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Introduction

I
n the last 10 years, the technical
milieu for anesthesia management
in the operating room has changed
rapidly, and the assessment of vital
organ function is now to a major

extent derived from monitored vari-
ables. Before this phase of development,
anesthesia providers had, to a consider-
able extent, to assess the clinical effects
of the anesthetic management from
indirect clinical signs. Autonomic vege-
tative clinical signs influencing the
PRST score (blood Pressure, pulse Rate,
Sweating and Tears) were thought to be
the most important basis for the admin-
istration of individual doses of anesthet-
ics.1,2 As the patient is “nonverbal”
during general anesthesia, such physio-
logical responses to intraoperative stim-
uli were considered to be important
indicators in the clinical assessment of
the adequacy of the anesthetic manage-
ment.

In the daily practice of anesthesia, the
differentiation between pain-evoked
reactions and depth of anesthesia has
remained a major concern. The capabil-
ity to interpret indirect clinical signs
may have changed as a consequence of
the increased use of monitored vari-
ables.3 Unfortunately, most commonly
monitored parameters are not reliable
predictors of depth of anesthesia (eg, the
suppression of consciousness), espe-
cially when high-dose opioids are used
in patients medicated with drugs modu-
lating cardiovascular responses (eg, ß
blockers).4 The PRST score is probably a
better indicator of vegetative responses
to painful stimuli and may therefore be
most useful as an indicator of the ade-
quacy of the analgesia, although it also
reflects depth of anesthesia.5

Patient safety and comfort (preven-
tion of pain and awareness) seems to be

strongly dependent on reliable techni-
cal monitoring as well as on interpreta-
tion of indirect clinical signs. It is not
known to what extent modern techni-
cal developments have influenced the
process of assessing patients’ pain
and/or depth of anesthesia during gen-
eral anesthesia. Therefore, the aims of
the present study were to assess what
clinical signs, indirect as well as moni-
tor-derived, are considered indicative of
intraoperative pain-evoked responses
and/or depth of anesthesia during gen-
eral anesthesia.

Methods
• Sample and procedure. A stratified

sample of Swedish nurse anesthetists
(N=40; 30 women, 10 men) providing
general anesthesia for surgical patients
were included in the study. The num-
ber of participants was limited to 40
because this number was found to
include a reasonable sample of nurses
with limited (less than 3 years) and
considerable (10 or more years) pro-
fessional experience. The nurses were
informed about the study’s aims and
the way in which it was to be carried
out. None of the approached nurse
anesthetists declined participation. All
the participants were postgraduate
anesthetists having varying profes-
sional experience (less than 3 years,
n=15; 3-9 years, n=11; 10 or more
years, n=14). The study was approved
by the Ethics Committee of the med-
ical faculty at the university.

Data were collected during inter-
views in connection with the anesthetic
management of patients undergoing
different types of surgical procedures.
About 60 minutes before surgery the
patients received oral premedication
with benzodiazepines. Anesthesia was
induced with either thiopental or

Major technical and pharmacologi-
cal achievements in recent years
have greatly influenced the practice
of anesthesia. Clinical signs related
to the main aspects of anesthesia,
ie, hypnosis, analgesia, and muscu-
lar relaxation, are increasingly
obtainable from variables supplied
by the monitoring equipment. It is
not known, however, to what extent
more indirect, patient-associated
clinical signs of pain/depth of anes-
thesia are still considered of impor-
tance and relied on in the intra-
operative management of surgical
patients.

The aims of the present study
were to assess what clinical signs,
indirect as well as monitor-derived,
are considered indicative of intraop-
erative pain or depth of anesthesia
by nurse anesthetists during gen-
eral anesthesia. In connection with
anesthetic management of surgical
patients, Swedish nurse anes-
thetists (N = 40) were interviewed
about clinical signs that they rou-
tinely assessed and were asked if
the observed signs were considered
indicative mainly of intraoperative
pain or depth of anesthesia.

