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Abstract

Background and Aims: Sensory afferent nerve branches of lower six thoracic and upper lumbar nerves innervate the anterior
abdominal wall and are the therapeutic focus of local anesthetics to provide analgesia for the abdominal surgical incision. Central
neuraxial and regional analgesia can provide better control of pain due to right subcostal incision used in open cholecystectomy
and attenuate the need for opioids. The earlier studies which showed the benefit of the thoracic paravertebral block (TPVB) for
analgesia after upper abdominal surgeries did not compare TPVB with oblique subcostal transversus abdominis plane (OSTAP)
block. Therefore, the current study compares the analgesic efficacy of TPVB and OSTAP block in open cholecystectomy.
Material and Methods: Seventy consenting adults scheduled for open cholecystectomy were allocated to one of the two
groups: ultrasound-guided TPVB (Group I) and ultrasound-guided OSTAP block (Group II). The primary objective of this study
is to assess and compare tramadol consumption in 48 h in both the groups along with VAS in post anesthesia care unit, and
then at 2, 4, 6, 8, 12, 24, and 48 h. The secondary objective of the study is to assess the incidence of PONV.

Results: The number of doses of rescue analgesia required was less in Group I when compared with Group II (P < 0.001).
Patients in Group I had significantly lower pain scores than Group II. Although in the initial 8 h, both groups had comparable
pain scores, after 8 h, these scores were significantly lower in patients in Group I. Less postoperative nausea and vomiting was
seen in Group I patients (11.7%) in comparison to Group II (18.1%).

Conclusion: Ultrasound-guided TPVB is superior to OSTAP block because of its association with decreased postoperative
opioid consumption, lower VAS score, and reduction in opioid-related side effects. Thus, it should be strongly considered as a
part of multimodal analgesia regimen in upper abdominal surgeries.
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Introduction

Postoperative pain relief has always been an important
aspect of anesthetic management. Pre-emptive analgesia
blocks nociception induced central sensitization."’ The
right sub-costal incision of open cholecystectomy results in

moderate-to-severe postoperative pain because of input from
the skin, the deep somatic structures, and the associated
viscera.”?! This intense postoperative pain has been modified
with parenteral opioids, thoracic epidural analgesia, and
nonsteroidal antiinflammatory drugs in various previous
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studies.®! The standard practice in our hospital for
cholecystectomy includes general anesthesia (GA) along with
intravenous (IV) opioids and nonsteroidal antiinflammatory
drugs as analgesics intraoperatively and in the postoperative
period. However, opioids are associated with deleterious
effects such as nausea, constipation, pruritus, sedation, and
occasionally respiratory depression. TPVB or OSTAP block
as a part of multimodal analgesia regimen can provide better
pain control in the postoperative period as they attenuate
the need for opioids and occurrence of chronic postoperative
pain."! Sensory afferent nerve branches of lower six thoracic
and upper lumbar nerves are the therapeutic focus of local
anesthetics to provide analgesia for the abdominal surgical
incision. The present study examines the superiority of one
block over another with regard to analgesia and decrease in
postoperative nausea and vomiting (PONV).

Material and Methods

This prospective, randomized study was approved
by the Institutional Ethics Committee, reference

number GGSMC/IEC/16/32 dated June 6, 2016.
CTRI/2017/02/007936. After providing written informed
consent, 70 American Society of Anesthesiologists (ASA)
grade [-III patients of both genders in the age group of
18-60 years in a tertiary care hospital who were scheduled
to undergo elective open cholecystectomy due to surgical
indications under general anesthesia (GA) between
October 2016 and September 2017 were enrolled in the
study. Exclusion criteria were patient’s refusal, intellectual
disability, and any contraindication for regional anesthesia like
infection at the puncture site, anatomical deformities such as
kyphoscoliosis and coagulation disorders. All patients were
kept fasting overnight and premedicated with alprazolam
0.25 mg and ranitidine 150 mg per oral the night before
and 2 h before surgery. Patients were randomized by using
a computer-generated random number table and randomly
allocated in the ratio of 1:1 to one of the two groups using
sealed opaque envelopes that were opened after enrolment
of patients. Two first authors enrolled the participants and
performed all the blocks and were not involved in data
collection. The authors who performed the blocks were
well versed with the techniques and had conducted at least
50 blocks. Group I received GA followed by TPVB under
ultrasound guidance (MyLLab™One for regional anesthesia,
Model No.S1.3323 Esaote Netherlands Europe B.V.) with
single injection using 0.3 mL/kg (maximum dose of 150 mg)
of 0.5% levobupivacaine yielding a total dose of 1.5 mg/kg.
The drug was given gradually after negative aspiration in
small aliquots of 5 mL. each over a minimum of 1 min at the

level of T7. Group II received GA followed by OSTAP

block under ultrasound guidance using 0.6 mL/kg of 0.25%
levobupivacaine yielding a total dose of 1.5 mg/kg.

