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Evaluation of analgesic effects and hemodynamic responses 
of epidural ropivacaine in laparoscopic abdominal surgeries: 
Randomised controlled trial
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Introduction

Minimally invasive surgery is slowly replacing open 
abdominal surgery as it is associated with reduced 
postoperative pain and allows a faster recovery in comparison 
to open surgery.[1,2] Epidural analgesia has been used in 
laparoscopic surgery as part of the enhanced recovery after 

surgery (ERAS)[3‑5] for attenuation of stress responses and 
enhanced recovery. While its undisputed benefits in recovery 
profile in open abdominal surgery is available,[5] its role in 
laparoscopic surgery is conflicting. The role of epidural 
analgesia in obese and patients at risk for pulmonary 
complications undergoing laparoscopic abdominal surgeries 
has been established in ERAS guidelines[6] but its analgesic 
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Background and Aims: The role of epidural analgesia in laparoscopic surgeries remains controversial. We evaluated 
intraoperative analgesic effects of epidural ropivacaine versus intravenous fentanyl in laparoscopic abdominal surgery and 
assessed postoperative analgesic requirements, hemodynamic changes, time to ambulation, and length of stay (LOS) in the ICU.
Material and Methods: Seventy‑two American Society of Anesthesiologists physical status I–III adult patients undergoing 
elective laparoscopic abdominal surgeries were randomized to either 0.5 µg/kg/h intravenous fentanyl (Group C) or 0.2% epidural 
ropivacaine at 5–8 mL/h (Group E) infusions intraoperatively and 0.25 µ/kg/h fentanyl and 0.1% epidural ropivacaine infusions 
respectively postoperatively. Variations in mean arterial pressure (MAP) of 20% from baseline were points of intervention for 
propofol and analgesia with fentanyl or vasopressors. The number of interventions and total doses of fentanyl and vasopressors 
were noted. Postoperative analgesia was assessed at 0, 6, 12, and 24 h and when pain was reported with numerical rating 
scale and objective pain scores. Chi‑square test and Student’s t‑test were used for categorical and continuous variable analysis.
Results: Intraoperatively, 14 patients versus 4 needed additional fentanyl and 26 versus 14 needed additional propofol in 
groups C and E respectively (P = 0.007, P = 0.004). MAP at 0, 6 and 18 h was lower in Group E. Pain scores were better in 
Group E at 6,18, and 24 h postoperatively. Time to ambulation was comparable but LOS ICU was prolonged in Group E (P = 0.05) 
Conclusion: Epidural ropivacaine produces superior intraoperative analgesia and improved postoperative pain scores without 
affecting ambulation but increases vasopressor need and LOS ICU in comparison with intravenous fentanyl in laparoscopic 
abdominal surgeries.
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benefit and improved bowel function have proponents for 
and against.[7,8]

The quality of analgesia is reportedly superior with epidural 
analgesia even in laparoscopic surgeries and it is associated 
with opioid sparing and improved ambulation benefits.[5]

At a gastro‑surgical unit that had moved to laparoscopy from 
open surgeries which incorporated epidurals as a standard 
of care, we proposed to evaluate the quality of analgesia of 
epidural 0.2% ropivacaine versus intravenous fentanyl on the 
intra‑ and postoperative analgesic and recovery profile.

Our primary aim was the evaluation of intraoperative analgesic 
effects of epidural 0.2% ropivacaine versus intravenous 
fentanyl at 0.5 µg/kg/h in laparoscopic abdominal surgeries. 
The secondary objectives were postoperative analgesic 
requirements, hemodynamic changes, time to ambulation, 
and length of ICU stay (LOS ICU).

Material and Methods:

The study was commenced after the institutional ethics 
committee approval (IEC‑AIMS‑2018‑ANES‑055A) and 
prior written informed consent was taken. All procedures 
done in the study followed the ethical guidelines of the 
Declaration of Helsinki. This was a randomized control 
trial conducted between December 2018 and July 
2019 {CTRI‑ 2018/12/016559}.

