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Background: Identifying patients at high risk of developing chronic postsurgical pain
(CPSP) is of extreme importance in order to help launch appropriate therapeutic strategies
and intensive initiation of pain management.

Aim: In this study, we aimed to conduct a multi-center retrospective cohort study to
establish a prognostic model and a nomogram to predict the risks of CPSP in elderly patients
who underwent hip arthroplasty at 6 months postoperatively.

Methods: We collected data from 736 patients aged >65 years who had undergone hip
arthroplasty from October 1, 2016 to September, 30, 2018 at multiple tertiary referral centers
in Guangzhou, China. All data were randomly stratified into a training set and a testing set at
a ratio of 8:2. Data were analyzed via multiple logistic regression analysis with receiver
operating characteristic (ROC) curves and areas under the curve. This model was further
validated by estimating calibration and discrimination. A nomogram was ultimately
developed.

Results: A total of 736 eligible patients were enrolled, 27.20% of whom developed CPSP
within 6 months postoperatively. Preoperative pain in the surgical area (OR=2.456, 95%
CI:1.814-3.327, P<0.001), preoperative depression state (OR=1.256, 95% CI:1.146-1.378,
P<0.001), surgical type (OR=7.138, 95% CI:3.548-14.364, P<0.001), acute postoperative
numerical rating scale score (OR=5.537, 95% CI:3.607-8.499, P<0.001) and analgesic type
(patient-controlled epidural analgesia: OR=0.129, 95% CI:0.055-0.299, P<0.001; patient-
controlled intravenous analgesia: OR=0.033, 95% CI1:0.011-0.097, P<0.001) were identified
as independent significant factors associated with CPSP. A prognostic model was established
and further validated. An ROC curve confirmed the predictive ability of this model with
a high sensitivity value of 92.12% (95% CI:86.90-95.74) and specificity value of 91.72%
(95% CI:88.77-94.11). A nomogram was developed to simplify the use of the predictive
model in clinical practice.

Conclusion: This prognostic model could be of great value in clinical practice, serving as
the basis for early personalized analgesic management of elderly patients undergoing hip
arthroplasty.

Keywords: chronic postsurgical pain, CPSP, prognostic model, nomogram, retrospective
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Introduction

There is an increasing number of elderly patients undergoing hip arthroplasty for
the treatment of osteoarthritis and/or osteonecrosis of the femoral head (ONFH)
with unbearable persistent pain.' It was reported that the annual incident rate of
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total hip arthroplasty increased from 15.2/100,000 in 2010
to 22.3/100,000 in 2018 in Korea, showing the same
increased tendency as reports from Western countries.”
Previous studies have reported that approximately 27%
of patients developed chronic postsurgical pain (CPSP)
after hip arthroplasty.® It is estimated that there is
a higher incidence of CPSP in elder patients due to their
poor functional recovery.* CPSP can result in delayed
rehabilitation, worsened functional disability, exacerbated
pain-related depression or anxiety, lowered quality of life,
and increased economic burden. Therefore, the identifica-
tion of patients at high risk of CPSP, and correspondingly
launching extensive therapeutic and pain strategies is of
great importance.

Currently, the aetiology and pathophysiologic mechan-
isms behind CPSP are multifactorial. CPSP was reported
to be associated with demographic factors, genetic poly-
morphisms, psychosocial status, surgery type, and pain
itself. The presence of preoperative pain and acute post-
operative pain (APOP) predicts the likelihood of develop-
ing CPSP. Since surgery is the main strategy used to
relieve preoperative pain, anesthesiologists focus on mana-
ging APOP with various postoperative analgesia methods
including patient-controlled epidural analgesia (PCEA),
patient-controlled intravenous analgesia (PCIA), and oral
analgesia (OA). However, predicting and managing CPSP
are still challenges for clinical anesthesiologists.
Undoubtedly, an effective and validated model that can
predict the occurrence of CPSP is of desperate need. In the
present study, we aimed to identify significant associated
risk factors for CPSP, establish a validated prognostic
model, and further develop an easy-to-use clinically
applicable nomogram. To our knowledge, this is the first
prognostic model for CPSP risk in elderly patients under-
going hip arthroplasty in China.

