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Objectives To investigate the specific clinical features of pain following cardiac surgery and evaluate the information
*Corresponding author at:

com; Twitter: @kimaz7

� 2021 Australian and Ne

Published by Elsevier B.V.
derived from different pain measurement tools used to quantify and describe pain in this population.
Methods A prospective observational study was undertaken at two tertiary care hospitals in Australia. Seventy-two

(72) adults (mean age, 63611 years) were included following cardiac surgery via a median sternotomy.
Participants completed the Patient Identified Cardiac Pain using numeric and visual prompts (PICP), the
McGill Pain Questionnaire-Short Form version 2 (MPQ-2) and the Medical Outcome Study 36-item version
2 (SF-36v2) Bodily Pain domain (BP), which were administered prior to hospital discharge, 4 weeks and 3
months postoperatively.
Results Participants experienced a high incidence of mild (n=45, 63%) to moderate (n=22, 31%) pain prior to

discharge, which reduced at 4 weeks postoperatively: mild (n=28, 41%) and moderate (n=5, 7%) pain; at 3
months participants reported mild (n=14, 20%) and moderate (n=2, 3%) pain. The most frequent location of
pain was the anterior chest wall, consistent with the location of the surgical incision and graft harvest. Most
participants equated “pressure/weight” to “aching” or a “heaviness” in the chest region (based on
descriptor of pain in the PICP) and the pain topography was persistent at 4 weeks and 3 months post-
operatively. Each pain measurement tool provided different information on pain location, severity and
description, with significant change (p,0.005) over time.
Conclusion Mild-to-moderate pain was frequent after sternotomy, improved over time and was mostly located over the

incision and mammary (internal thoracic) artery harvest site. Persistent pain at 3 months remained a sig-
nificant problem in the community within this surgical population.
Keywords Cardiac surgery � Median sternotomy � Pain clinical features � Pain measures
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Introduction

Median sternotomy remains the globally preferred inci-
sion for cardiac surgery. Although the prevalence of post-
sternotomy pain decreases over the early postoperative
period, persistent pain continues to be reported by pa-
tients over the first 2 years [1–6] after surgery, with an
incidence ranging between 21–66% [7–13]. Of those pa-
tients, 33–66% experience chronic pain lasting .3 months,
and 25–33% report chronic pain that interferes with
everyday tasks for more than 12–24 months [10,11,14–20].
Poor pain control and pain persisting after 30 days post-
operatively are predictive of the development of chronic
postoperative pain beyond 6 months to 2 years after
sternotomy [3,7,15,21,22]. Females are reported to experi-
ence more severe pain than males, with 47% of females
reporting incision or breast pain up to 12 months after
surgery [23]. The literature is inconsistent regarding age as
a risk factor for chronic pain. People who are of a younger
age have been shown to be at higher risk of developing
chronic pain syndrome, yet a retrospective multicentre
survey (n=300) identified older patients to be more prone
to post-sternotomy pain [10,23,24].

Several hypotheses have been proposed as causes of post-
sternotomy chest pain but the exact mechanism is still
unclear [23,24]. Most of these relate to the incision and
associated sternal retraction during the surgical procedure
[8,25]. Previous studies have reported an association between
internal mammary artery (IMA) harvest and a greater inci-
dence of anterior chest wall pain [25–28]. In particular,
retraction and elevation of the sternal edge on the harvest
side of the IMA may cause injury to the ribs and associated
joints, muscles and neural structures, as this is a non-
physiological movement of the upper ribs [27,29]. Iatro-
genic injury to the intercostal nerves with possible neuralgia
or neuropathy has also been reported due to retractor
replacement [22,23,27,30]. Another contributing factor to the
presence of pain may be the routine prescription of sternal
precautions that restrict the use of the upper limb and trunk,
despite prior research reporting that exercises of the trunk
and upper limb significantly reduce sternal pain during the
first 6 postoperative weeks [16].
Predominantly, literature has focussed on the prevalence

