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Differences in Analgesia Methods for Open Gastrointestinal
Surgery Are Not Associated With Initial
Postoperative Ambulation

Yuta Mitobe? f, Takeshi Itou®, Yuri Yamaguchi¢, Tomomi Yoshiokad, Kenji Nakagawa®

Abstract

Background: A characteristic of modern medical care is the reduc-
tion in the length of hospital stay, and several facilities across Japan
are working towards this goal. The presence of postoperative pain is
correlated with the number of days to hospital discharge. Therefore,
this study investigated the relationship between the analgesic meth-
ods used in clinical practice and the initial ambulation of postopera-
tive laparotomy patients with severe postoperative worked incisional
pain to enable better analgesic management in the future.

Methods: This retrospective study collected information from the medi-
cal records of 117 patients who underwent laparotomy between Decem-
ber 1, 2019, and October 13, 2020, at the Department of Gastroenterol-
ogy of the International University of Health and Welfare Mita Hospital.
Based on the failure or success of the ambulation process, the patients
were divided into the delayed and successful groups, respectively.

Results: In the delayed group, patient-controlled epidural analgesia
(PCEA) was used in 32 patients, intravenous patient-controlled an-
algesia (IV-PCA) was used in two patients, continuous worked inci-
sional infiltration anesthesia was used in one patient, and transvenous
acetaminophen was used in one patient for postoperative analgesia.
In the successful group, PCEA was used in 66 patients, [V-PCA was
used in 11 patients, continuous worked incisional infiltration anes-
thesia was used in three patients, and acetaminophen administered
intravenously at patient’s request was used in one patient (P = 0.094).

Conclusions: No significant differences were observed between dif-
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ferent postoperative analgesia methods, suggesting that there may be
no association between postoperative ambulation and the postopera-
tive analgesia method.

Keywords: Analgesia; Open gastrointestinal surgery; Initial postop-
erative ambulation

Introduction

Postoperative pain affects patients in various ways. The stress
stimuli associated with pain stimulates the sympathetic nervous
system, resulting in an increase in cardiac contractility, blood
pressure, heart rate, and oxygen consumption in the myocar-
dium. Excitation of the sympathetic nervous system also causes
endocrine and metabolic effects, increased afterload, and distur-
bances in the coagulation/fibrinolytic system, could potentially
cause cardiac failure and postoperative bleeding [1, 2]. The acti-
vation of sympathetic nerves by postoperative pain has various
effects, including the suppression of gastrointestinal peristalsis
and the promotion of antidiuretic hormone secretion. Postop-
erative pain also affects the sympathetic-adrenocortical system,
and can result in renal damage, sleep disturbance, postoperative
delirium, postoperative higher brain dysfunction [3], and sup-
pression of the immune system [4] due to stress responses. In
addition, postoperative pain is an unpleasant emotional experi-
ence for the patient. It hinders physical movement and delays
bed release [5], impacting postoperative recovery [6, 7].

Intravenous patient-controlled analgesia (IV-PCA) is com-
monly used in Japan and involves the continuous transvenous
administration of opioids using a patient-controlled analgesia
(PCA) pump; additional doses can be administered by the patient
when experiencing pain not relieved by continuous dose. How-
ever, opioids are associated with side effects such as drowsiness,
nausea/vomiting, constipation, and respiratory depression.

In addition to IV-PCA, continuous epidural and patient-
controlled epidural analgesia (PCEA), are also used for post-
operative pain management in Japan. In PCEA, an epidural
catheter is inserted such that local anesthetic alone or in com-
bination with opioids is administered continuously through
the catheter. Patients receiving PCEA should be off the bed
while considering the onset of symptoms, such as hypotension,
motor blockade, nausea/vomiting, and pruritus. Analgesia
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can be achieved with non-steroidal anti-inflammatory drugs
(NSAIDs), or acetaminophen administered intravenously,
orally, or rectally in the postoperative ambulation phase if IV-
PCA or PCEA is not used.

With improvements in how we care for patients, the over-
all length of hospital stays has decreased. Many facilities in
Japan are likewise working toward this goal. Postoperative
analgesia is correlated with an early discharge from the hospi-
tal. According to previous studies, postoperative pain is more
severe with open gastrectomy than with laparoscopic gastrec-
tomy [7]. The superior quality of pain relief provided by epi-
dural analgesia had a positive impact on out-of-bed mobili-
zation, bowel function, and intake of food, with long-lasting
effects on exercise capacity and health-related quality of life
[8]. However, no studies have investigated the success or fail-
ure of analgesic methods and ambulation. Therefore, we aimed
to investigate the relationship between analgesic methods used
in clinical practice and the initial ambulation of postoperative
patients after laparotomy and discuss the results to provide bet-
ter analgesic management in the future.

