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Abstract

Background: Immediate postoperative pain in the postanesthesia care unit (PACU) is common. Titration of opioid is
the most popular strategy for controlling early postoperative pain. ABO blood group has been found to be associated
with pain perception. We aimed to find the factors including ABO blood group for predicting the amount of opioid
requirement in PACU.

Methods: This prospective cohort study was performed in 3316 patients who underwent various kinds of anesthetic
techniques and received immediate postoperative care in PACU. Preoperative, intraoperative and PACU data were col-
lected. A directed acyclic graph (DAG) representing the hypothesized causal pathways of preoperative, intraoperative
and PACU data were compiled prior to conducting multinomial logistic regression analysis. Statistical significance in
all models was defined as a P-value <0.05.

Results: Female sex, body mass index, preoperative use of gabapentin, preoperative anxiety score, anesthetic tech-

niques, type of operation, amount of consumed intraoperative opioids, intraoperative use of paracetamol, parecoxib

and ondansetron, duration of anesthesia and surgery, amount of blood loss, pain upon PACU arrival, use of paraceta-
mol and parecoxib in PACU were found to be factors influencing amount of opioid consumption in PACU. ABO blood
group was not associated with early postoperative opioid requirement.

Conclusions: A significant number of factors are related to amount of opioid requirement in PACU. Some factors can
be adjusted to provide better pain relief in early postoperative period. However, ABO blood group is not identified to
be a predictive factor for early postoperative opioid consumption in PACU.
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Introduction

After surgery, the majority of patients spend their

immediate postoperative period in a postanesthesia

care unit (PACU). A significant number of them first

experience postoperative pain in PACU requiring anal-
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of multimodal analgesic regimen for postoperative
pain control in PACU [3], opioids are still widely used
because they provide reliably fast onset and effec-
tive outcome. The aim of opioid administration is to
provide the maximum analgesia with no intolerable
unwanted consequences. Most of opioid-related side
effects depend on the dose, including nausea and vom-
iting, excessive sedation and respiratory depression,
needing close observation [4] especially in those who
recently awake from anesthesia.

It has been known that there is a wide inter-individ-
ual variability in opioid demand. Race (Caucasian),
emergency operation, major operative procedures,
operation time longer than 100 min and pain score on
arriving to PACU have been found to be independent
predictive factors of morphine consumption in patients
undergoing various non-cardiac surgery under general
anesthesia [5].

Genetic factors such as sex have been demonstrated to
be associated with pain sensitivity and analgesic response
[6]. ABO blood group is one genetic factor and it has
been shown to be associated with various medical ill-
nesses such as von Willebrand disease [7], coronary
artery disease [8] and cancer [9]. There are conflicting
results on whether or not ABO blood group is associated
with pain. Simoni et al.,, demonstrated that participants
with blood group AB displayed the strongest conditioned
pain modulation effect and blood group B exhibited the
lowest mechanical pain sensitivity [10]. Blood group O
has been found to be one of the factors affecting post-
cesarean pain [11]. On the other hand, different blood
group patients undergoing anterior cruciate ligament
reconstruction did not show different postoperative anal-
gesic consumption [12]. Nimmaanrat et al., performed a
retrospective study in 1530 patients to examine the asso-
ciation of ABO blood group and postoperative opioid
consumption within the first 24 h after cesarean delivery.
They found that ABO blood group is not a predictive fac-
tor for opioid requirement within the first 24 h following
cesarean section [13].

We conducted this prospective cohort study in 3316
adult patients mostly scheduled for elective surgery in a
tertiary referral medical school with the primary objec-
tive to identify the association of ABO blood group and
the amount of early postoperative opioid requirement
in PACU. Our secondary objective was to identify fac-
tors associated with the amount of opioid consumption
in PACU. By recognizing patients at risk for high opioid
requirement in PACU, it may be possible to offer more
effective pain management for them to be more comfort-
able in the early postoperative phase. Moreover, studies
to assess the benefits of a personalized pain relief strategy
based on ABO blood group or other factors is warranted.
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Methods

This study followed Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
checklist and was approved by the Ethics Committee of
the Faculty of Medicine, Prince of Songkla University,
Thailand (REC Number: 61-115-8-1) on 9 May 2018.
This study involved no more than minimal risk to sub-
jects so the patient consent was waived by the Ethics
Committee of the Faculty of Medicine, Prince of Song-
kla University. The data were anonymized, maintained
with confidentiality and in compliance with the Decla-
ration of Helsinki.

Patients

Patients scheduled for any elective operation and
expected to receive care in the PACU at Songklanagarind
Hospital, Hat Yai, Songkla, Thailand were enrolled into
this prospective cohort study. Exclusion criteria included
patients who were unable to communicate and scheduled
for emergency surgery.

Data collection

Data were recorded on a standard case record form
including (A) patient characteristics [ABO blood group,
gender, age, race, American Society of Anesthesiologists
(ASA) physical status classification, weight, height, body
mass index (BMI), in-patient/out-patient, smoking], (B)
preoperative data [premedication with benzodiazepine,
preoperative use of gabapentin/pregabalin, preoperative
anxiety and pain scores using a 0—10 verbal numerical
rating scale (VNRS)], (C) anesthetic-related data [anes-
thetic techniques, amount of intraoperative opioid usage
(morphine milligram equivalent - MME), intraoperative
usage of non-opioid analgesics, duration of anesthesia],
(D) surgical-related data (type of operation, reoperation
at the same site, duration of surgery, blood loss) and (E)
PACU-related data [pain (VNRS) upon arrival and dis-
charge, amount of opioid usage (MME), usage of non-
opioid analgesics, postoperative nausea and vomiting
(PONV), length of stay in PACU].