We included ASA I, II, and III patients undergoing elective 
laparoscopic abdominal surgery at our institution. Exclusion 
criteria were BMI  >30, preoperative analgesic or opioid 
dependence, spinal abnormalities, and patients who needed 
postoperative ventilation.

Patients were randomized into one of the two groups, by 
a computer‑generated random number sequence placed in 
opaque envelopes and patients grouped as per allotment. 
Group E was the study group with epidural and Group C 
was the control group with fentanyl infusion. As the drugs and 
routes differed, the investigator and observer were unblinded to 
the treatment of either strategy. Participants were enrolled by 
the principal and co‑investigator and patients followed in the 
ICU by the intensive care team in accordance with the study 
protocols. All patients were premedicated with tablet ranitidine 
150 mg and metoclopramide 10 mg on the night prior and 
morning of surgery except in patients where bowel obstruction 
was suspected. Tablet Alprazolam 0.25 mg was also added 
if there was no contraindication. Patients were shifted to the 
operating room where the preinduction monitors, non‑invasive 
blood pressure (NIBP), electrocardiogram (ECG) and pulse 

oximeter  were attached. Intravenous line and radial arterial 
line were inserted under local anesthesia as per protocol. The 
baseline heart rate and blood pressure were recorded.

In the intervention Group E, lower thoracic epidural between 
T8 and T12 was placed prior to the induction of anesthesia. 
An epidural test dose with 3  mL of 2% lignocaine with 
adrenaline was given to rule out accidental intravenous or 
intrathecal catheter placement and further 3  mL of saline 
to flush the drug. The level of sensory blockade to cold 
sensation was noted with ice at 5 min to confirm accurate 
placement of the epidural. The patients who did not manifest a 
specific dermatome level were inferred as having non‑working 
epidural and excluded from the study at this point. Following 
confirmation, a 0.2% ropivacaine infusion at 5–8 mL/h was 
continued during surgery.

In the control Group C, intravenous fentanyl at 0.5 µg/kg/h 
as intraoperative analgesia was started following induction and 
continued until skin closure as per the prevailing institutional 
protocols for laparoscopic surgery.

All patients received general anesthesia as per a standardized 
protocol with intravenous midazolam 0.05 mg/kg, fentanyl 2 
µg/kg, propofol titrated to loss of verbal response. Low flow 
anesthesia with 1.0 L air oxygen mixture (50% oxygen) and 
isoflurane at 0.7–1.0 minimum alveolar concentration was 
used and end‑tidal carbon‑dioxide maintained between 35 
and 40 mmHg. Atracurium at 0.5 mg/kg was used for muscle 
relaxation. In patients with evidence of intestinal obstruction, 
rapid sequence induction was performed with succinylcholine 
1.5 mg/kg or with rocuronium (0.9 mg/kg).

As no objective indices are available to assess the intraoperative 
pain and facilities for bispectral index and anti‑nociceptive 
monitors were not available for all patients, an increase or 
decrease in mean arterial pressure (MAP) more than 20% 
of baseline was taken as the point for intervention.

For an increase in MAP  >20% from baseline, the first 
step in management was propofol 0.5 mg/kg to a maximum 
of two doses at each administration. The second dose was 
administered after a lack of response for 5 min after the first. 
The second line of management was fentanyl 0.5 µg/kg for 
two doses over 10 min and the third labetalol incrementally 
in 5 mg to control blood pressure. The management for the 
rise in MAP was uniform among both groups.

For a fall in MAP  <20% from baseline, the first line 
in management was incremental phenylephrine boluses 
not exceeding 250  µg and second‑line noradrenaline 
infusion (0.02–0.2 µg/kg/min).
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Intraoperative total number of occasions needing treatment, 
use of additional opioid, (µg) or need for vasopressors were 
noted. At the end of the surgery, the port site was infiltrated 
with 0.25% bupivacaine at 15 mL volume in both groups. 
An additional 10 mL was used for site infiltration if a stoma 
was present in both groups.

Postoperatively, Group  E received epidural with 0.1% 
ropivacaine infusion at 5‑8  mL/h and Group  C received 
0.25 µg/kg/h fentanyl infusion until they were shifted 
from the ICU. Quality of analgesia was assessed by 
numerical rating scale  (NRS) and by the objective pain 
score (OPS)[9] [Figure 1].