Methods

Study Design

In this multi-center retrospective cohort study, we col-
lected data from 801 patients who had undergone hip
arthroplasty between October 1, 2016 and September 30,
2018 at the Affiliated TCM Hospital of Guangzhou
Medical University, Guangzhou Orthopedic Hospital, and
Guangzhou Hospital of Integrated Traditional and Western
Medicine. The inclusion criteria were as follows: patients
aged >65 years; patients with a clear indication of hip
arthroplasty, including osteoarthritis and ONFH; and

patients administered a combined spinal and epidural
anesthesia. The exclusion criteria were as follows: patients
who suffered from severe cardiovascular, chronic respira-
tory, or central nervous system (CNS) diseases; patients
addicted to drugs or were allergic to analgesic drugs; and
patients administered antidepressants or sedative drugs.
This manuscript adheres to the applicable STROBE guide-
lines. Ethical approval for this study (No.2019NK028) was
provided by the Ethical Committee of the Affiliated TCM
China
(Chairperson Prof. Wen Xu). The study design has been
registered online (ChiCTR1900025103). Requirement for
written informed consent was waived by the Institutional

Hospital of Guangzhou Medical University,

Review Board due to a retrospective design and use of
anonymous data. We securely protected the information on
all the individuals and it was only made available to the
investigators. This study was conducted in accordance
with the Declaration of Helsinki.

Outcome Measures and Definitions

The main outcome was the occurrence of CPSP at 6
months postoperatively. Diagnosis of CPSP was made
based on the guidelines of the International Society for
Pain (IASP: ICD-11) as follows:” postoperative occurrence
of pain; pain continuing for more than three months;
exclusion of chronic infection or malignancy as pain
sources; different type of pain compared with the original
pre-surgery pain. Patients were telephone interviewed by
an anesthesiologist (YL) to assess numerical rating scale
(NRS) scores according to their pain density in the surgical
area at 6 months postoperatively. Numerical rating scales
(NRS) range from 0 to 10, with 0 representing no pain and
10 representing the worst imaginable pain. The cut-off
score for CPSP was set at NRS>3,° referring to mild and

severe pain.

Data Acquisition

Data from eligible patients were collected at the following
24-72
postoperatively.

time points: preoperative, intraoperative,

h postoperatively, and 6 months
Preoperative variables included sex, age, body mass
index (BMI), smoking, drinking, education, American
Society of Anesthesiologists (ASA) grading,’ preoperative
depression and anxiety scores, presence of any preopera-
tive chronic pain in the non-surgical area, and preoperative
pain in the surgical area. ASA grading was conducted as
previously described.® Preoperative depression scores

were evaluated using the Center for Epidemiological
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Studies-Depression Scale (CES-D),’ which consisted of 20
items involving symptoms such as depressed mood, help-
lessness, worthlessness, psychomotor retardation, and eat-
ing and sleeping problems (CES-D=0-60, higher scores
indicated greater depression). Preoperative anxiety scores
were assessed using the Pain Anxiety Symptoms Scale-
Short Form (PASS-20),'® which consisted of 20 items
measuring anxiety-related feelings, behavior, and physical
sensations (PASS-20=0-100, higher scores indicated
greater anxiety). Both CES-D and PASS-20 have ideal
internal consistencies (0=0.85-0.90 and 0=0.81, respec-
tively) and strong construct validities.” The presence of
defined as

a dichotomous yes or no. Preoperative pain in the surgical

any preoperative chronic pain was
area was defined as NRS scores in the areas including side
of hip, lower limb and waist. Data such as ASA grading,
CES-D scores and PASS-20 scores were evaluated and
recorded by anesthesiologists before the surgeries. All
the preoperative data were collected from hosptial’s elec-
tronic database.

Intraoperative variables included surgery type, surgery
duration, blood loss and transfusion volume, and use of
dexmedetomidine during surgery. The two main surgery
types were total-hip and semi-hip replacements. All patient
data were obtained through medical records, and verified
by the second anesthesiologist when uncertain data are
encountered during data collection.

