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Risk factors for chronic thoracic pain after cardiac surgery via sternotomy§
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Abstract

Objective: This study examines the influence of patient demographics and peri- and postoperative (<7 days) characteristics on the incidence of
chronic thoracic pain 1 year after cardiac surgery. The impact of chronic thoracic pain on daily life is also documented. Methods: A prospective
cohort study of 146 patients admitted to the intensive care unit after cardiac surgery via sternotomy was carried out. Pain scores (numeric rating
scale 0—10) were recorded during the first 7 postoperative days. One year later, a questionnaire was used to evaluate the incidence in the 2
preceding weeks of chronic thoracic pain (numeric rating scale >0) associated with the primary surgery. Results: One year after surgery, 42 (35%)
of the 120 responding patients reported chronic thoracic pain. Multivariate regression analysis of patient characteristics revealed that non-
elective surgery, re-sternotomy, severe pain (numeric rating scale �4) on the third postoperative day, and female gender were all independent
predictors of chronic thoracic pain. In addition, the chronic sufferers reported more sleep disturbances and more frequent use of analgesics than
their cohorts. Conclusions: We have identified a number of factors correlated with persistent thoracic pain following cardiac surgery with
sternotomy. Awareness of these predictors may be useful for further research concerning both the prevention and treatment of chronic thoracic
pain, thereby potentially ameliorating the postoperative quality of life of a significant proportion of patients. Meanwhile, chronic thoracic pain
should be discussed preoperatively with patients at risk so that they are truly informed about possible consequences of the surgery.
# 2011 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Chronic thoracic pain after cardiac surgery via sternotomy
is a serious problem affecting 17—56% of patients [1—4].
Patients experiencing it report a significantly lower physical
and mental health status compared with patients without
chronic thoracic pain [5—7]. While the exact etiology of the
pain is unknown, retrospective research suggests allergy to
the osteosynthesis wire used for sternum closure [8], younger
age [2,9], and the use of the internal mammary artery [10] to
be risk factors. Few prospective studies, however, have
investigated possible predictors of chronic thoracic pain after
sternotomy and even fewer have evaluated the possible
relationship between chronic and early postoperative pain
[3]. This is of particular relevance as treatment is more
§ The study was performed at the 24-beds mixed ICU of the St. Antonius
Hospital, Nieuwegein, The Netherlands.
* Corresponding author. Address: Department of Anesthesiology, Intensive

Care and Pain Management, St. Antonius Hospital, PO Box 3430, 3440 EM
Nieuwegein, The Netherlands. Tel.: +31 88 3206725; fax: +31 88 3206749.

E-mail address: lvangulik@hotmail.com (L. van Gulik).

1010-7940/$ — see front matter # 2011 European Association for Cardio-Thoracic 

doi:10.1016/j.ejcts.2011.03.039
difficult once chronic thoracic pain has developed, leading to
a considerably lower quality of health for these patients. The
identification of good predictors of this negative outcome is
therefore essential.

The present prospective study examined the influence of
patient demographics and peri- and postoperative (<7 days)
characteristics on the incidence of chronic thoracic pain 1
year after cardiac surgery. We concurrently recorded its
negative impact on the daily lives of patients in terms of
sleep disturbances and the use of analgesics.

2. Methods and materials

2.1. Patients

A prospective cohort study was performed of patients
admitted to the St. Antonius Hospital Intensive Care Unit
(ICU) after cardiac surgery via sternotomy during the period
of 28 June 2006—18 August 2006. Patients were included if
they were at least 18 years of age and were able to
Surgery. Published by Elsevier B.V. All rights reserved.
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Table 1. Patient characteristics (N = 120).

Male/female 82/38
Age (years) 66.3 (27—86)
BMI (kg/m2) 27.4 (�4.4)
Type of surgery

CABG 54 (45%)
CABG and valve surgery 25 (21%)
Valve surgery 27 (22%)
Aortic surgery 14 (12%)

Diabetes 24 (20%)
EuroSCORE [21] 5 (0—12)

Data are expressed as n (%), mean (�SD) or median (range).
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communicate adequately after surgery, that is, if they were
not neurologically damaged and able to communicate in
either Dutch or English. Interventions included coronary
artery bypass grafting (CABG), valve operations, combination
of valve surgery and CABG and ascending aorta surgery (Table
1). The local hospital medical ethics committee approved
both the protocol to systematically measure pain levels in the
immediate postoperative period and the protocol to evaluate
whether the same cohort of patients experienced chronic
thoracic pain 10—12 months after surgery. The need for
written informed consent was waived as the analysis of the
data was fully anonymized.

