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Introduction
Rectal cancer surgery has traditionally been 

performed under laparotomy (LT), which carries a 
high risk of postoperative morbidity and high level of 
postoperative pain [1,2]. Over the past two decades, 
laparoscopic procedures (with or without robotic 
assistance) have become popular in colorectal surgeries 
due to their shorter incision, reduced blood loss, faster 
recovery of bowel motion, decreased length of hospital 
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Purpose: Although epidural analgesia (EA) is recommended for laparotomic (LT) rectal surgery, there is no consensus 
regarding pain management in laparoscopic or robotic (LR) rectal cancer surgery. According to our local guidelines, EA is 
usually chosen for LT rectal procedures and intravenous analgesia for LR rectal procedures.

Methods: This retrospective study included patients who underwent rectal cancer surgery in our center from January 
2016 to February 2020 using either laparotomy (LT) or laparoscopic or robotic (LR) techniques. Analgesia technique 
varied according to surgery technique, the choice of patient and anesthesia provider. Data were acquired from electronic 
databases and consisted of pain scores in the recovery room and the three postoperative days, morphine consumption 
and total length of hospital stay.

Results: 151 patients were included: 92 in the LR group and 59 in the LT group. Epidural analgesia was used for 8/92 LR 
patients and of 48/59 LT patients. Pain scores were comparable regardless of the surgical and analgesic technique in the 
three postoperative days, but patients with epidural analgesia used significantly less morphine, even in the LR group. 
After correction for multiple pairwise comparisons, our results showed that in laparoscopic rectal surgery, the use of 
epidural analgesia was associated with significantly lower morphine consumption (corrected p = 0.01, reduction over 3 
days: 25 mg).

Conclusion: Compared to other analgesia regimens, perioperative epidural analgesia for LR rectal surgery was associated 
with significantly less postoperative morphine consumption to achieve the same pain scores. EA appears to be beneficial 
even in laparoscopic rectal surgery.
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number: 2224445]. Treatment and surgical techniques 
were decided mainly based on surgical and oncological 
data during a multidisciplinary meeting that included 
surgeons, chemotherapists, and radiotherapists. The 
protocols did not include medical contraindications for 
laparoscopic or robotic surgeries. All surgeries were 
performed by surgeons experienced in digestive and 
laparoscopic surgeries.

In all surgical groups, anesthesia was maintained 
using halogenated agents after induction with propofol 
(2-2.5 mg/kg) to obtain a bispectral index (BIS) of 40-
60. A non-depolarized muscle relaxant agent was 
continuously infused, with rate adjustments according 
to quantitative monitoring (Train of Four, Philips) 
and the demand of the operator. Patients received 
intraoperative ketamine infusion (a bolus of 0.3 mg/kg, 
followed by 0.15 mg/kg/h), which was stopped at the 
beginning of closure.

According to our local guidelines, EA was favored 
in the LT group and not in the LR group. The analgesia 
technique varied according to the type of surgery and 
the choice of patient and anesthesia provider. When EA 
was used in association with general anesthesia, epidural 
infusion of 2% ropivacaine was started before incision 
or wound closure. To reduce the risk of respiratory 
depression, intravenous (IV) morphine administration 
was avoided during the postoperative epidural infusion 
mixture of ropivacaine 0.2% (10 mg/h) and morphine 
(125 µg/h). When no EA was used, patients received 
intraoperative continuous IV infusion of 2% lidocaine 
(a bolus of 1.5 mg/kg, followed by 1.5 mg/kg/h, then 
1.3 mg/kg/h for 45 min before recovery) along with 
target-controlled infusion of remifentanil adjusted 
for hemodynamic parameters. This protocol was also 
applied to patients in the laparotomy group who had 
either a contraindication to or failure of EA.

From medical records, we extracted demographic 
data, age, weight, height, medical and surgical 
antecedents (cardiorespiratory history), and 
preoperative treatments (particularly analgesic and 
neuropsychiatric treatments). Anesthesia data were 
recorded using an automatic record-keeping system and 
stored in a relational database (Centricity Anesthesia 
General Electric). This tool has recently been specifically 
evaluated and missing data was less than 5% [13,14]. 
Data regarding events, blood loss, and drug injections 
were entered by the anesthesia team in structured fields, 
with fixed information regarding the average dose and 
units. The injected quantities of remifentanil, ketamine, 
and ropivacaine were directly recorded from the pump 
through an interface. During anesthesia and in the Post-
Anesthesia Care Unit (PACU), the administered amounts 
of morphine and other analgesic agents (paracetamol, 

stay, and improved recovery time [3-5].