Sample size calculation

Over the period in which patient data were collected
(September 2018—March 2019), the data were available
for at least 2533 patients. It was estimated that over-
all about 11% of patients required opioid at a level of
>5mg MME and that the proportion of patients of group
O requiring such high levels be less than that of non-O
patients. With a known ratio of O to non-O patients of
approximately 2:3, the sample size would have a power of
80% to detect a difference in proportions requiring >5mg
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MME of 8.8 and 20%, respectively in group O and non-O
patients with a type I error of 0.5.

Statistical analysis

Opioid requirement was grouped into no requirement,
requirement >0 to 5mg MME, and >5mg MME. Distri-
bution of ABO blood group and of other potential predic-
tors of opioid requirement were compared across these 3
groups using tabulation and Chi-Square or Fisher’s Exact
test as appropriate. Subsequently, multinomial logis-
tic regression was used to evaluate the evidence for any
association between the level of opioid requirement and
blood group and to identify other variables that showed
an association with opioid requirement. All models were
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controlled for potential confounders as indicated in the
Directed Acyclic Graph (DAG) (Fig. 1).

Results

There were 3316 adult patients enrolled into this study.
We divided the recruited population into 3 groups
according to the amount of opioid requirement meas-
ured as morphine milligram equivalent (MME) in the
PACU; group O0mg when no opioid was required, group
>0-5mg when the requirement of opioids was more
than 0mg but did not exceed 5mg and group >5 when
opioid requirement was at least 5mg. The demographic
data of the 3 groups are presented in Table 1. The major-
ity of the patients (57%) did not receive opioid in PACU.
About one-third of the patients received opioid less than
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Fig. 1 Directed Acyclic Graph (DAG) demonstrating the correlation of each variable. Abbreviations: abo, ABO blood group; anesth, duration of

rrarn

anesthesia; anesth techniques, anesthetic techniques; asa, American Society of Anesthesiologists; benzo, premedication with benzodiazepine; bmi,
body mass index; dynas, intraoperative use of parecoxib; gaba, preoperative use of gabapentin; intramme, intraoperative use of morphine milligram
equivalent; intrketa, intraoperative use of ketamine; intrpara, intraoperative use of paracetamol; ondan, intraoperative use of ondansetron; preanxie,
preoperative anxiety score; prega, preoperative use of pregabalin; preverb, preoperative pain score; pt, in or out patient status; relig, religion; reop,
reoperation; rrarri, pain score upon postanesthesia care unit arrival; rrmme, morphine milligram equivalent in postanesthesia care unit; rrpara, use of
paracetamol in postanesthesia care unit; rrpare, use of parecoxib in postanesthesia care unit; surg, duration of surgery; type of sx, type of operation
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Table 1 Demographic data of participants according to their amount of opioid requirement in postanesthesia care unit, based on
milligram morphine equivalent

Items MME 0 mg MME > 0-5mg MME >5mg P-value
Total patients (N, %) 1890 (57.0) 1060 (32.0) 366 (11.0)
Preoperative Data
Sex < 0.001
Male 816 (60.3) 379 (28.0) 158 (11.7)
Female 1074 (54.7) 681 (34.7) 208 (10.6)
Age (years old), median (IQR) 52 (37,64) 50(37,62) 50 (38, 64) 0.20
Age (years old) 0.095
< 65 1426 (56.2) 836 (32.9) 276 (10.9)
> 65 464 (59.6) 224 (28.8) 90 (11.6)
Religion 0.626
Buddhist 1657 (56.6) 945 (32.3) 328(11.2)
Muslim 228 (60.6) 111 (29.5) 37(9.8)
Christian 5(50.0) 4(40.0) 1(10.0)
ASA classification (N, %) 0.068
| 141 (59.2) 75(31.5) 22 (9.3)
I 1383 (58.0) 753 (31.6) 250 (10.5)
Il 366 (52.9) 232 (33.5) 94 (13.6)
BMI (kg/m?), median (IQR) 244(215,27.6) 24.(21,27.7) 24.1(20.8,27.1) 0.122
BMI (kg/m?), (N, %) < 0.007
<25 1042 (55.5) 628 (33.4) 209 (11.1)
25-34.99 769 (60.9) 362 (28.7) 132(104)
> 35 79 (45.4) 70 (40.2) 25(14.4)
Status 0.029
In-patients 1831 (56.6) 1041 (32.2) 361(11.2)
Out-patients 59 (71.1) 19(22.9) 5(6.0)
ABO blood group 0.252
O 706 (56.8) 404 (32.5) 133(10.7)
A 397 (57.0) 204 (29.3) 96 (13.8)
B 492 (56.2) 286 (32.6) 98(11.2)
AB 119 (54.3) 79 (36.1) 21(9.6)
Smoking 0478
Yes 441 (58.9) 227 (30.3) 81(10.8)
No 1449 (56.4) 833 (32.5) 285 (11.1)
Premedication with benzodiazepine 0.89
Yes 217 (55.9) 128 (33.0) 43(11.1)
No 1673 (57.1) 932(31.8) 323(11.0)
Preoperative use of gabapentin 0.001
Yes 53(43.8) 44 (36.4) 24(19.8)
No 1837 (57.5) 1016 (31.8) 342 (10.7)
Preoperative use of pregabalin 0.227
Yes 5(455) 3(27.3) 3(27.3)
No 1885 (57.0) 1057 (32.0) 363 (11.0)
Preoperative anxiety score 0.009
0 690 (59.3) 375(32.2) 99 (8.5)
1-5 832 (56.4) 467 (31.7) 176 (11.9)

