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Background and Purpose: Chronic postoperative pain (CPSP) after cardiac surgery can cause severe health problems. As
demonstrated in noncardiac surgeries, preoperative chronic pain can potentially lead to CPSP. However, the association between
preoperative chronic pain and CPSP over follow-up in cardiac surgical settings in the context of sex differences is still lacking. This
observational study aims to explore the role and sex differences of preoperative chronic pain in the occurrence and development of
long-term CPSP and CPSP-related complications after cardiac surgery.

Patients and Methods: This observational study enrolled 495 patients (35.3% women) who underwent cardiac surgery via median
sternotomy in March 2019. Validated questionnaires were delivered to assess preoperative chronic pain and moderate to severe CPSP
at 3 and 24 months following surgical procedures. The secondary outcomes included the occurrence of moderate to severe chronic
pruritus, sleep disturbance, and daily activities interference at follow-up. Multivariable logistic regression was employed.

Results: Of 495 patients analyzed, the incidences of preoperative chronic pain (29.7% versus 20.6%) and moderate to severe CPSP
(14.8% versus 8.1%) were both higher in females than males. Female sex (P = 0.048) and preoperative chronic pain (P = 0.008) were
identified as significant risk factors for CPSP occurrence. However, preoperative chronic pain contributed significantly to CPSP
(P = 0.008), sleep disturbance (P =0.047), and daily activities interference (P =0.019) in females, but not in males.

Conclusion: The 2-year prevalence of moderate to severe CPSP after cardiac surgery was 10.5%. Compared to males, females are
more susceptible to CPSP and pain-related outcomes in the long term. In addition, preoperative chronic pain was associated with
a higher risk of CPSP in females but not in males.
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Introduction
Chronic postoperative pain (CPSP) and its related negative complications (pruritus, sleep disturbance, daily activities
interference) are common after cardiac surgery. The incidence of CPSP after cardiac surgery via sternotomy varies from
3.8% to 60%, depending on the follow-up window, research methods, and the study population, whereas it decreases
obtrusively over the years.' > It adversely threatens the quality of life and places a heavy burden on patient kin and
society.*”” Considering its detrimental health impact on the individual, further studies are warranted.

Preexisting chronic pain affects more than 30% of people worldwide.®’ Chronic pain that is stimulated before surgery
can lead to chronic stress,' increased opioid use'' and central sensitization,'* and has a tendency to increase the
likelihood of CPSP. Specifically, females are susceptible to accompanying preoperative chronic pain.” Whereas, we

hypothesized that sex differences in the association between preoperative chronic pain and CPSP. Several studies
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reported that, in cardiac surgery, preoperative intrinsic pain was a vital contributor to the development of subsequent
chronic pain,"*7:'*!* however, only two studies included follow up periods of more than two years."> Of note, there was
no study aimed at investigating whether the relationship between preoperative chronic pain and CPSP in cardiac surgery
differed by sex.

Understanding the role of gender in the relationship between preoperative chronic pain and CPSP will help to better
understand the mechanism behind CPSP, optimize perioperative management, and reduce the incidence of postoperative
chronic pain. Therefore, the primary aim of this observational study is to identify the role of preoperative chronic pain in
the development of long-term CPSP and CPSP-associated complications following cardiac surgery with the exploration
of sex differences.

Methods
Study Population

This study included adults who underwent cardiac surgery via median sternotomy at Fuwai Hospital, Chinese Academy
of Medical Sciences, Beijing, China, in March 2019. This was an observational, single-center cohort study that was
approved by the Institutional Review Board with waived written consent. The exclusion criteria included (1) emergency
surgery; (2) mental illness and inability to communicate; (3) chronic chest pain prior to cardiac surgery; (4) American
Society of Anesthesiologists (ASA) physical status VI; and (6) heart transplant. The flow chart is shown in Figure 1.