For surgical treatment of rectal cancer, total 
mesorectal excision is recommended to reduce the 
local recurrence rate and obtain optimal oncological 
results [6]. This makes laparoscopic rectal surgery 
more difficult than laparoscopic colon surgery. Robotic 
technologies have been developed to overcome the 
limitations of laparoscopic surgery. A surgical robot 
can be manipulated by the surgeon, allowing three-
dimensional vision and finer dissection while providing 
the operator with better comfort in terms of ergonomics 
and tremor control [7,8].

Postoperative pain management is the cornerstone 
of enhanced recovery after surgery. For colorectal 
cancer resection surgeries, epidural analgesia (EA) 
is recommended by European Society of Regional 
Anesthesia when surgery is performed with laparotomy 
techniques. No consensus exist for patients undergoing 
specifically laparotomic rectal cancer surgeries, but EA 
is usually proposed to then, like other colon cancer 
surgeries. For laparoscopic colorectal surgery, some 
authors recommend EA [9,10], whereas others report 
a comparable quality of analgesia when using an 
intravenous analgesic strategy [11]. These conflicting 
results may be partly related to the inclusion in the 
studies of patients who underwent recto-colic as well as 
colic surgery. We think that these two populations (rectal 
surgery vs colon surgery) should be differentiated and 
pain control after rectal cancer surgery to be addressed 
separately. We think that including rectal surgeries with 
colon surgeries is a cause of heterogeneity in the results 
of the pain control studies found in the literature.

Our local guidelines for postoperative analgesia 
favored intravenous intraoperative analgesia (and not 
epidural analgesia) for robotic and laparoscopic surgery 
in accordance with international recommendations 
[12]. After several years of experience, it is necessary 
to assess the effectiveness of this strategy. To this end, 
we conducted a retrospective evaluation to compare 
opioid consumption and postoperative pain intensity in 
patients undergoing either laparotomy or laparoscopic 
rectal surgery performed under general anesthesia, 
with or without epidural analgesia.

Methods
This retrospective study included patients who 

underwent rectal cancer surgery at our center from 
January 2016 to February 2020. At our institution, 
each patient provided written consent at the first 
consultation and accepted that anonymized data from 
medical records could be used for research purposes. In 
addition, health data collection and use were declared 
to the French Data Protection Authority [enregistration 
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Results
Among 155 patients who underwent rectal surgery 

during the study period, 151 were included in this study: 
92 in the LR group and 59 in the LT group. Four patients 
were excluded because hyperthermic intraperitoneal 
chemotherapy was associated with surgical resection. 
Table 1 presents the patients’ general characteristics 
according to surgery type (LR vs. LT). Three laparoscopy 
cases and one robotic case were converted to a 
laparotomy. Medical history, cardiopulmonary disease, 
age, sex, and the presence of preoperative pain did not 
differ between the two groups (LR and LT) (Table 1). The 
surgery duration was significantly longer (P = 0.005) in 
the LR (343.09 ± 106 min) than in the LT (290.66 ± 118 
min). As expected, EA was significantly more frequent (P 
< 0.001) in LT (81%) than in LR (11%) patients.

Table 2 presents the preoperative and intraoperative 
variables according to the type of surgery (LR vs. LT) and 
presence or absence of epidural analges (PCEA).

In patients who did not receive epidural analgesia, 
continuous intravenous lidocaine was administered 
to 74.4% in the LR group and 63.6% in the LT group 
(p = 0.694). Patients in the PCEA group received less 
remifentanil (P < 0.001).

Postoperative pain scores on the first three 
postoperative days were comparable regardless of 
the surgical or analgesic technique, with no significant 
differences in pain scores among the groups (Table 
3). Despite similar maximal pain scores, morphine 
consumption was significantly different between 
the groups (Table 3 and Figure 1). High standard 
deviations suggest high interindividual variations in 
morphine consumption. After pairwise comparisons 
with correction for multiple comparisons, patients who 
underwent laparoscopic rectal surgery with PCEA used 
significantly less morphine than those who underwent 

nefopam, and tramadol) were recorded using the same 
computerized tool.

