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Abstract
Background:Despite recent advances in gastric cancer surgery, open gastrectomy is often needed to treat gastric cancer. Due to
the large incision in the abdomen, the amount of opioid required during surgery increases and postoperative pain becomes worse. It
is well known that postoperative pain has a negative impact on the patient’s immune system. Herein, we performed an ultrasound-
guided bilateral rectus sheath block (RSB) in patients undergoing open gastrectomy under general anesthesia and analyzed the
analgesic effectiveness of RSB in open gastrectomy.

Methods:A total of 46 patients scheduled for open gastrectomy were randomly divided into 2 groups: Group A (n=21) consisted
of patients who received an RSB using 40 mL of 0.375% ropivacaine under ultrasound guidance and Group B (n=20) consisted of
patients who received an RSB using 40 mL of normal saline. An electronic injection pump was connected to each patient for patient-
controlled analgesia (PCA) immediately after the skin closure. The amount of remifentanil required during the surgery was analyzed.
After using PCA, data on the use of PCA bolus dose were extracted and analyzed using Excel.

Results:Group A used significantly less remifentanil (1021.4±172.0mg) than group B (1415.0±330.6mg; P= .03). The number of
PCA bolus dose provided to the patients after surgery was significantly lower in group A (1h: 1.14±0.9, 2h: 0.85±0.7) than in group
B (1h: 1.85±0.7, 2h: 1.45±1.0) until 2hours after the surgery (1h, P= .008; 2h, P= .03), but after 3hours, there were no significant
differences between the 2 groups.

Conclusions: If ultrasound-guided bilateral RSB with 40mL of 0.35% ropivacaine is performed precisely in patients undergoing
open gastrectomy, the requirement for remifentanil during surgery can be reduced. In addition, it significantly reduces the use of PCA
bolus dose for acute postoperative pain within 2hours after surgery.

Abbreviations: ASA = American Society of Anesthesiologists, BIS = bispectral index, IV = intravenous, PCA = patient-controlled
analgesia, RSB = rectus sheath block, VAS = visual analog scale.
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1. Introduction

Surgery is the only radical cure and the most important, effective
treatment for stomach cancer.[1] Recently, laparoscopic surgery,
which requires a minimal skin incision, has been gaining
popularity as the preferred technique for gastric cancer surgery.
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However, open surgeries are still being performed depending on
the cancer stage.[2] Due to the large skin incision in the abdomen
required for open gastrectomy, the requirement of opioids to
maintain anesthesia during the surgery is further increased and
the pain experienced by the patient after surgery is also more
severe. It is well known that the intensity of the pain experienced
by the patient during or after the surgery itself has a considerably
negative effect on the patient’s immunity.[3] It is also known that
the increased demand for opioids to control this severe pain also
affects the immune system of the patients.[4] In cancer surgeries
such as those for gastric cancer, maintaining or strengthening the
patient’s immunity during and after the surgery is crucial for
preventingmetastasis thatmay occur during the surgery or cancer
recurrence that may occur after the surgery.[5] In addition, the age
of patients undergoing gastrectomy is also increasing. These
patients are more likely to have underlying medical conditions in
major organs such as the heart or lungs, and the need for
appropriate pain control after surgery is increasing.[6]

For these reasons, research is underway to reduce the use of
opioids during surgery and to help control pain in patients after
surgerybyperforming a rectus sheathblock (RSB),which is a typeof
regional anesthesia used in various types of cancer surgeries under
the guidance of general anesthesia.[7–10] Recently, the development
and application of new regional anesthesia methods are becoming
more interesting as it is possible to perform procedures in a safer,
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faster, and more accurate manner by administering regional
anesthesia under ultrasound guidance.[11,12]