For a NRS ≥3, both groups received intravenous paracetamol 
1 gm as the first line of treatment as part of the protocol as they 
were under infusion of the study drug and were subsequently 
monitored for pain relief. If pain was not relieved prior to 
the next dose of paracetamol (8 h), epidural bolus of 10 mL 
0.1% ropivacaine was given in Group E and fentanyl bolus of 
0.5 µg/kg in Group C. For pain reported from site other than 
surgical site, 0.5 µg/kg of IV fentanyl bolus was administered. 
Heart rate, systolic blood pressure, and MAP were noted at 
the time of the shift to ICU, at 6, 12, 18, and 24 h for both 
groups postoperatively.

The need for treatment for pain, and pain during ambulation 
and LOS ICUwas noted.

As we did not find prior literature comparing fentanyl versus 
epidural ropivacaine in laparoscopic surgery, we conducted a 
pilot study on 20 patients undergoing laparoscopic abdominal 
surgeries. The intraoperative need for additional fentanyl 
beyond the background infusion of fentanyl or epidural was 
compared. In our study, 5  patients  (50%) in the control 
group  (Group  C) versus only 2  patients  (20%) in study 
group (Group E) required an additional dose of fentanyl. 
With a 95% confidence and 80% power, the sample size was 
calculated as 36 patients in each group.

To compare the mean of numerical variables between groups, 
independent sample t‑test was applied. To study the statistical 
significance of association between two categorical variables, 
the Chi‑square test was applied. A P value of < 0.05 was 
considered statistically significant. Statistical analysis was done 
using IBM SPSS 20.0 (Armonk, NY, USA).

Results

A total number of 72  patients were recruited into this 
study  [Figure  2]. The demographic profiles between the 
groups were comparable. The surgeries in both groups were 
colorectal surgeries and distribution between the groups was 
comparable [Table 1].

The duration of surgery was longer in the epidural 
group [Table 1].

Fifteen (41.7%) patients in Group C versus only four (11.1%) 
patients in Group E received an additional dose of fentanyl, 
P = 0.007 [Table 2]. Twenty‑six (72.2%) patients in Group C 
versus only fourteen (38.9%) patients in Group E received an 
additional dose of propofol, P = 0.004 [Table 2]. Two patients 
in Group C versus ten in Group E needed vasopressor infusions 
peri  operatively, P = 0.024 [Table 2]. The induction doses of 
propofol between the groups were comparable and the doses of 
inhalational agents were similar between the groups [Table 2].

Postoperatively, NRS was significantly lower in the epidural 
group at 6 h and comparable at all other points. OPS was 
superior (higher) with epidural at 18 and 24 h [Table 3]. 
MAP was significantly lower in the epidural group at 0, 6, 
and 18 h [Table 4]. Nineteen patients in the fentanyl group 
needed boluses beyond background infusion (52%) and two 
among them had pain outside the surgical site. Nine patients 
needed epidural boluses but seven patients needed fentanyl for 
pain beyond the surgical site (44%) and differences between 
the groups were not significant.

None of the patients in the control had ileus while three 
patients (8.3%) in the epidural group developed postoperative 
ileus and one patient developed postoperative urinary 
retention. There were no adverse events such as nausea and 
pruritus in the patients studied. The mean time to ambulate 
was comparable between both groups but the mean LOICU 
stay was significantly longer in Group E [Table 4, P = 0.05].

Discussion

Our aim was to study the impact of epidural analgesia with 
ropivacaine on intraoperative analgesia and postoperative Figure 1: Objective pain score
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recovery profile at our center. The impact of postoperative 
epidural analgesia in laparoscopic surgery has been addressed 
and its analgesic benefits demonstrated with limitations on 
major outcomes.[10,11] However, its effect on intraoperative 
analgesic effects is not clear.

