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Does perioperative opioid infusion increase postoperative
opioid requirement?

Peroperatif opioid infiizyonu postoperatif opioid gereksinimini artirsr ma?

Sevim SENOL KARATAS, Zeynep ETI, Kemal Tolga SARACOGLU, Fevzi Yilmaz GOGUS

S

Summary

Objectives: Opioids are the cornerstone therapy for the optimal pain management. Perioperative opioid infusion is accused
of causing acute opioid tolerance, especially as the postoperative opioid requirement increases in time to provide efficient anal-
gesia. It is debatable whether there is a difference between opioid agents regarding tolerance development. We aim to compare
the effects of morphine, remifentanil and alfentanil when infused intravenously during the perioperative period.

Methods: Sixty patients undergoing elective major abdominal surgery were randomized into four groups. The four groups
obtained the following treatments: saline 5 cc iv bolus and 10 cc/h infusion for induction and maintenance in Group C, remi-
fentanil infusion 0.25 pg/kg/min following 1pg/kg iv bolus in Group R, alfentanil infusion 0.50 pg/kg/min following 10 pg/
kg iv bolus in Group A, and morphine infusion 0.02 mg/kg/h after 0.1 mg/kg iv bolus in Group M. Meperidine 10 mg/cc iv
patient-controlled analgesia was used postoperatively, and total meperidine consumptions were recorded. VAS scores and side
effects were recorded during postoperative 48 hours.

Results: VAS scores in Group M were found to be significantly lower than in Group C at the 1% postoperative hour. Twenty-
four hour total meperidine consumption in Group R and Group M were significantly lower than in Group C. No statistical
difference was found between groups regarding the incidence of nausea and vomiting.

Conclusion: Our study indicated that infusions of morphine, alfentanil and remifentanil administered to patients undergoing
major abdominal surgery did not cause acute opioid tolerance. In contrast, infusion of morphine and remifentanil reduced
postoperative opioid requirement.
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Ozet

Amag: Opioidler, akut ameliyat sonrast agri tedavisinin temel komponentini olusturmaktadirlar. Etkin ameliyat sonrasi analjezi
saglamak icin gereken opioid gereksiniminin artmastyla, peroperatif opioid infiizyonu, akut opioid toleranst gelisimiyle suclanmustsr.
Akut opioid tolerans gelisiminin yanisira opioid ajanlar arasmda tolerans gelisimi konusunda farklilik olup olmadigr da halen tar-
tismalidir. Bu calismanin amaci peroperatif donemde intravendz infiizyon seklinde wygulanan morfin, remifentanil ve alfentanilin
etkilerinin karsilastirlmasidr.

Gere¢ ve Yontem: Elektif major abdominal cerrabi gecirecek, 60 hasta randomize olarak dort gruba ayrildi. Grup C'ye (kontrol)
inditksiyonda iv 5 cc, idamede 10 cc/s salin infizyonu, Grup Rye (remifentanil) indiiksiyonda iv 1ug/kg bolus, idamede 0.25 pg/
kg/dk remifentanil infiizyonu, Grup A'ya (alfentanil) inditksiyonda iv 10 pg/kg bolus, idamede 0.50 ug/kg/dk alfentanil infizyonu,
Grup M’ye (morfin) indiiksiyonda iv 0.1 mg/kg bolus, idamede 0.02 mg/kg/s morfin infiizyonu uygulands. Ameliyat sonrasi analjezi
icin iv meperidinli hasta kontrollii analjezi (HKA) uygulands ve toplam meperidin tiiketimleri kaydedildi. Ameliyat sonrast 48 saat
boyunca VAS skorlart ve yan etkiler kaydedildi.

Bulgular: Grup M'ye ait VAS skorlart ameliyat sonrast birinci saatte Grup Cden anlamli olarak daba diisiik bulundu. Grup R ve
Grup M'nin 24 saatlik toplam meperidin tiketimi Grup Cden anlamli olarak daha diisiiktii. Bulant: kusma insidanst bakimmdan
gruplar arasmda anlamli bir fark yoktu.

