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Factors Related to Persistent Postoperative Pain after Cardiac Surgery: A Systematic Review and
Meta-Analysis

Bae, Jaewon' - Shin, Sujin’

'College of Nursing, University of Iowa, Iowa City, IA, USA
“College of Nursing, Ewha Womans University, Seoul, Korea

Purpose: This study aimed at identifying factors related to persistent postoperative pain after cardiac surgery and estimating their effect
sizes, Methods: The literature search and selection was conducted in four different databases (CINAHL, Cochrane Library, PubMed, and
PQDT) using the Preferred Reporting Items for Systematic Review and Meta-Analysis Statement, A total of 14 studies met the inclusion
criteria and were systematically reviewed. For the meta-analysis, R was used to analyze 30 effect sizes of for both individual and opera-
tive factors as well as publication biases from a total of nine studies. Results: The meta-analysis revealed that persistent postoperative
pain after cardiac surgery was related to one individual factor (gender) and two operative factors (acute postoperative pain and use of
the internal mammary artery). Operative factors (OR=5.26) had a larger effect size than individual factors (OR=1.53). Conclusion: Female
gender, acute pain after surgery, and use of the internal mammary artery are related factors to persistent postoperative pain. The devel-
opment of interventions focusing on modifiable related factors, such as acute postoperative pain, may help to minimize or prevent PPP
after cardiac surgery.
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Title and absti

ract screened
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- Type of surgery: not via

sternotomy (n=258)

- Including acute postoperative
pain (n=648)

- Not including related factors (n=3)
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- Systematic review (n=2)
- Not in English (n=1)
| - Not including analysis of related
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Included in systematic
literature review
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£

factors (n=2)

- Subject including adolescents
and adults (n=1)

- Study protocol (n=1)

Excluded (n=5)
- Not using logistic Regression and

A

A

Included in meta-analysis
(n=9)

"| using the Numeric Rating score or the
Brief Pain Inventory-Short Form

Figure 1. Flow chart of studies included for systematic review.
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Table 1. Characteristics of the Studies Included in Systematic Review
Pain .
) Pain I
First Author, . assessment . Significance of the
Sample Design  Type of surgery ) Related factors measure- Analysis L )
Year, Country tim association with PPP
ment
(month)
Turan, 2015 1023 RCT CABG, valve 6 Gender, age, smoking, BPI-SF Logistic Age, gender, deep
U.S., Canada, surgery, aortic BMI, preoperative history regression sternal wound

Australia, China

van Gulik, 2012 120  RCT

The Netherlands
Costa, 2015 453 Case-
Brazil control

study

Bjornnes, 2016
Norway study

Choiniere, 2014 1247 Cohort  CABG, valve

Canada study

339 Cohort CABG, valve

surgery, other

CABG, valve 13

surgery,
combination of
valve surgery and
CABG, aortic
surgery

CABG, valve >6

surgery,
interatrial
communication
closure, aortic
surgery, left
ventricle
aneurysm
repair, myxoma
resection

surgery,
combination of
valve surgery and
CABG

surgery, 24
combination of

valve surgery and
CABG

3,6,12

3,6,12,

of pain, deep sternal
wound infection
Remifentanil during
surgery

McGill pain  Logistic
question-  regression
naire

Gender, age, foreign NRS Cox’s
descent, using IMA, regression
depression or anxiety,
comorbidities (DM, COPD,
SAH, hypothyroidism,
dyslipidemia), wound
complication (infection,
mediastinitis, keloid
formation, wound
dehiscence), patient
on disability benefit
or scheduled for a
consultative medical
examination for retirement
pUrposes

Gender, age, education,
marital status, type of
surgery, preoperative pain,
comorbidities, BMI, acute
postoperative pain (POD2,
30), oral analgesic intake
in hospital, fears related to
analgesic use, beliefs that
hinder communication

