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ABSTRACT
Background: Modified radical mastectomy (MRM) with axillary clearance of lymph nodes was 
routinely performed under general anaesthesia with intra- and postoperative opioid analgesia. 
Recently, there has been a move toward opioid-free anesthesia (OFA) to appreciate the goals of 
hypnosis with amnesia and sympathetic stability without the adverse effects of opioids.

The aim of this study was to evaluate the effect of OFA versus opioid-based anaesthesia 
(OBA) in patients with breast cancer, who had undergone unilateral MRM.
The primary aims: 

• Pain intensity using the visual analogue scale in the first 24 h post-operatively.
• Screening for post mastectomy neuropathic pain.

The secondary aims: 
• Effect of opioid and surgical stress on the immune system.
• Patient outcome including haemodynamic stability, patient satisfaction and occurrence 
of post-operative complications.

Methods: Forty adult female patients scheduled for elective unilateral MRM were randomly 
divided into two groups (20 patients in each group): OFA and OBA.
Results: There was statistically significant decrease in pain score at rest and on movement in 
the OFA group. Postoperative nausea and vomiting was significantly decreased in the OFA 
group (P = 0.04). Patients in the OFA group were more satisfied than those in the OBA group 
using verbal rating scale for satisfaction (P < 0.001). There was significant low incidence of 
neuropathic pain in the OFA group; also, we found significant changes in interleukin 10, 
tumour necrosis factor alpha and caspase 3 between the two groups.
Conclusion: OFA is safe and effective in mastectomy as it decreases the pain score and the 
incidence of post mastectomy neuropathic pain; moreover, it also shows better immune 
response postoperatively.
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1. Introduction

Breast cancer is a widespread health problem, with 
more than 2 million new cases worldwide [1]. The 
neuroendocrine stress response associated with sur
gery, anaesthetics and opioid analgesics are factors 
that adversely affect the immune defense against 
tumors. Perioperative intervention can affect the recur
rence of the tumor or metastasis by affecting tumor 
cell signals, immune response and neuroendocrine 
stress response [2].

The intraoperative administration of opioids was 
considered the cornerstone of anaesthesia. Synthetic 
opioids were given to stabilize the haemodynamics 
during anaesthesia. They can inhibit the sympathetic 
nervous system without causing cardiovascular 
depression and histamine release [3]. Despite their 
benefits, opioids are experiencing more and more 

adverse side effects, which can cause significant mor
bidity and mortality, as respiratory depression, nausea/ 
vomiting, constipation, tolerance and hyperalgesia [4]

Opioid-free multimodal analgesia has become an 
alternative to postoperative pain relief [5]. The use of 
multimodal non-opioid analgesics during the perio
perative period can preventively block receptors in 
complex pain pathways. It has been shown that pre
operative use of Cox inhibitors, GABA agonist and 
paracetamol can reduce postoperative opioid con
sumption. Sodium channel block, G protein–related 
receptor block, NMDA receptor antagonist, central 
alpha-2 agonist and nonsteroidal anti-inflammatory 
drugs may lead to opioid-free anaesthesia (OFA) [6]. 
Thoracic paravertebral block (TPVB) combined with 
general anaesthesia (GA) can provide excellent analge
sia for cancer surgery and reduce the severity of 
chronic pain after mastectomy [7].
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The immune system has a major role in preventing 
cancer development and prevent its metastasis. The 
acute and chronic administration of exogenous 
opioids appear to affect the body’s cell mediated and 
humoral immune response. Exogenous opioids have 
a significant effect on several components of the 
immune system including lymphocyte proliferation., 
phagocytic activity, natural killer cell activity, cytokine 
expression and antibody production [8,9].

Interleukin 10 (IL-10) is an anti-inflammatory cyto
kine and it has the ability to inhibit the production of 
pro-inflammatory cytokines [10]. TNF-α (tumour necro
sis factor alpha) is a pro-inflammatory cytokine [11]. 
Apoptosis is a non-inflammatory form of programmed 
cell death that is mediated by the activation of apop
totic caspases and can occur via an intrinsic or an 
extrinsic pathway. Activated caspase-3 is found at the 
end of caspase cascades and is activated by both 
endogenous and exogenous apoptotic pathways, 
making it a key protein in apoptosis [12].

