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ORIGINAL ARTICLE

The effect of circadian rhytm in patients undergoing spinal
anesthesia

Spinal anestezi uygulanan hastalarda sirkadiyen ritmin etkisi
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Kiirsat DIKMEN,? © Semin TURHAN,' ©© Mustafa ARSLAN®

Summary

Objectives: The circadian rhythm is the most important of the main rhythms that affect our daily lives and has a significant
role in the efficiency of a lot of drugs used in anesthesia. The aim of this study is to prove whether circadian rhythm has an
effect on spinal anesthesia and, if any, its effect on post-operative analgesic request by retrospectively studying the patients
operated under spinal anesthesia.

Methods: We conducted the study on patients operated on inguinal hernia and anorectal surgery under spinal anesthesia in
general surgery room. The patients were divided into two groups according to the time when they were taken into surgery:
Between 06.00-12.00 (Group 1) and 12.00-18.00 (Group 2). Time to first analgesic request, time to start walking, time to first
urination, intraoperative and post-operative side effects, intraoperative hemodynamic data, and patient satisfaction were de-
tected and recorded.

Results: The time to first analgesic request in Group 1 was longer than in Group 2, and this difference was statistically signifi-
cant. The mean heart rate of the groups was found significantly lower in Group 2 than in Group 1 during measurements at the
25 and 30 min when compared with their changes overtime. There were no statistically significant differences between the
groups in terms of side effects and the most common side effect was detected to be nausea-vomiting.

Conclusion: We found out that the time to first analgesic request after spinal anesthesia was significantly longer in Group 1
than in Group 2.

Keywords: Circadian rhythm; post-operative analgesia; spinal anesthesia.

Oz

Amag: Sirkadiyen ritim gtinlik yasamimizda etkisi altinda kaldigimiz baslica ritimlerden en 6nemlisidir ve anestezide kullandi-
gimiz bircok ilacin etkinliginde dnemli rol oynamaktadir Bu ¢alismanin amaci spinal anestezi altinda opere olan hastalari ret-
rospektif olarak inceleyerek sirkadiyen ritmin spinal anestezi uygulanan hastalarda postoperatif analjezi gereksinimi tGzerine
olan etkisini ortaya koymaktir.

Gereg ve Yontem: Calismamiz spinal anestezi altinda genel cerrahi ameliyathanesinde ingiinal herni ve anorektal cerrahi
operasyonu geciren hastalarda gerceklestirildi. Hastalar cerrahiye alindiklari saate gore iki gruba ayrildi: Saat 06.00-12.00
(Grup 1) ve 12.00-18.00 (Grup 2). Postoperatif ilk analjezik gereksinim siireleri, ilk yliriime zamanlari, ilk idrar yapma zamanlari,
intraoperatif hemodinamik veriler, intraoperatif ve postoperatif yan etkiler ve hasta memnuniyetleri belirlenerek kaydedildi.
Bulgular: Postoperatif ilk analjezik ihtiyaci zamani Grup 1'de Grup 2'ye gore daha uzun saptanmis olup, bu fark istatistiksel
olarak anlamli bulundu. Gruplara ait kalp atim hizi ortalamalari, zaman icerisindeki degisimleri agisindan karsilastinldiginda
25. ve 30. dakika ol¢limlerinde Grup 2'de Grup 1'e gére anlamli olarak duisiik bulundu. Yan etkilere bakildiginda gruplar arasi
istatistiksel olarak anlamli bir fark olmadig, iki grupta da en sik gériilen yan etkinin bulanti-kusma oldugu tespit edildi.
Sonug: Spinal anestezi sonrasi ilk analjezi gereksinim zamaninin Grup 1'de Grup 2'ye gore anlaml derecede uzun oldugunu
saptadik.

