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Purpose: To investigate the impact of body mass index (BMI) on the analgesic effects and
adverse reactions of patient-controlled intravenous analgesia (PCIA).

Methods: From 2017 to 2018, 390 patients undergoing open gastrointestinal surgery were
reviewed at West China Hospital, Sichuan University. All used PCIA of sufentanil combined
with dexmedetomidine and flurbiprofen axetil. According to their BMIs, they were placed
into six groups: group A (BMI < 18.5kg/m?, 29), group B (18.5kg/m? < BMI< 22kg/m?,
124), group C (22kg/m* < BMI < 24kg/m?, 99), group D (24kg/m? < BMI < 26kg/m?, 69),
group E (26kg/m> < BMI < 28kg/m?, 46) and group F (BMI >28kg/m?, 23). Main data of the
perioperative use of analgesics, postoperative visual analogue score (VAS), and adverse
reactions were collected.

Results: Twenty-four hours (h) after surgery, patients in group A had a higher resting
VAS than the other groups, especially B (p4.5 = 0.011). VAS of patients during activity
in group B was lower than those in group C 48 h after surgery (p = 0.013). Compared
with groups B to F, group A had a significantly lower incidence of hypertension (p =
0.012) and a significantly higher incidence of vomiting 24 h after surgery (p = 0.009).
Binary logistic analysis found that higher age was a risk factor for vomiting 24 h after
surgery (OR 1.158, p = 0.045).

Conclusion: Using the same PCIA, patients with BMIs of less than 18.5 kg/m? had worse
analgesia on the first day after surgery and were more likely to vomit. Postoperative
analgesia and related experiences in patients with BMIs of less than 18.5 kg/m* need to be
improved.

Keywords: postoperative nausea and vomiting, PONYV, postoperative pain, sufentanil,
dexmedetomidine, flurbiprofen axetil

Introduction

Postoperative patient-controlled intravenous analgesia (PCIA) is one of the most common
methods in clinical practice, but the current PCIA cannot achieve a satisfactory clinical
effect.' Although patient-controlled epidural analgesia (PCEA) is more effective,” it is
associated with an increased risk of postoperative nausea and vomiting (PONV),’
hypotension, and complicated operations.*> Therefore, a new drug combination formu-
lated for PCIA was designed at West China Hospital. It was prepared in combination with
sufentanil, dexmedetomidine and flurbiprofen ester. Sufentanil is widely used in
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perioperative analgesia due to its strong analgesic effect and
small influence on perioperative haemodynamics.® However,
with increase of analgesic dose, opioids are more likely to
cause respiratory depression, gastrointestinal discomfort and
drug resistance. Multi-mode analgesia with different modes of
action may be beneficial to reduce the occurrence of adverse
reactions.” Dexmedetomidine is a highly selective 02 adrenal
receptor agonist offering unique sedative and analgesic effects
without respiratory inhibition.® Some studies show that dex-
medetomidine combined with sufentanil for PCIA could
reduce postoperative pain scores and sufentanil consumption,-
%19 bt with a risk of bradycardia and hypotension.'' A review
has shown that non-steroidal anti-inflammatory drugs have
some analgesic effect without increasing adverse reactions in
patients.'? Through meta-analysis, Sun et al indicated that
flurbiprofen can significantly reduce the incidence of post-
operative nausea and vomiting (PONV)."* Moreover, previous
studies showed that the new PCIA had better analgesia and less
PONYV than the old PCIA (sufentanil combined with trama-
dol). Nonetheless, some patients still needed additional analge-
sics to achieve satisfactory pain relief. And by regression
analysis of the above analgesia regimen, we found that BMI
was a risk factor for postoperative pain.'* Through a rando-
mized-controlled study, Majchrzak et al found that obese
patients (mean BMI of 34.1 + 3.2 kg/m®) with lung cancer
suffered more pain after surgery than non-obese patients (mean
BMI 0f 24.9 + 3 kg/m?), and that obese had longer durations of
severe pain.'> Using a similar approach, Tashani et al demon-
strated that the obese (BMI = 30 kg/m?) were more sensitive
to tenderness than those in a normal BMI range.'® In addition,
one study showed that low BMI was an independent risk factor
for colonoscopy pain.'” These studies suggest that patients
with different BMIs had varying sensitivity to pain.
However, there has been no research on the consequences of
BMI on the analgesic effect and adverse reactions of PCIA.
Thus, we studied 390 patients who used the same PCIA after
surgery to understand the impact of BMI on PCIA.