Sonug: Sonug olarak; major abdominal cerrabi geciren hastalarda peroperatif donemde di¢ saat siire ile uygulanan morfin, alfentanil
ve remifentanil infiizyonunun ameliyat sonrast akut toleransa yol agmadifi, aksine morfin ve remifentanil infiizyonunun ameliyat
sonrast opioid gereksinimini azalttigt kanisima varidmstr.

Anahtar sézcukler: Analjezi; devamli infizyon; opioidler; tolerans.
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Introduction

Opioids compose the main component of acute
postoperative pain management. They are also wide-
ly used during the intraoperative period as they re-
duce the need for inhalational anesthetic agents.!")
However, perioperative opioid infusion is accused to
result in acute opioid tolerance as the postoperative
opioid requirement increases in time to provide ef-
ficient analgesia. It comes out as a decrease in drug
efficacy.

Desensitization of antinociceptive system, which
leads to the development of resistance against pri-
mary drug effect and sensitization of pronociceptive
system, are blamed for this tolerance formation."
Although acute opioid tolerance has been well-iden-
tified for many years, the results obtained from clini-
cal and experimental studies are still controversial.
561 Aguado et al.?! have reported that acute opioid
tolerance develops in rats, and that can be prevented
with the use of gabapentin. Nevertheless, another
experimental study could not find any evidence in
favor of acute opioid tolerance after short-term (1h)
and long-term (4h) infusion of remifentanil.”” The
fact that perioperative remifentanil infusion causes
acute opioid tolerance in children undergoing elec-
tive laparoscopic ureteroneocystostomy has been re-
ported to be associated with the infusion dose.”’ In
addition to the development of acute opioid toler-
ance, it is still a debatable topic whether there is a
difference between opioid agents regarding tolerance
development or not.®

This prospective, randomized, placebo-controlled
double-blind study aimed to compare the effects of
morphine, remifentanil and alfentanil which were
infused intravenously during perioperative period.

Materials and Methods:

Following the approval of the ethics committee and
patients’ written informed consents, 60 American
Society of Anesthesiology (ASA) 1-2 patients, be-
tween the ages of 20-60 years, and undergoing elec-
tive major abdominal surgery, were recruited in the
study. Exclusion criteria consisted of patient refusal,
hypersensitivity to opioids, preoperative opioid use,
complications during surgery, side effects of opioid
therapy such as respiratory depression, severe nau-
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sea and vomiting, and itching. All patients received
0.015 mg/kg atropine sulphate and 0.07 mg/kg
midazolam IM as a premedication 45 min before
surgery. Anesthesia was induced with thiopental so-
dium 5 mg/kg and vecuronium 0.1 mg/kg iv and
was maintained with 1 MAC desflurane and 70%
nitrous oxide in oxygen. All patients received 1 g of
intravenous paracetamol intraoperatively.

Patients were randomized into four groups by us-
ing opaque envelopes. The anesthetist was blind to
the opioid solution infused during general anesthe-
sia. The control group (Group C) was administered
normal saline 5 cc bolus and 10 cc/h infusion for
induction and maintenance respectively. The remi-
fentanil group (Group R) was administered remifen-
tanil 1pg/kg iv bolus for induction and 0.25 pg/kg/
min infusion for maintenance. The alfentanil group
(Group A) was administered alfentanil 10 pg/kg iv
bolus and 0.50 pg/kg/min infusion for induction
and maintenance of anesthesia, respectively. The
morphine group (Group M) received morphine 0.1
mg/kg iv bolus for induction and 0.02 mg/kg/h in-
fusion for maintenance. During the surgery, the opi-
oid infusion rate was kept constant and we changed
the desflurane concentration if necessary. The infu-
sions were terminated at the beginning of the clo-
sure of the skin incision.

Every half hour during the operation desflurane
concentrations were recorded. Total opioid con-
sumption and the time of recovery were recorded at
the end of the surgery. Recovery time is described as
the time between the termination of inhalational an-
esthetic agents and the time patients obey the com-
mands.

