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A randomized controlled trial was conducted to evalu-
ate pain scores in patients given continuous thoracic 
paravertebral (TPV) block with ropivacaine alone or 
with fentanyl in modified radical mastectomy (MRM). 
Forty female patients ASA classes 1 and 2, aged 18 to 
60 years, undergoing MRM were recruited. Preanes-
thesia with 0.5% ropivacaine, 20 mL, was injected at 
the T4 TPV space. After 2 hours, patients were ran-
domly assigned to receive a 0.1 mL/kg/h infusion of 
either 0.2% ropivacaine (group R) or 0.19% ropivacaine 
plus fentanyl, 2 µg/mL (group RF). Postoperatively, 
patient-controlled analgesia (PCA) with fentanyl was 
provided. Visual analog scale (VAS) pain scores at rest 
and movement were significantly less in group RF at 8 
AM on postoperative day 1 (R vs RF: rest: 2 [interquar-

tile range, 0-7] vs 1 [0-6]; P = .016; movement: 2.5 [1-8] 
vs 2 [1-8], P= .042) and on movement 60 minutes post-
operatively (R vs RF: 2 [0-9] vs 2 [1-2]; P = .01). Mean 
total fentanyl consumed via PCA in group R was sig-
nificantly more (206 ± 31.68 µg vs RF 82.5 ± 35.07 µg, 
P < .001). Mean total fentanyl consumed via PCA plus 
TPV infusion was comparable (R: 206 ± 31.68 µg vs RF: 
211 ± 25.52 µg, P < .2). Because the mean VAS score 
was below 3 in all timeframes, addition of fentanyl to 
ropivacaine in continuous TPV infusion in MRM had no 
clinical advantage. 
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B
reast cancer is one of the leading causes of 
cancer morbidity and mortality in women 
across the world with 30% to 40% undergoing 
surgery as the primary intervention.1 Surgery 
is most commonly performed with the patient 

under general anesthesia and with analgesia provided 
with intravenous (IV) infusion of opioids.2 However, the 
use of opioids has been associated with various draw-
backs; it fails to provide complete analgesia, it increases 
the incidence of postoperative nausea and vomiting 
(PONV), and its excessive use in the perioperative period 
is a known major risk factor for development of persistent 
chronic postoperative pain.3-7 In their narrative review, 
Byrne et al8 concluded that opioids inhibit the function of 
natural killer cells and stimulate cancer cell proliferation 
through effects on angiogenesis and tumor cell signaling 
pathways. However, opioids are widely used both IV and 
as adjuncts to local anesthetics.

Thoracic paravertebral (TPV) block has been used 
widely in breast surgeries to supplement analgesia along 
with general anesthesia. Both single- and multilevel 
TPV block has been used for breast surgery. Placement 
of the block at multiple levels increases the chances of 
complications and might have poor patient tolerability 
because of multiple skin punctures, and it increases the 
incidence of failure.9,10 Single-level TPV block has been 
shown to cover extensive dermatomes when given at the 
desired location. Most commonly it is given as a single 
injection followed by continuous infusion via a TPV 
catheter. This has various advantages, namely excellent 
intraoperative and postoperative analgesia,4 decreased 
postoperative analgesic requirement, decreased PONV, 
earlier resumption of oral fluid intake,3-6,11-15 and early 
ambulation and discharge from hospital.16 Addition of 
opioids to levobupivacaine in continuous TPV block 
has been shown to increase analgesic efficacy of local 
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anesthetics in modified radical mastectomy (MRM).17 
However, to our knowledge, no similar studies have 
been carried out with ropivacaine.

The primary objective of the present study was to 
determine if addition of fentanyl to ropivacaine has an 
advantage in pain scores at rest and on movement over 
plain ropivacaine infusion in patients undergoing MRM.

Methods
This prospective, double-blinded, 2-parallel-arm, ran-
domized controlled pilot study was conducted in the 
Department of Anesthesiology, All India Institute of 
Medical Sciences, New Delhi, India. 