2.2. Peri- and postoperative procedure and pain scores

In all patients, the anesthetic technique was standar-
dized: midazolam or diazepam, fentanyl, and propofol were
used for induction of anesthesia. Patients were paralyzed
with pancuronium. Anesthesia was maintained with propofol,
sevoflurane, nitrous oxygen, and either fentanyl or remi-
fentanil, as preferred by the attending anesthesiologist. Pain
scores were recorded both in the ICU and on the ward from
day 0 until day 7 after surgery. Following local clinical
Table 2. Questionnaire on chronic thoracic pain 1 year after sternotomy.

Question 

Have you experienced thoracic pain related to the surgery? 

What was the intensity of the pain on the best day?a

What was the intensity of the pain on the worst day?b

Where was the pain localized? 

How would you characterize the pain? 

Have you experienced heart pain (the same as before the operation)? 

Have you used analgesics for the pain? 

Has the pain interrupted your sleep? 

Have you dreamed more often or differently since the operation? 

Has the pain limited your daily activities? 

Did you resume your job? 

Can you rate the quality of your health on a scale of 1—10? 

The interview was based on the McGill Questionnaire [12] and concerned complaint
a Day with the lowest pain scores in the 2 weeks before the interview.
b Day with the highest pain scores in the 2 weeks before the interview.
practice, pain levels were scored at least 3 times a day while
in the ICU [11], and at least once a day while on the ward.
Upon arrival in the ICU, patients received a continuous
intravenous infusion of morphine (2 mg h�1) in combination
with acetaminophen (1 g orally or rectally 4 times a day),
according to standard protocol [11]. Additional administra-
tion and tapering of morphine was executed by the attending
intensivists and nurses based upon the reported pain scores.
Pain was scored using the Numeric Rating Scale (NRS) in which
‘0’ denotes no pain and ‘10’ indicates the maximum pain
imaginable. NRS � 4 was considered severe pain.

2.3. Pain scores 1 year after cardiac surgery

Ten to 12 months after cardiac surgery, all patients were
contacted by telephone by one interviewer (LIJ) and asked
about the presence of chronic thoracic pain and its possible
impact on their daily lives by means of a questionnaire (Table
2). Chronic thoracic pain was defined as sternal and/or
thoracic pain with an NRS > 0 in the 2 weeks preceding the
interview that the patient identified as both post-surgical
and different from possible earlier experiences with angina.
Patients were asked to score their pain levels using the NRS
for what they would consider the best (least pain) and worst
(greatest pain) day in the 2 weeks prior. All questions
referring to pain levels in the interview were based on the
McGill Pain Questionnaire [12].

2.4. Statistical analysis

Statistical analysis was performed with Statistical Package
for Social Sciences (SPSS) version 16.0 (SPSS Inc., Chicago, IL,
USA). Mann—Whitney U-test and the chi2 test served to
compare differences in non-parametric data and nominal
data, respectively. In the univariate analysis, all possible
variables were considered to compare patient groups with
Answer

Yes/no
NRS 0—10
NRS 0—10
- Around the sternal wound
- Locally elsewhere on the thorax
- Diffuse pain in/on the thorax
- Aching
- Burning
- Other
Yes/no
Yes/no
Yes/no
Yes/no
- Not at all
- A little
- A lot
- Yes, working full-time
- Yes, working part-time
- No, because of the pain
- No, different reason (retirement)
1—10

s experienced in the 2 weeks preceding the interview.
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Fig. 1. Flow chart of study patients.
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and without chronic thoracic pain. Multivariate logistic
regression (MLR) analysis was then performed. Univariate
predictors of outcome with a p-value <0.10 were selected for
MLR analysis with stepwise backward elimination. The
dependent variable was ‘chronic thoracic pain’ and possible
predictors were used as independent variables. A sensitivity
analysis was performed to preclude the influence of missing
data (for 10 patients concerning pain scores on day 3) on the
outcome of the MLR. The results are expressed as odds ratios
and corresponding 95% confidence intervals (95% CIs). All
Table 3. Univariate analysis of predictors of chronic thoracic pain.