The purpose of this study was to evaluate the effect of 
OFA versus opioid-based anesthesia (OBA) for patients 
with breast cancer on perioperative pain score, the pre
sence of neuropathic pain after mastectomy and the 
impact of opioids on the immune system.

2. Patients and methods

After obtaining an approval from the local ethics com
mittee and informed consent from each patient, the 
research was carried out on 40 adult female patients 
(admitted to the Medical Research Institute, University 
of Alexandria) and scheduled for elective unilateral 
modified radical mastectomy.

2.1. Inclusion criteria

American Society of Anesthesiology (ASA) physical sta
tus class I and II, age group from 40 to 65 years.

2.2. Exclusion criteria

Coagulopthies, body mass index (BMI) >35 kg/m2, 
immunosuppressive therapy or immune disorders, 
radiotherapy or chemotherapy before surgery, history 
of allergy to local anaesthetics, patients suffering from 
neuropathy, patients with chronic pain on opioid ther
apy, patients with cognitive dysfunction or with psy
chiatric disordered and patients with previous 
ipisilateral breast surgery.

2.3. Anaesthetic technique

All patients were attached to multichannel monitor 
displaying heart rate (HR) (beats/minute) non-invasive 
mean arterial blood pressure (MABP) in mmHg and 
peripheral oxygen saturation (SpO2) (%)

In the OFA group, all patients received midazolam 
(0.05 mg/kg) prior to ultrasound guided TPVB [13,14] 
using a 2–5 MHz low-frequency curved array transducer 
(Sonosite S-Nerve, Sonosite Inc,USA) placed longitudin
ally (out-of-plane approach) at T3-T4 to obtain 
a parasagittal view to visualize the transverse process 
as a hyperechoic structure, with acoustic shadowing 
below it. An 18-gauge Tuohy tip needle was inserted 
at the cephalic end of the transducer and the needle 
was advanced into the paravertebral space. After nega
tive aspiration of air, blood and CSF, 30 ml of levobupi
vacaine 0.25% was slowly injected into the paravertebral 
space. Proper spread of the drug in the paravertebral 
space was confirmed by anterior displacement of the 
pleura, A catheter was introduced through the Tuohy 
needle and placed 4–5 cm beyond the tip of the needle.

GA was induced by propofol (2 mg/kg) and atracur
ium (0.5 mg/kg), then Laryngeal mask airway (LMA) was 
inserted.

Anaesthesia was maintained with isoflurane (MAC 
1.2) and incremental doses of atracurium guided by 
nerve stimulator (TOF-Watch SX, Organon, Ireland) 
train of four (TOF). Then, 5 ml of levobupivacaine 
0.25% was injected through the paravertebral 
catheter as incremental doses if HR or MABP are 
more than 20% of baseline after exclusion of other 
causes than pain. At the end of surgery, residual 
neuromuscular block was reversed by atropine and 
neostigmine.

Postoperatively, all patients were on continuous 
paravertebral catheter infusion 0.125% levobupiva
caine at a rate 7 ml/h on syring pump. Paracetamol 
1 g IV and 5 ml of levobupivacaine 0.25% through the 
paravertebral catheter were given if the VAS was 3 or 
more (at rest or on arm movement).

In the opioid-based anaesthesia (OBA) group, stan
dard GA was induced by IV nalbuphine (0.2 mg/kg), 
propofol (2 mg/kg) and atracurium (0.5 mg/kg), then 
LMA was inserted.

Anaesthesia was maintained with isoflurane (MAC 
1.2) and incremental doses of atracurium guided by 
nerve stimulator (TOF-Watch SX). Nalbuphine 
(0.1 mg/kg) was given as an increment if HR or 
MABP were more than 20% of baseline after exclu
sion of other causes than pain.

Postoperatively, all patients received paracetamol IV 
1 g/6 h and nalbuphine (0.1 mg/kg) IV given if the VAS 
was 3 or more (at rest or on arm movement).

3. Measurements

3.1. The following parameters were measured

3.1.1. Vital signs
● HR: (beats/minute).
● MABP in mmHg.
● SpO2 (%)

EGYPTIAN JOURNAL OF ANAESTHESIA 473



3.1.2. Pain score postoperatively (at rest and on 
arm movement)
Pain level was assessed in the post anaesthesia care 
unit (PACU) upon arrival from the operating room and 
after 30 min, every hour in the first 4 h and every 4 h 
postoperatively for 24 h using the visual analogue 
scale (VAS) at rest and on arm movement (0–10), 
where 0 = no pain and 10 = severe pain [15].

