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Acute pain is common in critically
ill patients, with more than 50% of
intensive care unit (ICU) survivors recalling
moderate to severe pain during their
ICU admission.! Treatment of acute pain
in an ICU setting can lead to improved
outcomes and decreased length of ICU
intervention,? while inadequate analgesia
can lead to chronic physical, psychological
and social morbidity.3 The aetiology
of acute pain in experienced in ICUs is
multifactorial. Potential causes include
the ICU admission diagnosis (eg, sepsis,
trauma, burns, surgery), devices and
procedures used to facilitate supportive
therapy (eg, endotracheal tube, urinary
catheter, prolonged immobility), excess
medication (eg, opioids [which can induce
hyperalgesia], sedatives), and procedures
such as turning for pressure area care,
suctioning and vascular access.> Potential
psychosocial factors that exacerbate acute
pain include delirium, sleep deprivation,
fear, social isolation, depression, anxiety
and post-traumatic stress disorder.>©
Effective management of acute pain
in ICUs is difficult. In addition to multiple
potential causes of acute pain, there are
barriers to effective pain assessment and
multimodal  analgesic management.”
Barriers to effective assessment include
inability of patients to communicate due
to altered consciousness, presence of
an endotracheal tube, haemodynamic
instability, and history of substance
misuse. Barriers to analgesic management
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ABSTRACT

Objective: To describe pain assessment and analgesic management practices
in patients in intensive care units (ICUs) in Australia and New Zealand.
Design, setting and participants: Prospective, observational, multicentre,
single-day point prevalence study conducted in Australian and New Zealand
ICUs. Observational data were recorded for all adult patients admitted to an
ICU without a neurological, neurosurgical or postoperative cardiac diagnosis.
Demographic characteristics and data on pain assessment and analgesic
management for a 24-hour period were collected.

Main outcome measures: Types of pain assessment tools used and frequency
of their use, use of opioid analgesia, use of adjuvant analgesia, and differences
in pain assessment and analgesic management between postoperative and
non-operative patients.

Results: From the 499 patients enrolled from 45 ICUs, pain assessment was
performed at least every 4 hours in 56% of patients (277/499), most commonly
with a numerical rating scale. Overall, 286 patients (57 %) received an opioid on
the study day. Of the 181 mechanically ventilated patients, 135 (75%) received
an intravenous opioid, with the predominant opioid infusion being fentanyl.
The median dose of opioid infusion for ventilated patients was 140 mg oral
morphine equivalents. Of the 318 non-ventilated patients, 41 (13%) received
patient-controlled analgesia and 76 (24%) received an oral opioid, with the
predominant opioid being oxycodone. Paracetamol was administered to 63
ventilated patients (35%) and 164 non-ventilated patients (52%), while 2% of
all patients (11/499) received a non-steroidal anti-inflammatory drug. Ketamine
infusion and regional analgesia were used in 15 patients (3%) and 17 patients
(3%), respectively. Antineuropathic agents (predominantly gabapentinoids)
were used in 53 patients (11%).

Conclusions: Although a majority of ICU patients were frequently assessed for
pain with a validated pain assessment tool, cumulative daily doses of opioids
were high, and the use of multimodal adjuvant analgesia was low. Our data
on current pain assessment and analgesic management practices may inform
further research in this area.
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include altered pharmacodynamics and pharmacokinetics,
end-organ dysfunction, and adverse effects of analgesics
including respiratory depression, immunosuppression,
acute kidney injury and constipation.8 This was highlighted
in the recent PADIS (pain, agitation, delirium, immobility
and sleep) guidelines, which are endorsed by the Society of
Critical Care Medicine and are aimed at improving delivery
of adequate pain assessment and management to critically
ill patients.?10 These guidelines recommend that first-line
pain management utilises opioids with analgesic adjuncts
(eg, paracetamol, non-steroidal anti-inflammatory drugs
[NSAIDs], ketamine, antineuropathic agents) to minimise
opioid use. These recommendations were supported by
moderate to low level evidence.?10

