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Aims Post-operative pain following cardiac implantable electronic device (CIED) insertion is associated with patient dis-
satisfaction, emotional distress, and emergency department visits. We sought to identify factors associated with
post-operative pain and develop a prediction score for post-operative pain.

...................................................................................................................................................................................................
Methods
and results

All patients from the BRUISE CONTROL-1 and 2 trials were included in this analysis. A validated Visual Analogue
Scale (VAS) was used to assess the severity of pain related to CIED implant procedures. Patients were asked to
grade the most severe post-operative pain, average post-operative pain, and pain on the day of the first post-
operative clinic. Multivariable regression analyses were performed to identify predictors of significant post-
operative pain and to develop a pain-prediction score. A total of 1308 patients were included. Multivariable regres-
sion analysis found that the presence of post-operative clinically significant haematoma fCSH; P value < 0.001;
odds ratio (OR) 3.82 [95% confidence interval (CI): 2.37–6.16]g, de novo CIED implantation [P value < 0.001; OR
1.90 (95% CI: 1.47–2.46)], female sex [P value < 0.001; OR 1.61 (95% CI: 1.22–2.12)], younger age [<65 years; P
value < 0.001; OR 1.54 (95% CI: 1.14–2.10)], and lower body mass index [<20 kg/m2; P value < 0.05; OR 2.05
(95% CI: 0.98–4.28)] demonstrated strong and independent associations with increased post-operative pain. An 11-
point post-operative pain prediction score was developed using the data.

...................................................................................................................................................................................................
Conclusion Our study has identified multiple predictors of post-operative pain after CIED insertion. We have developed a pre-

diction score for post-operative pain that can be used to identify individuals at risk of experiencing significant post-
operative pain.
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Introduction

Cardiac implantable electronic devices (CIED) are being implanted in
increasing numbers worldwide for the management of rhythm disor-
ders and congestive heart failure. The complexity of the clinical con-
ditions of patients undergoing CIED implantation has contributed to
a number of procedure-related complications that have to be dealt
with by treating physicians.1 With an ageing population and increasing
life expectancy, we can expect that many patients with CIEDs will
have to undergo multiple device replacement procedures.2

Post-operative pain after CIED implantation is associated with pa-
tient dis-satisfaction, prolongation of hospital stay, repeat emergency
department visits, and emotional distress.3 Understanding the factors
contributing to post-operative pain after CIED implantation may help
in instituting measures to mitigate this unpleasant complication.3–5

The BRUISE CONTROL-1 (Bridge or continue coumadin for de-
vice surgery randomized controlled trial) and BRUISE CONTROL-2
[Continued vs. interrupted direct oral anticoagulants (DOAC) at the
time of device surgery, in patients with moderate to high risk of arte-
rial thrombo-embolic events] trials were large, multicentre random-
ized controlled trials (RCTs) conducted to evaluate the optimal peri-
operative anticoagulation strategy [continued vs. interrupted vitamin
K antagonists (VKA) or DOAC, respectively] in patients undergoing
CIED implantation or replacement.6,7 These large RCTs provided an
opportunity to prospectively collect information regarding post-
operative pain and determine patient and procedural variables pre-
dicting pain.

We hypothesized that multiple demographic and clinical variables,
such as age, sex, presence of clinically significant haematoma (CSH),
de novo vs. repeat CIED surgery, etc.,8 would predict the severity of
post-operative pain in patients undergoing CIED surgery. We also
sought to develop a post-operative pain prediction score.

Methods

Study design and patients
This study included all patients from the BRUISE CONTROL-1 and 2
RCTs undergoing CIED implantation. Details of inclusion and exclusion
criteria for these trials have been published previously.6,7 Demographic

and clinical variables were collected for all included patients. The inci-
dence of primary and secondary outcomes from the two trials was also
obtained.

Patient selection and study endpoints
A validated Visual Analogue Scale [VAS; numerical pain rating score
(NRS) from 0 to 10, with 0 indicating no pain, and 10 indicating severe
pain] was used to assess the severity of pain related to the CIED implant.9

Patients were asked at their first post-operative visit [median 12 (9–14)
days post-surgery] to grade their most severe post-operative pain, aver-
age post-operative pain, and pain on the day of the clinic visit.