3.1.3. Postoperative nausea and vomiting (PONV)
Nausea was defined as subjective unpleasant sensa
tion with concomitant awareness of the urge to vomit. 
Postoperative nausea was evaluated during the first 
24 h by means of VAS where 1–3 (mild nausea), 4–6 
(moderate nausea) and 7–10 (severe nausea) [16]. 
Ondansetron 4 mg was given in moderate to severe 
nausea.

Vomiting was defined as forceful expulsion of sto
mach contents through the mouth. Postoperative 
vomiting was evaluated as present or absent during 
the first 24 h.

3.1.4. Patient satisfaction score
Patient satisfaction score was recorded before dis
charge using verbal rating scale for satisfaction [17]:

(1) Very dissatisfied.
(2) Dissatisfied.
(3) Neutral.
(4) Satisfied.
(5) Very satisfied.

3.1.5. Screening for neuropathic pain
Screening for neuropathic pain was assessed after 
1 week postoperatively by Douleur Neuropathique 4 
(DN 4) Questionnaire [18] (Figure 1)

● Scoring: Yes = 1 point . . . . . .. No = 0 points
● Score ≥4/10 has > 90% specificity for neuropathic 

pain diagnosis

3.1.6. Immunological assay
Peripheral blood samples were withdrawn from all 
patients preoperatively, 24 h post operatively and 
after 7 days from the operation for the following 
[19,20]:

(1) Detection of IL-10 and TNFα in serum, which 
were monitored as a charactarestic pro and anti- 
inflammatory cytokines respectively, this was 
done by enzyme-linked immunosorbent assay 
(ELISA) using eBioscience kits and according to 
the manufacturer’s instructions.

(2) Detection of programmed cell death:

Apoptosis was monitored in culture supernatant 
collected following a short-term culture of peripheral 
blood mononuclear cells. Caspase 3 as an irreversible 
marker for apoptosis was done by ELISA using cloud- 
clone kits and according to the manufacturer’s 
instructions.

3.2. Statistical analysis of the data

Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: IBM 
Corp) Qualitative data were described using number 
and per cent. The Kolmogorov–Smirnov test was used 
to verify the normality of distribution. Quantitative 
data were described using range (minimum and max
imum), mean, standard deviation and median. 
Significance of the obtained results was judged at the 
5% level.

3.3. The used tests were

1 Chi-square test

For categorical variables, to compare between differ
ent groups

2 Fisher’s exact or Monte Carlo correction
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Figure 1. Douleur Neuropathique 4 (DN 4) Questionnaire [18].
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Correction for chi-square when more than 20% of the 
cells have expected count less than 5

3 Student t-test

For normally distributed quantitative variables, to com
pare between two studied groups

4 Mann–Whitney test

For abnormally distributed quantitative variables, to 
compare between two studied groups

4. Results

In the current study, there was no significant differ
ences between OFA and OBA groups regarding the 
demographic data and patient characteristics 
(Table 1). There were no significant differences in the 
intraoperative HR, MABP and  
SpO2 between OFA and OBA (Table 2); however, there 
was significant decrease in HR, MABP and increase in 
SpO2 postoperatively inthe OFA group (Figures 2–4). 
As regard VAS, there was significant decrease in VAS at 
rest and on arm movement at all times in the OFA 
group (Figure 5)

PONV was significantly decreased in the OFA group 
(P = 0.04) (Figure 6). Patients in the OFA group were 
more satisfied than those in the OBA group (P < 0.001) 
(Figure 7).

As regard screeing for neuropathic pain by DN4, all 
patients in the OFA group were scored less than 4; 
however, 14 patients (70%) in the OBA group scored 
more than 4. There was significant lower score of DN4 
in the OFA group (P < 0.001) (Figure 8).
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Figure 3. Comparison between OFA and OBA according to postoperative mean arterial blood pressure.

