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Background: It is unclear whether the doses of opioids and the routes of administration used for
postoperative analgesic management are associated with delirium. We aimed to compare the incidence
of postoperative delirium (POD) between intravenous patient-controlled analgesia IVPCA) and patient-
controlled epidural analgesia (PCEA) in patients who underwent postoperative analgesic management using
opioids.

Methods: We retrospectively investigated surgical patients (n=3,324) who received patient-controlled
analgesia (PCA). Morphine was used for IVPCA, and fentanyl and ropivacaine were used for PCEA. The
patients’ background characteristics, perioperative management, presence of POD, and postoperative
analgesia technique after IVPCA (n=1,184) or PCEA (n=2,140) were assessed. We divided the patients into
IVPCA and PCEA groups and compared the incidence of POD by propensity score matching. We used the
independent #-test for comparisons between the groups, and P<0.05 as considered as statistically significant.
Results: POD was noted in a total of 125 patients (3.8%); 55 patients (4.6%) with IVPCA and 70 patients
(3.3%) with PCEA (P=0.046). There was no statistically significant difference in cumulative opioid usage
up to postoperative day 2 (in mg) between patients with and without POD (POD 62.7£39.8 vs. non-POD
48.9+50.3, P=0.10). After propensity score matching, 1,156 patients with similar baseline characteristics were
selected. POD was noted in 22 of 578 patients (3.8%) in the IVPCA group and 30 of 578 patients (5.2%) in
the PCEA group, with no difference between the two groups (P=0.256). On the other hand, opioid usage was
higher in the IVPCA group than in the PCEA group (P<0.001).

Conclusions: There was no difference in the incidence of POD between morphine IVPCA and fentanyl
PCEA when the patient characteristics were matched using propensity score matching. POD occurs

regardless of the route and dose of opioid administration.
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Introduction

Delirium is a major concern during the perioperative period
and has been reported to increase mortality and hospital
stay (1). Various factors such as old age and preoperative
cognitive decline have been reported to affect delirium
during hospitalization (2,3). In non-cardiac surgery,
postoperative delirium (POD) occurs in 5-15% of patients
(4,5). Since POD can be suppressed by early intervention,
it is important to predict patients at high risk of POD
before surgery (6,7). With regard to risk factors for POD,
opioid use and pain have been reported to cause POD
(8,9). Therefore, a balance between the two is important
for postoperative management (10,11). If severe pain is
anticipated after surgery, such as thoracic or abdominal
surgery, sufficient analgesia is required (12). With regard
to postoperative analgesia, thoracic or abdominal surgery is
a good indication for patient-controlled epidural analgesia
(PCEA) (13). In addition, it is known that the addition
of opioid to epidural anesthesia enhances the analgesic
effect (14), and therefore, opioid is used for PCEA when an
enhanced postoperative analgesic effect is required. As an
analgesic method other than PCEA, intravenous patient-
controlled analgesia (IVPCA) is performed by intravenous
administration of opioids.

Although various studies have reported the superiority
of each analgesic method (10,15-17), the differences in
the effects of each postoperative analgesic method on the
development of POD are not yet fully understood. In some
reports, the use of opioids is believed to be a risk factor for
delirium (18,19). Therefore, IVPCA with high opioid use is
expected to have a higher risk of POD than PCEA. On the
other hand, epidural analgesia increases the analgesic effect
by using an opioid in combination with local anesthesia
and reduces systemically administered opioids, but the
addition of opioids to epidural anesthesia may also increase
POD (20). However, it is unclear how the dose and route
of administration of these opioids actually affects the
development of POD.

To clarify this question, we investigated the effect of
the route of administration, that is, IVPCA or PCEA, and
the dose of opioid on the incidence of POD in patients
undergoing postoperative analgesia with patient-controlled
analgesia (PCA) using opioids. In addition, patient
characteristics are strongly associated with POD. Previous
studies reporting the effects of postoperative analgesia
on POD might not have eliminated the impact of patient
characteristics due to the small sample size of these studies.
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To solve these problems, we compared IVPCA and PCEA
in a relatively large population with controlled background
factors. In our study, confounding factors that could affect the
results of the multivariate analysis were efficiently removed
by propensity score matching (21). We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/apm-21-1084).

Methods
Study design and ethical considerations

This was a propensity score-matched retrospective cohort
study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional ethics board of Hiroshima
University Hospital (No. E-1462) and individual consent
for this retrospective analysis was waived.