In the recovery room for postoperative analgesia,
meperidine 1 mg/kg iv was administered to pro-
vide a Visual Analogue Scale (VAS) <30, and me-
peridine (10 mg/cc) iv patient-controlled analgesia
(PCA) was started with a bolus dose of 1.5 cc and a
lockout time of 8 min. VAS scores and side effects
(nausea, vomiting, and itching, respiratory depres-
sion) were recorded at postoperative 1, 2, 4, 8, 12,
16, 24, 36 and 48th hours. Meperidine consump-
tions were noted in the postoperative first 48 hours.
'The primary outcome variable was the consumption
of meperidine in the postoperative period. To dem-
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Table 1. Patient characteristics and duration of surgery (Mean+SD)

Group C Group R Group A Group M
Age (year) 53.93+10.63 49.00+9.37 54.68+9.85 48.31+£11.84
Weight (kg) 64.56+9.42 67.93+14.21 69.43+10.63 68.75+17.32
Gender (male/female) 5/11 3/13 4/12 3/13
Duration of surgery (min) 126.87+58.16 121.25+38.27 124.62+51.90 146.25+77.0
Table 2. Desflurane levels (%) (Mean+SD)

Group C Group R Group A Group M
15. min 6.00+0.0 4.70+1.41* 5.18+1.47 5.90+0.31
30. min 6.00+0.0 5.20+1.13 481+1.25 5.70+0.67
60. min 5.75+0.46 5.10+0.99 4.81+1.16t 5.70+0.67
90. min 5.87+0.35 4.30+0.821 5.09+1.22% 5.90+0.31
120. min 6.00+0.0 4.50+0.84" 5.00+£1.18% 5.80+0.63
*Between groups p<0.05.
Table 3. Visual Analogue Scale scores (mm) (Mean+SD)

Group C Group R Group A Group M
1.h 22.9347.16 20.62+5.36 21.25+6.63 15.75+7.30"
2.h 19.93+5.43 21.12+6.82 17.56+8.62 15.00+7.18
4.h 18.06+5.05 18.93+5.88 16.25+7.12 13.56+6.12
6.h 16.75+4.53 16.87+7.54 17.06+8.23 14.43+4.61
8.h 16.06+7.58 14.87+6.82 14.25+7.22 14.68+4.25
12.h 14.62+6.57" 13.56+8.10 13.00+6.00 11.18+5.63
24.h 14.50+6.78" 10.56%6.95" 10.62+7.90" 12.87+6.30
36.h 12.75+6.07" 9.56+6.36" 6.87+6.16" 9.68+4.93"
48.h 9.62+4.47" 7.254+6.90" 7.00+6.27" 11.3747.35"
“Inside the groups p<0.05; 'Between the groups p<0.05.
onstrate a 25% difference in initial 48-h meperi- Results

dine consumption, we estimated that 15 patients
per group would be required for 0=0.05 and =0.2
(power 80%). All statistical analyses were performed
using SPSS (Statistical Package for Social Sciences)
for Windows 10.0. In comparison of descriptive
statistical methods (average, standard deviation)
and quantitative data, we tested normal distributed
data with one-way ANOVA test and the Student t
test. We analyzed non-normal distributed data with
Kruskal Wallis and Mann-Whitney U tests. Quan-
titative data were compared using Chi-Square test.
A p value <0.05 was considered as statistically sig-
nificant.
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No statistical difference was found between the
groups regarding the demographical data and the
duration of the surgery (p>0.05) (Table 1). There
was no statistical difference inside the groups re-
garding the preoperative desflurane concentrations
(p>0.05). There was a statistically significant de-
crease of desflurane concentration in Group R at
15%, 90" and 120™ min compared to Group C and
Group M and in Group A after 30th min compared
to Group C and Group M (p<0.05) (Table 2).

Total opioids infused during perioperative pe-
riod were as follows: 1.75+0.6 mg remifentanil in
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Table 4. Postoperative meperidine consumption (mg) (Mean+SD)
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Group C Group R Group A Group M
Recovery unit 74.68+19.18 88.12+29.54 78.12+23.79 70.93+15.72
1.h 1.96+2.72 1.71£2.35 1.03%£1.61 0.65+1.44
2.h 5.90+4.69 4.94+3.17 4.96+4.60 2.90+2.20
4.h 13.34£8.21 10.28+4.26 11.53+6.66 6.43+5.81F
6.h 18.62+9.08 14.50+6.04 17.90+£7.94 8.53+6.69"
8.h 22.90+11.15 18.55+7.62 23.53+10.05 11.40+8.08"
12.h 32.37+13.60 25.86+£13.61 28.53+12.33 15.28+8.93"
24.h 56.65+21.40 40.14+19.971 48.43+£17.78 29.85+10.59"
36.h 77.84131.24 49.75+24.65" 65.71£25.19 40.47+15.821
48.h 98.56+35.45 66.56+34.96" 81.15+£29.25 53.93+20.01F
*Inside groups p<0.05; 'Between groups p<0.05.
Table 5. Nausea and vomiting incidence
Group C Group R Group A Group M
n % % n % n %
Nausea
Yes 7 44 32 7 44 24
No 9 56 11 68 9 56 12 76
Group K Group R Group A Group M
Vomiting - -
Yes 1 6 19 2 13 1 6
No 15 94 13 81 14 87 15 94