Most of the literature available on epidural analgesia has 
incorporated bupivacaine[6,12] and limited reviews are available 
on the use of ropivacaine.[13] The limitations in literature on 
intraoperative analgesic requirements perhaps exist because of 
a lack of definitive measurement of intraoperative analgesia. 
Erol and colleagues[14] had made comparisons between 
intravenous fentanyl and epidural bupivacaine with improved 
results on early postoperative analgesia. We chose to compare 
the intraoperative analgesic dose of ropivacaine 0.2% to 

the analgesic dose of fentanyl at 0.5 µg/kg/h that is our 
standard opioid regime intraoperatively for major laparoscopic 
abdominal surgery.

Our analysis showed that the analgesic benefits were less in 
Group  C that received fentanyl despite a context‑sensitive 
half‑life of more than 300 min documenting analgesic efficacy 
of the epidural in the early postoperative period. The epidural 
group had a longer duration of surgery and better analgesia 
despite a beneficial effect of fentanyl with an extended half‑life.

We proposed that increases in blood pressure could be an 
indirect measurement of pain and analgesic requirements during 
surgery. We used an increase in MAP above 20% from the 
baseline value as an endpoint for treatment. As the heart rate 

Figure 2: Consort diagram

Table 1: Demographics

Group C (n=36) Mean±SD Group E (n=36) Mean±SD P
Age (years) 57.50±13.54 57.44±14.23 0.987
BMI kg/m‑2 23.70±2.70 23.613±3.99 0.909
Male/female n (%) 19 (52.8)/17 (47.2) 17 (47.2)/19 (52.8) 0.637
Duration of surgery (min) 258.03±79.96 305.97±105.16 0.033
Type of surgery Numbers of patients Numbers of patients P
Sigmoid colectomy 14 10 P>0.05
Anterior resection 7 9
Abdominoperineal resection 3 5
Hemicolectomy 12 12
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could vary due to different causes during surgery including 
hypovolemia, vagal stretch responses, we believed that a rise in 
blood pressure could be a more accurate reflection of pain. The 
bispectral index monitors or the anti‑nociceptive monitors were 
not consistently available for our patients and we looked at the 
utility of hemodynamic changes in predicting intraoperative pain.

Patients who were hypertensives were controlled at the time of 
surgery as these were elective procedures and were comparable 

between the groups. The point for intervention was an increase 
from the basal MAP measured when the patient was calm 
and resting. The administration of fentanyl was after checking 
the response to propofol in both groups wherein transient 
responses were eliminated. The need for fentanyl was a 
sustained blood pressure rise suggestive of pain and was higher 
in Group C (41.1% vs. 11.7%, P = 0.007) documenting 
opioid‑sparing effects of epidural analgesia.

There was a higher need for vasopressors in the epidural 
group 27.8% vs. 5.6% as per our protocol with intervention 
after initial resuscitation with phenylephrine. As our 
intervention was targeted at a fall in MAP less than 20% from 
baseline greater numbers of patients received norepinephrine 
as a rescue strategy even when the MAP was greater than 
65 mmHg and this eliminated problems due to reduction in 
MAP. Norepinephrine was used in doses between 0.02 and 
0.08 µg/kg/min, which is unlikely to cause adverse effects. 
A meta‑analysis comparing epidural versus opioids in largely 
open colorectal surgery had shown significant hypotension 
in the epidural group,[10] however epidurals exclusively in 
laparoscopic surgeries have not reported hypotension during 
surgery.[11,13,14] This could be an advantage of epidural in 
laparoscopic surgery wherein the hypotension of sympathetic 
blockade is partly offset by sympathetic responses to peritoneal 
stretch and handling.

The MAP was also lower in the epidural group postoperatively 
but none of the patients needed norepinephrine as the 
intervention was based on an actual MAP and not from its 
baseline value [Table 4].

We had also looked at the consumption of volatile anesthetic 
and induction doses of propofol between the groups to avoid 
the confounding effects of these agents on hemodynamics. The 
usage between both groups was similar [Table 2].

