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Background: Perioperative pain carries a considerable risk of becoming persistent; hence
aggressive preventive approaches are advocated. Persistently high prevalence of postoperative
pain, however, suggests anesthesiologists underuse these strategies. A prospective cross-sectional
study of patients in the postanesthetic care unit (PACU) and a survey of anesthesiologists were
thus conducted to evaluate practice and uncover bias in intraoperative pain management.
Methods: Notes of PACU patients were reviewed and information regarding surgical context,
comorbidities, and analgesic administration was retrieved. Variables were analyzed for their
predictive properties on pain and intraoperative analgesic management. Furthermore, clinical
dose–effect estimates for intraoperative morphine were determined. Finally, anesthesiologists
completed a questionnaire comprising statements regarding pain relating to surgical context
and morphine administration.
Results: Data of 200 patients and 55 anesthesiologists were analyzed. Prevalence of pain in
PACU was 28% and was predicted by local anesthetic (LA) and low-dose morphine administration. Additionally, when LA was used, little coanalgesics were employed. These results suggest a
restrained approach by anesthesiologists toward intraoperative pain management. It is supported
by their reluctance to administer more than 10 mg morphine, despite these individuals regarding
this practice as insufficient. The hesitancy toward morphine also transpired in the dose–effect
estimates with the average applied dose operating on an ED63 instead of an ED95 level.
Conclusion: This study confirmed a high prevalence of pain in PACU. It also indicated conservative intraoperative analgesic administration by anesthesiologists. The modest morphine
usage and overreliance on LA application, which are not supported by published evidence,
additionally suggest bias in current intraoperative pain management.
Keywords: intraoperative morphine, multimodal analgesia, local anesthetic infiltration, clinical
decision making, effective-dose, postoperative pain
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With a prevalence of 30% after surgery, acute pain clearly remains an unresolved
problem of modern medicine often impacting on patient outcome.1,2 Depending on
the surgical procedure, it carries up to 80% risk of becoming persistent (persistent
postsurgical pain [PPSP]).3,4
During surgery, peripheral nociceptors are mechanically stimulated or sensitized
by mediators released from tissues and immune cells (peripheral sensitization).5
As a result, frequent bursts of afferent activity (nociceptive barrage) enter the central nervous system potentially altering neuronal function and signal transmission
(central sensitization).6–8 Central sensitization has been suggested the key mechanism
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underlying PPSP.3 The goal of present-day perioperative
analgesic management, therefore, is to prevent or limit its
development through the employment of an aggressive analgesic therapy (preventive analgesia).5 Preventive analgesia
can be applied any time perioperatively and usually comprises
a multimodal strategy including opioids.9
Anesthesiologists are at the heart of perioperative analgesic management, both as prescribers and administrators.
Consequently, it is feasible to suggest the repeatedly observed
high prevalence of pain in the early postoperative period
may be at least partially the result of a lack of implementation of sufficient pain management strategies.2,10 However,
although recent research has identified some variables that
predict severe postoperative pain and opioid consumption,11
limited data are available concerning the intricate relationship
between intraoperative analgesic management including opioid dosing and pain on arrival in the postanesthetic care unit
(PACU). Furthermore, in contrast to general medicine, very
little research has been conducted to investigate anesthesiologists’ decision making in relation to analgesic administration.
Particularly, scarce knowledge exists concerning the influence of base rates and cognitive errors on choice, dose, and
number of intraoperatively employed analgesic strategies.12–14
Thus, this study was aimed to gain further insight by
employing a two-step approach into the thought processes and
potentially confounding biases of anesthesiologists regarding
intraoperative analgesic management. First, current practice of
anesthesiologists was observed and its outcomes established in
a cross-sectional patient sample. Results were then related to
anesthesiologists’ responses to a 6-item questionnaire evaluating their attitudes toward intraoperative pain management.