No chronic pain (N = 78) 

Patient characteristics
Age 67.1 � 11.9 

Female gender 20 (25.6%) 

EuroSCORE [21] 5 (0—12) 

Previous sternotomy 11 (14.1%) 

Perioperative characteristics
Non-elective surgery 6 (7.7%) 

Use of Internal mammary artery 38 (48.7%) 

Material closure of sternum:
Steal 74 (94.9%) 

Ethilon 4 (5.1%) 

Co-analgesia with remifentanil 19 (24.4%) 

Re-sternotomy during admittance 8 (10.3%) 

Postoperative characteristics
NRS � 4 on Day 1 (N = 114) 25 (32.1%) 

NRS � 4 on Day 2 (N = 113) 25 (32.1%) 

NRS � 4 on Day 3 (N = 110) 16 (20.5%) 

Complicated healing of the sternum 5 (6.4%) 

NRS: Numeric Rating Scale, Day: postoperative day. Values are reported as n (%), m
comparisons were two-tailed and a p-value <0.05 was
considered statistically significant.

3. Results

Of a total of 146 patients, 120 were available and able to
answer the questionnaire (Fig. 1). Patient characteristics for
the responders are summarized in Table 1. One year after
cardiac surgery, 42/120 patients (35%) reported thoracic pain
(NRS > 0) in the preceding 2 weeks. On the worst day, 35
(29.2%) patients reported chest pain with an NRS � 4.
Although most patients (91.7%) felt no pain (NRS = 0) on
the best day, 7/10 patients with an NRS > 0 reported severe
pain (NRS � 4).

Table 3 compares the peri- and postoperative character-
istics of patients with and without chronic thoracic pain via
univariate analysis. Based on this analysis, non-elective
surgery, re-sternotomy during admittance, severe pain
(NRS � 4) on postoperative day 3, and female gender were
selected for multivariate logistic regression analysis with
stepwise backward elimination. Multivariate analysis showed
non-elective surgery, re-sternotomy during admittance,
severe pain (NRS � 4) on postoperative day 3, and female
gender to be independent predictors of chronic thoracic pain
with corresponding odds ratios of 4.22, 3.38, 2.89, and 2.39,
as shown in Table 4. The sensitivity analysis for the 10 missing
pain scores on postoperative day 3 showed no difference in
significance of the predictors of chronic pain resulting from
the multivariate analysis.

The incidence of chronic pain was not different between
the different types of surgery for the patients undergoing
first-time surgery (104/120), that is, 19/50 (38%) for CABG,
8/22 (36%) for valve surgery, 6/19 (32%) for combined CABG
and valve surgery, and 4/13 (31%) for aortic surgery
( p < 0.95). Significantly more patients with chronic thoracic
pain reported sleep disturbances due to the pain (15/42
(35.7%) vs 1/78 (1.3%), p < 0.001) and more frequent use of
analgesics (14/42 (33.3%) vs 1/78 (1.3%), p < 0.001)
compared with those without chronic thoracic pain.
Chronic pain (N = 42) Odds ratio [95% CI] p-value

64.8 � 12.3 0.98 [0.95, 1.01] 0.22
18 (42.9%) 2.18 [0.98, 4.82] 0.05
5 (0—11) 1.00 [0.87, 1.14] 0.94
5 (11.9%) 0.82 [0.27, 2.55] 0.74

10 (23.8%) 3.75 [1.26,11.20] 0.01
23 (54.8%) 1.27 [0.60,2.70] 0.53

39 (92.9%) 1
3 (7.1%) 0.72 [0.17, 3.06] 0.69

13 (31.0%) 1.39 [0.61, 3.21] 0.44
10 (23.8%) 2.73 [0.99, 7.58] 0.05

14 (33.3%) 1.06 [0.47, 2.37] 0.90
18 (42.9%) 1.80 [0.81, 4.00] 0.15
15 (35.7%) 2.15 [0.93, 4.97] 0.07
0 0.25

ean � SD or median (range).

ustice user on 16 August 2022



L. van Gulik et al. / European Journal of Cardio-thoracic Surgery 40 (2011) 1309—13131312

Table 4. Multivariate predictors of chronic thoracic pain 1 year after sternot-
omy.