Anesthesia was induced with injection morphine 0.1 mg/kg
IV (1 mg/kg of tramadol equivalents) as a standard protocol
in all the patients followed by propofol 1.5-2.0 mg/kg IV until
loss of verbal response. Tracheal intubation was facilitated by
vecuronium 0.1 mg/kg IV. Anesthesia was maintained with
1soflurane (minimum alveolar concentration 1.0—1.3) and
nitrous oxide 66% in oxygen. All the patients were monitored
using Drager Primus® workstation. All the essential monitors
were attached such as five lead electrocardiogram, noninvasive
blood pressure, pulse oximetry, and ETCO,. Heart rate and
mean arterial pressure (MAP) were monitored every 5 min
throughout the surgery. Crystalloids were used to treat any fall
in the MAP below 60 mmHg. A note was made of the number
of doses of mephenteramine used intraoperatively. Injection
atropine 20 tg/kg bolus was given IV if the heart rate was <50
beats/min. Injection fentanyl was given at a dose of 0.5 ug/kg
IV (0.5 mg/kg IV of tramadol equivalents) as rescue analgesia
in case there was a rise in HR or MAP of more than 20% of
baseline persisting for 5 min. Toward the end of the surgery,
injection diclofenac sodium 1.5 mg/kg and ondansetron 0.1 mg/
kg IV were given to all the patients as a standard protocol. At
the onset of spontaneous respiration, injection neostigmine and
glycopyrrolate were given and the trachea was extubated.

Both blocks were placed under ultrasound guidance after
the induction of GA. The site of the block was sterilized
with povidone-iodine before the procedure and the linear
probe (MyLLab™ One) was protected with a sterile cover. The
spinous process of T, was tracked by placing an ultrasound
linear probe (6—13 Hz) longitudinally parallel and medially
with the patient lying in the left lateral position The seventh
thoracic vertebral level was identified by palpating and
counting down from vertebrae prominens (C7) and the
transverse process was searched by turning the probe laterally
which appeared hyperechoic. The transverse process appeared
squared and lay deeper than the ribs. The costotransverse
ligament (CTL) along with proximal and distal pleura seen
as echogenic line served as a landmark of wedge-shaped
paravertebral space. To prevent pneumothorax, 23G spinal
needle was attached to a closed system with fluid-filled
tubing and was introduced in plane/out of plane. Distinctive
loss of resistance was felt when the needle passed through
CTL. Intravascular injection was eliminated by negative
aspiration. About 1-2 mL of saline was administered to see
the displacement of pleura downwards that confirmed the
position of the needle in the right place and hence the success
of block. To perform the OSTAP block with the operator
standing on the left side of the patient, a linear 6-13 MHz
ultrasound transducer was placed obliquely near the costal

372 Journal of Anaesthesiology Clinical Pharmacology | Volume 36 | Issue 3 | July-September 2020



Jindal, et al.: TPVB vs. OSTAP block

margin and xiphoid process, and the rectus abdominis muscle,
rectus sheath, and underlying transversus abdominis muscle
were identified on the right hemi abdomen. A spinal needle of
23G was inserted 2—3 cm from the probe using the in-plane
technique. TAP was accessed by placing the needle adjacent
to costal margin but medial to linea semilunaris. The needle
was advanced slowly in-plane to promote hydrodissection along
the oblique subcostal line. This hydro dissection technique
might result in more effective analgesia.™®

The patients were observed and assessed in the post anesthesia
care unit (PACU) and at different time intervals by an
anesthesiologist unaware of patient group assignment. Visual
analog scale (VAS) rated 0 (no pain) to 10 (worst possible
pain) was used to evaluate pain at rest, on movement, and
on coughing, at the time of arrival in PACU and then at
2,4,8, 12, 24, and 48 h. The criteria used to rate pain
during movement were (a) deep breathing and coughing and
(b) changing posture from supine to sitting position. A score
of 0 was given to a patient who was asleep. It was ensured to
rate VAS without the patient receiving prior rescue analgesia.
Injection tramadol 100 mglV was prescribed as the first dose
to patients demanding rescue analgesia or to those having
pain score more than 3. The consecutive doses of tramadol,
if needed, were 50 mg IV. After 24 h, patients were switched
to 50 mg of oral tramadol. We defined “adequate pain relief”
as VAS less than or equal to 3 consistently (no intervention
required) throughout the observation period. The amount of
tramadol consumed postoperatively in 48 h along with the
time of first rescue analgesia, 1.e. tramadol, was observed.