Anahtar sézcukler: Sirkadiyen ritim; postoperatif analjezi; spinal anestezi.
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The effect of circadian rhytm in patients undergoing spinal anesthesia

Introduction

There are several rhythms that affect us in our daily
lives and the most important of them is the circadian
rhythm regulated by the suprachiasmatic nucleus in
the anterior hypothalamus.™

Circadian rhythm shows changes in the physiologi-
cal and biological process of the organism for about
1 day. The sleep-wake cycle in human is the most ba-
sic and determining circadian rhythm.”>=*! Circadian
rhythm is of great significance in terms of taking
drugs at the right time. The correct intake of drugs
is important in terms of pharmaco/toxicodynamics
and pharmaco/toxicokinetics of the drug. Due to the
circadian rhythm, taking drugs at the right time are
important in terms of providing minimum toxicity
and maximum efficacy of them.

Biological rhythms have been observed to change
the pharmacology and effects of anesthetic agents
such as local anesthetic, hypnotic, analgesic, and
muscle relaxants.*® However, there are a limited
number of studies on regional anesthesia and local
anesthetics utilized for this purpose and these stud-
ies are often about labor analgesia although there
are animal and human studies on the agents used
in general anesthesia. In our literature review, we
did not find any publishing on the circadian effect
of spinal anesthesia given to this group of patients.
Thus, in this study, we researched on the effect of cir-
cadian rhythm on analgesic request in patients who
were administered spinal anesthesia, by comparing
two different times during the day. We have also ex-
amined whether circadian rhythm has any effects on
the found out side effects during the post-operative
follow-up of the patients taken at two different times.

Material and Methods

This study was carried out in the Department of
Anesthesiology and Reanimation of Gazi University
Faculty of Medicine after getting the approval of
the Faculty Ethics Committee (April 30, 2018-330)
by retrospectively scanning files of 18-65-year-old
patients with American Society of Anesthesiologists
(ASA) I-1I-11l, between January 1, 2016, and January 1,
2018, who operated on for inguinal hernia and ano-
rectal surgery (perianal fistula, hemorrhoid, and anal
fissure) under spinal anesthesia in the general sur-
gery room and also by obtaining patient data from
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file records and post-operative analgesia follow-up
forms. Patients given hyperbaric bupivacaine (Bu-
pivacaine Spinal Heavy 0.5%, On Pharma, Turkey)
of 3 ml (15 mg) were included in the study. Patients
who had been administered any kind of anesthesia
other than spinal anesthesia, having inadequate file
records and inadequate post-operative analgesia
follow-up records were excluded from the study.

Patients were divided into two groups according to
the time when they were taken to surgery: Between
06.00-12.00 (Group 1) and 12.00-18.00 (Group 2)
and recorded in follow-up forms in view of the data
obtained from the file records.

The files of the patients were examined and their de-
mographic data such as age (year), body weight (kg),
height (cm), gender, ASA scores (I-lll), time to perform
spinal anesthesia, and duration of anesthesia and sur-
gery were all recorded. Patients’ additional diseases
such as hypertension, diabetes mellitus, coronary ar-
tery disease, and chronic obstructive pulmonary dis-
ease were questioned. Intraoperative systolic arterial
pressure (SAP), diastolic arterial pressure (DAP), mean
arterial pressure (MAP), and heart rate (HR) were re-
corded before the operation (control) and at the 5, 10,
15, 20, 25, and 30 minute (min), and at the end of the
process (end). Side effects in the perioperative period
such as nausea-vomiting, hypotension, bradycardia,
urinary retention, tremors, pruritus, headache, dizzi-
ness, and temporary neurological symptoms, spinal
range interference level (L2-3, L3-4, L4-5), time to
reach adequate anesthesia level (T10) for surgery, and
types of operations (inguinal hernia and anorectal sur-
gery) were obtained and recorded from the files. In the
post-operative period, time to first analgesic request
(min), time to start walking (min), time to first urina-
tion (min), and presence of urinary catheters, if any,
were determined and recorded in patient follow-up
forms. Patients operated on for anorectal surgery and
inguinal hernia under spinal anesthesia in our general
surgery clinic are intravenously given tramadol 1 mg/
kg (Tradolex 100 mg/2 mL, Menta, Turkey) and tenok-
sikam 20 mg (Tilcotil 20 mg/2 mL, Deva Holding, Tur-
key), if needed, after they start to have pain.