Data Sources

Patient data were manually extracted from the electronic health records. Demographic characteristics (age, sex, body
mass index, American Society of Anesthesiologists physical status, New York Heart Association), comorbidities
(hypertension, diabetes mellitus), laboratory biomarkers (preoperative serum C-reactive protein, discharge white blood
cell count), intraoperative information (the use of cardiopulmonary bypass, surgical time), and postoperative data
(duration of mechanical ventilation, length of stay in hospital) were unanimously recorded in real time by medical
personnel. Education level and employment status were collected via a demographic questionnaire. Other follow-up
information (CPSP, postoperative chronic pruritus, sleep disturbance, and daily activities interference) was obtained via
telephone interview.

Patients undergoing cardiac
surgery via median sternotomy
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Figure | Participant flow through the study.
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Pain Assessment

Preoperative Chronic Pain

Information on preoperative chronic pain was obtained prospectively during the anesthesia consultation, regardless of the
retrospective nature of this study. Chronic pain is defined as pain that persists or recurs for more than 3 months.>'’

Patients who completed psychosocial questionnaires prior to cardiac surgery (Supplementary Materials) and patients with

chest pain or pain at the site of the proposed incision were excluded from the study.

Follow-Up CPSP and Pain-Related Complications

The International Association for the Study of Pain defines CPSP as pain that newly occurs or pain in which the extent
increases after surgery and lasts for more than 3 months in the context of no other known causes of chronic pain.'® At
both 3 and 24 months after cardiac surgery, the patients were contacted by telephone and asked to complete ques-
tionnaires regarding pain assessments. Pain intensity, pruritus degree, sleep interference, and daily activities interference
were measured by the Numeric Rating Scale (NRS) (0-10),>'7"'” The participants were categorized as having no pain/
pruritus/sleep interference/daily activities interference (NRS=0), light pain/pruritus/sleep interference/daily activities
interference (NRS=1-3), moderate pain/pruritus/sleep interference/daily activities interference (NRS=4-7) or severe
pain/pruritus/sleep interference/daily activities interference (NRS=8-10).” In addition, pain-related complications such
as pruritus, sleep interference and daily activities interference were followed up at 24 months. Detailed information on
pain assessment is provided in the Supplementary Materials.

Statistical Analyses

Continuous variables are presented as the mean =+ interquartile range (IQR) and were analyzed using the Mann—Whitney
U-test or Student’s t-tests. Categorical variables were expressed as numbers and percentages (%) and compared by
Pearson’s chi-square test or Fisher’s exact tests. Missing data were handled using multiple imputation techniques.

A multivariable logistic regression model was built to explore risk factors for the development of chronic pain over
the follow-up period, and variables with a P value of 0.2 or less on individual univariate analysis were entered. The
estimated odds ratios (OR) and 95% confidence intervals (95% CI) were reported. The associations between preoperative
chronic pain and the primary outcome of moderate to severe CPSP and secondary outcomes, including moderate to
severe chronic postoperative pruritus, daily activities interference and sleep disturbance were additionally assessed.

A two-tailed P value < 0.05 was considered statistically significant. The goodness of fit of the final model was
excellent (P value by the Hosmer and Lemeshow test 0.11). The collinearity diagnostics suggested that there was no
obvious multicollinearity among the variables, and a variance inflation factor (VIF) > 10 or tolerance < 0.1 was
a criterion of severe collinearity. Statistical computations were performed in R version 4.1.3 (The R Foundation,
Austria) and IBM SPSS Statistics 26.

Results

Among the 606 patients enrolled in this study, 495 patients were ultimately analyzed (Figure 1). The baseline demo-
graphics, comorbidities, intraoperative information, and postoperative outcomes are summarized in Table 1. Of the 495
patients, their median age was 62 (21-84) years old, and 175 (35.3%) were women. There were 118 (23.8%) patients
who suffered from chronic pain preoperatively. In comparison with the patients without preexisting chronic pain, those
with preexisting chronic pain were older, were more likely to be female and had a higher frequency of unemployment
status.