Data concerning the duration of surgery and 
anesthesia, as well as pain scores at the arrival and exit of 
the PACU, were extracted from our hospital software. In 
the PACU, a subjective pain scale (SPS) of 0-4 was used: 
0 = no pain, 1 = mild pain, 2 = strong pain, 3 = intense 
pain, and 4 = excruciating pain. After the patients exited 
the PACU, pain intensity was measured on a numerical 
rating scale (NRS) of 0-10. These data, as well as the 
total consumption of morphine and other analgesics, 
were extracted using Medasys France DxCare software.

The two primary study endpoints were pain scores on 
the three postoperative days, as well as postoperative 
morphine consumption, in the LT and LR groups and in 
patients with or without EA. The secondary endpoint 
was hospital length of stay. In the exploratory approach, 
a subgroup analysis was performed between robotic 
and laparoscopic surgery.

All statistical analyses were performed using the R 
statistical software (version 4.0.2). Categorical variables 
were compared using the χ2 test, and continuous 
variables were compared using the Student’s t-test. 
The ANOVA test was used to compare different means, 
and the Kruskal-Wall is test was used when conditions 
of normality were not met. Statistical significance was 
set at P < 0.05. When the ANOVA test was significant, 
the Games-Howell post-hoc test was used to perform 
pairwise comparisons, with Tukey’s method correction 
for multiple comparisons. When the Kruskal-Wall is test 
was significant, the pairwise Wilcoxon test was used to 
compare all possible combinations of group differences, 
with Bonferroni correction for multiple comparisons. 
This paper follows the standards for reporting 
observational studies outlined therein (https://www.
strobe-statement.org/checklists/).

Table 1: Key variables according to the type of the surgery.

Laparoscopy/Robot (LR) (n = 92) Laparotomy (LT) (n = 59) p-value
Male gender (%) 54 (58.7) 28 (47.5) 0.236
Cardiopulmonary disease (%) 14 (15.2) 14 (23.7) 0.272
Age (mean (SD)) 62.80 (12.27) 60.58 (10.95) 0.258
Surgery duration (mean (SD)) 343.09 (106.49) 290.66 (118.36) 0.005
Presence of preoperative pain (%) 10 (10.9) 5 (8.5) 0.337

PCEA intraop (%) 10 (10.9) 48 (81.4) < 0.001
Continuous Lidocaine use (%) 64 (69.6) 10 (16.9) < 0.001
Continuous Ketamine use (%) 83 (90.2) 56 (94.9) 0.464

Mean Remifentanil dosage mcg/min 
(mean (SD))

4.65 (1.67) 3.25 (1.96) < 0.001

LR: Laparoscopic/Robot; LT: Laparotomy; SD: Standard Deviation

https://www.strobe-statement.org/checklists/
https://www.strobe-statement.org/checklists/
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Table 2: Preoperative and intraoperative variables according to the type of the surgery and presence of epidural.

Laparoscopy/Robot (LR) Laparotomy (LT)
No intraoperative 
EA (n = 82)

Intraoperative 
EA (n = 10)

No intraoperative 
EA (n = 11)

Intraoperative 
EA (n = 48)

p-value

Male gender (%) 49 (60) 5 (50) 4 (36) 24 (50) 0.417
Age (mean (SD)) 63 (12) 58 (14) 61 (12) 60 (11) 0.361
Surgery duration (mean (SD)) 351 (105) 282 (104) 255 (91) 299 (123) 0.006
Presence of preoperative pain (%) 7 (9) 3 (30) 1 (9) 4 (8) 0.185
Continuous Lidocaine use (%) 61 (74.4) - 7 (63.6) - 0.694
Continuous ketamine use (%) 76 (93) 7 (70) 9 (82) 47 (98) 0.015
Mean Remifentanil dosage mcg/min 
(mean (SD))

