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Abstract 

Background: Chronic pain after cardiac surgery, whether or not related to the operation, is common and has nega‑
tive impact on health related quality of life (HRQL). Frailty is a risk factor for adverse surgical outcomes, but its relation‑
ship with chronic pain after cardiac surgery is unknown. This study aimed to address the association between frailty 
and chronic pain following cardiac surgery.

Methods: This sub‑study of the Anesthesia Geriatric Evaluation study included 518 patients ≥ 70 years undergoing 
elective cardiac surgery. Pain was evaluated with the Short‑Form 36 questionnaire prior to and one year after surgery. 
Associations between chronic postoperative pain and frailty domains, including medication use, nutritional status, 
mobility, physical functioning, cognition, HRQL, living situation and educational level, were investigated with multi‑
variable regression analysis.

Results: Chronic pain one year after cardiac surgery was reported in 182 patients (35%). Medication use, living 
situation, mobility, gait speed, Nagi’s physical functioning and preoperative HRQL were frailty domains associated 
with chronic pain after surgery. For patients with chronic pain physical HRQL after one year was worse compared to 
patients without chronic pain (β –10.37, 99% CI –12.57 – –8.17).

Conclusions: Preoperative polypharmacy, living alone, physical frailty and lower mental HRQL are associated with 
chronic pain following cardiac surgery. Chronic postoperative pain is related to worse physical HRQL one year after 
cardiac surgery. These findings may guide future preoperative interventions to reduce chronic pain and poor HRQL 
after cardiac surgery in older patients.

Trial Registration: This trial has been registered before initiation under number NCT02 535728 at clinicaltrials.gov. 
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Background
Chronic pain is a well-known complication after car-
diac surgery and is reported by 18 to 35% of cardiac 
surgery patients in the Netherlands [1–3]. Especially 

in older patients, chronic pain, whether or not related 
to surgery, has a major impact on postoperative func-
tional outcome, including health related quality of life 
(HRQL) [1–5]. Physical inactivity and reduced self-
reliance due to chronic pain, have been associated with 
a greater vulnerability to stressors, social isolation, 
anxiety and depression [5–11]. Although preoperative 
anesthesiological assessment routinely includes risk 
stratification for cardiac or pulmonary complications, 
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standardized screening for the risk to develop chronic 
pain is less common. Given the negative effects, it is 
essential that risk factors for chronic pain after surgery 
are identified in order to initiate preventive strategies.

Frailty is characterized by a limited resilience to sur-
gical stress, and has been associated with poor post-
operative outcomes [12–14]. In community-dwelling 
elderly, chronic pain has been related to frailty [13]. 
Frail patients have more pain, poorer daily functioning 
and less physical activity [13]. In the surgical popula-
tion, frailty has been associated with chronic pain after 
major elective non-cardiac surgery [15]. Although 
frailty is considered an important risk factor for poor 
surgical outcomes, evidence of a relationship between 
frailty and chronic pain following cardiac surgery is 
lacking. Identification of a relation between specific 
preoperative frailty characteristics (domains) and 
postoperative chronic pain may guide interventions 
to improve surgical outcome. With an ageing popula-
tion, the number of cardiac surgery procedures in older 
patients will rise in the upcoming years [4–6]. Opti-
mizing preoperative circumstances in these patients is 
therefore essential to target analgesic interventions and 
preserve postoperative quality of life. We hypothesized 
that preoperative frailty domains are associated with 
chronic pain and worse HRQL one year after cardiac 
surgery in older patients.

This study therefore aimed to address whether specific 
frailty domains are associated with chronic pain follow-
ing cardiac surgery in an older population. Additionally, 
the relationship of chronic pain to HRQL was evaluated..

Methods
Study design and population
This sub-study of the Anesthesia Geriatric Evaluation 
and quality of life after cardiac surgery (AGE) study ana-
lyzed patients included at St. Antonius Hospital, The 
Netherlands [16, 17]. The AGE study was a prospective 
observational cohort study in patients aged 70 years and 
older, that focused on the association between preop-
erative frailty with HRQL and disability after one year 
in elective cardiac surgery patients (i.e. coronary, valve, 
rhythm, aortic, or any combination of these procedures). 
The medical ethics committee approved the study proto-
col before patient recruitment (Medical Ethics Research 
Committees United (www. mec-u. nl), number R15.039). 
The study was first registered at clinicaltrials.gov under 
NCT02535728 at 31/08/2015. This manuscript adheres 
to the applicable STROBE guidelines. All participants 
provided written informed consent. Details on design 
and analyses of the AGE study have been previously 
reported [16].

