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ABSTRACT

Introduction: Postoperative cancer pain impo-
ses severe physical and psychological problems.
We aimed to investigate the pain experiences of
patients with cancer after surgery, analyze the
impact of infusion volume by patient-con-
trolled analgesia (PCA), and explore the varia-
tions between day 1 and day 2.
Methods: Data were retrospectively extracted
from a large health data platform. Descriptive
statistics were presented for the demographic
and clinical profiles of patients. Multiple

logistic regression analyses were performed to
evaluate associations between intensity of pain
and PCA use after adjustment for risk factors.
Results: Among 11,383 patients with cancer, the
incidence of pain (moderate to severe pain) was
93.3% (18.3%) at the first 24 h after operation,
while the respect values decreased to 91.1% and
9.5% at the second 24 h. Further, female patients
consistently experienced higher risk of pain over
the whole 48 h postoperatively. Surgical sites were
related topain risk,withthehighest riskamongthe
respiratory system (OR 2.077, 95% CI
1.392–3.100). High doses of continuous volume
(OR 2.453, 95% CI 1.742–3.456) and total volume
(OR 2.830, 95% CI 2.037–3.934) of infusions were
related to 1–3-fold elevated pain risk. Additionally,
the observed associations were mostly repeated
and could be up to over 10 times when pain was
evaluated with number of PCA pump compres-
sions instead of Numerical Rating Scale (NRS).
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Conclusions: High risk of postoperative cancer
pain, particularly among the high PCA dose
group, could possibly indicate inadequate pain
control, and presence of modifiable risk factors
warrants more aggressive pain management
strategies perioperatively.

Keywords: Analgesia; Postoperative pain;
Patient-controlled analgesia (PCA); Pain
management

Key Summary Points

Why carry out this study?

•How to obtain an accurate dosage of
intravenous patient-controlled analgesia
(IV-PCA) in clinical practice needs real-
world evidence, especially that based on
a large amount of data.

•The purpose of this research was to
observe the incidence of postoperative
pain, investigate the risk factors
influencing postoperative pain, and
dissect the association between PCA
usage and postoperative pain in the first
24 h and the second 24 h after surgery,
which had not been done much on the
basis of a large sample size.

What was learned from the study?

•Our research corroborates high risk of
postoperative cancer pain, identifies
associated risk factors, and quantifies
analgesic effect of PCA.

•All of these could together indicate
inadequate pain control if opioid-
induced hyperalgesia could be excluded.

•Presence of modifiable risk factors
warrants more aggressive pain
management strategies perioperatively.

INTRODUCTION

Today, patients with cancer live longer owing to
the significant therapeutic effects of new cancer

therapies. However, pain is still one of the most
distressing and burdensome symptoms of can-
cer and cancer therapies, affecting all aspects of
a patient’s life. Patient-controlled analgesia
(PCA) has been utilized to optimize pain relief
since 1971, with the first commercially available
PCA pump appearing in 1976. The goal of PCA
is to efficiently deliver pain relief at a patient’s
preferred dose and schedule by allowing them
to administer a predetermined bolus dose of
medication on-demand at the press of a button.
PCA has proven to be more effective at pain
control than non-patient opioid injections and
results in higher patient satisfaction, especially
in patients who are unable to tolerate oral
medications.

Intravenous patient-controlled analgesia (IV-
PCA) with continuous infusion of opioids upon
the patient’s individual analgesic needs is
widely used to manage acute postoperative pain
[1, 2]. IV-PCA has become the most common
standard modality for postoperative pain con-
trol worldwide and is associated with high sat-
isfaction rates [3, 4]. PCA pumps used in the
postoperative setting decrease total opioid
consumption and increase patient and nurse
satisfaction.

Approximately 15.5 million cancer survivors
were alive in the USA in 2016, and that number
is expected to increase to nearly 20 million by
2026 because nearly half of cancer survivors live
longer than 10 years. There are 2.8 million
incident patients with diagnosis of advanced
cancer in China annually, of which 80% have
pain and 70% have not been effectively treated
[5]. Identification of demographic, physiologic,
clinical, and behavioral correlates of pain
among cancer survivors could help identify
subgroups most in need of pain management.

However, how to obtain an accurate dosage
of IV-PCA in clinical practice needs real-world
evidence, especially that based on a large
amount of data. This is because a large sample
could more accurately reflect the safety and
efficacy of PCA usage, better eliminate the dis-
tortion of designated association from various
covariates, and provide the change to do the
stratified analyses, all of which could help
improve issues such as the safety of nursing care
and further influence future clinical practice
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guidelines (CPG) [6, 7]. In the present study, in
addition to providing information on distribu-
tion and associated risk factors of pain after
surgical operation, we in particular aimed to
compare the pain intensity and PCA use after
multiple adjustment among the first and second
24 h after surgery, assuming that the residual
effects of operative anesthesia still existed at the
first 24 h and had disappeared at the second.
We also used Numerical Rating Scale (NRS) and
numbers of PCA pump compressions as the
study outcomes in parallel. Recording the
number of compressions together with NRS is
necessary, and there was a previous article
which analyzed the number of compressions as
a secondary outcome in comparison with pain
[8].

