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ABSTRACT

Introduction: Postoperative analgesia in elderly
patients is still a thorny problem. Ultrasound-
guided oblique subcostal transverse abdominis
plane block (TAPB) has been demonstrated to
provide postoperative analgesia after abdominal
surgeries. However, recent studies have sug-
gested that an alternative method, erector spi-
nae plane block (ESPB), might also be effective.
In this study, we compared the postoperative
analgesic effects of ESPB and TAPB in elderly
patients who had undergone laparoscopic
colorectal surgery.

Methods: Sixty-two elderly patients (> 65 years
old) scheduled for elective laparoscopic col-
orectal surgery with general anesthesia were
randomly allocated to two equally sized groups:
ESPB group and TAPB group. The ESPB group
had a bilateral erector spinae plane block, and
the TAPB group had a bilateral oblique subcostal
transverse abdominis plane block. The primary
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outcome was visual analogue scale (VAS) pain
score during the first 24 postoperative hours at
resting and active states. The secondary out-
comes were postoperative consumption of
sufentanil, satisfaction score, the number of
patients who required antiemetics, incidence of
block-related complications, and other side
events.

Results: There were no demographic differ-
ences between two groups. Compared to the
TAPB group, the ESPB group had lower VAS pain
scores and sufentanil consumption during the
first 24 postoperative hours. Additionally, ESPB
reduced the occurrence of postoperative nausea
and vomiting. Furthermore, the satisfaction
score was higher in the ESPB group. No other
complications were reported between the two
groups.

Conclusions: Compared with oblique subcostal
TAPB, ESPB more effectively reduced postoper-
ative pain and opioid consumption. Thus, ESPB
is suitable for postoperative analgesia in elderly
patients who have undergone laparoscopic col-
orectal surgery.

Trial Registration: Chinese Clinical Trial Reg-
istry: ChiCTR2000033236.

Keywords: Erector spinae plane block; Elderly
patients; Transverse abdominis plane block

I\ Adis


http://orcid.org/0000-0003-3365-779X
https://doi.org/10.1007/s40122-021-00329-x
https://doi.org/10.1007/s40122-021-00329-x
https://doi.org/10.1007/s40122-021-00329-x
https://doi.org/10.1007/s40122-021-00329-x
http://crossmark.crossref.org/dialog/?doi=10.1007/s40122-021-00329-x&amp;domain=pdf
https://doi.org/10.1007/s40122-021-00329-x

1710

Pain Ther (2021) 10:1709-1718

Key Summary Points

Why carry out this study?

Postoperative analgesia in elderly patients
is still challenging due to high rates of
degenerative liver and kidney
functioning.

Erector spinae plane block (ESPB) is a
novel regional block technique have
reported could be relieve postoperative
pain, but the application in elderly
patients after laparoscopic colorectal
surgery has not been presented.

We conducted this prospective
randomized study to investigate the safety
and effectiveness of ESPB in analgesia after
laparoscopic colorectal surgery in elderly
patients.

What was learned from the study?

This study showed that ESPB more
effectively reduced postoperative pain and
opioid consumption compared with
oblique subcostal transverse abdominis
plane block (TAPB).

ESPB reduced the occurrence of
postoperative nausea and vomiting.

Patients treated with ESPB had higher
satisfaction scores.

INTRODUCTION

Among elderly patients that underwent curative
resection of colorectal cancer, laparo-
scopic surgery was applied as a surgical method
for more than 60% [1]. Pain after major
abdominal surgeries not only causes a strong
stress reaction and adverse emotional experi-
ence but also affects postoperative rehabilita-
tion [2, 3]. However, the application of
postoperative analgesia is still challenging due
to high rates of degenerative liver and kidney

functioning in elderly patients [4, 5]. Although
it is a traditional regional anesthesia technique,
epidural anesthesia carries risks of hypotension,
urinary retention, and epidural hematoma
[6, 7]. Opioid-based patient-controlled intra-
venous analgesia (PCIA) is also widely employed
for relieving postoperative pain after colorectal
surgeries [8, 9]. However, opioids can cause a
range of side effects, from relatively mild
symptoms such as nausea, vomiting, and itch-
ing, to serious symptoms including respiratory
depression [10]. Therefore, it is necessary to find
a safe and effective method to relieve pain after

laparoscopic colorectal surgery in elderly
patients.
Oblique subcostal transverse abdominal

plane block (TAPB) is a regional block technique
in which local anesthetics are injected between
the transverse abdominal muscle plane and the
internal oblique abdominal muscle plane [11].
TAPB relieves pain after abdominal surgery by
blocking the sensory nerve of the anterolateral
abdominal wall (T6-L1) [12]. A large number of
studies have confirmed that TAPB can provide
safe and effective postoperative analgesia for
patients undergoing a variety of abdominal
surgeries, including laparoscopic cholecystec-
tomies [13], hysterectomies [14], and gastroin-
testinal surgeries [15].