Despite recommendations in the PADIS guidelines,
there are limited local data detailing the tools used for
assessment of pain, the frequency of pain assessment,
and the pharmacological management of pain in critically
ill patients. To address this knowledge gap, we conducted
a point prevalence study with the aim of describing the
types of pain assessment tools used, the frequency of pain
assessment, and analgesic pharmacotherapy, specifically
opioid and adjunct analgesia, in ventilated and non-
ventilated general ICU patients (mixed medical and surgical)
in Australia and New Zealand. We also aimed to compare
the tools used for assessment of pain, the frequency of pain
assessment and analgesic pharmacotherapy in postoperative
and non-operative ICU patients.

Methods

Study design

A binational, prospective, observational, multicentre, single-
day point-prevalence study was conducted on one of two
study days in August and November 2016 to examine how
pain was assessed and managed in ICUs in Australia and
New Zealand. Participating sites are listed online (Online
Appendix, Table S1). The study was conducted within the
Point Prevalence Program coordinated by the Australian and
New Zealand Intensive Care Society Clinical Trials Group and
the Critical Care Division of the George Institute for Global
Health. Human research ethics committee or institutional
approval for a waiver of informed consent for individual
patients was obtained for all participating sites.

Item development

An external panel reached consensus on research items
investigating assessment of pain and pharmacological
management of pain in ICUs; the panel comprised the
chief investigator, two pain specialists and a pain clinical

nurse consultant. Items were based on pain assessments
tools that are available in ICUs,"" current guidelines,® and
analgesic pharmacotherapies that are available in Australia
and New Zealand. Items in the case report form were then
reviewed by researchers in the Point Prevalence Program
before inclusion in the study.

Main outcome measures

The main outcome measures were the types of pain
assessment tools used and their frequency of use, use of
opioid analgesia, use of adjuvant analgesia, and differences
in pain assessment and analgesic management between
postoperative and non-operative patients.

Data collection

Data were collected on all patients aged > 16 years who had
been admitted to a participating ICU without a neurological,
neurosurgical or postoperative cardiac diagnosis and were
occupying a bed in the participating ICU at 10:00am on the
study day. Cumulative data were collected for the 24-hour
period corresponding to the chart day that included the
10:00 am time point. Each site collected data on a single
day and entered the data into a database via Research
Electronic Data Capture (REDCap) software.'? Data were
collected based on variables defined in the data dictionary
at each site by designated trained ICU clinical or research
staff, using patient observation charts, medication charts
and medical records.

Demographic data collected included age, sex, admission
source, admission diagnosis, Acute Physiology and Chronic
Health Evaluation (APACHE) Il score' and the use of
invasive mechanical ventilation. Data were collected on ICU
pain assessment tool use; validated tools were the critical
care pain observation tool (CPOT),' behavioural pain score
(BPS),'> numerical rating scale (NRS), faces pain scale,'® and
non-verbal pain scale (NVPS).” Data were also collected on
the frequency of pain assessment, parenteral and enteral
use of opioid and adjunct analgesics (paracetamol, NSAIDs,
ketamine, antineuropathic medications, regional analgesia).
Opioid doses were converted to oral morphine equivalents
(OME) using a conversion table from the Faculty of Pain
Medicine of the Australian and New Zealand College
of Anaesthetists’® as shown online (Online Appendix,
Table S2) with the cumulative daily dose representing the
point prevalence study day. Data were deidentified before
submission to the coordinating centre.