Group R, 4.24+2.06 mg alfentanil in Group A, and
3.08+1.53 mg morphine in Group M. Recovery
time was found to be 12.50 + 6.72 min in control
group, 15.31+11.47 min in Group R, 17.50+7.82
min in Group A, and 21.56+10.11 min in Group
M. It was found significantly longer in Group M
compared to Group C (p<0.05).

VAS scores of Group M were found to be signifi-
cantly lower than Group C at the 1* hour (p<0.05).
There was not a significant difference between groups
at other measurement times (p>0.05) (Table 3). No
difference was found between groups regarding the
required loading dose of meperidine in the recovery
unit (p>0.05) (Table 4). PCA meperidine consump-
tion of Group R was lower compared to Group C
after 24™ hour. Twenty four-hour total meperidine
consumptions of Group R and Group M were sig-

nificantly lower than Group C (p<0.05) (Table 4).
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No statistical difference was found between groups
regarding the incidence of nausea and vomiting
(p>0.05) (Table 5). No other side effect was ob-

served in patients other than nausea and vomiting,.

Discussion

It was found in the current study that periopera-
tive infusion of alfentanil, remifentanil and mor-
phine did not lead to any increase in postoperative
opioid requirement. Besides, infusion of morphine
and remifentanil reduced the postoperative opioid
requirement.

In the presence of acute tolerance, the required dose
of a pharmacological agent increase to sustain its
therapeutic effect. It is widely accepted that chronic
opioid therapy is associated with the development
of pharmacological tolerance. Nonetheless, acute
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tolerance development after short-time infusion is
a debatable issue. Acute opioid tolerance was indi-
cated in several experimental studies.””® Although
acute opioid tolerance was concluded to be observed
in studies including healthy subjects and patients re-
ceiving high dose opioids during anesthesia, its pres-

ence is still controversial.”!"!

Regarding the development of opioid tolerance,
there are great differences between the results of
the studies employing animal models and the stud-
ies including patients with pain."* While a study
carried out administering 8 h morphine infusion
to dogs and mice showed that the analgesic effect
of morphine potently decreased,"*" another rat
study reported that prolonged remifentanil infusion
did not cause acute analgesic tolerance.”! Schraag
et al.'! reported that neither alfentanil infusion
given to 51 patients undergoing cardiac surgery nor
remifentanil infusion administered to 30 patients
undergoing orthopedic surgery led to the develop-
ment of opioid tolerance. These contradictory re-
sults may suggest that the methods used for pain
assessment are different for humans and animals.
The assessment method used for humans is based on
the principle that pain is expressed by the patient.
When the degree of pain in animals are evaluated,
pain behaviors are observed and pain assessment is
indirectly analyzed according to these behaviors. As
Mogil and Crager!"” indicated, assessing opioid an-
algesic tolerance on animal models may not produce
reliable results because of the fact that pain behav-
iors include not only the nociceptive component
but also the psychomotor component. In light of
these results, our study has an advantage over other
studies regarding precise assessment of acute opioid
tolerance as our study examined the patients with
postoperative pain.