Methods
The study was approved as a service evaluation by the Clinical Governance Support Team at Chelsea and Westminster
Hospital (CWH), London, UK (reference number 667).
Hence, according to UK regulations, formal ethical review
was not required. Results were reported according to the
strengthening of the reporting of observational studies in
epidemiology statement.15

Audit of pain on arrival in PCAU
Starting from May 2012, for a total of 50 days, clinical notes
and anesthetic and observation charts of patients passing the
adult PACU at CWH, London, UK, were reviewed, reflecting
the practice of 76 anesthesiologists. The following variables
were anonymously recorded: age; gender; history of chronic
pain; history of previous surgery; history of psychiatric
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d isease; surgical specialty; length of surgery; surgical context (emergency, elective, keyhole, open); type of anesthesia
(general, epidural, spinal); analgesics administered (number,
type, dose); number of morphine boluses given; and side
effects of treatments.
Primary outcome was defined as “pain on arrival” in
PACU and assessed using a 5-point verbal numeric rating scale (VNRS) from “0” (no pain) to “4” (worst pain
imaginable).

Clinical dose–effect estimation for
intraoperative morphine administration
Strong opioids, in particular morphine, are still at the core
to most perioperative analgesic strategies despite some evidence that their injudicious use (too little or too much) might
contribute to PPSP.16–18 Intraoperative dose–effect estimates
can serve as indicators of how aggressively anesthesiologists intend to treat pain. Sufficient intraoperative morphine
therapy should aim for effective doses (ED) that suppress pain
in at least 95% of patients (ED95) similar to what is common
practice for local anesthetics (LA) or muscle relaxants.19,20
To assess how anesthesiologists in our cohort treated pain in
general, ED50 and ED95 dose–effect estimates were calculated
as follows.
Morphine doses were log transformed and VNRS scores
were translated into percent drug effect. Scores of “0” represented 100% morphine effect, “1” represented 75%, “2”
represented 50%, “3” represented 25%, and “4” represented
0% effect, respectively.
Linear regression models were employed as described by
Tallarida.21 First, a general model (model 1) was generated
that included all cases where morphine was administered
(n=183 from 200). As this model provided a poor fit of the
data (r=0.03), three alternative models (models 2.1–2.3)
were created.
Dose–effect relationships for analgesics usually suggest
increasing drug efficacy with increasing doses. To fit this
assumption, data inclusion into the models was refined. Low
morphine doses that elicited no or mild effects were included,
as were high doses that had near maximum or maximum
effect. Conversely, low doses that elicited maximum or near
maximum effect or high doses achieving minimal effect were
excluded from the model. However, the cutoff dose for what
constituted a high or low dose had to be determined. Three
different morphine cutoff doses were chosen arbitrarily: 5
mg (model 2.1), 7 mg (model 2.2), and 10 mg (model 2.3)
and linear regression lines fitted.21 The best-fit model was
chosen for calculations of ED.
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Survey of anesthesiologists
In parallel to the patient audit, all 76 anesthesiologists
(trainees and consultants) of the anesthetic department at
CWH were approached to anonymously complete a questionnaire. Returning a questionnaire was deemed as consent to
participate in the study. Questionnaire contents were based
on outcomes of a pilot patient audit and subsequent discussions with anesthesiologists. Four topics were thus identified that considerably influenced clinicians’ considerations
about intraoperative pain management: surgical approach
(open versus keyhole surgery), elderly patients, effects of
opioids on time-to-waking, and 10 mg as upper dose limit
for morphine. First, a set of preliminary statements was generated. Subsequently, n=5 pain nurses, pain specialists, and
anesthesiologists impartial to the study were asked to rate
face and content validity of statements using a scoring sheet
and to make comments and suggestions where appropriate.
After eliminating or rewording of poorly performing items,
the questionnaire was once again reviewed by the same n=5
pain nurses, pain specialists, and anesthesiologists. Lastly,
remaining issues were solved by discussion among the
authors of the study.
The final questionnaire, hence, comprised the following
six statements: 1) Open surgery influences my choice of the
number of intraoperative analgesics I administer compared
to keyhole surgery. 2) Keyhole surgery is generally less painful than open surgery. 3) When administering or prescribing
opioids, I am more cautious in elderly patients. 4) Ten milligrams of morphine is usually enough for most patients. 5)
If I had >10 mg morphine drawn up and available to me, I
would use it. 6) I think higher intraoperative opioid doses
prolong time-to-waking.
Participants were asked to indicate their level of agreement on a horizontal 5-point Likert scale ranging from
“strongly agree” to “strongly disagree”.