Statistical analysis

Descriptive statistics are used to present demographic and
clinical data. Normally distributed variables are reported as
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mean (standard deviation) and non-normally distributed
variables as median (interquartile range). Categorical
variables are reported as frequencies with percentages.
To compare the distribution of clinical variables between
postoperative and non-operative patients, the Mann—
Whitney U test was used for numerical variables, and the
test of proportions, y2 test or Fisher exact test were used
for categorical variables. No assumptions or imputations
were made about missing data. Statistical analysis was
performed using R version 4.1.0 (R Foundation for Statistical
Computing) and RStudio version 1.4.1714. (RStudio, PBC,
Boston, MA, USA). Packages used for analysis included
tidyverse,'® ggplot22% and gtsummary.2! The complete
analysis code is available online (https:/github.com/
BLMoran/PAIN-ICU_Point_Prevalence_Study).

Results

Demographics

In total, 499 patients from 45 tertiary referral, metropolitan
and rural ICUs in Australia and New Zealand were enrolled
in the point prevalence study (Table 1). Forty-five per cent of
patients (223/499) were women, and the mean APACHE II
score was 19 (SD, 8). Thirty-six per cent of patients (181/499)
were mechanically ventilated and 78% (391/499) had a
non-operative admission diagnosis. Thirty-eight per cent
of patients (189/499) were admitted from an emergency
department and 25% (124/499) from an operating theatre.

Assessment of pain

Assessment tool

In total, 81% of patients (403/499) were assessed for pain
at any time on the study day; 77% of ventilated patients
(139/181) and 83% of non-ventilated patients (264/318)
were assessed. For the ventilated patients who were
assessed, the most common pain assessment tools were
the NRS (53/181 [29%]), the CPOT (41/181 [23%]) and the
BPS (20/181 [11%]). For the non-ventilated patients who
were assessed, the most common assessment tools were
the NRS (198/318 [66%]), the CPOT (20/318 [6%]) and
non-validated pain scores (36/318, 11%) (Figure 1). Non-
validated pain assessment tools included asking patients to
respond with “yes” or “no”, asking patients to respond by
nodding or shaking their head, RASS scores and nursing
opinion to determine whether a patient was in pain. In
the ventilated group, the proportion of patients who
were assessed for pain was not different for those who
received opioids compared with those who did not (31/38 v
108/143; P = 0.57). However, in the non-ventilated group,
the proportion of patients who were assessed for pain
differed based on whether patients received an opioid or
not (130/143 v 134/175; P < 0.01).

Frequency of assessment

More than half of the patients (277/499 [56%]) were
assessed for pain every 4 hours or more often. Fifty-four
per cent (98/181) and 56% (179/318) of ventilated and

Characteristic Overall (N = 499)

Table 1. Demographic characteristics of patients included in the study

Ventilated (n = 181) Non-ventilated (n = 318)

Age in years, median (IQR) 62 (49-74)
Female, number (%) 223 (45%)
APACHE Il score, median (IQR) 17 (13-24)
Admission diagnosis, number (%)

Cardiovascular 71 (15%)

Respiratory 132 (28%)
Sepsis 65 (14%)
Trauma 16 (3%)

Other medical 73 (16%)
Postoperative 108 (23%)

Admission source, number (%)
Emergency department
Operating theatre 124 (25%)
Hospital ward 113 (23%)
Other 73 (15%)

189 (38%)

59 (47-70) 65 (50-77)
67 (37%) 156 (49%)
19 (15-26) 17 (12-22)
26 (15%) 45 (15%)
57 (34%) 75 (25%)
23 (14%) 42 (14%)
3(2%) 13 (4%)
23 (14%) 50 (17%)
36 (21%) 72 (24%)
68 (38%) 121 (38%)
44 (24%) 80 (25%)
33 (18%) 80 (25%)
36 (20%) 37 (12%)

APACHE = Acute Physiology and Chronic Health Evaluation; IQR = interquartile range.
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scale; Non-Val = non-validated assessment tool.

Figure 1. Pain assessment tools used for ventilated and non-ventilated patients

Asessment tool

CPOT = critical care pain observation tool; BPS = behavioural pain scale; NRS = numerical rating scale; Faces = faces pain scale; NVPS = non-verbal pain

62%

Non-ventilated patients

CPOT BPS NRS Faces NVPS Non-Val None

non-ventilated patients, respectively, were assessed at least
every 4 hours. Thirty-nine per cent of ventilated patients
(71/181) were assessed once per day or not at all (Figure 2).

