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Abstract

vomiting (PONV).

Background: Breast cancer surgery is usually managed using opioid-inclusive anesthesia (OIA), although opioids are
associated with several adverse events, including nausea, vomiting, and constipation. Multimodal opioid-free
anesthesia (OFA) has been introduced to reduce the incidence of these side effects. In this single-center
retrospective study, we investigated whether ketamine, combined with magnesium and clonidine, could effectively
control postoperative pain in patients undergoing quadrantectomy, while reducing postoperative nausea and

Results: A total of 89 patients submitted to quadrantectomy were included and divided into an OFA group (38
patients) and an OIA group (51 patients) according to the received anesthetic technique. Analgesia in the OIA
group was based on an intraoperative infusion of remifentanil, and analgesia in the OFA consisted of an
intraoperative infusion of ketamine and magnesium sulfate. Postoperative pain in both groups was managed with
nonsteroidal anti-inflammatory drugs (NSAIDs) and paracetamol. Postoperative pain, assessed with the numeric
rating scale (NRS), requirements for additional analgesics, the incidence of PONV, and patient satisfaction evaluated
using a QoR-40 questionnaire were compared between the two groups. Levels of pain at 30 min and 6, 12, and 24
h after surgery; number of paracetamol rescue doses; and the incidence of PONV were lower in the OFA group (p
<0.05). Patient satisfaction was comparable in the two groups.

Conclusions: A combination of ketamine, magnesium, and clonidine could be more effective than opioid-based
analgesia in reducing postoperative pain and lowering PONV occurrence after quadrantectomy for breast cancer.
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Background

Breast cancer is the most commonly diagnosed neoplasm
in women and accounts for nearly a third (29%) of all ma-
lignancies, representing the leading cause of cancer death
among women worldwide [9]. Quadrantectomy and lump-
ectomy are the most frequently used techniques for breast
tumor removal [42]. Because of their minimal
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invasiveness, they have become the choice methods for
breast cancer treatment whenever possible [11].

Acute postoperative pain after breast surgery stems
both from direct damage to peripheral nerve fibers and
from changes in neuro-endocrine profiles [10]. However,
a significant percentage of patients (20-65%) also experi-
ence chronic postoperative pain (CPOP), which is closely
associated with perceived disability long after recovery
from the surgical insult and greatly impacts the quality
of life [21, 24, 26].

Breast cancer surgery is typically carried out using ei-
ther balanced anesthesia or total intravenous anesthesia,
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which involves the administration of intraoperative opi-
oids (opioid-inclusive anesthesia, OIA), either in boluses
or by target-controlled infusion. Opioids’ intraoperative
administration is burdened by side effects such as acute
tolerance and postoperative paradoxical hyperalgesia [2].
The latter is caused by neuronal changes involving both
the central and peripheral nervous systems, which result
in sensitization of pain pathway s[25], and an increase in
acute postoperative pain [1, 20].

The most commonly reported side effects of opioids
are postoperative nausea and vomiting (PONV) and con-
stipation [31, 38]. PONV represents the prevailing com-
plication after breast cancer surgery with a reported
incidence of 80% [44]. PONV can negatively affect well-
being and patient satisfaction, increase morbidity (dehy-
dration, wound dehiscence, pain, and immobility), and
rise length of hospital stay and hospital costs [28, 44].
Additionally, it has also been hypothesized that the use
of opioids may increase the risk of metastasis and cancer
recurrence [8, 12].

Two anesthesia techniques, opioid-free anesthesia
(OFA) and opioid-sparing anesthesia, have been intro-
duced in order to avoid the adverse effects of opioids.
Both techniques have been proven to be effective in de-
creasing opioid consumption in acute postoperative pain
management [36]. In OFA, the main pain pathways, both
central and peripheral, are blocked by drugs acting on
sodium channels, G-protein-coupled receptors, and N-
methyl-D-aspartic acid (NMDA) receptors, some of
which also have anti-inflammatory activity [18]. Anal-
gesic and adjuvant molecules used in OFA include
alpha-2 receptor agonists and lidocaine [38], all of which
act both on their own and synergistically with NMDA
receptor antagonists, such as ketamine and magnesium
sulfate, for acute and chronic pain control [41].

