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Open heart surgery patients often experience severe pain caused by tissue damage, rib 
retraction, sternotomy and drain tubes. Untreated pain after surgery can develop into 
chronic pain and prolong hospital stays. Pain assessment is the first step in effective pain 
management. The purpose of this study is to describe pain assessment tools among pa-
tients undergoing open heart surgery. The aim is that this gathered information can be 
used by nurses and other healthcare workers in pain assessment among patients under-
going open heart surgeries. 

This study is a descriptive literature review, articles were selected from CINAHL and MED-
LINE databases. A total of 8 articles were selected and analyzed using descriptive analysis 
method to identify eight pain assessment tools used in postoperative open heart surgery 
patients. 

For critically ill patients who cannot communicate verbally, the use of the Critical Pain Ob-
servation Tool (CPOT), Behavioral Pain Scale (BPS), Non-Verbal Pain Scale (NVPS) and 
Face, Legs, Activity, Cry, Consolability (FLACC) were examined. Among these tools, the 
CPOT was found to be the most valid and reliable, with a specificity of 86% and sensitivity 
of 78%. For conscious patients who can communicate verbally, use of the Verbal rating 
scale (VRS), Red Wedge Scale (RWS), Visual Analogue Scale (VAS), Face Pain Scale 
(FPS) were examined. Among these tools, VRS was found to be the most feasible tool in 
pain assessment. 

Based on the results, the implantation of the CPOT in clinical practice for unconscious pa-
tients who cannot report their pain, and the VRS for conscious patients who can report 
their pain is recommended, however further studies are needed to translate the CPOT to 
languages other than French or English and validate the translated versions validity and 
reliability. Additionally, validation of these pain assessment tools in other patient groups is 
necessary. 
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Avosydänleikkauspotilaat kokevat usein voimakasta kipua, joka johtuu kudosvauriosta, kylki-
luiden sisäänvetämisestä, sterotomiasta ja dreeniputkista. Hoitamaton kipu leikkauksen jäl-
keen voi kehittyä krooniseksi kivuksi ja pidentää sairaalassaoloa. Kivun arviointi on ensim-
mäinen askel tehokkaassa kivunhoidossa. Tämän tutkimuksen tarkoituksena on kuvata ki-
vun arviointityökaluja avosydänleikkauspotilailla. Tavoitteena on, että sairaanhoitajat ja muut 
terveydenhuollon työntekijät voivat käyttää kerättyä tietoa kivun arvioinnissa avosydänleik-
kauspotilaiden hoidossa. 
 

Tämä tutkimus on kuvaava kirjallisuuskatsaus, jonka artikkelit on valittu CINAHL- ja MED-
LINE-tietokannoista. Yhteensä 8 artikkelia valittiin ja analysoitiin kuvailevalla analyysimene-
telmällä, jotta löydettiin kahdeksan kivun arviointityökalua, joita käytetään leikkauksen jälkei-
sissä avosydänleikkauspotilaissa. 

Kriittisesti sairaille potilaille, jotka eivät pysty kommunikoimaan verbaalisesti, Critical Pain 
Observation Tool (CPOT), Behavioral Pain Scale (BPS), Non-verbal Pain Scale (NVPS) ja 
Face, Legs, Activity, Cry, Consolability (FLACC):n käyttö on tutkittu. Näistä työkaluista 
CPOT todettiin pätevimmäksi ja luotettavimmaksi, jonka spesifisyys oli 86 % ja herkkyys 78 
%. Tajuissa oleville potilaille, jotka voivat kommunikoida suullisesti, Verbal Pain Scale 
(VRS), Red Wedge Scale (RWS), Visual Analogue Scale (VAS) ja Facial Pain Scale (FPS) 
käyttö on tutkittu. Näistä työkaluista VRS todettiin toteuttamiskelpoisimmaksi työkaluksi kivun 
arvioinnissa.  

Tulosten perusteella suositellaan CPOT käytettäväksi kliinisessä käytännössä tajuttomille 
potilaille, jotka eivät voi ilmoittaa kipuaan, ja VRS tajuissaan oleville potilaille, jotka voivat il-
moittaa kipuaan. Lisätutkimuksia tarvitaan kuitenkin CPOT:n kääntämiseksi muille kielille 
kuin ranskaksi tai englanniksi ja vahvista käännettyjen versioiden kelpoisuus ja luotettavuus. 
Lisäksi näiden kivunarviointityökalujen validointi muissa potilasryhmissä on tarpeen. 

Avainsanat 
Avosydänleikkaus, postoperatiivinen kivun arviointi, kivun arvi-
ointi työkalut 
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1 Introduction 

According to the world health organization (WHO), several cardiovascular diseases are 

the most common cause of death globally. In 2019,17.9 million individuals passed away 

due to cardiovascular problems (WHO 2021). Open heart surgeries are essential proce-

dures to prevent mortality and improve the quality of the life of patients. The most com-

mon types of heart surgeries are coronary artery bypass grafts, heart valve surgeries, 

thoracic aorta repairs, and surgeries to correct congenital heart defects. (Terveyskylä: 

Tietoa sydänleikkauksista.) In open heart surgery, the most common incision used is 

median sternotomy, which requires splitting the sternum in half with a saw, to gain access 

to the heart and perform the required surgery. Therefore, the major causes of pain in 

open heart surgeries are rib retraction, sternotomy, and drain tubes. (Shields 2009:397.) 

  

Even after major advances in postoperative pain management methods, patients under-

going surgeries suffer from pain (Nachyande 2018:363). Pain assessment is an im-

portant part of the pain management process. Untreated pain after surgery can develop 

into chronic pain and prolong hospital stays (Aktas & Karabulut 2017:343). Patients who 

are critically ill, sedated, and mechanically ventilated cannot report their pain, so it is a 

challenge for healthcare workers to assess the pain in this sample of patients (Marmo & 

Fowler 2009:134). 

