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Abstract

Background Bariatric surgery is often associated with moderate to severe pain. In patients with obesity, opioids have the
potential to induce ventilatory impairment; thus, opioid use needs to be limited. This study aimed to compare the novel
ultrasound-guided erector spinae plane block (ESPB) technique with controls in terms of intraoperative opioid consumption
and postoperative pain control.

Methods A total of 63 patients with morbid obesity who underwent laparoscopic bariatric surgery were included in this
randomized study. Patients were randomly assigned to the bilateral erector spinae plane block (ESPB) group or the control
group. To evaluate perioperative pain and to adjust opioid dose, analgesia nociception index (ANI) was monitored during
surgery. Total opioid dose was recorded for each patient. In addition, pain was evaluated using visual analogue scale (VAS)
scores for 24 h following the operation.

Results Total intraoperative remifentanil dose was significantly lower in the ESPB group when compared to controls
(1356.3+177.8 vs. 3273.3+961.9 mcg, p <0.001). In the ESPB group, none of the patients required additional analgesia
during follow-up. In contrast, all control patients required analgesia. ESPB group had significantly lower VAS scores at all
postoperative time points (p <0.001 for all).

Conclusion Bilateral ultrasound-guided ESPB appears to be a simple and effective technique to improve perioperative pain
control and reduce intraoperative opioid need in patients with morbid obesity undergoing bariatric surgery.

Keywords Bariatric surgery - Erector spinae plane block (ESPB) - Morbid obesity - Opioids - Ultrasound guidance - Visual
analogue scale (VAS) score

Introduction

Obesity represents a major disease burden and healthcare

challenge globally due to its increasing prevalence over the
last decades. From 1980 to 2013, the worldwide prevalence

Key Points i o
e Perioperative pain management is mostly challenging in of overweight/obesity increased by 27.5% for adults and
bariatric surgery. 47.1% for children, resulting in an estimated global total
o ESPB reduces intraoperative opioid dose. number of obese/overweight individuals slightly more than

o ESPB provides effective postoperative pain control.
o ESPB is a simple and effective technique that can be used in
bariatric surgery.

two billion [1]. Obesity is associated with serious condi-
tions including cardiovascular disease, diabetes, some
cancers, kidney disease, sleep apnea, gout, osteoarthritis,
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Department of Anesthesiology and Reanimation, Marmara sity [2]. On the other hand, weight loss leads to improve-
University Medical Faculty, 34890 Istanbul, Turkey ment of these conditions and outcomes [2]. Life style
modifications with diet, exercise, and behavioral therapy,

Department of General Surgery, Marmara University
Medical Faculty, 34890 Istanbul, Turkey

@ Springer


http://orcid.org/0000-0003-1795-6597
http://crossmark.crossref.org/dialog/?doi=10.1007/s11695-021-05681-7&domain=pdf

Obesity Surgery (2021) 31:5176-5182

5177

pharmacotherapy, and surgery are used for the management
of obesity [2, 3].

Bariatric surgery represents an effective and a sustainable
treatment modality in patients with morbid obesity [3-5],
laparoscopic sleeve gastrectomy and gastric bypass being the
most common procedures [2]. However, these procedures
are mostly associated with moderate to severe postoperative
pain, which is often a combination of abdominal wall pain
and visceral pain.

Postoperative pain, when not adequately controlled, has
unfavorable consequences such as impaired quality of life
and recovery as well as increased risk of surgical compli-
cations and persistent postsurgical pain [6]. Patients with
morbid obesity represent a special group when it comes
to perioperative pain management. These patients have a
higher incidence of sleep-disordered breathing; therefore,
opioids have the potential to induce ventilatory impairment
resulting in increased morbidity/mortality. Stepwise- and
severity-based multi-modal analgesia with opioid-sparing
approach can improve safety; thus, the Enhanced Recovery
After Surgery (ERAS) guidelines for bariatric surgery cur-
rently recommend opioid reduction in bariatric surgery [7].
Both systemic analgesics and regional approaches such as
transversus abdominis plane (TAP) block, intraperitoneal
and wound modalities, and neuraxial techniques are being
used for postoperative pain control in bariatric surgery with
some success [8].

