnic responses to
hypoxaemia.?

To compare ventilation and ventilatory re-
fiexes, we wished to study reasonably steady and
definable states, with respect to respiratory vari-
ables and enflurane effect. We defined =«
“steady-state’’ as constant values of end-tidal
carbon dioxide and end-tidal enflurane over at
least ten minutes during which both inhaled
enflurane concentration and minute ventilation
were unchanged. **Steady-states”’ were achieved
quickly in awake subjects and after approxi-
mately 20 and 45 miautes of enflurane inhalation
in sedated and anaesthetized subjects respec-
tively. The longer period to stabilize the
anaesthetic state was made necessary by
hypoventilation and the higher levels of carbon
dioxide.

We employed steady end-tidal concentrations
of enflurane. converted to multiples of MAC, as
estimates of enflurane dose. Qur assumed value
of 1.68 per cent for MAC may not be precise for
healthy 20- to 30-year-old subjects.* However, a
small ervor in MAC value would not invalidate
the interpretations which follow.

In agreement with Calverley, et al.. we found
that enflurane {.0-1.1 MAC causes greater re-
duction in ventilation and elevations of Paq, than
equi-anaesthetic concentrations of halothane, *!7
methoxyflurane!'® or isoflurane.'? At enflurane
doses above 1.5 MAC, subjects rapidly become
totally apnoeic. Not unexpectedly. surgical
stimulation considerably attenuates this ventila-
tory depressant effect;?® when surgery is insti-
tuted early in the course of an enflurane
anaesthetic, Pago, may even be normal.?! [t is

*Calverley assumed the MAC values for young
adults to be 1.86 per cent;® our recent unpublished
observations of ten 20- to 30-year-old subjects equili-
brated with enflurane for one hour suggest a MAC value
of 1.55 per cent.
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interesting that a lengthy (7 hour) exposure to
enflurane also attenuates ventilatory depres-
sion.?

Comparing 1.1 MAC doses of enflurane and
hothane,* we noted that, notwithstanding the
greater ventilatory depression with enflurane,
tidal volumes with each agent were very similar.
Calverley. er al. observed the same.® The lesser
rate of breathing with enflurane was due to longer
inspiratory and expiratory times, the former
coupled with a unique pattern of inspiratory flow
with a more gradual and variable deceleration
from peak flow (Figure 2). (The mechanisms of
flow profiles and respiratory cycle timing are not
understood in man, either awake or anaes-
thetized.??)

To test the dominant refiex in normal metabolic
regulation of ventilation. the ‘‘central’”” or
medullary chemoreceptor mediated response to
carbon dioxide (H*), we increased carbon
dioxide levels in our subjects by the Read re-
breathing technique. This method maintains a
constant relationship between the *‘measured”
stimulus (change in circuit carbon dioxide) and
the “*actual’’ stimulus (change in medullary tissue
carbon dioxide).” despite variations in cerebral
blood Row, cerebral blood flow response to car-
bon dioxide and cerebral metabolic rate, all of
which accompany anaesthesia.?* On this basis.
we believe the Read technigue to be preferred
over conventional steady-state methods for
studying the impact of anaesthesia on the carbon
dioxide response. Like other halogenated hy-
drocarbons,7+1% enflurane displaced the carbon
dioxide response curve to the right and di-
minished its slope, in a dose-related fashion
(Table I, Figure 3).

The “‘peripheral’’ chemoreceptor reflex sys-
tem, with receptors located in carotid bodies,
plays only a minor role in the normal metabolic
regulation of ventilation. but mediates the whole
ventilatory response to both acute hypoxaemia
and moderate metabolic acidaemia. Teo test this
system, we exposed subjects to a controlled
period of isocapnic hypoxaemia and a dose of
doxapram believed to drive ventilation by an ac-
tion on peripheral chemoreceptors alone.%2¢ The
limitations of our methods have been previously
described;* in particular, it is to be noted that
hypoxaemic tests were progressive and brief and
that results cannot necessarily to extrapolated to
lengthier hypoxaemic stresses. Enflurane anaes-
thesia (1.1 MAQC) nearly abolished reflex re-
sponses to both hypoxaemia and doxapram and
sedation reduced them to less than half of awake
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responses (Table [, Figure 4). These responses
mediated by peripheral chemoreceptors were
impaired more than the central carbon dioxide
(H*) response (Figure 5) and. in that respect,
enflurane was similar to halothane.® Further-
more, during both enflurane and halothane
anaesthesia, hypoxaemia produced an identical
change in pattern of breathing — smaller tidal vol-
umes and increased breathing rates. During
halothane, the hypoxaemia-induced reduction in
tidal volume was due to a selective loss in the
contribution of rib-cage expansion;?> whether
enflurane has the same effect is not known. Pos-
sible mechanisms of selective anaesthetic effects
on peripheral chemoreceptor-mediated reflexes
were described in our previous report.