 

Previous studies examined the validation and reliability of different pain assessment tools 

used for postcardiac surgery patients. In critically ill post-operative open heart surgery 

patients, Numerous studies indicated the validity and reliability of CPOT (critical pain 

observation tool). (Linde 2013:492.) There is an association between pain and physio-

logical changes such as tachypnea and increased arterial pressure, so vital signs as-

sessment could be useful in pain assessment (Vieira de Andrade & Barbosa and 

Barichello 2010:228). 

  

The purpose of this study is to describe pain assessment tools among patients under-

going open heart surgery. 

 

 



2 

 

 

2 Background 

Patients after open heart surgery are subjected to severe pain caused by damage to 

the tissues or organs during surgery. Untreated acute pain after surgery can develop to 

chronic pain, it is an unwanted adverse effect of open-heart surgery, and it can lead to 

a lower quality of life and prolonged pain. (Zubrzycki et al. 2018:1601–1606.)  

Open heart surgeries usually last between 5 to 6 hours, after that patients are trans-

formed to intensive care units and extubated within 6 hours (Terveyskylä 2020: Hoito 

sairaalassa sydänleikkauksen jälkeen). During this time, patients are unconscious and 

unable to self-report pain, so they are at higher risk of untreated pain (Marmo & Fowler 

2009:134). Even with patients able to report their pain verbally, the pain assessment 

tool must be valid and reliable (Zubrzycki et al. 2018:1600).  

2.1  Open heart surgery  

Open heart surgery is any type of surgery that requires exposing the heart to restore its 

normal functions (NHLBI 2022: What is heart surgery). The goal of open heart surgery 

is to improve the quality of life. Open heart surgeries are performed for many reasons, 

the most common open heart surgeries are done to replace blocked coronary arteries, 

this surgery is performed by replacing coronary arteries with arteries taken from the legs 

or hands, also surgeries that replace or repair heart valves that leak, or do not open well 

are done on the aortic and mitral valves. Sometimes two surgeries are performed in one, 

such as a valve replacement and coronary artery bypass surgery. (Terveyskylä: Tietoa 

sydänleikkauksista.) 

 

Before heart surgery, all risk factors such as high age, heart and lung conditions, and 

other diseases like cancer or kidney failure are taken into consideration to ensure that 

patients undergoing such a major operation will be able to survive. Tests like coronary 

angiography, echocardiography, and computer tomography of the heart are usually 

taken before surgery. (Terveyskylä: Tietoa sydänleikkauksista.) 

 

Open heart surgery usually takes between 5 and 6 hours, after which patients are trans-

ferred to intensive care units, where they stay for at least one day. Patients are usually 

extubated within six hours after surgery, after ensuring that their condition is stable, they 

are transferred to a heart surgery ward, where they stay for around one week. It can take 
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up to three months to recover well after surgery. (Terveyskylä 2020: Hoito sairaalassa 

sydänleikkauksen jälkeen.) 

2.2 Definition of Pain  

The International Association for the Study of Pain (IASP) stated that "Pain is an un-

pleasant sensory and emotional experience associated with actual or potential tissue 

damage ". Pain can be acute or chronic, chronic pain is a continuous pain, and this 

pain will continue despite the healing or treatment of the illness that caused it. (IASP 

2021.) Acute pain develops rapidly, is initially severe or powerful, and there is an un-

derlying behind it, it could be surgery, trauma, or a painful procedure. Acute pain will 

not last long, it will disappear as soon as the underlying cause behind it disappears. 

(IASP 2021.) 

Postoperative pain in open heart surgery patients is a pain that occurs after surgery, it 

is an acute pain, it occurs because of tissue or nerve damage, drain tubes, and the 

presence of a surgical wound. At the site of the trauma, neurogenic inflammation is de-

veloped due to tissue damage. Studies have shown that pain is proportional to the 

length of the surgery and the use of cardiopulmonary bypass can trigger more pain af-

ter surgery. (Zubrzycki et al. 2018:1602.) 

Pain is a subjective experience and a complex perceptual phenomenon, so it is difficult 

to assess pain unless patients talk about their experiences. People experience pain dif-

ferently because it is an individual experience. The ones experiencing pain are the best 

experts in their pain and only they can define the intensity, it is important to trust patients 

and believe them because they are the only ones that know if they are in pain or not. 

(Turk & Meliack 2011:6.) There are tools designed to measure pain in patients who are 

unable to communicate verbally, mechanically ventilated, sedated or unconscious pa-

tients that are not able to describe their pain (Salanterä, Heikkilä, Kauppila, Murtola & 

Siltanen, 2013:6-8). 

 

2.3 Pain assessment among post open heart surgery patients  

 

Pain assessment is a complex observation of pain, there is no tool or method that can 

tell healthcare professional how much the patients is experience of pain, instead patients 

themselves express their pain, in conscious patients it’s possible to express their pain 

verbally, and unconscious patients still have the ability to express their pain from their 
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behaviors, such as facial expression. Pain assessment is an essential part of the pain 

management process for several reasons, such as to make a differential diagnosis or to 

evaluate the response to treatment, along with the need to continue or modify a treatment 

program, and to monitor the progression after pain treatment. (Turk & Meliack 2011:6-

8.) 

 

Pain assessment is a challenging task for healthcare workers, patients’ description of 

pain is considered the best pain assessment method. Patients are asked to quantify their 

pain according to a scale from 1 to 10, or mild, moderate, and severe. However, patients 

are different, and nurses should not depend only on what patients are saying, instead it 

is important to recognize the reasons for pain, sometimes patients overestimate or un-

derestimate their pain level, and pain intensity will vary between times and depend on 

what the patient is doing. (Turk & Meliack 2011:6-8.) Patient’s vital signs, such as breath-

ing, movements, consciousness, and gestures should be monitored to assess the pain. 