Acute postoperative variables included analgesic meth-
ods and APOP. Analgesic methods were divided into three
types according to analgesia type. Patients administrated
PCIA received an intravenous opioid analgesic of 100 mL
standard opioid concentration containing 0.8 mg fentanyl
and 4 mg droperidol, while those with PCEA application
received epidural infusion of 100 mL standard opioid
concentrations containing 0.2 mg fentanyl, 150 mg ropi-
vacaine and 4 mg droperidol using a disposable analgesia
pump (100 mL, WZ-6523C-4) with a continuous basal rate
of 2 mL/h and bolus dose of 0.5 mL at each 15-minute
time interval. Patients given an OA received only diclofe-
nac sodium at a dose of 75 mg at intervals of 24
h. Anesthesiologists interviewed patients 48-72 h after
surgery to assess APOP when moving using the NRS. If
a patient was not able to express themselves at 24 hours
promptly after surgery, we assessed APOP at a narrow
time gap from 48 h to 72 h postoperatively.

All patients underwent phone interviews with an
anesthesiologist to collect NRS scores. Patients with

a NRS > 3 at 6 months postoperatively were defined as
CPSP.

Statistical Analysis

Continuous variables are presented as mean + standard
deviation (SD), while categorical variables are presented
as percentages or proportions. Continuous variables were
analyzed using independent-sample t-tests as appropriate,
while categorical variables were analyzed using the Chi-
square or Fisher’s exact test. We randomly stratified all the
data into a training set and a testing set at a ratio of 8:2.
All cases were allocated a random number generated by
SPSS (version 22.0, IBM Corp., Armonk, NY). The range
of random numbers was set from 0 to 100; cases with
numbers ranging from 0 to 80 were assigned to the train-
ing set, and those with numbers ranging from 80.0001 to
100 were assigned to the testing set. Our random seed was
666. The statistical analysis could easily be repeated using
the same random seed. Observation independence, absence
of multicollinearity, and sufficient sample size were con-
firmed to meet the assumptions for conducting logistic
regression. Multiple logistic regression analysis was con-
ducted to establish a forward stepwise model with receiver
operating characteristic (ROC) curves constructed and
areas under the curve (AUC) calculated. The results were
then confirmed using a backward elimination procedure.
The model was eventually validated with calibration using
the Hosmer-Lemeshow goodness-of-fit test, and discrimi-
nation was assessed using AUC. A nomogram was estab-
lished using R software (R Foundation for Statistical
Computing, Vienna, Austria). A two-tailed P-value of
<0.05 was considered to be statistically significant. All
statistical analyses were performed using IBM SPSS. The
statistical methods used in this study were reviewed by
Jinxin Zhang from the Department of Medical Statistics,
University of Sun Yat-Sen.

Results

Patient Characteristics

We excluded 13 (1.62%) patients due to severe postopera-
tive complications, including pulmonary embolism (n==8)
and myocardial infarction (n=5). Furthermore, we
excluded 4 (0.50%) patients due to severe allergy.
Finally, we excluded 18 (2.25%) patients due to loss of
follow-up and 30 (3.75%) patients due to incomplete fol-
low-up data. Figure 1 presents a flow chart according to

the CONSORT statement showing the progress of the
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participants through the study. Ultimately, we included 736
patients (follow-up rate = 91.89%) in the final analysis.
Table 1 presents details of the included patients’ baseline
characteristics.

Factors Associated with CPSP at 6

Months Postoperatively

A total of 200 patients (27.20%) were diagnosed with
CPSP at 6 months postoperatively. CPSP was significantly
associated with preoperative pain in the surgical area
(OR=2.456, 95% CI:1.814-3.327, P<0.001), preoperative
depression state (CES-D) (OR=1.256, 95% CI:1.146—
1.378, P<0.001), surgical type (OR=7.138, 95%
CIl:3.548-14.364, P<0.001), acute postoperative NRS
score (OR=5.537, 95% CI:3.607-8.499, P<0.001), and
analgesic type (PCEA: OR=0.129, 95% CI:0.055-0.299,
P<0.001; PCIA: OR=0.033, 95% CI:0.011-0.097,
P<0.001; Table 2). Absolute risk changes for type of
surgery (hemi-hip vs total-hip), analgesic method (OA vs
PCEA), and analgesic method (OA vs PCIA) is 0.249
(95% CI: 0.181-0.315), 0.538 (95% CI: 0.456-0.609),
and 0.596 (95% CI: 0.520-0.660), respectively.

