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ABSTRACT

Background and aims : Critically ill and mechanically ventilated patient
cane experience mild to severe pain. Pain assessment in critically ill
mechanically ventilated patient is challenging due to their inability
to communicate. In these patients, pain is often underdiagnosed and
undertreated contributing to increased morbidity and mortality. The
Critical-Care Pain Observation Tool (CPOT) is a tool designed to assess
pain in critically ill patient. This study compares the accuracy of CPOT
and physiological variables of pain for assessing pain in mechanically
ventilated, critically ill patients in Intensive Care Unit (ICU).

Methods : This quantitative observational study was conducted on
critically ill mechanically ventilated patient. CPOT and physiological
variables for assessment of pain were compared. The data of 120 samples
were collected from 40 patients at three different time points (morning,
evening and night) within 24 hours of ICU admission. Tracheal suctioning
and patient positioning were considered as the two painful conditions
in this study. Data were collected for CPOT and physiological variables
(heart rate and blood pressure) at rest and at the time of these two painful
procedures.

Results: There was a significantincrementin physiological variables during
the painful procedures. The CPOT score values also increased, coinciding
with increase in physiological variables. There was statistically significant
correlation between the increase in CPOT score and physiological variables.

Conclusion : The study demonstrates a significant correlation between the
change in CPOT score and physiological variables in response to painful
stimuli in mechanically ventilated critically ill patients.

Keywords: Critical Care Pain Observational Tool, critically ill, intensive care
unit, mechanically ventilated, pain, physiological variables.
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INTRODUCTION

International Association for Study of Pain (IASP) defines
pain as an unpleasant sensory and emotional experience
associated with actual or potential tissue damage or described
in terms of such damage.!

Annually an approximate of five million patients are
hospitalized in ICUs (Intensive Care Unit), among which 71%
experience pain. Mild to severe pain was experienced by
about 63% of the patients hospitalized in ICUs.2

Pain decreases the speed of recovery, quality of life, increases
mortality rate and convalescence of patient who have
undergone surgical operation.?

The physiological responses caused due to pain during
various care procedures such as turning and physical therapy
disrupt the ability of body to react positively to healing
process. The stress responses to pain increases the heart rate,
blood pressure, impairs the tissue perfusion.*

The resulting hemodynamic instability following the pain
is due to release of catecholamine and stress hormones.
Pain also causes wound infection, impaired blood sugar,
thromboembolic disorders, atelectasis, pneumonia, sepsis,
cardiac ischemia, ventilator asynchrony in mechanically
ventilated patient. It also causes emotional disorders, neuro
hormonal changes, insomnia, delirium and impaired social
function. All these conditions result in delayed recovery
leading to prolonged hospitalization.®

30% of the total patients treated in ICU have significant
pain at rest, while more than 50% have been noted to have
significant pain during routine care like turning procedures.
The repeated high intensity pain events in ICU might lead to
increased risk of chronic pain syndromes.®

Pain should be effectively managed by decreasing pain
intensity thereby improving the functionality. Cardiovascular
instability, opioid dependency, and depression of spontaneous
ventilation stop the physicians from adequately treating
pain. Moreover, lack of knowledge on assessment of pain,
treatment techniques and long-term benefit of effective pain
management is very common.”

In addition to that reduced level of consciousness, sedation,
restraints, tracheal intubation and use of paralyzing agents
precludes critically ill patients to communicate effectively. All
the factors contribute to difficulty in assessing and managing
the pain.®

There are various scales to assess the pain, but, in non-
communicating critically ill patient, pain scores are
underestimated is revealed many studies.’

Critical-Care Pain Observation Tool (CPOT) (Table 1) has
been designed to assess the pain The aim of this study was to
compare the accuracy of CPOT with physiological indicators

variables in mechanically ventilated patients.

such as blood pressure and heart rate for pain assessment in
critically ill patients who were sedated, tracheal intubated,
and mechanically ventilated.