Ultrasound-guided erector spinae plane block (ESPB) is
a novel regional anesthesia technique where local anesthetic
agent is injected deep into the erector spinae muscle to the
fascial plane and allowed to diffuse in caudal and cranial
direction. It has been shown effective in a number of condi-
tions such as thoracic surgery/trauma, painful conditions of
the limbs, cardiac surgery, breast surgery, and abdominal
surgery [9]. To date, only few studies examined the use of
ESPB in bariatric surgery [10-12], all indicating potential
benefits of the technique in terms of opioid sparing and pain
control.

This study aimed to compare bilateral ultrasound-guided
erector spinae plane block technique with controls who
received bupivacaine injection to the trocar sites, in terms
of intraoperative opioid consumption, postoperative pain
control in the first 24 h, and need for rescue analgesic.

Methods
Patients

Sixty-two patients with morbid obesity who underwent lapa-
roscopic bariatric/metabolic surgery (sleeve gastrectomy or
gastric bypass) at Marmara University Pendik Training and
Research Hospital were included in this randomized study.

Patients were required to have a BMI >40 kg/m* and ASA
physical status class 2 or 3. Exclusion/drop-out criteria were
as follows: any complication (allergic reaction or local anes-
thesia-related complication), failure, or patient refusal dur-
ing the block procedure; switch to open surgery or a change
in the planned surgical protocol; analgesia nociception index
(ANI) and/or bispectral index (BIS) monitoring not possible;
or patient does not provide consent or withdraws consent at
any point after inclusion. The study protocol was approved
by the local ethics committee (Ethics Committee for Clinical
Studies, Marmara University, Medical Faculty; date, Janu-
ary 3, 2020; number, 09.2020.128). All patients provided
informed consent prior to study entry, and the study was
conducted in accordance with the Declaration of Helsinki.
The study was registered to ClinicalTrials.gov with identifier
NCT04915521.

Randomization for the Study Groups

Patients were randomly assigned to the erector spinae plane
block (ESPB) group or the control group using sealed enve-
lopes with 1:1 ratio. ESPB group received ultrasound-guided
bupivacaine and lidocaine injection at T9 vertebral level
before anesthesia induction. Control group received 5 ml
0.5% bupivacaine injection to each trocar site (total of 25 ml)
at the beginning of the operation.

Erector Spinae Plane Block Technique

An experienced anesthesiologist performed ESPB in all
patients in sitting position bilaterally. A linear ultrasound
probe (6—13 MHz) was used for ultrasound guidance. Injec-
tion was done using in-plane technique. A 22G block needle
(100 mm, B-Braun, Germany) was inserted 3 cm lateral to
the T9 spinous process and advanced in cranio-caudal direc-
tion. To separate erector spinaec muscle from the transverse
process, initially 1-2 ml saline was injected; and then 20 ml
0.5% bupivacaine and 5 ml 0.2% lidocaine were injected fol-
lowing separation. Diffusion of the drugs in erector spinae
plane at cranio-caudal line was ensured. No analgesic or
sedative was used during the procedure.

Intraoperative Anesthesia Management

For anesthesia management, total intravenous anesthesia and
a short-acting opioid were used. Based on the recommenda-
tions of recent guidelines [7], a short-acting agent (remifen-
tanil) was preferred. In addition, titration of the opioid dose
would be easier with a short-acting agent since opioid dose
was titrated using ANI to administer the lowest intraop-
erative dose possible [7, 13]. No volatile anesthetics were
used since total intravenous anesthesia offers advantages in
terms of postoperative nausea and vomiting, particularly in
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patients prone to this complication [7, 14]. Anesthesia was
induced with propofol 2.5-3.5 mg/kg and 1 mcg/kg bolus
dose of remifentanil, which was followed by rocuronium
0.6 mg/kg to aid intubation. Corrected body weight (CBW)
was used for the dose adjustment of propofol, and ideal
body weight (IBW) was used for the dose adjustments of
remifentanil and rocuronium. Total intravenous anesthesia
with propofol and remifentanil was used for maintenance,
and the initial doses were as follows: propofol 6-10 mg/kg/h
and remifentanil 0.5 mcg/kg/h. Propofol and remifentanil
dose was adjusted to keep BIS between 40 and 45 and ANI
between 50 and 70, respectively. Electrocardiography, non-
invasive blood pressure, bispectral index (BIS, Medtronic,
Minneapolis), and ANI were continuously monitored and
recorded at every 30 min.