However, monitoring vital functions alone is not enough to measure pain, in addition, 

more precise methods are needed. (Arbour & Gelinas 2010:87-89.)  

 

During surgery a nerve could be damaged, and in that case, it will cause acute pain. It is 

important to recognize and treat acute pain, studies showed that untreated acute pain 

after surgery can develop into chronic pain in around 10 to 50 percent of the patients 

(Salanterä, Heikkilä, Kauppila, Murtola & Siltanen 2013:3-5.) Pain should be evaluated 

and assessed postoperatively, because it guides health care personnel towards the pa-

tient's individual and medical treatment. When evaluating pain, the patient's fear, depres-

sion, anxiety, gender, previous pain experiences, and the nature of the procedure should 

all be considered. All these factors affect the patient's pain experience and subsequent 

evaluation of the operation. (Salanterä, Heikkilä, Kauppila, Murtola & Siltanen 2013:6-

11.) 

Pain assessment tools are tools designed to measure pain. There are different pain as-

sessment tools to measure pain in conscious and unconscious patients. Studies are 

limited on the pain assessment tools for unconscious patients. Behavioral Pain Scale 

(BPS) and Critical-Care Pain Observation Tool (CPOT) (Figure 1), are pain assess-

ment tools recommended by the American Society for Pain Management and Nursing 

(ASPMN) for pain assessment of unconscious patients. (Fowler & Marmo 2010.)  

 

 

 

 



5 

 

 

 

Figure 1: Critical pain observation tool (Gelinas et al. 2006) 

 

 

Other common pain assessment tools for conscious patients are Visual Analogue Scale 

(VAS), Numerical Rating Scale (NRS), Verbal Rating Scale (VRS), and Facial Pain Scale 

(FPS). The patient's selection of a pain tool is documented in the patient's records, and 

the same pain tool is used throughout the treatment period. (Salanterä, Heikkilä, Kaup-

pila, Murtola & Siltanen 2013: 12.) 

3 Purpose, aim and study questions 

The purpose of this study is to describe pain assessment tools among patients under-

going open heart surgery. 

The aim is that this gathered information can be used by nurses and other healthcare 

workers in pain assessment among patients undergoing open heart surgeries. 

Research questions:  

1. What pain assessment tools have been used in assessing the pain of conscious 

and unconscious patients after open heart surgery? 
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2. What pain assessment tools have been found valid, reliable, and feasible in as-

sessing pain in conscious and unconscious patients after open heart surgery? 

4 Methodology 

    4.1 Design  

This study method is a descriptive literature review. A literature review is a review of 

existing literature around a particular topic by searching and analyzing previous studies 

and theories. Its goal is to search for an answer to a particular research question. It is 

objective, the writer does not bring his own point of view to the text. This study is a de-

scriptive (aka narrative) literature review, in this type the writer analyses and draws a 

conclusion about a particular literature. (Cronin, Ryan & Coughlan 2007:39-41.) 

There are four phases in a literature review. The first phase starts with selecting a topic 

and formulating a research question. The second phase is searching for literature from 

databases and selecting the appropriate literature that answers the research question. 

The third phase is to analyze and summarize the literature. The last stage is writing the 

review. (Cronin, Ryan & Coughlan 2007:39-41.) 

 

   4.2 Data search and selection  

Facet analysis was used to identify relevant search terms (Table 1). This type of analysis 

is the most perspicuous in knowledge organization (Hjørland 2013: 545). PEO format 

was used to identify key concepts and formulate the research question. PEO is mainly 

used in qualitative research, P is an abbreviation for population and their problems, E for 

exposure to an illness or a condition, and O stands for outcome or themes (University of 

Suffolk 2023). 

  

Table1. Facet analysis 

Population: 

Patients undergoing open 
heart surgeries 

Exposure:  

Assessment methods  

Outcome:  

Pain  

open heart surger* assessment method* pain 

OR OR OR 

open-heart surger* assessment tool suffering  
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OR OR OR 

cardiothoracic surger* assessment scale discomfort 

OR OR  

median sterenomy evaluation  

OR   

cardiac surgery   

OR   

heart surgery   

 

In this study, searching for literature was done using two electronic databases (CI-

NAHL, MEDLINE). CINAHL was chosen because it is one of the top databases in the 

healthcare field that includes a collection of 3,223 peer-reviewed journals (EBSCO 

2022). MEDLINE was selected because it is a database of healthcare and biomedical 

information; it provides access to more than 5600 journals in around 40 different lan-

guages (Wolters Kluwer Health 2022). 

The main search terms based on facet analysis were combined using Boolean opera-

tors (AND, OR) that combine or exclude words, to form a search phrase that was used 

in both CINAHL and MEDLINE (Table 2). Database searches were limited in publica-

tion time after 2007 and the presence of abstract. All hits were screened by reading the 

title, after that reading the abstract and then the full text.  

  Table 2. Data Search Results  

Data-
base 

Search Terms  

 

Limiters  Num-
bers of 
hits  

Se-
lected 
based 
on the 
title  

Selec-
ted ba-
sed on 
abst-
ract  

Se-
lected 
based 
on 
full 
text  

CINAHL (“Open heart surger* “OR 
“open-heart surger* “OR cardi-
othoracic surger* OR “median 
sternotomy*” OR "cardiac sur-
gery" OR "heart surgery") And 
(assessment or evaluation or 
measurement or scale or tool*) 
And (pain or discomfort or suf-
fering). 

published 
after 2007 

Abstract 

 

n=495 n=32  n=8 n=4 

Medline (“Open heart surger* “OR 
“open-heart surger* “OR cardi-
othoracic surger* OR “median 

Abstract 

published 
after 2007 

n=530 n=16 n=7 n=4 



8 

 

 

sternotomy*” OR "cardiac sur-
gery" OR "heart surgery") And 
(assessment or evaluation or 
measurement or scale or tool*) 
And (pain or discomfort or suf-
fering). 

