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Introduction: Pain is a persistent concern and a common symptom in critically ill patients. It 
is an increasingly unpleasant experience in patients discharged from the intensive care units 
(ICUs). 
Objective: This study aims to evaluate the correlation of pain intensity with the acute 
physiology and chronic health evaluation (APACHE II) score, the Ramsay sedation scale 
(RSS) score, and some ventilation parameters in patients under mechanical ventilation 
admitted to the ICU. 
Materials and Methods: This cross-sectional study was conducted on 40 intubated patients 
under mechanical ventilation at the trauma ICU of a hospital in Sabzevar, Iran, from 
November 2020 to May 2021. The samples were selected using a convenience sampling 
method. Data were collected using the critical-care pain observation tool (CPOT), APACHE 
II, RSS, and a form surveying demographic and ventilation parameters. Data analysis was 
performed using descriptive statistics, Spearman’s correlation test, and Mann-Whitney U 
test. The significance level was set at 0.05.
Results: Among participants, 87.5% were male (n=35) and 12.5% female (n=5). Their mean 
age was 42.80±17.12 years, ranged 18-83 years. The CPOT score at rest (r=0.78) and during 
suctioning (r=0.72) was significantly correlated with the APACHE II score (P=0.001). It also had 
a significant association with the RSS score at rest and during suctioning and position change 
(P=0.001), surgical diagnosis (P=0.002 at rest, P=0.001 during suctioning), and using sedatives 
(P=0.001 at rest, P=0.001 during procedure). However, no significant correlation was observed 
between the CPOT score and ventilation parameters. Pain intensity was significantly different 
among patients with and without a history of addiction (r=0.68, P=0.015 at rest; P=0.002 
during suctioning).
Conclusion: Given the correlation of the pain intensity with the APACHE II and RSS scores 
in patients under mechanical ventilation, these factors should be considered by healthcare 
planners to promote the quality of care and effective management of pain in these patients 
admitted to ICUs.
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Introduction 

ain is a persistent concern and a common 
symptom in critically ill  patients [1]. Ma-
jority of patients admitted to the intensive 
care units (ICUs), especially those receiv-

ing mechanical ventilation, suffer from pain [2]. Pain 
is described as an unpleasant sensory and emotional 
experience that is called the “fifth vital sign” by the 
American Pain Society (APS) [3]. It has been reported 
that 50-71% of patients admitted to the ICUs experi-
ence undiagnosed or untreated pain, and annual statis-
tics suggest that 71% of these patients recall this pain 
after discharge [4]. Moreover, it is estimated at 30% of 
patients experience pain while resting, and this rate in-
creases to 50% during nursing procedures. According to 
the literature, more than 82% of the patients who are 
discharged from the ICU recall the pain and discomfort 
caused by the endotracheal intubation [5]. Individuals 
who have frightening memories of pain are at a higher 
risk of posttraumatic stress disorder, which affects 34-
38% of patients discharged from the ICU [6]. Critically 
ill patients are often unable to communicate effectively 
due to their severe condition, mechanical ventilation, 
sedative/analgesic drug prescription, and decreased 
consciousness [7]. 

Inability to report pain is a major challenge for proper 
pain assessment or management, which is associated 

with a risk of underrated and untreated pain [8]. Pain 
assessment and management in critically ill patients are 
unique challenges for physicians and nurses [9]. The ICU 
nurses are mostly unaware of proper and objective pain 
assessment [10], such that 35-55% of nurses estimate 
patients’ pain less than the real rate. Management of 
analgesia and sedation in the ICU requires evaluation 
and monitoring of key parameters in order to detect 
pain and agitation, and quantify sedation [11]. Unfor-
tunately, 64% of patients do not receive any medica-
tion before and during painful procedures [12]. Inef-
fective pain control is caused by several factors, such 
as improper measure of pain, inadequate professional 
training, and pain control not based on evidence [13]. 
Determining the possible influential factors in pain is a 
reliable approach to pain measurement in patients who 
are unable to report pain [14]. According to the guide-
lines of the American Society for Pain Management 
Nursing (ASPMN) and the Society of Critical Care Medi-
cine (SCCM), behavioral indicators are can help with the 
diagnosis of pain in patients who are unable to express 
pain. Some of these behavioral indicators recommend-
ed by the SCCM are the behavioural pain scale (BPS) 
and critical-care pain observation tool (CPOT) [15]. The 
value of using each of these scales in patients with dif-
ferent clinical conditions should be carefully evaluated; 
some clinical experts have even criticized the applicabil-
ity and ease of implementation of these tools [16]. 