Postoperative analgesia was compared by the standard 
numerical rating score and an objective index, OPS.[6] A 
numerical rating score may not pick up the pain when the 
patient is at rest in bed and we evaluated by the OPS patient’s 
comfort or pain at specific efforts such as deep breathing or 
coughing during incentive spirometry. This was also used to 
evaluate pain when the patient was ambulated the day after 
surgery but we did not compare pain scores at the time of 
ambulation. In the first 6 h patients are usually asleep and 
the movements for care, spirometry, and ambulation start after 
12 h. We believed that the pain scores were assessed at those 
times when standard rehabilitation measures were employed 
and would be reflective of the overall pain perception. It is 
evident that the epidural group was more pain‑free 18 h after 
surgery as assessed by the OPS even when the NRS did not 

Table 3: Postoperative pain by NRS and OPS

Group C n=36 
(mean±SD)

Group E n=36 
(mean±SD)

P

NRS#

0 h 3.94±2.18 3.5±1.7 0.343
6 h 3.81±1.8 2.44±1.36 0.001
12 h 2.94±1.5 2.56±1.44 0.271
18 h 2.94±1.55 2.31±1.17 0.052
24 h 2.44±1.22 1.94±1.09 0.073

OPS*
0 h 2.06±0.893 2.08±0.732 0.886
6 h 2.39±0.803 2.72±0.701 0.065
12 h 2.44±0.652 2.69±0.624 0.101
18 h 2.58±0.732 3.06±0.630 0.005
24 h 2.83±0.697 3.44±0.773 0.001

#Numerical rating score. *Objective pain score [Figure 1]

Table 4: Postoperative hemodynamics, ambulation, LOS 
ICU

Time in hours Mean Arterial Pressure 
(mmHg)

P

Group C 
(n=36) 

Mean±SD

Group E 
(n=36) 

Mean±SD
Baseline (prior to surgery) 92.89±14.595 88.39±11.200 0.147
0 h 102.28±17.611 90.75±15.051 0.004
6 h 94.33±14.448 85.56±19.001 0.031
12 h 89.06±14.903 84.39±13.468 0.168
18 h 92.25±16.040 83.97±13.259 0.020
24 h 93.67±15.224 90.17±13.296 0.302
Time to ambulate (h) 20.64±3.208 20.03±4.55 0.051
LOS ICU (h) 28.64±6.787 37.42±25.10 0.050
LOS: Length of stay

Table 2: Intraoperative interventions and duration of 
surgery

Intraoperative Number of patients needing 
intervention

P

Group C n (%) Group E n (%)
Add Fentanyl 15 (41.7) 4 (11.1) 0.007
Add Propofol 26 (72.2) 14 (38.9) 0.004
Vasopressors 2 (5.6) 10 (27.8) 0.024
Doses of drug Mean±SD Mean±SD
Isoflurane mL/h 8.33±2.33 7.18±2.92 0.086
Induction propofol 
mg per patient

112.22±37.4 101.94±28.06 0.192
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pick up the pain difference. Significantly, better scores were 
seen on patient movement and coughing at 18 and 24 h and 
when patient ambulation was instituted as seen with other 
workers.[11‑15]

Paracetamol was used as part of the postoperative pain 
management strategy at our institute. Prolonged surgery 
and positioning can cause myalgia and it can be managed 
with paracetamol. Pain persisting beyond this dosing was 
considered for bolus treatment or fentanyl bolus for pain 
outside the surgical site.

The amount of ropivacaine used in the epidural group was 
between 10 and 16 mg/h which was well below the 3 mg/kg 
dose associated with toxicity. An additional 15 mL of 0.25% 
was used and 10  mL additionally for the stoma in both 
groups. A study on infusions of 0.2% ropivacaine for 120 h 
post knee surgery with boluses of higher concentrations 
has shown that even at an absolute duration of 1,786 h of 
infusion, the plasma‑free ropivacaine that is linked to toxicity 
was only 0.16 µg/mL and that levels plateaued after an 
initial rise emphasizing safety in long‑term epidural infusions 
in patients.[16] We did not encounter any clinically apparent 
toxicity among our patients but did not measure serum levels 
of ropivacaine for clarification.