Table 1. Demographic data in OFA and OBA groups.
OFA OBA P value

Age (years) 58.9 ± 6.91 56.02 ± 6.12 0.175
Weight (kg) 75.35 ± 7.27 74.50 ± 7.05 0.71
Height (m) 1.65 ± 0.08 1.66 ± 0.10 0.942
BMI ((kg/m2) 27.15 ± 1.42 27.30 ± 1.49 0.747
Operative time (min) 111.3 ± 22.12 100.5 ± 23.39 0.144

OFA, opioid-free anaesthesia; OBA, opioid-based anaesthesia. 
P: P value for comparing between OFA and OBA. 
*Statistically significant at P ≤ 0.05.

Table 2. Correlation between caspase3, IL-10 and TNF in OFA 
and OBA groups.

Caspase 3 vs. IL- 
10 Caspase 3 vs. TNF IL-10vs. TNF

r P r P r P

Basal
OFA 0.010 0.967 0.159 0.503 −0.403 0.078
OBA 0.374 0.104 −0.466* 0.038* −0.147 0.537
After 24 h
OFA 0.681* 0.001* −0.757* <0.001* −0.918* <0.001*
OBA 0.704* <0.001* −0.923* <0.001* −0.725* <0.001*
Recovery 

after 
7 days

OFA 0.132 0.580 −0.152 0.522 0.053 0.823
OBA 0.295 0.207 −0.098 0.680 −0.537* 0.015*

r is the Pearson coefficient. 
*Statistically significant at p ≤ 0.05.
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Figure 2. Comparison between OFA and OBA according to 
postoperative heart rate.
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As regard IL-10 in the OFA group, statistical analysis 
of the data revealed significant increase after 24 h and 
after 7 days postoperative in comparison to basal level 
of IL-10 (P < 0.001), but there was no significant change 
in IL-10 after 24 h and after 7 days postoperatively 
(P = 0.635). In the OBA group, there was no significant 
change between the basal IL-10, 24 h and 7 days post
operatively. The comparison between the two groups 
showed that there was significant increase of IL-10 
after 24 h and after 7 days postoperatively in the OFA 
group (P values were < 0.001, 0.04, respectively) 
(Figure 9).

In the OFA group, there was no significant change 
between the basal TNFα, 24 h and 7 days postopera
tively. In the OBA group, statistical analysis of the data 
revealed significant increase in the level of TNFα after 
24 h and after 7 days postoperatively in comparison to 
basal level (P < 0.001), but there was no significant 
change between TNFα after 24 h and 7 days post
operatively (P = 1.00). The comparison between the 
two groups showed that there was no significant 

statistical difference of basal TNFα (P = 0.081), but 
there was significant decrease of TNFα after 24 h and 
after 7 days postoperatively in the OFA group 
(P < 0.001 and 0.002, respectively) (Figure 10).

Statistical analysis of the data in the OFA group 
revealed significant increase in the level of caspase 
3 after 24 h and 7 days postoperatively in compar
ison to basal level (P < 0.001, < 0.002 respectively), 
but there was no significant change between cas
pase 3 after 24 h and after 7 days postoperatively 
(P = 0.071). In the OBA group, there was no signifi
cant change in caspase 3 throughout time of mea
surement (P = 1.00). The comparison between the 
two groups showed that there was significant 
increase in caspase 3 after 24 h and after 7 days 
postoperatively in the OFA group (P value < 0.001) 
(Figure 11).

A correlation study was done between caspase 3 
and IL-10 in the OFA group, and it showed significant 
positive correlation after 24 h postoperatively 
(P = 0.001) (Figure 12).
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Figure 5. Comparison between OFA and OBA according to VAS for pain assesement during rest and on arm movement.
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Figure 4. Comparison between OFA and OBA according to postoperative SpO2 (%).
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A correlation study was done between caspase 3 
and IL-10 in the OBA group, and it showed significant 
positive correlation after 24 h postoperatively 
(P < 0.001) (Figure 13).

A correlation study was done between caspase 3 
and TNFα in the OFA group, and it showed significant 
negative correlation after 24 h postoperatively 
(P < 0.001) (Figure 14).

A correlation study was done between caspase 3 
and TNFα in the OBA group, and it showed significant 
negative correlation at basal and after 24 
h postoperatively (P = 0.038 and <0.001, respectively) 
(Figure 15).