Statistical analyses
Descriptive statistics were reported for all baseline characteristics, opera-
tive details, and outcomes. Continuous variables were expressed as
means and standard deviations for normally distributed variables or
medians with interquartile range (IQR: Q1–Q3) for non-normally distrib-
uted variables. Categorical variables were presented as frequencies with
percentages. To create a risk score for severe post-operative pain, the
continuous variables [age and body mass index (BMI)] in the final predic-
tion model were further categorized using the most meaningful clinical
cut-offs. The coefficients for each variable in the final model were calcu-
lated. The risk score was then computed for severe post-operative pain
by assigning points to each variable in the final model according to their
regression coefficients. Two risk scores were developed one with pre-
operative variables (e.g. BMI, age, gender, etc.) and the second score with
pre- and post-operative variables (i.e. with pocket haematoma that is a
post-operative variable; CSH was defined as one that prolonged hospitali-
zation, and/or required interruption of systemic oral anticoagulation, and/
or required surgical evacuation). The accuracy of a risk score to predict
severe post-operative pain was evaluated by the area under the curve
(AUC) and its 95% confidence interval (CI) in a receiver operating char-
acteristic (ROC) curve analysis. The calibration of a risk score was
assessed using the Hosmer–Lemeshow v2 statistics. The sensitivity, spe-
cificity, and estimated probability of experiencing severe post-operative
pain were also calculated. SAS (version 9.4, SAS Institute Inc., Cary, NC,
USA) was used for all statistical analyses and statistical significance was de-
fined as P < 0.05.

Results

Patients
The BRUISE CONTROL-1 and -2 trials enrolled a total of 1343
patients (681 and 662, respectively), of whom 1308 (661and 647, re-
spectively) underwent CIED implantation and were included in the
current analysis. The remaining 35 patients were excluded from the
current analysis as they either did not undergo CIED implantation or
were lost to follow-up. The baseline demographic, clinical variables,
and procedural details are summarized in Table 1. One half of the
patients underwent pulse generator replacement, while one-quarter
each underwent de novo pacemaker or ICD insertion. The incidence
of the primary outcomes in the included patients is summarized in

What’s new?

• Identification of risk factors associated with post-operative
pain, specifically related to the cardiac implantable electronic
device (CIED) population, from the BRUISE 1 and 2 random-
ized controlled trial.

• Development of a novel post-operative pain prediction score
(HeADSS score) to identify subjects at risk of severe post-op-
erative pain following CIED implantation.
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Table 2. The following variables were selected for univariable analysis,
based on previously published literature on post-operative pain: age,
gender, BMI, diabetes, duration of procedure, de novo or non-de novo
surgery, pacemaker vs. implantable cardioverter-defibrillator (ICD)
insertion, presence or absence of CSH. Univariable analysis (Table 3)
revealed that presence of CSH, de novo surgery, female gender, age
<65 years, and BMI <20 showed significant association with post-
operative pain and these variables were evaluated in a multivariable
logistic regression model (Table 3) for dichotomized pain scores
[moderate to severe post-operative pain [pain score >_ 4; moderate
pain (NRS 4–6)—344 (26.8%); and severe pain (NRA 7–10)—342
(26.6%)] subjects vs. mild post-operative pain [pain score 0–3; mild
pain (NRS 1–3)—599 (46.6%)] based on accepted visual pain score
classification schemes.10 Only the variables that remained significant
were included into the final prediction models for dichotomized pain
scores. The mean average, most severe, and post-operative pain
scores, and results of univariable and multivariable analyses are sum-
marized in Tables 3–5.

....................................................................................................................................................................................................................