METHODS

Data Sources and Study Population

All data used in the study were extracted from
the health data platform of Rehn Medtech (RM:
www.rehn.cc) (Jiangsu, China) which is a big-
data intelligence platform that integrates and
converges mass multisource heterogeneous
electronic health records data from multiple
medical centers or hospitals all over China (over
500 hospitals in 28 provinces for the time
being).

The study population comprised patients
with cancer having their surgery in Nantong
tumor hospitals during January 1,
2014–December 31, 2019, which were inter-
cepted via the RM platform. The exclusion cri-
teria were as follows: (1) less than 18 years of
age; (2) refused to participate in the study; (3)
was not present in room or had been discharged
at the time of data collection; (4) had cognitive
deficits. The final cohort for the analyses con-
sisted of 11,383 patients.

Intravenous Patient-Controlled Analgesia
and Covariates

Dosage of PCA including continuous volume of
infusion and total volume of infusion in the

first and second 24 h as well as a series of
demographic and clinical characteristics,
mainly age, gender, weight, surgical mode,
surgical site, and medication classification, was
abstracted from the medical intelligence plat-
form, i.e., RM, for the present study.

All patients received general anesthesia dur-
ing the operation. After surgery, patients were
transferred to the post-anesthesia care unit
(PACU), where intravenous self-administered
PCA was initiated, containing either sufentanil
or non-sufentanil. A lock-in period of 5–15 min
was set in order to avoid overdose of these
drugs. The continuous volume of infusion was
the amount of drug infused uniformly over 1 h,
i.e., the rate of administration per hour. In the
analyses, we categorized the continuous volume
as 0.1–1.1, 1.2–1.4, 1.5–1.6, or [1.6 ml/h
according to the interquartile method for both
the first and second 24 h. In the same way, the
total volume of infusion in the first 24 h was
grouped into four groups: B 27 ml, 28–34 ml,
35–43 ml, and [ 43 ml; the total volume of
infusion in the second 24 h was divided into
four groups: B 30 ml, 31–37 ml, 38–46 ml, and
[46 ml.

Age and weight were analyzed as continuous
variables. Other variables were analyzed as cat-
egorical variables: gender was analyzed as male
or female, surgical mode was categorized as
non-lumpectomy or lumpectomy, surgical sites
were grouped into digestive system, urinary
system, reproductive system, respiratory sys-
tem, blood circulatory system, and other sys-
tems considering the feasibility of the data, and
medication was characterized as sufentanil or
non-sufentanil.

In this study, we intentionally investigated
and compared the effect of PCA in the first and
second 24 h given the fact that the effect of
general anesthesia from the surgery still existed
in the first day after operation, but not in the
second day.

Study Outcomes

The main outcomes in this study included NRS
and number of PCA pump compressions in
parallel.
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First, patients were asked to rate their current
pain during movement using a numeric rating
scale, the NRS (0–10): ‘‘Please rate your current
pain during movement by indicating the num-
ber that best describes your pain, where 0 indi-
cates no pain and 10 indicates the most severe
pain.’’ They were asked to rate the severity of
their postoperative pain for each of the two
postoperative days. On the basis of the NRS
score, we classified patients into three categories
of pain, namely, no pain (0), mild pain (1–3/10),
and moderate to severe pain (C 4/10).

Second, we included the number of PCA
pump compressions as an additional outcome
variable to evaluate the association of postop-
erative pain and PCA use. PCA patients were
trained and tested in the use of the PCA pump.
If the patient presses three times in 15 min, the
reason was recorded. The reason for multiple
compressions was inadequate pain control [9].
In our research when the patient hit the self-
control button more than three times inside the
limited period, the central monitoring work-
station indicated insufficient analgesia, which
immediately alerted our medical personnel to
deal with it appropriately. This outcome was set
as a dichotomous variable: more than three
times, and three times or less.

In the present study, we compared the con-
sistency of these two outcomes, which repre-
sented the intensity of pain in patients in
different ways. To our knowledge, this had not
been reported in previous studies to date.

Statistical Analysis

Descriptive statistics were first performed: con-
tinuous variables were presented as mean ± s-
tandard deviation, and categorical data were
expressed as numbers and percentages. Uni-
variate analyses were then conducted: continu-
ous variables were compared using analysis of
variance (ANOVA) and categorical variables
were compared using chi-square whenever it
was appropriate. Next, multivariate logistic
regression analysis was used to assess the rela-
tionship between the degree of pain, either NRS
index (no pain, mild pain, and moderate to
severe pain) or the numbers of PCA pump

compressions ([ 3 or B 3), and infusion volume
of IV-PCA after adjustment for associated risk
factors.