A previous study demonstrated a mean fentanyl con-
sumption (± SD) of 27.7 ± 8.6 µg and a mean morphine 
consumption of 21.7 ± 5.5 mg in the other group.16 
Assuming a type I error of .05 and type II error of .2 
(power 80%), a sample size of 20 patients was required 
in each group in the present study to prove a significant 
difference. After we obtained the institution’s ethics com-
mittee approval, 40 women with carcinoma of the breast 
undergoing MRM were randomly assigned by computer-
generated random numbers into 2 groups of 20 each. 
Inclusion criteria included age greater than 18 years and 
ASA classes 1 to 3. The exclusion criteria were refusal 
to provide informed consent, pregnant or breastfeeding, 
morbid obesity (body mass index [BMI] > 35 kg/m2), 
coagulation disorders or treatment with anticoagulants, 
allergy to local anesthetics, severe spine or chest wall 
deformity, infection at the injection site, inability to 
understand the VAS, or surgical complications requiring 
reexploration during the study period.

At the preoperative visit, patients received information 
about the VAS (0-10; 0 = no pain, 10 = worst possible 
pain) and patient-controlled analgesia (PCA) device. 
They were instructed to stay nothing by mouth for 8 
hours before surgery and were premedicated with oral 

alprazolam (0.25 mg) and oral ranitidine (150 mg) on 
the night before and on the morning of the surgery.

In the operating room, after standard monitors (elec-
trocardiography, noninvasive arterial blood pressure cuff, 
and pulse oximetry) were attached, midazolam (1 mg IV) 
and fentanyl (1 µg/kg IV) were given for anxiolysis after 
securing IV access. Paravertebral injection was performed 
with the patient in the sitting position at least 30 minutes 
before skin incision. The site of injection was marked 2.5 
cm lateral to the uppermost point of T4 on the side of 
the operation. The skin and the subcutaneous tissue were 
infiltrated with 5 mL of 2% lidocaine at this point. 

A 20-gauge nerve stimulator needle (StimuLong, 
Pajunk) was inserted until the tip of the needle touched 
the transverse process of T5 vertebrae, not more than 1 
cm. The needle was slightly withdrawn (1-2 mm) and 
redirected cephalad to the transverse process, and then 
advanced to reach the paravertebral space. The needle 
was inserted at 2 mA with pulse width of 200 to 300 ms 
and frequency of 1 Hz until intercostal muscle twitch 
was seen or felt with the palm of the assistant’s hand. 
The needle was positioned to obtain twitches at 0.5 mA. 
Although the department had acquired an ultrasonogra-
phy machine for nerve blocks at the time of the study, a 
sufficient number of ultrasound TPV blocks had not been 
done to be included as the method of choice for TPV 
block in the present study. After “negative” aspiration, 
20 mL of 0.5% ropivacaine was injected. The catheter was 
threaded 2 to 3 cm and then secured. Decreased sensa-
tion to pinpricks from T2 to T6 dermatomes on the ipsi-
lateral side and the absence of block on the contralateral 
side was labeled as a successful block. 

Anesthesia was induced with propofol (2-2.5 mg/kg) 
and fentanyl (1 µg/kg). According to our institutional 
protocol, muscle relaxation was used and achieved with 
IV atracurium (0.5 mg/kg), followed by insertion of 
an appropriately sized laryngeal mask airway. The pa-

Table 1.  Demographic Characteristics in Both Groups
Abbreviation: BMI, body mass index.
aP < .05 = statistical significance.
bFisher exact test.