Statistical analysis
Audit data analysis was benchmarked against the Royal
College of Anaesthetists’ recommendation that patients should
experience “no more than mild pain” on arrival in PACU.22
VNRS data were converted into binary scores with ratings of
0–1 representing “acceptable (none to mild) pain” and ratings
of 2–4 “unacceptable (moderate to severe) pain”.23 Likewise,
“age”, “total morphine dose”, “total number of administered
morphine boluses”, and “total number of administered analgesics” were converted into categorical variables.23
Logistic regression was used to 1) analyze whether the
employed variables predicted “unacceptable pain” (primary
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outcome) and 2) to determine what variables predicted intraoperative morphine and analgesic use (secondary outcome).
Further, Pearson’s correlation analysis was used to
determine the association between length of surgery and
the time that elapsed from last morphine administration to
time-to-waking.
Likert scale data were treated as ordinal, and nonparametric (Fisher’s exact test) tests were employed where
appropriate.
Statistical analysis was performed with SPSS 21 (IBM
UK, Portsmouth, UK) and Prism 5 for Mac (GraphPad
Software, La Jolla, CA, USA). Data are presented as mean
with 95% confidence intervals (95% CI) where appropriate.
A p<0.05 was considered significant. However, for predictor analysis, a more liberal significance level was employed
(p<0.15) as suggested by Kalkman et al.24

Results
A summary of patient demographics and characteristics, pain
on arrival in PACU, type of surgery, anesthetic technique, and
analgesic administration is shown in Table 1.
Side effects were recorded 209 times. Drowsiness was
most common (n=154; 74%), followed by nausea (n=41;
20%) and vomiting (n=12; 6%). There was one case each of
respiratory depression (0.5%) and pruritus (0.5%).

Predictors of pain on arrival in PACU
Results of regression analysis for unacceptable pain on arrival
in PACU are shown in Table 2. When considering p<0.15
as statistically significant as suggested by Kalkman et al,24
“age”, “emergency surgery”, “history of psychiatric disease”,
and “previous surgery” were predictors of pain. Interestingly,
variables that directly reflected the therapeutic decisions of
anesthesiologists (“general anesthesia”, “LA administration”, “total morphine dose”, and “total morphine dose of
<10 mg”) also predicted pain. Hence, these results strongly
suggest a considerable contribution of anesthesiologists to
the unacceptable pain 28% of patients experience in the early
postoperative period.

Predictors of analgesic administration
The results of the predictor analysis for intraoperative analgesic administrations (Table 3) provide insight into what
factors influence anesthesiologists’ therapeutic decisions.
For example, surgical context (“elective surgery” and “length
of surgery”) predicted administration of at least 10 mg of
morphine. Not surprisingly, patient factors also influenced
anesthesiologists’ treatment strategies. For example, female
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Table 1 Summary of patient characteristics, anesthetic technique, and analgesic administration
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Variable