Erector spinae plane block (ESPB) is a novel
interfascial plane block technique that was
firstly described by Forero and colleagues in
2016. It involves injecting local anesthetic into
the plane between the deep fascia of the erector
spinae muscle and the vertebral transverse pro-
cess under ultrasound guidance to relieve acute
and chronic neuropathic pain in the thora-
coabdominal region [16]. Although ESPB was
first used for chronic pain, it has now been
widely employed as a postoperative analgesia in
a variety of surgeries involving the shoulder and
hip regions [17, 18]. Recent studies have
demonstrated that ESPB plays an important role
in analgesia after abdominal surgeries [19, 20].
However, there are still few studies focusing on
the use of ESPB for postoperative analgesia in
elderly patients after abdominal surgeries.

Thus, we performed a randomized controlled
study to compare the effects of ultrasound-gui-
ded ESPB and oblique subcostal TAPB in
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decreasing postoperative pain in elderly
patients who had undergone laparoscopic col-
orectal surgery.

METHODS

We conducted this prospective, randomized,
single-center clinical trial from June 2020 to
July 2021, following the principles of the Dec-
laration of Helsinki. The study was examined
and approved by the Ethics Committee of Jiax-
ing First Hospital and was registered on the
Chinese Clinical Trial Register (ChiCTR200-
0033236). All participants were informed of the
risks of the study and signed an informed con-
sent form. We also performed this study in
accordance with Consolidated Standards of
Reporting Trials (CONSORT) guidelines.

We enrolled elderly patients aged above
65 years with an American Society of Anesthe-
siology (ASA) physical status of I-III who were
undergoing elective laparoscopic colorectal
surgery. Exclusion criteria included: having
blood clot dysfunction or being on anticoagu-
lant therapy; experiencing serious complica-
tions associated with other systems (such as
severe cardiac insufficiency, renal failure, and
hepatic encephalopathy); allergy to local or
general anesthetics; having a skin infection at or
near the puncture site; having a history of opi-
oid abuse; or inability to cooperate with the
assessment of visual analogue scale (VAS) pain
scores.

On the day of the operation, all participants
were randomly divided into two equally sized
groups (an ESPB group, which received ultra-
sound-guided bilateral erector spinae plane
block at the T9 level; and TAPB group, which
received an ultrasound-guided bilateral oblique
subcostal transversus abdominis plane block).
Randomization was achieved by using com-
puter-generated random numbers, which were
then placed in separate opaque envelopes and
kept by a data administrator. The anesthesiolo-
gist who performed general anesthesia and the
nurse who recorded the postoperative evalua-
tions were blinded to group status. All ESPBs
and TAPBs were performed in the anesthesia
preparation room before the surgery by the

same anesthesiologist, who was not involved in
the rest of the study. The concentration and
dose of local anesthetics refer to a previous
study [21]. Midazolam 1 mg was given to all
patients through intravenous access. Blood
pressure, electrocardiogram, and pulse oxygen
saturation monitoring took place throughout
the block process.

ESPB Application

After the patients were placed in the lateral
recumbent position, the skin near the puncture
site was disinfected. A convex ultrasound probe
(GE Medical Systems Ultrasound and Primary
Care Diagnostics LLC, USA) was placed verti-
cally at the lateral 2-3 cm of the T9 vertebrae to
identify the transverse process and erector
spinal muscle. Then, 1% lidocaine was injected
into the puncture site for local infiltration.
Using an in-plane technique, a No. 22 needle
(PAJUNK Gmbh, Medizintechnologie, Ger-
many) was inserted through the muscle to
touch the T9 transverse process. Next, 2 ml of
saline was injected to separate the erect spinal
muscle from the transverse process and further
determine the position of the needle. After
confirmation that the position of the needle
was normal, and after excluding incidence of
endovascular puncture, 0.25% ropivacaine
mixed with normal saline for 20 ml was injec-
ted. The ultrasound showed that the local
anesthetic separated the erector spinal muscle
and the transverse process, confirming the suc-
cess of the injection (Supplementary Material).
Finally, the same steps were repeated on the
other side.