6-10 368 (54.4) 218 (32.2) 91(134)
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Table 1 (continued)
Items MME 0 mg MME > 0-5mg MME >5mg P-value
Preoperative pain score 0.033
0 1391 (57.9) 771(32.0) 240 (10.0)
1-3 214 (57.8) 112(30.3) 44 (11.9)
4-6 197 (52.1) 125 (33.1) 56 (14.8)
7-1 88 (53.0) 52(31.3) 26 (15.7)
Intraoperative Data
Anesthetic techniques < 0.001
GA 942 (46.1) 824 (40.3) 279 (13.6)
TCl 100 (84.0) 16 (13.5) 3(2.5)
Spinal block 612 (91.5) 48(7.2) 9(1.3)
Nerve block 64 (90.1) 6(8.5) 1014)
Combined 136 (36.8) 161 (43.5) 73(19.7)
Others 36 (85.7) 5(11.9) 1(4)
Amount of intraoperative opioid use (MME) < 0.001
0 370 (96.4) 13(34) 1(0.2)
>0-5 965 (58.5) 550 (33.3) 136 (8.2)
>5 555 (43.3) 497 (38.8) 229(17.9)
Intraoperative use of paracetamol 0.002
Yes 26 (37.7) 29 (42.0) 14 (20.3)
No 1864 (57.4) 1031 (31.8) 352(10.8)
Intraoperative use of parecoxib < 0.001
Yes 94 (40.0) 98 (41.7) 43(18.3)
No 1796 (58.3) 962 (31.2) 323(10.5)
Intraoperative use of ketamine 0.065
Yes 30 (75.0) 8(20.0) 2(5.0)
No 1860 (56.8) 1052 (32.1) 364 (11.1)
Intraoperative use of ondansetron < 0.001
Yes 705 (48.8) 585 (40.5) 154 (10.7)
No 1185 (63.3) 475 (25.4) 212(11.3)
Duration of anesthesia (mins), (median, IQR) 130 (80, 180) 160 (110, 250) 187.5(135,278.8) < 0.001
Duration of surgery (mins), (median, IQR) 75 (40, 125) 117.5 (70, 200) 140 (95, 230) <0.001
Type of operation < 0.001
General surgery 331(41.2) 360 (44.8) 112 (14.0)
C-section 127 (91.3) 8(5.8) 4(29)
Otolaryngology 263 (62.5) 141 (33.5) 17 (4.0)
Gynecology 231 (46.3) 199 (39.9) 69 (13.8)
Neurosurgery 34 (61.8) 19 (34.6) 2(3.6)
Obstetrics 59 (68.6) 21 (24.4) 6 (7.0)
Ophthalmology 100 (74.1) 33 (244) 2(1.5)
Orthopedics 281 (61.9) 113 (24.9) 60 (13.2)
Plastic 77 (47.5) 61(37.7) 24.(14.8)
Thoracic 6(17.6) 9(26.5) 19 (55.9)
Urological 186 (64.1) 57(19.7) 47 (16.2)
Vascular 85 (75.2) 24 (21.2) 4(3.6)
Others 110 (88.0) 15(12.0) 0(0.0)
Reoperation 0.123
Yes 44 (46.8) 38 (40.4) 12(12.8)
No 1846 (57.3) 1022 (31.7) 354 (11.0)
Blood loss (ml), (median, IQR) 20 (5150) 50 (10,200) 150 (30,387.5) < 0.001
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Table 1 (continued)
Items MME 0 mg MME > 0-5mg MME >5mg P-value
PACU Data
Pain score upon PACU arrival 0.033
0 1391 (57.9) 771 (32.1) 240 (10.0)
1-3 214 (57.8) 112 (30.3) 44(11.9)
4-6 197 (52.1) 125(33.1) 56 (14.8)
7-10 88 (53.0) 52(31.3) 26 (15.7)
Use of paracetamol in PACU < 0.001
Yes 21(26.2) 24 (30.0) 35(43.8)
No 1869 (57.8) 1036 (32.0) 331(10.2)
Use of parecoxib in PACU < 0.001
Yes 18(17.6) 37(36.3) 47 (46.1)
No 1872 (58.2) 1023 (31.8) 319(9.9)
Length of PACU stay (mins) (median, IQR) 45 (30,60) 50 (40,60) 70 (60,98.8) < 0.001

Abbreviations: MME Morphine milligram equivalent, ASA American Society of Anesthesiologists, BMI Body mass index, GA General anesthesia, TC/ Target-controlled

infusion, C-section Cesarean section, PACU Postanesthesia care unit

5mg (MME) while 11% received more than 5mg. There
were more female patients (59%), age less than 65years
old (76%) and ASA classification of II (72%). Blood group
O, A, B and AB accounted for 41, 23, 29 and 7%. Sixty-
two percent underwent general anesthesia while 20% had
spinal anesthesia. Approximately 40% were given at least
5mg MME intraoperatively. Very few received intraop-
erative paracetamol (2%) or parecoxib (7%). Almost 3/4
(72.4%) reported VNRS of 0 upon PACU arrival while
11.2, 11.4 and 5% had mild, moderate and severe pain,
respectively.

Fig. 1 demonstrates the Directed Acyclic Graph (DAG)
of this study. (DAG can be assumed as a type of flowchart
that visualizes a whole causal etiological network, linking
causes and effects. Each circle is recognized as a “vertex”
and each line is recognized as an “edge” “Directed” means
that each edge has a clear direction, so each edge essen-
tially represents a single directional flow from one vertex
to another. “Acyclic” means that there are no loops in the
graph. For each vertex, there is no path in the graph that
edges get back to that initial vertex.)

