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Abstract

Background: The efficacy of erector spinae plane block (ESPB) for pain control in other
surgeries remains an interesting topic of discussion. This study aimed to evaluate the
safety and efficacy and quality of recovery of ultrasound-guided bilateral ESPB in
laparoscopic surgery for colon cancer.
Material and methods: In this study 50 patients were included and randomly divided
into the intervention group (E group, n= 25) and the control group (C group, n= 25).
Patients in the E group received general anesthesia with preoperative bilateral
ultrasound-guided ESPB, whereas patients in the C group received general anesthesia
with saline injection in the erector spinae plane preoperatively. Data on intraoperative
and postoperative anesthetic effects and the effect on enhanced recovery after surgery
were recorded and analyzed.
Results: Rocuronium consumption in the intervention group was 82.80± 21.70mg,
which was lower than that in the control group (P< 0.05). Visual analog scale scores
at 2, 6, and 24h after surgery in the intervention group were lower than those in the
control group (Fbetween= 34.034, P= 0.000). The time to ambulation, consumption of
ketorolac tromethamine, time to oral intake and hospital stay after operation in the
intervention group were significantly lower than those in the control group (P< 0.05).
The block area at the different baselines was significant (Fbetween= 3.211, P= 0.009). The
association between baseline and time was significant (Fbaseline * time= 3.268, P= 0.001).
Conclusion: This study confirmed that ultrasound-guided ESPB technology is safe and
beneficial for patients with colon cancer undergoing laparoscopic colon surgery.
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Introduction

Colorectal cancer is one of the most com-
mon tumors worldwide [1, 2]. The Ameri-
can Cancer Society estimated that 95,520
new cases of colon cancer were diagnosed
in the United States in 2017 [3]. Both total
mesorectal excision and complete meso-

colic excision have become the standard
techniques in colon cancer surgery to re-
duce local recurrence and mortality [4].

Improved standards in perioperative
care can be attributed to a wide range
of changes in clinical interventions. En-
hanced recovery after surgery (ERAS) has
been one of the most significant recent
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breakthroughs [5], particularly in patients
undergoing abdominal surgery. The
ERAS protocol is a multimodal, multidis-
ciplinary, and evidence-based approach
that reduces surgical stress, enhances
early recovery after surgery, and improves
patient outcomes [6]. Most ERASprotocols
consist of perioperative, intraoperative,
and postoperative care. Thus, the respon-
sibility of the anesthetist is to modify
the management to increase both the
quality and outcome of perioperative care
[7]. Regional anesthesia complements
and enhances multimodal analgesia for
abdominal surgery and improves surgical
outcomes [8–11].

Thoracic epidural analgesia (TEA) and
transversus abdominis plane (TAP) blocks
are common interventions used in major
open abdominal surgery but have certain
disadvantages [12–15]. The ultrasound-
guided erector spinae plane block (ESPB)
was first described by Forero et al. [16] in
2016 for chronic and postoperative tho-
racic pain. Compared to TAP block, ESPB
has the advantages of TEA as it has been
reported to provide a wide range of sen-
sory blockade in the abdomen [17–20]
and thorax [21–25]. The ESPB also has
a lower risk of complications than TEA or
paravertebral blocks [16, 26, 27].

To evaluate the perioperative analgesic
efficacy and the quality of recovery of
ESPB in patients undergoing laparoscopic
surgery for colon cancer, we conducted
a randomized double-blind trial for laparo-
scopic colon cancer surgery to verify the
safety and efficacy of ESPB. Its ERAS effi-
cacy was also evaluated. This study quan-
tified and assessed the block area in vivo
using the temperature and prick test, after
setting baselines for testing by assigning
bones from T1 to L5.

Abbreviations

BIS Bispectral index
CME Completemesocolic excision
ERAS Enhanced recovery after surgery
ESP Erector spinae plane
ESPB Erector spine plane block
TAP Transversus abdominis plane
TEA Thoracic epidural analgesia
TME Total mesorectal excision
VAS Visual analog scale

Methods

Aim, design and participants

All procedures followed were in accor-
dance with the ethical standards of the
responsible committee on human exper-
imentation and with the Declaration of
Helsinki of 2000. Informed consent was
obtained from all patients included in the
study. The study was approved by the
ethics committee of the Nanhai Hospital
Affiliated to Southern Medical University
(NO.: (2019) 531). This prospective ran-
domized controlled double-blind study
was registered in the Chinese Clinical
Trial Registry (trial ID: ChiCTR2000031255,
26.03.2020). The study adhered to the
Consolidated Standards of Reporting Trials
(CONSORT) guidelines.