 Group R Group RF  
Parameter (ropivacaine) (ropivacaine and fentanyl) P valuea

Age, y, mean ± SD 54.15 ± 2.5 54.55 ± 2.3 .807

Height, cm, mean ± SD 153.8 ± 2.5 153.3 ± 2.3 .760

Weight, kg, mean ± SD 56.6 ± 4.0 59.1 ± 3.9 .350

BMI, kg/m2, mean ± SD 23.86 ± 1.3 25.09 ± 1.3 .172

ASA grade   .5b

1 12 13 

2 8 7 

Breast with carcinoma   .371b

Right 14 12 

Left 6 8 
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tient’s lungs were ventilated with oxygen in air (50:50). 
Anesthesia was maintained with oxygen, air, and des-
flurane. Boluses of IV fentanyl (0.5 µg/kg) were given if 
the heart rate or mean arterial blood pressure increased 
more than 20% from baseline. An anesthetist by random 
allocation number made the study drug infusion. The 
anesthetist, who was blinded to the medication used 
for the infusion, started the study drug regardless of the 
duration of surgery after 2 hours from the initial block. 

After 2 hours of TPV block, patients were allocated 
into 2 groups. Group R (ropivacaine) received TPV infu-
sion of 0.2% ropivacaine at the rate of 0.1 mL/kg/h for 24 
hours postoperatively. Group RF (ropivacaine and fen-
tanyl) received TPV infusion of 0.19% ropivacaine and 
fentanyl, 2 µg/mL, at a rate of 0.1 mL/kg/h for 24 hours 
postoperatively.

All surgeries involved ipsilateral axillary dissection. At 
the end of surgery, reversal of neuromuscular blockade 
was achieved with 50 µg/kg of neostigmine IV with 10 
µg/kg of glycopyrrolate IV. The laryngeal mask airway 
was removed after the patient achieved adequate respi-
ratory efforts. Ondansetron (4 mg IV) was given to all 
patients at the end of surgery.

Analgesic treatment in the postanesthesia care unit 
(PACU) consisted of on-demand IV fentanyl by PCA 
device in doses of 10 µg with a 6-minute lockout interval 
(10 doses per hour). Breakthrough pain was treated as 
follows: VAS scores 3 to 5, paracetamol, 1g IV; VAS 6 
to 7, tramadol, 50 to 100 mg IV; and VAS greater than 
7, fentanyl, 25 µg IV. The VAS score was assessed at 
rest and during a standardized arm movement (flexion 
and extension of arm 90° to the body) on arrival to the 
PACU, postoperatively at 30 minutes, at 60 minutes, 
at 90 minutes, at 120 minutes, at 8 PM on the day of 
surgery, 8 AM on the first postoperative day (POD), 8 
PM on POD 1, 8 AM on POD 2, and at discharge. The 
presence or absence of nausea, vomiting, pruritus, and 
urinary retention was noted at the same times. Treatment 

of PONV was a repeated dose of ondansetron, 4 mg IV. If 
PONV did not subside within 10 to 15 minutes, metoclo-
pramide, 10 mg IV, was injected.

Discomfort/pain during performance of the block 
(VAS 0-10) and soreness at the injection site at the time 
of discharge (present: yes/no) were also noted. Any sleep 
disturbances were also inquired about.

A qualified radiologist evaluated a chest radiograph 
done in the postoperative period for pneumothorax. 

All collected data were analyzed by using statistical 
software (SPSS version 22.0, IBM Corp). Data were pre-
sented as mean ± SD or as mean (interquartile range) as 
appropriate. Demographic characteristics were compared 
using the χ2/Fisher exact test for categorical variables. In 
the case of continuous variables, such as VAS, the average 
between the groups was compared by using the paired 
t test/Wilcoxon rank sum (Mann-Whitney) test. Total 
fentanyl consumed was compared using paired t -test as-
suming unequal variance. Categorical variables such as 
nausea, vomiting, pruritus, urinary retention, sleep dis-
turbance, and patient satisfaction were compared using 

Time

VAS at rest VAS at movement

Group R Group RF P value Group R Group RF P value
Arrival 0 (0-4) 0 (0-6) .468 1 (0-8) 2 (0-6) .124