Materials and Methods

Study design

This was a retrospective study in which information was col-
lected from the medical records of patients who underwent
laparotomy at the Department of Gastroenterology of the In-
ternational University of Health and Welfare Mita Hospital be-
tween December 1, 2019, and October 13, 2020.

Study participants

Mita Hospital is certified as a designated cancer hospital. Our
hospital is a medium-sized hospital with approximately 300
beds. Approximately 120 patients undergo laparotomy at the
International University of Health and Welfare Mita Hospital
per year. All patients who underwent gastrointestinal laparoto-
my were included in this study. A sample size of 128 cases was
needed to perform a statistical analysis with a power of 0.8
using a 7-test with an effect size of 0.5, a significance level of
0.05, and a power of 0.5 (the statistical analysis software EZR
version 1.60). From the data collection period of this study,
149 cases were included. Patients with preoperative impair-
ments in postural retention or ambulation, patients who were
not allowed to be weaned by a physician, patients younger than
20 years or older than 80 years of age, patients who underwent
surgery more than once during the study period, and patients
who died during hospitalization were excluded from this study.
Informed consent was obtained from all patients.

Survey items

The patient factors included age, preoperative activities of
daily living (ADL), disease, surgical procedure, initial suc-
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cess or failure to wean the patient the day after the surgery,
the number of days until the patient could walk independently
after the surgery, intraoperative anesthesia method and drugs
used, postoperative analgesia method, reason why the patient
could not be weaned the day after the surgery, numerical rating
scale (NRS) score, operative time, and the American Society
of Anesthesiologists Physical Status (ASA-PS) score. The fol-
lowing data were collected from the results of the blood tests
pre- and postoperatively: white blood cell (WBC) count, red
blood cell (RBC) count, hemoglobin (Hb) content, hematocrit
(Ht), and platelet (PIt) count. Data regarding the following pa-
rameters were collected from electronic medical records: total
protein (TP), albumin (Alb), blood urea nitrogen (BUN), cre-
atinine (Cre), estimated glomerular filtration rate (¢GFR), as-
partate aminotransferase (AST), alanine transaminase (ALT),
y-glutamyltransferase (y-GT), C-reactive protein (CRP), pro-
thrombin time activity (PT%), the international normalized ra-
tio of prothrombin time (PT-INR), and activated partial throm-
boplastin time (APTT).

Analysis method

Data regarding the date patient first ambulated was collected
from the electronic medical record, and the patients were di-
vided into two groups for statistical comparison and exami-
nation. Patients who were ambulated within 1 day after the
surgery were assigned to the successful group, and those who
were ambulated on or after the second day after the surgery
were assigned to the delayed group. Continuous variables are
presented as mean or median, and Student’s #-test or Mann-
Whitney U test was performed for comparison. Nominal and
ordinal variables are presented as frequencies or proportions;
they were compared using Fisher’s exact probability test. EZR
was used for statistical analysis. Statistical significance was
set at less than 5%. More precisely, it is a modified version of
R commander designed to add statistical functions frequently
used in biostatistics.

Ethical considerations

This study was conducted in compliance with the Declaration
of Helsinki and the ethical guidelines for medical research in-
volving human subjects.

When handling samples and information related to the im-
plementation of the research, we assigned a number that was
unrelated to the personal information of the research partici-
pants and gave sufficient consideration to the protection of the
confidentiality of the research participants. This number was
used for sending samples and information to the research sec-
retariat and other related organizations, and sufficient care was
taken to ensure that the personal information of the research
participants was not dispersed outside the hospital. Informa-
tion that could identify the research participants was not in-
cluded when publishing the results of the research. The sam-
ples and information obtained in the research will not be used
for any purpose other than that was stated in the purpose of the
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Patients undergoing laparotomy in the

gastroenterology department

Number of cases

analyzed (n=117)

——

Exclusion criteria (n=29)

(1) Patients with postural retention and gait
impairments prior to surgery

(2) Patients who are not allowed to leave the bed
as instructed by the physician

(iii) Patients under 20 years or over 80 years old

Delayed group

(n=36) (n=81)

Successful group

Figure 1. Flowchart of patient selection.

research. This research was conducted with the approval of the
International University of Health and Welfare Research Eth-
ics Review Committee (approval number: 20-Ig-35 September
28, 2020).