In the post-operative period, patient satisfaction was
evaluated and recorded by means of a 5-point scale
(0=bad, 1=moderate, 2=good, 3=very good, and
4=excellent).
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Table 1. Demographic characteristics of patients in groups
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Group 1 (n=185) Group 2 (n=107) P
Age (year), Mean+SD 48.97+15.39 45.58+17.02 0.083
Body weight (kg), Mean+SD 78.48+13.29 76.54+13.07 0.246
Height (cm), Mean+SD 171.05+7.74 172.44+7.87 0.170
Gender (F/M), Mean+SD 42/143 22/85 x*=0.431
p=0.511
ASA (I/11/111) 93/69/5 57/43/2
Additional disease (n)
HT 32 15 x*=0.879
p=0.348
DM 1 5 x’=0.325
p=0.569
CAD 11 5 x*=0.325
p=0.569
COPD 5 6 x’=1.339
p=0.247

SD: Standard deviation; F: Female; M: Male; ASA: American Society of Anesthesiologists; HT: Hypertension; DM: Diabetes mellitus; CAD: Coronary

artery disease; COPD: Chronic obstructive pulmonary disease.

Statistical analysis

Statistical analyses were performed by SPSS statisti-
cal package for Windows (Chicago, lllinois). Paramet-
ric values were evaluated with the Student’s t-test.
Repeated measurements (HR and SAP/DAP/MAP)
were analyzed using repeated measures analysis of
variance. Side effects, gender, and ASA status were
compared using ¥x* and Fisher’s exact tests. p<0.05
was considered statistically significant.

Results

This study involved a total of 292 patients in ASA I-
[l group. There was no statistically significant differ-
ence in the demographic characteristics of the pa-
tient groups involved in our study. The incidence of
additional diseases in patients included in our study
was similar between the groups (Table 1).

When their operation times were compared be-
tween the groups, it was found out that there was no
significant difference and the mean duration of op-
eration was similar in both groups. When the time to
sensory block required for surgical intervention was
compared, no statistical difference was detected be-
tween the groups. There were no significant differ-
ences when the types of operations were evaluated
between the groups. Mostly, inguinal hernia opera-
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tion was performed in both groups. The intervention
sites, mostly in the L3-4 regions, were found to be
similar in both groups (Table 2).

When HR averages of the groups were compared
with regard to their changes overtime, it was found
out that they were significantly lower in Group 2 than
in Group 1 in terms of 25 and 30 min measurements
(p=0.034 and p=0.039, respectively) (Table 3). When
the differences between groups overtime were com-
pared to the control value, it was seen that the mean
values of HR in both groups were not statistically dif-
ferent from the mean control HR (Table 3).

Mean values of SAP, DAP, and MAP according to the
measurement times are shown in Table 4. When SAP,
DAP, and MAP averages of the groups were com-
pared in terms of changes overtime, there was no dif-
ference between the groups. When the within-group
differences overtime were studied, the mean values
of SAP, DAP, and MAP in both groups were statisti-
cally different from the mean control SAP, DAP, and
MAP at other measurement times except for that of
5 min measurement (p<0.05) (Table 4).

Side effects determined in the perioperative period

are shown in Table 5. There was no statistically signif-
icant difference regarding the detected side effects

JULY 2021



The effect of circadian rhytm in patients undergoing spinal anesthesia

Table 2. Duration of surgery, time to reach adequate anesthesia level for surgery, spinal range interference level, and
types of operations

Group 1 Group 2 o}
(n=185) (n=107)
Duration of surgery (min), MeanSD 40.17+£22.18 42.82+21.50 0.714
Time to reach adequate anesthesia level for surgery (min) (T10), Mean+SD 4.40+1.82 4.83+2.19 0.172
Spinal range interference level (L2-3, L3-4, and L4-5), n 4/161/21 4/91/11 x*=0.705
p=0.703
Types of operations (inguinal hernia/anorectal surgery), n 101/84 55/51 X’=1.339
p=0.247

SD: Standard deviation.