Clinical characteristics and data collection
After routine preoperative screening, an additional geri-
atric assessment was performed to assess physical, men-
tal and social frailty in eleven domains. Physical frailty 
included the following domains: medication use, nutri-
tional status using the Mini Nutritional Assessment [18] 
(MNA), mobility and gait speed using the Timed Get Up 
& Go test [19] (TGUG) and five-meter gait speed test 
[20] (5-MWT), daily physical functioning using Nagi’s 
scale [20] and a handgrip strength test [21]. Screening 
for mental frailty included cognition using the Minimal 
Mental State Examination [22] (MMSE) and self-rated 
mental and physical health with the Short-Form 36 ques-
tionnaire (SF-36) [23, 24]. To assess social frailty, we eval-
uated the living situation and educational level. Based on 
the multidimensionality of the frailty syndrome, a patient 
was considered ‘overall frail’ if a positive test for physi-
cal, mental and social frailty was present. An elaborate 
description of frailty tests and chosen cut-off values is 
described in additional file Table A1. Demographics and 
medical history were derived from the electronic health 
record, including health status, comorbidities, previous 
surgical procedures and/or laboratory tests. Data from 
the SF-36 was used to identify presence of preopera-
tive pain (see ‘outcomes’ section below). Information on 
preoperative use of analgesics was retrospectively col-
lected from electronic patient files and included acetami-
nophen, non-steroid anti-inflammatory drugs (NSAIDs), 
opioids and antidepressants. Opioids included intrave-
nous and subcutaneous administered morphine, oxy-
codone hydrochloride controlled-release (Oxycontin), 
oxycodone hydrochloride immediate-release (Oxynorm) 
and tramadol. Antidepressants were selective seroto-
nin reuptake inhibitors (SSRIs), tricyclic antidepressants 
(TCAs), pregabalin and amitriptyline. Polypharmacy and 
excessive polypharmacy were defined as ≥ 5 and < 10 pre-
scriptions and ≥ 10 prescriptions, respectively.

Perioperative analgesia
Perioperative care was routinely performed according 
to local standard operating procedures. For intraop-
erative analgesia a continuous infusion of remifentanil 
was initiated directly after induction of anesthesia and 
intermittent fentanyl doses were used at predetermined 
times (i.e. prior to incision of the skin, sternotomy, aorta 
cannulation and opening of the pericardium). The dose 
of remifentanil and fentanyl was determined at the dis-
cretion of the attending anesthesiologist, depending on 
patient characteristics and intraoperative vital param-
eters. All patients received a loading dose of 10 mg intra-
venous morphine 30  min before the anticipated end of 
surgery. Postoperative pain management at the intensive 

http://www.mec-u.nl


Page 3 of 10Arends et al. BMC Anesthesiology          (2022) 22:201  

care unit (ICU) consisted of intravenous paracetamol (1 g 
every six hours) and a continuous infusion of morphine 
(1–2  mg/h) according to protocol. After ICU discharge 
a standardized postoperative pain protocol was started 
including Oxycontin 10  mg twice daily, Oxynorm 5  mg 
as needed (maximum 6 times a day) and paracetamol 1 g 
four times a day during the first and second day at the 
ward. On the third day at the ward opioids were reduced 
and Oxynorm 5 mg as needed was prescribed, together 
with paracetamol 1  g four times a day. From the fourth 
day onwards patients received paracetamol 1 g four times 
a day. Insufficient pain control was managed by consulta-
tion of the hospital acute pain service that advised on an 
individualized pain treatment plan. Patients that suffered 
chronic pain preoperatively continued their pain therapy, 
with the exception of NSAID use. Preoperative opioid 
use was taken into account when defining postoperative 
opioid dose.