Gender, age, education,  BPI
BMI, angina, persistent
pain before surgery,
anxiety, depression, type
of surgery, duration of
surgery, time in ICU, time
in hospital after discharge
from ICU, postoperative
complications, acute
postoperative pain (POD3,

7), dose of opioids during
1st week

BPI-SF Logistic

regression

equation

infection

Remifentanil during
surgery

Using IMA, depression
or anxiety,
hypothyroidism,
wound complication,
patient on disability
benefit or scheduled
for a consultative
medical examination
for retirement
purposes

Education,
comorbidities, acute
postoperative pain
(POD30)

Generalized Gender, acute
estimating

postoperative pain
(POD3), time in ICU,
time in hospital after
discharge from ICU

https://doi.org/10.4040/jkan.2020.50.2.159

https://jkan.or.kr



164 B - Al
Table 1. Continued
Pain .
) Pain I
First Author, . assessment : Significance of the
Year, Country Sample Design  Type of surgery . Related factors measure- Analysis association with PPP
ment
(month)
Gjeilo, 2010 534 Cohort CABG, valve 6,12 Gender, age, previous BPI-SF Logistic Age, previous cardiac
Norway study surgery, cardiac surgery, BMI, type regression surgery
combination of of surgery, DM, surgical
valve surgery and site infection
CABG, other
Guimaraes, 288 Cohort CABG, valve 3,6 Gender, age, BMI, BPI-SF Logistic Age, gender, BMI,
2016 study surgery, preoperative angina, regression type of surgery
Portugal combination of history of previous surgery (CABG), CPB, acute
valve surgery and (excluding sternotomy), postoperative pain
CABG osteoarthritis, type of (POD3)
surgery, CPB, using SV,
using IMA, remifentanil
during anesthesia,
acute postoperative
pain (POD3), anxiety,
depression, self-esteem,
catastrophizing
Kamalipour, 188 Cohort CABG, valve 3 Using IMA NRS Pearson’s Using IMA
2014 study surgery correlation
Iran coefficient
Lee, 2010 53 Cohort CABG, valve 3 Preoperative pain, acute ~ NRS Logistic Acute postoperative
Taiwan study surgery, postoperative pain regression  pain (POD30),
combination of (POD7, POD10, POD30), negative belief in
valve surgery and morphine consumption, opioid use
CABG CPB, negative belief in
opioid use, DM
Momeni, 2010 100 Cohort  CABG, valve 6 Gender, age, BMI, type BPI Spearman Acute postoperative
Belgium study surgery, of surgery, DM, history rank order  pain (POD5)
combination of of angina pectoris, HTN, correlation
valve surgery and smoking, intraoperative
CABG use of aprotinin or
tranexamic acid,
duration of surgery,
reopening of sternotomy,
wound infection, acute
postoperative pain (POD5)
Page, 2016 1071 Cohort  CABG, valve 3,6, 12, Depression, anxiety BPI Generalized  Anxiety
Canada study surgery, 24 estimating
combination of equation
valve surgery and
CABG
Setala, 2015 87 Cohort CABG 4~6 Gender, age, smoking, NRS Logistic Gender, smoking,
Finland study acute postoperative pain regression acute postoperative

(PODO, 1), cumulative
oxycodone, hyperalgesia,
depression, anxiety

pain, depression,
anxiety
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Table 1. Continued
Pain .
) Pain I
First Author, . assessment . Significance of the
Sample Design  Type of surgery ) Related factors measure- Analysis L )
Year, Country time association with PPP
ment
(month)
van Gulik, 2011 120 Cohort  CABG, valve 10~12 Age, gender, EuroSCORE, NRS Logistic Gender, non-
The study surgery, previous sternotomy, regression elective surgery, re-
Netherlands combination of non-elective surgery, sternotomy during
valve surgery using IMA, co-analgesia admittance, acute
and CABG and with remifentanil, re- postoperative pain
ascending aorta sternotomy during (POD3)
surgery admittance, acute
postoperative pain (POD1,
2,3)
van Leersum, 277 Cohort CABG, valve 2=5 Gender, age, follow-up, NRS Logistic Gender
2010 study surgery, duration of operation, type regression
The Netherlands combination of of surgery, surgeon

valve surgery and
CABG, other

PPP=Persistent Postoperative Pain; CABG=Coronary Artery Bypass Graft; POD=Post Operative Day; CPB=Cardiopulmonary Bypass; DM=Diabetes
Mellitus; BMI=Body Mass Index; ICU=Intensive Care Unit; IMA=Internal Mammary Artery; BPI=Brief Pain Inventory; BPI-SF=Brief Pain Inventory-Short