To evaluate perioperative pain and to adjust opioid dose,
ANTI was continuously monitored throughout the surgical
procedure. Two ANI electrodes were placed on the sternum
and at the level of left nipple (to the same places with V1
and V5 ECG electrodes, respectively). Total remifentanil
dose was recorded for each patient. The depth of anesthesia
was monitored to adjust propofol dose using BIS (Aspect
Medical Systems, Natick, Mass, ABD).

Fifteen minutes before the completion of the surgical pro-
cedure, both groups received 1 g paracetamol, and the con-
trol group received 150 mg tramadol. Tramadol use before
the completion of surgery is the standard care in our institu-
tion to prevent early postoperative pain, where ESPB is not
used. For ESPB patients, we prefer not to administer trama-
dol, in an attempt to minimize total opioid administration.

Assessments

The primary outcome measure was total intraoperative opi-
oid consumption, and the secondary outcome measure was
the change in postoperative pain as assessed by 10-point vis-
ual analogue scale (VAS). A blinded investigator recorded
self-assessed VAS scores of the patients upon awakening
and at 6, 12, and 24 h. In case VAS >4, rescue analgesic was
given (100 mg tramadol). Timing of first analgesic require-
ment was recorded.

Statistical Analysis

Data were analyzed using Statistical Package for Social Sci-
ences (SPSS) version 21 software. Mean + standard devia-
tion or median (range) was used to express descriptive data.
Both hypothesis tests and graphical method were used to test
the distribution of continuous variables. Student ¢ test for
independent samples or Mann—Whitney U test was used to
test between-group differences. Fisher’s exact test was used
to compare the two groups in terms of complication fre-
quencies. Two-way ANOVA test for repeated measurements
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was used to examine the significance of differences between
groups in postoperative VAS scores and intraoperative
measurements over time. All data were recorded by dedi-
cated investigators, and there were no missing values of
intraoperative measurements or VAS scores. In addition,
there were not significant time point deviations from the
prespecified time points. Therefore, two-way ANOVA test
for repeated measurements was considered suitable. Two-
sided p values < 0.05 were considered indication of statisti-
cal significance.

Results
Patients

Sixty-two patients were randomized. One patient in the
ESPB group was excluded since adequate ultrasound image
could not be obtained due to fatty tissue in the back, and a
control patient was excluded for switching to open surgery
due to intraoperative bleeding. Thus, thirty patients were
assigned to each of the groups (ESPB group, 30; controls,
30). The two groups were similar in terms of mean age:
40.2+12.2 versus 39.4+10.5 years for the ESPB groups
and controls, respectively (p =0.803).

Intraoperative Measurements

Figure 1 shows intraoperative changes in heart rate, mean
arterial pressure, ANI, and BIS scores at 15-min inter-
vals. There was a significant difference between the ESPB
group and the controls in terms of intraoperative heart rate
(» <0.001), mean arterial pressure (p <0.001), and ANI
(»<0.001) changes over time (Fig. 1a, b, and c). Heart rate
was lower in controls at baseline (p < 0.001), and no differ-
ence was evident at 15 and 30 min (p =0.077 and 0.182,
respectively); however, ESPB group had significantly lower
heart rate in all other time points (p < 0.001 for all) (Fig. 1a).
ESPB group had lower mean arterial pressure starting from
15 min (p=0.025) and thereafter (p <0.001 for all) (Fig. 1b).
ANI score was lower in the ESPB group at all time points
(p <0.01 for all) (Fig. 1c). However, the two groups did not
differ in terms of changes in BIS scores (p=0.916) (Fig. 1d).