Materials and Methods
Grouping and Patients

A total of 390 adult patients with open gastrointestinal tumors
were reviewed at West China Hospital from October 2017 to
July 2018. All patients received intravenous — inhalation com-
bined anaesthesia, selective operation, and the same PCIA
scheme, and no nerve block was used. Inclusion criteria: 1)
Patients older than 18 years and younger than 80; 2) American
Society of Anesthesiologists (ASA) level 1-2; 3) Elective

gastrointestinal surgery. Exclusion criteria: 1) Anxiety or
depression; 2) Preoperative Huaxi Mood Index (HEI)
[Supplementary Material Page 1] greater than 12 (excluding

patients with recent mood abnormalities); 3) Preoperative
complicated with heart disease, severe anaemia, severe hypo-
proteinemia, hypertension grade 3 and diabetes with other
diseases (only patients with grade 1-2 hypertension or diabetes
or no complications were included); 5) Patients who did not
use medium long-acting analgesics (tramadol, flurbiprofen,
dezocine, tramadol) or more than two kinds of analgesics
during the operation; 6) Patients with multiple tumor sites
found intraoperatively; 7) Transferred to intensive care unit
(ICU) after surgery; 8) PONV caused by the influence of
gastric tube; 9) Postoperative pathological analysis showed
that the TNM stage was higher than T3, N3, or M1; 10)
Patients were sedated with additional dexmedetomidine for
their condition after surgery. To obtain a detailed understanding
of each BMI, especially groups that have not received much
clinical attention, such as those who were overweight but not
up to the standard of obesity and those who were lean but not
up to cachexia, we grouped patients according to a certain
gradient. They were placed into six groups: group A (BMI <
18.5 kg/m?, 29 cases), group B (18.5 kg/m? < BMI < 22 kg/m”?,
124 cases:), group C (22 kg/m* < BMI < 24 kg/m?, 99 cases),
and group D (24 kg/m? < BMI < 26 kg/m?, 69 cases), group E
(26 kg/m* < BMI < 28 kg/m?, 46 cases) and group F (BMI >28
kg/m?, 23 cases).

Ethics

The present study’s protocols were approved by the Ethics
Committee of West China Hospital, Sichuan University
(Approval No. 306, 2018/9/5, Chairman: Professor Lunxu
Liu). All procedures were in accordance with the ethical stan-
dards of the biomedical ethics committee of West China
Hospital relevant Chinese laws and regulations on bioethics,
as well as the ethical standards of the Helsinki Declaration and
international ethical guidelines for human biomedical research.

Analgesia Strategies

None of the patients had a record of taking painkillers,
including opioids, before surgery. All cases were treated
with sufentanil during the operation. After the operation,
the patients were treated with the same PCIA. The formula
was sufentanil 2 pg/kg + flurbiprofen axetil 400 mg +
dexmedetomidine 200 pg + methoxyclopramide hydro-
chloride 60 mg + appropriate normal saline, a total of
200 mL analgesic solution. After the patient was con-
nected to the automatic analgesia pump, the background
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dose was 2 mL/h, and the additional dose of automatic
analgesia was 0.5 mL/15 min. Patients in severe pain were
given dezocine for emergency analgesia.

Data Collection

1) Visual analogue score (VAS) and adverse reaction 24
hours (h) and 48 h after surgery; 2) Characteristics of
patients, gender, age, height, and weight; 3) Preoperative
complications, including hypertension and diabetes; 4)
Intraoperative and postoperative tumor information; 5)
Use of perioperative analgesics; 6) Time of operation; 7)
The time from the end of the operation to the recovery of
each activity, including passage of gas from anus, drinking
water, getting out of bed, and removal of urine, gastric,
and abdominal drainage tubes; 8) Postoperative hospital
stay and living quality [Supplementary Material Page 2].

Statistical Analysis

All the above data were classified as quantitative or qua-
litative. One-way analysis of variance (one-way ANOVA)
and y’tests were used to analyse the data. For those with
positive results on one-way ANOVA, multiple compari-
sons were performed by Bonferroni. In addition, according
to the data results, postoperative vomiting at 24 h was
analysed by binary logistic regression analysis, expressed
by odds ratio (OR) value and 95% confidence interval
(95% CI). All data were entered into SPSS version 21.0
for statistical analysis.

Results

Characteristics of Patients

There were no significant differences in gender (Figure 1A-
B), age (Figure 1C-E), height (Figure 1 F), and tumor site
(Figure 1H-I) between the groups (p > 0.05) (Table 1).
Weight (kg) of each subgroup was 45.79 + 4.31, 54.73 +
5.66, 61.05 +5.93, 65.46 = 6.89, 70.77 = 7.08, and 78.09 +
9.77, respectively (Figure 1G). Each patient’s BMI was
calculated by dividing body weight by the square of height,
so there was a significant difference in body weight between
the groups (p = 0 < 0.05) (Table 1). After excluding other
serious complications (heart disease, severe anaemia, etc.),
patients with hypertension or diabetes were more common.
From group A to group F, the probability of hypertension
was higher with increase of BMI (p = 0.012 < 0.05). There
was little difference in incidence of diabetes mellitus among
the subgroups (p > 0.05) (Table 1 and Figure 1J-K).