Form; NRS=Numeral Rating Scale.
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®|@® | Blinding of participants and personnel (performance bias)
®|®| Blinding of outcome assessment (detection bias)

®|® | Incomplete outcome data (attrition bias)
@®|® | Selective reporting (reporting bias)
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®|® | Other bias

Q| @ | Allocation concealment (selection bias)

Figure 2. Assessment of study quality.
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2B Newcastle Ottawa scale - case-control study
Comparability s R
ame method o
Th Representative- Selecti f  Definiti f of cases and Ascertainment ascertainment N (0] Il
Study e ca}se ness of the election o efinition of . +rols on the on-response veral
selection controls controls : of exposure for cases and rate measurement
cases basis of the
designs controls
Costa 2015 * * * *x * * High
2C Newcastle Ottawa scale - cohort study
Selection Comparability Outcome
' . Overall
Study  Representative- Selection of the AT TERR Outcome of Comparability Assessment of Follow-up for ~ Adequacy of
ness of exposed  non-exposed interest atstart  of cases and outcomesto  follow-upof Measurement
of exposure outcome
cohort cohort of study controls occur cohorts
Bjornnes 2016 * * * * *% * * High
Choiniere 2014 * * * * *ox * * * High
Gjeilo 2010 * * * o * * High
Guimaraes 2016 * * * * *% * * * High
Kmalipour 2014 * * * *k * * High
Lee 2010 * * * * * * * High
Momeni 2010 * * * * *x * * * High
Page 2017 * * * * *x * * * High
Setala 2017 * * * * * * * Low
van Gulik 2011 * * * *k * * High
van Leersum 2010  * * * *k * * High

Figure 2. Continued.
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BPI-SF
3A Effect size of individual factors - BPI-SF Weight (%) OR [95% ClI]
Bjornnes, 2016_gender - 7.29  1.20[0.65, 2.20]
Gijeilo, 2010_gender s 6.69 0.80[0.38, 1.70]
Guimaraes, 2016_gender L — 6.08  3.37[1.37,8.31]
Turan, 2015_gender . 8.13  1.80[1.25, 2.60]
Bjornnes, 2016_age 'm 8.55 0.99[0.82, 1.20]
Gjeilo, 2010_age . 8.43 0.70[0.54, 0.90]
Guimaraes, 2016_age : 6.54 10.45[4.74, 23.05]
Turan, 2015_age | 8.72  0.97[0.96, 0.98]
Bjornnes, 2016_preoperative_pain : H 7.53 1.80[1.05, 3.10]
Turan, 2015 _preoperative_pain T 7.85 1.13[0.72,1.78]
Gjeilo, 2010_BMI '; 8.68 1.10[1.01, 1.20]
Guimaraes, 2016_BMI o 6.80 5.98[2.89, 12.36]
Turan, 2015_BMI ‘m 8.71 1.00 [0.97, 1.03]
RE model e 100.00  1.53[1.02, 2.29]
0 5 10 15 20 25
Odds ratio
3B Effect size of operative factors - BPI-SF Weight (%) OR [95% CI]
Gjeilo, 2010_wound_infection L 29.01  1.80[0.81, 4.00]
Turan, 2015_wound_infection L 18.41 8.36[1.78, 39.25]
Bjornnes, 2016_APP D 28.21 4.70[2.01, 11.00]
Guimaraes, 2016_APP ' 24.37 15.07 [5.00, 45.40]
RE model | — e 1 100.00 5.26 [2.05, 13.45]
0 10 20 30 40 50
Odds ratio
NRS
3C Effect size of individual factors - NRS Weight (%) OR [95% Cl]
Setala, 2015_gender f— 12.85 3.46[1.02, 11.68]
van Leersum, 2010_gender Lo 14.09 13.22[4.65, 37.57]
van Gulik, 2011_gender e 15.92  2.18[0.98, 4.82]
Costa, 2015_gender . 18.45 1.34[0.92, 1.96]
Setala, 2015_age - 19.32  0.93[0.86, 1.01]
van Gulik, 2011_age - 19.36  0.98[0.95, 1.01]
RE model a—eeeee 1 100.00 1.98[0.93, 4.20]
0 10 20 30 40
Odds ratio
3D Effect size of operative factors - NRS Weight (%) OR [95% CI]
Lee, 2010_APP —— 15.32 1.16[0.82, 1.65]
Setala, 2015_APP ' —— 1348  1.93[1.26, 2.96]
van Gulik, 2011_APP : ' 6.55 2.15[0.93, 4.97]
Lee, 2010_0OC : L] 21.48 1.00[0.99, 1.02]
Setala, 2015_0C : u 21.28  1.04[0.98, 1.10]
Costa, 2015_IMA —— 14.32  2.05[1.39, 3.04]
van Gulik, 2011_IMA . 7.56  1.27[0.60, 2.70]
RE model Db ——eeny 100.00 1.34[1.04,1.73]
0 1