Table 1. Critical-Care Pain Observation Tool (CPOT):

Facial expression

e Relaxed 0
e Tense 1
e Grimacing 2

Body movements

e Absence of movements 0
e Protection 1
e Restlessness 2

Compliance with ventilator
¢ Tolerating with ventilator 0

¢ Coughing but tolerating

* Fighting ventilator 2

Muscle tension

¢ Relaxed 0

e Tense, rigid 1

e  Very tensed 2
METHODS

This observational cross-sectional study was undertaken
on 40 patients after obtaining approval of IRC (Institutional
Review Committee). The total of 120 samples were recruited
from critically ill mechanically ventilated patients admitted in
ICU of Birat Medical College Teaching Hospital. The sampling
technique used was convenience non probability sampling.
The sample size was measured using standard deviation and
effect size from the similar study conducted by Khanna P et al
at AIIMS, India.'!

The written informed consent was obtained from the eligible
surrogate decision maker of the patient. Adults with age
more than 16 years old, who were sedated, critically ill and
mechanical ventilated were enrolled in the study. All the data
were collected on the first day of intubation. The intubated
patients were sedated with midazolam and fentanyl. The
patients whose Richmond Agitation and Sedation Score
(RASS) more than -3 were included in the study. The CPOT
and physiological parameters were used as tools to access the
patient during the painful stimulus.

These data were taken at three different points (morning,
evening, night). The suctioning and position change were
considered as painful stimulus for the study. No additional
interventions were done duringthese routine care procedures.
The data were collected for CPOT and physiological variables
at rest (20 minutes before suctioning) then at suctioning and
at rest (20 minutes before position change) then at the time
of position change.
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Data was filled in a preformed standard Performa. MS Excel
was used for data entry and was analyzed by IBM SPSS
version 23. The mass and standard deviation was used
for continuous data while frequency and percentage was
used for categorized data. The chi-square test was used for
categorized variables, while Mann Whitney U test was used
for the evaluation of continuous variables. A p value of < 0.05
was considered as significant.

Sample size estimation:

A similar study was conducted by Khanna P et al in 2018.1!
Standard deviation (SD) for heart rate after tracheal
suctioning in the study was 20.

Effect size (d) = Mean difference of heart rate after tracheal
suctioning and at rest=111.1-102.6=8.5

In our study power of 80% and type 1 error of 5% were taken
and through z table values 1.96 and 0.84 were derived.

Sample size = 2(SD) 2 (1.96+0.84)2/d2 = 2(20 X 20) (7.84)/
(8.5X8.5)=86.80

A total of 120 samples was included in the study:.

RESULTS

A total of 60 critically ill mechanically ventilated patients
were screened for eligibility for study. Out of which only 40
were included in the study (Figure 2). Total of 120 data were
drawn from the patients. All the data collected were on the
first day of admission at three different times among morning,
evening or night. The patient were sedated with midazolam
and fentanyl so as to target RASS score around -3. The data
were collected at rest (20 minutes before suctioning), at
tracheal suctioning, at rest (20 minutes before positioning),
at positioning.

| Total study population n=60 | Enrollment declined = 12

\l/ Exclusion criteria = 8

| Assessed for eligibility n=40 |

|

| Enrollment |

|

Allocation

| b !

At rest

f At rest At
(20 minutes At (20mins At
before suctioning before positioning
suctioning) positioning)

Total of 120 samples collected

Analysis done

Figure 2: Consort diagram.
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Table 1: Patient demographic data

Parameters Values

50.925420.26 (mean+ standard

Age deviation)
Sex
Male 29
Female 11
Ramsay Sedation Score 3;32Vii-;t'isog;ean tstandard
Diagnosis
Sepsis 26
Cardiac failure W5
Post laparotomy 3
Poisoning 5
Ectopic pregnancy 1

The demographic data was not statistically significant. The
mean Ramsay Sedation Score was 3.2+1.5. These data are
demonstrated in Table no 1.

The mean value of systolic blood pressure at rest was
115.07417.54 mm of Hg while on tracheal suctioning, it
increased to 122.80£16.91 mm of Hg. This shows significant
correlation.

The mean value of diastolic blood pressure at rest was
67.57£11.431 mm of Hg which increased to 73.78+12.004
mm of Hg at tracheal suctioning projecting statistically
significant correlation

The increment in mean value of heart rate from 108.07+23.9
to 114.23¥23.42 /min suggests significant correlation
statistically at rest and tracheal suctioning respectively.