It was found that skin-associ-
ated responses (temperature, color,
moisture/stickiness) were com-
monly considered to indicate intra-
operative pain rather than depth
of anesthesia. Respiratory move-
ments, eye reactions, and circula-
tory responses were considered to
be indicative of either pain or insuf-
ficient depth of anesthesia. The
present data indicate that indirect
physiological signs are still consid-
ered of major importance by anes-
thesia nurses during the anesthetic
management of surgical patients.
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propofol and an opioid agent (fentanyl or alfentanil).
Intubated and mechanically ventilated patients also
received muscle relaxants. Anesthesia was maintained
with a halogenated inhalation agent (usually isoflu-
rane) in an oxygen-nitrous oxide mixture. Some
patients (n=5) had a laryngeal mask airway and were
breathing spontaneously during the surgical proce-
dure. Most of the patients were ASA physical status I
to II, while a few were ASA physical status III.

The research approach adopted for the present
study aimed at describing the qualitatively different
ways in which the phenomena were experienced.
Data were generated via semistructured interviews by
an interviewer trained in in-depth interviewing. The
interviewer probed, using methods described by
Kvale,6 deeply into how each nurse perceived the
issues related to assessing pain or depth of anesthesia
during the anesthetic management. The interviews
were transcribed, and in the analysis, similarities and
differences within and between subjects were looked
for. The approach provided descriptions of the studied
phenomena.

The interviews were divided into 2 parts, 1 part
outside the operating room and 1 part inside the oper-
ating room while the patient was undergoing surgery
under general anesthesia. During the interviews out-
side the operating room, both the participant and the
researcher had a copy of the questionnaire, and both
wrote down the answers after each question. In the
operating room during anesthesia and surgery, the
answers to the direct patient-related inquiries were
written down only by the interviewer. All interviews
were carried out by the primary author.

• Qualitative and quantitative analysis. The tran-
scripts of interviews constituted the material for con-
tent-related qualitative analysis. The main questions
in the interview were concerned with how to monitor
pain during general anesthesia and the relationship of
pain monitoring to assessment of depth of anesthesia.
The analysis procedure consisted of a sorting of state-
ments where the criteria for sorting were not decided
a priori, but emerged as the analysis proceeded. The
first 4 steps, suggested by Dahlgren and Fallsberg,7

formed a foundation for the analysis of qualitative
data in this study as follows:

1. Familiarization: a primary examination of the
whole material.

2. Compilations: identification of relevant individ-
ual answers.

3. Condensation: formulation of the central mean-
ing of longer answers or dialogues.

4. Grouping: answers of similar meaning are classi-
fied together.

The final outcome of this process was the identifi-
cation of variables that describe criteria applied in
intraoperative pain assessment during general anes-
thesia. Both quantitative and qualitative data from the
interviews were processed. The SPSS (Statistical Pack-
age for the Social Sciences) program (SPSS, Sweden
AB), including descriptive statistics, was used for the
statistical calculations.

Results
Clinical observations, as well as data from the hemo-
dynamic and respiratory monitoring, were presented
by the participants as indicators of pain during general
anesthesia (Table 1). The variables identified as indica-
tive of pain are presented in order of frequency as
reported by all participants. As can be seen from Table
1, increases in the monitored variables heart rate (HR)
and blood pressure (BP) were considered the most rel-
evant indicators of pain. Indirect, skin-derived phe-
nomena such as moisture and stickiness were consid-
ered equally relevant indicators. Skin temperature was
ranked as the third most important indicator of pain
by experienced as well as by less-experienced nurses.
Measures for prevention of intraoperative hypothermia
may be considered routine currently, because they are
known to be of major importance for avoiding
hypothermia-associated adverse events. Therefore, one
could expect that heat preservation techniques could
blunt the cutaneous temperature response. In spite of
this, the cutaneous vasoconstrictor response to stress
is still considered an important indicator of inadequate
intraoperative pain control. More participants referred
to tactile assessment of skin temperature than to
changes in amplitude of the pulse oximeter recording.
Eye-associated responses such as pupil reactions and
lacrimation were considered relevant indicators of
pain, as such responses were referred to by about 75%
of the participants.