N

Age (years)
≤65 (>65)
Gender
Male (female)
Pain on arrival in PACU
Score 0–1 (no pain)
Score 2–4 (pain)
Comorbidities
Chronic pain
Previous surgery
Psychiatric disease
Anesthetic technique
GAa
Spinalb
Epiduralc
Local anesthetic infiltration
Coanalgesics employed
Paracetamol (acetaminophen)
COX I/II inhibitor
Tramadol
Ketamine
Clonidine
Administration of analgesics
Total morphine dose (mg)
Morphine dose (mg)d: <10 (≥10)
Total morphine boluses
Morphine boluses: <2 (≥2)
Total number of analgesics
Number of analgesics: <3 (≥3)
Specialty
Orthopedic
General surgery
Surgical context
Elective (emergency)
Open (keyhole)
Length of surgery (h:min)

%

155 (45)

77 (23)

87 (113)

44 (56)

144
56

72
28

24
132
19

12
66
10

178
16
6
107

89
8
3
53

168
64
7
11
10

84
32
3.5
5.5
5

113 (70)

62 (38)

153 (47)

76 (24)

82 (118)

41 (59)

82
118

41
59

141 (59)
139 (61)
200

71 (29)
70 (30)

Range

Lower

Upper

48.2

85

45

51

6.3

20

5.7

6.9

1.7

7

1.5

1.9

3.6

6

3.5

3.8

1:48

5:50

95% CI

1:40

1:56

Notes: Pain was assessed with a 5-point verbal numeric rating scale from “0” (no pain) to “4” (worst pain imaginable). General anesthetic. Spinal anesthetic. cEpidural
anesthetic. dData of n=17 patients excluded due to no records of opioid administration.
Abbreviation: PACU, postanesthetic care unit.
a

patients were more likely to receive higher morphine doses
while patients with chronic pain received less. However, most
strikingly, LA administration predicted the cautious use of
morphine and coanalgesics, indicating a strong reliance of
anesthesiologists on this treatment.

Clinical dose–effect estimation for
intraoperative morphine administration
From the dose–effect models generated, model 2.2 showed
the best fit and was subsequently used for dose calculations
(Table 4).
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The ED95 estimate obtained with model 2.2 for intraoperative morphine for our patient cohort was 12.8 mg. Although
this indicates doses of at least 10 mg morphine would have
been needed in the majority of patients to achieve acceptable levels of pain, in reality only 38% (62/183) of patients
received similar amounts. In addition, only n=14/183 (8%)
received >10 mg.
If the mean morphine dose of our patient population
(6.9 mg) is substituted for x in Equation 2.2 (Table 4), the
result showed this dose to be an ED63. Therefore, applying
the average morphine dose to our patients, only 63% could
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Table 2 Predictors of more than mild pain on arrival in PACU

Table 3 Predictors of intraoperative analgesic administration

Variable

Sig

OR

Variable

Age
Gender (Male)
Chronic pain
Previous surgery
Psychiatric diseasea
General anesthetic
Local anestheticb
Morphine dosec
Morphine dose: <10 mg
Morphine boluses:d <2
Number of analgesics:e <3
Emergency surgery
Open surgery
Length of surgery
General anesthetic * Local anesthetic
Total morphine dose * Age
Previous surgery * Psychiatric disease
Previous surgery * Chronic pain
Chronic pain * Psychiatric disease

0.085
0.909
0.378
0.001
0.123
0.100
0.021
0.103
0.150
0.606
0.318
0.004
0.182
0.496
0.405
0.033
0.004
0.000
0.715

1.01
1.04
0.66
0.26
2.78
0.37
2.15
1.06
1.70
0.80
0.71
3.69
1.56
1.00
0.61
1.00
0.31
0.18
1.16

95% CI
Lower

Upper

1.00
0.56
0.26
0.12
0.76
0.11
1.12
0.99
0.82
0.34
0.37
1.52
0.81
1.00
0.20
1.00
0.14
0.07
0.52

1.03
1.93
1.67
0.59
10.20
1.21
4.11
1.13
3.54
1.88
1.38
8.96
2.99
1.00
1.93
1.00
0.68
0.45
2.57