Table 1 Baseline characteristics of patients enrolled in BRUISE CONTROL-1 and -2 trials

Characteristics All patients in Bruise CONTROL-1 and -2 trials that underwent

CIED implantation (N 5 1308, 661, and 647, respectively)

Age (years ± SD) 72.7 ± 9.7

Male sex 950 (72.6%)

Body mass indexa 28.5 ± 5.6

Stroke 186 (14.2%)

Transient ischaemic attack 172 (13.2%)

Peripheral embolus 36 (2.8%)

Systemic hypertension 951 (72.7%)

Diabetes mellitus 474 (36.2%)

Cardiomyopathy 744 (56.9%)

Warfarina 661 (50.5%)

Bridging heparin 326 (24.9%)

Continued coumadin 335 (25.6%)

Interrupted DOAC 328 (25.1%)

Continued DOAC 319 (24.4%)

Aspirin 371 (28.4%)

New implant of a pacemaker N = 341

Single 156 (45.8%)

Dual 163 (47.8%)

Cardiac resynchronization 22 (6.5%)

New implant of an implantable cardioverter-defibrillator N = 315

Single 142 (45.1%)

Dual 61 (19.4%)

Cardiac resynchronization 112 (35.6%)

Device replacement or revision N = 652

Pulse generator change only 229 (35.1%)

Pulse generator change with additional interventionsa 177 (27.2%)

Other 9 (1.4%)

Duration of procedure (min), median (IQR) 45 (28–70)

Data are expressed as N (%), median (IQR), mean ± standard deviation (SD), or n/N (%).
CIED, cardiac implantable electronic device; DOAC, direct oral anticoagulant.
aOnly patients enrolled in Bruise CONTROL-1 trial were on Warfarin. These variables were available only for patients enrolled in the BRUISE CONTROL-2 trial.

.................................................................................................

Table 2 Primary and secondary outcomes in patients
enrolled in BRUISE CONTROL-1 and -2 trials

Trial outcomes Total subjects 5 1308

(BC-1: 661 and BC-2: 647)

Clinically significant haematoma (CSH) 80/1308 (6.1%)

CSH prolonged hospitalization 23/1308 (1.8%)

CSH requiring interruption of

anti-coagulation

73/1308 (5.6%)

CSH requiring re-operation 14/1308 (1.1%)

Non-clinically significant haematomaa 21/647 (3.3%)

Any haematomaa 34/647 (5.3%)

All-cause mortality 7/1308 (0.5%)

Data are expressed as n/N (%).
aThese variables were available only for patients enrolled in the BRUISE
CONTROL-2 trial.
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................................................ ...................................................... .................................................................

....................................................................................................................................................................................................................

Table 3 Odds ratio for experiencing significant pain in the univariable and multivariable model, dichotomized by pri-
mary outcome variable, for average post-operative pain, most severe post-operative pain, and post-operative pain on
day of follow-up

Average post-operative pain Most severe post-operative pain Post-operative pain on day of follow-up

Variables Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Univariable analysis

CSH 3.70 (2.32–5.90) <0.0001 2.87 (1.69–4.88) 0.0001 1.96 (1.14–2.03) 0.02

De novo surgery 1.90 (1.47–2.42) <0.0001 1.61 (1.29–2.00) <0.0001 1.47 (1.06–2.03) 0.02

Female sex 1.63 (1.25–2.12) 0.0003 1.33 (1.04–1.70) 0.02 1.78 (1.28–2.49) 0.0007

Age <65 years 1.55 (1.15–2.08) 0.004 1.95 (1.46–2.61) <0.0001 1.08 (0.72–1.61) NS

BMI <20 kg/m2 2.06 (1.02–4.20) 0.05 1.69 (0.81–3.53) 0.15 1.45 (0.60–3.66) NS

Pacemaker vs. ICD 0.81 (0.49–1.34) NS 0.70 (0.44–1.12) NS 1.13 (0.60–2.16) NS

Type II DM 0.87 (0.67–1.12) NS 0.91 (0.73–1.15) NS 1.18 (0.85–1.64) NS

Procedure duration 1.00 (1.00–1.01) NS 1.00 (1.00–1.01) NS 1.00 (1.00–1.01) NS

Multivariable analysis

CSH 3.82 (2.37–6.16) <0.0001 2.85 (1.67–4.87) 0.0001 2.02 (1.16–3.54) 0.01

De novo surgery 1.90 (1.47–2.46) <0.0001 1.60 (1.27–2.00) <0.0001 1.44 (1.04–1.99) 0.03

Female sex 1.61 (1.22–2.12) 0.0007 1.31 (1.02–1.69) 0.04 1.78 (1.28–2.49) 0.0007

Age <65 years 1.54 (1.14–2.10) 0.006 1.94 (1.44–2.61) <0.0001 NS NS

BMI <20 kg/m2 2.05 (0.98–4.28) 0.05 1.72 (0.81–3.67) 0.15 NS NS

The models are dichotomized for moderate to severe post-operative pain (>4) vs. mild post-operative pain (0–3).
BMI, body mass index; CSH, clinically significant haematoma; ICD, implantable cardioverter-defibrillator; NS, not significant.