Table 2 shows 27 factors included in the DAG analy-
sis. Among these variables, there were 17 statistically
significant factors in relation to the amount of opioids
required in the PACU. Female required more opioids in
the range of >0-5mg in comparison to O0mg (P-value
<0.001). Patients with BMI less than 25kg/m? or greater
than 35kg/m> required more opioids in the range of
>0-5mg and >5mg compared to 0mg (P-value <0.001).
Outpatients required less opioids in comparison to inpa-
tients (P value=0.02). Those who had been on gabap-
entin preoperatively demonstrated higher demands for
opioids in PACU in comparison to those who had not

taken it (P value=0.002). Preoperative anxiety score was
significantly related to opioid consumption in immedi-
ate postoperative period (P value=0.008). The higher the
preoperative anxiety score, the higher the dose of opioids
consumed.

Regarding anesthetic techniques, in comparison to
general anesthesia - all techniques (TCI, spinal block,
nerve block and others) were related with less opioid
consumption in PACU except combined general and
regional anesthesia technique (P-value <0.001). Patients
receiving higher intraoperative opioids required higher
dose of opioids postoperatively (P value=0.02). Those
who were given intraoperative paracetamol, parecoxib
and ondansetron demonstrated higher opioid consump-
tion in PACU compared to those who did not receive
these drugs (P values =0.003, <0.001 and < 0.001, respec-
tively). Patients receiving intraoperative ketamine had
a non-statistically significant trend for less opioid con-
sumption in comparison to those not receiving ketamine
intraoperatively (P value=0.053). Longer duration of
anesthesia and surgery were related with higher amount
of opioids required in PACU (P values =0.02 and < 0.001,
respectively).

Regarding type of operation, in comparison to gen-
eral surgery - other types of surgical procedures showed
less opioid consumption in PACU except thoracic sur-
gery which showed higher opioid requirement in all
ranges while C-section, gynecological, orthopedic, uro-
logical and plastic surgeries demonstrated higher opi-
oid consumption in the range of >5mg in comparison
to >0-5mg (P-value <0.001). Amount of blood loss was
directly correlated with opioid requirement in PACU
(P-value <0.001). Pain score upon PACU arrival with
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Table 2 Factors associated with amount of opioid requirement in postanesthesia care unit as indicated by the directed acyclic graph

(N=3316)
Factors Adjustment set Levels RRR (95% CI) P-value
MME>0-5mgvs MME>5mgvs MME>5mgvs
MME 0 mg MME 0 mg MME > 0-5
Sex - Male 1 1 1 < 0.001*
Female 136(1.17,1.59) 1.00(0.80, 1.25) 0.73(0.58,0.93)
Age - <65years old 1 1 1 0.09
> 65years old 0.82(0.69, 0.99) 1.00(0.77,1.30) 121092, 1.61)
Religion 0.62
Buddhist 1 1 1 1
Muslim 0.85(0.67,1.08) 0.82(0.57,1.18) 0.96 (0.65, 1.42) 0.96 (0.65, 1.42)
Christian 140(0.38,5.24)  1.01(0.12,8.68) 0.72(0.08,647)  0.72(0.08,6.47)
ASA Age, BMI, smoking ASA | 1 1 1 0.19
ASAl 1.14 (0.85, 1.54) 1.22(0.76,1.97) 1.07 (0.64,1.77)
ASAII 1.27 (0.90, 1.80) 1.66 (0.97,2.82) 1.30(0.74, 2.29)
BMI - 25-<35kg/m? 1 1 1 < 0.001*
<25 kg/m2 1.28 (1.09, 1.50) 1.17 (0.92,1.48) 0.91(0.71,1.18)
>35 kg/m2 1.88(1.33,2.66) 1.84 (1.13,3.00) 0.98(0.60, 1.61)
Status - In-patient 1 1 1 0.02%
Out-patient 0.57 (0.34, 0.96) 043 (0.17, 1.08) 0.76 (0.28, 2.05)
ABO blood group - 0 1 1 1 0.26
A 0.90(0.73,1.11) 1.28(0.96, 1.72) 143 (1.05,1.95)
B 1.02(0.84,1.23) 1.06 (0.79, 1.41) 1.04(0.77,1.41)
AB 1.16 (0.85, 1.58) 094 (057,1.54)  0.81(048,1.36)
Smoking - No 1 1 1 048
Yes 0.90(0.75, 1.07) 0.93(0.71,1.22) 1.04 (0.78,1.39)
Premedication with benzodi- - No 1 1 1 0.89
azepine Yes 106(0.84,134)  103(0.72,145  1.03(0.71,1.49
Preoperative use of gabap- - No 1 1 1 0.002*
entin Yes 1.50(1.00,226)  243(148,400) 162 (0.97,2.70)
Preoperative use of pregabalin - No 1 1 1 033
Yes 1.07 (0.26, 4.49) 3.12(0.74,13.09) 291 (0.58, 14.49)
Preoperative anxiety score - 0 1 1 1 0.008*
1-5 0.99(0.83,1.18) 147(1.12,1.92) 148(1.11,1.96)
6-10 1.02(0.82, 1.26) 1.74 (1.26,2.39) 1.69(1.21,2.37)
Preoperative pain score Sex, age, ABO blood group, 0 1 1 1 0.24
Efe”gzgggﬁiepmer gabapentin,  ¢_3 094(074,121)  1.13(079,162)  1.20(082,1.76)
4-6 1.12(0.87,1.43) 1.51(1.08,2.10) 1.35(0.94,1.92)
7-10 1.03(0.72,1.48) 1.51(0.94,241) 146 (0.88,2.42)
Anesthetic technique - GA 1 1 1 < 0.001*
TCl 8(0.11,0.31) 0(0.03,032)  0.55(0.16,1.91)
Spinal block 0.09 (0.06,0.12) 0.05(0.02,0.10) 0.55(0.27,1.14)
Nerve block 1(0.05,0.25) 0.05 (0.01,0.38) 049 (0.06,4.11)
Combined 1.35(1.06, 1.73) 1.81(1.32,2.48) 1.34(0.98, 1.82)
Others 0.16 (0.06,0.41) 009( 1,0.69) 0.59 (0.07, 508)
Amount of intraoperative Age, ASA, BMI, anesthetic - 01(1.00,1.02) 01 (1.00, 1.03) 1.00(1.00, 1.01)  0.02*