   Total 
n=1020 

Total 
n=48 

Total 
n=15 

Total 
n=8  

 

Inclusion and exclusion criteria were set for the review to identify which kind of studies 

can be included in this review (Table 3). The selection criteria were related to popula-

tion, time of publication, language, and relevance to the topic. The study must be rele-

vant to the topic, and the timeframe should be up to date to get the newest possible in-

formation about the topic, languages unfamiliar languages to the writer were excluded. 

Table 3. Inclusion and exclusion criteria       

 Inclusion criteria Exclusion Criteria 

Peer-reviewed articles Other than peer-reviewed articles 

Published between 2007–2022 Published before 2007 

English and Finnish language  Non-English and non-Finnish language  

Studies related to the topic of pain assess-
ment tools in conscious and unconscious 
adult patients after open heart surgery  

Studies not related to the topic, for example 
studies talking about pain management or in 
non-adult population 

 

The selected articles were inspected for their quality using the JBI Critical Appraisal Skills 

Programme (CASP) by choosing 4 questions from the Cohort studies checklist about the 

validity and reliability of the measured exposure, if statistical analysis was appropriate, 

or if the exposures measured similarly to assign people to both exposed and unexposed 

groups, and if the participants were free of the outcome at the start of the study (Appendix 

1). To make sure that the articles are published by peer-reviewed journals, Jufo (julka-

isufoormi) is used. JUFO is a Finnish journal rater, it has four classifications, 0 means 

that the journal doesn’t meet the quality criteria, 1 is basic, 2 is leading and 3 is top 

(Publication Forum 2022).  

Prisma flow diagram below demonstrates the data selection process for this review 

(Figure 1). The total number of records from both databases was 1020 and finally, after 

reading abstracts and full texts, eight studies were included for the review. 
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 Figure 1: Prisma flow diagram 
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4.3 Data analysis 

 

In this review, descriptive analysis method was used to describe and summarize the 

quantitative data/results from the selected studies, and to draw conclusions to answer 

the research questions (Botti & Endacott 2005:191). 

 

First, a table of the selected articles was established. This table included the aim, 

methodology, participants, and main results of each article (Appendix 1). Two more ta-

bles were created to present the results of the analysis clearly and concisely. The ta-

bles were formed to answer the research questions. The first table presented all the 

described pain assessment tools in the selected articles, their purpose, scale, back-

ground, population, and mechanism of pain rating for each tool (Table 4). The second 

table presented features of the pain assessment tools such as validity, reliability, speci-

ficity/sensitivity, and feasibility (Table 5). The goal of these tables was to include all the 

relevant information about the tools from the selected articles and present it in an orga-

nized and summarized way (Botti & Endacott 2005:191). 

 

5 Results 

The purpose of this study was to describe pain assessment tools among patients un-

dergoing open heart surgery. A total of eight studies were included in this study (Ge-

linas et al. 2009, Pesonen et al. 2007, Marmo and Fowler 2010, Kotfis et al. 2013, 

Keane 2013, Linde 2013, Boitor et al. 2016, Rijkenberg et al. 2017). One study was 

done in Finland, three in the USA, three in Canada, one in Poland and one in the Neth-

erlands. Studies were conducted between 2008 to 2017. All patients that participated in 

these studies were postoperative open heart surgery patients. Seven studies out of 

eight described pain assessment tools used in critically ill unconscious patients, while 

one study described pain assessment tools used in conscious patients who can report 

their pain verbally. 

5.1 Pain assessment tools used to assess pain of conscious and uncon-

scious post open heart surgery patients 

The studies selected for this review examined eight tools used in pain assessment in 

postoperative open heart surgery patients (Table 4). The tools are Verbal Rating Scale 

(VRS), Red Wedge Scale (RWS), Facial Pain Scale (FPS), Visual Analogue Scale 
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(VAS), Critical Pain Observation Tool (CPOT), Behavioral Pain Scale (BPS), Non-ver-

bal pain scale (NVPS), and Face, Legs, Activity, Cry, Consolability Scale (FLACC). 

Pain assessment tools used in critically ill patients who cannot communicate verbally, 

sedated and mechanically ventilated are: Critical Pain Observation Tool (CPOT), Be-

havioral Pain Scale (BPS), Non-verbal pain scale (NVPS), and Face, Legs, Activity, 

Cry, Consolability Scale (FLACC). These tools are all pain assessment tools that moni-

tor the behaviors of the patients, such as facial expression, body movements and vital 

signs. The tools consist of categories, which the pain rater uses to calculate a score, 

the minimum score indicates no pain, and the maximum score indicates the highest 

possible pain. (Table 4.) 

Pain assessment tools used in the assessment of pain in conscious patients who can 

communicate verbally are Verbal Rating Scale (VRS), Red Wedge Scale (RWS), Facial 

Pain Scale (FPS), Visual Analogue Scale (VAS). These pain assessment tools depend 

on patients rating of pain. Patients are asked to rate their pain based on a scale for ex-

ample in Verbal Rating Scale (VRS) patients are asked to report their level of pain and 

choose a number that express their pain. (Table 4.) 

Table 4: Pain assessment tools used in assessing the pain of conscious and unconscious pa-

tients after open heart surgery. 