Analgesic management

Opioids

In total, 57% (286/499) of patients received an opioid on
the study day. The predominant route of administration was
intravenous (232/499 [46%]); 16% of patients (82/499)
received an enteral opioid. In the ventilated group, 79% of
patients (143/181) received an opioid and 75% (135/181)
received an intravenous opioid. The predominant opioid
infusion in this group was fentanyl (89/181 [49%]) followed
by morphine (22/181 [12%]) (Figure 3). The remainder did
not receive an opioid (38/181, 21%). Oxycodone was the
most common enteral opioid administered in the overall
study population (57/499 [11%]) and in both ventilated patients
(9/181 [5%]) and non-ventilated patients (48/318 [15%]).

For the 143 ventilated patients who received an opioid,
the median daily dose of opioid was 140 mg OME. For the
22 ventilated patients who received morphine, the median
daily dose was 322.5 mg OME. In contrast, the median
daily dose for the 89 ventilated patients who received
fentanyl was 148.0 mg OME. The median daily dose in non-
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ventilated patients was 37 mg OME. The total daily doses
were predominantly comprised of parenteral opioids (Figure
4). A breakdown of opioid type and dose for ventilated and
non-ventilated patients is provided online (Online Appendix,
Tables S3-S5).

Simple analgesia

Overall, paracetamol was administered to 45% of patients
(227/499); 35% of ventilated patients (63/181) and 52%
of non-ventilated patients (164/318) received paracetamol.
Only 2% of all patients (11/499) and 1% of ventilated
patients (2/181) received an NSAID. The predominant route
of administration of simple analgesia was enteral.

Analgesic adjuncts

A ketamine infusion was administered to 3% of all patients
(15/499), most of whom were non-ventilated (10/318
[3%]). Regional analgesia was used in 3% of all patients
(17/499), and predominantly in non-ventilated patients
(13/318 [4%]). Antineuropathic agents were used in 11%
of all patients (53/499) and were used in similar proportions
of ventilated patients (20/181 [11%]) and non-ventilated
patients (33/318 [10%]). Gabapentinoids (gabapentin and
pregabalin) were the most used antineuropathic agents.
Proportions of analgesic adjuncts used are shown in Table 2.
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Figure 2. Frequency of pain assessment for ventilated and non-ventilated patients

Non-ventilated patients
P 23%

28%

Assessment frequency

Postoperative versus non-operative patients

The proportions of pain assessment tool types used in
postoperative patients were similar to those used in non-
operative patients. The frequency of pain assessment was
similar in postoperative and non-operative patients who
were ventilated. In the non-ventilated group, postoperative
patients received more frequent pain assessment than
non-operative patients. There were similar proportions of
type of opioid administered, both intravenous and enteral,
for postoperative and non-operative patients who were
ventilated and non-ventilated. The total cumulative opioid
dose was similar between the postoperative and non-
operative patients in the ventilated group (142 mg v 132 mg;
P =0.52) and between the postoperative and non-operative
patients in the non-ventilated group (30 mg v 52 mg,
P = 0.15). Proportions of simple analgesia administration
in the postoperative group were similar to those in non-
operative group with the exception of paracetamol use,
which was higher in the postoperative non-ventilated group
than in the non-operative non-ventilated group (41/82 v
105/236, P = 0.018). Patients in the postoperative group
were more likely than those in the non-operative group
to receive a ketamine infusion (11/127 v 4/372, P < 0.01)
and to have regional analgesia (14/127 v 3/372, P < 0.001).
There was no difference in the use of antineuropathic
medications between the patients in the postoperative and
non-operative groups.