Both the study subjects (whether the study is carried
out on animals or humans) and the pain characteris-
tics (whether it is clinical pain or experimental pain)
have a role in obtaining different results. Vinik and
Kissin!"® administered remifentanil infusion on 13
volunteers having experimentally created pain and
indicated that these patients quickly developed tol-
erance against analgesia. Different pain modalities
are created with experimental pain models. They en-
sure the standardization of painful stimulants; how-
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ever, the pain is different from the clinical pain. In
order to eliminate the difference mentioned above,
in their study Ho et al."” performed abdominal
surgery on rats, and thus, generated clinical pain.
In this way, they indicated that postoperative pain
prevented the development of opioid tolerance.
However, it is not known exactly how surgical pain
prevented acute opioid tolerance. The activation of
the hypothalamic-pituitary-adrenal axis with stress,
direct effect of ACTH or corticosteroids may be
suggested to reduce the effect of the formation of
acute morphine tolerance.?**? Considering these
results and the fact that our study recruited the pa-
tients having clinical pain after surgery, it can be
claimed that our study is more advantageous than
other studies regarding precise assessment of acute
opioid tolerance.

Because of various methods used in the assessment
of analgesia and in drug administration, opioid
tolerance may develop in different ways.”® For
instance, in a study examining intrinsic effects of
opioid tolerance for different dose regimes it was
found that continuous infusion led to opioid tol-
erance development in a completely different way
as compared to intermittent infusion.? Also, the
wide range of opioid application including acute/
chronic, spinal/supraspinal, and bolus injection/in-
fusion plays a role in the occurrence of disparities in
tolerance development.?*>* There are publications
showing the fact that opioid infusion facilitates the
development of acute opioid tolerance."™*”) How-
ever, in a study by Kissin et al.”® a group of rats
was administered a single dose sc morphine while
the other group was given morphine infusion, and
both groups developed acute opioid tolerance after
the administration. On the other hand, continuous
morphine infusion has been reported to cause high-
er rate of opioid tolerance compared to intermittent

infusion and single-dose of morphine.#**

Although the degree of opioid tolerance is not re-
lated to the potency of the opioid,?" formation rate
depends upon the pharmacokinetics and pharma-
codynamics of the opioid.” It was observed that
particularly short-acting opioids develop tolerance.
Tolerance development is more rapid especially
when the short-acting opioids are used. Also, the
short-acting opioids remifentanil and alfentanil are

51



suggested to rapidly cause opioid tolerance.’>% Al-
fentanil provides the balanced blood concentration
in a shorter time in comparison to all other opioids
used as infusion. However, we did not find any dif-
ference between the opioids used in the study re-
garding tolerance formation.

Another factor that influences the formation and
degree of tolerance is the dose of opioids. As opioid
tolerance is related to pharmacodynamics, depen-
dence on opioid dose is not surprising.? It was pro-
posed that when high-dose of opioid was used, acute
opioid tolerance developed more rapidly.®’ Chia et
al.®) compared the effects of low-dose (1 pgr/kg)
and high-dose (15 pgr/kg) of fentanil on acute opi-
oid tolerance in patients undergoing total abdomi-
nal hysterectomy. In that study, they indicated that
postoperative opioid requirement was higher in the
group receiving high-dose fentanil. In addition, a
study conducted by Marshall et al.®® reported that
patients who were administered high-dose morphine
infusion required more opioid in the postoperative
period. Similarly, Joly et al.’”) indicated that postop-
erative pain scores were higher in patients undergo-
ing colorectal-surgery and received high-dose remi-
fentanil. Another study showed that approximately
3-h infusion of remifentanil caused acute tolerance
in children.’”’ However, it was reported that this ef-
fect occurred with the doses of 0.6-0.9 mcg/kg/min,
and patients receiving 0.3 mcg/kg/min remifentanil
infusion did not develop tolerance.

In the current study, we compared the groups re-
ceiving infusions of morphine, remifentanil and
alfentanil with the control group and with one an-
other. We used equivalant doses of opioids which
are different in terms of potency and action time.
We employed the visual analog scale in order to
provide the most objective method for the assess-
ment of postoperative pain levels, and determined
the postoperative opioid requirement using the
PCA method. None of the groups developed opioid
tolerance in the postoperative period. In contrast,
opioid consumption was found to be significantly
lower especially in the morphine group as compared
to the control group.

In conclusion, our study indicated that infusions of
morphine, alfentanil and remifentanil administered
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to patients undergoing major abdominal surgery
did not cause acute opioid tolerance. In contrast,
infusion of morphine and remifentanil reduced the
postoperative opioid requirement.

Conflict-of-interest issues regarding the author-
ship or article: None declared.
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