Prognostic Model Appraisement
The prognostic model was established as follows:

emdex

PCPSP = 1+ eindex

where prognostic

index = — 13.049 + 1.965 x x, + 0.899 x x5 + 0.228 x x4 —
2.051 x I[xs = PCEA] — 3.418 x I[xs = PCIA]

(X =type of surgery (total or hemi-hip replacement); X,
=preoperative NRS in the surgical area; X;= acute post-
operative NRS; X,= preoperative depression state [CES-
D]; Xs= analgesic type [PCEA or PCIA]).

ROC curve was generated to evaluate the predictive
ability of this model. The AUC was 0.968 (95% CI:
0.955-0.980,
92.12%, specificity value of 91.72%, positive predictive

P<0.001) with a sensitivity value of

value of 80.42%, negative predictive value of 96.93%,
positive likelihood ratio of 11.13, and negative likelihood
ratio of 0.09 (Figure 2A). The prognostic model was sub-
sequently applied to the testing cohort. Discrimination of
the model was acceptable, which further indicated a good
predictive power and discriminatory ability (Figure 2B).
Regarding calibration, the Hosmer—Lemeshow goodness-

of-fit test indicated that this model showed a good fit with
a high level of agreement between the calculated risk and
the observed outcomes (Figure 3).

Prognostic Nomogram for CPSP

All the significant associated factors, including the protec-
tive and risk factors, were integrated in the establishment
of nomogram (Figure 4). The probability of CPSP was
easily obtained by summing total points and matching
vertically downward to the risk of CPSP.

Discussion

In this study, preoperative pain in the surgical area, pre-
operative depression state, surgical type, acute postopera-
tive pain, and analgesic type were confirmed to be the
independent risk factors for CPSP in elderly patients at 6
months after hip arthroplasty. A prognostic model predict-
ing CPSP is of great use in therapeutic strategies
launching.

Standardized definition of CPSP was presented in the
International Classification of Disease Eleventh Reversion
(ICD-11) as pain occurring for more than 3 months post-
operatively with other causes of pain excluded.”'
According to Sugiyama et al, the prevalence of CPSP is
approximately 5-65%, which varies for different surgery
types.'> A recent cross-sectional survey of 2043 patients
who had undergone surgery showed that among them,
40.4% reported chronic pain, 18.3% reported moderate-to-
severe pain, and 24.5% reported sensory abnormalities."
Regarding hip arthroplasty, a high CPSP rate of 27% has
been reported; however, the data still remain unclear for
elderly patients.'"* CPSP is a chronic pain condition with
limited therapeutic strategies compared with those for
APOP.">"'7 Patients with CPSP endure significant suffer-
ing, which might eventually result in depression, anxiety,
and other psychological problems. Consequently, this gen-
erates a huge economic burden and large consumption of
medical resources.'™'? It is increasingly recognized that
good management of CPSP will definitely improve post-
operative recovery and clinical outcomes,''**?! which
should draw the attention of anaesthesiologists.

A number of putative risk factors may contribute to
CPSP development.'*® Several predictive factors of CPSP
have been reported, including genetic background**~* and