P

Highlights 

● The intensive care units (ICUs) patients under mechanical ventilation with higher acute physiology and chronic 
health evaluation (APACHE II) score experience more pain.

● The ICU patients under mechanical ventilation with surgical diagnosis show more pain

● The ICU patients under mechanical ventilation with a history of addiction report a higher pain.

● The ICU patients under mechanical ventilation with lower sedation scores, experience higher pain.

Plain Language Summary 

Management of analgesia and sedation in the ICUs requires evaluation and monitoring of key parameters in order 
to detect pain and agitation and to quantify sedation. Ineffective pain control is caused by several factors, such 
as improper measure of pain and inadequate professional training. This study was an attempt to investigate the 
relationship of the pain intensity with disease severity, sedation level and some ventilation parameters in 40 patients 
admitted to the ICU having decreased level of consciousness under mechanical ventilation. The results showed 
that the pain intensity at the time of resting and during painful procedures was significantly correlated with disease 
severity, and sedation level. No correlation was found between pain intensity and ventilation parameters.
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Effective and adequate pain control in ICUs is associated 
with a reduction in mechanical ventilation time, shorter 
length of stay, and lower morbidity and mortality rates. In 
some health centers that provide care to critically ill pa-
tients, pain assessment is performed inadequately or is 
not performed, making it difficult to manage pain in these 
patients adequately [17]. Pain management still poses a 
significant challenge for doctors, nurses, and other medical 
staff [18]. Considering that pain management is a multidi-
mensional process and pain assessment tools are one-di-
mensional, it is necessary to check the correlation of these 
tools with some scales that predict the patient’s condition 
and affect the pain level. The present study aimed to evalu-
ate the correlation of the scores of the CPOT, the acute 
physiology and chronic health evaluation (APACHE II) scale, 
and the Ramsay sedation scale (RSS) with ventilation pa-
rameters to provide insight to healthcare professionals for 
the effective diagnosis and treatment of pain in patients 
undergoing mechanical ventilation. 

Materials and Methods 

This cross-sectional study was conducted on 40 in-
tubated patients under mechanical ventilation at the 
trauma ICU of a hospital in Sabzevar, Iran. Data collec-
tion was performed using an observational approach 
from November 2020 to May 2021. The samples were 
selected using a convenience sampling method. The 
minimum sample size was determined 26, according to 
a pilot study, and considering the correlation coefficient 
of 0.74 between pain and APACHE II scores and β=80% 
at a confidence interval of 0.95. Due to the possibility of 
50% sample dropout, the sample size was increased to 
40. The inclusion criteria were age ≥18 years, a Glasgow 
coma scale (GCS) score of 5-8, having an artificial airway, 
and undergoing mechanical ventilation for more than 
48 hours. The exclusion criteria were death in the first 
24 hours, extubation, and transferring to other wards.

A demographic questionnaire was used to collect pa-
tient demographics and health information from the 
medical records. The recorded information included age, 
gender, level of education, place of residence, history of 
addiction, surgical diagnosis, underlying disease, use of 
sedative drugs one hour before painful procedures, use 
of narcotics one hour before painful procedures, and the 
information related to the respiratory status (ventilation 
mode, minute ventilation, peak inspiratory pressure, and 
Spo2/Fio2 ratio). After obtaining written informed consent 
from the legal guardians of the patients, the demograph-
ic form was completed by the researcher who was not a 
part of the treatment team.