Duration of Operation and Use of

Analgesics

During the operation, there was no significant difference in
the operative time among the subgroups (p > 0.05)
(Table 2 and Figure 2A). Although one-way ANOVA
showed significant differences in sufentanil dosage in
each group (p = 0.01 < 0.05), further multiple comparisons
showed no statistically significant differences between any
two groups (Table 2 and Figure 2B). There was no differ-
ence between the use of other analgesics during operation
(Figure 2C-D) and rescue analgesics after operation
(Figure 2E-F) (p > 0.05) (Table 2).

Postoperative VAS

Regardless of the state of patients at each time point, post-
operative VAS in groups A and C were higher than in other
groups, especially when compared with group B (Table 3 and
Figure 3A). Postoperative VAS of groups A and B were 1.83
+ 1.56 and 1.10 £ 0.98, respectively, in the resting state of
patients 24 h after surgery (p = 0.011 < 0.05). The mean VAS
scores of each subgroup were 1.83 +1.34, 1.70 £0.94,2.17 +
1.19, 1.71 £ 0.97, 1.89 + 0.95, and 1.78 £ 0.80, respectively,
48 h after the operation at movement. The difference between
groups B and C was statistically significant (p=0.013 <0.05).
A VAS greater than 3 indicates moderate to severe pain.
Therefore, by comparing the proportion of patients with mod-
erate to severe pain at each time point, the results show that
the difference was meaningless (Table 3 and Figure 3B-C).

Adverse Reactions

There was no statistically significant difference in post-
operative dizziness and nausea between groups A and F (p
> 0.05). It is worth noting that incidence of vomiting
decreased gradually from group A to group F 24 h after
surgery. The results were 10.3% (3/29), 3.2% (4/124), 2.0%
(2/99), 1.4% (1/69), 0% (0/46) and 0% (0/23), respectively
(»p = 0.009 < 0.05) (Table 4 and Figure 4A-B). Binary
logistic analysis found that the risk factors for vomiting
24 h after surgery were higher with age (OR: 1.158, 95%
CIL: 1.003-1.377, p = 0.045 < 0.05) (Table 5).

Postoperative Recovery

There were no statistically significant differences in
times to resume various activities after the operation,
such as first anal exhaust (Figure 5A), drinking water
(Figure 5B), getting out of bed (Figure 5C), removing
the urination tube (Figure 5D), removing abdominal
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Figure | Characteristics of patients (A) Number of different genders in each subgroup. (B) Percentage of different genders in each subgroup. (C) Age of patients. (D) Number of
different age stages in each subgroup. (E) Percentage of different age stages in each subgroup. (F) Height of patients. (G) Weight of patients. (H) Number of different tumor sites in
each subgroup. (I) Percentage of different tumor sites in each subgroup. (J) Number of complications in each subgroup. (K) Percentage of complications in each subgroup.
Notes: A: group A (BMI < 18.5kg/m?); B: group B (18.5kg/m? < BMI < 22kg/m?); C: group C (22kg/m? < BMI < 24kg/m?); D: group D (24kg/m? < BMI < 26kg/m?); E: group E
(26kg/m* < BMI < 28kg/m?); F: group F (BMI = 28kg/m?). #The difference of subgroups was statistically significant (p < 0.05).