All analyses were performed using the SAS
statistical package ver. 9.4. (SAS Institute Inc.,
Cary, NC). All p values were based on two-sided
tests, with the statistical significance level set to
0.05.

Compliance with Ethics Guidelines

Our research protocols were approved by the
institutional review boards of Nantong Tumor
Hospital (IRB2018-010). For the safety and
rationality of the research, we signed the
informed consent for all the participants. The
implementation of the current study adhered to
the tenets of the Declaration of Helsinki of the
World Medical Association with regard to sci-
entific research on human subjects. In order to
preserve anonymity, individual records of all
participants were de-identified before the
analysis.

RESULTS

Data on a total of 11,383 patients with cancer
who underwent surgery were retrospectively
analyzed, all of whom were evaluated for pain
during movement. Of these, 9382 patients and
10,032 patients went through pain evaluation
according to NRS within the first 24 h and the
second 24 h after surgery, respectively. The
respective reporting rates of pain for the first
and second 24 h were 93.3% and 91.1%. Among
them, there were 74.9% (n = 7030) of mild pain
and 18.3% (n = 1721) of moderate to severe
pain reported in the first 24 h compared to
81.6% (n = 8188) of mild pain and 9.5%
(n = 949) of moderate to severe pain in the
second.

We observed that distribution of pain inci-
dence rates was statistically different by gender,
surgical mode, surgical site, continuous volume,
and total volume of infusions administered on
both the first and second 24 h after surgery
(Table 1). Weight was statistically different only
on postoperative 24 h, while age was statisti-
cally different only on postoperative 48 h.
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Compared to male patients, a higher percentage
of female patients had mild pain on both day 1
and day 2. In terms of surgical mode, a signifi-
cantly higher proportion of patients who
underwent lumpectomy suffered mild pain and
moderate to severe pain compared to those who
received non-lumpectomy surgery. About 25%
of these procedures are lumpectomies and
about 75% are non-lumpectomies. Difference of
use of minimally invasive surgery was not sta-
tistically significant by surgery time
(X2 = 6.5349, p = 0.163). The proportion of pain
varied a lot according to surgical sites in differ-
ent systems, with the highest in the respiratory
system followed by digestive system and others,
especially for moderate to severe pain. Notably,
the highest proportions of moderate to severe
pain were consistently observed among the
highest dosage group of both ‘‘continuous vol-
ume of PCA infusion’’ and ‘‘total volume of PCA
infusion’’. The main tumor sites in patients were
the esophagus (n = 1671, 15.5%), lung
(n = 1477, 13.7%), intestine (n = 1098, 10.1%),
abdomen (n = 1018, 9.4%), uterus (n = 806,
7.5%), stomach (n = 761, 7.0%), and other sites
as detailed in Table S4 in the electronic supple-
mentary material. Non-sufentanil drugs,
specifically buprenorphine (n = 807, 60.1%),
fentanyl (n = 259, 19.3%), morphine (n = 123,
9.2%), dizocin (n = 79, 5.9%), and oxycodone
(n = 74, 5.5%), are also shown in Table S2.

Multivariate analysis showed a number of
variables associated with mild or moderate to
severe pain, including age, gender, surgical
mode, and surgical site as well as continuous
volume of PCA infusion during both the first-
and second 24 h (Table 2). The risk of moderate
to severe pain (C 4/10) decreased slightly with
increasing age (OR 0.986; 95% CI 0.975–0.996)
during the first 24 h after surgery. Female
patients consistently experienced higher risk of
mild pain (OR 1.550; 95% CI 1.237–1.942) at
the first and second 24 h after operation.
Patients who underwent lumpectomy had
higher risk of developing both mild pain (OR
1.384; 95% CI 1.106–1.730) and moderate to
severe pain (OR 1.475; 95% CI 1.112–1.955) in
the second 24 h. Surgical sites were related to
pain risk, with the highest risk among the
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Table 2 Multiple logistic regression analysis demonstrating factors (including continuous volume) associated with low or
high NRS

Postoperative within 24 h Postoperative 24–48 h

No paina/mild
painb

No paina/moderate to
severe painc

No paina/mild
painb

No paina/moderate to
severe painc

Adjusted OR
(95% CI)

Adjusted OR (95% CI) Adjusted OR
(95% CI)

Adjusted OR (95% CI)

Age 0.998

(0.990–1.006)

0.986 (0.975–0.996)* 0.993

(0.986–1.000)

0.991 (0.981–1.002)

Weight 1.002

(0.994–1.010)

1.009 (0.999–1.019) 1.004

(0.997–1.011)

1.003 (0.993–1.012)

Gender

Male Ref Ref Ref Ref

Female 1.550

(1.237–1.942)*

1.389 (1.063–1.815)* 1.416

(1.171–1.713)*

1.113 (0.862–1.436)

Surgical mode

Non-lumpectomy Ref Ref Ref Ref

Lumpectomy 1.203

(0.937–1.545)