A categorical scoring scale (0 = none, 1 = mild,
2 = moderate, 3 = severe) was used to assess the degree
of PONV. Mild is defined as one episode of vomiting with
short-lasting nausea and no antiemetic required. Moderate
1s defined as one to two episodes of vomiting and onetime
antiemetic used for each episode. Severe is defined as
more than two episodes of vomiting with severe nausea and
antiemetic used for each episode. Vomiting and retching
were not differentiated. Injection metoclopramide 10 mg
IV was given to any patient who had nausea score =2.
The number of patients free of nausea and vomiting was
assessed. The patients were requested to document VAS,
episode of nausea and vomiting, the requirement of rescue
analgesia, duration of analgesia, and for any complication.
In addition, the patients were asked to rate their satisfaction
regarding pain control based on a 5-point Likert-type scale,
with 5 indicating “excellent,” 4 “very good,” 3 “good,” 2
“fair,” and 1 “poor.” This type of scale is often assumed
to be an equal-interval scale, where “excellent” is one unit
better than “very good,” “very good” is one unit better than
“g00d” and so on.”’ The time taken to position the patient

and the time to carry out either of the blocks were noted. In
addition, any side effects related to blocks like pneumothorax,
local anesthetic toxicity, and injury to vascular or nervous
structures were noted during the study.

Calculation of sample size was based on the pilot study done on
seven patients in each group. Mean tramadol consumption of
TPVB (Group I) was 102.85 = 18.89 mg and in OSTAP
block (Group II) was 128.57 £ 39.33 mg. Considering the
coefficient of variance of 0.3 with the observed reduction of
20% in mean tramadol consumption in TPVB, the sample
size comes out to be 29 patients in each group [using formula

16(CV)*

n=————"—o
(np, —Inp,)
35 patients were enrolled in each group.

1-®¥ To include the possible dropouts,

Variables such as age, weight, duration of surgery, duration
of block, and VAS are normally distributed (normality plot
on SPSS), expressed as mean (SD), and analyzed using
unpaired t-test. The cumulative pain score is expressed as
median (IQR) and presented as a box plot. Kaplan—Meier
survival is used to analyze the proportion of patients at different
time intervals for the pain-free period. All the analyses
were performed using SPSS version 16.0 for windows

(SPPSS Inc., Chicago, IL, USA), and a P < 0.05 was

considered statistically significant.

Results

Sixty seven out of 70 enrolled patients completed the
study. There was a dropout of one patient in Group I
and two patients in Group II who underwent extended
cholecystectomy. All the patients enrolled in the study were
subjected to open cholecystectomy. Patients in both groups
were hemodynamically stable, and none of the patients
required mephenteramine intraoperatively. Both groups
were comparable with regard to ASA status, age, weight,
and duration of surgery [Table 1]. None of the patients
required intraoperative fentanyl as rescue analgesia. The total
duration to perform the block was relatively more in TPVB

Table 1: Patient characteristics

Group I Group II P

(n=34) (n=33)
Age (year) 44.7 (12.8) 43.4 (11.4) 0.334
Weight (kg) 60.2 (5.8) 59.0 (3.6) 0.176
ASAgrade (I/11/11I) 16/13/5 17/13/3 -
Gender (male/female) 10/24 13/20 -
Duration of surgery (min) 60.2 (5.2) 62.1 (4.6) 0.061
Duration of Block (min) 11.0 (1.3) 10.4 (2.2) 0.081