Introduced in 1899 by Schlech, the RSBwas initially used to relax
muscles of the anterior abdominalwall during surgery and served as
an analgesic adjuvant.[13] Since then, as the number of procedures
using ultrasound has increased in surgeries that require midline skin
incisions of the abdomen, RSB is conducted with general anesthesia
to reduce opioid use and postoperative pain.[8,9,14,15] If local
anesthetics are injected accurately into the bilateral posterior rectus
sheathwith ultrasound guidance, the ventral rami of the 7th to 12th
intercostal nerves are blocked, anesthetizing the middle portion of
the anterior abdominal wall from the xiphoid process to the
symphysis pubis in adults and providing an analgesic effect in the
area.[12,15,16] Given these advantages, RSB can not only suppress
excessive stimulation causedby the skin incision, but can also reduce
the amount of anesthetic agent used during surgery (including
opioids)[8] and reduce postoperative pain.
We performed bilateral RSB with 40 mL of 0.375%

ropivacaine and with 40 mL of normal saline under ultrasound
guidance immediately after induction of general anesthesia in the
operating room. The results were compared to verify 2
hypotheses. The first hypothesis was that bilateral RSB before
surgery reduces the amount of remifentanil required during an
open gastrectomy. The second hypothesis was that bilateral RSB
before surgery reduces the requirement for patient-controlled
analgesia (PCA) bolus doses after surgery.

2. Methods

2.1. Study design

This study was conducted at Kyungpook National University
Chilgok Hospital, Daegu, South Korea, between December 2015
and April 2016. The study protocol was approved by the
Research Ethics Committee of the Kyungpook National
University Chilgok Hospital, Daegu, South Korea. The study
received institutional approval (KNUMC_14-1011) and was
conducted in accordance with the Declaration of Helsinki. All the
subjects provided informed consent.
2.2. Patients selection

Forty-six out of 57 patients who underwent an open gastrectomy
during this time period participated in the study. Only patients
with American Society of Anesthesiologists (ASA) physical class I
or II, who had undergone an open gastrectomy under general
anesthesia in the General Surgery department of Kyungpook
National University Chilgok Hospital and were aged between 20
and 80 years, were included.
Patients were excluded from this study if they: refused to

participate, were above ASA class III, were younger than 19 or
older than 81 years old, had difficulty in communicating due to
an intellectual disability, had abdominal surgery in the past, had
multiple surgeries on other parts or organs together, were
excessively obese (BMI>30kg/m2), had a history of long-term
opioid usage, had a hemorrhagic predisposition or hemorrhagic
disorders, or had contraindications to regional anesthesia.
2.3. Randomization and blinding

Patients were randomly assigned to receive either RSB with
0.375% ropivacaine (A group, n=23 patients) or RSB with
normal saline (B group, n=23 patients). The randomization was
2

computer generated (www.randomization.com) and patient
randomization numbers were concealed until the beginning of
the anesthesia induction using the sealed opaque envelope
method. Sealed opaque envelopes were opened only by the study
investigator immediately before performing RSB. All patients, the
anesthesiologist performing the block, and the staff involved in
data collection and analyses were blinded to the group
allocations. The group allocations were not revealed until the
final statistical analysis was completed.
2.4. General anesthesia and monitoring

