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Introduction 

Several postoperative management protocols or guidelines, 
including for enhanced recovery after surgery, recognize 
that proper management of postoperative pain is an 

important factor in patient recovery (1-3). Postoperative 

analgesia management is essential for early postoperative 

recovery after thoracic surgery (4). Postoperative pain 

interferes with patient rehabilitation and affects the length 
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of hospital stay and prognosis (2). In particular, in chest 
and abdominal surgery, postoperative pain is severe, and 
inadequate analgesia causes shallow breathing and hinders 
sputum production, causing postoperative pneumonia (5,6). 
Although various analgesic methods are implemented, the 
standard for thoracic surgery is still epidural anesthesia (7,8). 

However, in recent years, multimodal analgesia combined 
with an adjuvant analgesic, non-steroidal anti-inflammatory 
drugs (NSAIDs), or acetaminophen, is being widely used 
as postoperative analgesia, and it is no longer necessary to 
seek a stronger analgesic effect on epidural anesthesia than 
before (2). Alternatively, the role of epidural anesthesia 
analgesia in pain management modalities that include 
proactive administration of NSAIDs or acetaminophen 
should be discussed. Previous evidence-based clinical 
research should be updated as the medical environment 
changes. As many clinical studies have shown, the analgesic 
effect of epidural anesthesia is enhanced by the addition of 
opioids to local anesthetics (9,10). However, the addition 
of opioids to epidural anesthesia increases is associated 
with side-effects such as nausea and vomiting, pruritus 
dermatitis, and hypotension (9,10). Considering that these 
side effects are affected by the patient's background factors, 
the pros and cons of the analgesic effect and side effects of 
opioids added to epidural anesthesia should be discussed.

 In our hospital, patient-controlled epidural analgesia 
(PCEA) after thoracic surgery has traditionally been 
performed with 0.15% ropivacaine along with fentanyl; 
however, we started using a drug solution without fentanyl 
to reduce side effects. We hypothesized that changes in 
this protocol would reduce opioid side effects, but increase 
in postoperative pain would be modest with multimodal 
analgesia. In this study, we retrospectively compared 
the difference in postoperative analgesic effect and the 
onset of side effects between the two pain management 
modalities and examined measures to provide high-quality 
postoperative analgesia. We present the following article in 
accordance with the STROBE reporting checklist (available 
at: http://dx.doi.org/10.21037/apm-21-136). 

Methods 

Study design and ethical statement

This was a retrospective cohort study. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). The study was approved by institutional 
ethics board of Hiroshima University Hospital (No. 

E-1462-1) and individual consent for this retrospective 
analysis was waived.

Patients selection

This study is a single-center study conducted at Hiroshima 
University Hospital. We retrospectively investigated the 
electronic medical records of 525 patients who underwent 
thoracic surgery between January 2014 and October 
2017. To avoid bias, we chose this period as there was 
no significant reorganization of members of the thoracic 
surgery department. Postoperative pain management 
policies were determined in consultation with the surgeon 
and anesthesiologist, and there were no changes during 
this period other than discontinuing the addition of opioids 
for epidural anesthesia. We selected 358 patients who 
underwent epidural anesthesia for postoperative analgesia. 
Among the selected patients, those who underwent thoracic 
surgery other than lung cancer surgery or video-assisted 
thoracoscopic surgery (VATS) for lung cancer and those 
aged below 20 years or above 80 years were excluded from 
the study. We included 282 patients who met the criteria 
for the analysis. Next, patients to be analyzed were divided 
into two groups: a group for which fentanyl was added to 
epidural anesthesia (group F) and another where fentanyl 
was not added (group N). Regarding post-thoracotomy 
pain syndrome (PTPS), we investigated the presence or 
absence of pain at 2 months after the operation during the 
outpatient examination. Patients who underwent a second 
surgery or died by the date of examination were excluded 
from the study. A flowchart of patient selection process is 
illustrated in Figure 1. 

Post-operative pain management

PCEA was the first choice for postoperative analgesia 
following thoracic surgery in our hospital, and intravenous 
patient-controlled analgesia (IVPCA) was chosen 
when PCEA was not possible owing to the use of oral 
anticoagulants or a patient’s request. We used a CADD-
Legacy® PCA, Model 6300 (Smiths Medical, St Paul, MN, 
USA) or i-FusorTM Plus (JMS, Hiroshima, Japan) for the 
PCA infusion pump. 