Pain as-
sessment 
tool 

Purpose of 
the instru-
ment 

Background Scale Mechanism of 
pain rating 

Critical pain 
observation 
tool (CPOT) 

Assessment 
of pain in 
Critically ill 
patients who 
are unable 
to communi-
cate verbally 

 

This pain assess-
ment tool is devel-
oped in Canada by 
Celine Gelinas and 
her team 

4 behavioral indi-
cators, facial ex-
pression, Body 
movements, Mus-
cle tension and 
compliance 

Each one of the 4 
category is 
scored on 0-2 
scale which gives 
a total score of 0-
8 

 Face, Legs, 
Activity, Cry, 
Consolability 
scale 
(FLACC) 

It was initially devel-
oped to detect post-
operative pain in 
children under 7 

5 categories of 
face, legs, activity, 
crying, and con-
solability 

Each one of the 5 
category is 
scored on 0-2 
scale which gives 
a total score of 0-
10  

Nonverbal 
pain scale 
(NVPS) 

This pain assess-
ment tool was devel-
oped from FLACC 
scale by eliminating 
the leg, cry and con-
solability categories, 
and adding vital 
signs to the scale 

5 categories of 
face, movement, 
guarding, physiol-
ogy and Respira-
tory 

Each one of the 5 
category is 
scored on 0-2 
scale which gives 
a total score of 0-
10 
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Behavioral 
pain scale 
(BPS) 

It was developed to 
assess pain in gen-
eral ICU unit’s pa-
tients 

3 categories: facial 
expression, move-
ments of the upper 
limbs, and compli-
ance with ventila-
tion 

Each one of the 3 
categories is 
scored from 1(no 
response) to 4 
(full response) 
which gives a to-
tal score of 3-12 
points 

Verbal rating 
scale (VRS) 

Assessment 
of pain in 
patients who 
can com-
municate 
verbally 

It is the simplest ver-
bal pain assessment 
tool 

5 options that pa-
tients can choose, 
0 means no pain 
at all, 1 mild pain, 
2 moderate pain, 3 
severe pain and 4 
unbearable pains. 

Patients are 
asked to report 
their level of pain 
and choose a 
number 

Red wedge 
scale (RWS) 

It was developed to 
assess the pain in 
surgical patients af-
ter surgery in pa-
tients recovering 
from general anes-
thesia 

50 cm red-colored 
horizontal scale 

Patients show on 
the scale their 
level of pain 

Visual ana-
logue scale 
(VAS) 

It is one of the most 
common scales 
used in pain assess-
ment of conscious 
patients who can 
communicate ver-
bally 

10 cm line with 2 
endpoints, 0 
means no pain 
and 10 the most 
possible pain 

Patients show on 
the scale their 
level of pain 

Facial pain 
scale (FPS) 

It was developed for 
pain assessment in 
children older than 3 
years old, later it 
was upgraded and 
used in adult pa-
tients 

A Series of 7 
faces, the smiley 
face indicates that 
there is no pain at 
all and the face 
with tears indi-
cates the most 
possible pain 

Patients choose a 
face that de-
scribes their level 
of pain 

 

5.2 Validity, reliability and feasibility of the pain assessment used to as-
sess pain of conscious and unconscious post open heart surgery patients 

In critically ill patients who are unable to communicate, Critical Pain Observation Tool 

(CPOT) was the most described by the studies, five out of eight studies included in this 

review described the validity and reliability of CPOT, and one study described the sen-

sitivity/specificity of CPOT, all the articles affirmed the validity and reliability of CPOT, 

and it showed a specificity of 86% and sensitivity of 78%. CPOT has been used as a 

base to identify the validity of other pain assessment tools (Rijkenberg et al. 2017). The 

validity has been confirmed in different ways, such as calculating CPOT scores during 
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nociceptive procedures, and calculating the correlation between patient’s self-report of 

pain and CPOT score. The reliability has been confirmed by comparing the result of dif-

ferent nurse raters, calculating Cronbach’s alpha, and Interrater Cohen's weighted 

kappa. Behavioral Pain Scale (BPS) has been described in two studies out of eight, 

both studies confirmed its validity and reliability. Non-Verbal Pain Scale (NVPS) and 

Face, Legs, Activity, Cry, Consolability Scale (FLACC) have been described in one 

study and this study confirms their reliability. (Table 5.) 

Among tools used in pain assessment of conscious patients who can communicate ver-

bally, one study out of eight examined the feasibility of Verbal Rating Scale (VRS), Fa-

cial pain Scale (FPS), Red Wedge Scale (RWS) and Visual Analogue Scale (VAS) in 

pain assessment (Pesonen et al. 2007). The results showed that VRS was the most 

feasible tool in pain assessment, the feasibility was measured by assessing the pain 

using the above-mentioned tools on patients, then calculating the success rates of these 

tools based on the patient’s ability to express their pain on these tools, VRS showed a 

success rate of 86 % in pain assessment at day one after surgery and RWS 78%, the 

other pain assessment tools scored less 65% which makes them not suitable in the pain 

assessment. (Table 5.) 

Table 5: Validity, Reliability, Sensitivity/Specificity, and Feasibility of the pain assessment tools 

Pain as-
sess-
ment 
tool 

Validity Reliability Sensitiv-
ity/Speci-
ficity 

Feasibil-
ity 

CPOT 
(critical 
pain ob-
servation 
tool) 

-CPOT score increased 
during nociceptive proce-
dures (Keane 2013) 

-CPOT score increased 
during Turning which is a 
painful procedure (in-
creased, +3.04; 95% CI, 
2.11 to 3.98) while being 
stable during dressing 
which is a non-painful pro-
cedure (increased, +0.25; 
95% CI, -0.07 to 0.57) 
(Linde 2013). 

-CPOT scores increased 
during nociceptive proce-
dures (Mediastinal Tube 
Removal) mean SD, 2.74 
compared to non-painful 
procedures mean SD, 
0.50 (Boitor et al. 2016). 

-A correlation between 
CPOT scores and patients 

-Total agreement be-
tween both nurses on 
pain assessment using 
CPOT (critical pain ob-
servation tool) was 80 
per cent (60 out of 75 
observations) for suc-
tioning procedure and 
85 percent (64/75) for 
turning procedure 
(Marmo & fawler 2010) 

-Interclass correlation 
(0.578-0.862) between 
rater 1 and rater 2(Boitor 
et al. 2016). 