The APACHE II scale was also used for data collection, 
which is a scoring system for ICU mortality rate calcu-
lated within the first 24 hours of admission to the ICU. 
This scale consists of three components. The first com-
ponent is the acute physiology score (APS) which is ob-
tained from 12 clinical measures in the first 24 hours of 
admission to the ICU. These measures included: internal 
temperature, heart rate, mean arterial pressure, respi-
ratory rate, oxygenation, arterial pH, serum sodium, se-
rum potassium, creatinine, hematocrit, white blood cell 
(WBC) and GCS. The second component is the age point, 
ranged from 1 to 6 for patients older than 44 years. The 
third component is the chronic health point for patients 
with severe and chronic disorders such as the heart, 
lung, kidney, liver, and immune system disorders. The 
APACHE score ranges from 0 to 71, with higher scores 
indicating more severe disease and a higher risk of mor-
tality. Validity and reliability of the Persian version of this 
tool have been confirmed in Bahtouee et al.’s study [19]. 

The RSS was another tool used in this study, which 
measures the level of sedation on a scale from 1 to 6 
as 1=anxious and agitated, restless or both; 2= coop-
erative, alert and calm; 3= confused but responding to 
commands; 4= rapid and intense response to stimuli; 
5= slow response to stimuli; and 6= No responsive. The 
validity and reliability of the Persian version of this tool 
have been confirmed by Tabrizi et al in Iran [20].

The CPOT was used to assess pain intensity. It consists 
of four dimensions, including facial expression, body 
movement, muscle tension, and compliance with ven-
tilator (in patients with an endotracheal tube) or vo-
calization (in patients without an endotracheal tube). 
Each item is scored from 0 to 2. The total CPOT score 
ranges from 0 (no pain) to 8 (maximum pain). In the 
present study, the Persian version of this tool was used 
[21], before the painful interventions. Pain intensity was 
measured twice in the morning shift and on the first, 
second and third days of admission to the ICU (6 times 
in total). The rest interval was one minute before painful 
procedures of positioning and intratracheal suctioning 
(T1 or rest time) and during the painful procedure (T2). 
By summing up the scores of the items, the final T1 and 
T2 values were determined. In this study, the selected 
procedures were endotracheal intubation, endotrache-
al suctioning, and changing position. During the pain in-
tensity assessment, the ventilation parameters were re-
corded according to ventilator settings for each patient. 
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Data analysis was performed in SPSS software, version 
24 using descriptive statistics to describe the data and 
Spearman’s correlation test to assess the correlation 
between the study variables, and the Mann-Whitney U 
test. The significance level was set at 0.05.

Results 

Participants included 87.5% males (n=35) and 12.5% 
females (n=5). Their mean age was 42.80±17.12 years. 
In addition, 80% were married, and 62.5% were urban 
residents. Table 1 shows the demographic characteris-
tics of the patients. The mean score of APACHE II was 
19.95±3.21. According to the RSS score, 42.5 % (n=17) 
of patients were sedated, while 57.5% (n=23) were not 
sedated. Before the suctioning at T1, 45% of the patients 
(n=18) had no pain, while 55% (n=22) experienced pain. 
At T2, all of the patients had pain. Before changing posi-
tion (T1), 57.5% of the patients (n=23) were in the pain-

free zone, while 100% experienced pain while their 
position was changing (T2). The mean CPOT score were 
2.35 (at rest) and 4.56 (during suctioning). The mean 
CPOT score were 2.34±1 (at rest) and 4.55±1.33 (during 
position change).  

The Spearman correlation test results (Table 2) indi-
cated a significant correlation between the APACHE 
II scores at T1 (r=0.78) and during suctioning or at T2 
(r= 0.72, P=0.001). The results showed no significant 
correlation between pain score and ventilation param-
eters (Table 3). A significant association was observed 
between pain score and surgical diagnosis (P=0.002 at 
rest, P=0.001 during the procedure). The patients with 
surgical diagnosis showed more pain. Pain intensity and 
history of addiction were significantly correlated with 
each other (r=0.68, P=0.015 at rest; P=0.002 during the 
procedure). The patients with a history of addiction 
reported a higher pain. In terms of demographic char-

Table 1. Demographic characteristics and the scale scores in patients (n=40)