Patients selection criteria

This study is a single-center study conducted at Hiroshima
University Hospital. After obtaining IRB approval,
we retrospectively investigated the medical records of
3,601 patients (IVPCA: 1,383, PCEA: 2,218) who
underwent various surgeries and received PCA between
January 1, 2009 and December 31, 2013. We excluded
patients with inflammatory bowel disease, those who
underwent liver transplantation, and those who continued
with tracheal intubation after surgery. In addition, we
excluded patients who were unable to continue PCEA
due to epidural catheter problems (spontaneous removal,
inappropriate range of analgesic effect, etc.) from the study.
In other words, we excluded 101 inflammatory bowel
disease, 80 liver transplant surgery, 10 continuation of
tracheal intubation, and 71 patients who had trouble with
the epidural catheter, and finally examined 3,324 patients
(IVPCA: 1,184, PCEA: 2,140). In addition, we matched the
patient backgrounds of IVPCA and PCEA by propensity
score matching for 3,324 patients, and 1,156 patients
(IVPCA: 578, PCEA: 578) were included in the post-match
subjects. A flowchart of the patient selection process is
illustrated in Figure 1.

Post-operative pain management

In our hospital, PCEA was the first choice for postoperative
analgesia, and IVPCA was chosen when PCEA was not
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All cases with PCA management
Total =3,601
(IVPCA: 1,383, PCEA: 2,218)
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Y

Not meeting inclusion criteria, n=277
101 Inflammatory bowel disease

y

Cases to be analyzed:

80 Liver transplant surgery
71 Epidural catheter trouble
15 Reoperation

univariate and multivariate

10 Continuation of tracheal intubation

logistic regression analyses
n=3,324
(IVPCA: 1,184, PCEA: 2,140)

Y
Propensity score matching
n=3,324
(IVPCA: 1,184, PCEA: 2,140)

‘—>| Excluded by propensity score matching, n=2,168
A

Cases to be matched
n=1,156
(IVPCA: 578, PCEA: 578)

Figure 1 Patient selection criteria. PCA, patient-controlled analgesia; IVPCA, intravenous patient-controlled analgesia; PCEA, patient-

controlled epidural analgesia.

possible due to the use of oral anticoagulants or patient
request. Morphine was routinely used for IVPCA, while
fentanyl and ropivacaine were used for PCEA. We used
CADD-Legacy® PCA Model 6300 (Smiths Medical, St Paul,
MN, USA) or i-Fusor™ Puls (JMS, Hiroshima, Japan) for
the PCA infusion pump. PCA chemical solutions and pump
settings were as follows: IVPCA: morphine (1 mg/mL),
no background infusion, a demand dose of 1 mg/push, and
a lockout interval of 5 min; PCEA: 0.15% ropivacaine with
2 pg/mL fentanyl (for patients <80 years old) or 1 pg/mL (for
patients >80 years old), background infusion rate of 3 mL/h,
demand dose of 2 mL/push, and lockout interval of 15 min.

As a standard PCEA management protocol, the continuous
dose was reduced to 1 mL/h on the 3rd postoperative day,
and the catheter was removed in the morning of the 4th
postoperative day. We set the observation period up to
4 days after surgery as the observation period for
postoperative analgesia. Movement pain visual analogue scale
(VAS) scores while walking for 0 to 100 mm and rest VAS
scores were measured twice daily from day 1 to day 4 after
the surgery.

Definition and diagnosis of delirium

Delirium was defined as clouding of consciousness (visual
and auditory hallucinations), restlessness, decreased activity,
or dangerous behavior consistent with the Diagnostic and
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Statistical Manual of Mental Disorders (DSM-IV) criteria
while using PCA. Delirium was assessed twice daily by
our acute pain service team along with pain assessment.
Postoperative analgesia continued for at least 4 days
postoperatively, regardless of IVPCA or PCEA; therefore,
our study evaluated delirium during this period.

Surveyed factors

We investigated the method of PCA, VAS score for
postoperative pain from 0 to 100 mm, the presence or absence
of POD, and the postoperative day of onset of POD. Pain
VAS scores were investigated at rest and during movement.
To show the cumulative opioid doses of IVPCA and
PCEA, we calculated morphine 15 mg and fentanyl 0.3 mg
as an equipotent value, and converted PCEA fentanyl usage
into morphine and tabulated it (22).

