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Background. Chronic postoperative pain is the most common postoperative complication that impairs quality of 
life. Postoperative pain gradually develops into neuropathic pain. Multimodal analgesia targets multiple points in the 
pain pathway and influences the mechanisms of pain chronification.
Patients and methods. We investigated whether a lidocaine patch at the wound site or an infusion of metamizole 
and tramadol can reduce opioid consumption during laparoscopic colorectal surgery and whether the results are 
comparable to those of epidural analgesia. Patients were randomly divided into four groups according to the type of 
postoperative analgesia. Group 1 consisted of 20 patients who received an infusion of piritramide. Group 2 consisted 
of 21 patients who received an infusion of metamizole and tramadol. Group 3 consisted of 20 patients who received 
patient-controlled epidural analgesia. Group 4 consisted of 22 patients who received piritramide together with a 5% 
lidocaine patch on the wound site. The occurrence of neuropathic pain was also investigated.
Results. Piritramide consumption was significantly lowest in group 3 on the day of surgery and on the first and second 
day after surgery. Group 4 required significantly less piritramide than group 1 on the day of surgery and on the first and 
second day after surgery. The group with metamizole and tramadol required significantly less piritramide than groups 
1 and 4 on the first and second day after surgery. On the day of surgery, this group required the highest amount of 
piritramide.
Conclusions. Weak opioids such as tramadol in combination with non-opioids such as metamizole were as effective 
as epidural analgesia in terms of postoperative analgesia and opioid consumption. A lidocaine patch in combination 
with an infusion of piritramide have been able to reduce opioid consumption.
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Introduction

Chronic postoperative pain is one of the most 
common postoperative complications that se-

verely impair patients’ quality of life. It occurs in 
about 10% of patients after major surgery and is a 
major health and economic problem. It typically 
starts as acute postoperative pain that is difficult 
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to control and gradually turns into persistent neu-
ropathic pain. Multimodal analgesics have the po-
tential to reduce acute postoperative pain and tar-
get multiple points in the pain pathway. For this 
reason, postoperative pain management should 
be multimodal and opioid sparing.1 Thoracic epi-
dural analgesia could alleviate pain after laparo-
scopic surgery.2-4 Although ERAS guidelines rec-
ommend the use of less invasive techniques for 
pain relief5-8, opioids are frequently used periop-
eratively despite their side effects.9-11 Non-opioids 
and 5% lidocaine patches applied topically could 
effectively reduce the use of opioids and their side 
effects.12,13

Indeed, efficient perioperative pain manage-
ment is important to prevent late neuropathic 
pain, even after laparoscopic lower abdominal 
surgery. The incidence is generally low compared 
to open surgery.14

In comparison to epidural or opioid analge-
sia, we wanted to investigate whether a lidocaine 
patch at the wound site or an infusion of metami-
zole and tramadol can reduce opioid consumption 
in laparoscopic colorectal surgery and whether the 
results are comparable to those of epidural analge-
sia. We also compared the incidence of postopera-
tive neuropathic pain between the groups.

The primary outcome of this study was opioid 
consumption (piritramide) during the postopera-
tive period, measured at three time points (imme-
diately after surgery, the first postoperative day, 
and the second postoperative day). Secondary out-
comes included pain assessment (VAS scores) and 
the incidence of postoperative neuropathic pain.

Patients and methods

A prospective, randomised study with four paral-
lel groups was conducted at the University Medical 
Centre (UMC) Ljubljana. The study included pa-
tients from the Clinical Department of Abdominal 
Surgery who were categorised as high-risk ASA 
(American Society of Anaesthesiologists) class 2–3 
surgical patients. Adult patients who had under-
gone laparoscopic colorectal tumor resection were 
included in the study. Exclusion criteria included 
minors, pregnant women, patients undergoing 
laparotomy and patients undergoing palliative 
procedures.

The study was approved by the Slovenian 
National Medical Ethics Committee (151/03/09, 
220/03/09, 148/06/11) and registered with Clinical 
Trials under the ID number NCT04719884. 

Each patient was visited by a member of the re-
search team one day prior to surgery to obtain in-
formed consent and clarify any questions. Patients 
were randomised into four groups based on the 
type of postoperative analgesia. They were ran-
domly assigned to one of four treatment groups 
using computer-generated random numbers. 
Randomization was performed prior to surgery by 
an independent statistician (simple randomisation 
was used), and allocation was concealed until the 
intervention was applied.