....................................................................................................................................................................................................................

Table 4 Results of multivariable analysis with comparison of mean pain scores between groups with and without the
presence of pre and post-operative variable

Variables Mean aver-

age post-

operative

pain score

(R2 5 0.08)

Standardized

beta (SE)

P value Mean most

severe post-

operative

pain score

(R2 5 0.08)

Standardized

beta (SE)

P value Mean post-

operative

pain score on

day of follow-

up (R2 5

0.04)

Standardized

beta

P value

Haematoma 3.8 ± 2.2 0.15 (0.24) < 0.0001 6.1 ± 3.1 0.16 (0.34) <0.0001 2.4 ± 2.2 0.11 (0.23) 0.0001

No haematoma 2.4 ± 2.1 4.0 ± 2.9 1.4 ± 2.0

De novo surgery 2.7 ± 2.2 0.14 (0.11) <0.0001 4.5 ± 3.0 0.13 (0.16) <0.0001 1.7 ± 2.0 0.11 (0.11) <0.0001

Non-de novo surgery2.1 ± 2.1 3.7 ± 2.9 1.3 ± 2.0

Male 2.3 ± 2.0 �0.12 (0.13) 0.0005 4.0 ± 2.9 �0.09 (0.18) 0.0009 1.4 ± 1.9 �0.10 (0.12) 0.0002

Female 2.8 ± 2.3 4.5 ± 3.1 1.8 ± 2.3

Age

<50 3.0 ± 1.8 �0.15 (0.06) < 0.0001 5.9 ± 2.7 �0.16 (0.08) <0.0001 1.7 ± 1.5 �0.07 (0.06) 0.0159

50–59 3.2 ± 2.2 5.2 ± 2.8 1.8 ± 1.9

60–69 2.6 ± 2.2 4.3 ± 3.0 1.6 ± 2.0

70–79 2.4 ± 2.1 4.0 ± 2.9 1.5 ± 2.1

>_80 2.1 ± 2.1 3.6 ± 3.0 1.3 ± 2.0

BMI

<20 3.2 ± 2.4 �0.07 (0.06) 0.013 5.2 ± 3.4 �0.06 (0.08) 0.0203 NA NA NA

20–24 2.6 ± 2.2 4.3 ± 3.0 NA

25–29 2.3 ± 2.1 4.0 ± 2.9 NA

30–34 2.4 ± 2.2 4.1 ± 3.1 NA

35–39 2.4 ± 2.0 4.1 ± 3.0 NA

The models are dichotomized for moderate to severe post-operative pain (>4) vs. mild post-operative pain (0–3).
BMI, body mass index; CSH, clinically significant haematoma; ICD, implantable cardioverter-defibrillator; NS, not significant.
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Pain assessment
Patients completed the visual analogue scale at their first post op
clinic visit [median 12 (9–14) days post-surgery].6,7 The mean
(±standard deviation) scores of the most severe, average, and pain
on the day of the clinic follow-up visit were analysed for all enrolled
patients. All variables that met the selection criterion (P value < 0.25)
were entered into the multivariable model for test of inclusion. In the
final risk prediction model, statistically significant predictors of in-
creased post-operative pain were: CSH, de novo surgery, female sex,
age <65 years, and BMI <20 kg/m2 (Tables 3–5).