Indirect respiratory variables such as break-through
breaths in mechanically ventilated patients or changes
in breathing pattern in spontaneously breathing
patients were referred to by only about 30% of the
nurses. Changes in end tidal CO2 as an indicator of
intraoperative pain was more often referred to by less-
experienced (less than 3 years) than by more-experi-
enced (10 or more years) participants (P<.05). Other-
wise, no differences in reported signs of pain as
compared to depth of anesthesia between experienced
and less-experienced nurses were found (see Table 1).
However, experienced participants referred to fewer
variables (mean of 8.6) than less-experienced partici-
pants (10.5 variables) indicative of pain and/or depth of
anesthesia in their anesthetic management of patients.
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Overall, 8 indirect and 8 monitored variables
indicative of intraoperative pain were identified from
the interviews (see Table 1). The further distinction
between variables considered indicative of pain as
compared with variables indicative of depth of anes-
thesia in relation to organ system or registered
end-tidal minimum alveolar concentration (Table 2,
Figure) show that skin-associated responses (temper-
ature, color, moisture/stickiness) were considered
specifically to reflect pain, while the minimum alveo-
lar concentration was relied on as a definite indicator
of depth of anesthesia (P<.001). Responses from the
respiratory (rate, volumes, ventilatory pattern, end-
tidal CO2) and cardiovascular (HR, BP, pulse plethys-
mography, and oximetry) systems, as well as from the
eyes (size and position of the pupils, lacrimation) and
muscles (movements, grimaces) were thought to be
less specific and could reflect either pain or depth of
anesthesia.

Discussion
The present data indicate that participants commonly
considered indirect skin and eye–associated variables
to be equally important indicators of intraoperative
pain during general anesthesia compared with direct-
monitored hemodynamic variables such as HR and BP.
This attitude was true for all participants, experienced
(10 or more years) as well as less-experienced (less
than 3 years). Although the hemodynamic responses
were considered to be important indicators of intra-
operative stress, some of the participants mentioned
that HR and BP may not be relevant variables in cer-
tain subgroups of patients, eg, hypovolemic patients
or patients medicated with cardiovascular drugs (β
blockers). Furthermore, there was a general aware-
ness that inhalation anesthetics may modify central as
well as peripheral vascular responses.

The difficulty inherent in characterizing and meas-
uring the components included in depth of anesthesia

Participants Participants
Total with < 3 y with ≥10 y

participants experience experience
(N = 40) (n = 15) (n = 14)
reporting reporting reporting

Pain variables variables variable variable Clinical Monitor

Increased heart rate and blood pressure 40 (100) 15 (100) 14 (100) x

Moist/sticky skin 40 (100) 15 (100) 14 (100) x

Cold skin 31 (78) 13 (87) 11 (79) x

Hyperventilation, increased airway pressure 30 (75) 12 (80) 8 (57) x

Lacrimation 30 (75) 11 (73) 11 (79) x

Dilated pupils 27 (68) 11 (73) 7 (50) x

Changed CO2 concentration 23 (58) 12 (80) 6 (43)† x

Decreased minimum alveolar concentration value 23 (57) 11 (73) 7 (50) x

Decreased plethysmography-amplitude 20 (50) 9 (60) 6 (43) x

Pale facial color 20 (50) 9 (60) 5 (36) x

Attempted movement 17 (43) 5 (33) 7 (50) x

Pupils not centered 15 (38) 7 (47) 4 (29) x

Breakthrough breaths 14 (35) 6 (40) 4 (29) x

Changes in breathing pattern‡ 11 (28) 4 (27) 3 (21) x

Grimaces 10 (25) 5 (33) 5 (36) x

Decreased oxygen saturation 7 (18) 3 (20) 2 (14) x

Table 1. Reported frequency of variables, including clinical observations and monitor data, considered to indicate
pain during general anesthesia.*

*Data are presented as number (percentage) unless otherwise indicated.
† P< .05. Statistical analysis with nonparametric chi-square test.
‡ Consist of thorax movements, usually in spontaneously breathing patients or as breakthrough breaths during mechanical ventilation.