1.215 (0.909–1.624) 1.384

(1.106–1.730)*

1.475 (1.112–1.955)*

Systematic classification of surgical sites

Digestive system Ref Ref Ref Ref

Urinary system 0.335

(0.246–0.456)*

0.117 (0.074–0.182)* 0.420

(0.319–0.553)*

0.239 (0.151–0.378)*

Reproductive

system

0.348

(0.264–0.459)*

0.126 (0.089–0.178)* 0.456

(0.363–0.574)*

0.188 (0.133–0.268)*

Respiratory system 1.243

(0.840–1.840)

2.043 (1.370–3.046)* 1.269

(0.927–1.737)

1.966 (1.384–2.793)*

Blood circulatory

system

0.592

(0.332–1.054)

0.285 (0.142–0.573)* 0.618

(0.383–0.997)*

0.300 (0.139–0.647)*

Other systems 0.365

(0.279–0.478)*

0.189 (0.136–0.261)* 0.511

(0.401–0.650)*

0.265 (0.188–0.374)*

Medication classification

Sufentanil Ref Ref Ref Ref

Non-sufentanil 1.066

(0.804–1.414)

0.760 (0.541–1.069) 0.951

(0.759–1.191)

0.795 (0.577–1.096)

Continuous volume

B 1.1 ml Ref Ref Ref Ref

1.2–1.4 ml 1.256

(0.974–1.619)

1.555 (1.120–2.160)* 1.278

(1.027–1.590)*

1.512 (1.079–2.120)*
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respiratory system (OR 2.043, 95% CI
1.370–3.046).

Moreover, we found that both high doses of
continuous volume were widely related to 1–3-
fold elevated pain risk. Patients with a contin-
uous volume of 1.2–1.4 ml or [ 1.6 ml had a
higher risk of moderate to severe pain when
referring to those with a continuous volume
of B 1.1 ml (1.2–1.4 ml: OR 1.555; 95% CI
1.120–2.160;[ 1.6 ml: OR 2.453; 95% CI
1.742–3.456) in the first 24 h. Similar risk vari-
ation was noted for the second 24 h: patients
with a continuous volume of 1.2–1.4 ml expe-
rienced a higher risk of mild pain than those
with a continuous volume of B 1.1 ml (OR
1.278; 95% CI 1.027–1.590). Patients with a
continuous volume of 1.2–1.4 ml or [ 1.6 ml
had a higher risk of moderate to severe pain
than patients with a continuous volume
of B 1.1 ml (1.2–1.4 ml: OR 1.512; 95% CI
1.079–2.120;[ 1.6 ml: OR 1.941; 95% CI
1.382–2.726).

Similar to Table 2, multivariate analysis
revealed a number of variables associated with
mild or moderate to severe pain, including age,
gender, surgical mode, surgical site, and total
volume of infusions after operation (Table 3).

We found consistently increased pain risk
among the highest total volume of PCA infu-
sion: the risk of mild pain was higher in patients
with total infusions[ 43 ml when referring to
those with total infusions B 27 ml (OR 1.404;
95% CI 1.064–1.853) in the first 24 h and the
risk of mild pain was higher in patients with
total infusions[46 ml than in patients with
total infusions B 30 ml (OR 1.258; 95% CI
1.008–1.571) in the second 24 h; the risk of
moderate to severe pain was higher in patients
with total infusions[ 43 ml when referring to
those with total infusions B 27 ml (OR 2.830;
95% CI 2.037–3.934) in the first 24 h and the
risk of moderate to severe pain was higher in
patients with total infusions[46 ml than in
patients with total infusions B 30 ml (OR 3.024;
95% CI 2.199–4.159) in the second 24 h.

Table 4 shows the comparison of periopera-
tive factors with the numbers of PCA pump
compressions. Multivariate analyses were done
to include only either continuous volume or
total volume of infusion to avoid the presence
of multicollinearity. A number of variables were
associated with the numbers of PCA pump
compressions, including age, weight, gender,
surgical mode, surgical site, and continuous

Table 2 continued

Postoperative within 24 h Postoperative 24–48 h

No paina/mild
painb

No paina/moderate to
severe painc

No paina/mild
painb

No paina/moderate to
severe painc

Adjusted OR
(95% CI)

Adjusted OR (95% CI) Adjusted OR
(95% CI)

Adjusted OR (95% CI)

1.5–1.6 ml 0.896

(0.707–1.137)

1.108 (0.811–1.516) 0.924

(0.753–1.135)

1.090 (0.787–1.510)

[ 1.6 ml 0.945

(0.717–1.244)

2.453 (1.742–3.456)* 0.939

(0.747–1.181)

1.941 (1.382–2.726)*

Analyses were based on multiple logistic regression. Multiple logistic regression analysis of factors associated with low or high
NRS within 24 h and 48 h postoperatively, with model containing seven variables: age, gender, weight, surgical mode,
systematic classification of surgical sites, medication classification, and continuous volume of infusion
OR odds ratio, CI confidence interval, NRS Numerical Rating Scale
*Statistically significant results
aNRS 0/10
bNRS 1–3/10
cNRS C 4/10
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Table 3 Multiple logistic regression analysis demonstrating factors (including total infusions) associated with low or high
NRS