drainage tube (Figure 5E), removing gastric tube differences in life quality assessments among the groups
(Figure 5F), and leaving the hospital (Figure 5G) (»p > one month after surgery (p > 0.05) (Table 6 and
0.05) (Table 6). In addition, there were no significant Figure 5H).
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Table | Characteristics of Patients
Group A B C D E F p
2 2 2 2 value
BMI < 18.5 18.5 kg/m 22 kg/im” < 24 kg/m” < 26 kg/m” < BMI > 28 kg/
kg/m? <BMI<22kg/ | BMI<24kg/ | BMI<26 kg/ | BMI <28 kg/ | m?
m? m? m? m?
Gender (%) Male 55.2% (16/29) 58.1%(72/124) | 62.6% (62/99) | 59.4% (41/69) | 71.7% (33/46) | 69.6% (16/23) | 0.556
Female 44.8% (13/29) 41.9% (52/124) | 37.4% (37/99) | 40.6% (28/69 | 28.3% (13/46) | 30.4% (7/23)
Age (years) Mean + SD | 57.55 + 17.30 58.06 + 11.56 56.42 + 12.35 | 57.80 + 9.87 57.96 + 10.70 | 55.17 £ 12.84 | 0.88
< 60 37.9% (11/29) 50.0% (62/124) | 56.6% (56/99) | 55.1% (38/69) | 52.2% (24/46) | 52.2% (12/23) | 0.6l
= 60 62.1% (18/29) 50.0% (62/124) | 43.4% (43/99) | 44.9% (31/69) | 47.8% (22/46) | 47.8% (11/23)
Height (cm) Mean + SD | 161.79 + 6.56 163.40 + 8.08 162.75 £ 7.71 | 162.01 +£8.06 | 162.13 £8.15 | 161.70+ 11.94 | 0.806
Weight (kg) Mean + SD | 45.79 *+ 4.31 54.73 + 5.66 61.05 + 5.93 65.46 + 6.89 70.77 + 7.08 78.09 + 9.77 0*
#b, Hc, #d, #e, | #a, #c, #d, #e, | #a, #b, #d, Ha, #b, #c, Ha, #b, #c, Ha, #b, #c, #d,
Hf #Hf He, Hf He, H#f #d, #f He
Tumor location | Stomach 44.8% (13/29) 48.4% (60/124) | 43.4% (43/99) | 31.9% (22/69) | 54.3% (25/46) | 34.8% (8/23) 0.244
Colon 20.7% (6/29) 17.7% (22/124) | 27.3% (27/99) | 23.2% (16/69) | 13.0% (6/46) 17.4% (4/23)
Rectum 34.5% (10/29) 33.9% (42/124) | 29.3% (29/99) | 44.9% (31/69) | 32.6% (15/46) | 47.8% (11/23)
Hypertension 3.4% (1/29) 6.5% (8/116) 11.1% (11/99) | 18.8% (56/69) | 21.7% (10/46) | 21.7% (5/23) 0.012*
Diabetes 13.8% (4/29) 3.2% (4/124) 4.0% (4/99) 5.8% (4/69) 6.5% (3/46) 8.7% (2/23) 0.292

Notes: A: BMI < 8.5 kg/m? B: 18.5 kg/m* < BMI < 22 kg/m?; C: 22 kg/m* < BMI < 24 kg/m?; D: 24 kg/m* < BMI < 26 kg/m?; E: 26 kg/m” < BMI < 28 kg/m?; F: BMI = 28 kg/m>. *There
were significant differences among groups (b < 0.05). #a/#b/#c/#Hd/#e/#f: The difference between this group and Group A/B/C/D/E/F was statistically significant (p < 0.05).

Abbreviation: SD, standard deviation.

Table 2 Duration of Operation and Use of Analgesics

Group A B C D E F P
value
BMI < 18.5 18.5 kg/m? 22 kgim?< | 24 kgim?*< | 26 kg/m*< | BMI > 28
kg/m? <BMI<22kg/ | BMI <24 BMI < 26 BMI < 28 kg/m?
m? kg/m? kg/m? kg/m?
Time of operation (h) 298 + 0.99 281 +£1.23 295+ 1.22 290 + 1.07 325+ 1.37 3.6+ 1.18 0.364
Analgesic | Intraoperative Mean + SD 3890 £+ 14.36 | 385l + 12,57 3952+ 1343 | 41.87 £ 1543 | 46.48 + 1894 | 49.33 £20.02 | 0.01*
dosage of sufentanil
Use of other Parecoxib 37.9% (11/29) | 36.3% (45/124) | 36.4% (36/99) | 33.3% (23/69) | 30.4% (14/46) | 47.8% (11/23) | 0.808
analgesics during Flurbiprofen | 58.6% (17/29) | 48.4% (60/124) | 49.5% (49/99) | 40.6% (28/69) | 45.7% (21/46) | 43.5% (10/23) | 0.673
operation (%) axetil
Tramadol 0.0% (0/29) 4.0% (5/124) 3.0% (3/99) 5.8% (4/69) 4.3% (2/46) 0.0% (0/23) 0.678
Dezocine 3.4% (0/29) 12.1% (15/124) | 12.1% (12/99) | 20.3% (14/69) | 19.6% (9/46) 8.7% (2/23) 0.461
Use of additional None 27.6%(8/29) 29.8% (37/124) | 43.4% (43/99) | 42.0% (29/69) | 30.4% (14/46) | 26.1% (6/23) 0.539
analgesics in the Sometimes 10.3% (3/29) 12.9% (16/124) | 11.1% (11/99) | 10.1% (7/69) 8.7% (4/46) 13.0% (3/23)
postoperative ward (< twice)
(%) Frequently 62.1% (18/29) | 57.3% (71/124) | 45.5% (45/99) | 47.8% (33/69) | 60.9% (28/46) | 60.9% (14/23)
(> twice)

Notes: A: BMI < 18.5 kg/m2; B: 18.5 kg/m? < BMI < 22 kg/m?; C: 22 kg/m? < BMI < 24 kg/m? D: 24 kg/m® < BMI < 26 kg/m?; E: 26 kg/m? < BMI < 28 kg/m% F: BMI =
28 kg/m?. *There were significant differences among groups (p < 0.05).
Abbreviation: SD, standard deviation.