The CPOT values also demonstrate statistically significant
correlation when the mean values increase from 0.56+0.96 to
1.93+1.27 at rest and tracheal suctioning respectively.

These data are demonstrated in the below table no 2.

Table 2: Physiological variables and Critical-Care Pain
Observation Tool at rest and at tracheal suctioning.

SBP DBP HR
(mm of | (mm of (/mins) CPOT

Hg) Hg)
PI— 115.07+ 67.57+ 108.07 £ 0.56 +

17.24 11.431 23.9 0.96
Attracheal 12280+ 73.78+ 114.23+ 193 +
suctioning 16.91 12.004 23.42 1.27
P value <0.001 <0.001 <0.001 <0.001

Values are expressed as mean+ Standard deviation, SBP-
systolic blood pressure, DBP-diastolic blood pressure, HR-
heart rate, CPOT-Critical-Care Pain Observation Tool
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Similarly, the mean value of systolic blood pressure increases
from 117.12417.946 mm of Hg to 123.78+17.603 mm of Hg
suggesting statistically significant correlation at rest and at
positioning respectively.

The mean value of diastolic blood pressure increases from
63.69+11.699 mm of Hgt073.494+11.211 mm of Hg suggesting
statistically significant correlation at rest and at positioning
respectively.

Theincrementin meanvalue ofheartrate from 107.39+22.906
/min to 111.23+25.191/min suggests significant correlation
statistically at rest and positioning respectively.

The mean value of CPOT score increased from 0.72+1.063 to
1.67+1.103 suggesting statistically significant correlation at
rest and positioning respectively.

These data are demonstrated in Table no. 3

Table 3: Physiological variables and Critical-Care Pain
Observation Tool at rest and patient positioning

SBP DBP HR
(mm of | (mm of . CPOT

Hg) Hg) (per min)
Y — 117.12+ 63.69 % 107.39 + 0.72 +

17.95 11.70 2291 1.06
After 123.78+ 7349 111.23 = 1.67 +
positioning 17.60 11.21 25.19 1.10
P value <0.001 <0.001 <0.001 <0.001

Values are expressed as mean Standard deviation, SBP-
systolic blood pressure, DBP-diastolic blood pressure, HR-
heart rate, CPOT-Critical-Care Pain Observation Tool

Table 4: Pearson correlation of physiological variables and
critical care pain observation tool

Pearson
correlation

Change in systolic blood pressure at

. 0.92
suctioning
Change in systolic blood pressure at 0.95
positioning '
Change in diastolic pressure at suctioning 0.87
Change in diastolic pressure at 0.94
positioning ’
Change in heart rate at suctioning 0.95
Change in heart rate at positioning 0.92
Change in CPOT at suctioning 0.61
Change in CPOT at positioning 0.69

Since the Pearson correlation coefficient for all the data
lies between values + 0.5-+1 it mean that there is a strong
correlation.

variables in mechanically ventilated patients.

DISCUSSION

Pain assessment and management in critically ill patient
contributes to standard quality care in ICU. A multidisciplinary
approach to assessing and managing pain in non-verbal
critically ill mechanically ventilated case requires validated
measures.

Inability of a patient to communicate verbally makes it difficult
for clinicians to obtain self-report of pain. Pain assessment is
further hampered by level of consciousness, use of sedatives
presence of endotracheal tubes, mechanical ventilation and
ICU environment. It has also been noted that severity of pain
is often not appreciated and thus undertreated.}?*3

The results drawn from our study suggest that correlation
between the hemodynamic parameters namely blood
pressure and heart rate were statistically significant.

Noxious stimuli generated during many standard ICU care
procedures trigger nociception process leading to release of
catecholamine. This further leads to increase in heart rate,
blood pressure, respiratory rate.!*

The clinicians have observed that there is a variation of 10-
20% in physiological variables similar to the study conducted
by Terai et al. who in their study demonstrated that heart
rate, blood pressure increase significantly during painful
procedures.'

These data are comparable with our study, wherein the
heart rate and blood pressure increased during the tracheal
suctioning and positioning in comparing to the rest.