Postoperative within 24 h Postoperative 24–48 h

No paina/mild
painb

No paina/moderate to
severe painc

No paina/mild
painb

No paina/moderate to
severe painc

Adjusted OR
(95% CI)

Adjusted OR (95% CI) Adjusted OR
(95% CI)

Adjusted OR (95% CI)

Age 1.001

(0.993–1.010)

0.987 (0.976–0.997)* 0.996

(0.989–1.003)

0.997 (0.986–1.007)

Weight 1.001

(0.993–1.009)

1.009 (0.999–1.019) 1.003

(0.996–1.009)

1.001 (0.991–1.011)

Gender

Male Ref Ref Ref Ref

Female 1.585

(1.263–1.989)*

1.342 (1.023–1.760)* 1.422

(1.171–1.726)*

1.084 (0.832–1.412)

Surgical mode

Non-lumpectomy Ref Ref Ref Ref

Lumpectomy 1.191

(0.926–1.532)

1.259 (0.939–1.688) 1.456

(1.159–1.829)*

1.573 (1.172–2.109)*

Systematic classification of surgical sites

Digestive system Ref Ref Ref Ref

Urinary system 0.330

(0.242–0.450)*

0.113 (0.072–0.179)* 0.432

(0.325–0.573)*

0.233 (0.144–0.377)*

Reproductive

system

0.372

(0.281–0.494)*

0.141 (0.099–0.201)* 0.471

(0.372–0.596)*

0.188 (0.129–0.274)*

Respiratory system 1.289

(0.870–1.910)

2.077 (1.392–3.100)* 1.247

(0.906–1.716)

1.982 (1.381–2.847)*

Blood circulatory

system

0.578

(0.324–1.030)

0.276 (0.136–0.557)* 0.613

(0.376–1.000)

0.248 (0.107–0.576)

Other systems 0.378

(0.288–0.495)*

0.187 (0.135–0.260)* 0.505

(0.396–0.646)*

0.269 (0.188–0.385)*

Medication classification

Sufentanil Ref Ref Ref Ref

Non-sufentanil 0.924

(0.697–1.226)

0.727 (0.517–1.022) 0.873

(0.695–1.096)

0.688 (0.491–0.965)*

Total volume of infusion (within 24 h after operation)

B 27 ml Ref Ref – –

28–34 ml 1.042

(0.827–1.313)

1.022 (0.759–1.375) – –
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volume/total volume of infusion in the first and
second 24 h. Although similar trends for asso-
ciations were observed for many risk factors
with numbers of compressions as they were
associated with NRS, some varied associations
did exist: in the multivariate analysis incorpo-
rating total volume of infusion, we could
observe that increasing age gave a slightly ele-
vated risk of inadequate analgesia (OR 1.006;
95% CI 1.002–1.011). The risk of inadequate
analgesia was lower in female patients com-
pared to male patients (OR 0.848; 95% CI
0.763–0.943). Patients undergoing lumpectomy
had less inadequate analgesia than those
undergoing non-lumpectomy procedures (OR
0.593; 95% CI 0.528–0.666). Patients with sur-
gical sites in all other designated five systems
experienced less inadequate analgesic compared

with patients whose surgical site was the diges-
tive system.

As for the association of numbers of PCA
pump compressions with total/continuous vol-
ume of PCA infusion, a similar trend as for NRS
was noted for dosage groups: patients in other
groups of continuous volume had more inade-
quate analgesic compared to patients
with B 1.1 ml (1.2–1.4 ml: OR 1.369; 95% CI
1.210–1.550; 1.5–1.6 ml: OR 1.294; 95% CI
1.146–1.462;[ 1.6 ml: OR 2.023; 95% CI
1.772–2.309) in the first 24 h while patients
with a continuous volume of 1.2–1.4 ml or
[1.6 ml had a higher risk of inadequate anal-
gesic than those with a continuous volume
of B 1.1 ml (1.2–1.4 ml: OR 1.329; 95% CI
1.160–1.523;[ 1.6 ml: OR 1.346; 95% CI
1.164–1.556) in the second 24 h. Patients in

Table 3 continued

Postoperative within 24 h Postoperative 24–48 h

No paina/mild
painb

No paina/moderate to
severe painc

No paina/mild
painb

No paina/moderate to
severe painc

Adjusted OR
(95% CI)

Adjusted OR (95% CI) Adjusted OR
(95% CI)

Adjusted OR (95% CI)

35–43 ml 1.025

(0.816–1.289)

1.253 (0.939–1.673) – –

[ 43 ml 1.404

(1.064–1.853)*

2.830 (2.037–3.934)* – –

Total volume of infusion (24–48 h after operation)