opioid use (MME)

technique, duration of anes-
thesia, duration of surgery,

type of operation, reoperation,

blood loss
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Table 2 (continued)
Factors Adjustment set Levels RRR (95% CI) P-value
MME>0-5mgvs MME>5mgvs MME>5mgvs
MME 0 mg MME 0 mg MME > 0-5
Intraoperative use of paraceta- - No 1 1 1 0.003*
mol
Yes 2.02(1.18,3.44) 2.85(1.47,5.51) 1.41(0.74,2.71)
Intraoperative use of parecoxib - No 1 1 1 < 0.001*
Yes 1.95 (1.45,2.61) 2.54(1.74,3.72) 1.31(0.89,1.91)
Intraoperative use of ketamine - No 1 1 1 0.053
Yes 047(0.22,1.03) 0.34(0.08,1.43) 0.72 (0.15,3.42)
Intraoperative use of ondan- - No 1 1 1 < 0.001*
setron Yes 207(1.78,241)  1.22(097,1.53)  0.59(046,0.75)
Duration of anesthesia Duration of surgery - 1.00 (1.00, 1.00) 1.00 (0.99, 1.00) 1.00(0.99,1.00) 0.02*
Duration of surgery - - 1.00 (1.00, 1.01) 1.01 (1.00, 1.01) 1.00 (1.00, 1.00) < 0.001*
Type of operation - General surgery 1 1 1 < 0.001*
C-section 0.06 (0.03,0.12) 0.09 (0.03, 0.26) 61 (048, 5.44)
Otolaryngology 049 (0.38,0.63) 0.19(0.11,0.33) 0.39(0.22,0.67)
Gynecology 0.79 (0.62,1.01) 0.88 (0.62, 1.24) 1(0.79,1.58)
Neurosurgery 0.51(0.29,0.92) 0.17 (0.04,0.74) 0.34 (0.08,1.48)
Obstetrics 0.33(0.19,0.55) 0.30(0.13,0.72) 0.92 (0.36,2.33)
Ophthalmology  0.30 (0.20, 0.46) 0.06 (0.01,0.24) 9(0.05,0.82)
Orthopedics 0.37 (0.28,048) 0.63 (0.44, 0.90) 1.71(1.17,249)
Plastic 0.73 (O 50, 1.05) 0.92 (0.56, 1.53) 126 (0.75,2.12)
Thoracic 8(0.48,3.92) 936 (3.65,24.02) 6.78(2.98,1542)
Urological 0.28 (O 20,0.39) 075( ,1.10) 2.65(1.70,4.12)
Vascular 0.26 (0.16,0.42) (OOS 0.39) 0.54 (0.18, 1.58)
Reoperation - No 1 1 1 0.13
Yes 1.56 (1.00, 2.42) 42 (0.74,2.72) 91(0.47,1.76)
Blood loss Type of operation Based on 1 ml 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00(1.00, 1.00) < 0.001*
Basedon 10ml  1.09(1.06,1.12) ~ 1.15(1.11,1.18)  105(1.02,108) < 0001*
Pain score upon PACU arrival ABO, age, anesthetic - 2.09(1.98,2.21) 3.03(2.79,3.30) 145(1.36,155) < 0.001*
(model 1) technique, benzodiazepine,
blood loss, BMI, duration of
anesthesia, intraoperative
use of parecoxib, gabapentin,
amount of intraoperative opi-
oid use (MME), intraoperative
use of ketamine, intraopera-
tive use of paracetamol, pre-
operative anxiety, pregabalin,
preoperative pain score, sta-
tus, religious, reoperation, sex,
smoking, duration of surgery,
type of operation
Pain score upon PACU arrival Age, anesthetic technique, - 2.09(1.98,2.21) 3.04(2.79,3.30) 145(1.36,1.55) < 0.001*

(model 2)

ASA, benzodiazepine,

BMI, intraoperative use of
parecoxib, gabapentin,
amount of intraoperative opi-
oid use (MME), intraoperative
use of ketamine, intraop-
erative use of paracetamol,
preoperative anxiety, prega-
balin, preoperative pain score,
religious, reoperation, sex,
smoking, duration of surgery,
type of operation
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Table 2 (continued)
Factors Adjustment set Levels RRR (95% CI) P-value
MME>0-5mgvs MME>5mgvs MME>5mgvs
MME 0 mg MME 0 mg MME > 0-5
Use of paracetamol in PACU - No 1 1 1 < 0.001*
Yes 2.06(1.14,3.72) 941(541,1637) 456 (2.68,7.78)
Use of parecoxib in PACU - No 1 1 1 < 0.001*
Yes 3.76(2.13,6.64) 15.32(8.79,26.72) 4.07 (2.60, 6.38)

Abbreviations: RRR Relative risk ratio, C/ Confident interval, MME Morphine milligram equivalent, ASA American Society of Anesthesiologists, BMI Body mass index, GA
General anesthesia, TCl Target-controlled infusion, C-section Cesarean section, PACU Postanesthesia care unit

either model 1 or 2 was directly correlated with immedi-
ate postoperative opioid consumption (P-value <0.001).
Patients receiving either paracetamol or parecoxib in
PACU demonstrated higher opioid consumption (P-value
<0.001). ABO blood group was not related to the amount
of opioids required in PACU.