of post-sternotomy pain, its intensity and evaluation of in-
terventions to manage pain [31,32]. There are few studies
that provide detail regarding the clinical features of post-
sternotomy pain, to facilitate differential diagnosis of chest
pain and inform clinicians who educate patients in post-
operative management of pain within and following
discharge from hospital [13,31,33]. There are varying
methods of measuring pain (other than a visual analogue
scale, [VAS]) to inform patient recovery and management
following cardiac surgery; however, the gold standard for
pain assessment is self-report [6,33–37]. Therefore, this study
aimed to investigate the specific clinical features of pain
following cardiac surgery and evaluate the information
derived from different pain measurement tools used to
quantify and describe pain.
Materials and Methods
The study was conducted and reported in accordance with
the STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) guidelines [38]. An a priori pain
sub-study was designed within a randomised controlled trial
[39]. Participants were prospectively recruited from two
tertiary hospitals (one public and one private) in Melbourne,
Australia, from September 2015 to November 2016 [40].
Participants were eligible to participate if they were English-
speaking adults, aged �18 years, who underwent cardiac
surgery via median sternotomy, including isolated valve
and/or coronary artery bypass graft or a combination of
both. Participants were excluded if they had insufficient
English comprehension, resided outside the Melbourne
metropolitan area (i.e., 52 km radius), had chronic alco-
holism, drug abuse or no fixed address. This trial was
approved by the Melbourne Health Human Research Ethics
Committee (Project number: 2015.035) and registered with
the Australian and New Zealand clinical trials registry
(http://www.anctzctr.org.au): ANZCTRN12615000968572.

Data that were pooled for analysis included both inter-
vention and control groups. The aim of the original rando-
mised controlled trial was to investigate the effects of a
program of modified sternal precautions following cardiac
surgery [39,40]. The control group received standard phys-
iotherapy care, which included advice for the participants to
restrict upper limb use for 4–6 weeks after surgery. The
intervention group was provided with instructions to use
their upper limbs, with pain and discomfort as guides after
surgery. Both groups received usual medical care. As part of
the randomised controlled trial, participants completed all
pain measures (described below) prior to hospital discharge,
4 weeks and 3 months postoperatively. Details pertaining to
the randomised controlled trial can be found in prior publi-
cations [39,40].

All aspects of patient care – including preoperative man-
agement, general anaesthesia, intraoperative ventilation pa-
rameters, fluid delivery, prophylactic antibiotic prescription,
pain management, use of lines and drains, general nursing
care and discharge planning – were provided at the discre-
tion of nurses and physicians, according to routine clinical
practice at both hospitals [40].

Outcome Measures

Patient identified cardiac pain using numeric and visual
prompts
Pain location and description was assessed using the Patient
Identified Cardiac Pain using numeric and visual prompts
(PICP), which is a pain outcome measurement tool that was
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developed by Teoh et al. (2007) [41]. Participants were
required to identify the location of their symptoms by
drawing on a schematic diagram representing the front and
back views of the upper body regions (Figure 1). The
researcher superimposed a key over the schematic diagram
that had designated numbers from 1–34 for each body region
(Figure 1). Participants who felt pain in 1–4 segments of the
body were placed into the “small area” group and those
reporting pain in 5–34 segments of the body into the “large
area” group [41]. Participants were also required to identify
their “main” symptom and describe it in nature by pointing
to pictorial identifiers that visually represented a description
of the pain (i.e., stabbing, heavy, shooting, burning,
squeezing, and loose) [41]. The intensity of the pain was
measured utilising a Likert-type scale ranging from 0–10
(numerical rating scale [NRS] of pain), as seen in Appendix 1.
This tool was included as it evaluates multiple dimensions of
pain and discomfort, is easy to administer and accounts for
cultural diversity [41]. Participants scoring their pain on NRS
scores from 1–4 were classed as mild, 5–7 were classed as
moderate and 8–10 were classed as severe [41].

The short-form McGill Pain Questionnaire version 2
Pain quality was measured using the short-form McGill Pain
Questionnaire version 2 (SF-MPQ-2), which consists of
22 items investigating four dimensions of pain quality
(Continuous, Intermittent, Neuropathic and Affective) on an
11-point numerical rating scale. The total score was calcu-
lated from the mean of 22 items, and scores for the four
dimension subscales were calculated from the mean of the
items included in each subscale. Scores on each subscale
range from 0–10. There are no established critical cut points.
A higher score indicates more severe pain. The MPQ-2 has
well-established reliability in cardiac populations, with alpha
Figure 1 Patient Identified Cardiac Pain using numeric and visu
coefficients ranging from 0.75–0.83 across various post-
operative days [42,43]. The SF-MPQ-2 has shown sensitivity
to change in chronic pain [44] and the changes are associated
with patient ratings of global improvement in clinical
trials [44,45].