Risk Factors for 24-Month CPSP

In our study, 10.5% of the participants (52/495) developed moderate to severe CPSP 2 years after surgery. As shown in
Table 2, the patients who developed moderate to severe CPSP for 2 years had a higher incidence of preoperative chronic
pain (P=0.001) and were more likely to be female (P=0.021). Age, a history of preoperative pain, female sex, and BMI
were entered into the multivariate logistic regression analysis with stepwise backward elimination (Table 2). The female
patients were more likely to develop moderate to severe CPSP at 2 years post-operation (adjusted OR 1.839 [1.014—
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Table | The Characteristics of Patients with and without Presurgical Chronic Pain in Females and Males (n=495)
Females Males
Overall Present Absent Present Absent
495 52 123 66 254
Age 62 [53, 68] 67 [60.8, 71.3] 62 [52, 67] 62.5 [53.3, 71.0] 60 [51.3, 68]
BMI (kg /m2) 25.3 [23.2, 27.5] 25.8[23.2, 27.5] 24.5[22.8, 26.6] | 25.1 [23.1, 28.7] 25.7[23.3, 27.6]
Diabetes mellitus 109 (22.0) 14 (26.9) 22 (17.9) 16 (24.2) 57 (22.4)
Hypertension 252 (50.9) 32 (61.5) 49 (39.8) 40 (60.6) 131 (51.6)
ASA
-l 24 (4.8) 2 (3.8) 9 (7.3) 3 (4.5) 10 (3.9)
11\% 471 (95.2) 50 (96.2) 114 (92.7) 63 (95.5) 244 (96.1)
NYHA
-l 309 (62.4) 36 (69.2) 78 (63.4) 37 (56.1) 158 (62.2)
11\% 186 (37.6) 16 (30.8) 45 (36.6) 29 (43.9) 96 (37.8)
Presurgical anginal 388 (78.4) 38 (73.1) 90 (73.2) 58 (87.9) 202 (79.5)
Duration of preoperative pain
None 377 (76.2) 0 (0.0 123 (0.0) 0 (0) 254 (100)
<lyr 17 (3.4) 8 (15.4) 0 (0.0 9 (13.6) 0 (0.0
<2yr 32 (6.5) 13 (25.0) 0 (0.0 19 (28.8) 0 (0.0
>5yr 69 (13.9) 31 (59.6) 0 (0.0 38 (57.6) 0 (0.0
Education status/ With higher education 212 (42.8) 14 (26.9) 41 (33.3) 35 (53.0) 122 (48.0)
Unemployment status 143 (28.9) 16 (30.8) 55 (44.7) 14(21.2) 58 (22.8)
Rural residence 152 (30.7) 22 (423) 40 (32.5) 16 (24.2) 74 (29.1)
Cardiopulmonary bypass 364 (73.5) 38 (73.1) 105 (85.4) 44 (66.7) 177 (69.7)
Discharge white blood cell count 7.59 [6.3, 9.3] 724 [5.9,9.2] 742 [5.9, 8.8] 7.88 [6.5, 9.5] 7.74 [6.4, 9.3]
Pre-operative serum CRP 299 [1.8, 5.1] 345 1.9, 6.2] 2.85[1.8, 4.7] 3.20 [2.1, 5.1] 295 [1.7, 5.1]
MV times (min) 1055 [886, 1302] | 1067.50 [935, 1348] | 1095 [849, 1324] | 1153[906, 1327] | 1045.5 [885, 1260]
Length of stay in the hospital (days) I13[11, 16] 13108, 17] 13 [10, 15] 14 [12, 17.5] 1311, 15]

Note: Values are median (QI, Q3) for continuous variables and number (percentage) for categorical variables.
Abbreviations: CPSP, chronic postoperative pain; OR, odds ratio; Cl, confidence interval; ASA, American Society of Anesthesiology; BMI, body mass index; NYHA,
New York Heart Association (classification); With higher education: junior high school education and above; Pre-operative serum CRP, pre-operative serum C-reactive

protein; MV, mechanical ventilation.