We hypothesized that OFA, using a combination of
ketamine, magnesium, and clonidine, might provide bet-
ter postoperative pain relief than OIA for patients sub-
mitted to quadrantectomy. The main aim of this
retrospective study was to determine whether pain re-
ported through a numerical rating scale (NRS) in the 24
h following surgery was lower in a group of patients re-
ceiving OFA than in a group of patients receiving OIA.
Secondary objectives included evaluating differences in
the incidence of PONV, the number of doses of rescue
analgesics needed, and perception of the quality of care
during the hospital stay until final discharge using a
QoR-40 questionnaire.

Methods

This retrospective study was approved by the Bioethics
Committee of Sapienza University of Rome (no. 7028_
2020). The patients involved in the study underwent
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quadrantectomy, without axillary lymph nodes dissec-
tion, from October 1, 2017, to March 30, 2018.

Data were extracted from anesthesiologic and nursing
reports. The quality of life was evaluated using a QoR-40
questionnaire, which is routinely completed by all inpa-
tients. Pain scores, assessed using NRS, were entered in
anesthesiologic and nursing reports immediately after
surgery, during the stay in the post-anesthesia care unit
(PACU), and during hospitalization in the assigned ward.
The NRS is an 11-point scale for self-reporting of pain
where 0 = no pain and 10 = extreme pain/worst possible
pain. Pain assessments were recorded at 30 min and 6,
12, and 24 h after surgery. The total use of analgesics
after surgery, the need for “rescue doses,” the occurrence
of PONV, and hemodynamic or respiratory instability
were also recorded, both immediately after surgery and
during the hospital stay.

Incomplete or incorrect records (i.e., those that did
not include NRS pain scores at the correct times or did
not include a correctly completed QoR-40 question-
naire) were excluded from the study. The exclusion cri-
teria were the history of opioid, alcohol, or drug abuse;
chronic pain; the use of analgesics before surgery; and
psychiatric illness.

This anesthesia department has a group of anesthetists
dedicated to breast surgery. One of the anesthetists
regularly uses OFA, whilst the rest of the group uses
OIA. The patients were divided into two groups based
on the employed method of anesthesia. OFA and OIA
were both administered by target-controlled infusion,
following the protocols shown in Table 1.

Remifentanil infusion was stopped 30 min before the
end of the surgery, then morphine 0.05mg/kg and
ondansetron 4 mg were administered in the OIA group.
Anesthesia reports were completed as usual during each
surgery, with non-invasive blood pressure readings, heart
rate, and peripheral capillary oxygen saturation (%) re-
corded every 5 min, from the start until emergence.

Postoperative analgesia was based on a 24-h intraven-
ous continuous infusion of ketorolac (60-90 mg, de-
pending on the patient’s clinical status) and
metoclopramide (10 mg), using an elastomeric pump. A
rescue dose of intravenous paracetamol (1 g) was admin-
istered for pain with an NRS score > 5.

After emergence from anesthesia, the patients were
monitored in the PACU for at least 30 min;
hemodynamic parameters, respiratory function, and
postoperative pain values were fully assessed and re-
corded on a specific chart.

Once the patients were discharged from the PACU to
the assigned ward, pain was re-assessed using the NRS
and the values were recorded, together with the presence
or absence of PONV, in specific nursing reports. The
nursing staff was also able to record hemodynamic,
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Table 1 Drugs used in the anesthesia regimens of opioid-inclusive (OIA) and opioid-free (OFA) groups

OIA

OFA

Premedication: Midazolam (2 mg IV)

Induction: Propofol (2 mg/kg IV) + Rocuronium Bromide (0.6 mg/kg IV) +
Remifentanil (TCI with an effector site concentration (Cet) of 3-4 ng/ml).
Orotracheal intubation.

Maintenance: Desflurane or Propofol TCI (Schnider protocol [39] with a
Cet of 4-5 mcg/ml) + Remifentanil TCI (Cet of 3-4 ng/ml).

Premedication: Midazolam (2 mg IV) + Clonidine (1-2 mcg/kg IV)

Induction: Propofol (2 mg/kg IV) + Rocuronium Bromide (0.6 mg/kg IV) +
MgSOy (1 g IV) + Ketamine (0.2-0.4 mg/kg/h V). Orotracheal intubation.

Maintenance: Desflurane or Propofol TCI (Schnider [39] protocol with a
Cet of 4-5 mcg/ml) + Ketamine 0.2-0.4 mg/kg/h + MgSO, 8-10 mg/kg/h.

Abbreviations: OFA opioid-free anesthesia, OIA opioid-inclusive anesthesia, TC/ target controlled infusion, Cet target effect-site concentration

respiratory, and other clinically significant events, such
as postoperative delirium (POD) episodes and postoper-
ative cognitive dysfunction (POCD). PONV was treated
with intravenous ondansetron (4 mg) in all patients
without a history of intolerance to the drug.