Outcomes
One year after cardiac surgery, study patients were invited 
by letter to complete and return the SF-36 questionnaire. 
One phone-call was used to remind non-responders. The 
primary outcome was chronic pain following cardiac 
surgery after 12 months. Data from the SF-36 question-
naires prior to and one year after surgery were used to 
determine chronic pain by the following question: ‘How 
much bodily pain did you have during the past 4 weeks?’ 
Answers were graded 1 to 6 and represented; ‘None’ (1), 
‘Very Mild’ (2), ‘Mild’ (3), ‘Moderate’ (4), ‘Severe’ (5) and 
‘Very Severe’ (6) [22, 23]. For this study, chronic pain 
was divided in three groups: ‘No pain’ (grade 1), ‘Mild 
pain’ (grade 2–3) and ‘Moderate to severe pain’ (grade 
4–6). Chronic pain was defined as a reclassification into 
a higher grade of pain or no improvement of preexistent 
moderate to severe pain one year after cardiac surgery. 
The source or location of pain symptoms were not reg-
istered. Our secondary outcome was HRQL according to 
the SF-36 [23, 24]. HRQL was measured before, and at 
three and twelve months after surgery. Change in HRQL 
was expressed by a delta score between the preoperative 
measurement and at one year after surgery, consisting of 
eight sub scores (i.e. physical functioning, role function-
ing, role emotional, social functioning, bodily pain, men-
tal health, vitality and general health). Sub scores ranged 
from 0 to 100 and were summarized into a mental HRQL 
and physical HRQL score, with positive values represent-
ing improvement. Death was scored as 0 points [16].

Statistical analysis
Data are presented as frequencies and percentages (%) 
for categorical data and as median with interquartile 
range (IQR) or mean with standard deviation (SD) for 

continuous data, as appropriate. Normal distribution of 
the variables was assessed with visual inspection of the 
histograms and Q-Q plots. Differences between patients 
with and without chronic pain one year after surgery 
were compared using the Chi square test for dichoto-
mous or categorical variables or the Mann–Whitney U 
test or Student’s T-test for continuous variables as appro-
priate. To investigate the association between each frailty 
domain and chronic pain one year after cardiac surgery, 
multivariable log-binomial regression analysis was per-
formed to present effect estimates as risk ratios (RR) with 
accompanying 99% confidence interval (99% CI). To take 
multiple testing into account, we tested against a p-value 
of 0.01 and used a CI of 99%. Bonferroni adjustment was 
deemed inappropriate and too conservative as the differ-
ent frailty domains are highly dependent on each other 
[17]. As chronic pain one year after cardiac surgery was 
relatively common, the rare disease assumption would 
not hold. This means that an odds ratio, would not 
approach the corresponding risk ratio, hampering the 
interpretation of our results for clinical practice [25]. 
All associations were adjusted for EuroSCORE II to take 
age, sex, comorbidities and weight of the procedure into 
account. Additionally, the association was adjusted for 
intraoperative use of remifentanil, preexisting chronic 
pain and use of internal mammary artery [1, 2, 26–30]. 
These confounders were a priori selected based on litera-
ture [1, 2, 26–30]. Next, change of HRQL in all eight sub 
scores prior to and one year after surgery was compared 
between patients with and without chronic pain using 
a Wilcoxon signed-rank test, for this univariate analysis 
p-values ≤ 0.01 were considered statistical significant. To 
investigate the association of chronic pain with HRQL 
after one year, multivariable linear regression models 
were conducted, where physical and mental HRQL meas-
ured at 12  months were used as the outcome. All asso-
ciations were adjusted for EuroSCORE II, preexisting 
chronic pain, overall frailty and physical or mental HRQL 
measured prior to surgery. Estimates are expressed as lin-
ear regression coefficients (β) with accompanying 99% CI. 
To assess the robustness of our findings, sensitivity analy-
sis were performed using the same analytical approaches. 
The first post-hoc analysis excluded all patients who died 
within 12  months of follow up. In the second post-hoc 
analysis, only patients with new or worse pain one year 
after surgery (i.e. reclassified into a higher grade of pain) 
were scored as chronic pain and patients with preexist-
ent moderate to severe pain were excluded from this defi-
nition. As SF-36 data was missing for 11% of cases and 
could lead to potential bias, multiple imputation was 
conducted using the ‘mice’ library in R [31, 32]. Twenty 
data sets were created and the estimates and variances 
for each of the imputed datasets were pooled into an 
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overall estimate using Rubin’s rule. The imputed dataset 
was used for final analyses. In order to obtain chronic 
pain categories after imputation, the mean frequencies of 
the specific answers to the SF-36 questionnaire at base-
line and one year after surgery across the 20 imputation 
datasets were rounded to the nearest integer. An a priori 
sample size was not performed, as the sample size was 
based on the available data of the AGE study [16]. Data 
analysis was performed using R statistics (version 3.6.3, 
2020).