Discussion

In this study, a total of 390 cases underwent the same
PCIA after open gastrointestinal surgery. Patients were

placed into six groups according to BMI. Through one-

way ANOVA, Bonferroni test and y’test, we found that,
compared with patients with a BMI of 18.5-22 kg/m?,
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Figure 2 Duration of operation and use of analgesics. (A) Operation time of the patient (h). (B) Intraoperative use of sufentanil (ug). (C) The number of other analgesics
used during the operation. (D) Percentage of other analgesics used during the operation. (E) The number of additional analgesics used after surgery. (F) Percentage of

additional analgesics used after surgery.

Notes: A: group A (BMI < 18.5kg/m?); B: group B (18.5kg/m* < BMI < 22kg/m?); C: group C (22kg/m? < BMI < 24kg/m?); D: group D (24kg/m? < BMI < 26kg/m?); E: group E

(26kg/m? < BMI < 28kg/m?); F: group F (BMI = 28kg/m?).

individuals with a BMI of less than 18.5 kg/m? and of
22-24 kg/m? had higher postoperative VAS. Notably, com-
pared with patients with BMI greater than 18.5 kg/m?,
those of less than 18.5 kg/m® had lower incidence of
hypertension and higher incidence of vomiting 24 h after
surgery. This suggests that we should pay more attention
to the perioperative care of patients with BMIs of less than

Postoperative Pain Assessment

There were no significant differences in perioperative use
of other analgesics and information on tumor diseases
among the groups. Patients with BMI < 18.5 kg/m” had a
higher VAS than those of 18.5-22 kg/m? at rest on the first
day after operation. Patients with a BMI of 22-24 kg/m?
had a higher VAS than those of 18.5-22 kg/m” at move-

18.5 kg/m?.

Table 3 VAS Score After Surgery

ment on the second day after operation.

Group A B (o) D E F P
value
BMI < 18.5 18.5 kg/m? 22 kg/m? < BMI | 24 kg/m? < BMI | 26 kg/m? < BMI | BMI > 28 kg/
kg/m? <BMI<22kg/m? | < 24 kg/m? < 26 kg/m? < 28 kg/m? m?
At rest 24 h Mean £ SD | 1.83 £ 1.56#b | 1.10 £ 0.98 #a 1.49  1.06 1.18  0.84 1.39 % 1.02 1.52 % 1.39 0.004*
after surgery VAS < 3 93.1% (27/29) | 97.6% (121/124) | 96.0% (95/99) 100.0% (69/69) 97.8% (45/46) 100.0% (23/23) | 0.358
VAS > 3 6.9% (2/29) 2.4% (3/124) 4.0% (4/99) 0.0% (0/69) 2.2% (1/46) 0.0% (0/23)
Be active 24 h Mean + SD | 3.17 £ 1.51 264 + 1.34 296 + 131 284 .18 293 £1.12 3.00% 1.17 0.256
after surgery VAS < 3 62.1% (18/29) | 78.2% (97/124) 67.7% (67/99) 73.9% (51/69) 73.9% (34/46) 65.3% (15/23) | 0.36l
VAS > 3 37.9% (1129) | 21.8% (27/124) 32.3% (32/99) 26.1% (18/69) 26.1% (12/46) 34.8% (8/23)
At rest 48 h Mean £ SD | 0.72 % 1.10 0.56 + 0.76 0.60 + 0.77 0.48 + 0.63 0.59 + 0.72 0.61 +0.72 0.796
after surgery VAS < 3 96.6% (28/29) | 99.2% (123/124) | 99.0% (98/99) 100.0% (69/69) 100.0% (46/46) 100.0% (23/23) | 0.568
VAS > 3 3.4% (1129) 0.8% (1/124) 1.0% (1/99) 0.0% (0/69) 0.0% (0/46) 0.0% (0/23)
Be active 48 h Mean £ SD | 1.83 £ 1.34 1.70 £ 0.94 #c 217 £ 1.19 #b 171 £ 097 1.89  0.95 1.78 £ 0.80 0.021%
after surgery VAS < 3 96.6% (28/29) | 96.0% (119/124) | 88.9% (88/99) 94.2% (65/69) 93.5% (43/46) 95.7% (22/23) | 0.364
VAS > 3 3.4% (1129) 4.0% (5/124) 11.1% (11/99) 5.8% (4/69) 6.5% (3/46) 4.3% (1/23)