No premedication was given to the patients in this study. Routine
monitoring was used during surgery: pulse oximetry, electrocardio-
gram, noninvasive arterial pressure measurement, capnography,
bispectral index (BIS) measurement, and use of nasopharyngeal
temperature probes. However, some elderly patients or those with
cardiovascular disease were monitored using invasive radial artery
blood pressure measurements. Total intravenous anesthesia using
target-controlled infusion (Orchestra, Fresenius Vial, France) of
propofol and remifentanil were initiated for the induction of general
anesthesia. The initial effect-site concentrations of propofol were
6.0mg/mL, andwere gradually increased until BIS values reached 40
to 60. Then, effect-site target-controlled infusion of 3.0ng/mL
remifentanil was initiated. When the concentration of remifentanil
reached the target value, 0.8mg/kg rocuroniumwas administered to
facilitate endotracheal intubation. The lungs were ventilated with a
tidal volume of 8mL/kg, and the breathing frequency was adjusted
tomaintain an end-tidal carbon dioxide partial pressure of 30 to 40
mm Hg. Target-controlled infusion of propofol and remifentanil
was continued during surgery. In order to maintain BIS values
between 40 to 60 and mean arterial pressure at baseline values±
20%, concentrations of propofol and remifentanil were continu-
ously adjusted. In cases where the concentration of remifentanil is
kept below 2ng/mL to maintain the patient’s vital signs, or in cases
where the patient’s mean arterial blood pressure is kept lower than
80%of the baseline values, an injection of phenylephrinewas given.
Nicardipine was administered in cases where the concentration of
remifentanil is kept higher than 8ng/mL to maintain the patient’s
vital signs or in cases where the patient’s mean arterial blood
pressure ismaintained above 120%of baseline values. Atropine and
esmolol were administered separately if the patient’s heart rate
dropped to less than 50 beats per minute or increased to more than
90 beats per minute for more than 30seconds. Repeated or
continuous infusion was administered, if deemed necessary.
Rocuroniumwas infused at 1mg/kg/min to maintain intraoperative
muscle relaxation and discontinued before closing the abdomen. In
all patients, propofol and remifentanil infusions were stopped
shortly before the endof the skin closureand thePCAwas connected
to the patient. During surgery, Lactated Ringer’s solution was
continuously infused at 8mL/kg/h, and the volumeof blood losswas
supplemented with thrice the volume of Lactated Ringer’s solution
during the operation. A heating blanket, warm intravenous fluids,
and operative flushing fluids were applied to maintain normother-
mia. After the operation was completed and the patient regained
consciousness, the patient was successfully extubated and then
transferred to the recovery room. Lactated Ringer’s solution was
infused at 2mL/kg/h in the recovery room. Before surgery, the
patient was instructed to press the bolus button of the PCAwhen he
felt paincomparable toavisual analog scale (VAS) scoreof3ormore
in the recovery or patient room. If a pain VAS score of 3 or higher
persisted for more than 15 minutes after pressing the bolus button,
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the same procedure was repeated. If the pain persisted, a rescue
analgesic drug was used according to the existing manual set by the
Department of General Surgery.
2.5. Rectus sheath block

After induction of general anesthesia, RSB was performed
immediately on both sides of the linea alba from just below the
xiphoid process to the lower part of the umbilicus, where the skin
incision was made. RSB was performed by a single anesthesiolo-
gist bilaterally under ultrasound guidance (ProSound Alpha7
Premier, Hitachi AlokaMedical, Japan) with a broadband (4–13
MHz) linear array ultrasound probe. Patients in group A were
given 40mL 0.375% ropivacaine and patients in group B were
given 40mL normal saline. The procedure was divided into 3 or 4
injection sites on the left and right sides of the surgical site.
Ultrasonography was performed to confirm that the drug was
uniformly distributed throughout the skin incision.
2.6. PCA data extract and analysis

Patients were treated using an electronic intravenous (IV) PCA
device (Accumate 1100, WOO YOUNG MEDICAL, South
Korea) and the drug comprised only fentanyl and ramosetron,
with a total dose of 60mL. The bolus dose and basal dose were set
at 0.5 mL and the lockout interval was set at 15minutes. The IV
PCAwas connected into the patient’s venous fluid line just before
the end of the skin closure. After the IV PCA was completed, the
number of bolus doses of the IV PCA used in each postoperative
period was analyzed through the extraction of IV PCA excel data
(Excel 2016, Microsoft, USA).
2.7. Study outcomes

The primary goalwas to compare the difference in the requirement
of remifentanil during the operation between groupA, inwhich 40
mL of 0.375% ropivacaine was administered, and group B, which
received 40 mL of normal saline. The secondary objective was to
compare thenumbersofPCAbolusdoseusedbetween the2groups
at 1, 2, 3, 6, 12, 24, 48, and 72hours after surgery. The tertiary
objectives were to compare the frequency of rescue drug use based
on the patient’s chart review. The rescue analgesic drug was
administered if the patient had a VAS score of 3 or higher
continuously even after administering bolus dose twice to patient.
2.8. Sample size

The amount of remifentanil required during surgery was analyzed
as a basis for judging the effectiveness of the RSB. In a preliminary
study of 20 patients, the mean amount of remifentanil used during
surgery in the RSB group with 40 mL of 0.375% ropivacaine was
1027ug, themeandifferencebetween the2groupswas370ug, and
the standard deviation (SD) was 314. Since we want to maintain
95%power and a5%significance level, 19patients per groupwere
calculated. As a result, assuming a 20% dropout rate, a minimum
of 23 patients per group would be required in order to achieve
meaningful results in this study.
2.9. Statistical analysis