30 min 1 (0-3) 1 (0-2) .796 2 (1-5) 2 (0-5) .879

60 min 1.5 (0-8) 1 (0-2) .300 2 (0-9) 2 (1-8) .010a

90 min 1 (0-6) 1 (0-7) .600 2 (0-9) 2 (1-8) .769

120 min 1 (0-6) 2 (0-7) .323 2 (1-8) 2 (1-9) .634

8 pm 1 (0-8) 2 (0-7) .655 2 (1-9) 2 (0-9) .933

8 am POD 1 2 (0-7) 1 (0-6) .016a 2.5 (1-8) 2 (1-8) .042a

8 pm POD 1 1 (0-2) 1 (0-2) .613 2 (1-3) 2 (1-5) .120

8 am POD 2 1 (0-3) 1 (0-2) .319 2 (0-5) 1 (0-2) .195

Discharge 1 (0-2) 1 (0-2) .545 2 (0-5) 2 (0-2) .412

Table 2.  Visual Analog Scale (VAS) Scores at Rest and Movement at Different Timesa

Abbreviations: POD, postoperative day; R, ropivacaine; RF, ropivacaine and fentanyl.
aP < .05 , statistically significant.

Figure.  Visual Analog Scale (VAS) Scores at Rest and 
Movement at Different Times in Both Groupsa

Abbreviations: POD, postoperative day; R, ropivacaine; RF, 
ropivacaine and fentanyl.
aP < .05, statistically significant.
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the Fisher exact test. P value below .05 was considered 
statistically significant for all data.

Results 
A total of 40 patients were recruited for the study from 
January 2013 to February 2014. They were randomly 
divided into 2 groups of 20 each: ropivacaine (group R) 
and ropivacaine and fentanyl (group RF). The patients’ 
mean age, height, weight, BMI, ASA grading, and the side 
of surgery were comparable between the groups (Table 1).

The mean VAS score at rest was significantly less in 
group RF at 8 AM on POD 1 compared with group R: 
group R vs group RF: 2 (interquartile range, 0-7) vs 1 
(0-6; P = .016). The VAS score at rest was not statistically 
significant in all other study periods between the groups 
(Table 2 and Figure). The VAS score on movement was 
significantly less in group RF compared with group R at 
60 minutes (group R vs group RF: 2 [0-9] vs 2 [1-2]; P 
= .01). (Even though the mean VAS scores were similar, 
the interquartile distance made the values significantly 
different.) Additionally, the VAS score on movement was 
significantly less in group RF at 8 AM on POD 1 (group 
R vs group RF: 2.5 [1-8] vs 2 [1-8]; P = .042). The VAS 
score on movement was not statistically significant in all 
other study periods between both groups (see Table 2 and 
Figure). The mean VAS score at rest and on movement in 
both the groups was below 3 at all measured times. 

The mean total fentanyl consumed via PCA by group 
R was significantly more compared with group RF; 206 
± 31.68 µg vs 82.5 ± 35.07 µg (P < .001). Mean total 
fentanyl consumed (PCA + TPV infusion) between both 
the groups was comparable between both the groups: 
group R vs group RF; 206 ± 31.68 µg vs 211 ± 25.52 µg 
(P < .2).Total fentanyl consumed from 8 PM to 8 AM of 
POD 1 by group RF was significantly more than group 
R: group R vs group RF: 107.7 ± 19.16 vs 141.5 ± 18.71 
(P < .01; Table 3).

There was no statistical difference between the groups 
in the incidence of opioid-related side effects (nausea, 
vomiting, urinary retention, and pruritus), sleep distur-
bance, and patient satisfaction (Table 4).

Irritation at injection site during the study period was 
present in 22 patients (55%), with a mean VAS score of 5 
(2-8) during TPV block placement. Complications (local 
anaesthetic toxicity, vascular puncture, pleural puncture, 
or pneumothorax) were not encountered in any partici-
pants during the study period.