Notes: A: BMI < 18.5 kg/m%; B: 18.5 kg/m? < BMI < 22 kg/m%; C: 22 kg/m? < BMI < 24 kg/m?; D: 24 kg/m? < BMI < 26 kg/m?; E: 26 kg/m? < BMI < 28 kg/m?; F: BMI = 28 kg/
mZ. *There were significant differences among groups (p < 0.05). #a/#b/#c: The difference between this group and Group A/B/C was statistically significant (p < 0.05).
Abbreviation: SD, standard deviation.
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Table 4 Postoperative Adverse Reactions
Group A B (o D E F p
BMI< 185 | 185 kgm? | 22kgm?< | 24 kgim®’< | 26 kgm?< | BMI=28 | 2°
kg/m? <BMI<22kg/ | BMI <24 kg | BMI<26kg/ | BMI <28 kg/ | kg/m?
I’Y'I2 m2 I'Y'I2 m2
24 h Dizzy | Mild 6.9% (2129) | 83% (10/121) | 5.2% (5/97) 10.1% (7/69) 4.5% (2/44) 0.0% (0/23) | 0.554
::tfgrery Moderate | 0.0% (0/29) | 6.6% (8/121) | 4.1% (4/97) 2.9% (2/69) 6.8% (3/44) 13.0% (3/23)
Severe 3.4% (1129) | 1.7% (2/121) | 5.2% (5/97) 1.4% (1/69) 2.3% (1/44) 0.0% (0/23)
Nausea 24.1% (7/29) | 10.5% (13/124) | 7.1% (7/99) 8.7% (6/69) 6.5% (3/46) 8.7% (2123) | 0.137
Vomit 10.3% (3/29) | 3.2% (4/124) | 2.0% (2/99) 1.4% (1/69) 0.0% (0/46) 0.0% (0/23) | 0.009*
48 h Dizzy | Mild 0.0% (0/29) | 0.0% (0/121) | 0.0% (0/98) 0.0% (0/69) 2.2% (1/45) 43% (1/23) | 0.23
:ﬁ:grery Moderate | 0.0% (0/29) | 0.8% (I/121) | 0.0% (0/98) 0.0% (0/69) 0.0% (0/45) 0.0% (0/23)
Severe 0.0% (0/29) | 0.0% (0/121) | 0.0% (0/98) 0.0% (0/69) 0.0% (0/45) 0.0% (0/23)
Sick 34% (1129) | 4.8% (6/124) | 4.0% (4/99) 2.9% (2/69) 0.0% (0/45) 8.7% (2123) | 0.582
Vomit 0.0% (0129) | 0.8% (1/124) | 2.0% (2/99) 1.4% (1/69) 0.0% (0/45) 43% (1123) | 0.65

Notes: A: BMI < 18.5 kg/m? B: 18.5 kg/m* < BMI < 22 kg/m? C: 22 kg/m? < BMI < 24 kg/m?; D: 24 kg/m? < BMI < 26 kg/m?; E: 26 kg/m? < BMI < 28 kg/m?; F: BMI = 28 kg/
m?. *There were significant differences among groups (p < 0.05).
Abbreviation: SD, standard deviation.

According to the above PCIA analgesic solution pro- flurbiprofen were different. As described above, dexmede-

gramme, the dose of sufentanil per unit weight was the tomidine and flurbiprofen had the effect of enhancing

same for all patients but dexmedetomidine and analgesia.®'®'? In theory, the new drug combination
BAENBHECHDNENF HANBHECHEDNENF HABRBHECHEDNENF
Activity Activity Activity
48h =
48 h
48 h
Resting Resting Resting
Activity Activity
Activity
24 h
24 h
24h
Resting Resting
Resting
0 10 20 30 4 0 10 20 30 40
0 ] 3 3 a 5 The number of Percentage of
moderate to severe moderate to severe
A Postoperative VAS B postoperative pain C postoperative pain

Figure 3 Postoperative VAS. (A) VAS scores at 24 hours and 48 hours after surgery. (B) The number of moderate to severe postoperative pain. (C) Percentage of
moderate to severe postoperative pain.

Notes: A: group A (BMI < 18.5kg/m?); B: group B (18.5kg/m* < BMI < 22kg/m?); C: group C (22kg/m? < BMI < 24kg/m?); D: group D (24kg/m? < BMI < 26kg/m?); E: group E
(26kg/m2 < BMI < 28kg/m2); F: group F (BMI 2 28kg/m2). #The difference of subgroups was statistically significant (p < 0.05).
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Table 5 Regression Analysis of Postoperative Vomiting