The data were entered and analyzed using IBM SPSS Statistics
25.0 (IBMCorp, NewYork). Statistical analysis of this study was
3

performed by using the x2 test for sex among the demographic
data and the independent t test was used for other demographic
data. In addition, the statistical significance between both groups
of remifentanil usage and PCA data was verified by the
independent t test. All values are expressed as means±SD or
medians (interquartile range). A P value< .05 was considered
statistically significant.
3. Results

3.1. Patient characteristics

Of the 57 patients who had an open gastrectomy during the period
of this study, 3 patients refused to participate, 3 patients were 81
years old or older, 1 patient who was treated for dementia, 1
patient had undergone abdominal surgery in the past, 2 patients
hadmultiple surgeries, and1patient hadaBMI above31.Thus, 46
patients were randomly assigned to 2 groups. Three patients in
Group B and 2 patients in Group A were excluded from the study
because of IV PCA side effects such as nausea, vomiting, and
urticaria. A total of 41 patients (A group; n=21, B group; n=20)
were included in thefinal study sample (Fig. 1). Table 1 presents the
results of the demographic andpreoperative characteristics of the 2
groups. There was no significant difference between the 2 groups
for these characteristics.

3.2. Requirement of remifentanil

The total amount of remifentanil required during surgery was
significantly lower in the A group (1021.4±172.0 ug) than in the
B group (1415.0±330.6 ug) (P= .03) (Fig. 2).

3.3. PCA bolus dose

The number of bolus doses administered each time the
patient experienced pain of VAS score 3 or higher as the time
elapsedwas compared between the 2 groups at 1, 2, 3, 6, 12, 24,
48, and 72hours after surgery. The number of bolus doses
used in group A (1h: 1.14±0.9, 2h: 0.86±0.7) was
significantly lower than that in group B (1h: 1.85±0.7, 2h:
1.45±1.0) at 1 and 2h after surgery (1h: P= .008; 2h: P= .03),
but there was no significant difference between the 2 groups
after 3hours (Fig. 3).

3.4. Rescue analgesic drug

If a pain VAS score of 3 or more persisted for more than 15
minutes after pressing the bolus button, the same procedure was
repeated. If the pain persisted, a rescue analgesic drug was used
according to the existing manual set by the Department of
Anesthesiology and Pain Medicine and the Department of
General Surgery in the anesthesia recovery room and patient
room, respectively. The rescue analgesic drug was injected in the
anesthesia recovery room, and at 1, 2, 3, 6, 12, 24, 48, and 72
hours after the surgery, if necessary. The number of patients who
required injections of rescue analgesic drug in the anesthesia
recovery room was significantly lower in group A (n=7) than in
group B (n=16; P= .01). However, at 6 and 12hours after the
surgery, this number was significantly higher in group A (6h: n=
5; 12h: n=8) than in group B (6h: n=0; 12h: n=1; 6h: P= .048;
12h: P= .02). At all other times, there was no difference between
the 2 groups (Fig. 4).
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Figure 1. Patient flowchart showing the patients included in enrollment, group allocation, follow-up, and analysis phases of the study.
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4. Discussion

Open gastrectomy is a surgery performed by making a large
midline skin incision in the abdomen. Rozen et al, through their
cadaveric study and review of the literature,[17] reported that the
anteromedial abdominal wall receives multiple segmental nerve
supplies from the anterior division of the spinal nerve root from
T6 to L1. These nerves travel between the internal oblique muscle
and the transversus abdominis muscle within the transversus
abdominis plane, while the branches extend extensively to
communicate with each other. These nerves penetrate the
posterior aspect of the rectus sheath, branching and communi-
cating within the rectus sheath plexus that travels with the deep
inferior epigastric artery. When these nerves enter the muscles,
they branch and finally reach the skin. The skin from the xiphoid
process level to the umbilicus level is dominated by cutaneous
nerves from T6 to T9, T10 at the umbilicus level skin, and T11 to
L1 below the umbilicus. Considering the pathways of the nerves
that control the anteromedial abdominal wall, the target region
of the RSB is the rectus sheath space between the rectus
Table 1

Patient characteristics and intraoperative data.