Table 2 The Characteristics of Patients Developing and Not Developing Moderate to Severe CPSP 2 Years After Cardiac Surgery

(n=495)

Patient Characteristics

Moderate to Severe CPSP 2 Years

After Surgery

Present (n=52) Absent (n=443) Unadjusted Unadjusted *Adjusted *Adjusted
OR (95% CI) P value OR (95% CI) P value
Female gender 26 (50%) 149 (33.6%) 1.973 (1.-3.528) 0.021* 1.839 (1.014-3.334) 0.048
Age 65 [55.8, 69.] 62.00 [53, 68] 1.021 (0.995-1.050) 0.119 1.013 (0.986—1.042) 0.332
BMI (kg /m?) 25.83 [23.58, 27.72] | 25.23 [23.09, 27.44] | 1.056 (0.981—1.134) | 0.131 1.053 (0.979—1.134) 0.158
Diabetes mellitus 14 (26.9%) 95 (21.4%) 2.567 (0.681-2.541) | 0.368 -
Hypertension 26 (50%) 226 (51%) 0.960 (0.538-1.710) | 0.889 -
ASA physical status 0.567 (0.204-2.010) | 0318 -
I 4(717) 20 (4.5)
M-IV 48 (92.3) 423 (95.5)
NYHA 0.787 (0.418-1.429) 0.442 -
-l 35 (67.3) 274 (61.9)
(Y] 17 (32.7) 169 (38.1)
(Continued)
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Table 2 (Continued).
Patient Characteristics Moderate to Severe CPSP 2 Years
After Surgery
Present (n=52) Absent (n=443) Unadjusted Unadjusted *Adjusted *Adjusted
OR (95% CI) P value OR (95% CI) P value

Preoperative chronic pain 22 (42.3%) 96 (21.7%) 2.65 (1.45-4.79) 0.001* 2.352 (1.263-4.325) 0.008
Duration of preoperative pain 2.65 (1.45-4.79) 0.001* - -

<lyr vs none 2 (38 13 (2.9) 3.559 (1.092-11.595) | 0.035

<2yr vs none 3(5.8) 31 (7.0 0.771 (0.176-3.385) 0.731

25yr vs none 16 (30.8) 54 (12.2) 3.492 (1.783-6.838) 0.000%*
Presurgical anginal 43 (82.7%) 345 (77.9%) 1.357 (0.667-3.059) 0.426 - -
Education status/With higher education 24 (46.2) 188 (42.4) 1.162 (0.648-2.068) 0.608 - -
Unemployment status 14 (26.9) 129 (29.1) 1.115 (0.596-2.194) 0.741 - -
Rural residence 13 (25.0%) 139 (31.4%) 1.371 (0.727-2.746) 0.347 - -
Cardiopulmonary bypass 36 (69.2%) 328 (74%) 0.788 (0.429-1.510) 0.457 - -
Pre-operative serum CRP 3.26 [2.18, 5.28] 297 [1.75, 5.11] 1.002 (0.963-1.026) 0.885 - -
Discharge white blood cell count 6.58 [5.34, 7.56] 6.29 [5.18, 7.39] 1.063 (0.942-1.192) 0.305 - -
Surgical time, min 221 [191, 270] 220[185, 265] 0.995 (0.999-1.003) 0.787 - -
MV time, min 1113 [893, 1351] 1049 [886, 1287] 1.000 (0.999-1.000) 0.841
Length of stay in the hospital, days 13 [11,15] 13 [I1, 16] 0.992 (0.943-1.022) 0.698 - -

Notes: *P value <0.05; *With adjustment for age, sex, BMI, preoperative chronic pain. P values are from Kruskal-Wallis tests for continuous outcomes and Pearson )(2 tests
or fisher exact for categorical outcomes.

Abbreviations: CPSP, chronic postoperative pain; OR, odds ratio; Cl, confidence interval; ASA, American Society of Anesthesiology; BMI, body mass index; NYHA,
New York Heart Association (classification); With higher education: junior high school education and above; pre-operative serum CRP; pre-operative serum C-reactive
protein; MV, mechanical ventilation.

3.334], P=0.048). Additionally, preoperative chronic pain contributed significantly to the risk of moderate to severe CPSP
at 2 years after cardiac surgery (adjusted OR 2.352 [1.263-4.325], P=0.008).