Characteristics No. (%)/Mean±SD 

Age (y) 42.80±17.12

Gender

Male 35(87.5)

Female 5(12.5)

APACHE II score 19.95±3.21

RSS score
Awake 23(57.5)

Sleep 17(42.5)

Ventilation mode
SIMV* 37(92.5)

CPAP* 3(7.5)

History of neurosurgery
No 28(70)

Yes 12(30)

History of underlying diseases
No 31(77.5)

Yes 9(22.5)

Narcotic drug use (morphine, methadone)
No 29(72.5)

Yes 11(27.5)

Sedative use (midazolam, propofol)
No 30(75)

Yes 10(25)

History of addiction
No 29(72.5)

Yes 11(27.5)

SIMV: Synchronized intermittent mandatory ventilation; CPAP: Continuous positive airway pressure.
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acteristics (e.g. age, gender, marital status, education 
level, place of residence, history of psychoactive drug 
use), no significant association was found at T1 or T2 
(Table 4). In addition, the Mann-Whitney U test showed 
that patients with lower sedation scores experienced 
higher pain levels (P1=0.001, P2=0.001). Ten patients 
received sedation before the painful procedures of 
suctioning and position change, and their mean scores 
during the procedures were 4.56±1.3 and 4.55±1.33, 
respectively, while 30 patients did not receive sedation 
and their scores were 24.48 and 24.58. In total, 25% of 

the patients (n=10) were sedated one hour before un-
dergoing painful procedures, and 27.5% (n=11) were 
administered with narcotic drugs one hour before un-
dergoing painful procedures. No significant correlation 
was observed between narcotics use and pain intensity 
at T1 and T2. However, the Mann-Whitney U test results 
showed that the pain levels before (P<0.001) and dur-
ing (P<0.001) procedures were significantly lower in the 
patients administered with sedatives. 

Table 2. Correlation of age and ventilation parameters with pain score at rest and during suctioning

Variables
Pain at Rest (T1) Pain During Suctioning (T2)

r P* r P*

APACHE II score 0.78 0.001 0.72 0.001

Minute ventilation 0.18 0.245 0.20 0.202

Peak inspiratory pressure 0.25 0.108 0.10 0.534

Spo2/Fio2 ratio 0.20 0.210 0.11 0.492

Age -0.17 0.282 -0.19 0.238

*Spearman’s correlation test.

Table 3. Correlation of age and ventilation parameters with pain score at rest and during positioning

Variables
Pain at Rest (T1) Pain During Positioning (T2)

r P* r P*

APACHE II score 0.79 0.001 0.70 0.001

Minute ventilation 0.13 0.402 0.09 0.571

Peak inspiratory pressure 0.32 0.039 0.19 0.240

Spo2/Fio2 ratio 0.14 0.377 0.20 0.199

Age -0.17 0.285 -0.13 0.405

*Spearman’s correlation test

Table 4. Mann-Whitney U test results (P) for the difference in pain score at rest and during the procedures based on sociodemographic variables

Place of 
Residence

History of 
Underlying 

Disease

 History of
ddiction

 Surgical
Diagnosis

 RSS
Score

Ventilation
ModeGenderVariables

0.920.240.0150.0020.0010.160.67At rest
Suctioning

0.750.060.0020.0010.0010.080.86During 
procedure

0.560.090.020.0010.0010.080.66At rest
Positioning

0.540.050.010.0010.0010.050.98During 
procedure
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Discussion

The results of this study showed a significant relation-
ship between the pain intensity (CPOT score) and the 
APACHE score, which is a measure of the severity of the 
disease. Thus, the pain intensity can be increased with 
the increase in the severity of the disease. Our findings 
are consistent with other studies. For example, Ito et al. 
evaluated the effects of the respiratory status and other 
aspects of disease on the pain intensity of 20 patients 
admitted to the ICU. According to their findings, The 
BPS score was significantly associated with the APACHE 
II score; the BPS score increased with the increase of 
APACHE II score. On the other hand, the sequential or-
gan failure assessment (SOFA) score had no significant 
association with the BPS score [14]. In another study, 
Ito et al. investigated 34 patients receiving mechanical 
ventilation after cardiovascular surgery to assess the 
correlation of the CPOT score with the respiratory and 
hemodynamic status and disease severity. Their results 
indicated the reduction in the CPOT score with the in-
crease in the APACHE II score [22].