Group A (n=21) Group B (n=20) P value

Age, y 57.8±12.8 60.2±10.7 .530
Gender (M/F) 16/5 15/5 1.00
Weight, kg 65.9±10.1 65.7±15.2 .955
Height, cm 165.4±9.9 163.7±10.1 .589
Operation time, min 202.2±58.9 176.7±35.4 .102
Anesthesia time, min 240.1±61.2 209.4±33.6 .054

Results are presented as mean±SD, or numbers of patients.
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abdominis muscle and the posterior layer of the sheath through
which the nerves within the rectus sheath plexus pass.[18] The
ultimate goal of RSB is to achieve a anteromedial abdominal wall
block by administering local anesthetics accurately to this site.
In patients undergoing abdominal surgery, the performance of

RSB with general anesthesia before the start of surgery can not
only suppress excessive stimulation by skin incisions, but also
reduce the use of anesthetics during the surgery, especially
opioids.[7–10,19,20] Crosbie et al[18] also reported that patients
undergoing major gynecological surgery were administered RSB
after surgery to successfully control postoperative pain. Some
reports have shown that the RSB can block a larger area when
Figure 2. Requirement of remifentanil. Data expressed as mean±standard
deviation. The amount of remifentanil required during surgery was significantly
lower in group A (1021.4±172.0 ug) than in group B (1415.0±330.6 ug).
(P= .003). ∗ P< .05 significant difference between groups.



Figure 3. The number of bolus doses administered to a patient. The numbers of the bolus dose of PCA administered to the patient after surgery was significantly
lower in group A (1 hour=1.14±0.9, 2hours=0.85±0.7) than in group B (1 hour=1.85±0.7, 2hours=1.45±1.0) from immediately after the operation until 2
hours after the operation (1 hour, P= .008; 2hours, P= .03), but there was no significant difference between the 2 groups after 3hours. ∗ P< .05 significant
difference between groups.

Figure 4. Frequency of rescue analgesic drug administered to patients in each group. Group A had significantly lower rescue analgesic drug use in the anesthesia
recovery room than group B (P= .01), but at 6 and 12hours after the surgery, group Awas higher than group B (6h, P= .048; 12h, P= .02). At other times, however,
there was no difference between the 2 groups. ∗ P< .05 significant difference between groups.

Hong et al. Medicine (2019) 98:15 www.md-journal.com
combined with other regional blocks. Abdelsalam and Moham-
din[7] reported that RSB was performed with a transversus
abdominis block to show a better peri-operative analgesic effect
in major upper abdominal surgeries. Yentis et al[21] reported that
RSB was performed with an ilioinguinal block to successfully
perform transverse incision surgery under the umbilicus.
In this study, we concluded that the requirement of

remifentanil during surgery can be reduced when performing
RSB precisely during an open gastrectomy. These results were
consistent with the results of many previously mentioned
studies. It is already known that opioids, such as remifentanil
5

used in this study, have an immunemodulatory effect in humans
and experimental animals.[4,22] Results from human studies
have shown that in some meta-analyses, regional anesthesia
and analgesia may improve overall survival.[23] However, until
very recently, this has not been validated with human
studies.[23,24] Many researchers are waiting for the results of
several well-conducted, large, randomized controlled trials on
the impact of regional anesthesia and analgesia on cancer
recurrence and survival.[25] If the results of these studies reveal
that regional anesthesia and analgesia have positive effects on
cancer metastasis, recurrence, and survival, the use of regional
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blocks such as RSB in cancer surgery is expected to be even
higher.
The aim of this study was to evaluate the degree of