-Cronbach’s alpha 0.65 
and 0.58 for nurse 1 and 
2 respectively (Rijken-
berg et al. 2017) 

-Interrater reliability 
kappa coefficients 0.34-
1 (fair to perfect) (Keane 
2013) 

-Sensitivity 
86% and 
Specificity 
78%. 

Not re-
ported 
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self-report (r = 0.419, P 
<.01) (Boitor et al. 2016) 

-CPOT scores increased 
by 2 points during noci-
ceptive procedures 
(Rijkenberg et al. 2017) 

-Interrater Cohen's 
weighted kappa was 
high 95% CI, 0.79-0.94 
(Linde 2013) 

 

BPS (be-
havioral 
pain 
scale) 

-BPS scores increased by 
2 points during nocicep-
tive procedures (Rijken-
berg et al. 2017). 

-BPS scores were high 
during nociceptive proce-
dures in both rating 
nurses and patients self-
report (Koftis et.al 2013). 

 

-Intraclass correlation 
coefficients >0.86 for 
rater A and rater B 
(Koftis et al. 2013). 

- BPS scale was high in 
both rating nurses 
(mean SD 4.35±0.90) by 
rater A and rater B 
mean SD 4.38±0.94) 
(Koftis et.al 2013). 

- Cronbach’s alpha 0.62 
and 0.59 for nurse 1 and 
2 respectively (Rijken-
berg et al. 2017) 

Not re-
ported 

Not re-
ported 

NVPS 
(Nonver-
bal pain 
scale) 

Not reported -Identical Cronbach al-
pha coefficients of 0.89 
between NVPS and 
CPOT 

- Total agreement be-
tween nurses on NVPS 
(non-verbal pain scale) 
was 78% (58 out of 75) 
for suctioning procedure 
and 79% (59 out of 75) 
for the turning proce-
dure. (Marmo & Fawler 
2010) 

Not re-
ported 

Not re-
ported 

FLACC 
(Face, 
Legs, Ac-
tivity, Cry, 
Consola-
bility 
scale) 

Not reported -Total agreement be-
tween nurses was 78% 
(58 out of 75) for suc-
tioning procedure and 
84% (63 out of 75) for 
the turning procedure 
(Marmo & Fawler 2010) 

Not re-
ported 

Not re-
ported 

VRS (ver-
bal pain 
scale) 

Not reported Not reported Not re-
ported 

- Success 
rates of 
these 
tools 
based on 
the pa-
tient’s 
ability to 
express 
their pain 
was 86% 
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VAS (Vis-
ual ana-
logue 
scale) 

Not reported Not reported Not re-
ported 

- Success 
rates of 
these 
tools 
based on 
the pa-
tient’s 
ability to 
express 
their pain 
was 62% 

RWS (red 
wedge 
scale) 

Not reported Not reported Not re-
ported 

- Success 
rates of 
these 
tools 
based on 
the pa-
tient’s 
ability to 
express 
their pain 
was 78% 

FPS (Fa-
cial pain 
scale) 

Not reported Not reported Not re-
ported 

- Success 
rates of 
these 
tools 
based on 
the pa-
tient’s 
ability to 
express 
their pain 
was 60% 

 

6 Discussion 

6.1 Main results 

The purpose of this study was to describe the methods of pain assessment among pa-

tients undergoing open heart surgery. A total of eight studies selected for this review 

examined eight tools used in pain assessment in postoperative open heart surgery pa-

tients. The tools are Verbal Rating Scale (VRS), Red Wedge Scale (RWS), Facial Pain 

Scale (FPS), Visual Analogue Scale (VAS), Critical Pain Observation Tool (CPOT), Be-

havioral Pain Scale (BPS), Non-verbal pain scale (NVPS), and Face, Legs, Activity, Cry, 

Consolability Scale (FLACC). 
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According to the results of this review, Critical Pain Observation Tool (CPOT) was found 

as the most valid and reliable tool to assess pain in unconscious postoperative open 

heart surgery patients. A total of five out of eight studies selected for this review, exam-

ined the validity and reliability, and one study out of eight examined the specificity and 

sensitivity of Critical Pain Observation Tool (CPOT), it was the most researched tool 

among all the tools included for this review. CPOT validity and reliability was assessed 

by using different methods. As a limitation, the original version of CPOT is available only 

in French or English. Some studies examined the validity and reliability of the translated 

version of CPOT such as German version of CPOT, and the results confirmed its validity 

and reliability (Kieswetter et al. 2019:841). One of the selected studies (Rijkenberg et al. 

2017), showed an insufficient value of Cronbach’s alpha to indicate the reliability of 

CPOT, however the reliability of CPOT have been affirmed by other studies included for 

this review. Cronbach’s alpha is a method to measure the reliability of the tools, it should 

be more than 0.7 and above, to consider the tool as a reliable tool (Houser 2008:297).  

Other assessment tools have some limitations, such as Non-Verbal Pain Scale (NVPS) 

which include vital signs assessment, vital signs assessment is not valid in pain assess-

ment among postcardiac surgery patients because of hemodynamic changes (Arbour & 

Gelinas 2010:90). There was no correlation between vital signs and patients self-report 

of pain (Boitor & Fiola & Gelinas 2016:431). Behavioral Pain Scale (BPS) is valid and 

reliable, but it has only three categories to assess pain, unlike CPOT which includes four 

categories and can assess pain in depth. All pain scales included in this review are not 

able to detect pain in patients with Neuromuscular disorders or received neuromuscular 

blocking agents (Linde 2013:496). 

Among conscious patients who can communicate verbally, the gold standard in pain 

assessments is a patient expression of pain, in case patients are awake and can com-

municate verbally, using a simple pain assessment method is the best choice (Turk & 

Melizack 2011:6-8). Verbal Rating Scale (VRS) is a simple and straightforward tool, 

and it showed the highest success rate in detecting pain (Pesonen, Suojaranta-Ylinen, 

Tarkkila & Rosenberg 2007:267). 