Group 1 consisted of 20 patients who received 
an infusion of piritramide (patient-controlled anal-
gesia, PCA). Group 2 consisted of 21 patients who 
received an infusion of metamizole and tramadol. 

FIGURE 1. Consort chart of the study. Thet diagram shows the flow of participants 
through each stage of a randomized trial.

PCA = patient-controlled analgesia; PCEA = patient-controlled epidural analgesia
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Group 3 consisted of 20 patients who received pa-
tient-controlled epidural analgesia (PCEA). Group 
4 consisted of 22 patients who received PCA to-
gether with a 5% lidocaine patch on the wound 
site (Figure 1).

Anaesthesia was performed by two anaes-
thetists, with the technique being uniform in all 
groups. Standard monitoring was performed. On 
admission, intravenous access was established, and 
patients were premedicated with midazolam. In 
group 3, a thoracic epidural catheter was inserted at 
the level of Th 7–8 in the left lateral position before 
the procedure and tested with 3 ml of 2% lidocaine.

Standard induction protocols were followed, in-
cluding propofol (1–2 mg/kg) or etomidate (0.2 mg/
kg), fentanyl (3–5 μg/kg) and vecuronium (0.1 mg/
kg) or rocuronium (0.6 mg/kg). Anaesthesia was 
maintained with sevoflurane to keep the BIS value 
between 40 and 55. Analgesia was supplemented 
with fentanyl in groups 1, 2 and 4, while levobupiv-
acaine 0.5% epidural was administered in group 2.

Muscle relaxation was monitored and vecuro-
nium (2–4 mg) or rocuronium (10–20 mg) was ad-
ministered depending on the TOF values. At the 
end of the procedure, the volatile agents were dis-
continued, and the muscle blockade was reversed 
with neostigmine (2.5 mg) and atropine (1 mg) or 
sugammadex (2 mg/kg).

Postoperative analgesia began during wound 
closure: in group 1 with PCA (piritramide 0.5 mg/
ml; infusion 1.5 mg/h, bolus 1.5 mg, lockout 30 
minutes), in group 2 with an infusion of tramadol 
300 mg and metamizole 2.5 g (in 500 ml 0.9% NaCl, 
infusion rate 40 ml/h), in group 3 with PCEA (200 
ml 0.125% levobupivacaine, 4 mg morphine, 0.075 
mg clonidine; infusion 5 ml/h, bolus 5 ml, cut-off 
time 30 minutes) and in group 4 with PCA (piri-
tramide 0.5 mg/ml; infusion 0.5 mg/h, bolus 1.5 
mg, cut-off time 20 minutes) in combination with 
a 5% lidocaine patch on both sides of the wound. 
The plaster was removed after 12 hours and reap-
plied after a 12-hour break. In all groups, paracet-

TABLE 1. General patients’ and procedure characteristics

Group 1 
(PCA)

Group 2 
(tramadol-

metamizole)
Group 3 
(PCEA)

Group 4 
(PCA and 
lidocaine)

p

Age (years) 59 65 60 59 0,394

Weight (kg) 76 75 79 76 0,833

Wound length (cm) 6,55 7,17 7,45 7,90 0,286

Duration of surgery (min) 139 133 117 112 0,024

Duration of hospitalization (days) 8 9 8 10 0,380

Day of first defecation 4 4 5 4 0,571

ANOVA test was used for comparison. p value of < 0.05 is statistically significant.

PCA = patient-controlled analgesia; PCEA = patient-controlled epidural analgesia

TABLE 2. Comparison of piritramide consumption between the group pairs

Comparison P value (day 0) P value (day 1) P value (day 2)

PCA PCEA 0.938 <  0.001 <  0.001

PCA tramadol-metamizole 0.083 <  0.001 <  0.001

PCA PCA + lidocaine 0.995 0.003 0.026

PCEA tramadol-metamizole 0.008 0.352 0.038

PCEA PCA + lidocaine 0.862 < 0 .001 < 0 .001

PCA + lidocaine tramadol-metamizole 0.030 <  0.001 <  0.001

Dwass-Steel-Critchlow-Fligner pairwise comparisons. p value of < 0.05 is statistically significant.

PCA = patient-controlled analgesia; PCEA = patient-controlled epidural analgesia
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amol 1g/6–8hrs iv was administered regularly. In 
groups 1, 3 and 4, metamizole 2,5g/12hrs iv was 
also prescribed. The prescribed analgesia in all 
four groups was not changed during the study, as 
it would have made it more difficult to evaluate 
the difference in additional bolus consumption of 
piritramide. We monitored the side effects of the 
analgesics. Appropriate antiemetic therapy was 
planned, but our patients did not require it. No 
significant sedative effects were observed.