postoperative pain felt by the patients through the amount of
PCA bolus dose usage.We thought that it is impossible to express
the degree of pain as objective data, since it is a subjective
experience. In addition, we thought that there was a significant
limitation in accurately communicating the degree of pain
experienced by patients with VAS due to the patient not being
fully awake after surgery or in severe pain after surgery. The
electrical PCA pump can be used as an indicator of the degree of
postoperative pain, taking advantage of its ability to identify the
number of times the drug is injected. In the present study, the
bolus dose injected when the patient experienced a pain of VAS 3
or higher was significantly lower in group A until 2hours after the
surgery. There was no difference between the 2 groups after that
time period. The authors concluded that this was because RSB
was administered only once before the start of surgery and a half-
dose of ropivacaine (0.375%) was used for usual anesthesia.
When open gastrectomy is performed, skin incisions range from
just under the xiphoid process to below the umbilicus. Because of
the wide range of incisions, a significant amount of ropivacaine is
required to include the skin incisional range and there was
difficulty in using high concentration drugs such as 0.75%
ropivacaine. In addition, the requirement of remifentanil during
surgery was significantly reduced by RSB before the onset of
surgery, but it seems to be effective for only about 2hours for
postoperative pain control. This suggests that if the catheter is
inserted into the rectus sheath for continuous infusion immedi-
ately before the operation and recovery from anesthesia is
complete, the RSB will be more helpful in controlling
postoperative pain for a longer period of time. Studies on this
are actively underway.[26–28]

Comparisons of the number of rescue analgesic drug injections
used by the patients in the anesthesia recovery room and at
postoperative 1, 2, 3, 6, 12, 24, 48, and 72h time points were
interesting. In the anesthesia recovery room, the number of rescue
analgesic drug use was significantly lower in group A. However,
during the postoperative period, there was no significant
difference between the two groups, except at 6 and 12h after
surgery, when rescue analgesic drugs were administered more
frequently in group A. This means that the patients in group A felt
relatively mild pain due to the effect of RSB until 2h after the
operation, but the pain increased gradually over time as the effect
of RSB gradually disappeared after 3h and the numbers of rescue
analgesic drug administration became significantly more than
that in group B.
There was no difference in the use of PCA bolus dose or rescue

analgesic drug usage between the two groups after postoperative
12h. This may be due to the fact that the postoperative pain
experienced by patients most severely between 6 and 24h after
surgery is due to visceral pain.[29,30] RSB may reduce somatic
pain from anteromedial abdominal wall structures superficial to
the peritoneum, but it does not reduce visceral pain. Patients who
underwent bowel resection under the peritoneum usually
experience deeper visceral pain 6 to 24hours postoperatively.
Visceral pain is usually minimal at 24h after surgery.[29]

Therefore, almost all patients need additional doses of systemic
opiates for visceral analgesia.
In order to relieve postoperative pain effectively for a longer

period of time, RSB may be administered one more time before
emergence from anesthesia, or ropivacaine may be used at higher
6

concentrations, as described above. However, in order to bemore
effective in controlling the pain after 6h, another means of pain
control may be needed. Since RSB has no effect on visceral pain, it
probably does not seem to have much effect on the catheter,
which is capable of continuous infusion. With the recent
development of electrical infusion pump for PCA, it is possible
to set different infusion programs for different intervals, so that it
may be possible to control the patient’s pain preemptively before
the patient feels severe pain.[31]

In this study, RSB was performed by a single anesthesiologist
who was proficient in procedures under ultrasound guidance for
more than 10 years. Sandeman and Dilley[16] reported that
tendinous intersections are not incorporated into the posterior
rectus sheath, allowing local anesthetics to spread from the
injected site across the compartments. They reported that the
spread of local anesthetics can be observed with ultrasound, and
if local anesthetics do not spread properly, they should inject local
anesthetics into the nearby rectus sheaths. One of the many
advantages of performing regional anesthesia under ultrasound
guidance, as described by Webster,[29] is the ability to see in real
time the spread of the injected local anesthetic. In this study, the
skin incision was large and the injections were performed at least
3 or 4 sites on each side. During the procedure, the practitioner
continued to use ultrasonography to confirm that the local
anesthetic fully spread over the entire range of the skin incision.
In conclusion, if ultrasound-guided bilateral RSB with 40 mL

of 0.35% ropivacaine is performed precisely in patients
undergoing open gastrectomy, the requirement of remifentanil
during surgery can be reduced. In addition, it significantly reduces
the need of PCA bolus dose to reduce acute postoperative pain
within 2hours after surgery.
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