Oblique Subcostal TAPB Application

After placing the patients in the supine posi-
tion, the skin was disinfected. A linear probe
(GE Medical Systems Ultrasound and Primary
Care Diagnostics LLC, USA) was placed on the
abdominal wall below the costal edge to iden-
tify three layers of muscles (abdominal external
oblique muscles, abdominal internal oblique
muscles, and abdominal transverse muscles)
lateral to the linea semilunaris. A No. 22-G
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needle (PAJUNK Gmbh, Medizintechnologie,
Germany) was placed in the space between the
internal oblique muscle and the transverse
muscle of the abdomen using the in-plane
technique; 2 ml of saline was injected to sepa-
rate the internal oblique muscle and the trans-
verse muscle and to confirm the position of the
needle. After negative aspiration, 0.25% ropi-
vacaine mixed with normal saline for 20 ml was
injected. The ultrasound showed that the local
anesthetic separated the internal oblique mus-
cle and the transversus abdominis muscle,
confirming the success of the injection (Sup-
plementary Material). Finally, the same proce-
dure was repeated on the other side.

General Anesthesia

All patients were sent to the operating room for
general anesthesia after receiving different
interventions. Anesthesia was induced with
sufentanil (0.5 ug/kg), propofol (2 mg/kg), and
cisatracurium (0.2 mg/kg). After placing an
endotracheal tube, general anesthesia was
maintained using sevoflurane (1.5-2%) with
50% oxygen concentration, as well as remifen-
tanil (0.1-0.2 pg/kg/min) to keep the bispectral
index range between 40 and 60. The anesthetic
dose was adjusted to maintain blood pressure
within 20% of the baseline value. Additional
doses of cisatracurium were administered when
necessary. Ventilation parameters were set to a
tidal volume of 6-8 ml/kg and a respiration rate
of 12-14 beats/min to maintain ETCO2 between
30 and 40 mmHg. At the end of surgery, every
patient was intravenously administrated 6 mg
of ondansetron to relieve postoperative nausea
and vomiting. All patients were sent to the
postanesthesia care unit (PACU) after their
operations. In the PACU, all patients were
equipped with a PCIA containing 1 pg/ml of
sufentanil with background infusion 2 ml, and
a dose of 2pg sufentanil that was locked for
20 min. For patients with a VAS score above 5 at
active state or above 3 at rest state, the analgesic
pump was pressed once, and the pain score was
assessed again after 0.5 h. When the patient’s
VAS score was still high, the analgesic pump was
pressed again. The rescue antiemetic,

metoclopramide, was given as a 5-mg dose
intravenously in cases of severe nausea or two or
more emetic episodes, or in response to the
patient’s request.

Outcomes

The primary outcome was VAS pain scores
during the first 24 postoperative hours at resting
and active states (with coughing). Secondary
outcomes included postoperative consumption
of sufentanil, satisfaction score, the number of
patients who required antiemetics, incidence of
block-related complications (bleeding, infec-
tion, pneumothorax, and bowel perforation)
and other side events (nausea, vomiting, con-
stipation, and respiratory depression (respira-
tory rate <8 breaths/min)). A trained nurse
who was blinded to group classification evalu-
ated VAS pain scores at 0.5, 2, 4, 8, 12, 16, 20,
and 24 postoperative hours. The time for extu-
bation of the endotracheal tube was time 0. At
24 h after surgeries, satisfaction score was
assessed with a numerical rating scale ranging
from 1 (most unsatisfied) to 10 (most satisfied).
Nausea and vomiting were assessed by a four-
point verbal scale (none=no nausea,
mild = nausea without vomiting, moder-
ate = vomiting one attack, severe = vomit-
ing > one attack).

Sample Size and Statistical Analyses

Required sample sizes were calculated using
PASS 11.0 (NCSS, LLC, Kaysville, UT, USA),
based on our pilot study, which showed mean
of VAS pain scores values over 24h of
2.61 £ 1.64 in the ESPB group, 3.96 £ 1.78 in
the TAPB group. We performed analysis with
o = 0.05 and power of 80%, which revealed that
the number of patients required in each group
was 28. Considering the 10% drop-out rate in
clinical studies, we included 31 patients per
group. All results were analyzed using SPSS 25.0
(IBM Corp. Armonk, NY, USA). Categorical
variables were expressed by frequency (per-
centage) and analyzed using Fisher’s exact or
the Chi-square tests. Kolmogorov-Smirnov tests
were conducted to determine whether the
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continuous data conformed to a normal distri-
bution. Normally distributed continuous vari-
ables were expressed as mean + standard
deviation, and independent samples T test was
used to examine group differences. Non-nor-
mally distributed continuous variables were
presented as median (interquartile range, IQR),
and Mann-Whitney U tests were used to
examine group differences. A two-sided p value
of < 0.05 was considered statistically
significant.