BRUISE-CONTROL HeADSS post-
operative pain risk score development
Multivariable logistic regression analyses were performed for dichot-
omized pain scores including pre-operative variables (without CSH;
Table 6) and both pre- and post-operative variables (with CSH;
Table 7). The variables that remained significant were included into

the final prediction models for creating dichotomized pain scores
[The BRUISE-CONTROL post-operative pain risk score, HeADSS:
He: clinically significant haematoma (CSH); A, age; D, de novo surgery;
S, slim—BMI <20 kg/m2; and S, sex: female; Tables 8 and 9; Figure 1A
and B]. To create a risk score for severe post-operative pain, the con-
tinuous variables (age and BMI) in the final prediction model were fur-
ther categorized using the most meaningful clinical cut-offs. The
coefficients for each variable in the final model were calculated. The
risk score was then computed for severe post-operative pain by
assigning points to each variable in the final model according to their
regression coefficients. The accuracy of a risk score to predict severe
post-operative pain was evaluated by the area under the curve
(AUC) and its 95% CI in a ROC curve analysis (Figure 1A and B). The
calibration of risk scores with and without CSH (HeþþADSS and
He��ADSS scores) were assessed using the Hosmer–Lemeshow v2

statistic. The sensitivity, specificity, and estimated probability of
experiencing severe post-operative pain were also calculated (AUC

.............................................. .................................................... ...............................................................

....................................................................................................................................................................................................................

Table 5 Mean pain scores in subjects enrolled in BRUISE CONTROL 1 and 2 trials

Average post-operative pain Most severe post-operative pain Post-operative pain on day of follow-up

Variables Mean

(6 SD)

P value

(comparison

with absence)

Mean (

6 SD)

P value

(comparison

with absence)

Mean

(6 SD)

P value

(comparison

with absence)

CSH 3.8 ± 2.2 <0.0001 6.1 ± 3.1 <0.0001 2.4 ± 2.2 0.0001

De novo surgery 2.7 ± 2.2 <0.0001 4.5 ± 3.0 <0.0001 1.7 ± 2.0 <0.0001

Female sex 2.8 ± 2.3 0.0005 4.5 ± 3.1 0.0009 1.8 ± 2.3 0.0002

Age <65 years 3.2 ± 2.2 <0.0001 5.2 ± 2.8 <0.0001 1.8 ± 1.9 0.02

BMI <20 kg/m2 3.2 ± 2.4 0.01 5.2 ± 3.4 0.02 Not associateda Not associateda

Overall pain score for all 1308

patients in BC-1 and BC-2

(mean ± SD)

2.4 ± 2.1 4.1 ± 3 1.5 ± 2.0

The models are dichotomized for moderate to severe post-operative pain (>4) vs. mild post-operative pain (0–3).
BMI, body mass index; CSH, clinically significant haematoma; ICD, implantable cardioverter-defibrillator; NS, not significant.
aPost-operative pain on day of follow-up was not significantly different between subjects with BMI <20 kg/m2 and those with BMI >_20 kg/m2 and are not being presented.

.................................................................................................

Table 6 Logistic prediction model for moderate to se-
vere post-operative pain prediction score excluding clin-
ically significant haematoma (He22ADSS score) after
CIED insertion (the most severe post-operative pain
scores were used to perform the above analyses)

Variables Beta (SE) Odds ratio (95% CI) P value

Age <65 0.68 (0.15) 1.97 (1.46–2.64) <0.0001

De novo surgery 0.47 (0.11) 1.60 (1.28–2.00) <0.0001

BMI <20 kg/ m2 0.55(0.38) 1.73 (0.82–3.67) 0.15

Female sex 0.26 (0.13) 1.29 (1.01–1.67) 0.046

AUC of 0.60; 95% confidence interval 0.57–0.63. The BRUISE-Control
He��ADSS and HeþþADSS scores post-operative pain risk score were devel-
oped based on the final risk prediction model (He—CSH; A, age; D, de novo sur-
gery; S, slim—BMI <20 kg/m2; and S, sex—female).
AUC, area under the curve; BMI, body mass index; CSH, clinically significant hae-
matoma; CIED, cardiac implantable electronic device.

.................................................................................................