Intraoperative Medications

Total intraoperative remifentanil dose was significantly
lower in the ESPB group when compared to controls
(1356.3 +177.8 vs. 3273.3+961.9 mcg, p<0.001). How-
ever, the two groups did not differ regarding total propofol
dose (1790.0 +£323.1 vs. 1867.4 +447.1 mg, p=0.446).
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Fig. 1 Intraoperative changes in heart rate (a), mean arterial pressure
(b), analgesia nociception index (ANI) (¢), and bispectral index (BIS)
score (d) over time at 15-min intervals. Dotted lines indicate control

Postoperative Analgesia Requirement

In the ESPB group, none of the patients required additional
analgesia during the 24-h postoperative follow-up period. In
contrast, all control patients required analgesia within post-
operative 24 h after a mean duration of 3.5+ 0.6 h (median,
4; range, 2-4) from awakening. At the time when first anal-
gesic was given, the mean VAS score was 7.0+ 1.0 (median,
7; range, 5-8).

Changes in Postoperative VAS Scores

Figure 2 shows changes in VAS scores within 24 h after
awakening, where a significant difference in VAS scores was
evident over time between the two groups (p <0.001). ESPB
group had significantly lower VAS scores at all time points
(»<0.001 for all).

Complications

Four patients (13.3%) in the control group developed ate-
lectasis, whereas none of the patients in the ESPB group

T T T T T T T T T
Baseline 15 min 30 min 45 min 60 min 75 min 90 min 105 min 120 min

group, and straight lines indicate ESPB group. Error bars indicate
95% confidence intervals for the mean

developed atelectasis; however, the difference did not reach
statistical significance (p=0.112).

Discussion

In this study, ultrasound-guided bilateral ESPB provided
significant relief of postoperative pain throughout the 24-h
period as well as a significant reduction in intraoperative
opioid consumption, thus representing a promising pain
management modality for patients with morbid obesity
undergoing laparoscopic bariatric surgery. To the best of
our knowledge, only a few studies have examined so for the
potential role of ESPB in perioperative pain management in
patients with obesity undergoing bariatric surgery.

ESPB has gained popularity as a regional anesthetic
technique in a variety of surgical [15-21] and non-surgical
painful conditions [22-26] since its first definition by Forero
et al. in two patients with neuropathic pain [27]. Initial data
on its use in patients with morbid obesity came from a case
series of three patients [11]. In that study, bilateral ESPBs
were performed at T7 transverse process level to relieve
postoperative pain after bariatric surgery with encouraging
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Fig.2 Changes in mean
postoperative VAS scores over
time. Upper dotted line, control
group; lower straight line, ESPB
group. Error bars indicate 95%
confidence intervals for the
mean