Notes: aHistory of significant psychiatric disease such as anxiety, depression, or
psychosis. bAdministration of local anesthetics via epidural or spinal route, nerve
blocks, or infiltration. cTotal morphine dose administered intraoperatively. dTotal
number of morphine boluses administered intraoperatively. eTotal number of
different analgesics administered intraoperatively.
Abbreviations: CI, confidence interval; OR, odds ratio; PACU, postanesthetic
care unit; Sig, calculated p-value.

be expected to arrive comfortably in PACU, leaving 37%
with inadequate pain relief. This calculated failure rate was
statistically not different from the observed 28% of this study
(p=0.227; Fisher’s exact test) adding credibility to our results.
In addition, in 40% (n=73/183) of patients, the administered
dose was even less than the calculated ED50 (5.4 mg, 95%
CI: 4.6–6.2 mg; Table 4).

Survey of anesthesiologists
Fifty-five out of 76 (72%) anesthesiologists (n=23 trainees;
n=32 consultants) returned the questionnaire. A Cronbach’s
alpha of 0.96 suggested it had an excellent reliability. Frequency distributions of responses are shown in Figure 1.
Eighty-two percent of all anesthesiologists agreed with
the statement open compared to keyhole surgery influenced
the number of analgesics they administered intraoperatively.
Level of seniority influenced answers (p=0.034; odds ratio
[OR]: 8.6; 95% CI: 1.0–73.4) as significantly more trainees
(96%) compared to consultants (72%) favored this statement
(statement 1; Figure 1A).
Fifty-eight percent of anesthesiologists (70% trainees;
50% consultants) were also more likely to agree with the
notion of keyhole generally being less painful than open
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<10 mg morphine
Age
Gender (female)
Chronic pain
Psychiatric diseasea
Open surgery
Elective surgery
Length of surgery
Local anestheticb
<2 morphine bolusesc
Age
Gender (female)
Chronic pain
Psychiatric diseasea
Open surgery
Elective surgery
Length of surgery
Local anestheticb
<3 analgesicsd
Age
Gender (female)
Chronic pain
Psychiatric diseasea
Open surgery
Elective surgery
Length of surgery
Local anestheticb
Local anestheticb
Age
Gender (female)
Chronic pain
Psychiatric diseasea
Open surgery
Elective surgery
Length of surgery

Sig

OR

95% CI
Lower

Upper

0.230
0.001
0.178
0.679
0.282
0.033
0.001
0.170

1.01
0.36
1.87
0.81
1.43
0.48
1.00
1.51

0.99
0.20
0.75
0.29
0.75
0.25
1.00
0.84

1.02
0.67
4.64
2.24
2.73
0.94
1.00
2.73

0.635
0.968
0.561
0.549
0.193
0.524
0.003
0.001

1.00
0.99
1.34
1.38
1.65
0.79
1.00
3.39

0.99
0.51
0.50
0.48
0.78
0.38
1.00
1.63

1.02
1.90
3.58
3.99
3.50
1.63
1.00
7.01

0.034
0.749
0.182
0.572
0.145
0.511
0.528
0.000

1.02
0.91
1.90
1.39
1.57
0.81
1.00
9.07

1.00
0.52
0.74
0.44
0.85
0.43
1.00
4.72

1.03
1.61
4.90
4.42
2.88
1.52
1.00
17.41

0.018
0.940
0.051
0.231
0.373
0.068
0.746

0.98
0.98
0.39
0.54
0.75
1.85
1.00

0.96
0.53
0.15
0.19
0.39
0.96
1.00

0.96
1.80
1.00
1.49
1.42
3.59
1.00

Notes: The predicted variables are shown in bold with their predictor variables
listed underneath. aHistory of significant psychiatric disease such as anxiety,
depression, or psychosis. bAdministration of local anesthetics via epidural or spinal
route, nerve blocks, or infiltration. cTotal number of morphine boluses administered
intraoperatively. dTotal number of different analgesics administered intraoperatively.
Abbreviations: CI, confidence interval; OR, odds ratio; Sig, calculated p-value.

