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Purpose: We aimed to investigate the effect of a basal opioid infusion in fentanyl-based
intravenous patient-controlled analgesia (IV-PCA) on postoperative opioid consumption,
pain intensity, and occurrence of opioid-related side effects.

Patients and Methods: We retrospectively reviewed 2097 consecutive patients who
received IV-PCA after elective general, thoracic, urologic, and plastic surgery under general
anesthesia between June 2019 and October 2019. The patients were divided into two groups:
IV-PCA with basal infusion (basal group) and IV-PCA without basal infusion (no basal
group). We performed a propensity score matching (PSM) analysis to adjust for baseline
differences between both groups. We compared the fentanyl PCA consumption (mcg), pain
intensity, rescue analgesic administration, and occurrence of opioid-related side effects
(nausea, vomiting, somnolence or dizziness, and overall side effects) during the first 48
hours postoperatively between the two groups before and after PSM.

Results: We analyzed 1317 eligible patients. Of these, 757 (57.5%) patients received IV-
PCA without basal infusion. The PSM of the total cohort yielded 539 pairs of cases. After
PSM, the fentanyl PCA consumption was significantly lower in the no basal group at 48
hours postoperatively as compared to the basal group (at 24 hours, the median difference:
—80 meg, P<0.001, 95% CI=—112 — —45 mcg; at 48 hours, the median difference: —286 mcg,
P<0.001, 95% CI=—380 — —190 mcg), without significantly increasing pain intensity and
administration of rescue analgesia. The occurrence of overall opioid-related side effects was
also significantly lower in the no basal group (at 24 hours: 31.0% vs 23.0%, OR=0.67,
P=0.003, 95% CI=0.51 — 0.87; at 48 hours: 18.9% vs 11.0%, OR=0.48, P<0.001, 95%
CI=0.31 - 0.75).

Conclusion: Basal infusion of fentanyl-based IV-PCA was significantly associated with an
increase in fentanyl consumption and the occurrence of opioid-related side effects in post-
surgical patients.

Keywords: acute pain, analgesia, patient-controlled, opioids, pain, postoperative,

perioperative medicine

Introduction

Opioid analgesia using intravenous patient-controlled analgesia (IV-PCA) is widely
used for managing postoperative pain.' Reportedly, it reduces postoperative pain
intensity and increases patient satisfaction as compared to pain management with-
out PCA.”> However, it also induces opioid-related side effects, such as
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postoperative nausea and vomiting (PONV), dizziness,
sedation, urinary retention, and respiratory depression.’®
These side effects can delay postoperative recovery,
increase the length of hospital stay, and increase medical
costs.*® Therefore, anesthesiologists should try to reduce
perioperative opioids and manage postoperative pain
effectively.

Basal opioid infusion via an IV-PCA device had been
used to improve postoperative pain management.’
However, it does not improve postoperative pain or sleep
disturbance and simultaneously increases the incidence of
opioid-related side effects.® '® A previous meta-analysis of
796 postsurgical patients reported that a basal opioid infu-
sion of IV-PCA was significantly associated with a higher
incidence of respiratory depression.'' Therefore, routine
use of basal opioid infusion in IV-PCA is no longer
recommended in practice.'

Nonetheless, IV-PCA with basal fentanyl infusion is
still used.'”™'> Most of the evidence regarding this issue
has been deduced from morphine-based IV-PCA in studies
that included a relatively small number of patients.®'°
Due to the different pharmacokinetic properties of fenta-
nyl, evidence of the risks and benefits of basal infusion in
fentanyl-based IV-PCA is required. We hypothesized that
fentanyl-based IV-PCA without basal infusion could
reduce not only opioid-related side effects, but also opioid
consumption, without increasing the postoperative pain
intensity.

Therefore, we aimed to compare the effect of fentanyl-
based IV-PCA with and without basal infusion on the
patients’ postoperative opioid consumption via IV-PCA,
their pain intensity, and the occurrence of opioid-related
side effects during the first 48 hours postoperatively. This
study could provide meaningful information on the effec-
tive and safe use of fentanyl-based IV-PCA in postsurgical
patients.

Patients and Methods

This retrospective observational study was approved by

the Institutional Review Board of Seoul National
University Hospital, Seoul, Korea (approval no. H-2009-
029-1155). Informed consent was waived due to the de-
identification and anonymization of the patient records
before analysis. All methods were carried out per the
STROBE guideline,'® in accordance with the Declaration
of Helsinki.