All variables except ASA status and Gender are expressed as mean (SD). Group
I stands for the group that received TPVB. Group II stands for the group that
received OSTAP block
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than OSTAP block, but the difference was not statistically
significant (P = 0.081) [Table 1]. The mean tramadol
consumption in 48 h was less in Group [ (116.18 *+ 23.74)
when compared to Group II (142.42 + 28.29) and the
difference was statistically significant (P = 0.000). The mean
VAS score was lower in TPVB group than OSTAP group
at PACU and 2, 4, 8, 12, 24, and 48 h at rest, coughing,
and on movement [Table 2]. The mean time to first rescue
analgesia in the form of tramadol was 18.03 = 5.50 h
in Group I and 10.29 %= 4.55 h in Group II. The 95%
confidence interval for time to first rescue analgesia was
5.3-10.1 h (P = 0.000). The incidence of PONV was more
in Group II as compared to Group I but the difference was
not statistically significant (18.1% in Group Il vs. 11.7% in
Group I, P = 0.29). Both the groups were similar regarding
patient satisfaction and the difference was not statistically
significant (Group I 3.9 = 0.6, Group II 3.8 + 0.4,
P = 0.122). The difference between the two groups was
statistically significant concerning the quality of postoperative
analgesia. [Figure 1] None of the patients suffered from
any complications like pneumothorax, inadvertent vascular
puncture, or local anesthetic toxicity.

Figure 1: Comparison of number of doses of rescue analgesia between the
two groups

Discussion

Use of regional anesthesia and analgesia is advocated in
situations of pain and to tackle the neuroendocrine stress
response to trauma. In a cohort study done by Gerbershagen
et al., open cholecystectomy was found to result in the highest
pain intensity in which substantial constituent of pain is
derived from the upper anterior abdominal wall incision.??
Satisfactory outcome after major abdominal surgery largely
depends on adequate pain relief. Studies that showed benefit

of using TPVB for analgesia after upper abdominal surgeries
did not compare this technique with OSTAP block.!'?

The foremost inference of this randomized prospective study
was a remarkable enhancement of postoperative analgesia
following open cholecystectomy in patients treated with
TPVB compared with patients who received OSTAP block.
Effective pain relief was achieved in both the blocks in the
initial postoperative period. However, beyond initial 8 h,
patients in OSTAP group demanded rescue analgesia on
coughing and movement. Our findings are consistent with
those of Yiquan and Fuli and Mcmorrow et al. who found

analgesic efficacy of 6 h after OSTAP block in patients

undergoing radical gastrectomy and caesarean sections,

25 - respectively. The reasons for a slight difference in duration

may be due to VAS score measured at different time intervals

20 - when compared with our study. Moreover, Mcmorrow et al.
mTPVB :

P used a landmark-based approach when compared with our

;% 15 4 " OSTAP study which 1s ultrasound-guided where sonoanatomy 1is

% more clearly defined as the spread of local anesthetic are

5 101 not the same between two approaches.!'""'# In our study,

E the analgesic efficacy of TPVB was 18 h at rest which is

Z 5] similar to the study done by Bhuvaneshwari et al. in patients

undergoing mastectomy after single-shot TPVB using 0.5%

0- bupivacaine.!® Bonder et al. also confirmed that single-shot

1 2 3 TPVB provides analgesia up to 18 h.l'"¥ However, on

Number Of Doses coughing and movement, the analgesic effect of TPVB in our

study lasted for 12 h in contrast to the study done by Greengrass
et al. where analgesic effect lasted for 18 h. The discrepancy

Table 2: Comparison of VAS at different time intervals

VAS Groups PACU 2h 4h 8h 12h 24 h 48 h
AT Group.1 0+0 0.15+0.36 0.161%0.77 1.32+0.64 1.67+0.72 1.52+0.70 0.88+0.59
REST Group.II 0+0 0.18+0.39 0.69+0.58 1.63%0.99 2.63+1.47 2.57+1.00 1.18+0.88
P - 0.706 0.638 0.236 0.000* 0.000* 0.141
AT Group.I 0.03+0.17 0.41+0.74 1.26+0.86 2.12+0.54 3.56+1.33 2.50+1.60 1.88+0.54
MOVE- Group.II 0.00+0.00 0.60+0.50 1.66+0.54 3.82+0.63 2.24+1.56 4.30+1.40 1.64%0.74
MENT P 0.321 0.212 0.061 0.000% 0.010% 0.000* 0.053
AT Group.I 0.03+0.17 0.47+0.75 1.71+0.67 2.88+0.33 3.65+1.23 2.68+1.65 2.23%0.50
COUGH-  Group.II 0.00%0.00 0.70£0.47 1.88+0.73 3.79+1.57 2.24+1.56 4.36+1.36 2.00+0.75
ING P 0.321 0.141 0.322 0.010* 0.000* 0.000* 0.061