Type of observation
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has been a matter of concern for years. During the
ether era, Guedel´s 8 classification provided a rather
imprecise characterization of the different stages of
general anesthesia from light to deep levels of anes-
thesia. Since the Guedel classification is partly based
on muscular responses, it is not a valid indicator of
autonomic responses to modern anesthetic tech-
niques involving the use of muscle relaxants. The
responses of the eyes, however, were central in the

Guedel classification. It is obvious from the present
study that several clinical observations are still
directed toward the patient’s face, especially toward
the eyes, but also including the skin of the face and
forehead. There is a general awareness, however, that
anesthetic agents, especially in combination with opi-
oids, will modify or abolish the response of the pupils.
In spite of this, indirect eye-associated responses were
commonly included by participants in our study as

Pain Depth of anesthesia

Participants Participants Participants Participants
All with < 3 y with ≥10 y Total with < 3 y with ≥10 y

participants experience experience participants experience experience
(N=40) (n=15) (n=14) (N=40) (n=15) (n=14)
reporting reporting reporting reporting reporting reporting

Variable variable variable variable variable variable variable

Skin 91 (25)† 37 (14) 30 (12) 5 (5) 4 (5) 2 (3)

Respiratory system 78 (22) 34 (13) 21 (8) 21 (19) 9 (11) 6 (8)

Eyes 72 (20) 29 (11) 22 (8) 26 (24) 11 (14) 8 (10)

Cardiovascular 67 (19) 27 (10) 22 (8) 25 (23) 10 (13) 8 (10)

Muscles 27 (8) 10 (4) 12 (5) 2 (2) 0 1 (1)

MAC value 23 (6) 11 (4) 7 (3) 29 (27)† 11 (14) 9 (11)

Table 2. Reported variables, including organ system signs and minimum alveolar concentration (MAC) value,
considered to reflect mainly pain or depth of anesthesia*

*Data are presented as number (percentage).
† P=.001. Statistical analysis with nonparametric chi-square test.
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part of the intraoperative assessment of the adequacy
of the anesthetic management. When clinical observa-
tions were made of the skin, moistness/stickiness,
temperature, and color were noted, primarily in the
face but to a lesser extent also on hands and arms.

There seemed to be a significant difference in the
clinical value attributed to intraoperative end tidal
CO2 value changes by experienced (10 or more years)
as compared with less-experienced (fewer than 3
years) nurses (P=.043). This may indicate that the
experienced nurse anesthetist is basing the anesthetic
management to a greater extent on indirect clinical
signs than on directly monitored variables. Less-
experienced nurse anesthetists have probably been
professionally taught in their anesthesia training to
rely on end tidal CO2 as a sign of the adequacy of the
anesthetic management, while those with clinical
experience of 10 or more years were probably taught
to rely on indirect signs. A similar, although non-
significant tendency for a difference between experi-
enced and less-experienced nurses also was noted for
the clinical value of the minimum alveolar concen-
tration in the anesthetic management.

Intraoperative pain responses, as well as insuffi-
cient depth of anesthesia resulting in intraoperative
awareness, are signs of inadequate anesthetic manage-
ment of patients, and such events must be prevented.
Inadequate vigilance, including insufficient doses of
the principal anesthetic, contributes to awareness
during anesthesia.9,10 The occurrence of awareness
may be reduced by the use of new technological
approaches including bispectral index monitoring,
although such technology is not universally avail-
able.11,12 Therefore, it is of importance in the perioper-
ative management to rely on other types of indicators.

Conclusion
It is difficult to distinguish between indicators of
awareness and insufficient pain alleviation. The pres-
ent study revealed that both indirect and direct indi-
cators for depth of anesthesia/pain are used in the rou-
tine clinical monitoring of patients. Independently,
each indicator seems to be a rather imprecise predic-
tor of pain or awareness–induced reactions during
anesthesia. The fact remains, however, that insuffi-
cient intraoperative pain alleviation or depth of anes-
thesia includes a risk of adverse events such as post-
traumatic stress disorder.13 Therefore, in the clinical
situation we still suggest, on the basis of the present
observations, that simple indirect variables are of

value in the clinical monitoring of anesthesia. Because
these variables covariate in a characteristic response
pattern, they should constitute relevant and valid
clinical signs of pain and depth of anesthesia. In con-
clusion, it is obvious from the present data that indi-
rect physiological signs are still considered of impor-
tance by Swedish anesthesia nurses in the anesthetic
management of surgical patients.
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