The inclusion criteria were as follows:
(1)patientsaged18–75years, (2)American
Society of Anesthesiologists (ASA) physical
status I–II, (3) New York Heart Association
class I–II, (4) all patients scheduled for la-
paroscopic surgery for colon cancer, and
(5)patientor familymemberwhoprovided
written informed consent. The exclusion
criteria were as follows: (1) patients with
abnormal coagulation function; (2) pa-
tients with severe heart and lung disease
and liver and kidney dysfunction, (3) pa-
tients allergic to local anesthetic drugs or
opioids, (4) patients receiving preopera-
tive chemoradiotherapy, (5) patients un-
able to cooperate or communicate, (6) pa-
tients with chronic pain or a long history
of mental illness, (7) patients with seri-
ous complications that were not caused
by anesthesia that resulted in a prolonged
hospital stay, (8) patients with any con-
traindications to regional anesthesia, and
(9)patientswhoproactivelywithdrewfrom
the study.

To evaluate the safety and efficacy and
quality of recovery of ultrasound-guided
bilateral ESPB in laparoscopic surgery for
colon cancer, patients were assigned into
two groups: the ESPB (E group) and con-
trol groups (C group). Patients in the
E group received general anesthesia with
preoperative bilateral ultrasound-guided
ESPB. Patients in the C group received
general anesthesia with preoperative bi-
lateral ultrasound-guided erector spinae
plane (ESP) saline injection.

Interventions

Ultrasound-guided ESPB was performed
under strict aseptic precautions. Each
patient was placed in the right lateral de-
cubitus position and underwent routine
monitoring including electrocardiogra-
phy; blood pressure, and pulse oximetry;
and peripheral venous access. Invasive
arterial blood pressuremonitoring, central
venous catheter placement right jugular
internal vein, and catheterization in the
right neck were performed. All the anes-
thesia operations were performed by the
same experienced, skilled and senior at-
tending physician. The T7 spinous process
was located by direct palpation of the
spinous processes starting from the C7
downward. The tip of the T7 transverse
process was then identified using a linear
array high-frequency ultrasound probe
placed in a transverse orientation. By ro-
tating the ultrasound probe to a portrait
orientation, a parasagittal view of the
skin, subcutaneous tissue, trapezius, and
erector spinae muscle was displayed. The
T7 transverse process could be confirmed
when the rhomboid muscle disappeared
because the rhomboid muscle was lo-
cated at the T5–T6 vertebral level. To
confirm correct needle insertion, the nee-
dle was inserted in-plane craniocaudally
until it reached the T7 transverse process
and 0.5–1.0mL saline was injected. Af-
ter the injection the distribution of the
injected saline was assessed in order to
verify the correct needle position and in-
jection plane. No distension observed in
the erector spinae muscle meant that the
tip of the needle was in the correct plane.
Then, patients in the E groupwere injected
with 20mL of ropivacaine (0.25%) into
the ESP bilaterally. Patients in the C group
were injected with 20mL of saline bilater-
ally. All the injections were performed in
the correct plane. Both groups received
general intravenous anesthesia by sub-
sequently injecting 0.4μg/kg sufentanil,
2mg/kg propofol, and 0.6mg/kg rocuro-
nium. Tracheal intubation was performed
after muscle relaxation. Mechanical ven-
tilation was then performed and the tidal
volume was set to 6–8mL/kg and respira-
tory rate to 12–16 times/min. Moreover,
end-tidal carbon dioxide was maintained
at 35–45mmHg. A bispectral index (BIS)
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Fig. 18 Baselines of the temperature andprick test