RESULTS

Of the 74 elderly patients initially enrolled, 12
were excluded and 62 were included in the final
analysis (four patients had their operations
cancelled for various reasons; seven patients
withdrew from the study before surgery; and
one patient had a skin infection). Figure1l
shows the CONSORT diagram. There was no
difference in demographic data (including age,
height, weight, gender, ASA physical status,

[ Enrollment ]

Assessed for eligibility (n=74)

Excluded (n= 12)

+ Not meeting inclusion criteria (n= 4)
+ Declined to participate (n=7)

+ Skin infection (n=1)

A 4

Randomized (n= 62)

!

Y [ Allocation ] y
Allocated to ESPB group (n= 31) Allocated to TAPB group (n= 31)
+ Received allocated intervention (n= 31) + Received allocated intervention (n= 31)
+ Did not receive allocated intervention (give + Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)
v [ Follow-Up ] v
& 4
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons) (n= 0) Discontinued intervention (give reasons) (n= 0)
v [ Analysis ] v

Analysed (n= 31)
+ Excluded from analysis (give reasons) (n= 0)

Analysed (n= 31)
+ Excluded from analysis (give reasons) (n= 0)

Fig. 1 CONSORT flow diagram of study (ESPB erector spinae plane block, 74PB transverse abdominis plane block)
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Table 1 Demographic data and baseline characteristics

ESPB group (» = 31) TAPB group (n = 31)  value

Age (years) 71.64 + 45 7231 + 6.3 0.86
Height (cm) 1659 + 638 166.6 + 6.4 0.93
Weight (kg) 572 + 63 587 £ 7.2 0.70
Gender (M/F) 15/16 18/13 0.44
ASA class 0.37

I 6 (19.4%) 8 (25.8%)

it 18 (58%) 20 (64.5%)

0 7 (22.6%) 3 (9.7)
Type of surgery 0.78

Left hemicolectomy 11 (35.5%) 8 (25.8%)

Right hemicolectomy 9 (29%) 13 (41.9%)

Anterior resection 6 (19.3%) 4 (12.9%)

Sigmoidectomy 3 (9.7%) 4 (12.9%)

Panproctocolectomy 2 (6.5%) 2 (6.5%)
Duration of surgery (min) 147.7 £ 153 1515 + 12.8 0.42
Duration of anesthesia (min) 1586 + 17.2 1634 + 123 0.10

Dates are reported as mean £ SD, median [IQR] or number (percentage) where appropriate
M male, F female, AS4 American Society of Anesthesiologists, ESPB erector spinae plane block, TAPB transverse abdominis

plane block

gzllllllll

SRR RS SR

Time

Fig. 2 VAS scores at rest (H hour, VAS visual analogue
scale, ESPB erector spinae plane block, 74PB transverse
abdominis plane block)

w:llllllll = s

SRR
Time

Fig. 3 VAS scores at activity (H hour, VAS visual
analogue scale, ESPB erector spinae plane block, 74PB

transverse abdominis plane block)
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types of surgeries, duration of anesthesia ad
surgery) between the two groups (Table 1).

Compared to the TAPB group, patients in the
ESPB group had lower VAS pain scores
throughout the first 24 postoperative hours at
both resting (Fig. 2) and active states (Fig. 3).

Also, ESPB significantly decreased sufentanil
consumption during the first 24 postoperative
hours. Significantly lower occurrence of post-
operative nausea and vomiting (PONV) was
reported in the ESPB group compared to the
TAPB group. Similarly, the number of patients
who required rescue antiemetics was signifi-
cantly reduced in the ESPB group. Furthermore,
the satisfaction score was higher in the ESPB
group (Table 2). No block-related complications
were recorded in any of the patients (bleeding,
infection, pneumothorax, and bowel
perforation).

DISCUSSION

Our findings indicated that, compared with
oblique subcostal TAPB, ESPB could signifi-
cantly reduce VAS scores during the first 24
postoperative hours. Additionally, patients in
the ESPB group had significantly lower sufen-
tanil consumption but higher satisfaction
scores.

In recent years, the number of elderly
patients undergoing laparoscopic colorectal
surgery has significantly increased, and a

considerable number of elderly patients had
experienced severe pain after their operations.
Severe postoperative pain affects the rehabilita-
tion process of patients after their operations
and is related to a series of postoperative com-
plications, including increased length of hospi-
tal stays and increased costs of hospitalization
[22]. As an important part of enhanced recovery
after surgery (ERAS), effectively, relief of post-
operative pain is a problem that needs to be
solved. Pain after abdominal surgery mainly
involves visceral and somatic components. For a
long time, postoperative epidural analgesia was
considered to be effective, but high require-
ments for blood coagulation and puncture
techniques make it impossible for some patients
to get these benefits [23]. It has been shown that
incision-based local infiltration anesthesia can
be used for postoperative analgesia, but its
effects and action time are not fully satistactory
[24].