Table 3. Heart rate per each group

Time Group 1 Group 2 p
(n=185) (n=107)

Control 85.39+16.04 86.63+18.11 0.397
5 min 81.85+14.92 81.24+16.66 0.753
10 min 81.87+15.54 78.02+16.23 0.052
15 min 78.23£14.93 75.55+14.80 0.161
20 min 75.80+14.30 73.71£14.86 0.273
25 min 75.75+13.06 71.54+14.65 0.034
30 min 75.14+£12.21 71.01+£14.22 0.039
End of the process 75.17£12.79 72.34+13.55 0.081

Values: Beat/min; mean=+SD. SD: Standard deviation.

between the groups. The most common side effect
was nausea-vomiting in both groups (Table 5).

The time to first analgesic request in post-operative
period was longer in Group 1 when compared to
Group 2, and this difference was found to be statisti-
cally significant (p<0.0001) (Table 6).

Time to first mobilization, time to first urination,
number of patients with a urinary catheter, and pa-
tient satisfaction were found to be similar between
the groups (Table 6).

Discussion

Although there are a great number of studies as to
the efficacy and toxicity of circadian rhythm on gen-
eral anesthetic agents, there are a limited number of
studies about its efficacy on regional anesthesia. Ani-
mal studies have shown that the maximum hypnotic
effect of general anesthetics is generally provided
during the resting period corresponding to night for
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humans.'®™ Similarly, it is known that pain-related
mediators show variations throughout the day."” Aya
et al." showed the presence of circadian change in
the perception of birth pain and stated that the visual
analog scale (VAS) scores were lower in morning-after-
noon group than evening-night group. A peak activity
of morphine and tramadol has been detected in mice
during the activity period."™' In the case of human
studies, Auvil-Novak et al."® observed that the highest
and lowest demands of morphine or hydromorphone,
respectively, occurred early in the morning and dur-
ing the night. Boom et al."”! observed that the peak
of pain relief occurred at 17:30 and it was the lowest
early in the morning (05:30). Whereas, the need for
fentanyl in the post-operative period was compared
at two different times in a group of patients adminis-
tered elective cholecystectomy. The need for fentanyl
was lower in patients who were operated earlier in the
morning (08:00-10:00) compared to those that were
operated at later hours (11:00-15:00).'® We think that
there is a correlation between the fact that the need
for fentanyl was low in the morning and the fact that
time to first analgesic request was longer in the pa-
tients who were in the morning group for our study.

Very little is known referring to the chronopharma-
cokinetic variability of opioids that are used in the
course of general anesthesia. There were no circadian
changes in fentanyl clearance in six volunteers who
had 50 pg/h fentanyl infusion for 48 h.' However,
Pan et al.? reported that the period of analgesia
of subarachnoid fentanyl utilized in labor analgesia
was shorter during the night than in the afternoon.
Debon et al.?" observed a variation in the duration
of analgesia at acrophase with subarachnoid suf-
entanil, which varied 30%. Chronopharmacological
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Table 4. SAP, DAP, and MAP (mmHg) per each group