monitor was used to monitor anesthe-
sia depth, BIS values were controlled
to 46–60 and mean arterial blood pres-
sure was maintained at 70–100mmHg.
A dual channel target-controlled infu-
sion pump (WeiLiFangZhou TCI-III-B [Nan
Ning, Guang Xi, China]) was used to infuse
propofol, remifentanil and rocuronium for
maintaining anesthesia during surgery.
The propofol was infused 1–4μg/mL in
the Marsh mode and remifentanil was
infused 2–4ng/mL in target-controlled
infusion with effect-site concentration.
The dosage of rocuronium can be ad-
justed according to the surgeon’s need
for muscle relaxation during surgery. An
electronic intravenous analgesia pump
was used in both groups postoperatively.
Sufentanil (2μg/kg) and tropisetron (4mg)
were diluted in 100mL of saline for the
analgesia pump. The pump infusion
rate was 2mL/h, with a single patient-
controlled intravenous analgesia dose of
0.5mL and duration of 15min. Ketorolac
tromethamine (30mg per dose) was ad-
ministered as an analgesic remedy when
pain became unbearable (visual analog
scale [VAS]> 5).

The temperature and prick test were
used separately to detect the temperature
by alcohol evaporation and pain sensory
extent of the block after surgery. The left
parasternal line, left mid-clavicular line,
left anterior axillary line, right parasternal

line, right mid-clavicular line, and right
anterior axillary linewereused as baselines
(. Fig. 1).

Outcome measures

Postoperative pain was assessed using the
VAS at 2, 6, 24, and 48h postoperatively.
A rescue analgesic was infused when the
patient had a VAS score >5, and the
total analgesic consumption of ketorolac
tromethamine was recorded within 48h.
Arterial blood was collected upon ad-
mission to the operating room (Time 1),
10min after extubation (Time 2), and 24h
after operation (Time 3), and stress re-
sponse indices such as blood glucose and
lactate were then detected. Components
of ERAS, such as the first time of anal ex-
haust, the time of leaving the bed, eating,
bladder catheter removal, and hospital
stay, were recorded. Data regarding the
infusion of sufentanil and remifentanil
during surgery were recorded. The num-
bers of pressing in the analgesia pump
within 48hpostoperativelywere recorded,
as were the postoperative complications
such as bradycardia, hypotension, nausea,
vomiting, pruritus, respiratory depression
or vertigo. The sensory extent of the block
was noted at 6, 12, and 24h postoper-
atively. The L5-T1 bones were assigned
as variables 1–17 according to the order

of the lumbar vertebrae to the thoracic
vertebrae from bottom to top.

Statistical analyses

All surgeons, nurses, follow-up data collec-
tiondoctor, statisticians, andpatientswere
blinded togroupallocation. Only theanes-
thesiologists performing the blocks and
operating room nurses were not blinded.
The surgeons who performed the colon
cancer surgery were blinded to the group
allocation. None of the anesthesiologists
involved in the study followed up the pa-
tient in the postoperative period and col-
lected data for the study. The follow-up
data were collected when patients were
hospitalized by a designated doctor. Ward
nurses in the postoperative period were
blinded to the group allocation. Qijin Li,
Quanchu Li, Weiping Peng, Zhenzhen Liu,
and Yaohai Mai enrolled participants. Par-
ticipants were assigned to groups E and C
throughrandomsamplingmethodbyDoc-
tor Ping Mo. The E and C groups were
assigned as “A” and “B” by Doctor Ping
Mo. The statistician was blinded when
analyzing. The groups were blinded until
all data collection was complete.

A previous trial found that the mean±
standarddeviationofVASpainscoreat24h
postoperatively in patients with ESPB was
2.76± 0.68. We hypothesized a common
within-groupstandarddeviationof 0.7 and
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Excluded  (n= 27)
• Not meeting inclusion criteria (n= 0)
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• meeting exclusion criteria (n= 27)

Analysed  (n= 25)
• Excluded from analysis (give reasons) (n= 0)

Lost to follow-up (patients proactively withdraw 
from the study) (n= 1)
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Discontinued intervention (give reasons) (n=0)

Allocated to C group (n= 27)
• Received allocated intervention (n= 27)

• Did not receive allocated intervention (give 
reasons) (n= 0)

Analysed  (n= 25)
• Excluded from analysis (In order to match the 
number of I group and C group) (n= 2)

Allocation

Analysis

Follow-Up

Randomized (n= 53)

Enrollment

Fig. 28 CONSORT flowdiagram

calculated that a sample size of 25 patients
per group (total 50) would provide 80%
power at a two-sided α value of 0.05 to
detect the difference in VAS pain score at
24h postoperatively between patients in
the E and Cgroups. To account for possible
protocol violations, we enrolled a total of
80 participants.