4.8 (1.5) 3.7 (2.4) 4.1 (2.2) 3.1 (1.9) < 0.001

Intraoperative paracetamol (%) 81 (98.8) 10 (100.0) 10 (90.9) 48 (100.0) 0.119
Intraoperative nefopam (%) 72 (87.8) 9 (90.0) 9 (81.8) 43 (89.6) 0.907
Intraoperative Ketoprofene (%) 42 (51.2) 4 (40.0) 4 (36.4) 11 (22.9) 0.017
Intraoperative Tramadol (%) 64 (78.0) 9 (90.0) 7 (63.6) 42 (87.5) 0.219
Subjective pain score (SPS) upon 
arrival to recovery room (%)

 0

 1

 2

 3

 4

53 (64.6)

13 (15.9)

11 (13.4)

4 (4.9)

1 (1.2)

7 (70.0)

2 (20.0)

0 (0.0)

1 (10.0)

0 (0.0)

5 (45.5)

3 (27.3)

3 (27.3)

0 (0.0)

0 (0.0)

32 (66.7)

10 (20.8)

4 (8.3)

2 (4.2)

0 (0.0)

0.811

EA: Epidural Analgesia; SD: Standard Deviation; SPS: Subjective Pain Score (from 0 to 4).

Table 3: Postoperative outcome.

Laparoscopy/Robot (LR)

(n = 92)

Laparotomy (LT)

(n = 59)
No PCEA

(n = 82)

PCEA

(n = 10)

No PCEA

(n = 11)

PCEA 

(n = 48)
p-value Statistical test

Maximal pain NRS- day1 (median 
[IQR]) 4 [3.0, 5.0] 4 [0.5, 5.75] 3 [1.5, 5.0] 4 [3.0, 5.25] 0.801 Kruskal-Wallis

Maximal pain NRS- day2 (median 
[IQR]) 3.50 [1.0, 5.0] 1.5 [0.00, 4.25] 4.0 [1.5, 4.0] 3.0 [1.0, 5.0] 0.621 Kruskal-Wallis

Maximal pain NRS- day3 (median 
[IQR]) 2.00 [0.0, 4.0] 3.5 [0.25, 6.5] 4.0 [3.0, 5.0] 2.0 [1.0, 5.0] 0.083 Kruskal-Wallis

72hrs total morphine dose (mean 
(SD)) 32 (33) 7 (22) 41.8 (46) 7.9 (32) < 

0.001* ANOVA

Morphine consumption at day 1 
(mean (SD)) 17.0 (19) 5 (15) 17.3 (25) 4 (14) < 

0.001* ANOVA

Morphine consumption at day 2 
(mean (SD)) 10.4 (15) 2 (6) 16.2 (15) 2.3 (11) 0.001* ANOVA

Morphine consumption at day 3 
(mean (SD)) 3.4 (6.61) 3.00 (9.49) 10.0 (11.69) 1.92 (7.31) 0.017 ANOVA

Hospital length of stay (median 
[IQR])

10 [8.0, 14.75] 13 [8.25, 15.5] 14 [10.0, 19.5] 14. [11.0, 
21.25] 0.001* Kruskal-Wallis

10.00 [8.00, 15.00] 14.00 [10.50, 21.50] < 0.001 Wilcoxon

IQR: Interquartile Range; NRS: Numerical Rating Score (from 0 to 10); PCEA: Patient Controlled Epidural Analgesia; SD: Standard 
Deviation
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Figure 1: Total morphine consumption in each surgical group according to presence or not of an epidural analgesia.
PCEA: Patient Controlled Epidural Analgesia

         

Figure 2: Pairwise comparisons of total morphine consumption with adjusted p-values.
y-axis: Total morphine consumption (in mg).

than those who underwent laparoscopy without PCEA 
(adjusted p-value = 0.000503). Interestingly, the length 
of hospital stay was shorter in the LR group (median = 10 
days) than in the LT group (median = 14 days), without a 
significant role for the presence or absence of EA.

laparoscopic surgery without PCEA (p = 0.01, morphine 
reduction over 3 days: 25 mg) (Figure 2 and Table 4). The 
patients in both groups showed no difference in maximal 
pain scores. Interestingly, patients who underwent 
laparotomy with PCEA used significantly less morphine 
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among the different variables (pain score and morphine 
consumption) except for the duration of surgery (Table 5). 
In the PACU, postoperative pain was low and did not differ 
significantly between the two groups (Table 5).

In the laparoscopic group (LR), a subgroup exploratory 
analysis was performed between patients who 
underwent robotic surgery and those who underwent 
classic laparoscopic surgery. No differences were found 

Table 4: Pairwise comparisons of total morphine consumption with adjusted p-values.