surgery (statement 2; Figure 1B). Although more trainees
agreed (OR: 2.3; 95% CI: 0.7–7.1), statistically, seniority
did not influence answers (p=0.175).
Nearly all anesthesiologists (96% trainees; 97% consultants) agreed they were more cautious administering or
prescribing opioids in the elderly (statement 3) with level of
seniority not influencing results (OR: 0.7; 95% CI: 0–12;
p=1.000; Figure 1C).
Only 16% of all anesthesiologists approved that “10 mg
of morphine is usually enough for most patients” (statement
4; Figure 1D). Although 22% trainees compared to 13%
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Table 4 Clinical dose–effect estimates for intraoperative morphine application
Model

Number of
patients

Cutoff dose
(mg)

Goodness
of fit (r)

Equation

ED50 (95% CI)
(mg)

ED95 (95% CI)
(mg)

1
2.1
2.2
2.3

183
88
77
58

None
5
7
10

0.03
0.61
0.69
0.54

Model refuted
4.10+87.29x
−36.57+118.7x
−21.02+72.59x

n/a
3.4 (2.8–4.1)
5.4 (4.6–6.2)
9.5 (7.5–12.0)

n/a
11.0 (9.7–12.5)
12.8 (11.1–14.8)
39.7 (23.9–65.9)
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Abbreviations: ED, effective dose; n/a, not applicable.

Figure 1 Results of survey.
Notes: (A–F) Frequency distributions of anesthesiologists’ answers to the survey questions. White bars: trainee anesthesiologists; Black bars: consultant anesthesiologists.
Answer options were provided on a 5-point Likert scale from “strongly agree” to “strongly disagree”. For statistical analysis, the answers “strongly agree” and “agree” were
pooled into one category and the remaining three options into a second category. Fisher’s exact test was employed to uncover differences in the pooled answer categories
between trainee and consultant anesthesiologists. Only answers for statement 1 (A) were significantly different between groups (p=0.034).

consultants agreed, group differences were statistically nonsignificant (OR: 1.9; 95% CI: 0.5–8.2; p=0.467).
However, only 33% anesthesiologists would use >10
mg morphine intraoperatively if available to them (statement 5). Here fewer trainees (26%) than consultants (37%)
would use the additional dose (OR: 0.6; 95% CI: 0.2–1.9;
Figure 1E) without this difference being statistically significant (p=0.402).
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Interestingly, 38% agreed higher intraoperative opioid
doses prolong time-to-waking (statement 6), although fewer
trainees (30%) than consultants (44%) approved the notion
(OR: 0.6; 95% CI: 0.2–17). These differences did not reach
significance level (p=0.403; Figure 1F). However, responses
to this statement are in agreement with results depicted in
Figure 2. Here the length of the surgical procedure was
plotted against the difference between the time elapsed after
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l ikewise found a similar routine of intraoperative coanalgesic
use as reported recently in a French survey.23,29
Contrary to the French, anesthesiologists in our cohort
relied considerably on the employment of intraoperative
morphine.29,30 Therefore, understanding decision making
in relation to opioid use may help to improve perioperative
pain management.
In this study, intraoperative opioid use was cautious with
<10% patients receiving >10 mg morphine. However, support
for the requirement of higher doses was gained from ED95
estimates. In this study, to achieve comfort in 95% patients,
12.8 mg morphine would have been needed. This result was
strikingly similar to the dose Aubrun et al calculated for
patients in PACU.30,31
Problems with low-dose morphine administration were
further emphasized through the finding that the average dose
for our study population equaled an ED63, potentially resulting in 37% of patients waking in pain. However, the actual
observed prevalence of pain in PACU was slightly less highlighting the concept of pain as a complex phenomenon. This
notion was also supported here by the surprising protective
effect of previous surgery on pain in PACU, which we find
currently difficult to explain.
Nevertheless, the impact of applying low morphine doses
was certainly detrimental in our study, and contrary to the
increasing evidence suggesting aggressive dosing to ensure
success of preventive analgesic strategies.5,32 Although morphine administration was too cautious in our cohort, it must
be emphasized that overtreatment might also contribute to the
development of PPSP.18 Therefore, currently, careful titration
of opioids in the context of a multimodal preventive analgesic
approach possibly offers the best treatment option.33 However,
more research is needed to allow clinicians in the future to
determine individual patients’ opioid needs.
Prescribing and administering opioids have been
acknowledged to be challenging for health care professionals,
especially in the community.34 However, our survey results
suggest similar barriers on part of anesthesiologists as well.
While half of the participants disagreed 10 mg morphine
would be enough for most patients, two-thirds would not
give more, even if available to them.
Barriers to therapies often result from cognitive errors
which are a consequence of a neglect of base rates (base rate
fallacy).26 Base rate fallacies can also be hypothesized for
this study. Anesthesiologists, for instance, were concerned
about opioid-induced side effects with prolonged sedation
and altered pharmacokinetics, particularly in the elderly.
There were also concerns over morphine-induced sedation,
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Figure 2 Relationship of morphine administration, first waking, and length of
surgery.
Notes: Scatterplot of the time elapsed between last morphine administration
to patients’ first waking (y-axis) in relation to the length of surgery (x-axis). The
ascending straight line represents the best-fit association. Dashed lines indicate 95%
CI of the best-fit line. The correlation coefficient (Pearson’s r) was calculated as
r=0.404 (p=0.000).