Results

Patient selection process

A total of 146 patients underwent laparotomy at the Depart-
ment of Gastroenterology during the study period. Among
the patients who met the inclusion criteria, one patient died
during hospitalization, five patients were not allowed to wean
by the physician, and 23 patients had missing data; thus, 29
patients were excluded. Ultimately, 117 patients were includ-
ed in the analysis. Among these, 36 patients were assigned
to the delayed group and 81 were assigned to the success-
ful group for analysis. The patients were divided based on
the early and late ambulation. The patients were assigned to
the delayed group if they were unable to leave the bed and
maintain the standing position on the day after the surgery,
whereas they were assigned to the successful group if they
were able to maintain the standing position. Figure 1 presents
the analysis chart.

Patient background

Table 1 presents the characteristics of patients. The mean age
was 66.81 years in the delayed group and 65.62 years in the
successful group (P = 0.624). No significant differences were
found between the two groups. In the delayed group, 58.3%
were male, and early ambulation group 59.3%.
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Comparison of the pre- and postoperative blood test data
between the delayed and successful groups

Table 2 presents the data obtained from the blood test results.
There was a significant increase in postoperative TP between
the two groups (P =0.03). WBC, RBC, Hb, Ht, Plt, Alb, BUN,
Cre, eGFR, AST, ALT, y-GT, CRP, PT, PT-INR, and APTT
showed no significant increase.

Comparison of preoperative factors between the delayed
and successful groups

A comparison of the preoperative factors is shown in Table 3.
No significant increase was observed in the preoperative ASA-
PS score (P =0.61) or the preoperative patient gait status (P =
0.999).

Comparison of intraoperative factors between the delayed
and successful groups

A comparison of the intraoperative factors is presented in Table
4. We examined whether the type of intraoperative anesthesia
is associated with early weaning. No significant increase was
observed in the anesthesia method (P = 0.094) and operative
time (P = 0.255).

Comparison of postoperative analgesia between the de-
layed and successful groups

A comparison of the postoperative analgesia methods is
presented in Table 5. In the delayed group, PCEA was used
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Table 1. Patient Factors

Delayed group (n = 36) Successful group (n = 81) P value

Age (years) 66.81 +12.04 65.62 +13.01 0.642
Sex

Female (%) 15 (41.7) 33 (40.7) >0.999

Male (%) 21 (58.3) 48 (59.3)
Height (cm) 163.73 (8.53) 163.83 (9.36) 0.956
Weight (kg) 57.04 (10.76) 57.88 (15.46) 0.766
Surgical site

Stomach 4 (11.1) 9 (11.1) 0.877

Liver 6(16.7) 11 (13.6)

Pancreas and spleen 14 (38.9) 23 (28.4)

Colon 7 (19.4) 25(30.9)

Esophagus 2 (5.6) 6(7.4)

Small intestine 2 (5.6) 4(4.9)

Gall bladder 1(2.8) 3(3.7)

Data are expressed as means (SD) or as n (%). Categorical and continuous variables were compared using Fisher’s exact test. SD: standard devia-

tion.

in 32 patients, [IV-PCA was used in two patients, continu-
ous worked incisional infiltration anesthesia was used in one
patient, and another method of postoperative analgesia was
used in one patient. In the successful group, PCEA was used

Table 2. Blood Test Data

in 66 patients, [IV-PCA was used in 11 patients, continuous
worked incisional infiltration anesthesia was used in three
patients, and acetaminophen administered intravenously on
request was used in one patient (P = 0.534). No significant

Preoperative (preparation, diagnosis, etc.)

Postoperative

glel:gzt)l group (Sl:licgis)ful group P value glel:gfzt)l group (Sl:licgis)ful group P value

ALT (U/L) 22.17 (12.11) 22.95(20.22) 0.83 125.36 (191.72) 85.57 (129.34) 0.191
AST (U/L) 25.14 (14.56) 23.96 (18.12) 0.731 156.31 (228.11) 99.54 (146.20) 0.109
BUN (mg/dL) 12.83 (3.32) 14.90 (5.70) 0.045 13.85 (6.08) 15.11 (6.64) 0.332
Cre (mg/dL) 0.77 (0.18) 0.83 (0.27) 0.25 0.76 (0.25) 0.80 (0.30) 0.481
CRP (mg/dL) 1.10 (2.46) 0.70 (1.35) 0.258 7.48 (5.66) 7.37 (3.73) 0.906
eGFR (mL/min/1.73 m?) 71.79 (14.48) 69.58 (16.97) 0.499 73.54 (16.76) 73.90 (21.62) 0.93