There were no previous literature reviews about pain assessment among post open 

heart surgery patients, so it is not possible to compare the result with other studies. De-

spite having wide search terms and getting a huge number of hits, many studies were 

not related to the research questions. Pain assessment is just one part of the pain 

management process thus it is a narrow subject, and it was not easy to find literature 

about this topic. The result of this review confirms what is known about the validity and 
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reliability of Critical Pain Observation Tool (CPOT) in pain assessment among patients 

who cannot communicate verbally. 

6.2 Ethics and validity 

Ethics are defined as “a set of moral principles” (Merriam-Webster 2022). This review 

followed the guidelines of the Finnish National Board on Research Integrity TENK 

(TENK 2019). In this review, there was no direct human participant, all the data were 

collected from other studies. The guidelines of (Arene) were adhered (Arene 2020), the 

author got familiarized with the guidelines before starting the thesis process. The text 

written is scientific, and the information presented is in a logical form. All phases of this 

study were done with accuracy and the results are presented with honesty. 

The search term was wide, and it gave a huge number of hits, this adds to validity of this 

review because it included all the possible literature available on this topic. Databases 

used in this review are one of the top databases in healthcare field, and it includes a 

wide collection of peer-reviewed journals. These databases are recommended by 

Metropolia University of Applied Sciences 

Literature review results depend totally on the selected articles, so it is important to select 

high-quality articles. To make sure that articles are published in peer-reviewed journals, 

julkaisufoorumi, which is a system to rate the journals, was used. The selected articles 

quality was inspected using the JBIs Critical Appraisal skills programme (CASP).  

As a limitation, one author conducted this review, so it was not possible to compare the 

data selection, analysis and reporting of the results between two authors, this is a factor 

that may affect reliability negatively. However, data selection process was done carefully, 

the author double checked the data selection process, the results from the selected arti-

cles was tabulated and these tables were included in the thesis for accurate and trans-

parent reporting of the results. 

To avoid plagiarism, the Turnitin programme was used. Turnitin is a widely used pro-

gramme to detect plagiarism. In the reporting phase, the results were reported as they 

are in the original articles without including any personal opinion.  

 



18 

 

 

6.3 Recommendations for future studies 

This review concluded that CPOT (critical pain observation tool) is the most valid and 

reliable tool, as a limitation it is only available in French and English. Future studies may 

translate CPOT to any other language which is not translated yet. Also, to examine the 

validity and the reliability of the translated version of CPOT (critical pain observation tool), 

to help healthcare professionals speaking the translated language, and adapt the tool 

culturally. In this review the focus was on a specific patient group, which is post open 

heart surgery patients, so it is recommended to examine the validity and reliability of the 

assessment tools in other patient groups. CPOT (critical pain observation tool) is recom-

mended to be implanted in the clinical practice in pain assessment of unconscious pa-

tients who are not able to report their pain, and VRS (verbal rating scale) in conscious 

patients who are able to report their pain.  

7 Conclusion 

This review found a total of eight assessment tools used in pain assessment of con-

scious and unconscious after open heart surgery, four tools for each group. Among un-

conscious postoperative open heart surgery patients CPOT (critical pain observation 

tool) was the most reliable and valid. Among conscious postoperative open heart sur-

gery patients only verbal rating scale and red wedge scale showed feasibility in the 

pain assessment. Further studies are needed to translate the CPOT to languages other 

than French or English and validate the translated versions validity and reliability. Addi-

tionally, validation of these pain assessment tools in other patient groups is necessary. 
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 Appendix 1: Table of selected articles 

Authors, year, 
country 

Aim Methodology 
and methods 

Participants Main outcomes JUFO/CASP 

1 

Gelinas et al. 

2009 

Canada 

To evaluate the sensi-
tivity and specificity of 
CPOT (Critical pain 
observation tool) 

Quantitative  

Repeated 
measurement 
design 

N=105 post-
operative 
cardiac sur-
gery patients 

The specificity and sensitivity of CPOT was 
86% and 78% respectively. These numbers 
were calculated by using patients self-report 
of pain during painful procedures 

JUFO: Journal of Pain and 
Symptom Management:1 

CASP: 

Question 1: yes 

Question 2: yes 

Question 3: yes 

Question 4: yes 

2  

Pesonen et al. 

2008 

Finland 

To identify the more 
feasible in the pain 
assessment of pa-
tients undergoing 
open heart surgery 
among the Verbal 
Rating Scale (VRS), 
Facial pain Scale 
(FPS), Red Wedge 
Scale (RWS) and Vis-
ual Analogue Scale 
(VAS). 

Quantitative 

Repeated 
measures de-
sign 

 

N=160 post-
operative 
cardiac sur-
gery patients 

The success rates of these tools based on 
the patient’s ability to express their pain on 
these tools, VRS showed a success rate of 
86 % in pain assessment at day 1 after sur-
gery and RWS 78%, the other pain assess-
ment tools scored less 65% which makes 
them not suitable in the pain assessment. 

VRS was the more feasible in pain assess-
ment, after that RWS.   

JUFO: Acta anaesthesiolog-
ica scandinavica: 1 

CASP: 

Question 1: yes 

Question 2: yes 

Question 3: yes 

Question 4: yes 

 

 

3 

 Marmo and 
Fowler 2010 

USA 

To examine 3 pain as-
sessment tools 
(CPOT, NVPS and 
FLACC) and deter-
mine which one is 
more reliable in pain 
assessment in criti-
cally ill postoperative 

Quantitative 

Repeated-
measures de-
sign 

N=2 nurses 
did 300 ob-
servations 
about 25 
subjects 

Both nurses did the observation inde-
pendently about painful procedures (Turning 
and suctioning), the total agreement be-
tween both nurses on pain assessment us-
ing Critical Pain Observation Tool CPOT 
was 60 observations out of 75 (80%) for the 
suctioning procedure and 64 observations 
out of 75 (85%) for turning procedure. 