The Medical Outcome Study 36-item version 2 Bodily
pain domain
The short-form Medical Outcome Study 36-item Bodily Pain
(SF-36BP) domain includes a two-item scale that asks about
overall pain intensity and how much the pain interfered with
activities over the previous 4 weeks. Intensity of bodily pain
is evaluated using a 6-point rating scale of “none” to “very
severe”. The extent to which pain has interfered with work is
evaluated on a 5-point rating scale from “not at all” to
“extremely”. A higher score indicates lack of body pain. The
Medical Outcome Study 36-item version 2 (SF-36v2) uses
norm-based T-scores (mean 50, SD=10) relative to Australian
population norms [46], where 50 is the “average” for the
population. Therefore, scores above or below 50 can be
considered above or below, respectively.

Statistical Analysis
Data analyses were performed using the SPSS Windows
Version 23.0 (SPSS, Armonk, NY, USA). Data were assessed
for normality using the Kolmogorov-Smirnov. Descriptive
statistics – including mean and SD, median and interquartile
range, number and percentage, and frequency –were used to
summarise data. A general linear model was selected to
analyse the repeated measures considering the change in the
outcomes overtime to compare pain measure scores prior to
discharge, at 4 weeks and 3 months follow-up post-
operatively, with time as fixed effects and participants as
random effects. Relationships were assessed using Pearson
al prompts (PICP) schematic representation tool.



Table 1 Clinical characteristics of study sample.

Demographic Characteristics Total Cohort n=72

Age, yr, M (SD) 63.5 (11.4)

Range 27–82

Sex n (%)
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and Spearman correlation coefficients, as appropriate. All p-
values were two-tailed, and p,0.05 was considered statisti-
cally significant. The strength of the correlations was inter-
preted based on the following criteria: little or no
relationship (r=0.00–0.25), fair relationship (r=0.25–0.50),
moderate to good relationship (r=0.50–0.75), and good to
excellent relationship (r.0.75) [47].
M 61 (84.7)

F 11 (5.3)
Education n (%)

University 22 (30.6)

Non-university 50 (69.4)

Body mass index (BMI), kg/m2, M (SD) 30.5 (8.2)

Smoking status

Never smoker, n (%) 31 (43.1)

Current smoker, n (%) 8 (11.1)

Ex-smoker, n (%) 33 (45.8)
Smoking history, pack yr, Med (IQR) 360 (144–360)

Clinical characteristics

Preoperative

Charlson Comorbidity Index, M (SD) 3.7 (1.80)

Left ventricular function, grade, n (%)

Normal 5 (6.9)

1 48 (66.7)

2 12 (16.7)
3 7 (9.7)

4 0 (0)

Postoperative

Type of cardiac surgery, n (%)

Coronary artery bypass graft (CABG) 52 (72.2)

Valve surgery 12 (16.7)

Combination of CABG and valve

surgery

7 (9.7)

Type A Aortic dissent 1 (1.4)

Type of CABG graft, n

Saphenous vein 11

Radial artery 36

Unilateral internal mammary artery 43

Bilateral internal mammary artery 3

Operation duration, minutes, M (SD) 286.32 (85.0)

Mechanical ventilation duration, hr, M
(SD)

14.86 (25.4)

Cardiopulmonary bypass duration,

minutes, M (SD)

111.03 (41.0)

Used of gait aid postoperatively

No gait aid 49 (68.1)

Four-wheeled walking frame 23 (31.9)

Length of stay, d, Med, IQR 8 (3)
Results
The demographic characteristics of the 72 participants
recruited for the study are shown in Table 1: 43 (59%) par-
ticipants underwent coronary artery bypass graft surgery, 21
(29%) underwent valve surgery, seven (10%) underwent
combined coronary artery bypass graft and valve surgery,
and one (1%) underwent type A aortic dissection repair
(Table 1). Forty-nine (49) (68%) participants had attended an
outpatient cardiac rehabilitation program by their 3-month
follow-up assessment. Data were analysed for 72 patients
and four patients had one time point where data were
missing for the outcome measures. Refer to Figure 2 for the
PRISMA flow diagram. This was taken into consideration as
part of statistical analysis; however, the difference was not
significant.
There was significant improvement for all pain measures

(NRS, MPQ-2 and SF-36BP) after cardiac surgery from sur-
gery over time (p,0.001). All three measures were sensitive
to changes in pain levels over time. However, the NRS
demonstrated more precision and stability compared with
the other two pain measures (p,0.005), with narrow confi-
dence intervals (Table 2). No significant correlations were
found between intensity of pain or discomfort and patient
demographics inclusive of age (r=0.13), sex (r=0.21), body
mass index (r=0.16), or cardiopulmonary bypass time
(r=0.23). Longer mechanical ventilation duration in intensive
care (r=0.30, p,0.005) and operation duration (r=0.37,
p,0.001) were moderately associated with greater pain.