Hb (g/dL) 12.67 (1.29) 12.77 (2.12) 0.808 11.47 (1.32) 11.45 (1.59) 0.947
Ht (%) 37.76 (3.48) 38.09 (5.60) 0.746 34.63 (5.28) 34.04 (4.50) 0.539
PLT (10,000/uL) 23.86 (8.37) 23.20 (7.77) 0.68 18.92 (7.65) 18.26 (7.15) 0.653
PT (s) 12.17 (1.51) 12.37 (1.10) 0.466 15.10 (2.02) 16.27 (9.97) 0.549
APTT (s) 28.34 (2.64) 29.94 (6.66) 0.199 28.93 (6.68) 30.62 (6.65) 0.264
PT-INR 0.98 (0.11) 1.00 (0.10) 0.476 1.20 (0.15) 1.23 (0.17) 0.43

PT% 104.92 (22.24) 102.81 (18.84) 0.619 73.71 (13.38) 74.15 (14.83) 0.893
RBC (x 10%/uL) 4.11 (0.43) 4.18 (0.60) 0.538 3.72 (0.50) 3.77 (0.58) 0.647
WBC (x 10°L) 5.64 (2.18) 6.52 (5.63) 0.366 10.15 (3.56) 10.88 (4.80) 0.413

Data are expressed as means (SD). Categorical and continuous variables were compared using Fisher’s exact test. ALT: alanine transaminase;
APTT: activated partial thromboplastin time; AST: aspartate aminotransferase; BUN: blood urea nitrogen; Cre: creatinine; CRP: C-reactive protein;
eGFR: estimated glomerular filtration rate; Hb: hemoglobin; Ht: hematocrit; PLT: platelet; PT%: prothrombin time activity; PT-INR: international nor-
malized ratio of prothrombin time; RBC: red blood cell; WBC: white blood cell; SD: standard deviation.
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Table 3. Preoperative Factors

Delayed group (n = 36) Successful group (n = 81) P value

ASA-PS

1 5(13.9) 7 (8.6) 0.61

2 19 (52.8) 49 (60.5)

3 12 (33.3) 25 (30.9)
Preoperative walking condition

Unique 35(97.2) 77 (95.1) >0.999

Walking with a cane 1(2.8) 337

Wheelchair 0 (0.0) 1(1.2)

Bedridden 0 0

Data are expressed as n (%). Categorical and continuous variables were compared using Fisher’s exact test. ASA-PS: American Society of Anes-

thesiologists Physical Status.

Table 4. Intraoperative Factors

Delayed group (n = 36) Successful group (n = 81) P value
Anesthesia method
General anesthesia 4(11.1) 4(4.9) 0.094
General anesthesia + epidural anesthesia 31 (86.1) 62 (76.5)
General anesthesia + nerve block 0 (0.0) 7 (8.6)
General anesthesia + [IVPCA 1(2.8) 8(9.9)
Operation time (min) 366.89 (164.04) 330.30 (157.88) 0.255

Data are expressed as means (SD) or as n (%). Categorical and continuous variables were compared using Fisher’s exact test. IVPCA: intravenous

patient-controlled analgesia; SD: standard deviation.

increase was observed.

Comparison of postoperative factors between the delayed
and successful groups

A comparison of the postoperative factors is shown in Table
6. The mean number of days until the patients could walk
independently was 6.64 days in the delayed group and 3.83
days in the successful group (P <0.001), the mean duration of
hospital stay was 39.36 days in the delayed group and 25.02
days in the successful group (P =0.016), and the level of pain
(NRS) was 4.25 in the delayed group and 2.48 in the success-
ful group (P < 0.001). Significant differences were observed
in all three parameters. The other parameters did not differ

Table 5. Postoperative Analgesia Methods

significantly between the groups.