Immediately before being discharged from the hos-
pital, all patients completed another QoR-40 question-
naire. Basing on the individual score difference of
questionnaires, the patients were divided into three dif-
ferent groups: <10 (group A), 10-30 (group B), and >30
(group C). Only the QoR-40 score that differed by more
than 10 points from baseline values (in either a positive
or negative direction) was considered as a significative
change.

Descriptive analysis was performed using percentages
of binary variables, average and median values for con-
tinuous variables, and by calculating their respective dis-
persion values. Normality was tested using the
Kolmogorov-Smirnov test. An ANOVA test was used
for repeated measures to evaluate postoperative pain
values reported through the NRS at the chosen time in-
tervals (30 min and 6, 12, and 24 h after surgery). A

statistical comparison of postoperative pain at different
time points between groups was made using Welch’s ad-
justed T test for unequal variances. PONV was consid-
ered to be a dichotomous variable (presence/absence of
PONV episodes) and studied using Yates’s chi-squared
test. The total administration of rescue therapy was ana-
lyzed using the Mann-Whitney U test for independent
samples. The QoR-40 questionnaire was analyzed in
qualitative terms, without a quantitative measure of vari-
ations. Data are presented as average with standard devi-
ation or median values with a confidence interval of
95%. P values <0.05 were considered to be statistically
significant. Data were analyzed using the software pro-
gram MedCalc, version 19.0.7

Results

N=98 patients were submitted to quadrantectomy with-
out axillary lymph nodes dissection during the period
study, as shown in Fig. 1. After records review, four pa-
tients were excluded because they did not include a cor-
rectly completed QoR-40 questionnaire (#=4), history of
chronic pain (#=2), and analgesic use before surgery (n=

TO

N=98

PATIENTS SUBMITTED

QUADRANTECTOMY,

PATIENTS
EXCLUDED,
N=9

v

OIA, N=51

OFA, N=38

Fig. 1 Flow diagram of the study. Abbreviations: OFA opioid-free anesthesia, OIA opioid-inclusive anesthesia
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3). Patients were divided into two groups based on the
method of anesthesia. The OFA group contained 38 pa-
tients, and the OIA group contained 51 patients. There
were no statistically significant differences in the demo-
graphic or clinical data between the two groups, as illus-
trated in Table 2.

In both groups, adequate depth of anesthesia was
achieved and maintained throughout surgery. Intraoper-
ative hemodynamic stability was maintained in both
groups during surgery and no vasoactive drugs were
required.

Lower NRS scores and PONV incidence were reported
in the OFA group compared with the OIA group, as
shown in Table 3. Visual representation of NRS pain
scores is provided in Fig. 2.

The OIA group needed the highest number of para-
cetamol rescue doses, 77 in total, with a median of 2.0
administrations (CI 1-2). The OFA group required only
29 rescue doses in total, with a median of 1.0 (CI 0-1).
The difference was statistically significant (p= 0.006).

A comparison of QoR-40 questionnaire scores be-
tween admission and discharge showed that 87% of pa-
tients, in both the OFA and OIA groups, were in
subgroup A (showing a difference of <10 points). The
vast majority of patients in both groups had no signifi-
cant change in QoR-40 score during their hospital stay,
suggesting no difference in perception of hospitalization
quality between the OFA group and the OIA group. It is
worth noting that five patients in both the OIA and
OFA groups had a change in QoR-40 score of 10-30
points (subgroup B), whereas two patients in the OIA
group and no patients in the OFA group had a differ-
ence greater than 30 points (subgroup C).

Either group reported any adverse reactions to drugs,
and no patient required any analgesics other than para-
cetamol as rescue therapy.