In April 2016, we changed our pain management 
protocol and started using opioid-free PCEA for 
postoperative pain management in all cases of thoracic 
surgery. PCEA chemical solutions and pump settings were 
as follows: 0.15% ropivacaine with 2 μg/mL fentanyl (until 
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April 2016) or 0.15% ropivacaine alone (after April 2016), 
background infusion rate of 3 mL/h, demand dose of  
2 mL/push, and lockout interval of 15 min. This means that 
group F corresponds to patients in the period January 2014 
to April 2016, and group N corresponds to patients in the 
period April 2016 to October 2017.

Movement pain visual analog scale (VAS) scores 
while walking for 0 to 100 mm and rest VAS scores were 
measured twice daily from day 1 to day 3 after the surgery. 
As a standard PCEA management protocol, the continuous 
dose was reduced to 1 mL/h on the 2nd postoperative 
day, and the catheter was removed in the morning of the 
3rd postoperative day. This dosing schedule was modified 
depending on the patient’s side effects. If the side effects 
did not improve with symptomatic treatment or follow-up, 
we reduced the dose of PCEA or discontinued PCEA. We 
set the observation period up to 3 days after surgery as the 
observation period for postoperative analgesia.

Regarding the use of adjuvant analgesics, flurbiprofen 
50 mg (maximum: up to 3 times a day) or acetaminophen 
1,000 mg (maximum: up to 4 times a day; if the bodyweight 
is less than 50 kg, administered 15 mg per 1 kg of body 
weight at a time) was intravenously administered on the 
day of surgery when the patient complained of pain. If the 
pain continued after the first day after the surgery, regular 
oral administration of celecoxib 400 mg/day or loxoprofen  
180 mg/day was started in addition to the aforementioned 
dose of intravenous analgesics.

Surveyed factors

We investigated the patients’ background factors, including 
age, sex, height, body weight, and coexisting diseases, 
including hypertension, diabetes mellitus, chronic 
obstructive pulmonary disease, renal dysfunction, smoking 
history, method of postoperative pain management (PCEA 
or not), and VAS scores. We also investigated the frequency 
of postoperative adjuvant analgesic administration, including 
loxoprofen, celecoxib, and acetaminophen, as well as of side 
effects, including nausea, vomiting, pruritus, hypotension, 
and urinary retention. Additionally, we investigated the 
proportion of patients whose PCEA dose was unexpectedly 
reduced or whose PCEA was discontinued owing to side 
effects.

As an evaluation of postoperative rehabilitation, we 
investigated whether the patient could stand or walk the day 
after the surgery. That is, we investigated the proportion of 
patients with delayed ambulation (standing up and walking).

Furthermore, we investigated the presence of PTPS, 
defined as pain along the thoracotomy scar recurring or 
persisting for more than 2 months after the surgery.

Statistical analysis

The sample size was calculated using G*Power 3.1.0 
(Heinrich Heine University Düsseldorf), and the number of 
patients required to detect a difference in resting VAS was 
calculated to be 130 per group with an α error of 0.05 and 
1-β error of 0.8. Since the number of thoracic surgery cases 
was about 100 per year, a 2-year study period was set for 
each group.

We used univariate analysis to compare the study factors 
between the two groups with and without fentanyl for 
PCEA. A Mann-Whitney U test was used for quantitative 
variables, and a chi-squared test was used for categorical 
variables for comparison between the two groups. 

Pain VAS scores (both resting and movement pain), 
number of bolus doses, and use of adjuvant analgesics were 
compared at multiple time points, therefore, we performed 
Bonferroni correction for adjust for multiplicity. A P value 
<0.05 was considered to indicate statistical significance. 
Values are shown as median [interquartile range] or 
number (%). 

Results 

A total of 525 patients were included at baseline. Thereafter, 
167 patients whose postoperative pain was managed by 
methods other than PCEA were excluded from the analysis. 
Additionally, 54 patients who underwent surgery other than 
VATS and 22 patients below the age of 20 years or above 
the age of 80 years were excluded from the analysis. Finally, 
a total of 282 patients were included in the analysis, with 
142 in group F and 140 in group N. All patients required 
adjuvant analgesics during the observation period up to  
3 days postoperatively. For PTPS, post-discharge pain 
follow-up was possible in 277 patients: 138 in group F and 
139 in group N. Five patients (one died and four re-surgery) 
dropped out of PTPS follow-up. A total of 38 patients in 
group F and 43 in group N were diagnosed with PTPS. 