We also investigated patient background factors,
including age, sex, height, body weight, body mass index
(BMI), coexisting diseases such as dementia, cerebrovascular
disorder, respiratory disorders such as asthma or chronic
obstructive pulmonary disease (COPD), diabetes mellitus,
hypertension, liver dysfunction, renal dysfunction, anemia,
smoking history, and surgical factors including operation
time (minutes) and amount of blood loss (mL). We also
investigated the surgical site and divided the patients into
four groups: upper abdomen, lower abdomen, thoracic, and
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Table 1 The postoperative day of delirium onset and the number of occurrences of delirium (%) after the application of IVPCA or PCEA

Postoperative day IVPCA (n=1,184), (%) PCEA (n=2,140) (%) All patients (n=3,324) (%) P value
0 6 (0.5) 18 (0.8) 24(0.7) 0.82
1 13 (1.1) 23 (1.1) 36 (1.1) 0.01
2 25 (2.1) 20 (0.9) 45 (1.4) <0.01
3 7(0.6) 6(0.3) 13 (0.4) 0.01
4 4(0.3) 3(0.1) 7(0.2) <0.01
Total 55 (4.6) 70 (3.3) 125 (3.8) <0.01

The postoperative day of onset of delirium and the number of occurrences of delirium (%) are shown. The incidence of postoperative
delirium was high on the 1st and 2nd postoperative days and low on the 3rd and 4th postoperative days. Statistical analysis was
performed for all patients using chi-square test and residual analysis and a P value <0.05 was considered to indicate statistical
significance. IVPCA, intravenous patient-controlled analgesia; PCEA, patient-controlled epidural analgesia.

others, depending on the surgical site.

Statistical analysis

In the first step, we conducted a comprehensive survey
of factors associated with the development of POD in all
study patients. We adopted the VAS and opioid values on
the second day after surgery. We divided patients into two
groups, with and without POD, and performed univariate
and multivariate logistic regression analyses. In the
multivariable logistic regression analysis, the candidates for
dependent factors were all the factors investigated in this
study. First, in order to eliminate multicollinearity, only one
of the factors with a strong correlation was introduced into
the model. The variables were stepwise eliminated when
Wald statistic was 1.0 or less. Finally, it was confirmed that
the number of factors that remained was 1/10 or less of
the number of POD occurrences. We calculated the odds
ratio (OR) of every 10 years for age and of every hour for
operation time.

In the second step, we divided the patients based on
the PCA route, to investigate the effect of postoperative
analgesic technique on the incidence of POD. First, we
divided the patients into the IVPCA and PCEA groups, and
calculated the propensity score using logistic regression.
In calculating the propensity score, the candidates for
dependent factors were all the factors measured in the
preoperative and intraoperative periods. After elimination of
multicollinearity, the variables were eliminated stepwisely by
Wald statistic. Finally, it was confirmed that the number of
factors remaining was 1/10 or less of the number of IVPCA
or PCEA cases. Then, 1:1 matching was performed using
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the nearest neighbor matching method with a propensity
score. After 1:1 propensity score matching, we compared
both groups. Patient characteristic factors other than opioid
doses in both groups were matched. That is, the statistical
differences between the two groups for patients’ background
including age, sex, height, body weight, coexisting diseases
such as dementia, cerebrovascular disorder, respiratory
disorders such as asthma or COPD, diabetes mellitus,
hypertension, liver dysfunction, renal dysfunction, anemia,
smoking, and surgical factors including operation time
and blood loss amount were corrected. On the other hand,
opioid doses were not corrected because IVPCA patients
had higher opioid doses than PCEA patients.

Regarding the analysis, the independent #-test was used
to compare continuous variables, and the chi-squared test
was used to compare categorical variables between the two
groups. A P value <0.05 was considered to indicate statistical
significance.

Results

A total of 3,601 patients were included at baseline.
Thereafter, 277 patients were excluded from the analysis.
Finally, a total of 3,324 patients IVPCA: 1,184, PCEA:
2,140) were investigated. POD was noted in 125 patients
(3.8%); 55 (4.6%) with IVPCA and 70 (3.3%) with PCEA
(P=0.046). The postoperative day on which delirium
developed is shown in Table 1.