A meta‑analysis by Joshi and colleagues[11] critically evaluated 
the optimal analgesic options in laparoscopic colorectal 
surgery and recommended the use of cyclooxygenase inhibitors 
and steroids in conjunction with paracetamol as part of 
multimodal analgesia. Among our patients, 40% had diabetes 
mellitus which precluded routine use of perioperative steroids. 
Cyclooxygenase inhibitors are not used at our center because of 
concerns of major gastrointestinal bleed and renal dysfunction 
after surgery. Some studies have shown a higher incidence of 
anastomotic leakage after their use.[17,18] The incorporation of 
an epidural analgesic may help in the practice of opioid‑free 
anesthesia when the safe use of non‑steroidal anti‑inflammatory 
agents is not possible.[19]

While it is true that the quality of analgesia with opioids does 
not differ from an epidural in laparoscopic colorectal surgery,[20] 
opioids can increase isedation, cause respiratory depression, 
pruritus, and other side effects including dependence that are 
not seen with epidural analgesia.

The proposed advantage of the decrease in ileus[21,22] with use 
of epidural was not observed in our patients. We had looked 
at the time to appearance of bowel sounds or passage of flatus 
or functioning of the stoma as the time to bowel function. The 
overall incidence of ileus was low among our patients, but three 
patients in the epidural group had ileus by our definition.

As per our protocol, both sets of patients had indwelling 
urinary catheters at the time of shift from the ICU. The 
removal of the catheters was in the surgical wards and any 
retention may have been overlooked in our study.

The intent to fast track was standard management but the 
shifting of patients may have been influenced by the need 
for ICU beds or surgical reasons in some patients. However, 
LOS ICU was longer in the epidural group in our study, 
37  h against 28  h in the opioid group and this is similar 
to the reports of Halabi[23] and Borzellino.[24] We feel that 
protocols relating to indwelling epidural catheters and deep 
vein thrombosis prophylaxis besides the ileus may have 
contributed to an increase in their ICU stay.

Our study had its limitations. We relied on blood pressure 
changes to indicate intraoperative pain and did not use depth of 
anesthesia monitors to support our assumption. As we believed 
that heart rate changes could occur independent of pain, we 
relied on the sustained elevation of blood pressure as the trigger 
for intervention. We also felt that it would have been difficult to 
fix a target for intervention for both heart rate and blood pressure 
simultaneously. We did not specifically look for hemodynamic 
responses at port insertion, pneumoperitoneum or at closure. 
This may have added inputs on analgesic efficacy. Obese patients 
were excluded to avoid errors on dosing of fentanyl according 
to body weight and technical difficulties in epidural catheter 
placements but they may have added to our understanding.

The heart rate changes were monitored postoperatively and 
hemodynamic comparisons were made. The intraoperative 
heart rate changes were not compared between the two groups 
in our study. We did not follow‑up patients for pain after 24 h 
for uniformity as most Group C patients were shifted after 
24 h in the ICU. Patient controlled analgesia pumps were 
not available at our center; the use of these pumps may have 
regulated the volume of fentanyl given postoperatively.

Although perioperative pain evaluation has progressed and 
more objective dimensions have been introduced, the quest for 
an ideal intraoperative nociceptive monitor continues. Newer 
monitors that are based upon skin conductance, pupillometric 
responses, nociceptive flexion responses, and the surgical pleth 
index are perhaps tools to consider for the future. The q‑NOX 
monitor that incorporates pain assessment in addition to 
consciousness level correlates well with the standard bispectral 
index and could be the tool for the future.[25]

We believe with the current evidence and using blood pressure 
measurements, the use of an epidural can reduce pain and 
intra‑ and postoperative opioid requirements and allow more 
comfortable ambulation postoperatively. Although ERAS 
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guidelines are moving away from central neuraxial blockade, 
limited use in high volume centers in high‑risk patients may 
reduce opioid dependence and gastrointestinal side effects.

Conclusion

We conclude that epidural ropivacaine produces superior 
intraoperative analgesia and improved postoperative pain 
scores but increased intraoperative need for vasopressors 
and ICU stay in comparison with intravenous fentanyl in 
laparoscopic abdominal surgeries.
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