Table 2 Demographic features of OFA and OIA group patients

OFA OIA (N=51) p
(N=38) value
Age, years (mean = SD) 59.36 + 5640+ 760 0.119
10.16
BMI (kg/mz, mean = SD) 2623 £479 2504 £609 0364
Duration of surgery, min 8536 £ 89.63 £ 0403
(mean + SD) 19.34 25.52
Hypertension, yes/no 7/31 10/41 0.888
Diabetes mellitus type Il, yes/  4/34 6/45 0.854
no
ASA score, I/l 25/13 40/11 0.276

NOTE. The data are expressed as mean + SD or N° of patients
Abbreviations: ASA American Society of Anesthesiologists, BMI body mass
index, SD standard deviation, OFA opioid-free anesthesia, OIA
opioid-inclusive anesthesia
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Table 3 Pain scores at 30 min and 6, 12, and 24 h after surgery,
and postoperative nausea and vomiting (PONV) incidence in
the opioid-free (OFA) and opioid-inclusive (OIA) anesthesia
groups

OFA OIA p value
NRS 30 min 428 £0.28 6.13+£028 <0.0001
NRS 6 h 294+ 024 431 +0.23 0.0001
NRS 12 h 20 £0.14 313+£023 0.0001
NRS 24 h 128 + 0.11 1.92 £ 0.15 0.001
PONYV (n/%) 5/13.15 19/37.25 0.021

The data is expressed as mean + SD or N° of patients. *p value by t test or chi-
squares, as appropriate;

Abbreviations: NRS numerical rating score, OFA opioid-free anesthesia, OIA
opioid-inclusive anesthesia, PONV postoperative nausea and vomiting

Any patient experienced no POD or POCD, and no
major cardiac, respiratory, or hemodynamic events were
reported.

Discussion

This study showed that the OFA regimen, based on con-
tinuous intravenous infusion of ketamine and magne-
sium, significantly reduced postoperative pain and
PONV than the OIA regimen. OFA is possible by the
intravenous administration of nonopioid drugs that
block surgical stress and sympathetic reactions.

Only qualitative analysis was carried out on the data
gathered through the QoR-40 questionnaire since 24 h
was not viewed as a long enough time to speculate about
reasons for improvement or worsening of the quality of
life. Nevertheless, in both groups, 87% of patients
showed changes of + 10 points in QoR-40 scores at dis-
charge from the hospital, showing that an opioid-free
treatment did not worsen patients’ overall satisfaction or
comfort when compared with an opioid-inclusive
approach.

Although adding to OFA a locoregional block can be a
valuable choice during thoracoabdominal surgeries, OFA
can be very effective by combining several medications
without a locoregional analgesic technique [32].

Few studies evaluated OFA technique in breast cancer
surgery. In agreement with the results of the presenting
study, an OFA approach demonstrated favorable results
and appears to be associated with the reduction of post-
operative pain scores, opioid consumption, and PONV
[16, 22, 34, 43].

Studies in other surgeries also showed that OFA
may result in reduced postoperative opioid require-
ments, as well as decreased PONV incidence, hospital
length of stay, and risk for intraoperative complica-
tions [4, 17, 46].

However, in a recent randomized trial in gynecological
laparoscopy, OFA demonstrated to be feasible and easy
to perform, but no obvious advantages were provided in
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Fig. 2 Postoperative NRS values for the OIA group and OFA group. The boundary of the box closest to 0 indicates the 25th percentile, the line
within the box marks the median, and the boundary of the box furthest from 0 indicates the 75th percentile. Whiskers above and below the box

this setting over OIA with regard to PONV, pain scores,
and morphine consumption [29].

A recent meta-analysis, including 33 RCTs and 2209
participants, showed no clinically significant benefits in
terms of pain and opioid use after surgery, but a clear
benefit with respect to a reduction in PONV was dem-
onstrated when intraoperative opioids were avoided [37].
In a previous meta-analysis and systematic review of 23
trials, Frauenknecht et al. reported that OFA did not re-
duce pain scores after surgery, but it was associated with
a decreased rate of PONV with a risk ratio of 0.77
(95%CI (0.61-0.97), p = 0.03) [14]. However, the main
limitation of these metanalyses is that no precise defin-
ition of “opioid-free” was provided, and the analysis in-
cluded a large miscellany of OFA techniques.

NMDA receptors have a central role in the mecha-
nisms of OFA. These ionotropic, calcium-permeable,
and receptors are activated by both glutamate and volt-
age changes and are involved in the transmission and
modulation of pain. They also contribute to central
sensitization and a phenomenon known as “wind-up,”
both of which play a role in chronic pain mechanisms.
Repeated stimulation of spinal C-fibers increases the
spontaneous activity of NMDA receptors [35] and leads
to a progressive increase in the action potential dis-
charge’s magnitude and duration and to persistent
changes in neuronal excitability [3, 7].

Many studies have shown that ketamine is effective as
an analgesic both during and after different types of sur-
gery, including abdominal, thoracic, orthopedic, and bar-
iatric surgery. Ketamine acts as an NMDA receptor
antagonist, both centrally and peripherally and is also

used as an adjuvant in patient-controlled analgesia to
ease PONV and to prevent CPOP [23, 46].