Discussion

We have found many factors related to the amount of
opioids required (as MME) in PACU. However, in our
study, ABO blood group was not found to influence the
amount of opioid consumption in PACU. The ABO blood
system is inherited by genes on chromosome 9. There are
4 major types of blood: O, A, B, and AB. Specific sugars
on surface of erythrocytes determine blood grouping,
N-acetylgalactosamine for A antigen and D-galactose for
B antigen. These 2 sugars are built upon H antigen. In
people with unmodified H antigen, their blood group is
O because both A and B antigens can’t adhere to eryth-
rocytes [14].

Genetic factors such as gender and hair color have been
demonstrated to have an influence on pain sensitivity and
modulation [15, 16]. It has been reviewed that genetic
variants in mu opioid receptor, voltage-gated chan-
nel alpha subunit 11 (SCN11A), brain-derived neuro-
trophic factor (BDNF) and catechol-O-methyltransferase
(COMT) genes are related to inter-individual variability
in postoperative pain severity and analgesic response.
However, to accurately identify patients with predisposed
genetic for severe postoperative pain or development of
chronic postoperative pain, is still impossible [17].

In this study, we focused on the association between
ABO blood group and early postoperative opioid con-
sumption in PACU. Jasim et al. reported that blood
group O was one of the factors affecting pain following
cesarean section. However, this study did not include
data on an amount of opioid requirement [11]. Nim-
maanrat et al.,, did a retrospective study in 1530 patients
undergoing cesarean delivery and found that ABO blood

group was not a predictive factor for the quantity of opi-
oid consumption within the first 24'h after surgery [13].
Similarly, ABO blood group did not significantly affect
consumption of postoperative analgesics in patients
undergoing anterior cruciate ligament reconstruction
[12]. Pain is defined as an unpleasant sensory and emo-
tional experience associated with, or resembling that
associated with, actual or potential tissue damage. Mul-
tiple factors including biological, psychological and social
aspects affect each individual’s experience of pain [18].
As pain is multifactorial, single entity such as ABO blood
group may not have a significant effect on pain severity
and analgesic demand, especially in clinical setting rather
than experimental setting. Further studies are warranted
to identify the correlation between ABO blood group
and postoperative pain, quantity of analgesic use, analge-
sic response and risk of developing chronic postsurgical
pain.

Female sex, BMI<25 and >35kg/m?, preoperative use
of gabapentin, preoperative anxiety score, amount of
intraoperative opioids used, intraoperative use of par-
acetamol, parecoxib and ondansetron, duration of anes-
thesia and surgery, amount of blood loss, pain score upon
PACU arrival, and use of paracetamol and parecoxib in
immediately postoperative period were positively lin-
early associated with the amount of opioid requirement
in PACU. On the other hand, outpatient was negatively
linearly related with the amount of PACU opioid con-
sumption. Patients undergoing thoracic surgery or those
having combined general and regional anesthesia dem-
onstrated higher demand for postoperative opioids, while
patients receiving TCI, spinal or nerve block as the pri-
mary anesthetic technique had less opiate consumption.

Our finding showed that female patients required
higher opioids in PACU. Female sex was previously found
as a risk factor for increased postoperative pain on PACU
admittance [19] requiring a higher fentanyl dose [20].
Sex hormones and receptors play a role on complex pain
sensitivity for both pro-nociceptive and anti-nociceptive
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effects [21]. We found that higher BMI is associated with
higher opioid requirement in PACU. Increased BMI was
previously demonstrated as an independent risk fac-
tor for moderate to severe pain within the first 24 h after
surgery [22]. However, it was also reported that BMI of
patients undergoing ankle fracture surgery, was not asso-
ciated with opioid requirement in PACU [23]. In this
study, we found that outpatient required less opioids in
PACU. This is straightforward as procedures performed
in this group of patients are less invasive than the major-
ity of procedures done in inpatients.

Interestingly, our study found that patients who had
been on gabapentin preoperatively required more opi-
oids in PACU. Gabapentin is an anticonvulsant with anti-
neuropathic pain property [24]. Patients with gabapentin
prior to surgery were those with neuropathic pain. This
kind of patients may have higher pain sensitivity due to
pre-existing central and peripheral sensitization [25]. We
found that the higher the preoperative anxiety score, the
higher the dose of consumed opioid in PACU. High state
anxiety score was previously demonstrated as indepen-
dently associated with more pethidine requirement fol-
lowing C-section [26]. On the other hand, another study
revealed that preoperative anxiety did not correlate with
augmented postoperative opioid use [27].

We have found that combined anesthetic technique
was correlated with higher opioid consumption in PACU.
In general, we do combined technique in major surgical
cases with extensive tissue injury as this may partially
explain why these patients needed more opioids in the
early postoperative period. We found that thoracic sur-
gery was a procedure with the highest opioid consump-
tion in PACU. Pain following thoracic surgery is severe
and represents one of the most severe of all surgeries.
Surgical incision, muscle and ligament manipulation,
compressive retraction of ribs, possible rib fractures,
irritation of pleura and chest tubes lead to significant
postoperative pain [28]. We revealed that the amount of
intraoperative opioid administration was correlated with
the amount of opioid requirement in PACU. On the other
hand, Dahmani et al. found that amount of intraoperative
opioid was not an independent predictive factor of early
morphine requirement in PACU [5].