Table 7 Logistic prediction model for moderate to se-
vere post-operative pain prediction score including clini-
cally significant haematoma (He11ADSS score) after
CIED insertion (the most severe post-operative pain
scores were used to perform the above analyses)

Variables Beta (SE) Odds ratio (95% CI) P value

CSH 1.05 (0.27) 2.85 (1.67–4.87) 0.0001

Age <65 years 0.66 (0.15) 1.94 (1.44–2.61) <0.0001

De novo surgery 0.47 (0.12) 1.60 (1.27–2.00) <0.0001

BMI <20 kg/m2 0.55 (0.39) 1.72 (0.81–3.67) 0.15

Female sex 0.27 (0.13) 1.31 (1.02–1.69) 0.04

AUC of 0.62; 95% confidence interval 0.59–0.65. The BRUISE-Control
He��ADSS and HeþþADSS scores post-operative pain risk score were devel-
oped based on the final risk prediction model (He—CSH; A, age; D, de novo sur-
gery; S, slim—BMI <20 kg/m2; and S, sex—female).
AUC, area under the curve; BMI, body mass index; CSH, clinically significant hae-
matoma; CIED, cardiac implantable electronic device.
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of 0.62; 95% CI 0.59–0.65; Tables 6–9 and Figure 1). We chose female
sex as the reference group as it had the lowest risk. The risk score
was calculated for each patient by summing the point assigned to
each predictor: CSH (4 points), age (2 points age <65 years), de novo
surgery (2 points), slim individuals (2 points for BMI < 20 kg/m2), and
sex (1 point for female sex). The minimum risk score was 0 for
patients without any risk factors and the maximum risk score was 11.
The sensitivities, specificities, and estimated probabilities of
experiencing moderate to severe post-operative pain for
HeþþADSS and He��ADSS scores are summarized in Tables 10
and 11.

Discussion

This is the largest cohort study of patients undergoing de novo or re-
placement CIED implantation that have been prospectively evaluated
for factors contributing to post-operative pain. We found that the
presence of post-operative CSH, de novo CIED implantation, female
sex, younger age (<65 years), and lower BMI (< 20 kg/m2) were asso-
ciated with increased post-operative pain. Identifying peri-operative
factors associated with post-operative pain intensity in patients un-
dergoing CIED implantation is important for developing interventions
to effectively manage post-operative pain.11 This is important as
post-operative pain can result in significant patient dis-satisfaction
and increased health care resource ulitlization.12,13

The only published prospective study on post-operative pain in
patients undergoing CIED implantation collected information on
post-operative pain every 2 h, for a period of 24 h on a numeric rating
scale.12 In that study, 39% of 102 patients reported moderate to se-
vere (numeric rating scale score > 3) post-operative pain after CIED
insertion. Multivariate analysis identified female sex as the only demo-
graphic or clinical variable associated with increased post-operative
pain (P = 0.046). Women have been shown to have higher pain
scores in multiple clinical conditions including osteoarthritis, head-
ache syndromes, fibromyalgia, etc.13 Post-operative and procedural
pain have also been shown to be severe in women compared with
men, although the association is not as strong as for the previously
mentioned conditions.5 In addition, women are more likely to

perceive greater intensity of pain in experimentally induced pain such
as intra-muscular injection of algesic substances.14 Lastly, there is evi-
dence to suggest that a variety of social and psychological processes
are likely to influence the differences in pain perception between
women and men.15

In addition to female sex, our study identified four other indepen-
dent risk factors associated with post-operative pain: the presence of
CSH, de novo CIED implantation, younger age (<65 years), and lower
BMI (<20 kg/m2). The development of CSH and resultant pain due to
stretching of pectoral tissue might be similar to pain experienced by
women undergoing mastectomy with immediate breast reconstruc-
tion using tissue expanders.16 A study evaluating predictors of CSH
formation, in 2500 subjects receiving ICD implantation in the
Shockless Implant Evaluation (SIMPLE) trial, identified heparin bridg-
ing, sub-pectoral implantation, upgrade from a pre-existing CIED,
previous stroke, and older age as independent predictors of CSH on
multivariable analysis.17 Clinically significant haematoma developing
after CIED implantation was associated with increased post-
operative pain in our analyses, and many of the independent factors
associated with development of CSH also are associated with post-
operative pain.