We retrospectively reviewed the acute pain service

(APS) database of 2097 consecutive adult patients who

received IV-PCA after undergoing elective general, thor-
acic, urologic, and plastic surgery under general anesthe-
sia. The patients were monitored by the APS team between
June 2019 and October 2019. We excluded patients who
were admitted to the intensive care unit after surgery, used
IV-PCA containing analgesics other than fentanyl, and
were absent or discharged when the APS team visited.
We did not perform a prior or post hoc power calculation
because of our study’s retrospective design and enrolled all
patients who met the inclusion criteria.

At our institution, the APS team consists of one
anesthesiologist (H-J Lee) and one internist and began
the data collection in March 2019. The APS team per-
formed the ward round-up till postoperative day (POD) 2,
taking into account the patient’s surgery end time. The
APS team investigated the age, sex, type of surgery, pain
intensity at rest, and maximal pain intensity during the last
24 hours using an 11-point numeric rating scale (NRS).
They also checked the fentanyl consumption (mcg) via IV-
PCA and the presence of opioid-related side effects, such
as PONV, somnolence, or dizziness, and cessation of IV-
PCA and the cause for its cessation. If IV-PCA was tem-
porarily discontinued due to opioid-related side effects and
resumed, it was not treated as cessation.

The cohort was divided into two groups: patients who
received IV-PCA with basal fentanyl infusion (basal
group) and those who received IV-PCA without basal
infusion (no basal group). Before the introduction of the
IV-PCA without basal infusion, IV-PCA consisted of fen-
tanyl (10-25 pg/mL) at a basal infusion rate of 1 mL/hour
(fentanyl 10-25 pg/hour) and a bolus of 1 mL (fentanyl
10-25 pg) with a lockout interval of 10—15 minutes. The
dosage of fentanyl was determined according to our pre-
vious protocol considering the type of surgery and the
patient’s age (Supplemental Table S1). In addition, the
attending anesthesiologist decided on the final IV-PCA
regimen considering the patient’s weight and underlying

disease. During the study period, the APS team changed
the IV-PCA regimen. The APS team removed the contin-
uous fentanyl infusion and used only two regimens with
different demand doses according to the patient’s age (< 80
years: fentanyl of 20 mcg, > 80 years old: fentanyl of 10
mcg), with a lockout interval of 10 minutes. For this
evaluation, the surgery type and patient weight were dis-
regarded. The IV-PCA device used during the study period
was a semi-electronic disposable pump (AutoMed® 3200,
Ace Medical Co., Ltd., Seoul, South Korea). The APS
team did not adjust the infusion rate, bolus dose, and
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lockout time according to the severity of pain during the
ward round.

During the study period, there was no change in the
anesthetic or perioperative management protocols at our
hospital. Anesthesia was induced and maintained with
inhalational agents or propofol. Remifentanil was continu-
ously infused during the surgery and titrated to maintain
blood pressure within 20% of the baseline ward pressure.
Rocuronium was used to maintain neuromuscular block-
ade. Palonosetron 0.075 mg or ramosetron 0.3 mg was
used to prevent PONV.

The patients’ demographic, American Society of
Anesthesiologists (ASA) physical status, use of preopera-
tive opioids and antipsychotics, duration of surgery (min-
utes), and use of continuous wound-infiltration analgesia
data were extracted from electronic medical records
(EMRs). The extent of the surgery was classified accord-
(SORT)
classification.'” The number of administrations of intrave-

ing to the Surgical Outcome Risk Tool
nous rescue analgesics (morphine, fentanyl, tramadol,
ketorolac, acetaminophen, pethidine, and nefopam) during
the first 24 and 2448 hours postoperatively was also
investigated. The administration of these analgesics was
determined by the attending clinicians. We also investi-
gated oxygen administration via the nasal cannula and
hypoxemia (defined as an SpO2 of < 90% during the
first 48 hours postoperatively), which we retrospectively
extracted from the EMRs.