Patient-Identified Cardiac Pain Using
Numeric and Visual Prompts

NRS intensity
Two (2.8%) participants were free of pain (NRS=0) during
their first week after surgery. Participants reported
moderate-intensity pain scores with a mean intensity of 3.6
(2.0) at baseline. Forty-five (45) (63%) participants reported
mild pain, 22 (31%) moderate pain and three (1%) reported
severe pain postoperatively prior to discharge. However, no
participants reported severe pain at 4 weeks to 3 months
postoperatively. At 4 weeks postoperatively, 28 (41%) re-
ported mild pain and five (7%) reported moderate pain. At 3
months postoperatively, 14 (20%) reported mild pain and
two (3%) reported moderate pain. The pain severity scores
measured using the NRS across the three points can be found
in Table 2.
Location and extent of pain
With respect to location and extent of pain, two (2.8%) par-
ticipants reported no pain prior to discharge from hospital.
However, there were multiple locations of pain reported
across several body regions for all participants at baseline,
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Figure 2 PRISMA flow diagram.

Table 2 Scores on NRS, MPQ-2 and SF-36v2 Bodily
Pain across the three points.

Measurement Prior to
Discharge
from
Hospital

4 wk 3 mo P-
values

NRS

Mean (SD) 3.6 (2.0) 1.3 (1.7) 0.5 (1.1) p,0.005

95% CI 3.1–4.1 0.9–1.8 0.2–0.7

MPQ-2

Mean (SD) 1.0 (0.6) 0.5 (0.4) 0.4 (0.4) p,0.005
95% CI 0.7–1.1 0.04–0.60 0.3–0.5

SF-36v2

Bodily Pain

Mean (SD) 43.2 (13.2) 41.8 (11.1) 52.8 (9.9) p,0.005

95% CI 39.99–46.36 39.15–44.51 50.40–55.18

Abbreviations: NRS, numerical rating scale; MPQ-2, McGill Pain Ques-

tionnaire version 2; SF-36v2, short-form Medical Outcome Study 36-item

version 2.
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which was consistent with the “classic symptom profile”
previously reported and described within the PICP tool
(Figure 1). The most commonly affected body area was the
mid-sternal region, as reported by 61 (85%) participants.
Twenty-five (25) (35%) participants reported pain in the neck
or throat region and 17 (24%) reported shoulder or arm pain
postoperatively prior to hospital discharge. Most participants
reported persistent pain localised at the mid-sternal region
across the testing periods, while 10–14% of participants re-
ported pain at the shoulder or arm at 4 weeks and 3 months,
respectively (Figure 3). Throat or neck pain reduced with
time for the majority of participants (Figure 3). Participants
who reported at least one area of the body were then cat-
egorised into two groups depending on the size of the area of
pain they experienced [41]. During hospitalisation, 59
(73.6%) participants reported a small area of pain versus 19
(26.4%) participants who reported a large area of pain. A
small proportion of participants at 4 weeks (13.9% (n=10)
and 3 months (11.1% [n=8]) reported having diffuse areas of
pain and discomfort.

Location and pattern of presentation
Three (3) common patterns of presentation with respect to
type of surgery were found (Figures 4A–C). Twenty-nine (29)
of 72 (40%) participants had no specific pain location or
pattern of presentation after surgery prior to discharge from
hospital. The torso was identified as the primary location for
pain in 40 of 43 (93%) participants, of whom 27 (63%)
localised their pain to the mid-sternal (sternotomy) area at 4
weeks and 17 (51%) at 3 months postoperatively. The leg
(area for saphenous vein grafts) was the pain location for all



Figure 3 Patient-identified Cardiac Pain using numeric and visual prompts (PICP) schematic representation of pain prior to
hospital discharge, 4 weeks and 3 months.
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patients (11 of 11, 100%) prior to discharge, three of 11 (27%)
at 4 weeks after surgery and improved overtime. The arm
(area for radial artery grafts) was the pain location for eight
of 36 (22%) at 4 weeks and five of 36 (13%) at 3 months after
surgery. There were eight of 43 (19%) participants who re-
ported pain in the back at 4 weeks and two of 43 (5%) at 3
months postoperatively. For participants with a combination
of valve and coronary artery bypass graft (CABG), seven of
72 (10%) felt pain adjacent to the incision and elsewhere in
the torso, depending on the graft harvested, and reduced
over time (Figures 4A–C). For valve surgery, all participants
(12 of 72, 17%) reported pain mainly adjacent to the incision
area (Figure 4C).