B 30 ml – – Ref Ref

31–37 ml – – 0.945

(0.777–1.150)

0.968 (0.703–1.332)

38–46 ml – – 1.160

(0.945–1.425)

1.331 (0.967–1.833)

[ 46 ml – – 1.258

(1.008–1.571)*

3.024 (2.199–4.159)*

Analyses were based on multiple logistic regression. Multiple logistic regression analysis of factors associated with low or high
NRS within 24 h and 48 h postoperatively, with model containing seven variables: age, gender, weight, surgical mode,
systematic classification of surgical sites, medication classification, and total volume of infusion
OR odds ratio, CI confidence interval, NRS Numerical Rating Scale
*Statistically significant results
aNRS 0/10
bNRS 1–3/10
cNRS C 4/10
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Table 4 Multiple logistic regression analysis demonstrating factors associated with analgesic pump usage

Numbers of IV-PCA pump compressions (> 3/ £ 3)

Postoperative within 24 h Postoperative 24–48 h

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age 0.996 (0.992–1.000) 1.006 (1.002–1.011)* 0.991 (0.987–0.995)* 1.003 (0.998–1.008)

Weight 1.000 (0.997–1.004) 0.995 (0.991–0.999)* 1.001 (0.998–1.005) 0.994 (0.989–0.998)

Gender

Male Ref Ref Ref Ref

Female 1.122 (1.017–1.238)* 1.219 (1.095–1.357)* 0.848 (0.763–0.943)* 1.044 (0.927–1.176)

Surgical mode

Non-lumpectomy Ref Ref Ref Ref

Lumpectomy 0.593 (0.528–0.666)* 0.791 (0.697–0.897)* 0.897 (0.792–1.016) 1.167 (1.014–1.344)*

Systematic classification of surgical sites

Digestive system Ref Ref Ref Ref

Urinary system 0.426 (0.350–0.517)* 0.471 (0.381–0.582)* 0.627 (0.507–0.776)* 0.644 (0.506–0.818)*

Reproductive system 0.401 (0.353–0.456)* 0.390 (0.339–0.450)* 0.596 (0.516–0.687)* 0.623 (0.530–0.732)*

Respiratory system 0.835 (0.728–0.958)* 0.902 (0.777–1.047) 0.961 (0.831–1.111) 0.952 (0.808–1.121)

Blood circulatory

system

0.590 (0.446–0.782)* 0.592 (0.435–0.807)* 0.681 (0.498–0.932)* 0.667 (0.468–0.950)*

Other systems 0.736 (0.641–0.845)* 0.710 (0.611–0.825)* 0.721 (0.620–0.839)* 0.760 (0.641–0.903)*

Medication classification

Sufentanil Ref Ref Ref Ref

Non-sufentanil 0.753 (0.664–0.853)* 0.493 (0.430–0.566)* 0.865 (0.755–0.991)* 0.529 (0.455–0.616)*

Continuous volume

B 1.1 ml Ref – Ref –

1.2–1.4 ml 1.369 (1.210–1.550)* – 1.329 (1.160–1.523)* –

1.5–1.6 ml 1.294 (1.146–1.462)* – 1.136 (0.992–1.301) –

[ 1.6 ml 2.023 (1.772–2.309)* – 1.346 (1.164–1.556)* –

Total volume of infusion (within 24 h after operation)

B 27 ml – Ref – –

28–34 ml – 1.809 (1.592–2.056)* – –

35–43 ml – 4.158 (3.674–4.707)* – –

[ 43 ml – 14.909

(12.898–17.233)*

– –
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other groups of total volume of infusion had
more inadequate analgesic than patients with
total volume of infusion B 27 ml (28–34 ml: OR
1.809; 95% CI 1.592–2.056; 35–43 ml: OR
4.158; 95% CI 3.674–4.707;[ 43 ml: OR
14.909; 95% CI 12.898–17.233) in the first 24 h.
Patients in other total volume of infusion
groups had more inadequate analgesic com-
pared with patients with total volume of infu-
sion B 30 ml (31–37 ml: OR 1.373; 95% CI
1.157–1.629; 38–46 ml: OR 3.864; 95% CI
3.306–4.516;[ 46 ml: OR 17.313; 95% CI
14.725–20.357) in the second 24 h.

The most frequent adverse event in the first
24 h postoperatively was uroschesis (n = 9138,
80.3%) and the least frequent event was pruritus
(n = 12, 0.1%); this was also the case for the
adverse events in the second 24 h after surgery
(uroschesis: n = 9445, 83.0%; pruritus: n = 13,
0.1%). The details could be found in Table S3 in
the electronic supplementary material.