The primary outcome variable was IV fentanyl PCA
consumption (mcg) during the first 24 and 24-48 hours
postoperatively. We did not calculate the total opioid con-
sumption by converting rescue analgesics to morphine
equivalent doses because the rescue analgesics used varied
according to the physician and were not administered as
per a specific protocol. The secondary outcome variables
included pain intensity, rescue analgesic administration,
number of rescue analgesics administered, the occurrence
of opioid-related side effects (nausea, vomiting, and som-
nolence or dizziness), cessation of IV-PCA, and the cause
of its cessation. The overall opioid-related side effect was
defined as the presence of at least one of the following
three opioid-related side effects: nausea, vomiting, and
somnolence or dizziness.

Statistical Analysis

A propensity score matching (PSM) analysis was con-
ducted to reduce the influence of confounding variables.
It was particularly important to minimize the influence of

the type of surgery because of the variation in the post-
operative pain management protocols depending on the
hospital department. Preemptive intercostal nerve block-
ade was performed by thoracic surgeons in patients who
surgery.
inflammatory drugs were routinely administered for

underwent thoracic IV nonsteroidal anti-
multimodal analgesia after plastic surgery. The following
variables were used as contributors to the propensity score:
age, height, weight, body mass index, preoperative analge-
sic use, preoperative opioid and antipsychotic use, depart-
ment of surgery, SORT classification, duration of surgery
(minutes), and use of continuous wound-infiltration
analgesia. We used a ratio of 1:1 to match patients and
employed the neighbor method with a caliper width of
0.1 mm from the pooled standard deviation of the propen-
sity score logit. The balance of the matched patients was
evaluated with the standardized mean difference for each
contributor. Before and after PSM, we compared the pri-
mary and secondary outcomes.

The normality of continuous data was statistically
determined by examining the quantile-quantile plot and
conducting the Shapiro—Wilk test. Continuous variables
were presented as the mean and standard deviation or
median and interquartile range. They were compared
between the two groups using the independent f-test or
Mann—Whitney U-test according to their normality.
Categorical variables were presented as frequency or per-
centage values and were compared between two groups
using the %2 or Fisher’s exact test where appropriate. The
median differences and 95% confidence intervals (Cls)
between the two groups were estimated using the Hodges-
Lehmann method. A two-sided P-value of < 0.05 was
considered statistically significant for the primary out-
come. R version.3.6.1 software (R Foundation for
Statistical Computing, Vienna, Austria) was used to ana-

lyze the data.

Results

A total of 2097 patients received IV-PCA after elective
general, thoracic, urologic, and plastic surgery under
general anesthesia during the study period. Finally, data
from 1317 eligible patients were analyzed after excluding
those who were admitted to the intensive care unit after
surgery (n = 229), used IV-PCA containing analgesics
other than fentanyl (n = 68), and were absent or dis-
charged when the APS team visited on POD1 (n =
483). Among the included patients, 757 (57.5%) received
fentanyl IV-PCA without basal infusion and 560 (42.5%)
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received fentanyl IV-PCA with basal infusion. After the
PSM, 539 patients remained in each group (Figure 1).
There unbalanced with
a standardized difference of > 0.1.

Demographic and clinical characteristics are presented

were  no confounders

in Table 1. Before matching, there were significant differ-
ences in the patients’ age and type of surgery between the

two groups in the entire cohort. However, there was no
significant difference in baseline characteristics between
the matched cohorts.

Table 2 shows the comparison between postoperative
pain intensity, fentanyl consumption via IV-PCA, and
administration of rescue analgesics in both groups. In the

entire cohort before matching, fentanyl consumption via

Patients received IV-PCA after elective general, thoracic, urologic, and

plastic surgery under general anesthesia during the study period (n = 2,097)

Exclusion (n = 780)

¢ Patients who admitted intensive care unit after

surgery (n=229)

*  Patients who used IV-PCA containing other
analgesics than fentanyl (n = 68)

*  who were absent or discharged when the APS

team visited on PODI1 (n = 483)

A4

IV-PCA without basal infusion
(n=1757)

IV-PCA with basal infusion
(n=560)

Propensity score matching

of continuous wound-infiltration analgesia

. Age, height, weight, BMI, preoperative analgesics use, preoperative opioids use, preoperative

antipsychotics use, department of surgery, SORT classification, duration of surgery (min), use

IV-PCA without basal infusion
(n= 539)

Figure | Flow diagram of the study.

v

IV-PCA with basal infusion
(n= 539)

Abbreviations: APS, acute pain service team; BMI, body mass index; IV-PCA, intravenous patient-controlled analgesia; POD, postoperative day; SORT, Surgical Outcome

Risk Tool.
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IV-PCA during the first 24 hours and 48 hours postopera-
tively was significantly lower in the no basal group than in
the basal group, with median differences of —126 mcg
(P<0.001, 95% CI=—180 — —90 mcg) and —378 mcg
(P<0.001, 95% CI=—464 — —288 mcg), respectively.
Significant differences in fentanyl consumption remained
between the matched groups (during the first 24 hours:
median difference = =80 mcg, P<0.001, 95% CI=—112 —
—45 mceg; during the first 48 hours: median difference =
—286 mcg, P<0.001, 95% CI=—380 — —190 mcg).