A correlation study was done between IL-10 and 
TNFα in the OFA group, and it showed significant 
negative correlation 24 h postoperatively (P < 0.001) 
(Figure 16).

A correlation study was done between IL-10 and 
TNFα in the OBA group, and it showed significant 
negative correlation after 24 h and after 7 days post
operatively (P <0.001 and 0.015 respectively) 
(Figure 17).

5. Discussion

The main target of anaesthesia is to make the patients 
pain free postoperatively with less side effects of 
analgesics. Opioid anaesthesia has many side effects 

Figure 6. Comparison between OFA and OBA according to 
PONV.

Figure 7. Comparison between OFA and OBA according to 
degree of satisfaction.

Figure 8. Comparison between OFA and OBA according to 
DN4.

Figure 9. Comparison between OFA and OBA according to IL- 
10 (pg/ml).

Figure 10. Comparison between OFA and OBA according to TNF (pg/ml).
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as nausea and vomiting, respiratory depression, urine 
retention, intestinal obstruction, hyperalgesia, toler
ance, chronic pain and increase the incidence of cancer 
metastasis [21]. So, OFA can be used as an alternative 

to opioid anaesthesia to abolish the side effects of 
opioids. Regional anaesthesia, dexmedetomidine, 
ketamine and other drugs are used to rule out the 
use of opioids [22,23].

Figure 11. Comparison between OFA and OBA according to caspase 3 (ng/ml).
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Figure 12. Correlation between caspas e3 (ng/ml) and IL-10 (pg/ml) in the OFA group.
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Figure 13. Correlation between caspase 3 (ng/ml) and IL-10 (pg/ml) in the OBA group.
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In the current study, there was no significant differ
ence between the two groups in haemodynamics intrao
peratively; however, the HR and MABP in the OFA group 
were significantly lower postoperatively, SpO2 was 
higher as compared to the OBA group. These reults 
referred to the marvelous effect of OFA on perioperative 

pain, which is the major factor influencing the patient’s 
haemodynamic status, and the OFA group showed lower 
VAS for pain assesement than the OBA group.

The results of this study were consistent with the 
views of Mulier et al. [24], who evaluated the effects of 
OFA and OBA on postoperative pain and discomfort in 
lap bariatric surgery, and found no difference in intrao
perative haemodynamics between the two groups; how
ever, six patients in the OA group developed severe 
hypertention in the PACU required antihypertensive 
treatment, and two of them had postoperative bleeding 
(P = 0.007). The lowest saturation lower than 94% 
(P = 0.002), the highest systolic arterial blood pressure 
(P < 0.001) and the highest HR (P = 0.004) were in the OBA 
group.

On the other hand, a study conducted by Hatipoglu 
et al. [25] compared ultrasound-guided paravertebral 
block (PVB) versus intravenous tramadol for postopera
tive pain control in percutaneous nephrolithotomy, 
and they found that the systolic, diastolic blood pres
sure, HR and SpO2 values in the postoperative period 

Figure 14. Correlation between caspase 3 (ng/ml) and TNF (pg/ml) in the OFA group.
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were similar between the two groups. They explained 
these findings by the less significant sympathetic 
blockade and unilateral segmental nature of the block.

In our study, the OFA group had significantly lower 
VAS scores during rest and on arm movement when 
compared to the OBA group due to effective TPVB, 
which result in significant reduction of pain score in 
the OFA group. Tripathi et al. [22] compared the OFA 
group with the OBA group for breast cancer surgery, 
and found significant reduction in the VAS scores in 
the OFA group (P < 0.05).

In contrast to the present study, King et al. [23] 
conducted a comparative study between OFA and 
conventional anaesthesia (CA) in patients under
going mastectomy, they found that the mean pain 
scores in PACU, postoperative day 0 and through
out entire hospitalization were similar in OFA and 
CA groups (P = 0.29, 0.90 and 0.16), respectively. 
They referred these results to complete elimination 
of opioids.

The current study showed that the OFA group 
had a significantly lower PONV than the OBA group; 
this result referred to absence of opioids and their 
side effects in the OFA group. Ziemann et al. [26] 
reported that the severity of PONV was significantly 
higher in GA with opioids group (37.3%) than the 
OFA group (20.0%) underwent bariatric surgery 
(P = 0.04).