It is interesting that in this study, patients receiving
either intraoperative paracetamol nor parecoxib showed
higher opioid consumption in PACU. A Cochrane review
revealed that a single dose of intravenous paracetamol
provides about 4 h of effective analgesia in approximately
36% of acute postoperative pain patients [29]. In regard
to parecoxib, a Cochrane review demonstrated that a
single dose of parecoxib provides effective analgesia for
50-60% of those treated, in comparison to around 15%
with placebo [30]. According to financial restriction, we
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did not use multimodal analgesia in all patients. We uti-
lized parenteral paracetamol and parecoxib in only cases
with massive tissue injury so they tended to have higher
pain and demand for opioids in PACU.

We straightforwardly found that duration of anes-
thesia and surgery as well as the amount of blood loss
were related to the amount of opioids required in PACU.
Longer duration of surgery than 2h was previously
reported as a factor affecting pain in PACU [31]. Our
finding was also straightforward that severity of pain
upon PACU arrival indicated the amount of opioids con-
sumed in PACU. In fact, administration of paracetamol
and parecoxib in PACU should reduce the amount of
opioids used. But in our practice, we usually gave opioids
first before considering giving paracetamol and parecoxib
as per financial restriction.

The strengths of this study are its prospective design
with a large number of patients. However, it included
all types of anesthetic techniques and operations so its
main weakness is heterogeneity of studied population.
Including various kinds of surgical patients undergoing
various types of anesthetic procedures into our study
should be considered while interpreting the results as
it may pose different influence on opioid consumption
in PACU. Although our study reflects norms of ordi-
nary practice with a large variety of patients, anesthetic
techniques and surgical procedures, applying its find-
ings needs careful consideration and interpretation.
We did not collect data on preoperative long-term use
of opioids and benzodiazepines which might affect the
amount of opioid requirement in the early postopera-
tive period.

Conclusion

This prospective cohort study has demonstrated vari-
ous significant factors to be associated with the amount
of opioid consumption in PACU. Some factors can be
modified to make patients more comfortable in the initial
postoperative period. However, ABO blood group is not
identified as a factor affecting early opioid requirement in
PACU.

Acknowledgements
The authors would like to thank Sarunyoo Thinchana, RN, Saengduen Klayna,
RN and Qistina Yunuswanga, RN for their significant distribution to this work.

Authors’ contributions

SN: Study design, proposal writing, data collection, data analysis, manuscript
writing, submission for publication. AG: Sample size calculation, data analysis,
manuscript writing. PP: Data collection, manuscript writing. LS: Data collection,
manuscript writing. OK: Data collection, manuscript writing. TC: Data collec-
tion, manuscript writing. NP: Data collection, manuscript writing .The author(s)
read and approved the final manuscript.

Authors’ information
None.



Nimmaanrat et al. BMC Anesthesiology (2022) 22:48

Funding
This study was solely funded by the Faculty of Medicine, Prince of Songkla
University, Thailand.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Faculty of Medicine,
Prince of Songkla University, Thailand (REC Number: 61-115-8-1) on 9 May 2019.
The requirement for written informed consent was waived by the Ethics Com-
mittee because this study was lack of risk to patients. This study collected data
from routine practice.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Anesthesiology, Faculty of Medicine, Prince of Songkla Univer-
sity, Hat Yai, Songkhla 90110, Thailand. 2Epidemiology Unit, Faculty of Medi-
cine, Prince of Songkla University, Hat Yai, Songkhla 90110, Thailand.

Received: 25 June 2021 Accepted: 27 January 2022
Published online: 16 February 2022

References

1. Aubrun F,Valade N, Coriat P. Predictive factors of severe postoperative
pain in the postanesthesia care unit. Anesth Analg. 2008;106:1535-41.

2. Sommer M, de Rijke JM, van Kleef M, Kessels AG, Peters ML, Geurts JW,
et al. The prevalence of postoperative pain in a sample of 1490 surgical
inpatients. Eur J Anaesthesiol. 2008;25:267-74.

3. GandhiK, Baratta JL, Heitz JW, Schwenk ES, Vaghari B, Viscusi ER. Acute pain
management in the postanesthesia care unit. Anesthesiol Clin. 2012,30:e1-e15.

4. LuoJ, Min S. Postoperative pain management in the postanesthesia care
unit: an update. J Pain Res. 2017;10:2687-98.

5. Dahmani S, Dupont H, Mantz J, Desmonts JM, Keita H. Predictive factors
of early morphine requirements in the post-anaesthesia care unit (PACU).
BrJ Anaesth. 2001,87:385-9.

6. Bartley EJ, Fillingim RB. Sex differences in pain: a brief review of clinical
and experimental findings. Br J Anaesth. 2013;111:52-8.

7. O'Donnell JS, Lasffan MA. The relationship between ABO histo-blood group,
factor VIIl and von Willebrand factor. Transfus Med. 2001;11:343-51.

8. He M, Wolpin B, Rexrode K, Manson JE, Rimm E, Hu FB, et al. ABO blood
group and risk of coronary heart disease in two prospective cohort stud-
ies. Arterioscler Thromb Vasc Biol. 2012;32:2314-20.

9. Vasan SK, Hwang J, Rostgaard K, Nyrén O, Ullum H, Pedersen OBV, et al.
ABO blood group and risk of cancer: a register-based cohort study of 1.6
million blood donors. Cancer Epidemiol. 2016;44:40-3.

10. Simoni AH, Jerwiarz A, Randers A, Gazerani P. Association between ABO
blood types and pain perception. Somatosens Mot Res. 2017,34:258-64.

11. Jasim HH, Sulaiman SABS, Khan AH, S Rajah UA. Factors affecting post
caesarean pain intensity among women in the northern peninsular of
Malaysia. J Clin Diagn Res. 2017;11:1C07-11.

12. Lausten MB, Rasmussen S, Gazerani P. Association between the ABO
blood types and post-operative pain. Eur Neurol Rev. 2018;13:38-43.