Descriptiveanalysiswasusedtoanalyze
the characteristics of the selected patients.
Baseline clinical characteristics of the two
groups were compared using the χ2-test.
Mean values and standard deviation were
calculated and determined using a t-test
for each quantitative variable. Repeated
measures analysis of variance (ANOVA)was
performed to compare repeated measures

variables. The variablemodel areawas cal-
culated, and repeated measures ANOVA
was used to evaluate anesthesia efficacy.
Statistical significance was set at P< 0.05.
All data were analyzed using the PASW
Statistics for Windows version 18.0 statis-
tical software (Chicago: SPSS Inc., 2009).

Results

Patient characteristics

The study recruited and followed up par-
ticipants from 1 July 2019, to 31 August
2020. During the study period, 80 pa-
tients were considered eligible; however,
27 patients were excluded formeeting the

exclusion criteria. A total of 53 patients
werefinally includedandwererandomized
and 27 patients received general anes-
thesia with preoperative saline injection
(C group), whereas the other 26 patients
received ESPB in addition to general anes-
thesia (E group). One patient from the
E group withdrew from the study during
the follow-up period. To match the num-
ber of the E group and the C group, two
patients in the C group were randomly
excluded. The CONSORT flow diagram is
shown in. Fig. 2. There was no significant
difference between the demographics of
patients in the control group and the in-
tervention group (. Table 1).
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Table 1 Comparison of patient demographic data
E group (n= 25) C group (n= 25) P

Sex (male:female) 15:10 15:10 1.000

Age (years) 62.48± 10.96 67.89± 10.89 0.087

Body mass index (kg/m2) 21.28± 2.96 20.35± 3.51 0.333

Table 2 Comparison of anesthetic dosage during surgery
E group (n= 25) C group (n= 25) P

Propofol (mg) 1056.00± 445.35 1028.80±473.68 0.835

Remifentanil (μg) 1209.20± 364.36 1082.76±420.70 0.262

Rocuronium (mg) 82.80± 21.70 116.60± 48.38 0.003

Table 3 Comparison of blood glucose and lactate at different detection times, postoperative
VAS score, and ERASefficacy

E group
(n= 25)

C group
(n= 25)

Fwithin Fbetween Fgroup * time P

Blood glucose (mmol/L)
T1 6.53± 2.53 6.60± 1.54 –

T2 7.33± 1.96 7.59± 1.74 –

T3 7.19± 2.82 7.20± 1.48

6.953** 0.047 0.151

–

Blood lactate (mmol/L)
T1 1.00± 0.59 0.65± 0.40 –

T2 1.41± 0.71 1.14± 0.63 –

T3 1.36± 0.84 1.12± 0.45

29.770** 3.175 0.362

–

VAS score
2h after surgery 2.12± 0.53 2.32± 0.75 –

6h after surgery 2.72± 0.61 3.68± 0.63 –

24h after surgery 2.76± 0.83 3.32± 0.75

32.801** 10.634** 7.021**

–

Time to ambula-
tion (h)

30.40± 10.20 51.04± 14.39 – – – 0.000

Analgesia reme-
diation consump-
tion of ketorolac
tromethamine
(mg)

24.00± 35.71 51.60± 43.75 – – – 0.018

Anal exhaust time
(h)

53.44± 18.29 60.64± 16.19 – – – 0.147

Time of bladder
catheter removal
(h)

72.00± 142.32 54.08± 33.94 – – – 0.543

Time to oral in-
take (h)

36.96± 17.97 52.00± 16.45 – – – 0.003

Hospital stay after
operation (days)

10.08± 5.05 12.52± 2.60 – – – 0.037

*P< 0.05, **P< 0.01

Outcomes

The consumption of rocuronium in the
E group was 82.80±21.70mg, which
was significantly lower than that in the
C group (P< 0.05); however, there was
neither a statistically significant difference
between the dosages of remifentanil and
propofol (. Table 2) nor in the amount

of lactic acid in the blood between the
two groups (Fbetween, P> 0.05). The asso-
ciations between lactate and glucose in
the blood over time were not significant
in the two groups (Fgroup * time, P> 0.05)
(. Table 3).