Tables 2 and 3 show the results of a comprehensive survey
of factors associated with the development of POD in all
patients. Table 2 shows the results of a univariate analysis of
various factors in both patient groups based on the presence
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Table 2 Univariate analysis of patient characteristics according to the presence and absence of postoperative delirium
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POD
Patient characteristics P value
Presence Absence

No of patients (%) 125 (3.8) 3,199 (96.2) -
IVPCA (%) 55 (44.0) 1,129 (35.2) 0.046
Rest pain (VAS score, mm) 17.7+21.9 16.1+18.0 0.64
Movement pain (VAS score, mm) 50.9+29.9 47.7+24.2 0.51
Opioid (morphine conversion, mg) 62.7+39.8 48.9+50.3 0.10
Age (year) 73.4+11.6 62.4+14.4 <0.001
Male (%) 92 (73.6) 2,018 (63.0) 0.02
Height (cm) 158.6+9.0 161.2+9.1 <0.01
Body weight (kg) 55.7+10.9 58.2+11.8 0.01
BMI (kg/m?) 22.0+3.1 22.3+3.6 0.24
Surgical site (%)

Upper abdominal surgery 29 (23.2) 876 (27.4) 0.13

Lower abdominal surgery 80 (64.0) 1,523 (47.6) <0.001

Thoracic surgery 11 (8.8) 593 (18.5) <0.01

Other surgery 5 (4.0) 207 (6.5) 0.27
Dementia (%) 8 (6.4) 14 (0.43) <0.001
Respiratory disorder (%) 8 (6.4) 114 (3.5) 0.10
Diabetes mellitus (%) 32 (25.6) 572 (17.8) 0.03
Hypertension (%) 51 (40.8) 1,046 (32.6) 0.06
Liver dysfunction (%) 24 (19.2) 315 (9.9) <0.01
Renal dysfunction (%) 25 (20.0) 355 (11.1) <0.01
Anemia (%) 32 (25.6) 756 (23.6) 0.61
Smoking history (%) 15 (12.0) 417 (13.0) 0.99
Cerebrovascular disorder (%) 13 (10.4) 145 (4.5) <0.01
Operation time (min) 315+160 275+148 <0.01
Blood loss (mL) 750+1,361 515+1,077 0.97

A comparison of patient characteristics according to the presence and absence of postoperative delirium is shown. A P value <0.05 was
considered to indicate statistical significance. IVPCA, intravenous patient-controlled analgesia; VAS, visual analogue scale; BMI, body

mass index; POD, postoperative delirium.

or absence of POD. Although there were some statistically
significant differences in some background factors, there was
no statistical difference in pain and opioid use between the
two groups. Table 3 shows the results of the logistic regression
analysis with crude data. In this analysis, the risk factors
found to be significantly associated with POD were IVPCA,
age, sex, dementia, liver dysfunction, and operation time.

© Annals of Palliative Medicine. All rights reserved.

In a comprehensive survey, there was a significant
difference in the development of POD depending on the
route of PCA, although it was weak. Therefore, propensity
score matching was performed to confirm whether the
route of PCA was associated with the development of
POD. Table 4 shows the patient characteristics before and
after propensity score matching between the IVPCA and
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Table 3 Multiple logistic regression analysis of variables responsible
for postoperative delirium

Patient characteristics OR (95% ClI) P value
IVPCA 1.53 (1.05-2.24) 0.03
Age (/10 years) 2.41 (1.95-2.99) <0.001
Gender (if male) 1.58 (1.03-2.42) 0.04
Body weight (/kg) 0.96 (0.91-1.02) 0.20
Dementia 8.50 (3.25-22.2) <0.001
Liver dysfunction 2.19 (1.34-3.5.7) <0.01
Cerebrovascular disorder 1.50 (0.80-2.81) 0.21
Operation time (/hour) 1.14 (1.06-1.23) <0.001

In the multivariable logistic regression, the dependent variables
examined were IVPCA, patient background factors, and
surgical factors, while the objective variable was postoperative
delirium. A P value <0.05 was considered to indicate statistical
significance. OR, odds ratio; ClI, confidence interval; IVPCA,
intravenous patient-controlled analgesia.

PCEA groups. After matching, there was no difference in
patient characteristics between the two groups, and POD
was noted in 52 of 1,156 (4.5%) matched patients, of which
22/578 (3.8%) in the IVPCA group and 30/578 (5.2%) in
the PCEA group had POD.