Descriptor of pain
The most frequently selected term to describe the pain
experienced following a sternotomy within the study sample
was “pressure or weight” (41.6%) (Figure 5). Most partici-
pants equated “pressure or weight” to “aching” or a
“heaviness” in the chest region, and the topography of pain
description was persistent at 4 weeks and 3 months post-
operatively. Figure 5 shows the breakdown of terms selected.
Fifty (50) (58%) participants reported “pressure” type of pain
to be persistent at 4 weeks and at 3 months after cardiac
surgery.

The McGill Pain Questionnaire. The most frequently
selected MPQ terms at baseline were: tiring-exhausting
(n=63, 88%), aching (n=24, 33%), tenderness (n=19, 26%),
pain caused by light touch (n=19, 26%), sharp (n=19, 26%),
stabbing (n=18, 25%), throbbing (n=16, 22%), and shooting
(n=12, 17%). At 4 weeks and 3 months the neuropathic pain
symptoms were more frequently chosen than affective de-
scriptors, continuous pain or intermittent pain (Tables 3
and 4).
At 3 months postoperatively, 15 of 46 (33%) participants

described symptoms of numbness, aching, tenderness, and
hot burning over the IMA harvest site, suggestive of IMA
syndrome. Additionally, 12 of 36 (33%) participants
described symptoms of numbness, tingling, and pins and
needles on the radial artery harvest site.
Figure 4 Patient identified Cardiac Pain using numeric
and visual prompts (PICP) for location and pattern of
presentation. A. After coronary artery bypass graft
(CABG). B. After CABG radial artery grafts. C. After
valve surgery.
Discussion
This study showed that patients reported a high incidence of
moderate pain in the early period after sternotomy, which
significantly improved over the first 3 months after surgery.
This is consistent with prior studies within the cardiac sur-
gery population, which reported moderate pain rates
ranging from 21–56% [7,34,48–50]. More recently, these
prevalent results have been confirmed and reported as
ranging from 33–65% using pain measures including the
VAS and NRS [34,51–53]. The high incidence of acute post-
operative pain is attributed to the mechanical and



Stabbing
13 (18.0) 8 (11.6) 6 (8.5)

Pressure
30 (41.6) 22 (30.4) 20 (28.0)

Shooting
17 (23.6) 4 (5.8) 4 (5.6)

Burning

2 (8.0) 5 (7.2) 2 (2.8)
Squeezing

2 (8.0) 6 (8.7) 3.8 (4.2)
No Pain

8 (11.1) 24 (34.8) 36 (50.7)

Total =72

Prior To Discharge, n (%)

Total = 69

4 weeks, n (%)

Total = 71

3 months, n (%)

Figure 5 Pictorial identifiers that visually represented the description of pain at baseline, 4 weeks and 3 months.
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physiological demands of surgery [34,49,50,54]. The current
study addressed a gap in the literature by providing addi-
tional detail pertaining to pain location, severity and
description (verbal and visual representation) derived from
three different pain measurement tools.
The presence of persistent or chronic pain (beyond 2

months) postoperatively was found to be comparable with
that previously reported, highlighting the importance of this
clinical problem. Prior studies have reported chronic post-
sternotomy pain that is present for .3 months to range be-
tween 25–66% [15,34,49]. However, it should be noted that
persistent pain may be under-represented in the literature, as
the majority of studies reported data collected from patients
during the acute postoperative period and there are only a
small number of studies reporting beyond 6 months [50].
Persistent pain has been reported to be 16–37% at 6 months
[50], 17–25% at 12 months [7,15,50] and 3.8% 5 years after
sternotomy [50]. The proposed mechanisms for post-
operative pain include: somatic pain resulting from inactivity
due to poor pain management that leads to increased alge-
siogenic substances associated with inflammation; mechani-
cal trauma that is secondary to the demands of surgery (e.g.,
rib retractor neural injury, rib fractures); and neuropathic
pain that may persist and be associated with allodynia
[4,7,27,43,55]. Sturgess et al. (2014) reported a significant
reduction in pain 6 weeks postoperatively in a cohort of
cardiac surgery patients who were prescribed a 6-week
program of progressive thoracic exercises [16]. This further
supports early mobilisation and physical activity following
cardiac surgery [56–58].
With respect to the information derived from the PICP