DISCUSSION

In this large retrospective study, we investigated
the proportions of postoperative pain among

patients with cancer and explored associated
risk factors, with a special interest focusing on
PCA infusion, both continuous volume and
total volume. Several risk factors were observed
to be related to postoperative cancer pain,
among which intravenous PCA use after sur-
gery, either continuous or total volume of
infusions, was significantly associated with the
occurrence and severity of postoperative pain
both in the first and second 24 h postopera-
tively. To our knowledge, our present study is
among the first to explore cancer pain and risk
factors within 48 h after operation and sum-
marize the variations between the first and
second 24 h, both of which were the critical
periods for analgesic management.

Exploring appropriate analgesic dose is
always of great importance in the management
of narcotic and psychotropic substances. Post-
operative pain is acute pain that occurs imme-
diately after surgery, lasting usually
approximately 2–3 days. Then timely pain
assessment of patients by healthcare profes-
sionals is an important part of effective post-
operative pain management. Previous articles
[10, 11] examining postoperative pain have
involved observation of patients in the PACU

Table 4 continued

Numbers of IV-PCA pump compressions (> 3/ £ 3)

Postoperative within 24 h Postoperative 24–48 h

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Total volume of infusion (24–48 h after operation)

B 30 ml – – – Ref

31–37 ml – – – 1.373 (1.157–1.629)*

38–46 ml – – – 3.864 (3.306–4.516)*

[ 46 ml – – – 17.313

(14.725–20.357)*

Analyses were based on multiple logistic regression. Multiple logistic regression analysis of factors associated with numbers of
IV-PCA pump compressions within 24 h and 48 h postoperatively, with model containing eight variables: age, gender,
weight, surgical mode, systematic classification of surgical sites, medication classification, continuous volume of infusion, and
total volume of infusion
OR odds ratio, CI confidence interval, IV-PCA intravenous patient-controlled analgesia
*Statistically significant results
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for 48 h, assessing pain intensity at specified
times, and using 48-h postoperative outcomes
as the primary endpoint. There is evidence
suggesting that opioid-containing anesthesia
does not reduce postoperative pain [12]. Inade-
quate analgesia may negatively impact patient
health on multiple levels: decreased quality of
life, impaired sleep, harm to physical function,
increased financial burden, and more [11]. Our
study found postoperative pain even after high-
dose medication treatment. Drugs require 4–-
5 half-lives to reach steady state, e.g., immedi-
ate-release opioids reach steady state in about
24 h, while extended-release opioids take about
2–3 days to reach steady state [13]. Comparative
analysis of postoperative pain by days after
operation is thus of great significance. We
considered that during the first 24 h patients
were still under the influence of intraoperative
anesthesia while during the latter 24 h the
anesthetic effect present in the first 24 h was
eliminated so that it is feasible to observe the
pain impact of PCA individually.

Postoperative pain and opioid needs may
vary by more than tenfold between individuals,
thus a fixed ‘‘one-size-fits-all’’ dosing schedule
can be an underdose for some patients and an
overdose for others [14]. PCA is an effective and
safe method of administering anesthetics to the
appropriate patient population [15], while it is
also important to encourage patients to be
treated with PCA only when necessary. Epi-
demiological studies have shown that a large
number of patients appropriately given strong
opioids for acute pain management fail to dis-
continue them for long periods of time [16].
From our results, we found that risk factors
associated with moderate to severe pain were
more significant, especially in the groups with
1.2–1.4 ml of continuous volume and 1.6 ml,
both of which showed a higher risk than
receiving B 1.1 ml of continuous volume. The
total volume of infusion showed a higher risk of
moderate to severe pain only in the highest
group ([43 ml or[ 46 ml). Although PCA is a
safe and effective treatment for pain in patients
with cancer, more prospective studies are nee-
ded to evaluate the safety and efficacy of this
management strategy [6]. To better evaluate the
pain effect, we used the number of intravenous

PCA pump compressions performed by patients
themselves and NRS evaluated by healthcare
professionals in parallel. A high degree of con-
sistency was found: the risk of inadequate
analgesia occurring is significantly higher with
high doses of continuous volume or total vol-
ume of infusion based on both ways of evalu-
ating pain. Combining the NRS with the
patient’s self-reported number of compressions
better reflects the consistency of postoperative
analgesic outcomes [17]. In addition to the
Chinese study, other studies have also demon-
strated that analgesic effect could be measured
by pain scale, number of PCA uses, and medi-
cation consumption [18, 19].

Although our results were suggestive of
insufficient pain control, we must consider the
possibility of opioid-induced hyperalgesia
(OIH), especially considering the established
dose–response relationship for infusion volume
and pain risk: the highest dosage incurred with
the highest pain risk. A previous study found a
significant increase in acute pain 24 h postop-
eratively after giving patients a high intraoper-
ative dose of remifentanil, which also resulted
in an increased need for morphine on postop-
erative day 1 [20]. Therefore, we suspected that
the patients in this study had OIH. If hyperal-
gesia due to opioid medication occurs, it cannot
be overcome by increasing its dose because this
would actually exacerbate the hyperalgesia [21].
The mechanisms leading to the development of
OIH are complex and controversial. Also, drug
tolerance needs to be considered depending on
the pharmacokinetic or pharmacodynamic
changes [22]. When the opioid dose is
increased, pain from tolerance usually
improves. In contrast, for OIH, pain tends to
worsen with increasing opioid doses. Therefore
it is a challenging dilemma for the pain physi-
cian or clinician to differentiate between the
two disorders of OIH and tolerance. Reducing
opioid doses in order to reduce patients’
hyperalgesia can sometimes lead to mild with-
drawal symptoms [23], and we will have to
consider this in future long-term studies. How-
ever, what we have done in this study is to avoid
opioids with short half-lives [24], reduce the
dose of opioids, and focus on examining psy-
chological and psychiatric factors in patients,
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which may reduce the occurrence of
hyperalgesia.