It is possible that individuals undergoing de novo CIED implantation
and younger individuals may experience more post-operative pain as
they are unlikely to have been pre-conditioned by pain related to
chronic degenerative illnesses (e.g. Osteoarthritis) or prior invasive
procedures.11,18 Patients with CSH and those with minimal subcuta-
neous adipose tissue (patients with BMI < 20 kg/m2) are likely to ex-
perience greater stretching of the skin over the incision resulting and
this may contribute to higher post-operative pain scores.11

Post-operative pain has been widely studied in other surgeries and
procedures. There is wide variability in pain perception and analgesic
requirements in patients undergoing surgical procedures.11,19 Post-
surgical pain assessment has focused on two main pain variables: pain
perception measured by pain intensity scores and pain behaviour dis-
played by patterns of self-administered analgesia. Studies have identi-
fied demographic, procedural, and psychological factors that can
predict increased post-operative pain perception. Some of the
known factors associated with post-operative pain include female
sex, type of surgery (laparoscopic vs. open incisional, site of surgery,

.................................................................................................

Table 8 He22ADSS (clinically significant haematoma
excluded) post-operative pain prediction score from the
BRUISE-Control Trials (the most severe post-operative
pain scores were used to perform the above analyses)

Variables Beta Beta after inflationa Points

Age <65 years 0.68 2.6 3

De novo surgery 0.47 1.82 2

BMI <20 kg/m2 0.55 2.13 2

Female sex 0.26 1 1

BMI, body mass index; CSH, clinically significant haematoma.
aBeta coefficient was inflated by dividing the smallest beta coefficient (0.27), and
then points were derived by rounding to the nearest integer. The BRUISE-
Control He��ADSS and HeþþADSS scores post-operative pain risk score were
developed based on the final risk prediction model (He, CSH; A, age; D, de novo
surgery; S, slim—BMI <20 kg/m2; and S, sex—female).

.................................................................................................

Table 9 He11ADSS (clinically significant haematoma
included) post-operative pain prediction score from the
BRUISE-Control Trials

Variables Beta Beta after inflationa Points

CSH 1.05 3.84 4

Age <65 years 0.66 2.44 2

De novo surgery 0.47 1.71 2

BMI <20 kg/ m2 0.55 2 2

Female sex 0.27 1 1

BMI, body mass index; CSH, clinically significant haematoma.
aBeta coefficient was inflated by dividing the smallest beta coefficient (0.27), and
then points were derived by rounding to the nearest integer. The BRUISE-
Control He��ADSS and HeþþADSS scores post-operative pain risk score were
developed based on the final risk prediction model (He, CSH; A, age; D, de novo
surgery; S, slim—BMI <20 kg/m2; and S, sex—female).
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tissue plane, etc.), and psychological factors (pre-existing depression,
affective, and anxiety disorders).5,8,11,13,19

The HeþþADSS score might be able to assist implanting physicians
in estimating the probability of moderate to severe post-operative
pain in subjects undergoing CIED implantation. For instance, a CIED
implant patient with a HeþþADSS score of 8 (CSH, receiving a de
novo device and with a BMI < 20 kg/m2) has an 85% probability of
experiencing moderate to severe post-operative pain with a 99%
specificity for this prediction to be accurate. Patients identified to

have high probability of post-operative pain can be prescribed en-
hanced pain management regimens or provided with patient-
controlled analgesia to reduce the intensity of post-operative pain,
shorten recovery from CIED surgery, and improve satisfaction.11,19

One of the challenges with the HeþþADSS score is that CSH may
develop only in a proportion of patients after CIED surgery. The
score predicting pain for an individual patient can be calculated accu-
rately only if the patient develops a CSH after the procedure, thereby
delaying the institution of aggressive pain relief measures. To provide
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Figure 1 ROC curve and AUC (C-statistic) for the He��ADSS score (A). ROC curve and AUC (C-statistic) for the HeþþADSS score (B). AUC,
area under the curve; ROC, receiver operating characteristic.
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Table 10 The sensitivity, specificity, and estimated probability of having severe post-operative pain for He22ADSS
score (the most severe post-operative pain scores were used to perform the above analyses)