OR 95% CI p value
Gender Male 0.526 0.526-5.371 0.588
Female
Age (years old) Mean 1.158 1.003-1.337 0.045*
Height (cm) 0.642 0.216-1.905 0.424
Weight (kg) 1.875 0.382-9.215 0.439
BMI (kg/m2) 0.119 0.002-8.689 0.331
Tumor location Stomach 1.205 0.350-4.145 0.767
Colon
Rectum
Hypertension 0.997
Diabetes 0.998
Time of operation (h) 0.479 0.144-1.594 0.230
Intraoperative sufentanil dosage (ug) 1.031 0.943-1.128 0.498
Use of other analgesics during operation Parecoxib |
Flurbiprofen axetil |
Tramadol 0.998
Dezocine |
Postoperative VAS score At rest 24 h after surgery 4.284 0.623-29.481 0.139
Be active 24 h after surgery 0.69 0.161-2.949 0.616
At rest 48 h after surgery 0.103 0.01-1.039 0.054
Be active 48 h after surgery 0.735 0.167-3.234 0.684

Note: *The results were statistically significant (p < 0.05).

should be more effective in reducing pain in patients with
low body weight because of the higher dose per unit of
body weight of flurbiprofen and dexmedetomidine. Our
results showed that these patients had a greater need for
postoperative analgesics, which indicated that low BMI
patients had a greater need for analgesics. Most current
studies have focused on describing the effects of high BMI
on analgesic effects,'™'? but little attention has been paid
to patients with a low BMI (BMI < 18.5kg/m?) or a normal
high BMI (22 kg/m2 < BMI < 24 kg/m2). Using logistic
regression analysis, Lai et al found that a low BMI was an
independent risk factor for colonoscopy pain.'” Trough a
prospective longitudinal cohort study, Imagama S found
that low BMI was an independent risk factor for neuro-
pathic pain in middle-aged and elderly patients.”® In a
study of 8- to 18-year-olds recovering from elective non-
cardiac surgery, Cohen B found that higher BMI was
associated with a decrease in postoperative opioid
consumption.'® Thus, patients with a BMI of less than

18.5 kg/m? had a higher need for postoperative analgesia
than patients with a BMI of 18.5-22 kg/m?.

The results showed that patients with a BMI of less
than 18.5 kg/m? had less hypertension than these with one
greater than 18.5 kg/m”. Studies show that people with
higher hypertension rates have higher BMI levels.?' Using
univariate analysis, Chiang et al showed that the BMIs of
patients with hypertension were significantly higher than
those with normal blood pressure, regardless of whether
they were controlled with antihypertensive drugs. In addi-
tion, the study showed that antihypertensive drugs increase
postoperative morphine use in women with hypertension,
but not in men.?* The proportion of hypertension in BMI
patients in each group were consistent with the above
results. However, the effect of hypertension on pain in
the above study may not be applicable to our results, as
there were no separate comparisons between males and
females, and no long-term preoperative medication of

patients was obtained. At present, the main mechanism
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Figure 4 Postoperative adverse reactions. (A) The number of adverse reaction. (B) The percentage of adverse reaction.
Notes: A: group A (BMI < 18.5kg/m?); B: group B (18.5kg/m* < BMI < 22kg/m?); C: group C (22kg/m? < BMI < 24kg/m?); D: group D (24kg/m? < BMI < 26kg/m?); E: group E
(26kg/m? < BMI < 28kg/m?); F: group F (BMI = 28kg/m?). *The difference of subgroups was statistically significant (p < 0.05).
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Figure 5 Time from the end of the operation to activities and postoperative quality of life. (A) Time to exhaust to the anus (h). (B) Time to drink water (h). (C) Time to get
out of bed (h). (D) Time to pull out the urine tube (h). (E) Time to pull out the abdominal drainage tube (h). (F) Time to pull out the gastric tube (h). (G) Postoperative
length of stay (d). (H) Postoperative quality of life.

Notes: A: group A (BMI < 18.5kg/m?); B: group B (18.5kg/m? < BMI < 22kg/m?); C: group C (22kg/m? < BMI < 24kg/m?); D: group D (24kg/m? < BMI < 26kg/m?); E: group E
(26kg/m* < BMI < 28kg/m?); F: group F (BMI = 28kg/m?).
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Table 6 Postoperative Activity and Quality of Life Assessments