24,25

pain history and psychological factors.’®*” In this

retrospective study, we identified significant risks factors
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Table | Patient Baseline Characteristics (N=736)
Patients received hip replacement
(n=801) Characteristics %/MeanzSD
Male/female (%) 44.29/55.71
Excluded for loss of follow-up
Excluded for n=18 Age at diagnosis, years (mean+SD) 75.74+8.21
EOMONALY, SOLOKEN, O=S [ Drink/not drink (%) 14.67/85.33
M)’"C"“’d"“] infarction, n=5 _| Excluded for incomplete data
seyece Allenty; n=s n=30 Smoke/not smoke (%) 23.91/76.09
A 4
Body mass index at diagnosis (kg/m?) (mean£SD) 22.15+2.43
Included patients
n=736 Use of DEX during surgery (No vs Yes) (%) 58.70/41.30
l Duration of surgery (h) (meantSD) 2.69+0.93
l l Blood loss volume (mL) (mean%SD) 358.08+188.84
Training Set Testing Set
n=612 n=124 Blood transfusion volume (U) (meanSD) 0.30+£0.74
Education (%)
Figure | Study cohort flowchart. Below middle school 48.64
High school 4823
Above college 3.13
associated with CPSP to be preoperative NRS in the sur-
. , preop ASA grade (%)
gical area, preoperative depression status, surgery type, | 36.96
postoperative analgesic method, and acute postoperative I 43.89
NRS. We combined these factors in a prognostic model n 19.15
and developed a nomogram to facilitate CPSP risk predic- Analgesic type (%)
tion in clinical practice. This model was based solely on OA 3438
clinical and demographic variables, making it easily and PCEA 33.02
broadly applicable to clinical practice. For patients with PCIA 32.60
a high risk of CPSP, it is crucial to launch preemptive Type of surgery (%)
analgesia preoperatively that is continued postoperatively. Hemi-hip replacement 47.69
Both PCEA and PCIA are widely used analgesia meth- Total hip replacement 5231
ods in APOP management, with confirmed analgesic Preoperative NRS (surgical area) (mean+SD) 243+1.14
ffects on elderl tients undergoing hip replacement.
criects '0 clderly patients undergo g p rep vace ¢ Preoperative NRS (non-surgical area) (mean+SD) 0.16+0.37
Regarding CPSP, reports on the chronic analgesic effects
of PCEA and PCIA remain controversial.zg%o Our find- Acute NRS postoperatively (mean+SD) 3.06x1.26
ings indicate that both PCEA and PCIA have a protective Preoperative PASS-20 (meanSD) 31.16£12.04
effect against CPSP. Lowering the pain threshold and Preoperative CES-D (meantSD) 14,6945 .49
minimizing APOP might be the probable mechanism.
. . . CPSP at 6 th t tively (% 27.17172.83
Moreover, preoperative NRS score in the surgical area at 6 months postoperatively (%)

and acute postoperative NRS score were found to be sig-
nificant risk factors and predictive factors for CPSP.*' The
underlying pathogenesis of CPSP could be attributed to the
imbalance of inflammatory cytokines due to surgery stress,
which sensitizes the central nervous system (CNS).
Preoperative pain and acute postoperative pain are
strongly related to CPSP by sensitizing the peripheral
nervous system and CNS.?’? Effective management of
preoperative and acute postoperative pain have been

Abbreviations: CPSP, chronic postsurgical pain; PCEA, patient-controlled epidural
analgesia; PCIA, patient-controlled intravenous analgesia; OA, oral analgesia; NRS,
numerical rating scale; ASA, American Society of Anesthesiologists; CES-D, Center
for Epidemiological Studies-Depression Scale; PASS-20, Pain Anxiety Symptoms
Scale-Short Form-20.

reported to prevent CNS sensitization and subsequently
reduce the risks of CPSP.**?

It is apparent that surgery itself also plays an important
role. However, unlike other injuries, surgery allows the

International Journal of General Medicine 2021:14

7889

Dove!


https://www.dovepress.com
https://www.dovepress.com

Lu et al

Dove

Table 2 Factors Associated with the Possibility of CPSP at 6 Months Postoperatively (N=612. Five Independent Variables Including
Type of Surgery, Preoperative NRS in the Surgical Area, Acute Postoperative NRS, Preoperative Depression State, and Analgesic Type

Were Involved in Final Regression Model)