After the operation, the patients were trans-
ferred to the post-operative care unit (PACU) and 
later to the intensive care unit of the abdominal 
surgery department. They received additional bo-
luses of piritramide (3 mg) if required. The dura-
tion of the operation and the length of the wound 
were recorded intraoperatively. In the following 
two postoperative days, data such as visual ana-
logue scale (VAS) scores, piritramide consump-
tion, length of hospital stay and readmission to 
hospital were recorded. VAS was evaluated every 
six hours and when the additional piritramide bo-
lus was needed. 

The DN4 (Douleur Neuropathique 4) and Pain 
Detect questionnaires were used to assess the oc-
currence of neuropathic pain 30 days after surgery.

Statistical analysis 

The results were analysed with R: A language 
and environment for statistical computing. (R 
Foundation for Statistical Computing, Vienna, 
Austria). The ANOVA test was used to determine 
differences between the study groups. Pairwise 
comparisons were performed using the Dwass-
Steel-Critchlow-Fligner test. A p-value of < 0.05 
was considered statistically significant.

Power analysis 

A power analysis was performed to determine 
the appropriate sample size. Based on previous 
data from patients treated at our department and 
clinical relevance, we assumed a minimum effect 
size of 0.5 (Cohen’s d) for the reduction in opioid 
consumption between groups (based on previ-
ous data, this corresponds to 3mg of piritramide). 
This effect size was considered clinically signifi-
cant. To detect this effect with 80% power and a 
significance level of 0.05, a total of 80 patients (ap-
proximately 20 per group) were required. The cal-
culation was performed using standard formulas 

FIGURE 2. Piritramide consumption on day of surgery (day 0).

FIGURE 3. Piritramide consumption on first postoperative day (day 1).

PCA = patient-controlled analgesia; PCEA = patient-controlled epidural analgesia

FIGURE 4. Piritramide consumption on second postoperative day (day 2).

PCA = patient-controlled analgesia; PCEA = patient-controlled epidural analgesia
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for comparing means in four independent groups 
(ANOVA). 

Results

We analysed the data of 20 patients in group 1, 21 
patients in group 2, 20 patients in group 3 and 22 
patients in group 4 (Figure 1). The general patient 
characteristics, length of wound and duration of 
surgery are shown in Table 1.

The duration of surgery was significantly 
shorter in the lidocaine group (p = 0.024). There 
was no statistically significant difference between 
the characteristics listed in Table 1 with regard to 
the gender or ASA status of the patients. In each 
group, patients were equally distributed in terms 
of gender.

In group 1, there were 19 colon resections and 1 
rectal resection. In group 2, there were 8 rectal re-
sections and 12 colon resections. In group 3, there 
were 2 rectal resections and 18 colon resections, 
while in group 4, there were 3 rectal resections 
and 19 colon resections. All surgeries were lapa-
roscopic. Patients in our study did not undergo ad-
ditional anorectal excision during rectal surgeries. 
The duration of rectal surgeries and the length of 
postoperative wounds were comparable to bowel 
resections; therefore, we treated all surgeries as a 
group of laparoscopic colorectal resections.

There was no statistically significant difference 
in VAS scores between the groups. The VAS scores 
were low (below 3).

Figures 2–4 and Table 2 show the comparison 
of piritramide consumption on three consecutive 
postoperative days.

After surgery, patients in group 3 (PCEA) re-
quired less piritramide than patients in group 2 
(tramadol-metamizole) (p < 0.08). There were no 
differences in piritramide consumption between 

patients in groups 2 and 3 on the first day after 
surgery, but on the second day after surgery, pa-
tients in group 3 required less piritramide than 
those in group 2 (p < 0.038). Similarly, patients 
in group 4 (PCA + lidocaine) required less pirit-
ramide than patients in group 2 (p < 0.03) on the 
day of the surgery. But on the first and second day 
after surgery, patients in groups 2 and 3 received 
statistically significantly less piritramide than 
patients in groups 1 and 4 (p < 0.001). Patients in 
group 4 required statistically significantly less pi-
ritramide than patients in group 1 both on the first 
day (p < 0.003) and on the second day after surgery 
(p < 0.026).

There were no significant differences between 
groups in Pain Detect or DN4 questionnaires 
scores using the Anova test (Table 3).