Table 1 shows the background characteristics of the 
patients. Height and body weight were lower in group F 
than those in group N; however, there were no differences 
in other factors.

Table 2 shows the pain VAS scores during rest and 
movement, the number of bolus requests for PCEA, and 



5122 Miyoshi et al. Impact of fentanyl on postoperative multimodal analgesia

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(5):5119-5127 | http://dx.doi.org/10.21037/apm-21-136

the frequency of use of adjuvant analgesics. Group F had a 
lower pain VAS score and less bolus requests than group N 
did. Adjuvant analgesics were administered in all cases with 
a single dose or regular administration. The frequency of 
use of adjuvant analgesics in group F was lower than that in 
group N.

Table 3 shows the incidence of side effects, unplanned 
dose reduction and discontinuation of PCEA, and 
rehabilitation status. Hypotension and pruritus were 
more frequent in group F than in group N. Unplanned 
dose reduction and discontinuation of PCEA were more 
common in group F than in group N (P<0.01). There 

was no difference in rehabilitation status between the two 
groups.

Table 4 shows the patients surveyed for PTPS and PTPS 
frequency. There was no difference in the frequency of 
PTPS between the two groups (P=0.53).

Discussion

We investigated the advantages and disadvantages of adding 
fentanyl to epidural anesthesia in patients who received 
PCEA as pain management with multimodal analgesia 
after thoracic surgery. The addition of fentanyl to PCEA 

Thoracic surgery cases 

Total =525

Patients with epidural anesthesia

n=358

Cases to be analyzed

n=282

Group F, n=142

Ropivacaine 0.15% + fentanyl 2 μg/mL

Evaluated PTPS

in group F

n=138

Not meeting inclusion criteria

n=5

Evaluated PTPS

in group N

n=139

With PTPS

in group F

n=38

Without PTPS

in group F

n=100

With PTPS

in group N

n=43

Without PTPS

in group N

n=96

Not meeting inclusion criteria, n=167

Analgesia method: without epidural anesthesia

Not meeting inclusion criteria, n=76

54 Surgery: other than lung cancer or VATS

22 Age: under 20 or over 80

Group N, n=140

Ropivacaine 0.15% alone

Figure 1 Patient selection criteria. VATS, video-assisted thoracoscopic surgery, PTPS, post-thoracotomy pain syndrome.
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reduced early postoperative pain; however, it increased the 
frequency of pruritus and hypotension. In contrast, when 
fentanyl was not added to PCEA, the required amount of 
adjuvant analgesic increased, but the pain VAS score itself 
was low, and ambulation was not delayed.

Several studies have reported that the addition of 
fentanyl to epidural anesthesia reduces postoperative pain 
(11-13). Moreover, the addition of fentanyl to epidural 
anesthesia has been reported to reduce the use of adjuvant 
analgesics (11,12). Similarly, in our study, patients who 
received fentanyl-PCEA had low postoperative rest 
and movement pain VAS scores and less use of adjuvant 
analgesics. It was considered that a stronger analgesic 
effect could be obtained by adding fentanyl to PCEA. In 
contrast, the PCEA group that did not receive fentanyl had 
more resting pain during the study period and movement 
pain until the second day after surgery; however, their 
ambulation was not delayed. It was considered that the pain 
was sufficiently suppressed even in the group which did 
not receive fentanyl with PCEA owing to the aggressive 
use of adjuvant analgesics. Additionally, unplanned dose 
changes and discontinuation of PCEA due to side effects 
were significantly more frequent in the fentanyl-PCEA 
group. Considering these results, the pros and cons of 

adding fentanyl to PCEA should be considered not only for 
its analgesic effect but also for the side effects of adjuvant 
analgesics and fentanyl (14-16). Although our study could 
not investigate the side effects of NSAIDs, these should 
definitely be considered. The addition of fentanyl to 
epidural anesthesia is recommended for patients who need 
to avoid the side effects of NSAIDs, namely gastritis, peptic 
ulceration, and impaired renal function; however, it is not 
recommended for patients at high risk for pruritus and 
hypotension.