Discussion

We investigated the incidence of POD in 3,324 postoperative
patients who underwent pain management with opioid
PCA, and POD was noted in a total of 125 patients (3.8%);
55 patients (4.6%) with IVPCA and 70 patients (3.3%) with
PCEA. In this study, 80% of patients with POD developed
it within two days after surgery, consistent with the report
by Marcantonio et a/. (23). In this study, we used propensity
score matching to match patient backgrounds in a relatively
large population of patients who received IVPCA or PCEA
in order to investigate whether morphine IVPCA or fentanyl
PCEA was superior in causing POD. In the univariate
analysis, POD was more common in patients who underwent
IVPCA. However, after propensity score matching, there
was no difference in the incidence of delirium in the patients
receiving IVPCA and PCEA. Although not statistically
significant, the incidence of POD was higher in PCEA than
in IVPCA. These results suggest that morphine IVPCA
itself does not increase the incidence of POD compared to
fentanyl PCEA.
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There are many factors that cause delirium, and it is
unknown whether opioids themselves cause delirium. In
some reports, opioids have been reported as risk factors for
delirium (24). Various studies have been conducted on the
administration route and dose of opioids in POD. If opioid
doses are associated with delirium, patients with IVPCA
are presumed to be at a higher risk of POD because it uses
more opioids than PCEA. In abdominal surgery, which is
the subject of our study, strong analgesia is required. In a
study comparing the incidence of delirium after abdominal
surgery, Mann ez a/. reported that the incidence of POD
was not different between morphine IVPCA and sufentanil
combined with bupivacaine PCEA in 70 patients (15).
Eriksson-Mjoberg er al. compared morphine IVPCA
and morphine PCEA, and reported that there was no
difference in the incidence of POD between them (25).
In addition to abdominal surgery, Inan ez 4/. reported that
morphine IVPCA had no difference in postoperative mental
dysfunction compared to morphine PCEA (24). Previous
studies have not shown that IVPCA increases the risk of
delirium more than PCEA, despite lower doses of opioid
being administered by PCEA. In our study, we compared the
incidence of POD in morphine IVPCA and fentanyl PCEA,
and showed that the amount of opioid use compared to
morphine was lower in PCEA, but there was no difference
in the incidence of POD between them. Furthermore, there
was no significant difference in the amount of opioid used
between the groups according to the presence or absence of
POD. These facts suggest that there is no difference in the
incidence of POD between opioid-based PCEA and IVPCA,
and that PCEA can reduce opioid use but not the incidence
of POD compared to IVPCA.

In this study, we assumed that fentanyl PCEA had a lower
incidence of POD because the morphine-equivalent dose
of fentanyl administered to the epidural space was less than
that of morphine administered for IVPCA. However, there
was no difference in the incidence of POD between the two
groups in this study. Two types of opioids, morphine and
fentanyl, were used in our research. It is known that there is
a difference in the ability to induce POD depending on the
type of opioid used for postoperative analgesia (16). Indeed,
among opioids in postoperative analgesia, meperidine has
been reported to increase the incidence of POD compared
to other opioids such as morphine, regardless of the
administration method (11,26). However, morphine and
fentanyl IVPCA have been reported to have no difference in
POD incidence (27). We believe that the difference between
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Table 4 Comparison of patient characteristics of the IVPCA and PCEA groups before and after propensity score matching

Patient characteristics

Before propensity score matching

After propensity score matching

PCEA IVPCA P value PCEA IVPCA P value

No of patients 2,140 1,184 578 578
POD (%) 70 (3.2) 55 (4.6) 0.046 30 (5.2) 22 (3.9) 0.256
Rest pain (VAS score, mm) 17.0+18.8 17.5+19.1 0.080 25.8+18.1 24.7£19.0 0.463
Movement pain (VAS score, mm) 46.6+24.6 49.8+23.7 0.004 50.7+22.8 49.4+24.7 0.459
Opioid (morphine conversion, mg) 21.8+9.9 72+65.5 <0.001 41.9+31.3 15.9+£2.9 <0.001
Age (year) 64.4+13.0 59.9+16.3 <0.01 62.9+14.0 62.8+15.0 0.858
Gender (No. of male, %) 1,332 (62.2) 778 (65.7) 0.047 380 (65.7) 363 (62.8) 0.297
Height (cm) 160.7+9.0 161.7+9.2 <0.01 161.0+9.1 161.2+9.1 0.739
Body weight (kg) 58.0+11.4 58.5+12.6 0.235 58.0+12.0 58.3+11.8 0.644
BMI (kg/m?) 22.3+3.4 22.3+3.9 0.624 22.3+3.6 22.3+3.5 0.684
Surgical site (%)

Upper abdominal surgery 498 (23.0) 474 (40.0) <0.01 133 (23.0) 242 (41.9) <0.01

Lower abdominal surgery 1,031 (48.2) 505 (42.7) 259 (44.8) 223 (38.6)

Thoracic surgery 493 (23.0) 111 (9.4) 146 (25.3) 63 (10.9)