Factors Univariate Analysis Multiple Logistic Regression
OR 95% CI P OR 95% CI P
Gender (Male vs Female) 1.055 0.737-1.512 0.769
Age 0.979 0.958-1.001 0.066
BMI (kg/m?) 1.021 0.950-1.098 0.571
Education(lvs.2/3)
High school 1.108 0.772-1.589 0.579
Above college 0.291 0.066—-1.277 0.102
ASA grade (lvs.lI/1l)
I 1.327 0.886-1.988 0.170
1] 1.049 0.629-1.749 0.854
Smoking (No vs Yes) 1.034 0.685—-1.559 0.875
Alcohol abuse (No vs Yes) 1.406 0.871-2.270 0.163
Use of DEX during surgery (No vs Yes) 0.831 0.578-1.194 0317
Blood loss volume (mL) 1.001 1.000-1.002 0.094
Blood transfusion volume (mL) 1.174 0.937-1.471 0.163
Duration of surgery (h) 1.090 0.904-1.316 0.367
Preoperative NRS (surgical area) 1.706 1.448-2.009 <0.001 2.456 1.814-3.327 <0.001
Preoperative NRS (non-surgical area) 1.025 0.627-1.675 0.922
Preoperative PASS-20 0.996 0.981-1.011 0.602
Preoperative CES-D I.115 1.065—1.168 <0.001 1.256 1.146—-1.378 <0.001
Type of surgery (Hemi-hip vs Total hip) 3.873 2.609-5.749 <0.001 7.138 3.548-14.364 <0.001
Analgesic method (OA vs PCEA/PCIA)
PCEA 0.062 0.036-0.107 <0.001 0.129 0.055-0.299 <0.001
PCIA 0.024 0.011-0.051 <0.001 0.033 0.011-0.097 <0.001
Acute NRS postoperatively 6.517 4.789-8.869 <0.001 5.537 3.607-8.499 <0.001
Abbreviations: CPSP, chronic postsurgical pain; PCEA, patient-controlled epidural analgesia; PCIA, patient-controlled intravenous analgesia; OA, oral analg NRS,

numerical rating scale; ASA, American Society of Anesthesiologists; DEX, dexmedetomidine.

identification and prediction of precise injuries and the
ensuing pain. Therefore, it is necessary to identify these
factors before and during surgery to predict the recovery
course. Patients undergoing total hip arthroplasty might
have a longer surgery duration, larger blood loss volume,
and higher possibility of blood transfusion compared with
those undergoing hemi-hip replacement. The more com-
plicated the surgery is, the higher the CPSP prevalence.
Chronic persistent pain is regarded as a sociops
ychobiomedical issue focusing on the importance of

preoperative psychological status involving anxiety,
depression, psychological vulnerability and flexibility.
In this study, we identified preoperative depression as
an independent risk factor for CPSP, which is consis-
tent with previous studies.’®>” Patients with depression
are supposedly more sensitized to postoperative dis-
comfort and exaggerate the seriousness of painful sen-
sations. Effective postoperative analgesia combined
with appropriate psychological counseling could be of
benefit.
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Figure 2 Receiver operating characteristic curve of the training and testing data. (A) The predictive ability of this model was appraised with an AUC of 0.968, sensitivity of
92.12%, and specificity of 91.72%. (B) The estimated discrimination of the validated model was an AUC of 0.965, sensitivity of 91.43%, and specificity of 91.01%.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
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Figure 3 Hosmer-Lemeshow goodness-of-fit test (P=1) demonstrated a good fit of
this model.

Chronic pain is a major issue affecting more than 50%
of the elderly population.*® Cognitive impairment makes
pain assessment difficult, while medications acting on
peripheral sensitization are less efficient. Moreover,
experimental data on age-related changes in pain percep-
tion are scare and contradictory.®® Thus, pain management
in the elderly is extremely challenging, especially for those
who have undergone hip arthroplasty, functional recovery
and pain relief is strongly demanded.

Currently, according to the procedure-specific pain
management protocols in China, it is important to predict
high CPSP risk in elderly patients and to initiate persona-
lized treatment to minimize or prevent CPSP. Our study
has several strengths. First, we enrolled a relatively large
number of patients from multiple clinical centers with
complete follow-up data. Given the size of our cohort
and center, it is possible that the cohort presented here
could approximate the national cohort. Further, we devel-
oped a nomogram, which is a simplified visual tool that
allows for the convenient application of this model in
clinical practice.

This study has several limitations that should be
considered. First, we did not assess genetic factors.
Further, the pain threshold varies across different races
whereas this study only collected data from Chinese
individuals. Lastly, we used data-driven rather than the-
ory-driven analysis. Therefore, more generalizable find-
ings can be obtained by analyzing data across different
races.

In conclusion, we found that preoperative pain in the
surgical area, preoperative depression state, surgical type,
acute postoperative pain, and analgesic type were indepen-
dent risk factors for CPSP in elderly patients undergoing
hip arthroplasty. We established and validated a prognostic
model with ideal sensitivity and specificity values and
a nomogram to facilitate clinical application to serve as

a basis for personalized pain management.
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Figure 4 Prognostic nomogram for chronic postsurgical pain.
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