JUFO: Pain Management 
Nursing 1 

CASP:  

Question 1: yes 

Question 2: N/A 

Question 3: yes 
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open heart surgery 
patients 

While using Non-verbal pain scale, both 
nurses agreed on 58 observations out of 75 
(78%) for suctioning procedure and 59 ob-
servations out of 75 (79%) for the turning 
procedure. 

The total agreement using the Faces, Legs, 
Activity, Cry, and Consolability scale 
(FLACC) was 58 observations out of 75 
(78%) for suctioning procedure and 63 ob-
servations out of 75 (84%) for the turning 
procedure. 

Nurse agreements show that these tools are 
reliable in pain assessment of patients after 
open-heart surgery. 

 

 

Question 4: yes 

 

4 Kotfis et al. 

2013  

Poland 

 

 

 

To identify if the Be-
havioral pain scale 
(BPS) is a valid and 
reliable tool in pain 
assessment in post-
cardiac surgery pa-
tients 

Quantitative  

A cohort ob-
servational 
study 

N=59 post-
cardiac sur-
gery patients 

During noncaptive procedures T2, BPS 
scale was high in both rating nurses (T2 
mean SD  4.35±0.90) by rater A and rater B 
T2 mean SD 4.38±0.94) also patients self-
pain report NRS numeric self-scale (T2 
mean SD 3.80±1.33).  

During all assessments Intraclass correla-
tion coefficients >0.86 for rater A and rater 
B. 

 These results support the validity and relia-
bility of BPS in pain assessment postcardiac 
surgery   

Jufo: Medicine 1 

CASP:  

Question 1: yes 

Question 2: yes 

Question 3: yes 

Question 4: yes 

 

5 Marie 2013 

USA 

To examine if the 
study done by Gelinas 
2006 about the same 
topic is reliable and to 

Quantitative  N=21 postop-
erative open-
heart surgery 
patients 

A significant difference in mean CPOT 
scores was noted during painful procedures 
(T2, T5 and T8) compared to non-painful 
procedure (T1, T4 and T7) supporting the 

 JUFO:  Pain Management 
Nursing: 1 

CASP 
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determine if CPOT is 
useful in pain assess-
ment also to examine 
the interrater reliability 
(IRR), criterion validity 
(CV), and discriminant 
validity (DV) of the 
CPOT 

Repeated 
measures de-
sign 

discriminant validity of CPOT in detecting 
pain in open heart surgery patients  

Question 1: yes 

Question 2: yes 

Question 3: yes 

Question 4: yes 

 

 

 

6 Linde 2013 

Rhode islands, 
USA 

To identify if CPOT is 
a valid and reliable 
tool in pain assess-
ment. 

Quantitative  

a repeated-
measure, 
within-subject 
design 
(ANOVA) 

N=35 pa-
tients in the 
ICU unit 
post-opera-
tive open-
heart surgery 

N= 2 nurse’s 
raters 

Mean CPOT score increased during Turning 
which is a painful procedure (increase, 
+3.04; 95% CI, 2.11-3.98; P<.001) while be-
ing stable during dressing which is a non-
painful procedure (increase, +0.25; 95% CI, 
-0.07 to 0.57; P = .12) which indicates that 
CPOT is a valid and reliable method in pain 
assessment of non-verbal critically ill pa-
tients 

 

JUFO: American journal of 
critical care: 1 

CASP:   

Question 1: yes 

Question 2: yes 

Question 3: yes 

Question 4: yes 

 

7 Boitor et al., 
2016 

Canada 

To examine the valid-
ity of CPOT and vital 
signs in relation to 
pain 

Quantitative 

A prospective 
repeated 
measurement 
study 

N=125 post-
operative 
cardiac sur-
gery patients 

Mean CPOT scores increased during noci-
ceptive procedures such as Mediastinal 
Tube Removal (mean [SD], 2.74 [1.61]) 
compared to non-painful procedures (mean 
[SD], 0.50 [0.75]) also there was a correla-
tion between CPOT scores and patients 
self-report (r = 0.419, P <.01). 

 

JUFO:  Journal of Cardiovas-
cular Nursing: 1 

CASP:  

Question 1: yes 

Question 2: yes 

Question 3: yes 

Question 4: yes 
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8 Rijkenberg et 
al., 2017  

Netherlands 

To determine if Criti-
cal Pain Observation 
Tool CPOT and Be-
havioral Pain Scale 
BPS are valid and reli-
able pain assessment 
in mechanically venti-
lated patients’ postop-
erative open-heart 
surgery   

Quantitative  

A prospective, 
observational 
cohort study 

N=72 me-
chanically 
ventilated 
postcardiac 
surgery pa-
tients 

After doing the measurements by two 
nurses the results show that the behavioral 
pain scale and critical pain observation tools 
are equal and reliable, intraclass correlation 
coefficients: 0.74 (95% confidence interval 
0.68-0.79), p ¼ 0.001 also BPS and CPOT 
scores increased significantly by 2 points 
during painful procedures such as turning. 

CPOT and BPS are reliable, Cronbach’s al-
pha for CPOT was 0.65 and 0.58 for nurse 1 
and 2 respectively, for BPS 0.62 and 0.59 
nurse 1 and nurse 2 respectively 

JUFO:  Journal of Cardiotho-
racic and Vascular Anesthe-
sia:1  

CASP: 

Question 1: yes 

Question 2: yes 

Question 3: yes 

Question 4: yes 

 

JBI Critical Appraisal Tool cohort studies questions 

Question 1:  Was the exposure measured in a valid and reliable way? 

Question 2:  Were the exposures measured similarly to assign people to both exposed and unexposed groups? 

Question 3:  Was appropriate statistical analysis used? 

Question 4:  Were the groups/participants free of the outcome at the start of the study or at the moment of exposure? 

 

 

 