Table 3 shows the comparison of opioid-related side
effects between the two groups. In the entire cohort before
matching, the occurrence of overall opioid-related side
effects during the first 24 hours and at 24-48 hours post-
operatively was significantly lower in the no basal group
(during the first 24 hours: odds ratio [OR]=0.75, P=0.019,
95% CI=0.58-0.95; at 2448 hours: OR=0.57, P=0.005,
95% CI=0.38—0.84). In the matched cohort, after matching
the overall opioid-related side effects during the first 24
hours and at 2448 hours postoperatively remained sig-
nificantly lower in the basal group (during the first 24
hours: OR=0.67, P=0.003, 95% CI=0.51-0.87; at 2448
hours: OR=0.48, P<0.001, 95% CI=0.31-0.75). Oxygen
administration via the nasal cannula and occurrence of
hypoxemia during the first 48 hours postoperatively did
not show significant differences between the two groups
before and after PSM.

Table 4 shows the comparison between the cessation of
IV-PCA during the first 48 hours postoperatively and its
cause in both groups. In the entire cohort before PSM, the
cessation of IV-PCA during the first 24 hours and at 24—
48h hours postoperatively were significantly higher in the
basal group than in the no basal group (during the first 24
hours: OR=0.45, P<0.001, 95% CI=0.30-0.67; 24-48h:
OR 0.63, P=0.015, 95% CI=0.43-0.91). The proportion
of cessations of IV-PCA due to opioid-related side effects
were also significantly higher in the basal group than in the
no basal group (during the first 24 hours: OR=0.35,
P<0.001, 95% CI=0.22-0.55; at 24-48 hours: OR=0.37,
P=0.002, 95% CI=0.20-0.70). All these significant differ-
ences remained after PSM.

Discussion

In this study, we investigated the effect of basal opioid
infusion in fentanyl-based IV-PCA on postoperative opioid
consumption and opioid-related side effects in postsurgical
patients. Our major finding was that not administering
a basal infusion in fentanyl-based IV-PCA significantly

reduced the patients’ postoperative fentanyl consumption
via IV-PCA and the occurrence of opioid-related side
effects. Further, it did not increase the pain intensity or
lead to the requirement of a rescue analgesic during the
first 48 hours postoperatively. Our results could provide
useful information to physicians, allowing them to elim-
inate the use of basal infusion in fentanyl-based IV-PCA.

Fentanyl is likely more suitable for IV-PCA than mor-
phine due to its rapid onset and short duration of action.'®
Fentanyl reportedly causes less respiratory depression than
morphine.'® Further, in a previous study, the occurrence of
opioid-related side effects and the median pain score were
lower in postsurgical patients using a fentanyl-based IV-PCA
as compared to those using morphine-based IV-PCA.*°
Another study that compared continuous IV infusions of
fentanyl and morphine found that as compared to morphine,
fentanyl resulted in a decreased need for rescue analgesics,
rapid bowel recovery, and shorter hospital stay in patients
who underwent open gynecological surgery.!

However, to the best of our knowledge, there is little
evidence regarding the effect of basal infusion in fentanyl-
based IV-PCA.*** One retrospective study suggested that
a basal infusion rate of 0.12-0.67 mcg/kg/hour of fentanyl
could be used safely in IV-PCA without any serious side
effects.”> However, the study investigated only the post-
operative rescue analgesic and antiemetic requirements as
binary outcomes without providing any information regard-
ing the pain intensity and occurrence of opioid-related side
effects.”> Although the authors described that the rescue
drugs were administered according to hospital protocol, this
might not have been properly controlled considering the
retrospective study design.”? They also did not explain the
inclusion of IV-PCA patients with a basal infusion rate of
2 mL/hour, while excluding patients with a basal infusion
rate of 1 mL/hour.*? Another retrospective study conducted
on patients undergoing gynecological laparoscopic surgery
reported that basal infusion of fentanyl was significantly
associated with delayed ambulation and orthostatic intoler-
ance on POD1.> However, the infusion device was only
used for continuous infusion and not for PCA, and the
number of patients with delayed ambulation was too small
(5/195) to support their conclusion.”® Therefore, the rationale
for the use of basal infusion in the fentanyl-based IV-PCA is
not sufficient in the literature.