Other surgery 118 (5.5) 94 (7.9) 40 (7.0) 50 (8.7)
Dementia (%) 11 (0.5) 11 (0.9) 0.158 5(0.8) 3(0.5) 0.478
Respiratory disorder (%) 94 (4.4) 28 (2.4) <0.01 21 (3.6) 17 (2.9) 0.509
Diabetes mellitus (%) 353 (16.5) 251 (21.2) <0.01 111 (19.2) 116 (20) 0.711
Hypertension (%) 743 (34.7) 354 (29.9) <0.01 197 (34) 176 (30.4) 0.186
Liver dysfunction (%) 173 (8.1) 166 (14.0) <0.01 55 (9.5) 60 (10.4) 0.623
Renal dysfunction (%) 169 (7.9) 211 (17.8) <0.01 63 (10.9) 60 (10.4) 0.775
Anemia (%) 419 (19.6) 369 (31.2) <0.01 145 (25.1) 159 (27.5) 0.350
Smoking history (%) 319 (14.9) 113 (9.5) <0.01 78 (13.5) 70 (12.1) 0.481
Cerebrovascular disorder (%) 72 (3.4) 86 (7.3) <0.01 33 (5.7) 30 (5.2) 0.697
Operation time (min) 271.3+129.8 287.1£178.2 <0.01 272.1£139.4 272.6+£148.7 0.953
Blood loss (mL) 398.8+642.8 750.2+1584.9 <0.01 461.0+782.3 459.6+619.3 0.974

A comparison of the patient characteristics of the IVPCA and PCEA groups before and after propensity score matching is shown. We did
not match opioid doses in the IVPCA and PCEA groups because in almost all cases, opioid doses were higher in I[VPCA patients than
in PCEA patients. A P value <0.05 was considered to indicate statistical significance. POD, postoperative delirium; IVPCA, intravenous
patient-controlled analgesia; PCEA, patient-controlled epidural analgesia; VAS, visual analogue scale; BMI, body mass index.

morphine and fentanyl is unlikely to affect the incidence
of POD. One of the reasons why fentanyl PCEA did not
suppress the development of POD despite the low-dose
opioids could be the effect of the chemical properties of
fentanyl administered into the epidural space. Since fentanyl
is a highly lipophilic opioid, it is easily translocated into
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the intravascular compartment when administered into the
epidural space (28). In particular, in the case of continuous
administration, it was reported that the blood fentanyl
concentrations were similar regardless of the intravenous or
epidural administration (29-31). In this study, it is possible
that PCEA fentanyl was absorbed into the blood and acted
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on the central nervous system to cause delirium.

Since POD is significantly associated with age-related
changes such as preoperative cognitive decline and
cerebrovascular disease (17), it is very important to adjust
patient background factors when conducting comparative
studies. In particular, since POD is more likely to occur
in elderly patients, it may be necessary to compare the
frequency of POD with respect to the diversity of the
elderly patients’ background. Our study showed that
IVPCA had a higher POD frequency when comparing the
POD frequency of IVPCA and PCEA without controlling
the patients’ background. However, on controlling patients’
background by propensity score matching, there was no
difference in POD frequency between the two groups.
These results suggest that patients who received IVPCA
developed POD more frequently because they were affected
by the patient background factors. In other words, IVPCA
itself does not increase the risk of POD compared to PCEA
when patient background factors are comparable.

Regarding the limitations of this study, we investigated
major risk factors for POD, but not all perioperative factors.
For example, age and preoperative cognitive impairment
have been reported to be major factors associated with
POD, and our results were strongly consistent with these
points (2,32). However, the type of anesthetic used during
surgery and the depth of anesthesia have also been reported
to affect POD, but these factors were not considered in
this study (33). The relationship between POD and other
perioperative factors that we have not investigated should
be evaluated in future studies. Regarding the effect of
surgical site on POD, logistic regression analysis showed
that surgical site was not a risk factor for developing POD.
Therefore, we did not include surgical site as a factor to
be adjusted by propensity score matching. However, in the
results after matching, the distribution of surgical sites was
different between the two groups, and in particular, lower
abdominal surgery was more common in the PCEA group.
In univariate analysis, lower abdominal surgery had a higher
incidence of POD than other surgical sites, which may have
increased the incidence of POD in the PCEA group.

Conclusions

There was no difference in the incidence of POD between
morphine IVPCA and fentanyl PCEA when the patient
characteristics were matched by propensity score matching.
POD occurs regardless of the route and dose of opioid
administration.
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