The Development of CPSP Stratified by Sex

The distributions of preoperative chronic pain, CPSP and other pain-related outcomes consisting of moderate to severe
chronic postoperative pruritus, sleep disturbance and daily activities interference after cardiac surgery in the male and
female patients are presented in Table 3. Relative to males, females were more likely to experience presurgical chronic
pain (29.7% versus 20.6%; P=0.030) and gained higher incidences of moderate to severe CPSP at 3 months (41.1%
versus 30.3%; P=0.020) and 24 months (14.8% versus 8.1%; P=0.029) after cardiac surgery. In addition, the odds of
pain-related complications such as postoperative pruritus (13.4% versus 6.5%; P=0.013) and daily activities interference
(9.6% vs 4.3%; P=0.032) among males were greater in comparison with females, however, a gender-specific analysis
revealed no significant difference for sleep disturbance (p = 0.495).

Table 3 Sex-Differences Regarding Preoperative and Postoperative Clinical
Characteristics

Female Male P value
Preoperative chronic pain 29.70% 20.60% 0.030
Moderate to severe CPSP 3 months 41.10% 30.30% 0.020
2 years follow up
Moderate to severe CPSP 14.80% 8.10% 0.029
Moderate to severe chronic pruritus 13.4% 6.5% 0.013
Sleep disturbance 5.10% 3.40% 0.495
Daily activities interference 9.60% 4.30% 0.032

Note: P values are from Pearson )(2 tests.
Abbreviation: CPSP, chronic postoperative pain.
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Table 4 Associations Between Preoperative Chronic Pain and Chronic Postoperative Pain
Outcomes According to Sex

Outcome Male Female

OR (95% CI) P valve OR (95% CI) P value
Moderate to severe CPSP 1.452 (0.543-3.501) 0.425 3.377 (1.375-8.501) 0.008
Sleep disturbance 0.300 (0.016—1.666) 0.261 5.022 (1.068-28.893) | 0.047
Daily activities interference 1.452 (8.295-2.103) 0.441 3.378 (1.246—11.284) 0.019
Postoperative pruritus 1.452 (0.253-2.573) 0.864 3.378 (0.303-2.447) 0.856

Note: Each outcome adjustment for female gender, age, BMI, preoperative chronic pain.
Abbreviations: CPSP, chronic postoperative pain; OR, odds ratio; Cl, confidence interval.

The associations between preoperative chronic pain and outcomes in the populations of males and females are
presented in Table 4. In the female patients, preoperative chronic pain was associated with increased odds of moderate to
severe CPSP (adjusted OR 3.377[1.375-8.501]; P =0.008), sleep disturbance (adjusted OR 5.022[1.068-28.893];
P =0.047) and daily activities interference (adjusted OR 3.378[1.246—-11.284]; P =0.019) but not with moderate to severe
chronic pruritus (adjusted OR 3.378[0.303-2.447]; P=0.856). However, in the male patients, preoperative chronic pain
was not associated with any of the following outcomes: moderate to severe CPSP (P=0.425), sleep disturbance
(P=0.261), daily activities interference (P=0.441) and moderate to severe chronic pruritus (P=0.864).

Discussion

In this study, 23.8% of the patients reported preoperative chronic pain, and 10.5% of the participants experienced
moderate to severe chronic pain 24 months after cardiac surgery. The results from the total sample indicated that female
sex and preoperative chronic pain were significantly associated with chronic postoperative pain after cardiac surgery.
However, according to gender analysis of the relationship between preoperative chronic pain and CPSP, preoperative
chronic pain was only statistically significant in women.

Previous studies have demonstrated that females suffer more pain from chronic postoperative pain.''*° In agreement
with earlier research, females were associated with CPSP after cardiac surgery in our study.'**' Additionally, whether
pre- or postoperatively, more women reported chronic pain than men. Gene expression profiling studies have shown
significant differences in the expression of genes associated with chronic pain between the sexes.”>** Simultaneously,
gender differences may exist in the neural and neural-immune mediation of pain.?* Calcitonin gene-related peptide (GCR
P) can produce mechanical pain hypersensitivity and priming in female, but not male rats and mice.?* The spinal Toll-like
receptor 4 is the critical receptor for microglial activation and controls pain allergy and allodynia caused by inflammation
or nerve injury, but only in male mice.’® However, O’ Alabas et al believe that stereotypes of gender differences in pain
were responsible for differences in pain expression.?’