Reference group Comparator group Estimate Estimate IC95 Adjusted p-value
Laparoscopy with PCEA Laparoscopy without PCEA 25.0 2.11 ; 47.9 0.01 Significant
Laparoscopy with PCEA Laparotomy with PCEA 0.906 -22.8 ; 24.6 1 Non significant 
Laparoscopy with PCEA Laparotomy without PCEA 34.9 -10.1 ; 79.8 0.158 Non significant 
Laparoscopy without PCEA Laparotomy with PCEA -24.1 -39.5 ; -8.69 0.000503 Significant
Laparoscopy without PCEA Laparotomy without PCEA 9.88 -33.1 ; 52.8 0.9 Non significant
Laparotomy with PCEA Laparotomy without PCEA 34.0 -9.32 ; 77.2 0.146 Non significant

Estimate: Effect size which is the difference of morphine dose consumption in milligrams (mg) between the two groups. When 
estimate is postive, comparator group consumed more morphine than reference group. When the estimate is negative, comparator 
group consumed less morphine than reference group.

Classic laparoscopy (n = 46) Robotic (n = 46) p
Male gender (%) 28 (60.9) 26 (56.5)
Cardiopulmonary disease 9 (19.6) 5 (10.9)
Age (mean (SD)) 65.09 (11.26) 60.52 (12.91) 0.074
Surgery duration (mean (SD)) 298.48 (97.95) 387.70 (96.28) < 0.001
Intraoperative epidural analgesia (%) 8 (17.4) 2 (4.3)
Continuous Lidocaine use (%) 25 (54.3) 39 (84.8)
Ketamine = 1 (%) 40 (87.0) 43 (93.5)
Presence of preoperative pain (%) 7 (15.2) 3 (6.5)
Mean Remifentanil dose mcg/min (mean (SD)) 4.55 (1.64) 4.74 (1.71) 0.576
Intraoperative paracetamol (%) 46 (100.0) 45 (97.8)
Intraoperative nefopam (%) 40 (87.0) 41 (89.1)
Intraoperative Ketoprofene (%) 22 (47.8) 24 (52.2)
Intraoperative Tramadol (%) 38 (82.6) 35 (76.1)
SPS upon arrival to recovery room (%)

 0

 1

 2

 3

 4

29 (63.0)

7 (15.2)

5 (10.9)

4 (8.7)

1 (2.2)

31 (67.4)

8 (17.4)

6 (13.0)

1 (2.2)

0 (0.0)
Maximal pain NRS - day 1 (median [IQR]) 4.00 [3.00, 5.00] 4.00 [3.00, 5.00] 0.902
Maximal pain NRS - day 2 (median [IQR]) 3.00 [1.00, 4.00] 3.00 [0.00, 5.00] 0.695
Maximal pain NRS - day 3 (median [IQR]) 1.50 [0.00, 4.75] 2.00 [0.00, 4.00] 0.633
72 hrs total-morphine dose (mean (SD)) 27.46 (30.11) 31.09 (36.22) 0.602
Morphine consumption at day 1 (mean (SD)) 14.87 (17.72) 16.48 (20.38) 0.687
Morphine consumption at day 2 (mean (SD)) 8.67 (13.47) 10.30 (15.25) 0.588
Morphine consumption at day 3 (mean (SD)) 2.80 (6.50) 3.93 (7.33) 0.436
Hospital length of stay (median [IQR]) 10.00 [8.00, 14.00] 10.50 [9.00, 15.75] 0.361

Table 5: Subgroup exploratory analysis in LR group: Robotic vs. classic laparoscopy.

IQR: Interquartile Range; NRS: Numerical Rating Score (from 0 to 10); SPS: Subjective Pain Score (from 0 to 4); SD: Standard 
Deviation
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after postoperative day 1, but the individual variations 
were substantial. As epidural failure has major clinical 
consequences, particular attention should be paid to 
holding the catheter in place and to quickly manage 
pain in the event of failure, for example, via installation 
of a new catheter or setup of a morphine PCA. When 
EA was efficient, morphine was not necessary during 
the first postoperative day. Most previous studies have 
allowed morphine administration in cases of insufficient 
EA and have used daily morphine consumption as the 
primary endpoint. This was not the case in our present 
study because the systematic use of epidural morphine 
prevents the addition of more intravenous morphine. 
The confrontation between the pain location and the 
extension of the sensory block enables the option of 
ropivacaine reinjection.