Several meta-analyses and randomized controlled trials
have shown that magnesium sulfate, another drug com-
monly used in OFA, is very effective in reducing acute
postoperative pain [6, 27]. Magnesium directly blocks
NMDA receptors and calcium channels at rest and dur-
ing depolarization, and it inhibits the release of catechol-
amine from the adrenal glands. Magnesium has also
anti-inflammatory activity, as demonstrated by its ability
to reduce levels of IL-6 and TNF [3]. NMDA receptors
are blocked by ketamine, and since the binding site is in
the internal portion of the channel, only open channels
are blocked. All of these effects were thoroughly docu-
mented in the APMSE4 study [40], which showed that
administration of ketamine and magnesium, either as a
single shot or as a continuous intravenous infusion,
helped to maintain good intraoperative hemodynamic
stability [13]. De Oliveira et al. [5] assessed magnesium’s
role, before and throughout breast surgery, as an adju-
vant to continuous intravenous infusion of remifentanil.
Better intraoperative hemodynamic stability and pain
control after surgery were observed when compared with
placebo. Administration of both ketamine and magne-
sium sulfate not only blocks pain transmission and its
chronicization but also effectively impedes the ensuing
inflammatory response.

Our results agree with those of Laskowski et al. [23]
which clearly showed that ketamine-based anesthesia
provided superior pain management compared with
OIA. Opioid-based totally intravenous anesthesia with
target-controlled infusion is linked to acute opioid



Di Benedetto et al. Journal of Anesthesia, Analgesia and Critical Care

tolerance because of the activation of NMDA receptors
in the medulla’s dorsal horns, contemporaneous inactiva-
tion of p-opioid receptors, increased release of dynorphines,
and activation of cCAMP pathways [25]. Acute tolerance to
opioids increases the intensity of acute postsurgical pain.

The incidence of PONV was reduced in patients who
received OFA. Complications that might arise from
PONYV include inhalation of gastric contents, bleeding,
surgical wound re-opening, dehydration, electrolyte im-
balance, and a general delay in healing and discharge
from the hospital [19, 30]. The reported incidence of
PONV ranges from 35% [15] to 80% [45]. Wesmiller
et al. [45] showed that patients with higher levels of pain
also experience an increased incidence of PONV, probably
caused by larger quantities of intraoperative opioids.
PONV is closely associated with receptors and trans-
porters in the chemoreceptor trigger zone for emesis,
commonly known as the area postrema, where serotonin,
dopamine, catecholamine, acetylcholine, histamine, and
opioids exert their effects. According to these results, we
found that patients in the OIA group had both the highest
postoperative pain levels and the highest incidence of
PONV. The lower incidence of PONV in the OFA group
could also be related to the effects of clonidine. As previ-
ously reported by Oddby-Muhrbeck et al. [33], surgical
stimulation and anesthetic drugs are associated with in-
creased vasopressin and epinephrine release. Clonidine is
known to reduce epinephrine levels, explaining the lower
incidence of PONV in the OFA group.

Principal limitations to our study are its monocentric
and retrospective nature, its relatively small sample size,
and the restriction of re-evaluation time to 24 h after
surgery. In addition, the bispectral Index (BIS) was not
performed during anesthesia. Such a short follow-up
time made it impossible to effectively assess the effect of
either method of anesthesia on the patients’ quality of
life in the long term. Lack of quantitative measures for
PONV, POCD, and POD and the non-application of a
risk score for PONV (i.e., Apfel score) further limited
our investigation since these conditions could be scored
only as either present or absent. Lastly, a regional
anesthetic technique such as paravertebral block or pec-
toral nerves block could have been considered for add-
itional pain relief and OFA regimen implementation.

Conclusion

In conclusion, this retrospective analysis of two different
anesthesia methods, one with opioids (OIA) and one
without opioids (OFA), showed that an opioid-free ap-
proach based on concomitant administration of keta-
mine and magnesium as a continuous intravenous
infusion is safe and effective. OFA was associated with
reduced postoperative pain in the first 24 h after surgery,
lower need for additional analgesic drugs, and reduced
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incidence of PONV. The patients’ comfort levels were
comparable to those of patients receiving OIA.

Abbreviations
NRS: numerical rating score; OFA: opioid-free anesthesia; OIA: opioid-inclusive
anesthesia
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