Results
Study population
Overall, 518 patients were included in the analysis. Rea-
sons for exclusion were withdrawal (n = 9) or cancella-
tion of surgery (n = 17). Fifty-seven patients (11%) had 
one or more missing values (see additional file Table A2 
for characteristics of patients with and without missing 
data). Prior to surgery, 91 patients (18%) were consid-
ered frail and chronic pain was reported by 331 patients 
(64%) of whom 77 (23%) were frail. Of all patients with 
preexisting chronic pain, 13% (44/331) used one analge-
sic and 7% (22/331) used two or more analgesics. Most 
common analgesics were acetaminophen (28/331, 9%), 
NSAIDs (18/331, 5%) and opioids (16/331, 5%). Patients 
with chronic pain prior to surgery more often used an 
antidepressant, 26/331 versus 4/187 (8% versus 2%), com-
pared to patients without chronic pain prior to surgery 
(p = 0.01). Additional file Table A3 demonstrates the 
baseline characteristics for patients with and without 
chronic pain prior to surgery.

Frailty and chronic pain after cardiac surgery
One hundred forty patients (27%) reported improve-
ment of pain, 243 (47%) had no or unchanged pain and 
135 patients (26%) reported new or worse chronic pain 
one year after surgery (Fig. 1). According to our defini-
tion, chronic pain was present in 182 patients (35%), 
which included 47 patients with pre-existent moderate 

to severe pain that was not improved. Baseline charac-
teristics according to chronic pain after cardiac surgery 
are presented in Table 1. Patients with chronic pain had 
higher EuroSCORE II at baseline, more often used opi-
oids and had lower test results in the physical frailty 
domains. Patients preoperatively considered frail had 
a higher risk of developing postoperative chronic pain 
(aRR 1.58, 99% CI 1.08 – 2.30). Figure  2 demonstrates 
the association between each frailty domain and chronic 
pain one year after surgery. Medication use, living situ-
ation, mobility, gait speed, Nagi’s physical functioning 
and preoperative HRQL were associated with chronic 
pain after surgery. Patients with preoperative exces-
sive polypharmacy, patients who were living alone and 
patient with lower mental HRQL had increased risks 
to develop chronic pain (aRR 2.03, 99% CI 1.32 – 3.12, 
1.54, 99% CI 1.11 – 2.13, and aRR 1.02 99% CI 1.01 – 
1.03 per point decrease on mental HRQL, respectively). 
Also, preoperative impaired physical functioning was 
associated with postoperative chronic pain (aRR 1.11, 
99% CI 1.04 – 1.18 per second increase on 5-MWT, aRR 
1.06, 99% CI 1.02 – 1.10 per second increase on TGUG, 
aRR 1.32, 99% CI 1.19 – 1.46 per point increase on 
Nagi’s scale and aRR 1.03 99% CI 1.01 – 1.05 per point 
decrease on physical HRQL). When patients with pre-
existent moderate to severe pain were excluded from 
the chronic pain definition in the post-hoc analysis, 
mobility and preoperative HRQL were no longer sig-
nificantly associated (see figure in additional file Figure 
A1). Exclusion of patients who died within 12 months of 
follow-up did not change the associations (see figure in 
additional file Figure A2).

Chronic pain and quality of life at one year after surgery
Figure  3 demonstrates the mean change HRQL in all 
eight sub scores prior to and one year after surgery in 
patients with and without chronic pain. Patients with-
out chronic pain significantly improved in each sub 
score, where patients with chronic pain worsened. 