Discussion

Key findings

In a mixed cohort of critically ill patients, we observed that
more than two-thirds of patients were assessed for pain
using a validated pain assessment tool, and that these
assessments were used frequently. However, almost half of
the ventilated patients were either not assessed for pain or
had only one assessment on the study day.

Overall, more than half of the patients received an opioid
on the study day, with fentanyl and oxycodone being the
most common choices in ventilated and non-ventilated
patients, respectively. Ventilated patients who received an
opioid received a large daily dose. About half of patients
received paracetamol, but use of NSAIDs and analgesic
adjuncts was low. Patients with a postoperative admission to
ICU had a similar pain assessment and opioid management
profile to non-operative patients but were more likely to
receive a ketamine infusion or regional analgesia.

Comparison to previous studies

Despite the focus on pain assessment in the PADIS
guidelines,'0 the proportion of ventilated patients in
our study who underwent regular pain assessment was
low. This is consistent with previous findings, where the
frequency of assessment has been reported as 23.8%,
37-42%, 46% and 60%.22-25> Our data on the types of
pain assessment tool used are also consistent with previous
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Figure 3. Cumulative opioid infusion doses for ventilated patients*

studies. In an Australian randomised
controlled trial comparing fentanyl to
morphine, daily cumulative doses reported
were 159 mg OME (IQR, 72-312 mg)
for morphine and 192 mg OME (IQR,
70-367 mgq) for fentanyl.34 These doses
are substantially lower than those seen
in French observational studies, where
titration of opioid infusions to validated
pain assessment scores resulted in mean
daily opioid doses of 84-105 mg OME
for morphine and 500-700 mg OME
for fentanyl.223.32 Despite the lower

Fentanyl
Opioid infusion

upper and lower limits of each box, and ranges by whiskers.

Morphine

* Median values are represented by the horizontal bar in each box, interquartile ranges by the

daily doses seen in our study, prolonged
infusions of high dose opioids, especially
to opioid-naive patients, may increase
the risk of opioid-related complications
such as delirium, ICU-acquired infections,

findings; in a study of patients with coronavirus disease
2019 (COVID-19), those assessed for pain were assessed
using the CPOT (37%), BPS (28%) and NRS (36%).2° This
is in contrast to a study conducted in the United Kingdom,
where a verbal descriptive scale was the predominant tool
used in both ventilated and non-ventilated patients, and
where there was minimal use of the BPS (1.1%) and CPOT
(2.1%) in ventilated patients.2* Regular pain assessments
with validated pain assessment tools have been shown
to decrease pain intensity, reduce duration of mechanical
ventilation and reduce incidence of ventilator-associated

acute opioid tolerance and iatrogenic
withdrawal, and opioid-induced hyperalgesia.3®

We found that there was low use of adjunct analgesic
medications in ventilated patients. This is consistent with
findings from a previous observational study of ventilated
patients, in which low levels of use were reported for
paracetamol (24.7%), NSAIDs (6.5%), gabapentinoids
(6.4%) and epidural analgesia (2.4%).39 The use of ketamine
in our cohort was low (3%), and substantially lower than
its reported use in a single tertiary ICU, where 18.6% of
patients received a ketamine infusion (40% use in surgical
ICU patients).33 However, more frequent use of ketamine

pneumonia.2® Hence, improvements relating to regular
pain assessment with validated tools may improve
outcomes in critically ill patients, although the optimal
frequency and tool are yet to be determined.

In our study, 75% of ventilated patients received an
intravenous opioid, which is consistent with previously
reported findings.27-28 Similar to findings from previous
studies conducted in Australia, New Zealand and other
countries,22:23.25.29-33 fentanyl was the predominant
opioid infusion used in ventilated patients in our
study. A recently conducted randomised trial found
that patients receiving fentanyl had more ventilator-
free days and a shorter ICU length of stay compared
with those receiving morphine.34 However, it should
be noted that opioid infusions were titrated to target
light sedation, rather than relief from pain, which
makes extrapolation of opioid type for analgesia in
this cohort problematic.