A prospective cohort study compared open versus 
laparoscopic surgery and reported that perioperative 
administration of intravenous lidocaine and ketamine to 
opioids did not improve postoperative pain perception 
or decrease morphine equivalents. Notably, pain peaks 
remained early after minimally invasive surgery and 
after epidural removal for open surgery [21]. Levy, et al. 
[22] conducted a meta-analysis and suggested that the 
none of the analgesia protocols were shown to be clearly 
superior. Moreover, Kehlet, et al. [23] demonstrated 
that EA may not be necessary in laparoscopic colorectal 
surgery and can be replaced with non-opioid analgesia. 
However, this was not confirmed in a more recent 
study that demonstrated that thoracic EA provided 
better analgesia than intravenous lidocaine in patients 
undergoing laparoscopic rectal surgery [10].

Laparoscopic and robotic patients received 
intraoperative ketamine/lidocaine infusion followed 
by morphine titration, which provided comparable 
analgesia quality on average, but with high variability 
in pain levels and morphine consumption. A study of a 
similar patient population also showed this variability 
among patients and from one day to another in the 
same patient [16,17]. These differences can be induced 
by acute pain during early mobilization. Better pain 
control should be expected in the PCA group, either 
through better handling of the PCA or the prescription 
of additional agents. These findings support individual 
analgesic adjustments by acute pain services in the 
wards.

With regard to a morphine-sparing strategy to 
limit potential cancer risk recurrence [24] and to avoid 
opioid-induced hyperalgesia [19] or dependency, it 
seems logical to prefer EA over intravenous analgesia. 
This choice may be reinforced by the fact that 
intraoperative intravenous lidocaine administration 
was identified as an independent predictive factor for 

Very few patients experienced severe or excruciating 
pain in the PACU: 8 in the LR group and 3 in the LT 
group. The majority of patients received no rescue 
analgesic treatment (ketamine or lidocaine) in the 
PACU, indicating reasonably good pain control during 
this period. Among the 58 patients with PCEA, two 
experienced PCEA failure with a very high pain level 
(score 3-4) that justified setting up morphine PCA after 
titration: Early after PACU admission.

Discussion
Based on the previously determined endpoints, the 

level of pain during the first three days postoperatively 
was comparable in both surgical groups, regardless of 
the analgesic technique used. Nevertheless, morphine 
consumption was significantly lower when PCEA was 
used to control postoperative pain regardless of the 
surgical technique used. These results are in agreement 
with the literature, which describes better efficacy of 
EA after LT, all else being equal [15]. Although the data 
available from previous studies seem to be sufficient 
to abandon EA for laparoscopic colon resections, the 
evidence is insufficient to do so for rectal resections 
due to the small number of rectal resections included in 
randomized trials [16,17].

Our present results are consistent with the meta-
analysis findings that laparoscopy had no benefit in 
terms of postoperative pain compared with laparotomy 
for rectal surgery [18]. The presently observed increase 
in pain scores upon return to the ward, especially on 
postoperative day 1, indicates an alteration of care in all 
groups, which is in agreement with observations after 
rectal surgery in prior studies. Once a patient is in the 
surgical ward, support analgesia is often not adjusted 
in patients with high pain by increased flow of EA or the 
addition of other analgesic drugs. Support from a nurse 
specializing in pain management would be useful for 
identifying patients whose pain level warrants a change 
in treatment.

In agreement with previous findings, we observed 
large individual variations in pain and morphine 
consumption, regardless of the surgical technique. 
Locoregional analgesia during and after surgery 
reportedly allows for a reduction in intraoperative and 
postoperative opioid consumption [19]. We found that 
EA was effective in the vast majority of patients who 
did not require postoperative morphine injections, as 
previously reported [20]. Among patients with PCEA 
failure, the average pain level was > 5 on postoperative 
day 3, despite larger morphine doses. Except for 
patients with PCEA failure, none of the patients with EA 
received IV morphine or reported a pain level > 4 over 
10. The average dose of morphine decreased over time 
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