The results of the present study indicated no signifi-
cant correlation between the pain intensity and ventila-
tion parameters. This can be due to the fact that the ma-
jority of the patients were receiving the synchronized 
intermittent mandatory ventilation, and they were only 
monitored on the first three days of ICU admission. In 
this short period, the patients did not experience di-
minished respiratory capacities. Moreover, respiratory 
indicators such as minute ventilation and Spo2/Fio2 ra-
tio showed that the severity of respiratory failure was 
mild. These findings are consistent with the results of 
Wojnar-Gruszka et al. They concluded that there is no 
relationship between ventilator parameters and the 
CPOT score [23]. Our findings are also in line with the 
results of Zubrzycki et al. In their study, the patients un-
dergoing cardiovascular surgery were evaluated and the 
findings indicated that, despite the association of pain 
scores with PCO2 and HCO3, other respiratory indicators 
such as minute ventilation, peak inspiratory pressure, 
Pao2/Fio2 ratio, and respiratory rate, had no association 
with the CPOT score [24]. The significant difference in 
the amount of carbon dioxide and bicarbonate may be 
the reason. The patients in the mentioned study under-
went cardiovascular surgery, and the majority had spon-
taneous breathing and received respiratory support by 
the biphasic positive airway pressure mode and were 
inclined to hyperventilation.

Our results also showed that patients who received 
sedative drugs one hour before painful procedures had 
lower pain scores than those who did not receive se-
dation, and no correlation was observed between pain 
intensity and narcotic drug use before and during pro-
cedures. In Mascarenhas et al.’s study, it was found that 
patients who received narcotics an hour before or dur-
ing tracheal suctioning experienced more pain during 
tracheal suctioning than those who did not receive nar-
cotics. In the narcotic drug group, those received seda-
tives and non-steroidal anti-inflammatory drugs had a 
higher pain intensity than the non-drug group during 
and after tracheal suctioning [25]. These results may be 
due to the dose of narcotics, or maybe the drugs have 
not reached their peak effect, developing tolerance to 
these drugs.

The findings of the current study showed that the pa-
tients with a history of addiction, surgery, and lower 
sedation scores experienced more pain compared to 
others. In this regard, Ayasrah et al. also reported that 
patients with a history of surgery and lower sedation 
scores during the rest period obtained higher CPOT 
scores [8]. In addition, Ito et al. observed that in the light 
sedation state, the CPOT scores of patients were signifi-
cantly higher before and after procedures [14]. In the 
present study, no significant correlation was observed 
between the pain intensity and age, which is consistent 
with the findings of Puntillo et al. [22]. The association 
between pain intensity and age is a matter of debate. 
According to Ayasrah et al., younger patients experi-
enced higher pain intensity at rest and during painful 
procedures [8]. 

According to the results of this study, the patients 
undergoing mechanical ventilation experience pain at 
rest and during painful nursing procedures. There is sig-
nificant correlations between the CPOT score and the 
APACHE II and RSS scores. It can be concluded that ef-
fective pain assessment and management should be 
based on the disease severity and specific condition of 
patients as pain perception varies in different individu-
als. By clarifying pain assessment methods based on 
patients’ conditions, and teaching nurses about them 
in the form of in-service training programs in hospitals, 
the quality of care and effective pain management in 
critically ill patients under mechanical ventilation can be 
improved and may prevent the pain complications and 
shorten the length of stay in the ICU. One of the limi-
tations of this study was that we only included the pa-
tients admitted due to trauma ICU, and different results 
may be obtained in other wards. Furthermore, the pa-
tients were monitored for a short period, and the gen-
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eralization of the findings should be done with caution. 
It is recommended that further studies be conducted on 
other patients with different conditions using longer pe-
riods of monitoring
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