morphine was last administered and patients’ first waking.
Results showed a positive correlation (r=0.404; p=0.000),
indicating morphine was usually given at an early stage of
the procedure.

Discussion
Anesthesiologists’ mental models relevant to their decision
making are increasingly addressed in research.12,25 However,
the little evidence available is mostly concerned with improvement of patient safety rather than postoperative pain.14,26 This
occurs (the fact that research in decision making in pain
management is virtually non existent) despite the presence
of evidence that suggests perioperative pain management
significantly contributes to the development of PPSP.3,4
Central to decision making is the employment of heuristics
(mental shortcuts). This is “a strategy that ignores part of available information with the goal of making decisions more frugally and quickly.”27 Yet, disregarding information such as base
rates risks the introduction of error into clinical practice.12,28
The high prevalence of pain in PACU observed here is
at least in part the result of suboptimal pain management.
Analysis of intraoperative analgesic use and results from the
anesthesiologists’ survey indicate considerable bias in current
anesthetic practice as a probable contributor. This bias seems
to be common, as our findings not only confirmed previous
reports concerning the prevalence of pain in PACU, but
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which indeed were translated into clinical practice as anesthesiologists tended to administer opioids early during surgery.
Evidence, however, does not support this practice.17,35 In fact,
0.15 mg/kg morphine immediately before the end of surgery
reduced pain scores and opioid requirements in PACU, but
did not prolong time-to-waking.17
Furthermore, previous reports indicated that patients after
emergency procedures or with a history of psychiatric diseases suffered increasing pain postoperatively.11 However, this
base rate was neglected here and both conditions predicted
unacceptable pain in PACU.
Most clinicians would agree LAs are capable of completely suppressing painful stimuli. In addition, there is a
plethora of data demonstrating beneficial effects of LAs on
postoperative pain and opioid consumption.36,37 Therefore,
identifying “administration of LAs” as a predictor of pain
in PACU was surprising.
One possible reason might have been the inappropriate
application of base rates about LAs by anesthesiologists in
this study and consequently an overreliance on this analgesic
principle. This notion is based on the further finding of LA
use as a predictor of cautious administration of morphine
and other analgesics (Table 3). It is also supported by failure
rates of 10%–30% for neuraxial and 30% for peripheral nerve
blocks, respectively.36,38,39 Recently, doubts have even been
raised regarding the effectiveness of LA infiltration for pain
after hip and spinal surgery.40,41 Finally, when employing LA
drugs dosing, duration of action and wound coverage also
need to be considered.37 Based on our findings, anesthesiologists should employ a more proactive, aggressive strategy to
facilitate smooth transition from local to systemic analgesic administration in the postoperative period. Base rates,
however, were not always neglected in this study. Although
most anesthesiologists stated they were more cautious
administering morphine in the elderly, age, nevertheless,
was not a meaningful predictor of analgesic administration.
Concerns over age are substantiated by reports of altered
opioid pharmacokinetics and pharmacodynamics in the
elderly.42 However, these considerations are not supported
by clinical evidence as perioperative pain in the elderly is
often underestimated and their analgesic needs have shown
to be similar to that of younger patients.42,43 Furthermore,
women are known to experience more pain and require
additional analgesics postoperatively compared with men.44
This base rate was translated into practice here with female
patients receiving higher doses of morphine. Finally, although
anesthesiologists agreed open surgery is more painful than
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keyhole surgery (item 2), and that they would adapt management accordingly (item 1), observed practice was different.
We could not identify the surgical method as a predictor
of opioid administration. This is in accordance with recent
evidence, which indicates both surgical approaches can cause
considerable pain.1