We are aware of one previous study of the
impact of enflurane on ventilatory chemoreflex in
awake and anaesthetized dogs.?*¢ Enflurane re-
duced responses to both hypercarbia and
hypoxaemia, but there was no apparent selective
effect on either. It is interesting that the same
species-related difference exists between man
and dogs anaesthetized with halothane.®

A number of observations support our conten-
tion that inhalation anaesthetics are not simply
non-specific ventilatory depressants in man, but
have selective and potent actions on particular
mechanisms of breathing control. Halothane
disproportionately impairs several peripheral
chemoreceptor mediated reflexes, the responses
to hypoxaemia,* hyperoxaemia,?” low dose
doxapram,® peripheral chemoreceptor mediated
hypercarbia,?” metabolic acidaemia®® and
acidaemic-hypoxaemic interaction.*® The pres-
ent work indicates a similar effect of enflurane on
responses to hypoxaemia and low-dose doxa-
pram. Another ventilatory reflex, the non-
chemically mediated response to mechanical
loading, is selectively depressed by me-
thoxyflurane.?® Light halothane anaesthesia
may reduce overall ventilation by an isolated ef-
fect on the rib-cage contribution to ventilation,
leaving the diaphragm contribution unaffected;®
light methoxyflurane anaesthesia may reduce
ventilation by selectively increasing the impe-
dance of the ventilatory pump, leaving
neuromuscular drive to breathe unimpaired.??
Taken together, these observations suggest sev-
eral selective actions of halogenated anaesthetics
on the numerous reflexes involved in control of
breathing in man.

Clinical implications of the present work relate
only to the conditions studied; that is, to fit young
subjects inhaling enfiurane to steady anaesthetic
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states, without surgical stimulation. The poten-
tial implications of reduced alveolar ventilation
are well known; these are hypercarbia, hy-
poxaemia and delayed induction and emer-
gence from anaesthesia. The latter may explain
the recent observation that, despite a lower
blood-gas solubility coefficient. rates of induction
and emergence may be no more rapid with
enflurane than with halothane.?' A reduced ven-
tilatory response to added carbon dioxide implies
a reduced ability to compensate for inhaled car-
bon dioxide with increased Paco, at a given Figg,,
whether the inhaled carbon dioxide originates
exogenously or endogenously, as by rebreathing.
An absent ventilatory response to hypoxaemia
means loss of a vigorous homeaostatic mechanism
which normally defends arterial oxygenation.

SUMMARY

Enflurane sedation and anaesthesia in healthy
fit subjects reduced ventilation and the response
to carbon dioxide., hypoxaemia and a low dose of
doxapram, all in a dose-related fashion. Com-
paring the three chemoreflexes tested, the re-
sponse to hypoxaemia and doxapram were the
more profoundly impaired; they were nearly
totally abolished by anaesthesia. These effects of
enflurane on chemoreflex activities are qualita-
tively similar to those previously observed with
halothane.

RESUME

I.’enflurane & concentrations sédatives et
anesthésiques produit une diminution de Ia ven-
tilation et déprime la réponse réflexe a 'hyper-
carbie, a 'hypoxémie ainsi que celle a une petite
dose de doxapram, le tout de fagon propor-
tionnelle a la concentration inhalée. Ce sont les
réflexes a I’hypoxie et au doxapram qui sont les
plus touchés: ils sont pratiquement abolis par
I’anesthésic a I'enflurane. Ces effets sont qualita-
tivement similaires a ceux observés avec
Phalothane.
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ABBREVIATIONS

\i inspired minute ventilation

vT inspired tidal volume

f frequency of breathing (breaths/min)

[H*]a arterial hydrogen ion activity

Paco, arterial carbon dioxide tension

PETco,  end-tidalcarbon dioxide tension

PET,, end-tidal oxygen tension

A1 change of inspired minute ventilation

AVis tsocapnic change of inspired minute
ventilation from hyperoxia to a PETo,
of 6.0 kPa (45 torr)

AT calculated variable of hypoxic respon-
siveness (see METHODS)

Figo, fractional concentration of inspired
carbon dioxide

B.T.P.S. body temperature and ambient pres-
sure saturated with water vapour

S.D. standard deviation

S.E.M. standard error of the mean
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