Regarding the details of the change in side effects when 
fentanyl was added to PCEA, hypotension, and pruritus 
were significantly more common in the fentanyl PCEA 
group. Hypotension owing to epidural anesthesia is caused 
by blockage of the sympathetic nerve by a local anesthetic 
(17,18). In our study, local anesthetic concentrations were 
the same in both groups; therefore, we expected that 
hypotension would be more frequent in the PCEA group 
that did not receive fentanyl as they had a high bolus 
frequency. However, the frequency of hypotension was 
higher in the PCEA group that received fentanyl. It has 
been reported that the higher the concentration of fentanyl 
added to epidural anesthesia, the higher the frequency of 
side effects such as hypotension, nausea, and pruritus, and 

Table 1 Patient background factors and coexisting disease

Variables PCEA with fentanyl (group F) PCEA without fentanyl (group N) P value

Number of patients 142 140

Patients background

Age (years) 66.5 [60–72] 67.5 [61–72] 0.25

Gender (male: female) 58:84 50:90 0.38

Height (cm) 161 [153–167] 164 [158–170] <0.01

Body weight (kg) 57 [50–64] 60 [53–67] 0.01

Coexisting disease, n (%)

Hypertension 75 (52.7) 66 (47.3) 0.67

Diabetes mellitus 27 (19.3) 30 (21.7) 0.71

COPD 50 (35.2) 64 (45.8) 0.32

Obesity 11 (7.5) 13 (9.3) 0.63

Renal dysfunction 12 (8.4) 17 (12) 0.39

Smoking history 86 (60.6) 94 (67.1) 0.25

A comparison of patient background factors and coexisting disease between patients with and without fentanyl in PCEA is shown. 
Values are shown as median [interquartile range] deviation or number (%). A Mann-Whitney U test was used for patients background 
except gender, and a Chi-square test was used for gender and coexisting disease. A P value <0.05 was considered to indicate statistical 
significance. PCEA, patient-controlled epidural analgesia; COPD, chronic obstructive pulmonary disease.
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in terms of PCEA, fentanyl may have a greater effect on 
hypotension than local anesthesia do (19). 

As for postoperative nausea and vomiting (PONV), the 
incidence of postoperative epidural analgesia is reported 
to be 14–24.8%, and in our study, the frequency was 
similar (20). Incidence of PONV was 17% in the fentanyl 
PCEA group and 12% in the fentanyl-free PCEA group; 
the difference was not significant. PONV occurs more in 
frequently in women and nonsmokers (21,22). In our study, 
the absence of increase in the incidence of PONV could be 
attributed to the following reasons: the advanced age of the 
patients studied, the large proportion of male patients, and 

the majority of smokers (23). 
Opioids are known to cause pruritus (24). Furthermore, 

the frequency of pruritus varies depending on the 
administration route of opioids, and pruritus occurs in 30–
100% of cases of epidural administration (25). In our study, 
pruritus was observed in approximately 40% of cases in 
which fentanyl was added to PCEA. Additionally, pruritus 
resulted in dose reduction and discontinuation of PCEA in 
4.2% of cases, which was relatively common. In situations 
where adjuvant analgesics provide adequate analgesia, 
pruritus may have a negative impact on the continuation of 
PCEA.

Table 2 Pain VAS scores, number of bolus administration of PCEA, frequency of use of adjuvant analgesics in both groups

Variables PCEA with fentanyl (group F) PCEA without fentanyl (group N) P value

Number of patients 142 140  

Resting pain (VAS score, mm)    

POD 1 12 [0–29] 20.5 [7–38.5] 0.01

POD 2 6 [0–20] 12 [0–25] 0.04

POD 3 1 [0–12] 8 [0–20] 0.15

Movement pain (VAS score, mm)    

POD 1 43 [17–65] 51.5 [39–72] <0.001

POD 2 37 [20–51] 40 [21–61] 0.47

POD 3 29 [14–49] 31 [19–49] 1.00

Bolus administration (times)      

POD 0–1 4 [2–6.5] 8 [4–13] <0.001

POD 1–2 2 [0–6] 4 [1–11] <0.01

POD 2–3 1 [0–4.5] 2 [0–8] 0.05

Regular adjuvant analgesics, n (%)      

POD 0–1 – –  

POD 1–2 116 (81.7) 133 (95.0) <0.01

POD 2–3 123 (86.6) 128 (91.4) 0.40

Dose of adjuvant analgesics, n (%)      