Study limitations
The inclusion of a restricted number of variables was one of
the limitations of the present study as the employed regression
models could explain only 25% of the observed variability
of this study. However, since we aimed to identify predictors
for intraoperative analgesic management with reasonably
good study power,45 we a priori included only variables we
thought most important.11 Ethnicity, American Society of
Anesthesiologists status, and severity of surgery have been
excluded, but should be addressed in future work.
Moreover, it could be argued the data presented here,
especially the minimal usage of regional anesthesia, represent
only an isolated practice. Yet, limited employment of local
anesthesia is not exclusive to our hospital. Gerbershagen et
al, Sommer et al, and Fletcher et al described similar findings
for German, Dutch, and French cohorts, respectively.1,2,29
Furthermore, the dose–effect estimates conducted here
could be criticized for not being adjusted for age, gender,
coanalgesics, or weight. However, a recent study investigating morphine titration in PACU employing 3000 patients not
only used a similar method, but also found similar results.31
It might be argued that the dose analysis was not procedure
specific and therefore did not take into account the potentially
varying degrees of surgical stimulation and resulting different
analgesic needs. However, the intention of this analysis was
not to develop strict dose recommendations but instead act as
an indicator for the intended “aggressiveness” of anesthetists
in treating perioperative pain. As such, it indeed highlighted a
rather cautious practice of opioid usage in our patient cohort.
Ideally, each drug administration should be individualized
according to each patient’s specific circumstances. As this
approach should help to prevent critical opioid overdoses, it
should equally limit unnecessary pain experiences. However,
currently, no markers exist that could help assess pain and
morphine requirements objectively.46
Finally, the questionnaire could have been more thoroughly validated and included questions regarding the use
of regional anesthesia. However, it was designed to predominantly evaluate attitudes surrounding the administration of
intraoperative morphine. Therefore, more detailed work is
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needed in the future to address anesthesiologists’ thought
processes in this regard.
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Conclusion
This study provides first evidence for considerable heuristics
and base rate fallacies influencing the practice of anesthesiologists’ intraoperative pain management.
The high prevalence of pain in PACU resulted from cautious
use of morphine and coanalgesics, as well as overreliance on the
success of LA infiltration. This practice was likely the consequence of important base rate fallacies as part of the employed
heuristics in anesthesiologists’ decision-making processes.
In the future, decision making relevant to pain management
needs further investigation, in addition to the development
of strategies to help anesthesiologists avoid cognitive errors.
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