regarding the location of pain, the current study found that
most participants reported pain consistent with the “classic
symptom profile” after cardiac surgery at the mid-sternal
region across the 3-month postoperative period, while a
small proportion of participants reported pain at the shoul-
der or arm. In a study by Bellet et al. (2016), pain was re-
ported by sternotomy patients in the anterior chest, neck, rib
cage, upper back, and left shoulder areas at 6 weeks; how-
ever, only the anterior chest wall and rib cage pain symp-
toms persisted after 3 months [52,58]. El-Ansary et al. (2000a)
reported an increased incidence of anterior chest wall
musculoskeletal symptoms in patients who had undergone
IMA harvesting [27]. Information pertaining to the pictorial
identifiers that visually represent the description of pain
within the PICP tool revealed that the most common de-
scriptors were “pressure” in 42% in the acute postoperative
period and extended to 3 months. The visual representation
for the words “moving” or “shooting” were selected by 17%
of participants in the acute postoperative period and by 4%
at 3 months, which was reflective of incisional healing over
time. It is suggested that a visual descriptor using the term
“pressure” is not specific enough to inform the differential
diagnosis of musculoskeletal pain, as this could also be
described as “heaviness” that is often attributed to acute
coronary syndrome. The addition of a visual descriptor
equivalent to “localised aching” may be more suitable for
post-sternotomy pain that is of musculoskeletal origin. Using
pictorial identifiers that visually represent the description of
pain may facilitate better literacy than verbal terms tradi-
tionally used in other tools. In addition, participants may
better identify with visual descriptors of pain, as they are
more recognisable [34] and transcend cultural diversity. This
is important for health professionals, as it informs a better
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understanding of the clinical characteristics of pain in this
cohort.
Interestingly, the MPQ-2 provided further insight

regarding the quality, intensity and verbal description of
pain, with the majority of the cohort selecting affective de-
scriptors of pain that correlated with descriptions of acute
musculoskeletal injury and trauma in the literature such as
”tiring” or “exhausting”, “tenderness” and “aching”. At 4
weeks, when data were aggregated into four subscales, the
majority of participants selected domains on this tool that
were consistent with neuropathic pain that usually com-
mences during this period at 4 to 6 weeks [50,59]. At 3
months, 33% of participants reported symptoms over the
IMA and radial artery harvest sites consistent with the
documented “internal mammary artery syndrome”, which is
recognised by the International Association for the Society of
Pain [13]. This is consistent with prior literature on persistent
or chronic pain and the associated nociceptive pattern
derived from neuromusculoskeletal structures and scar hy-
persensitivity that can be accompanied by dysaesthesia and
allodynia [11–13,23]. However, the MPQ-2 is not a respon-
sive measure of pain, as the tool relies on a subjective un-
derstanding of qualitative words allocated to describe the
type of pain, which may have varying meaning dependent
on age, gender and or culture. Although the MPQ-2 is widely
used in the cardiology literature to assess pain, the current
findings indicate that the main description of the pain
pattern was not particularly informative and the tool was not
able to discriminate the intensity and quality of pain
following cardiac surgery. A thorough understanding of the
clinical characteristics of pain – including quality, location,
intensity, pictorial and visual descriptions –may facilitate the
differential diagnosis of musculoskeletal pain and assist
health professionals in educating patients to monitor and
optimally manage postoperative pain.
It was also found that there was a trend towards three

common patterns of presentation with respect to type of
surgery. With respect to all cardiac surgery, the torso was
identified as the primary location for pain by 93% of par-
ticipants, regardless of the type of surgery. In participants
that had revascularisation surgery in the form of CABG, the
region of pain that was reported co-related with the harvest
site and these results were consistent with those found from
the PICP tool at 4 weeks and 3 months. This was similar to
participants who had a combination of valve and CABG.
However, all valve surgery participants reported anterior
chest wall pain in the region of the mid-sternal incision that
did not encompass adjacent areas of the chest. It is suggested
that a battery of pain measures may provide robust infor-
mation regarding all domain clinical characteristics of pain It
was also found that 40% of patients have no specific pain
location or pattern of presentation after surgery before
discharge from hospital. This may be due to pain experiences
varying between patients and other factors causing opioid
effects to vary between individuals [60–63].
Pain following cardiac surgery is widely accepted as a

complex multidimensional experience that is perhaps



Table 4 Number of McGill Pain Questionnaire version
2 terms selected by participants according to dimension
of pain cross the assessment time points.