The cumulative daily opioid dose given to
mechanically ventilated patients that we observed
in our study is consistent with findings from recent

Figure 4. Total opioid doses for ventilated and non-ventilated
patients who received opioids

Oral morphine equivalents (mg)

* Median values are represented by the horizontal bar in each box, interquartile
ranges by the upper and lower limits of each box, and ranges by whiskers.

800
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Table 2. Analgesic adjuncts used in the study population

Analgesic adjunct Overall (N =499)

Ventilated (n = 181) Non-ventilated (n = 318)

Paracetamol 227 (45%)
Non-steroidal anti-inflammatory drugs 11 (2%)
Ketamine infusion 15 (3%)
Regional analgesia 17 (3%)
Antineuropathic agents 53 (11%)

63 (35%) 164 (52%)
2 (1%) 9 (3%)
5 (3%) 10 3%)
4 (2%) 13 (4%)
20 (11%) 33 (10%)

infusions in a surgical ICU is consistent with our findings in
both ventilated and non-ventilated postoperative patients.

Adjuvant analgesic use in ICU patients has the potential
to improve outcomes. Paracetamol use in postoperative
ICU patients has been shown to reduce pain intensity,
opioid consumption and time to extubation, while the
addition of NSAIDs has been shown to reduce pain intensity
and opioid consumption after major abdominal surgery,
and reduce the incidence of attributable pneumonia and
duration of ventilation in patients with rib fractures.36.37 its
use in Guillain-Barré syndrome has been shown to result
in decreased pain scores and opioid consumption.3839
Observational studies investigating continuous infusions
of ketamine have shown variable effects on opioid
consumption, including a decrease in opioid consumption
with improved pain intensity seen,39-41 contrasting with no
difference or an increase in opioid dose.42-44 Other studies
have shown that the use of truncal regional analgesia can
result in improved analgesia and a reduction in opioid
consumption.4>48 Together, these findings show that the
use of analgesic adjuncts can result in improved outcomes
relating to pain, but that analgesic adjunct use is low and
warrants further investigation.

Implications and significance

Our study has identified that, despite specific guidelines,'0
frequent use pain assessment using validated tools was
moderately low, particularly in ventilated patients. This,
in addition to the use of high daily doses of opioids,
increases the risk of patients developing opioid-associated
complications. This is compounded by the infrequent
use of adjuncts as part of multimodal analgesia, except
for paracetamol. This baseline description of analgesic
assessment and management practices may inform further
trials aimed at improving pain assessment and analgesic
management for critically ill patients.

Strengths and limitations

The main strength of this study is that it provides data
from a prospective, multicentre, binational observational

evaluation of analgesic practices in ICU patients. Our
findings add to the evidence base on pain assessment types
and frequency, and provide details on use of opioid therapy
and analgesic adjuncts in both ventilated and non-ventilated
ICU patients. The limitations of our study include the point
prevalence design, which precludes longitudinal analysis
of analgesic practices, specifically the relationship to pain
assessment. Also, given that extubation on the study day
was possible, the route of opioid administration (eg, enteral
or patient-controlled analgesia) may have changed for
some patients, potentially resulting in a lower cumulative
opioid dose in ventilated patients. In addition, the types
of pain assessments may have changed for patients after
extubation, which could explain why the NRS was the
predominant pain assessment tool in ventilated patients.

Conclusions

This point prevalence study in a mixed cohort of critically ill
patients in Australia and New Zealand provides detailed data
on current pain assessment and management practices.
Although most ICU patients were assessed for pain, those
receiving mechanical ventilation were administered large
cumulative opioid doses with relatively low use of analgesic
adjuncts, so the analgesic and opioid-sparing benefits
of multimodal analgesia were not realised. However,
understanding current practice may inform the design of
future observational and interventional studies that aim to
investigate the effects of analgesic management on patient-
specific outcomes.
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