On the other side, King et al. [23] conducted 
a comparative study between OFA and CA in patients 
undergoing mastectomy, and no significant difference 
was found in PACU antiemetic use between OFA and 
CA (P = 1.00). They referred these findings to the liberal 
use of antiemetic drugs intraoperatively, with more 
than 90% of both groups receiving intraoperative dex
amethasone and ondansetron

In this study, patients in the OFA group were sig
nificantly more satisfied compared with those in the 
OBA group due to lower pain scores and lower PONV 
in the OFA group. Similar to to this study, Hontoir et al. 
[27] evaluated the influence of opioid-free methods on 
postoperative comfort of breast cancer patients, mea
sured by quality of recovery (QoR40) performed 24 h 

after surgery, and found that there was statistically 
significant more satisfaction in the OFA group than 
the OBA group (P = 0.04).

Regarding the detection of neuropathic pain, the 
DN4 questionnaire of the OFA group has a statistically 
significant low value than OBA group, this may be due 
to lower pain score and good management of acute 
pain in the OFA group. In coherence to this study, 
Kairaluoma et al. [28] found that the PVB group was 
lower at 12 months after surgery (P = 0.029 and 0.003, 
respectively), and the intensity of exercise-related pain 
and other pain levels were lower in the PVB group 
(P = 0.011, 0.003.), respectively).

On the other side, Heesen et al. [29] examined the 
effect of PVB on the prevalence of persistent postsur
gical pain after breast surgery and found that there 
was no statistically significant risk reduction for persis
tent postoperative pain at 3 , 6 or 12 months. The risk 
ratio were 0.75, 0.57 and 0.42, respectively. They 
recommended a large, adequately powered trial to 
test the efficacy of PVB in preventing the development 
of chronic postoperative pain in patients undergoing 
breast surgery .

Regarding immunoassays, in the OFA group, IL-10 
and caspase 3 were significantly increase after 24 h and 
7 days postoperatively, but TNFα decreased. In the 
OBA group, the level of IL-10 and caspase 3 were 
statistically significantly reduced, but the level of 
TNFα increased. Theses results because TPVB protects 
cell-mediated immunity and reduces surgical neuroen
docrine stress responses that stimulate the hypothala
mic-pituitary-adrenal axis and sympathetic nervous 
system. Jin et al. [30] conducted a study in elderly 
patients undergoing esophagectomy, they found that 
the plasma TNFα levels in the PVB group were signifi
cantly reduced compared with the patient-controlled 
analgesia group, 24, 48, and 72 h after surgery 
(P < 0.05)

Consistent with our research, Buckley et al. [31] 
compared the effect of PVB versus GA opioid anaes
thesia on the immune response in patients undergoing 
breast cancer surgery, they found that patients 
received PVB maintained normal natural killer (NK) 

Figure 17. Correlation between IL-10 (pg/ml) and TNF (pg/ml) in the OBA group.
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cell cytokine IL-10 function during the postoperative 
period (P = 0.9). However, in patients undergoing GA, 
IL-10 expression decreased after surgery (P = 0.001). 
Also, there was an increase in the level of apoptosis 
with patients in the PVB group (P = 0.0001), but not 
with the GA group.

On the other hand, Cong et al. [32] compared 
between GA (GA group, paravertebral nerve blocks 
with GA (PG group) and epidural anaesthesia with 
GA (EG group) in oesophageal cancer surgery on 
perioperative cellular immunity. They found that 
before anaesthesia, at the end of surgery, at 
postoperative day 1 (POD 1) and POD 2, there was 
no significant difference in cytokine level of TNF-α, 
was noted among the three groups (P > 0.05). This 
was an observational cohort study with a small 
sample size, and subsequent studies with a larger 
sample size and randomised trials are needed to 
confirm the findings.

In conclusion, OFA technique can be used as an 
alternative to CA technique in mastectomy as it 
decreases the pain score and the incidence of post 
mastectomy neuropathic pain as well as shows bet
ter immune respose postoperatively.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Recommendations

•OFA technique can be used as an alternative to conven
tional technique in cancer surgeries.

• Further prospective studies will be needed for longer 
postoperative period to assess the long-term benefits of 
avoiding opioids as regard tumor metastasis and quality 
of life.

•Multicentric studies with larger number of patients are 
needed to be carried out to confirm the findings.
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