Discussion

Postoperative pain is managed in different ways 
in patients undergoing elective colorectal tumor 
resection, affecting patient outcomes and pain 
scores.

The epidural catheter provides superior analge-
sia for colorectal surgery, whether performed lapa-
roscopically or with laparotomy.15 However, due 
to the frequent prolongation of the bowel recov-
ery period and potential complications associated 
with catheter insertion, epidural analgesia is often 
replaced by other methods in minimally invasive 
procedures.2,4,5,16 Intravenous opioid-based patient-
controlled analgesia (PCA) is a common method 
of postoperative analgesia, but peripheral analge-
sics could also be used to attenuate the side effects 
of opioids.7,9,11 Therefore, group 2 in our study re-
ceived an infusion of the weak opioid tramadol and 
metamizole. We found that the consumption of pi-
ritramide was significantly reduced in this group 
on two consecutive days after surgery compared 
to group 1 (PCA) and group 4 (PCA + lidocaine). 
However, there was a significant requirement for 
additional opioids immediately after surgery. As 
expected, no additional analgesia was required in 
the epidural analgesia group.

Pain scores measured using the VAS scale were 
low (below 3), indicating adequate postoperative 
analgesia in all groups.

Several studies have shown that intravenous 
administration of lidocaine (for both laparoscopic 
and laparotomy procedures) improves postopera-
tive analgesia in colorectal surgery, improves bow-
el function and shortens hospital stay.6,17-22 Studies 

TABLE 3. The scores from Pain Detect and DN4 (Douleur Neuropathique 4) 
questionnaires in the study groups

Group (No. of answers) Pain score 
(mean ± SD)

DN4  
(mean ± SD)

PCA (12) 0 0

Tramadol and metamizole (12) 1.2 ±2.1 0.2 ± 0.4

PCEA (15) 0.1 ± 0.5 0.1 ± 0.4

Lidocaine (17) 0.06 ± 0.2 0

ANOVA test was used for comparison. p value of < 0.05 is statistically significant.

DN4 = Douleur Neuropathique 4; PCA = patient-controlled analgesia; PCEA = patient-
controlled epidural analgesia
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have also shown potential benefits in terms of 
long-term cancer outcomes.23

Patients receiving lidocaine reported low pain 
scores, but piritramide consumption was relatively 
high due to the additional PCA infusion. It is like-
ly that total opioid consumption would have been 
significantly lower if only PCA bolus infusions 
had been programmed.22,24

The use of lidocaine patches did not result in 
lower opioid consumption after thoracotomy and 
sternotomy.25 In a study of 103 patients undergoing 
elective laparoscopic colorectal surgery, thoracic 
epidural anaesthesia, spinal diamorphine and 
PCA were compared. It was found that the use of 
patient-controlled analgesia was associated with 
significantly higher postoperative pain scores and 
higher pain intensity.26

Recovery of bowel function after laparoscopic 
colorectal surgery was similar in the epidural anal-
gesia and intravenous lidocaine groups, although 
epidural analgesia provided better pain relief.27

In our study, topical lidocaine was applied to 
the wound site in group 4. Compared to the PCA 
group, topical lidocaine also reduced piritramide 
consumption but had no favourable effects on bow-
el function, probably due to the local effect of lido-
caine rather than systemic effects. No differences 
were observed in the postoperative recovery of 
bowel function in any of our groups. This finding 
is consistent with observations in another study of 
open colon resection, in which no differences were 
found between the epidural, intravenous opioid or 
intravenous lidocaine groups in terms of recovery 
of bowel function, length of hospital stay and post-
operative pain control.28

67% of participants (56/83) completed pain ques-
tionnaires and no neuropathic pain was noted 30 
days after surgery, which is consistent with obser-
vations from another study of laparoscopic colo-
rectal surgery.29 The incidence of neuropathic pain 
is generally not expected in laparoscopic abdomi-
nal surgery and does not exceed 5%.14 However, 
the reported incidence of chronic postoperative 
pain after laparoscopic colorectal surgery is 17%, 
similar to laparotomy.30

Conclusions

In laparoscopic colorectal tumor surgery, weak 
opioid tramadol in combination with non-opioid 
metamizole could be as effective as patient-con-
trolled epidural analgesia (PCEA) in terms of post-
operative analgesia and opioid consumption. A 

lidocaine patch in combination with an infusion of 
piritramide (PCA) could reduce opioid consump-
tion.
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