POD 0–1 38 (26.8) 73 (52.1) <0.01

POD 1–2 48 (33.8) 64 (45.7) 0.12

POD 2–3 14 (9.9) 17 (12.1) 1.00

A comparison of pain VAS scores during rest and movement, the number of bolus administrations of PCEA, and the frequency of use 
of adjuvant analgesics between patients with and without fentanyl in PCEA is shown. A Mann-Whitney U test was used for resting 
pain, movement pain, and bolus administration, and a chi-square test was used for regular adjuvant analgesics and dose of adjuvant 
analgesics. All P values were adjusted by Bonferroni correction. A P value <0.05 indicates statistical significance. Values are shown as 
median [interquartile range] or number (%). PCEA, patient-controlled epidural analgesia; POD, postoperative day; VAS, visual analog 
scale.
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For PTPS, we assessed the patient’s post-discharge pain. 
PTPS occurs in approximately 50% of patients after open 
chest surgery, which is consistent with our findings (26,27). 
Nerve blocks such as epidural anesthesia have been reported 
to be useful in the prevention of PTPS; however, no 
efficacy has been reported for opioids (28). Similarly, in our 
study, the incidence of PTPS did not differ with or without 
the addition of fentanyl to PCEA. We believe that it is not 
necessary to add fentanyl to epidural anesthesia to prevent 
PTPS.

Our research has some limitations due to retrospective 
study design. First, this research was conducted in a single 
university hospital and did not perform multivariable 
analysis. Therefore, our results may not be generalized 

to other hospitals. Second, the biases that can occur in 
cohort studies include confounding bias, selection bias, 
and information bias, and some of these biases may also 
occur in our study. We conducted a survey of patients 
who underwent epidural anesthesia and chest surgery. We 
believe that the sampling bias is minimized as the epidural 
anesthesia protocol changes have been applied to all cases 
since April 2016. Furthermore, to avoid bias, we chose a 
period with no significant reorganization of thoracic surgery 
members and no change in postoperative management 
in the ward. In addition, research subjects include lead-
time bias. We could not examine the details of the surgical 
procedure in our research. In our study data, the pain was 
stronger in the group without fentanyl added to PCEA after 

Table 3 Incidence of side effect, PCEA status, and rehabilitation status

Variables PCEA with fentanyl (group F) PCEA without fentanyl (group N) P value

Number of patients 142 140

Side effect, n (%)

Hypotension 14 (9.9) 3 (2.1) 0.01

Pruritus 59 (41.5) 15 (10.7) <0.001

Nausea and vomiting 24 (17.0) 17 (12.1) 0.26

Urinary retention 8 (5.6) 4 (2.9) 0.24

Unplanned dose reduction or 
discontinuation, n (%)

22 (15.5) 4 (2.8) <0.01

Hypotension 10 (7.0) 2 (1.4)

Pruritus 6 (4.2) 0 (0)

Nausea and vomiting 6 (4.2) 2 (1.4)

Rehabilitation (POD 1), n (%)

Stand up 139 (97.9) 137 (95.9) 0.98

Walk 138 (97.2) 134 (95.7) 0.50

A comparison of the incidence of side effects, unplanned dose reduction and discontinuation of PCEA, and the rehabilitation status between 
patients with and without fentanyl in PCEA is shown. Values are shown as numbers (%). A Chi-square test was used for statistical analysis 
and a P value <0.05 indicates statistical significance. PCEA, patient-controlled epidural analgesia; POD, postoperative day.

Table 4 Incidence of PTPS

Variables PCEA with fentanyl (group F) PCEA without fentanyl (group N) P value

Number of patients 138 139

PTPS, n (%) 38 (27.5) 43 (30.9) 0.53

A comparison of the number of patients with PTPS between groups with and without fentanyl in PCEA is shown. A chi-square test was 
used for statistical analysis and a P value <0.05 was considered to indicate statistical significance. PCEA, patient-controlled epidural 
analgesia; PTPS, post-thoracotomy pain syndrome.
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2016. Assuming that the surgical technique is becoming 
less invasive over time, the pain should be less in the group 
later in the study period. Our study may underestimate the 
difference in pain between the two groups.

Conclusions

In PCEA after thoracic surgery, when fentanyl was added to 
a local anesthetic, the pain VAS score decreased; however, 
the incidence of hypotension and pruritus increased. 
Currently, the use of multimodal analgesia is widespread, 
and sufficient analgesia can be obtained without adding 
fentanyl to epidural anesthesia. Therefore, adding fentanyl 
to PCEA should be decided after considering the side 
effects and the restrictions on the use of adjuvant analgesics 
for each patient.
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