The VAS scores at 2, 6, and 24h af-
ter surgery in the E group were lower
than those in group C (Fbetween= 34.034,

P= 0.000). Furthermore, the associa-
tion between anesthesia methods and
VAS time was statistically significant be-
tween the two groups (Fgroup * time= 9.759,
P= 0.000) (. Table 3), indicating that ESPB
anesthesia method had a longer analgesic
effect. For ERAS, the time of leaving the
bed, analgesia remediation consumption
of ketorolac tromethamine, meal time af-
ter surgery and hospital stay in the E group
were significantly lower than those in the
C group (P< 0.05). Differences in parame-
ters such as anal exhaust time and time of
bladder catheter removal between groups
were not statistically significant (P> 0.05)
(. Table 3).

The incidences of postoperative com-
plications are shown in. Table 4. The inci-
dences of postoperative complications in
E group were lower than that in C group,
but not significant different (P> 0.05).

Sensory extent of the block

The extent of the sensory block was de-
termined by the temperature and prick
test for the E group (. Fig. 3a). Over
time, the extent of the block gradually
decreased (Fwithin = 154.128, P= 0.000).
The difference in the blocked areas using
the different baselines was significant
(Fbetween= 3.211, P= 0.009). The asso-
ciation between baseline and time was
significant (Fbaseline * time= 3.268, P= 0.001),
indicating that the extent of the sensory
block diminished over time (. Table 5;
. Fig. 3b–d).

Discussion

As a new blocking technique, the use of
erector spinal plane block has been re-
ported inmammary glands, thoracoscopic
andspinal surgery [28]. ESPBisapromising
regional anesthesia technique. Physicians
can reach proficiency in performing these
blocks in a shorter time than other more
invasive techniques such as paravertebral
blocks; however, there are only a few ran-
domized controlled double-blind studies
on abdominal surgery.

Our results showed that the consump-
tion of rocuronium in E group was signif-
icantly lower than that of C group. We
reviewed all the surgical records in this
study and found that 5 patients in the con-
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Table 4 Comparison of postoperative complications
Postoperative complications n (%)

Bradycardia Hypotension Nausea and vomiting Vertigo Pruritus Respiratory depression Total

E group (n= 25) 0 (0) 0 (0) 1 (4) 0 (0) 0 (0) 0 (0) 1 (4)

C group (n= 25) 0 (0) 0 (0) 2 (8) 1 (4) 0 (0) 0 (0) 3 (12)

χ2 – – – – – – 1.087

P – – – – – – 0.297

Table 5 Repeatedmeasures ANOVAof block area
6h after surgery 12h after surgery 24h after surgery

Left parasternal line 9.92± 1.89 8.96± 1.95 7.52± 2.57

Left mid-clavicular line 8.68± 2.56 8.20± 2.48 7.36± 2.60

Left anterior axillary line 8.80± 2.61 8.08± 2.68 7.48± 2.47

Right parasternal line 11.00± 1.63 9.72± 1.67 8.68± 1.95

Right mid-clavicular line 8.92± 1.96 8.32± 1.91 7.36± 1.82

Right anterior axillary line 8.32± 1.63 7.80± 1.98 7.28± 1.70

Fwithin 154.128**

Fbetween 3.211**

Fbaseline * time 3.268**

*P< 0.05, **P< 0.01

trol group received an additional dosage
of 0.3mg/kg rocuronium due to intraoper-
ative body movements or dissatisfaction
with the effect of muscle relaxation but no
such situation occurred in the experimen-
tal group. We speculate that is the main
reason why the rocuronium consumption
between two group is significant different,
and ESPB could provide a better muscle
relaxation. The consumption of propo-
fol and remifentanil during operation be-
tween two groups were not significantly
different. This could be attributed to TCI
target-controlled remifentanil under the
guidance of ERAS, which lead to a rel-
atively stable circulation and no drastic
hemodynamic fluctuation. Glucose and
lactate levels in the blood were not signif-
icantly different between the two groups
at different times, indicating that ESPB
has no evident inhibitory effect on the
stress injury induced by surgery. The same
remifentanil consumption in both groups
indicated that the ESP block did not pro-
duce visceral analgesia but both groups
were given analgesic pump after opera-
tion, which had a certain effect on visceral
pain. Thebilateralultrasound-guidedESPB
resulted in a significant postoperative re-
duction of pain through the VAS scores
at 2, 6, and 24h. The difference in VAS
may be due to the pain of the wound, and
ESPB can provide better analgesia. The