Odds ratio [95% CI] p-value

Non-elective surgery 4.22 [1.29, 13.84] 0.02
Re-sternotomy during admittance 3.38 [1.08, 10.54] 0.04
NRS � 4 on Day 3 2.89 [1.15, 7.23] 0.02
Female gender 2.39 [1.01, 5.65] 0.05

NRS: Numeric Rating Scale, Day: postoperative day.
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Two-thirds of the 42 chronic pain sufferers localized their
pain to the region of the sternotomy, whereas 28.6% felt it
elsewhere in the thorax and 4.8% diffusely in a non-specified
anatomical region in the thorax. Of these 42 patients, six
(14.3%) stated that the pain had a minor or major influence
on their daily lives. Six of them (14.3%) stopped working or
worked only part-time because of the pain, six (14.3%)
continued to work full time despite the pain, and 30 were
retired. Angina was reported by 9/42 (21.4%) patients
experiencing chronic pain and by 7/78 (9.0%) ( p < 0.16)
non-sufferers. There was no difference in patients without
(n = 11, 14.1%) or with (n = 5, 11.9%) chronic pain who
underwent a sternotomy previously.

4. Discussion

In this prospective study, we sought to identify risk factors
for chronic thoracic pain after cardiac surgery via sternotomy
as a first step toward early treatment and prevention hereof.
To this end, we collected patient demographics, pain scores
during the first 7 postoperative days, and various surgical
variables. We then correlated these variables with the results
of a follow-up telephone interview carried out 10—12 months
after surgery. Chronic thoracic pain was reported by 35% of
the 120 responding patients, with 29% of the 120 patients
experiencing severe pain. With over 2 million procedures of
open-heart surgery a year [13], chronic chest pain may be
considered a serious complication with a high prevalence.
Prevention of chronic thoracic pain is complicated by the fact
that the pathophysiology and risk factors are not yet fully
understood [14]. Kehlet explains the pathophysiology of
chronic pain after surgery through reactive changes to nerves
or to sensory transmitting systems in the spinal cord and brain
that result in abnormal neural function with persistent
postoperative pain.

The present study indicates that several peri- and
postoperative patient characteristics correlate with the
presence of chronic thoracic pain 1 year after cardiac surgery
via sternotomy. In particular, non-elective surgery, re-
sternotomy shortly after the original surgery, severe pain
(NRS � 4) on day 3 after surgery, and female gender were
strongly associated with chronic thoracic pain and can
therefore be considered as risk factors for the condition.

Non-elective surgery was the strongest predictor for the
development of chronic thoracic pain. To our knowledge, this
has not been reported previously. In almost all studies on
chronic thoracic pain after sternotomy, patients who under-
went non-elective surgery were either excluded or analyzed
separately. Our study, by contrast, included 16 (13%) patients
who underwent non-elective surgery. Expanding upon the
explanation by Kehlet, it might be possible that in the case of
emergency surgery, the central nervous system cannot
adequately adapt to the new situation, resulting in a
sensation of pain persisting beyond the usual healing period.
This explanation is purely hypothetical, and further research
into the relationship between emergency surgery and the
development of chronic pain is warranted.

Non-scheduled emergency re-sternotomy during the
hospitalization after the primary surgery was also a
significant risk factor for chronic thoracic pain in our study.
This may not have been fully appreciated in a previous study
[2] due to a lower incidence of re-sternotomy; 3% (19 out of
625) of patients in that study versus 15% (18 out of 120) in the
present report. Although the relatively high number of re-
operations in the current study may render the group less
representative, it is highly probable that only due to this high
incidence, the association between re-sternotomy shortly
after the primary surgery and chronic pain could be
demonstrated. One explanation for the development of
chronic thoracic pain in this group may be the repetitive
tissue damage caused by the re-sternotomy. Although the
repetition of a given operation has been recognized in
general surgery as a risk factor for chronic pain [14], we
observed no association between chronic thoracic pain and a
previous medical history of sternotomy within our study
group (16 patients or 13%).