Continuous
Pain

Intermittent
Pain

Neuro
pathic
Pain

Affective
Descriptors

Prior to

discharge, n

109 57 80 89

4 wk, n 72 60 129 96
3 mo, n 58 35 95 69

Total, n 239 152 304 254

Data are the number of participants who selected the MPQ terms. Par-

ticipants may have described more than one term. Therefore, data do not

sum to 22 and percentages do not sum to 100 [42,44,45].

Abbreviations: continuous pain (1, 5–6, 8–10); intermittent pain (2–4, 11,

16, 18); neuropathic pain (7, 17, 19–22); affective descriptors (12–15).
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indicative of the diverse responses to the physiological and
mechanical demands associated with surgery on the body.
However, adequate pain control and management in this
population is complex, due to the challenges that present
with inconsistent pain reporting and side-effects of pain
medication [6,35,36,50,64]. In addition, unidimensional tools
to evaluate pain measurement are often used as the main
assessment method for managing and evaluating post-
operative pain [6,35,36,50,64]. A systematic literature review
of studies comparing NRS, verbal rating scale (VRS) and
VAS in adults suggested that a scale with only three response
options offered little opportunity for discrimination of pain
[36,64]. Further, the VRS was preferred by the less educated
and the elderly and the NRS was the instrument of choice in
an age-mixed population and in patients with chronic pain
[36,64]. Perhaps a more comprehensive assessment that uti-
lises a battery of pain scales from this study can be used by
clinicians to derive detail such as the type of pain (e.g.,
neuropathic, visceral, somatic); pain behaviour that in-
corporates verbal descriptors as well as visual prompts to
account for cultural diversity would inform targeted inter-
vention for better patient outcomes. A thorough under-
standing of the clinical characteristics of pain – including
quality, location, intensity, pictorial and visual descriptions –
may facilitate an understanding of cultural diversity to pain;
the differential diagnosis of musculoskeletal pain; the selec-
tion of targeted pharmaceutical interventions; and education
to promote active patient engagement in early exercise and
rehabilitation for optimal pain management and better pa-
tient outcomes.
A strength of this study was that it confirmed the preva-

lence of postoperative pain in this population, despite recent
advances in postoperative pain management. It also char-
acterised the severity and location of pain, and provided
quality metrics of pain, and as such provided data that may
serve as a useful benchmark for future intervention studies.
A limitation was its small sample size, which in turn was
reduced for subsets of participants who received different
surgical procedures, and limited the ability to detect differ-
ences for surgery and graft type. The number of patients who
developed persistent post-sternotomy pain following sur-
gery was inadequate to power to more subtle associations
between some predictors and its development. No associa-
tion was found between postoperative pain intensity and
age, gender, body mass index, and cardiopulmonary bypass
duration, which was consistent with another similar study
[21]. However, the intensity of pain during the first week
after cardiac surgery had an association with the duration of
ICU admission and operation duration, which was in
agreement with other study [31]. This may be explained by
the fact that prolonged operation duration and ICU admis-
sion result in increased release of adrenal stress hormones,
which in turn can affect the pain sensation following
surgery [31].

The results of this study inform an understanding of the
specific clinical features of post-sternotomy pain, which may
guide health professionals in the delivery of preoperative
and postoperative education regarding pain and its man-
agement to foster a culture of optimal self- management.
Further studies are warranted to investigate whether a bat-
tery of pain measures better informs clinical management
and patient education to facilitate self-management and
better patient outcomes.

Clinical Message
Mild-to-moderate pain is frequent after sternotomy, im-
proves over time and is mostly located over the incision and
mammary (internal thoracic) artery harvest site. Persistent
pain at 3 months remains a significant problem in the com-
munity within this surgical population. This information
may assist in formulating a better understanding of the
specific clinical features of post-sternotomy pain and guide
health professionals in the delivery of preoperative and
postoperative pain education.
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