numbers of nausea, vomiting and vertigo
in the C groupwere higher than in E group.
It was possible that the number of post-
operative salvage analgesia and analgesia
pump compressions in the C group were
more than that in the E group, resulting in
increased adverse reactions. This may also
indicate that the analgesic effect of ESP in
E group was better than C group. We had
also assessed the VAS scores of patients in
two groups at 48h. The VAS score of the
E group at 48h was 2.40± 0.76 and that of
the C groupwas 2.32± 0.56. The VAS score
data of 48h were both low without signif-
icant difference; thus, we did not analyze
it in the results. The time to ambulation,
analgesia remediation consumption of ke-
torolac tromethamine, time to oral intake
and hospital stay after operation in the
E group were significantly reduced, indi-
cating that the effects of ESPB on ERAS
were better than the C group. The con-
cept of ERAS is popular in gastrointestinal
surgery. The ESPB anesthesia can effec-
tively reduce postoperative pain and post-
operative complications in patients, meet-
ing the technical requirements of ERAS.
The results of our investigations in the
extent of sensory block showed that the
ranges of anesthesia within 24h in differ-
ent baselines were both between T12 and
T5. The left and right parasternal anesthe-
sia lines were more extensive than others,

but the effect of anesthesia declined more
rapidly. The anesthetic effect in the right
side of the body was stronger than the
left side, which may be related to the lat-
eral position during performance of the
ESPB; however, the range of anesthesia
for 24h was between T12 and T5. The de-
clines in the sensory extent of the block
at 12h and 24h were 8.67% and 18.2%,
respectively. In addition, No ESPB-related
complications occurred (hematoma etc.),
no ESPB failed due to technical difficul-
ties, proving that ESPB under ultrasound
guidance is safe and effective. Although
the history of ESPB is short, and few con-
trolled clinical trials have been published,
there is an abundance of case reports.
Some dealt with analgesia for abdominal
surgery [19, 29, 30], but not for laparo-
scopic surgery for colon cancer and quality
of recovery. Our prospective randomized
controlled trial has confirmed that ultra-
sound-guided ESPB technology is safe and
beneficial for laparoscopic colon surgery
for colorectal cancer.

In this study, we found that the stan-
dard deviation of the block area was large,
suggesting that theblock areaof ESPBmay
be significantly different among individu-
als. ESPB was placed at T7 in this study
and the block spread to T1, in contrast
to another study [31]. Cadaver studies
examining local anesthetic spread post-
ESPB have shown inconsistent dye spread
[32], whereas our data showed that the
block area at different baselines did not
significantly differ.

Our study has some limitations. First,
thiswas a single-center study. Thenumber
of participants enrolled was small, so the
applicability of resultsmaybe limited. Sec-
ond, there was no effective evaluation in-
dexused inthisstudytodistinguishvisceral
pain from incisional pain, which needs to
be confirmed by further studies. Third,
the mechanism of ESPB should be further
studiedbyexploring thediffusionpathway
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Fig. 38 Sensory extent of the erector spinemuscleblock after surgery.a The extent of the sensory block shownby theverte-
bral column;b The block extent of parasternal line is shown in number of intercostal spaces; c The block extent ofmid-clavic-
ular line is shown innumberof intercostal spaces;d Theblock extent of anterior axillary line is shown innumberof intercostal
spaces

after drug injection by adding a contrast
agent to local anesthetics. Fourth, our
study found that some patients still have
pain after surgery >24h. Dexamethasone
or dexmedetomidine can be added to the
anesthetics toprolongblocktime in further
studies. Finally, the recovery quality scale,
15-item quality of recovery and other rel-
evant evaluation indicators can be used to
evaluate thequalityof thepatient recovery
and postoperative status.

In conclusion, our prospective random-
ized controlled trial has confirmed that ul-
trasound-guided ESPB technology is safe
and beneficial and improves recovery rate
and ERAS in patients with colon cancer
undergoing laparoscopic colon surgery.
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