In a study published in Taiwan by Huei-juin chen et al. it was
mentioned that various scholars and researchers recommend
heart rate and blood pressure as cue for assessment of pain.
They also mentioned that values of blood pressure and
heart rate were significantly higher during the suctioning.
Furthermore they concluded that there is no significant
correlation between heart rate, blood pressure and self-
report of pain intensity. They suggest the need of assessment
tool for accurately accessing the pain.'

However, Bakshi SG, Kulkarni AP pointed out challenges in
pain assessment in patients admitted in ICU due to altered
mentation, sedation, ventilators suggesting inaccuracy of use
of hemodynamic parameters as an indicator for pain.'’

During the painful procedures, Qingdong Li et al in their study
showed significant increment in CPOT score in compared to
rest. The detected change in CPOT indicate its usefulness in
determining pain. They further testified that blood pressure,
heart rate also increased during the painful procedures
whereas it was stable at pre-procedure time. Their result
emphasized that if a patient is exposed to painful procedures,
the changes in physiological indicators and CPOT may be
helpful in the assessment.!®
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In our study we observed that CPOT shows statistically
significant difference during painful procedures in compared
to rest. A strong correlation was noted.

The data produced in similar study conducted by Gomarverdi
S et al. it was observed that CPOT showed significant
difference (p < 0.001) between pain procedures and resting
position. Similar to our study, they considered changing
position, mouth wash suctioning and physiotherapy as
painful procedures. They further added that CPOT is a good
tool for capturing changes to pain response in unconscious
[CU-admitted patients.*

Inastudy conducted in AIIMS hospital India by Punnet Khanna
et al. it was demonstrated that CPOT is a reliable tool for
assessing pain in critically ill mechanical ventilated patient.
Similar to our study, the CPOT score and hemodynamic
changes were increased during painful procedures. They
stated that the change in CPOT testifies the capacity of this
tool to detect and discriminate pain and provide evidence for
validity of the tool.}!

On noting the CPOT scores at rest and painful routine
procedure in critically ill patient in our ICU, it was observed
that CPOT changes where similar to change in heart rate and
blood pressure. The values also correlate significantly. This
similarity suggests that CPOT can be a reliable tool for pain
assessment.

CPOT when compared to Behavioral pain score showed fair to
good interrater reliability however has superior properties on
discriminant validation in assessing pain. On painful stimuli
both the scores had increased results. This was proposed
by S. Rijkenberg et al. in mechanically ventilated critically ill
patient who were unable to self-report pain.°

In a study conducted to evaluate pain and outcome in critically
ill patient in a Greek ICU, it was noted that Behavioral Pain
Score and CPOT successfully assessed pain. They also stated
that increased pain correlated with worse outcome and may
improve with administration of extra analgesia.?!

Moreover CPOT was awarded higher acceptability rating by
the nurses despite giving comparable rating for feasibility for
the two tools.??

In critically ill post-operative heart surgery patient higher
reliability was noted in CPOT in compared to nonverbal pain
scale. It demonstrated moderate to high correlation between
the two scale but higher with CPOT.

Celine RN et al. in their study compared conscious patient to
unconscious patient and CPOT score. They stated that CPOT
score during painful procedure was higher in conscious
patient. The increase in CPOT score and physiological
indicators during the turning supported the validity of the
tool. They reported a sensitivity of 66.7% and a specificity of
83.3% for the CPOT.2
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One of the limitations of our study is that we did not calculate
the specificity and sensitivity of the CPOT score. One of the
study suggested higher specificity of CPOT during all times
(painful stimuli and no exposure) while sensitivity was high
only during painful stimuli.?*

Despite this, we can suggest that CPOT can be used as a
reliable tool for assessing pain in the critically ill mechanically
ventilated patient, since the data obtained from the study are
convergent with the previous studies.

Limitation of the study:

We did not compare the CPOT tool with other tools available.
We did not calculate specificity and sensitivity of the tool.

CONCLUSION

We conclude that there is a significant correlation between the
change in CPOT score and physiological variables in response
to painful stimuli in mechanically ventilated critically ill
patients.
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