Fig. 1 Pain intensity before and one year after cardiac surgery. n: Number 
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Multivariable linear regression analysis demonstrated 
that patients with chronic pain reported worse physi-
cal HRQL one year after surgery compared to patients 
without chronic pain (β –10.37, 99% CI –12.57 – 
–8.17). Chronic pain was not associated with mental 
HRQL after one year (β –0.83, 99% CI – 3.26 – 1.60). 
Results were similar after excluding patients who were 
deceased within one year after surgery and also after 
the exclusion of patients with preexistent moderate to 
severe pain from the chronic pain definition.

Discussion
This study addressed the association between frailty 
domains and chronic pain following cardiac surgery in 
older patients. Additionally, the impact of chronic pain 
on HRQL in older patients was evaluated. One out of 
three elderly reported chronic pain after one year and 
frail patients had a higher risk of chronic pain following 
cardiac surgery. Frailty domains that were associated 
with chronic pain following surgery were medication 
use, living situation, mobility, gait speed, Nagi’s physical 

Table 1 Baseline patients characteristics 

Continuous values as mean (± standard deviation) or median (1st to 3rd quartile), categorical values as frequency (%). n number, BMI Body mass index, NSAIDs 
Non-steroid anti-inflammatory drugs, CABG Coronary artery bypass grafting, ICU Intensive care unit, MMSE Minimal mental state examination, MNA Mini-nutritional 
assessment, HRQL Health related quality of life

No chronic pain (n = 336) Chronic pain (n = 182) p-value

Patient characteristics
 Male sex 240 (71) 109 (60) 0.01

 Age, years 74 (72 – 77) 75 (72 – 78) 0.09

 BMI (kg∙m−2) 26.20 (24.20 – 28.70) 26.60 (24.42 – 30.10) 0.16

 EuroSCORE II 1.69 (1.21 – 2.91) 2.16 (1.39 – 3.66) 0.001

 Preoperative use of analgesics

  Acetaminophen 19 (6) 15 (8) 0.34

  NSAIDs 12 (4) 11 (6) 0.28

  Opioids 9 (3) 12 (7) 0.05

  Antidepressants 14 (4) 16 (9) 0.05

 Type of surgery

  Single CABG or maze 124 (37) 55 (30) 0.15

  Single valve 91 (27) 53 (29) 0.70

  Combined surgery 97 (29) 59 (32) 0.46

  Aortic surgery 24 (7) 15 (8) 0.78

  Duration of surgery, minutes 204 (163 – 250) 210 (168 – 258) 0.50

  Remifentanyl (microgram) 2000 (1502 – 2000) 2000 (1079 – 2000) 0.004

  Use of internal mammary artery 166 (49) 72 (40) 0.04

  Length of stay in the ICU, days 1 (1 – 2) 1 (1 – 3) 0.04

  Length of hospital stay, days 8 (7 – 12) 9 (7 – 15) 0.07

  Complication (re‑thoracotomy) 15 (5) 13 (7) 0.28

Frailty domains
 Living alone 57 (18) 53 (29)  < 0.01

 Lower education 77 (23) 53 (29) 0.15

 Polypharmacy 211 (63) 134 (74) 0.02

 Excessive polypharmacy 42 (13) 46 (25)  < 0.001

 MMSE, points 29 (28 – 30) 29 (27 – 30) 0.37

 5 Meter walk test, seconds 4.6 (4.1 – 5.3) 4.9 (4.2 – 5.9)  < 0.001

 Timed get up and go test, seconds 9.7 (8.5 – 11.2) 10.4 (8.7 – 12.8) 0.002

 Low grip strength 118 (35) 71 (39) 0.45

 Nagi’s scale, points 0 (0 – 1) 1 (0 – 2)  < 0.001

 MNA, points 13 (12 – 14) 12.5 (11 – 14) 0.06

 Mental HRQL, points 53.1 (44.1 – 58.0) 47.9 (37.7 – 54.0)  < 0.001

 Physical HRQL, points 44.6 (35.7 – 52.0) 41.0 (32.1 – 49.3) 0.005
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functioning and preoperative HRQL. In addition, we 
found that postoperative chronic pain was associated 
with worse physical HRQL one year after surgery.