Group A B C D E F p
2 2 2 2 value
BMI <18.5 18.5 kg/m 22 kg/m 24 kg/m* < 26 kg/m* < BMI > 28 kg/
kg/m? <BMI <22 kg/ | <BMI <24 kg/ | BMI <26 kg/ | BMI<28 kg/ m?
m? m? m? m?
The time from the | Passage gas 68.13 = 25.66 72.81 + 33.48 66.55 + 27.99 63.63 £ 26.62 71.50 + 40.24 64.98 + 29.76 0.437
end of the anus (h)
operation to
) - Drinking (h) | 56.09 + 36.27 59.77 + 36.27 59.68 + 33.28 55.45 + 31.42 63.55 + 45.63 56.45 + 35.94 0.88
various activities
Getting out | 58.89 + 26.20 51.03 +24.14 51.76 + 20.56 52.31 + 19.08 54.46 + 24.67 57.09 + 22.06 0.532
of bed(h)
Pulling out 87.51 + 41.61 94.04 + 49.28 86.22 + 39.05 104.18 £ 39.44 | 103.80 + 49.07 | 102.93 + 44.79 | 0.094
the urine
tube(h)
Pulling out 163.03 £ 7143 | 137.34 + 56.57 | 142.33 + 7553 | 135.86 + 44.30 | 162.52 +88.02 | 137.96 + 57.67 | 0.207
the
abdominal
drainage
tube (h)
Pulling out 79.96 + 46.59 70.17 + 54.31 62.73 + 44.06 65.62 + 42.35 85.79 + 54.94 7941 £ 51.55 0.48
the gastric
tube(h)
Postoperative length of stay(d) 8.03 +2.77 7.57 + 238l 7.30 +2.48 7.17 £2.10 7.89 + 3.39 9.30 + 470 0.101
Postoperative quality of life 1443 £ 528 12.33 £ 3.37 11.63 + 3.02 1278 £ 4.13 12.56 + 3.20 14.00 + 6.49 0.146

Notes: A: BMI < 18.5 kg/m?; B: 18.5 kg/m? < BMI < 22 kg/m? C: 22 kg/m® < BMI < 24 kg/m?; D: 24 kg/m® < BMI < 26 kg/m?; E: 26 kg/m* < BMI < 28 kg/m?; F: BMI = 28 kg/m?.

of pain sensitivity caused by hypertension is impaired
cardiovascular regulation.”® Considering that BMI can be

2425 we speculate

used to assess body’s nutritional status,
that BMI effects on pain may be related to impaired
vascular regulation. But this needs further research. In
this study, compared with patients with a BMI of 18.5-
22 kg/m?, those with less than 18.5 kg/m* and those with
22-24 kg/m® had relatively higher postoperative VAS,
especially when resting for 24 h and at movement for 48
h. This suggests that we need to increase postoperative

attention to this group.

Postoperative Adverse Reactions

Compared with patients with a BMI of more than 18.5 kg/
m?, those of less than 18.5 kg/m? had a significantly higher
probability of vomiting 24 h after surgery. Through multi-
factor analysis, some study showed that patients with lower
BMI were more likely to have postoperative complications
such as nausea and vomiting.”® Similar studies have shown
that patients with low BMI are more likely to develop
PONV.?"?’ These are consistent with our results in part.
Notably, some studies have shown that dexmedetomidine

for postoperative analgesia can reduce the occurrence of
PONV.**3! Through mate analysis, Sun et al confirmed
that perioperative flurbiprofen can effectively reduce
PONV in Chinese surgical patients.'* Metoclopramide pro-
duces antiemetic effects by acting on dopamine or seroto-
nin, and has long been used for postoperative vomiting.*>
Combination of these drugs reduced the incidence of
opioid-induced postoperative vomiting, which explained
the small difference in the probability of PONV among
the subgroups at most time points. PONV in patients with
low BMI has been widely reported, but it is not clear why
PONV is higher in cases of low BMI. In a study of the
relationship between vomiting during pregnancy and low
BMI, Ben-Aroya Z pointed out that hyperventilation
affected vestibular dependence in women with low BMI,
leading to more frequent vomiting in the first trimester.*
Postoperative analgesia was worse in patients with low BMI
on the first day after surgery, and their pain may cause them
to hyperventilate increasing the probability of vomiting.

In summary, in the case of sufentanil combined with
dexmedetomidine and flurbiprofen for PCIA after open gas-
trointestinal tumor surgery, patients with a BMI of less than
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18.5 kg/m* had the worst pain relief on the first day after
surgery, compared with patients with a BMI of more than
18.5 kg/m?, and especially those with a BMI of 18.5 to 22 kg/
m?. In addition, patients with a BMI of less than 18.5 kg/m?
had less hypertension and were more likely to experience
postoperative vomiting on the first day after surgery than
individuals with a greater BMI. This study retrospectively
compares the analgesic effects and related adverse reactions
of patients with different BMIs under the same PCIA, which
fills a gap in studies of the correlation between different
BMlIs and PCIAs. However, there are too few cases of
BMIs of less than 18.5kg/m* and higher than 28kg/m* in
this paper. In addition, this result is based only on the
analgesic method we used, which cannot be applied to
other PCIAs.

Conclusions

The combination of dexmedetomidine, sufentanil and flur-
biprofen axetil was used for PCIA after open gastrointest-
inal tumor surgery. Compared to those with a BMI greater
than 18.5 kg/m?, patients with a BMI of less than 18.5 kg/
m? had poorer analgesic effects on the first day after
surgery and were more prone to vomiting. Postoperative
analgesia and related experiences in patients with BMIs of
less than 18.5 kg/m” need to be improved.
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