Younger patients were reported to be more
likely to be in the stable moderate to severe pain
group [25]. Younger patients are biologically
more sensitive to low-intensity noxious stimuli
and may have higher central nervous system
reactivity. Second, from a physiological per-
spective, older adults are more conservative in
pain perception and reporting and are more
reluctant to report pain when it occurs [26]. In
our study, the effect of age as a determinant
factor in patients’ pain risk when referring to
the pain-free group was observed for both days
after multiple adjustment, but the direction of
influence seemed not decisive.

The surgical modes in our study were divided
into lumpectomy and non-lumpectomy proce-
dures, and in the original data lumpectomy
procedures were overwhelmingly composed of
laparoscopic and thoracoscopic procedures. The
hypothesis that pain from some laparoscopic
procedures is underestimated was reported in a
prospective cohort study that included 50,523
patients [27], which was also supported by the
findings in other reports [28, 29]. In our study
on the second 24 h, patients who underwent
lumpectomy surgery had a higher risk of pain
than those who underwent non-lumpectomy
surgery. We speculate that this could be par-
tially due to the presence of intraoperative
anesthesia in patients in the first 24 h. It is also
possible that because lumpectomy has been
shown to be a less painful procedure in previous
studies or practice, there is laxity on the part of
a few healthcare providers in the preoperative
examination and postoperative care of patients,
resulting in inflammation of the patient’s inci-
sion, etc.

In our study, the surgical site was systemat-
ically divided according to human anatomy.
Patients with cancer undergoing respiratory
surgery experienced more moderate to severe
pain, whether in the first or second 24 h after
surgery, whether for continuous or total volume
of PCA infusion. Our results are supported by
several studies in which some patients who
underwent pulmonary lobectomy experienced
higher levels of pain in the first 3 days postop-
eratively [10, 30]. However, there may also be

another reason in that some of the surgeries
were carried out using a thoracotomy or a tho-
racoscopy approach which constitutes the worst
pain.

This study has some limitations: it is a ret-
rospective study. Patients were not randomly
assigned, and some risk characteristics such as
medication classification, surgical mode, and
surgical site may lead to uncontrolled bias.
Other risk factors, such as psychological distress
(anxiety, depression) and mental state, were not
included in this analysis. There is also a lack of
some preoperative pain information that limits
the generalization of the results of this study.
However, we believe the strength of our study
lies in the large number of patients studied. The
possible uneven distribution of pre-existing
pain by covariables could at least partially have
been alleviated by the large sample size of this
study. Currently, most clinical studies on PCA
use and postoperative pain have small sample
sizes [9, 17, 19, 31], and the evidence support-
ing its use is thus limited. The present study
benefited from a large sample, enabling strati-
fication of important factors and adjustment for
confounders as well. We collected raw data from
the Rehn Medtech analgesic pump system,
which has a mobile ward check function to
understand the patient’s analgesic effect and to
assess and record it in a timely manner. More-
over, both postoperative 24 h and postoperative
48 h are prime times for acute pain recovery,
and pain is generally more pronounced in the
first 24 h. Our study considered the second 24 h
to exclude the effect of intraoperative anesthe-
sia present in the first 24 h, so it is particularly
important to extend the observation of pain to
the second 24 h. Additionally, we used the NRS
for pain scoring because of its clear classifica-
tion, relative simplicity, ease of use, and greater
ease of understanding and completion by sub-
jects. We also used the number of analgesic
pump compressions as an indicator for com-
parison with NRS.

CONCLUSION

Postoperative pain relief remains a major med-
ical challenge. Our study found that younger
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age, lumpectomy, site of surgery being respira-
tory, and high continuous volume or total vol-
ume of infusion may be risk factors for the
occurrence of moderate to severe pain. Fur-
thermore, the study regarding either high con-
tinuous volume or high total volume of PCA
infusion presented a high concordance of
results between the risk of developing moderate
to severe pain and associated risk factors. Our
main findings may suggest the possibility of
inadequate analgesia. Simultaneously, the pos-
sibility of OIH could not be ruled out, which
warrants further study. Avoidance of opioids
with short half-lives, reduction of opioid doses,
and attention to examination of psychological
and psychiatric factors in patients warrant more
clinical attention.
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