Mean visual analogue scale (VAS) scores
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results. This was followed by two recent randomized con-
trolled trials [10, 12]. The randomized study by Abdelhamid
et al. compared three techniques in terms of perioperative
pain control in 66 patients who received laparoscopic sleeve
gastrectomy: bilateral ESPB at T9 level, bilateral subcos-
tal transversus abdominis block, and opioid analgesia. The
patients who received bilateral ESPB had lower pain scores
when compared to other techniques, particularly within the
first 12 h. In the ESPB group, total postoperative 24-h opi-
oid (pethidine) consumption and total postoperative 24-h
paracetamol consumption were significantly lower than only
controls (opioid analgesia group) but not different than trans-
versus abdominis block group, and total intraoperative opi-
oid (fentanyl) consumption was significantly lower than both
other groups. The randomized study by Mostafa et al. com-
pared ESPB at T7 level and controls (sham block) in terms
of postoperative pain control and perioperative opioid con-
sumption [12]. That study also evaluated the postoperative
pulmonary function. ESPB provided an advantage over con-
trols in terms of postoperative pain management during the
first 8 h; however, the pain scores were similar between 12
and 24 h. ESPB was associated with less intraoperative and
postoperative (within 24 h) morphine consumption. How-
ever, the two groups did not differ in terms of pulmonary
function impairment. In the present study, ESPB was associ-
ated with less intraoperative remifentanil consumption, bet-
ter postoperative pain control, and no need for rescue anal-
gesia, which are in line with previous evidence including the
study by Mostafa et al. Higher intraoperative remifentanil
may be partly responsible for the higher postoperative VAS
scores in the control group when compared to the ESPB
group, possibly through hyperalgesia induced by remifenta-
nil, in addition to the beneficial effect of ESPB in the study
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group. However, it is of note to emphasize that advantage
of the ESPB in terms of postoperative pain control lasted
24 h in the present study and none of the patients required
rescue analgesia. Regarding the similarities and differences
between our findings and the study by Mostafa et al., in
both studies, ESPB resulted in lower intraoperative opioid
need and less postoperative analgesia; however, in that study,
lower VAS scores were seen in the ESPB group only dur-
ing the first 8 h. In our study on the other hand, the benefit
on VAS scores was maintained for 24 h. One explanation
may be the higher dose of blocking agent used in our study
(20 ml 0.5% bupivacaine plus 5 ml 0.2% lidocaine versus
20 ml 0.25% bupivacaine). Another explanation may be the
differences in the level of the block, which was lower in our
(T9 versus T7) technique. And finally, opioids administered
through PCA might have masked the additional benefit of
ESPB beyond 8 h in Mostafa study, during which the patient
is well familiarized with the PCA procedure. Thus, such a
difference in the duration of analgesic effect may be attrib-
uted to the differences in the techniques used (i.e., thoracic
level, anesthetic dose/concentration, postoperative analgesia
management), which may be subject to future research.
ESPB has several advantages in terms of pain control
when it comes to abdominal surgery in general, particularly
in bariatric surgery. When anesthetic solution is injected into
the deep fascial plane of erector spinae muscle, it spreads
several levels upwards and downwards; thus, when injected
to the lower vertebral levels (such as T7 to T9), it has the
potential to block lower thoracoabdominal nerves that inner-
vate the abdomen [9]. In addition, anesthetic agent penetrates
to the thoracic intervertebral space and has blocking effect
for both ventral branches and communicating branches, thus
providing both somatic and visceral blockade [9].
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Currently used methods for perioperative pain manage-
ment have certain shortcomings. Respiratory side effects
of opioids are a major concern, particularly for individuals
with obesity who are more prone to respiratory impairment.
Non-steroid anti-inflammatory agents have the potential to
increase the risk of some complications such as anastomotic
leaks [28]. Regional anesthetics have the advantage of hav-
ing less systemic side effects. In laparoscopic abdominal sur-
gery, local anesthetics are infiltrated to the trocar sites, but
they may have limited efficacy and duration of action and are
not effective in controlling visceral pain [29-31]. Epidural
analgesia has the disadvantages of cost and technique-related
complication risks. Transversus abdominis plane (TAP)
block (either ultrasound-guided or using blind technique)
has been shown to reduce opioid consumption and postop-
erative pain after lower abdominal surgery in a number of
studies [32]. Probably since it blocks only somatic nerves, it
does not seem to have advantage over systemic multi-modal
analgesia in patients that underwent laparoscopic bariatric
surgery [33]. ESPB on the other hand is a relatively safe
and simple technique requiring less expertise, and the pro-
cedure is remote from vital structures. However, one should
always keep potential complications in mind, particularly in
patients with obesity, such as pneumothorax, intravascular
injection, and local anesthetic systemic toxicity [34, 35].
In addition, technical difficulties in ultrasound examination
may be encountered in patients with excess fat and a very
deep fat layer, which may result in block failure and safety
problems. However, such technical difficulties may be offset
by high level of expertise, high device quality, and appropri-
ate device setting [12]. In addition, the ability of ESPB to
block both somatic and visceral nerves allows it to target two
main pain sources after abdominal surgery.

In this study, initial design did not include a detailed res-
piratory monitoring, so no such data exist. Lack of a detailed
postoperative respiratory evaluation (for example, using
spirometry) represents a potential limitation of the study
and precludes to identify any advantage of ESPB in terms
of respiratory impairment. We believe that such an analysis
should be added in related future studies.

Conclusion

Findings of this study suggest that ultrasound-guided bilat-
eral ESPB represents a relatively simple and effective tech-
nique for the management of perioperative pain in patients
undergoing laparoscopic bariatric surgery. In addition, it
reduces intraoperative opioid need, which is particularly
important for individuals with obesity. Further large-scale
studies are required to examine its use in this setting with
robust evidence.
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