Results are means+SD. Group I received an ultrasound-guided TPVB on right side with 0.3 ml/kg of 0.5% levobupivacaine and GA; Group II received an ultrasound-guided
OSTAP block with 0.6 ml/kg of 0.25% levobupivacaine on right side and GA. *P<0.05
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may be due to the multilevel technique and use of epinephrine
along with 0.5% bupivacaine in their study.!"! Adrenaline is
known for its intrinsic analgesic quality. The duration of action
of local anesthetics is prolonged by epinephrine because of a
decrease in the rate of absorption."®'”" Although multilevel
technique logically prolongs the duration of analgesia, at the

same time, the risk of complications per patient also increases.
Therefore, single-level TPVB was used in our study.'®

TPVB is found to be more effective in relieving the
postoperative pain in upper abdominal surgery because of
its profound analgesic coverage in the first 12 h. Our study
correlates with studies done by Rugaya and Eldahshan and
Niraj et al. in which the time to first-rescue analgesia in TPVB
group was longer than that of OSTAP group [Figure 2].['%2%

Our study demonstrates that the number of doses of
tramadol required was less in TPVB group when compared
with OSTAP group and the difference was statistically
significant (P = 0.000) [Figure 1]. Our findings are consistent
with those of Melnikov et al. and Kaya et al. who found the
same results in patients undergoing major gynecological and
inguinal hernia surgeries.”?"?? In the study done by Schnabel
et al., the number of patients demanding opioids in the
postoperative period was less in TPVB combined with GA
group when compared with GA alone.”?! The decreased
requirement of tramadol as a rescue analgesia in TPVB may
be attributed to efficacious block of the sympathetic chain and
inhibition of somatosensory evoked potential at the site of
injection.”¥ [Figure 3].

30,
28 |
26 |
24 |
22 |
18
16+
14 | p=0.00
124

CUMULATIVE VAS

o N B O

Group-l Group-ll Group-l Group-ll

Rest Movement
GROUPS

Group-| Group-Il
Coughing

Figure 2: Cumulative pain scores for 48 h at rest, movement, and coughing.
The line within each box indicates the median. The lower and upper limits of
the box are 25™ and 75™ centiles. The lines extending above and below the box
are 10™ and 90™ centiles

The remarkably enhanced quality of pain relief and decreased
occurrence of PONV in the postoperative period have been
seen in patients receiving 1 PVB. The results of this study
concerning PONYV showed a low incidence (11.7%) in
TPVB when compared with OSTAP group (18.1%).
Rugaya and Eldahshan and Melnikov et al. also found a
decreased requirement of antiemetics (21%) in PVB group
when compared with TAP group (42%).['*2" The difference
in incidence can be attributed to the absence of prophylactic
antiemetic in their study.

Jenkins and Lahay recommended central o adrenergic
mechanism as a stimulant for nausea and vomiting.””®) The
principal source of nausea is pain which is frequently neglected.
Nausea usually precedes administration of opioid medication.
Inadequate pain relief leads to persistence of nausea.’?® In
this study, patients receiving TPVB had less postoperative
nausea despite giving prophylactic antiemetic in both the
groups, the reason being a more pain-free interval in TPVB

than OSTAP group.

Apart from providing splanchnic and somatic analgesia,
TPVB also provides a platform between neuraxial blocks
and abdominal wall plane blocks for major open abdominal
surgeries. It also provides more substantial coverage of
abdominal wall than OSTAP block.?” In OSTAP block,
there is diversity and relative variability in the trajectory of
uppermost thoracolumbar nerves (T6-T8) as they arise
underneath the rectus muscle and traverse between transversus
abdominis muscle and the posterior rectus sheath for a variable
distance before piercing anteriorly into the rectus muscle.
But, sometimes these nerves may be missed when the block
is performed between rectus abdominis muscle and posterior
rectus sheath because of their direct entry into rectus muscle.?!
The limitation of this study was that we did not make any

Group
-

084

064

0.4

0.2

Proportion of patients with continuing pain relief

0.0

T T T T
o s 10 15 20 25

Time (Hrs)

Figure 3: Kaplan Meir showing proportion of patients in each group with
continuous pain relief until the administration of first rescue analgesic
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sensory block assessment. However, VAS pain score and
opioid consumption are more reliable indicators of analgesic

effectiveness of TPVB and OSTAP blocks rather than

sensory levels. Another limitation is that baseline pain scores
have not been assessed.

Conclusion

Ultrasound-guided TPVB has appeared superior to OSTAP
block because of its association with lower pain scores,
decreased postoperative opioid requirements, and reduction

in opioid-related side effects, i.e., PONV.
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