Our results are largely consistent with those of pre-
vious studies that investigated the analgesic effect of basal
infusion in morphine-based IV-PCA. Prior studies reported
that a basal infusion in the morphine-based IV-PCA did
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not improve postoperative pain control, but increased the
postoperative opioid consumption.”!'%**?3 Basal infusion
administered only at nighttime also failed to improve post-
operative pain and sleep patterns.® One randomized con-
trolled study on patients who underwent coronary artery
bypass grafting surgery reported that the addition of
a basal infusion of morphine improved postoperative
analgesia; however, it increased postoperative morphine
consumption.”® In our study, the fentanyl-based IV-PCA
without basal infusion significantly decreased the post-
operative opioid consumption and did not lead to an
increase in postoperative pain intensity or the rescue
analgesic requirement.

Reducing perioperative opioid use is an important task

in perioperative medicine.?’

Although opioids are still
widely used in postoperative pain management, they can
induce tolerance and hyperalgesia, which can make post-
operative pain control difficult.”® Additionally, perioperative
opioids can also induce opioid-related side effects (such as
PONYV), decrease gastrointestinal motility, and delay post-
operative recovery.”’>° Therefore, opioid-sparing by not
administering basal infusion in fentanyl-based IV-PCA is
expected to improve postoperative recovery.

One of the advantages of not using basal infusion was
highlighted in our study, i.e., not administering basal infu-
sion was significantly associated with a decrease in the
occurrence of opioid-related side effects, especially post-
operative nausea. Unlike our study, previous studies on
morphine-based IV-PCA did not report a significant asso-
ciation between not using basal infusion and a reduction in
opioid-related side effects.”'*** However, these studies
may have failed to produce significant results due to rela-
tively small sample sizes. On the other hand, although our
study is limited due to its retrospective design, we were
able to identify a significant association between basal
infusion and the occurrence of opioid-related side effects
in a sufficient number of patients even after PSM.

Unlike a previous meta-analysis in morphine-based I'V-
PCA,'" our results failed to show a significant association
between not using basal infusion and the occurrence of
respiratory depression. This might be due to the limitation
of power because postoperative respiratory depression
rarely occurred in our subjects. The relatively low inci-
dence rate of respiratory depression after the use of fenta-
nyl as compared to morphine also may have contributed to
this insignificant result.

Our study should be interpreted cautiously in light of
its limitations. First, this study is inherently limited in its

retrospective design. Although we performed PSM analy-
sis to reduce the bias, unknown or unmeasured covariates
could have affected our results. Second, because our
results were obtained from a single tertiary university
hospital, it is difficult to generalize the findings. Third,
although we investigated the pain intensity and rescue
analgesic requirement, these parameters may not be
enough to assess the quality of postoperative pain manage-
ment. Fourth, we used only two IV-PCA regimens with
different bolus doses depending on the patient’s age.
However, the outcome could vary depending on the
bolus dose and lockout time of IV-PCA. Further studies
regarding the optimal bolus dose and lockout time of
fentanyl-based IV-PCA are required to determine its opti-
mal use. Finally, a substantial number of patients were
excluded because they were lost to follow-up. Especially,
since the APS team worked only during the week, patients
who underwent surgery on Friday or the day before
a holiday were excluded. Despite these limitations, to the
best of our knowledge, this is the first study to evaluate the
effect of not administering basal infusion in fentanyl-based
IV-PCA for postsurgical patients.

Conclusion

In conclusion, not administering a basal infusion in fenta-
nyl-based IV-PCA was
a reduction in postoperative fentanyl consumption and the

significantly associated with

occurrence of opioid-related side effects. Our study supports
the justification for not using basal infusions in fentanyl-
based IV-PCA for postsurgical patients. Our findings will be
useful for physicians and recovery nurses and enable them

to ultimately eliminate basal infusions in their patients.
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