This study confirmed that chronic pain is common in 
elderly cardiac surgery patients with a similar incidence 
reported in prior studies [1–3]. However, in our study 
the number of patients with postoperative chronic 
pain (n = 182) decreased compared to the number of 
patients with pain prior to surgery (n = 331), and 27% 
of patients (140/518) reported an improvement in pain. 
This might be explained by an improved functional 
capacity, decreased ischemic chest pain and lower lev-
els of anxiety following cardiac surgery. Nevertheless, 
increased pain symptoms were common. Consider-
ing that chronic pain had a profound effect on HRQL, 

identification of risk factors for development of chronic 
pain, especially in the frail and vulnerable popula-
tion, is important and might help to initiate preventive 
strategies. Several risk factors including younger age, 
psychological impairment, preexisting pain, internal 
mammary artery harvest, use of remifentanil and emer-
gency surgery have been described to increase the risk 
of chronic pain following cardiac surgery [1, 2, 26–30]. 
In contrast to prior studies, these risk factors were 
not associated with higher risks of the development of 
chronic pain in our study. This is likely explained by dif-
ferences between surgical cohorts. The AGE study con-
sisted of a frailty-prone population undergoing a wide 
range of elective cardiac surgery procedures, and the 
mean age was higher than in other reports.

Fig. 2 Adjusted relative risks for the development of chronic pain. aRR Adjusted relative risk, CI Confidence interval, MMSE Minimal mental state 
examination, MNA Mini‑nutritional assessment, HRQL Health related quality of life. Polypharmacy was added as factor with polypharmacy defined 
as ≥ 5 and < 10 prescriptions and excessive polypharmacy defined as ≥ 10 prescriptions used. No polypharmacy was used as reference category. 
Log‑binomial regression was used for statistical testing with correction for EuroSCORE II, intraoperative use of remifentanil, preexisting chronic pain 
and use of internal mammary artery. P‑value ≤ 0.01 was considered statistically significant. #; per point decrease on physical and mental HRQL

Fig. 3 Change in health related quality of life in eight sub‑scores.*p < 0.01, tested with Wilcoxon signed-rank test 
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Frail patients had a higher risk of developing post-
operative chronic pain following cardiac surgery. This 
association might be explained by impaired physical 
exertion as higher levels of activity have been described 
to reduce pain sensitivity by decreased pain facilitation 
and increased pain inhibition [33]. Conversely, preex-
istent pain is well-known to have an impact on physical 
activity [5, 6]. Furthermore, preexistent pain is known to 
be a risk factor for acute and chronic pain following sur-
gery [1, 26, 27]. The question arises whether preexistent 
pain or impaired physical functioning (possibly due to 
pain or frailty) in these patients is the most relevant risk 
factor for the development of chronic pain. In our study, 
preexistent pain was not significantly associated with 
postoperative chronic pain. Also, in a post-hoc analysis, 
in which patients with preexistent moderate to severe 
pain were excluded from the chronic pain definition, our 
results did not change. Consistent with prior research, 
this underlines the association between impaired physi-
cal functioning and the development of chronic postop-
erative pain [33].

Besides impaired physical functioning, medication 
use, living situation and preoperative mental HRQL were 
associated with chronic postoperative pain. Polyphar-
macy is common in older patients, and might impede 
pain management for several reasons. Apart from age- 
and disease-related changes in physiology, disease-drug 
and drug-drug interactions might lead to a heterogene-
ity in response to medications and increased adverse 
drug effects. Frailty further increases this heterogeneity 
and thus frail elderly with polypharmacy may be more 
susceptible to adverse events [11]. Next to this, polyp-
harmacy leads to medication non-adherence, leading to 
a suboptimal effect of prescribed analgesic therapy [34]. 
In our study, patients with excessive polypharmacy had a 
twofold risk to develop chronic pain. Finally, patients liv-
ing alone are prone to social isolation, which contributes 
to feelings of depression or anxiety, and a more intense 
experience of pain [11, 26, 35].