PPP=Persistent postoperative pain; APP=Acute postoperative pain; OC=0pioid consumption; OR=0dds ratio;

QOdds ratio

>
i
r

HIAHS - Al

IMA=Internal mammary artery; BMI=Body mass index; APP=Acute postoperative pain; NRS=Numeric Rating Scale.

Figure 3. Forest plot of individual factors and operative factors related to PPP after Cardiac.
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Figure 4. Funnel plot of standard error by log odds ratio.
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Appendix 1, Searching Strategy

PubMed

(chronic postoperative pain OR chronic postsurgical pain OR persistent postoperative pain OR persistent postsurgical pain) AND (cardiac surgery
OR heart surgery OR sternotomy) AND (factors OR predictors)

Additional filters - Text availability: Full text; Publication dates: 10 years; Species: Humans; Ages: Adult: 19+ years
CINAHL

(chronic postoperative pain OR chronic postsurgical pain) OR (persistent postoperative pain OR persistent postsurgical pain) AND (cardiac surgery
OR heart surgery OR sternotomy) AND (factors OR predictors)

Limits - Full text; Publication date: 20090101-20180631
Cochrane Library

(chronic postoperative pain OR chronic postsurgical pain):ti,ab,kw OR (persistent postoperative pain OR persistent postsurgical pain):ti,ab,kw AND
(cardiac surgery OR heart surgery OR sternotomy):ti,ab,kw

Filter apply
Publication Year: 2009~2018; Source: EMBASE
PQDT

(Chronic postoperative pain OR chronic postsurgical pain) OR (persistent postoperative pain OR persistent postsurgical pain) AND (cardiac surgery
OR heart surgery OR sternotomy) AND (factors OR predictors)

Additional limits - Date : Last 10 years; Manuscript type: Doctoral dissertations; Limit to Full text
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Appendix 3, Forest plot of each factor related to PPP after cardiac surgery

3A Brief Pain Inventory - Short Form (BPI-SF)