PICA with opioids is also a common method
to relieve pain following surgeries. However,
opioid-related complications are unbearable for
some patients. Compared with drug-based
analgesia, regional block techniques combined
with general anesthesia appear to better control
pain and reduce adverse drug reactions. Further,
they do not interfere with respiratory func-
tioning, which meets the requirements of ERAS
[25].

Oblique subcostal TAPB has been shown to
relieve pain after abdominal surgery, mainly by

Table 2 Comparison of sufentanil consumption and complications between groups

ESPB group (» = 31) TAPB group (» = 31) 7 value

Sufentanil consumption (jig) 54 (50, 58) 62 (56.66) < 0.01
PONV < 0.01
Nausea, 7 (%) 3 (9.7%) 11 (35.5%) 0.02
Vomiting, 7 (%) 1 (3.2%) 7 (22.4%) 0.02
Required rescue antiemetic, (%) 1 (3.2%) 8 (25.8%) 0.03
Constipation, 7 (%) 3 (9.7%) 6 (19.4%) 0.47
Satisfaction score 8 (8,9) 7 (5.8) < 0.01

Dates are reported as median [IQR] or number (percentage) where appropriate
PONYV postoperative nausea and vomiting, ESPB erector spinae plane block, 74PB transverse abdominis plane block
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the injection of local anesthetics into the plane
between the internal oblique muscles and the
transverse muscles of the abdomen [21]. How-
ever, TAPB can only act on the anterolateral
abdominal wall of the anterior innervation of
the spinal nerve to relieve somatic pain. A pre-
vious meta-analysis concluded that oblique
subcostal TAPB could provide effective analgesia
in the first 12 h after abdominal surgery [26].

We found that patients treated with ESPB
had lower VAS scores during the first 24 post-
operative hours. Also, patients in the ESPB
group required lower opioid consumption,
which indicated that ESPB was providing more
effective postoperative analgesia than oblique
subcostal TAPB. This might be related to the
mechanism of ESPB, which works by injecting
local anesthetics into the plane between the
erector spinal muscle and the transverse pro-
cess, which then spreads to the paraspinal space
and block the dorsal and ventral branches of the
spinal nerve [16, 27]. Further studies might
focus on different methods for prolonging the
duration of blocks, such as continuous block
technique or the addition of auxiliaries to local
anesthetics. Furthermore, oblique subcostal
TAPB could be performed after general anes-
thesia in the supine position, while ESPB
requires to be in lateral or prone positions. The
impact of these procedures on operation room
turnover and patients’ comfort was not mea-
sured in our study.

ESPB is a relatively easy regional block to
operate, and previous larger sample size studies
demonstrated that ESPB is safe [28, 29]. There
are only a few case reports of operation-related
complications. Ueshima [30] described a
73-year-old woman that suffered pneumotho-
rax following ESPB, and OSelvi et al. [31]
reported motor weakness related to the ESPB in
a young woman after Cesarean section. No
block-related adverse events were recorded in
our study. As a new regional block technique,
however, further clinical evidence is essential to
verify safety.

In this study, the occurrence of PONV was
lower in the ESPB group than the TAPB group.
This may be a benefit from the decreased use of
opioids during the postoperative period. A
recent large sample and high-quality

randomized clinical trial reports showed that
the incidence of PONV in patients without
intervention with opioid-based patient-con-
trolled intravenous analgesia after abdominal
surgery was 44.3% [32]. A reduction in the
occurrence of PONV contributes to postopera-
tive recovery and is consistent with ERAS.
However, it is important to note that the use of
inhaled anesthetics, different types of surgery,
and routine use of postoperative antiemetic
agents may limit the value of the result.

Our study has some limitations. First, we did
not perform sensory evaluations of both blocks
but did not impact outcomes. Second, although
sample size calculation was performed in our
study, the number of included patients was
small, which needs to be confirmed by further
large sample size studies. Third, the current
study lacks optimal concentrations and dosages
for local anesthetic; future studies might focus
on this.

CONCLUSIONS

This study suggests that ESPB is a more effective
regional block technique for postoperative pain
relief in elderly patients undergoing laparo-
scopic colorectal surgery than oblique subcostal
TAPB.
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