Gender has been described to interact with multiple 
preoperative factors as well as cardiac surgery outcomes 
[36]. Female gender has been positively associated with 
preoperative frailty, psychological disease and demen-
tia in cardiac surgery patients [36]. The results of our 
study confirm the well-investigated relationship between 
female gender and chronic pain [26, 27]. When defin-
ing interventions to improve outcome following cardiac 
surgery based on preoperative risk stratification, gender-
related disparities should be taken into consideration.

Our study confirmed the existing relationship between 
chronic pain and HRQL. In general, polypharmacy, 
physical inactivity, reduced self-reliance and social isola-
tion leads to an increase in health consumption, pain and 

poor HRQL [11, 27, 28, 37, 38]. In addition, several stud-
ies found that pain adversely affects recovery and HRQL, 
and that the impact correlated with the severity of pain 
[27, 28, 37]. In patients with chronic pain in our study, 
mental and physical HRQL were lower prior to surgery 
and physical HRQL was worse one year after surgery 
compared to patients without chronic pain (p < 0.001). 
Understanding factors that are related to HRQL in older 
people can be used to preoperatively accommodate 
patients’ needs and preserve quality of life.

Risk stratification should lead to individualized evalu-
ation and preparation for surgery. However, evidence for 
pre-habilitation is limited for cardiac surgery patients. 
However, preoperative exercise has been demonstrated 
to improve functional recovery [39]. Optimization of 
treatment expectations by a simple psychological inter-
vention have shown to improve disability [40]. Currently, 
trials on pre-habilitation are being performed in cardiac 
surgery patients, but the results have to be awaited [41, 
42].

Comprehensive evaluation of pharmacotherapy should 
be part of each preoperative assessment, but deserves 
additional attention of, for example, a pharmacist or 
geriatrician in patients with polypharmacy. Patients suf-
fering from chronic pain preoperatively should receive 
an individualized perioperative pain management plan, 
depending on their preoperative situation. Within this 
plan, additional pharmacotherapy, locoregional anesthe-
sia and/or non-pharmacological interventions including 
may be considered to treat acute postoperative pain and 
prevent the increase of chronic pain symptoms following 
cardiac surgery.

The following limitations should be considered. First, 
pain was determined by a health survey that was not spe-
cifically designed to assess pain or pain interference. This 
study population reported pain within the last 4  weeks 
at 12  months follow up after surgery, and defined it as 
chronic pain [43]. Unfortunately, differentiation between 
thoracic pain, wound pain, chest pain, pain due to the 
surgical procedure or other pain, and type of pain (i.e., 
neuropathic, musculoskeletal, inflammatory, or mechani-
cal pain) was not possible [43]. Second, a single point 
estimate was used for the incidence of chronic pain which 
may have resulted in an underestimation. Besides, the 
ageing process may account for differences in pain sign-
aling and perception, causing an inconsistence and vari-
ety in pain measurements. More specific, with ageing a 
loss in structure and function of peripheral nerves occurs 
[10, 44]. Due to a decrease in the spread and magnitude 
of brain activation in response to pain in elderly, pain 
thresholds might be higher [10, 44]. On the other hand, 
endogenous pain modulation in elderly shows age-related 
impairment [10, 44]. In particular, inhibitory systems 
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were reported to be affected, resulting in lower capaci-
ties to modulate pain. This inadequacy to modulate pain 
leads to an increased risk for chronic pain. Finally, we did 
not register age-dependent conditions such as arthro-
sis and neurological conditions which may be related to 
frailty as well as to chronic pain. Further analysis of the 
reason for frailty may improve the prediction of chronic 
postoperative pain. Future research to explore these cur-
rent findings should determine pain using patient diaries 
with validated pain assessments.

Conclusions
Postsurgical chronic pain is common in elderly car-
diac surgery patients. Preoperative polypharmacy, liv-
ing alone, physical frailty, living alone and lower mental 
HRQL were positively associated to chronic pain fol-
lowing cardiac surgery. Secondly, chronic pain was 
associated with worse physical HRQL following cardiac 
surgery. The results of our study advocate that early iden-
tification of these factors may be used to identify older 
patients at risk for chronic pain after cardiac surgery.
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