Discussion
When fentanyl, 2 µg/mL, was added to ropivacaine in 
continuous TPV infusion in MRM, the pain scores at rest 
and on movement were significantly lower at 60 minutes 
of arrival in the PACU and at 8 AM on POD 1. However, 
the mean VAS score at all time points remained below 3 
both at rest and at movement. Consumed fentanyl from 

PCA was significantly less when fentanyl was added to 
ropivacaine solution. 

We tried to find whether a lower dose of opioid in the 
paravertebral space would provide better analgesia with 
a lower concentration of LA compared with systemic 
opioids. Various studies have concluded that in acute 
postoperative pain VAS scores of 1 to 4 indicate mild 
pain, VAS scores 5 to 6 indicate moderate pain, and VAS 
scores 7 to 10 indicate severe pain. In the present study, 
although the mean VAS pain score was significantly 
lower at 60 minutes of arrival in the PACU (score = 1) 
and at 8 AM on POD 1 (score = 2), the VAS score always 
remained less than 3. Thus, there was not a clinically 
significant difference in the pain scores.18,19

In a previous study, when fentanyl was added to le-
vobupivacaine in continuous TPV block, it significantly 
increased analgesic efficacy.20 However, in the present 
study fentanyl failed to demonstrate a clinically signifi-
cant reduction in pain scores when added to ropivacaine 
infusion in TPV block in MRM. Because opioids are 
linked to various disadvantages, including the possible 
role of opioids in cancer spread,8 it seems better to use 
ropivacaine without fentanyl for TPV block infusion in 
MRM. This study concludes that addition of fentanyl 
to ropivacaine infusion in TPV block in MRM does not 
prolong or increase the efficacy of the TPV block and the 
addition of fentanyl to the block does not seem to provide 
benefit over the IV route. Further studies comparing fen-
tanyl with bupivacaine and plain ropivacaine are advised.

Some authors have demonstrated that fentanyl levels 
rise above the minimum effective concentration of IV 
(systemic) fentanyl, denoting predominant systemic 
action of fentanyl rather than local site action when given 
as an adjunct in TPV.21,22 The present study would have 
benefited from assaying serum levels of fentanyl. 

Because the present study was carried out at a single 
center in an Indian population, extrapolation of the 
results to other populations should be cautioned. Other 
limitations of the present study were that catheter tip was 
not determined by objective methods such as chest ra-

Parameter Group Mean ± SD (µg) P value
Fentanyl con-
sumed via PCA

R 206 ± 31.68
< .01a

RF 82.5 ± 35.07

Total fentanyl 
consumed via 
PCA + TPV infu-
sion

R 206 ± 31.68

.2RF 211 ± 25.52

Total fentanyl 
consumed, 8 
pm-8 am

R 107.5 ± 19.16
< .01a

141.5 ± 18.71

Table 3.  Mean Total Fentanyl Consumed 
Abbreviations: PCA, patient-controlled anesthesia; R, ropivacaine; 
RF, ropivacaine and fentanyl; TPV, thoracic paravertebral.
aP < .05, statistically significant
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diograph after dye injection, outcomes such as length of 
hospital stay and total cost of the stay were not measured, 
and long-term outcomes such as chronic pain and cancer 
recurrence were not evaluated.

In conclusion, addition of fentanyl to ropivacaine 
in continuous TPV infusion in MRM has no clinical 
advantage in decreasing pain scores both at rest and on 
movement until discharge, and addition of fentanyl to the 
block does not seem to provide benefit over the IV route.
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Table 4.  Comparison of Secondary Outcomes Between Groups
Abbreviations: POD, postoperative day; R, ropivacaine; RF, ropivacaine and fentanyl;
aP < .05, statistically significant.

Parameter Group R (n = 20) Group RF (n = 20) P value

Nausea 4 3 .50

Vomiting 3 2 .50

Urinary retention 4 3 .50

Pruritus 5 1 .09

Patient satisfaction   .37

 Satisfied 12 14 

 Unsatisfied 8 6 

Disturbance of sleep   

 On day of surgery 6 6 .63

 POD 1 2 0 .24