It has been confirmed that preoperative chronic pain is a risk factor for postoperative chronic pain in many

6-28.29 the mechanism of preoperative chronic pain leading to CPSP has not been clarified, pain sensitiza-

surgeries,
tion and genetic factors are considered critical factors.*® However, little attention has been given to describing the
relationship between preoperative chronic pain and CPSP after cardiac surgery with studies that include over two
years of follow-up. In our research, 30% of patients with preoperative chronic pain had CPSP. Importantly, our study
analyzed preoperative chronic pain and CPSP by sex and found that preoperative chronic pain was significantly
associated with CPSP in women but not in men. Furthermore, we analyzed the relationship between preoperative
chronic pain and pain-related outcomes, we obtained similar results. In women, preoperative chronic pain was
significantly associated with pain-related complications, including sleep disturbance, and daily activities interference,
but no significant association was found in the male population. This suggests that women might be more
susceptible than men to the preoperative chronic pain effects on CPSP after cardiac surgery. On the one hand, long-
term chronic pain forms chronic psychological stress, which exacerbates the development of postoperative chronic
pain.*' Dawn K. Prusator et al reported that unpredictable early life stress produced visceral hypersensitivity and
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upregulation of stress-related genes in the central amygdala in female but not male rats.** This finding demonstrates
that there may be sex differences in stress as a risk factor for CPSP. On the other hand, there are sex differences in
the effects of central sensitization and the genes associated with pain, which further explains the sex differences in
preoperative chronic pain as a risk factor for CPSP. In addition, preoperative opioid use has also been found to
exacerbate the development of CPSP in other studies.'' Patients with preoperative chronic pain were associated with
an increased likelihood of preoperative opioid use. However, we were not able to obtain data on the preoperative
opioid use by the patients in our study, and many of the participants could not recall opioid use. As early as 10 years
ago, some researchers proposed using the preoperative pain questionnaire to determine the high-risk groups of
postoperative chronic pain, but the previously formulated questionnaires were too complicated, making the clinical
practicability not strong.>® Simpler tools may be considered in the future to identify high-risk patients preopera-
tively. In the future, we can divide preoperative chronic pain into specific subtypes and locations in a larger
population, and explore which type of chronic pain is more likely to cause postoperative chronic pain.

Although younger age and higher BMI have been previously associated with CPSP after cardiac surgery,'"'*>*

they
were eventually not a predictor of CPSP in our study eventually. Additionally, we failed to find an association between
other risk factors and CPSP other than gender and preoperative chronic pain. Regarding gender, more than half of the
respondents were males. The main reason may be that cardiac surgery is more common in males according to statistics
from the American Heart Association.>

Our research has many advantages, it was an observational study regarding CPSP after cardiac surgery with a low
amount of missing data. The final model was tested using the Hosmer—Lemeshow goodness-of-fit test, and its results
support the model. Notably, we are the first to attempt to elucidate sex differences in the relationship between preoperative
chronic pain and postoperative chronic pain. Our study also has some limitations. First, our data only included patients from
a single hospital, which may introduce some bias. Second, we did not measure the pain level of preoperative chronic pain,
and different degrees of preoperative chronic pain may increase the risk of postoperative chronic pain differently. Third, In
order to facilitate our research, we used the Numerical Rating Scale (NRS) assessment method for assessing our primary
and secondary outcomes. Although this method has been used in many studies and demonstrated good reliability,>!”'?-¢~
*% it does not provide a comprehensive assessment. In the future, we can carry out multicenter studies in a larger population
and provide a better assessment. Fourth, we focused on the long-term outcomes of postoperative chronic pain, therefore, we
did not assess pain in acute phase patients. It is well known that the pain trajectory of patients in the acute phase is still an

important clue to the occurrence of chronic postoperative pain in patients.

Conclusion

In this retrospective observational study, the prevalence of moderate to severe CPSP 24 months after cardiac surgery was
10.5%. We found that preoperative chronic pain is associated with postoperative chronic pain in the female population
and that women are more susceptible to CPSP and pain-related complications in the long term than men. Preoperative
and postoperative chronic pain is a serious problem, especially in women. Continued research is needed to examine how
these sex differences may impact clinical treatment for opioid-related problems.
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