He22ADSS

score

Number Sensitivity Specificity Estimated probability of having

moderate to severe post-operative pain

0 396 1 0 0.43

1 122 0.76 0.37 0.48

2 361 0.67 0.47 0.54

3 253 0.39 0.75 0.60

4 35 0.18 0.93 0.65

5 106 0.15 0.94 0.70

6 33 0.04 0.98 0.75

8 1 0.002 1 0.83

The combined BC-1 and BC-2 patient cohort did not have patients with a score of 7, when CSH was excluded. The BRUISE-Control He��ADSS and HeþþADSS scores post-
operative pain risk score were developed based on the final risk prediction model (He, CSH; A, age; D, de novo surgery; S, slim—BMI <20 kg/m2; and S, sex—female).
BC-1, BRUISE CONTROL Trial 1; BC-2, BRUISE CONTROL Trial 2; BMI, body mass index; CSH, clinically significant haematoma.
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the clinician with an a priori score to predict post-operative pain in
patients undergoing CIED surgery we have also provided the
He��ADSS score that does not include CSH (Figures 1 and 2). Using
this score an individual with a He��ADSS score of 4 (de novo surgery
and BMI < 20 kg/m2) has a 65% probability and an individual with a
score of 6 (age < 65 years, de novo surgery, and BMI < 20 kg/m2) has a
75% probability of experiencing moderate to severe post-operative
pain, with a specificity of 93% and 98%, respectively. Patients with
He��ADSS score of >_4, especially if they have established risk fac-
tors for developing CSH (patients on systemic oral anticoagulation,
those on combined antiplatelet and anticoagulant agents and patients
with diabetes mellitus)6,7 may be selected for aggressive pain relief
measures.

Limitations
We were not able to assess psychological factors, such as pre-
existing depression or affective and anxiety disorders and their im-
pact on the severity of post-operative pain this study. We also did
not quantify post-operative analgesic requirement in our study
patients to determine if the factors associated with increased post-
operative pain also predicted post-operative analgesic requirement.
We have not included post-operative analgesic regimens used by the
participating institutions in our analyses. Institutional variations in an-
algesic regimens could have impacted post-operative pain scores in-
troducing a source of bias in this analysis. Another limitation of the
predictive score is that CSH develops only after the procedure and
hence, this component of the score cannot be used to predict in-
creased post-operative pain prior to the procedure. However, in
subjects with high likelihood of developing post-operative CSH (up-
grade from existing CIED, older age, sub-pectoral implant) can be
identified for counselling and enhanced post-operative analgesic
treatment including pectoral nerve blocks prior to the procedure.20

It is possible that institutional variation in peri-operative pain manage-
ment protocols might have influenced the intensity of pain reported
by patients. Lastly, the VAS was administered on the first post-

operative visit [12 (range 4–20) days] and this could have introduced
a recall bias in patients reporting pain scores.

Conclusions

We have identified five independent predictors to predict moderate
to severe post-operative pain and have developed a user-friendly
post-operative pain score (the HeADSS score) to identify CIED im-
plant patients who should be targeted for additional pain manage-
ment. This pain prediction score will need prospective validation
using other cohorts of patients undergoing CIED implantation.
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Table 11 The sensitivity, specificity, and estimated probability of having severe post-operative pain for He11ADSS
score (the most severe post-operative pain scores were used to perform the above analyses)

He11ADSS score Number Sensitivity Specificity Estimated probability of having moderate

to severe post-operative pain

0 374 1 0 0.41

1 117 0.78 0.36 0.47

2 412 0.69 0.46 0.54

3 187 0.39 0.79 0.61

4 124 0.23 0.91 0.67

5 39 0.10 0.96 0.72

6 34 0.06 0.98 0.77

7 11 0.02 0.99 0.82

8 5 0.01 0.99 0.85

>9 4 0.004 0.99 0.88

The BRUISE-Control He��ADSS and HeþþADSS scores post-operative pain risk score were developed based on the final risk prediction model (He, CSH; A, age; D, de novo
surgery; S, slim—BMI <20 kg/m2; and S, sex—female).
BC-1, BRUISE CONTROL Trial 1; BC-2, BRUISE CONTROL Trial 2; BMI, body mass index; CSH, clinically significant haematoma.
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