13. Nimmaanrat S, Thongkumdee W, Geater AF, Oofuvong M, Benjhawaleemas P.
Is ABO blood group a predictive factor for the amount of opioid consump-
tion in the first 24 hours after cesarean section? J Pain Res. 2021;14:3585-92.

14. Dean L, ABO blood group. In: Pratt VM, Scott SA, Pirmohamed M, et al, editors.
Medical genetics summaries. Bethesda: National Center for Biotechnology
Information (US); 2012. [Updated 2015]. Available from: https://www.ncbi.nim.
nih.gov/books/NBK100894/ (Cited on 27 December 2021).

Page 11 of 11

15. Pieretti S, Di Giannuario A, Di Giovannandrea R, Marzoli F, Piccaro G, Minosi P et al.
Gender differences in pain and its relief. Ann Ist Super Sanita. 2016;52:184-9.

16. Holmgaard H, Hansen EJ, Dong NP, Dixen LB, Nielsen GA, Poulsen JN,
et al. Individuals with dark eyes and hair exhibit higher pain sensitivity.
Somatosens Mot Res. 2017;34:21-6.

17. PaladaV, Kaunisto MA, Kalso E. Genetics and genomics in postoperative
pain and analgesia. Curr Opin Anaesthesiol. 2018;31:569-74.

18. IASP. IASP announces revised definition of pain. Available from: https://
www.iasp-pain.org/publications/iasp-news/iasp-announces-revised-
definition-of-pain/ (Cited on 27 December 2021).

19. Ganter MT, Blumenthal S, Dibendorfer S, Brunnschweiler S, Hofer T,
Klaghofer R, et al. The length of stay in the post-anaesthesia care unit
correlates with pain intensity, nausea and vomiting on arrival. Perioper
Med (Lond). 2014;3:10. Available from: https://doi.org/10.1186/513741-
014-0010-8 (Cited on 27 March 2020).

20. Chae KL, Park SY, Hong JI, Yim WJ, Lee SC, Chung CJ. The effect of gender
and age on postoperative pain in laparoscopic cholecystectomy: a
prospective observational study. Anesth Pain Med. 2019;14:364-9.

21. Craft RM. Modulation of pain by estrogens. Pain. 2007;132:53-512.

22. SunK, Liu D, Chen J,Yu S, Bai Y, Chen C, et al. Moderate-severe postopera-
tive pain in patients undergoing video-assisted thoracoscopic surgery: a
retrospective study. Sci Rep. 2020;10:795 Available from: https://doi.org/
10.1038/541598-020-57620-8 (Cited on 27 March 2020).

23. Grodofsky SR, Sinha AC. The association of gender and body mass index
with postoperative pain scores when undergoing ankle fracture surgery.
J Anaesthesiol Clin Pharmacol. 2014;30:248-52.

24. Fornasari D. Pharmacotherapy for neuropathic pain: a review. Pain Ther.
2017:6(Suppl 1):525-33.

25. Cohen SP, Mao J. Neuropathic pain: mechanisms and their clinical impli-
cations. Br Med J. 2014;348:f7656.

26. Gorkem U, Togrul C, SahinerY, Yazla E, Gungor T. Preoperative anxiety may
increase postcesarean delivery pain and analgesic consumption. Minerva
Anestesiol. 2016;82:974-80.

27. Dunn LK, Durieux ME, Fernandez LG, Tsang S, Smith-Straesser EE, Jhaveri
HF, et al. Influence of catastrophizing, anxiety, and depression on in-
hospital opioid consumption, pain, and quality of recovery after adult
spine surgery. J Neurosurg Spine. 2018;28:119-26.

28. Sparks A, Stewart JR. Review of pain management in thoracic surgery
patients, 2018. J Anesth Clin Res. 2018;9:4.

29. McNicol ED, Ferguson MC, Haroutounian S, Carr DB, Schumann R. Single dose
intravenous paracetamol or intravenous propacetamol for postoperative pain.
Cochrane Database Syst Rev. 2016;5:CD007126 Available from: https.//doi.org/
10.1002/14651858.CD007126.pub3 (Cited on 28 March 2020).

30. Lloyd R, Derry S, Moore RA, McQuay HJ. Intravenous or intramuscular
parecoxib for acute postoperative pain in adults. Cochrane Database Syst
Rev. 2009;2:CD004771. Available from: https://doi.org/10.1002/14651858.
CD004771.pub4 (Cited on 28 March 2020).

31. Chan JJI, Thong SY, Tan MGE. Factors affecting postoperative pain and
delay in discharge from the post-anaesthesia care unit: a descriptive cor-
relational study. Proc Singapore Healthc. 2018;27:118-24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.ncbi.nlm.nih.gov/books/NBK100894/
https://www.ncbi.nlm.nih.gov/books/NBK100894/
https://www.iasp-pain.org/publications/iasp-news/iasp-announces-revised-definition-of-pain/
https://www.iasp-pain.org/publications/iasp-news/iasp-announces-revised-definition-of-pain/
https://www.iasp-pain.org/publications/iasp-news/iasp-announces-revised-definition-of-pain/
https://doi.org/10.1186/s13741-014-0010-8
https://doi.org/10.1186/s13741-014-0010-8
https://doi.org/10.1038/s41598-020-57620-8
https://doi.org/10.1038/s41598-020-57620-8
https://doi.org/10.1002/14651858.CD007126.pub3
https://doi.org/10.1002/14651858.CD007126.pub3
https://doi.org/10.1002/14651858.CD004771.pub4
https://doi.org/10.1002/14651858.CD004771.pub4

	ABO blood group is not a predictive factor for the amount of early opioid consumption in postanesthesia care unit: a prospective cohort study in 3,316 patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patients
	Data collection
	Sample size calculation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