Two retrospective studies [2,5] proposed that pain in the
early postoperative phase, as indicated by a higher opioid
consumption, was a risk factor for chronic thoracic pain but
did not report pain scores. Two further studies found an
association between higher pain scores on day 4 [3] or on day
5 [15] after surgery with persistent chest pain. We therefore
prospectively recorded pain scores from patients in the ICU as
soon as possible after surgery. Pain experienced on day 3 —
but not days 1 or 2 — after surgery correlated with the
incidence of chronic thoracic pain. These findings are in line
with the results of Jensen and Ho, who reported that
satisfactory analgesia from epidural medication during
surgery and during the first days after intervention could
not prevent patients from developing chronic thoracic pain
[16,17]. Pain endured during the first 2 postoperative days
may thus not be the trigger for the development of chronic
pain. By day 3, however, tapering of analgesics in combina-
tion with increased strain on the fresh wound through
mobilization could lead to a continued stimulation of the
sensory transmitting systems, resulting in the persistence of
pain.

The impact of sex-based differences in physiological
responses to noxious stimuli is an active area of research, as
epidemiologic studies demonstrate that women are substan-
tially more likely to suffer clinical pain than men. Women
have been reported to experience more pain in the early
postoperative phase after cardiac surgery and to experience
more chronic pain after major thoracotomy [18,19]. In our
present study, we found that a greater proportion of women
than men suffered persistent chest pain after cardiac surgery
via sternotomy (43% vs 26%, respectively). Other studies have
not found this correlation [2,5,7], but the populations in
those cases included at most 25% of women, as opposed to
32% in the present report, and may thus not have had the
statistical power to detect the effect. Although sex



L. van Gulik et al. / European Journal of Cardio-thoracic Surgery 40 (2011) 1309—1313 1313

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/article/40/6/1309/418277 by U

.S. D
epartm

ent of Justice user on 16 August 2022
differences in biological and psychosocial mechanisms in
reaction to painful stimuli and differences in response to
treatment have been reported previously [20], the under-
lying causes of this gender bias remain unclear.

While the data sets of pain levels in the first post-
operative week of both the ICU and ward were available as
a result of a previous study [11], the telephone interviews
were performed specifically for this study. Patients were
asked to describe their symptoms for the 2 preceding
weeks retrospectively. This approach thus provides a single
point estimate of the incidence of chronic pain and is
subject to failures of memory. It would be of interest to
determine whether the same results would be obtained if
patients were asked to maintain a diary and register pain
scores prospectively during 2 weeks. While this approach
could be incorporated in future studies, one advantage of
the telephone interview is its high response rate, which is
not subject to compliance issues (87.6% of the patients
who were alive could be evaluated by this method).
Another issue in the design of our study is the number of
pain measurements in the first postoperative week. In the
ICU, pain was scored three times a day but only once a day
while on the ward. In light of our results showing that pain
levels on postoperative day 3 are associated with chronic
pain, it seems important to reconsider this low number of
pain measurements per day on the ward. Lastly, the reader
might wonder how to translate the numbers on chronic
pain to his own specific group of patients, as the current
studied group is quite heterogeneous. However, we
presented the patients group in total, as the incidence
of chronic pain was not significantly different between
patients undergoing different kinds of surgery and with or
without a sternotomy in their history.

In conclusion, our study shows that non-elective
surgery, re-sternotomy shortly after the original surgery,
severe pain on the third postoperative day, and female
gender are independent predictors for the development of
chronic thoracic pain. Awareness of these predictors may
be useful for further studies, as the current knowledge
regarding the etiology, prevention, and treatment of
chronic thoracic pain is still too limited. Further research
is mandatory, as the postoperative quality of life of a
significant proportion of patients may potentially be
ameliorated. Meanwhile, chronic thoracic pain should be
discussed preoperatively with patients at risk, so that they
are truly informed about possible consequences of their
upcoming surgery.
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