3A-1 Gender Weight (%) OR [95% ClI]
Bjornnes, 2016 F— 26.10 1.20 [0.65, 2.20]
Gijeilo, 2010 o 21.42 0.80[0.38, 1.70]
Guimaraes, 2016 | 17.55  3.37[1.37,8.31]
Turan, 2015 Lo 34.93 1.80[1.25, 2.60]
RE model b— 100.00 5.26 [0.93, 2.48]
0 2 4 6 8 10
Odds ratio
3A-2 Age Weight (%) OR [95% Cl]
Bjornnes, 2016 ' 25.63 0.99[0.82, 1.20]
Gijeilo, 2010 - 25.51 0.70 [0.54, 0.90]
Guimaraes, 2016 I 23.05 10.45[4.74, 23.05]
Turan, 2015 . 25.81 0.97 [0.96, 0.98]
RE model I‘— ---------------- 1 100.00 1.55[0.49, 4.95]
0 5 10 15 20 25
Odds ratio
3A-3 BMmI Weight (%) OR [95% ClI]
Gijeilo, 2010 - 34.87 1.10 [1.01, 1.20]
Guimaraes, 2016 : —_— 30.19 5.98[2.89, 12.36]
Turan, 2015 ] 34.94 1.00[0.97,1.03]
RE model l ---------------- 1 100.00 1.78 [0.60, 5.23]
0o 5 10 15
Odds ratio
3A-4 Preoperative pain Weight (%) OR [95% Cl]
Bjornnes, 2016 : —_ 4118 1.80[1.05, 3.10]
Turan, 2015 : —— 58.82 1.13[0.72, 1.78]
FE model 100.00 1.37[0.97, 1.94]
05 1152 25 3 35
Odds ratio
3A-5 Acute postoperative pain Weight (%) OR [95% CI]
Bjornnes, 2016 - 54.73  4.70 [2.01, 11.00]
Guimaraes, 2016 e 45.27 15.07 [5.00, 45.40]

RE model l'—— """"" 1 100.00 7.96 [2.56, 24.82]
0 10 20 30 40 50
Odds ratio
3A-6 Wound infection Weight (%) OR [95% CI]
Gjeilo, 2010 o 59.67 1.80[0.81, 4.00]
Turan, 2015 e 40.33 8.36[1.78, 39.25]
RE model — ‘ 100.00 3.34[0.76, 14.64]
0 10 20 30 40
Odds ratio
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Appendix 3. Continued

3B Numeric Rating scale (NRS)

3B-1 Gender Weight (%) OR [95% CI]
Setala, 2015 '—-—' 21.06 3.46[1.02, 11.68]
van Leersum, 2010 | 23.05 13.22 [4.65, 37.57]

van Gulik, 2011 i 2595 2.18[0.98, 4.82]
Costa, 2015 . 29.93 1.34 [0.92, 1.96]
RE model +—— ------- 1 100.00 3.15[1.19, 8.33]
0 10 20 30 40
Odds ratio
3B-2 Age Weight (%) OR [95% CI]
Setala, 2015 '—-—' 11.78  0.93[0.86, 1.01]
van Gulik, 2011 : —e— 88.22  0.98[0.95, 1.01]
FE model —_— 100.00 0.97 [0.95, 1.00]
0.85 09 0.95 1 1.05
Odds ratio
3B-3 Acute postoperative pain Weight (%) OR [95% Cl]
Lee, 2010 = 44.25 1.16 [0.82, 1.65]
Setala, 2015 : —— 38.27 1.93 [1.26, 2.96]
van Gulik, 2011 e | 17.48  2.15[0.93, 4.97]
RE model | —— - 100.00 1.57 [1.04, 2.36]
012 3 4 5
Odds ratio
3B-4 Opioid consumption Weight (%) OR [95% Cl]
Lee, 2010 N — 90.86  1.00[0.99, 1.02]
Setala, 2015 : _— 9.14 1.04 [0.98, 1.10]
FE model —_ 100.00 1.01[0.99, 1.02]
095 1 105 11
Odds ratio
3B-5 Using the internal mammary artery Weight (%) OR [95% Cl]
Setala, 2015 N 7861  2.05[1.39, 3.04]
van Gulik, 2011 e 21.39 1.27 [0.60, 2.70]
FE model — 100.00 1.85[1.31, 2.63]
051152253 35
Odds ratio
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