Discussion

Postoperative analgesia and ambulation

The American Society of Anesthesiologists has issued guide-
lines on postoperative analgesia, and the updated version
recommends the following methods with recommendations
and levels of evidence for each method: intravenous, intra-
muscular, subcutaneous, oral, or rectal administration of an-
algesics; timed or continuous intravenous or subcutaneous
administration of analgesics; PCEA; IV-PCA with opioids;

Delayed group (n = 36) Successful group (n = 81) P value
Postoperative analgesia
Epidural continuous analgesia 32 (88.9) 66 (81.5) 0.534
Intravenous continuous analgesia 2 (5.6) 11 (13.6)
Sustained wound infiltration analgesia 1(2.8) 3(3.7)
Other 1(2.8) 1(1.2)

Data are expressed as n (%). Categorical and continuous variables were compared using Fisher’s exact test.
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Table 6. Postoperative Factors

Delayed group (n = 36) Successful group (n = 81) P value

Used oral analgesics

Without 10 (27.8) 18 (22.2) 0.639

Existence (at the present moment) 26 (72.2) 63 (77.8)
PCA contents

Local anesthetic only 10 (27.8) 18 (22.2) 0.77

Narcotic + local anesthetic 4 (11.1) 9 (11.1)

Narcotic + local anesthetic + Droleptan 20 (55.6) 43 (53.1)

Narcotics + Droleptan 1(2.8) 8(9.9)

Narcotics only 1(2.8) 3(3.7)
Days until the patient could walk independently (days) 6.64 (5.27) 3.83 (2.37) >0.999
Days spent in hospital (JP) 39.36 (48.05) 25.02 (14.64) 0.016
NRS 4.25(2.51) 2.48 (1.70) <0.001

Data are expressed as means (SD) or as n (%). Categorical and continuous variables were compared using Fisher’'s exact test. NRS: numerical

rating scale; SD: standard deviation.

peripheral nerve block or infiltration anesthesia, and infiltra-
tion anesthesia. PCEA is effective for pain management dur-
ing body movement unless there are contraindications, and
IV-PCA are also recommended at level A. However, compared
with IV-PCA, PCEA is less effective for the management of
pain during body movement, and the side effects associated
with opioids, such as somnolence, nausea, and vomiting, are
more likely to occur. Administration of acetaminophen and
NSAIDs is recommended at level A under certain conditions
[9]. Among the 117 patients eligible for inclusion in this study,
PCEA was the most commonly used method (98 patients), fol-
lowed by IV-PCA (13 patients), continuous worked incisional
infiltration anesthesia (four patients), and intravenous admin-
istration of anti-inflammatory analgesics, such as NSAIDs and
acetaminophen, when requested by the patient (two patients).
No significant differences were observed between the delayed
and successful groups in this study, suggesting that the postop-
erative analgesic methods do not affect delayed or successful
ambulation. Previous studies on the efficacy of postoperative
analgesia have demonstrated the usefulness of PCEA and IV-
PCA with regard to pain [9, 10]. In the present study, a pos-
sible association between postoperative analgesia and postop-
erative ambulation was also observed; however, no significant
increase was observed in the delayed and successful groups
based on the analgesia method. It cannot be stated that the
postoperative analgesic method had no effect on the success or
failure of initial postoperative ambulation in the present study.
Postoperative pain is one of the most frequent complications
of surgery [11], and it has a significant impact on the patient’s
quality of life after surgery [12]. At the centers where the stud-
ies were conducted, pain was measured using NRS. The mean
NRS was 4.25 in the delayed postoperative group and 2.48
in the successful group (P < 0.001). In a study by Carli et al
on postoperative ambulation and its causes, postoperative pain
was the most common cause of delayed ambulation [8]. In the
present study, pain was the cause of delayed postoperative bed
release in 14 patients, followed by hypotension (13 patients),
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nausea/vomiting (five patients), vertigo (two patients), and the
patient’s refusal to leave the bed (one patient). The results of
this study suggest that pain delays bed release and appropriate
management of pain will greatly contribute to postoperative
ambulation.

Limitations

In the current study, the patients were divided into two groups
based on the success or failure of the ambulation process: the
delayed and successful groups. However, it did not take into
account information regarding the upper and lower gastroin-
testinal tracts, incision site and incision size, epidural catheter
insertion position, and drug infusion rate. Therefore, in addi-
tion to the factors in the delayed group, further details regard-
ing postoperative analgesia and the success or failure of post-
operative ambulation by surgical site and incision site must be
clarified.

Conclusions

This study analyzed each category and variable separately for
the patients undergoing gastrointestinal laparotomy who were
included in the successful and delayed groups and found no
significant differences according to the postoperative analge-
sia method, suggesting that there may be no association be-
tween postoperative ambulation and postoperative analgesia
method.
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