Time Group 1 Group 2 P
(n=185) (n=107)
MeanzSD Mean+SD
Control
SAP 146.38+21.57 143.39+21.25 0.258
DAP 84.67+13.49 82.43+13.53 0.180
MAP 107.51+£16.89 104.81£16.67 0.197
5t min
SAP 132.77+21.87 131.50+18.84 0.621
DAP 76.81+14.03 74.03+£12.99 0.100
MAP 97.00+17.26 95.56+14.78 0.478
10" min
SAP 126.78420.33*  123.54+£19.43* 0.191
DAP 73.99+12.65*% 71.26+12.21*  0.078
MAP 93.55+14.25* 91.38+13.63* 0.211
15" min
SAP 122.00£17.92*  122.18+18.42* 0.937
DAP 71.56+11.45* 70.52+12.17* 0.488
MAP 89.83+13.46* 89.93+13.80*  0.955
20" min
SAP 119.64+16.65*  122.00£17.43* 0.291
DAP 70.63+11.59*% 69.62+11.82*  0.511
MAP 88.60+12.72* 90.09+13.40*  0.381
25" min
SAP 120.09+17.77* 120.01+£17.62* 0.974
DAP 70.14+10.79* 68.55+11.40*  0.308
MAP 88.74+12.15* 88.48+13.22*  0.882
30t min
SAP 119.66+15.43* 118.81+16.51* 0.714
DAP 70.49+10.00* 67.95+11.54*  0.105
MAP 88.95+11.08* 88.14+12.69*  0.641
End of
the process
SAP 121.17£17.11%  120.74+£14.89* 0.830
DAP 70.93+10.87* 68.31+10.96*  0.053
MAP 89.18+12.01* 88.57+11.96* 0.684

*: P<0.05 (compared within-control value); SD: Standard deviation;
SAP: Systolic arterial pressure; DAP: Diastolic arterial pressure; MAP:
Mean arterial pressure.

studies regarding nonsteroidal anti-inflammatory
drugs have indicated that, when given at 07:00, in-
domethacin and ketoprofen reached higher plasma
levels compared to day or night hours.1222!

Significant differences have been shown in the vari-
ous application areas in terms of duration of action
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Table 5. Perioperative side effects

Time Group 1

(n=185)

Group 2 P
(n=107)

n % n %

Nausea and vomiting 15 9.3 8 93 -

Hypotension 13 8.1 8.1 -
Bradycardia 3 19 3 35 x=0625
p=0.429
Shivering 2 12 0 0 x=1721
p=0.544
ltching 1T 06 1 12 x*=0.195
p=0.659
Headache 1 06 3 35 x=2735
p=0.098
Dizziness 8 50 5 5.8 )(2=0.079
p=0.778
Urine retention 13 81 5 58 x=0424
p=0.515
TNS 0 0.0 0 0.0 -

TNS: Temporary neurological symptoms.

of local anesthetics according to the administration
time.*? In a study in which the duration of ropi-
vacaine was tested for the presence of a circadian
rhythm when injected epidurally at birth, significant
differences were shown according to the administra-
tion time in terms of the duration of analgesia of rop-
ivacaine given at the same dose, and the duration of
analgesia was found to be 20-28% longer during the
day period.® Similarly, the circadian rhythm of the
duration of local anesthesia for lidocaine, betoxy-
caine, mepivacaine, and articaine was shown in the
course of dental surgery. The amide derivative used
showed similar findings for all these agents, regard-
less of the kind of local anesthetics, and it was re-
ported that their longest activity was occurred when
applied at about 3 pm in the afternoon.4

In our study, we found that time to first analgesic re-
quest in the morning group (Group 1) was significant-
ly longer than in Group 2 in the afternoon period. Our
results do not appear to be consistent with the lon-
gest duration of anesthesia observed at 15:00 in the
previous studies which show the circadian rhythm of
the duration of local anesthesia induced by both den-
tal procedures and lidocaine in skin. In addition, the
duration of action of ropivacaine which is used epi-
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The effect of circadian rhytm in patients undergoing spinal anesthesia

Table 6. Duration of analgesia, time to first mobilization and urination, patients with urinary catheter, and anesthesia

satisfaction level

Group 1 Group 2 o]
(n=185) (n=107)
The time to first analgesic request (min), Mean+SD 328.04+184.70 226.90+130.46* <0.0001
Time to first mobilization (min), Mean+SD 462.16+130.69 452.87+139.85 0.609
Time to first urination (min), Mean+SD 445.03£119.41 430.78+103.80 0.413
Patients with urinary catheter, n 15 5 x*=0.857
p=0.354
Patient satisfaction (0-4), Mean+SD 3.03+0.99 3.22+0.83 0.194

SD: Standard deviation; *: p<0.05 (compared with Group 1).

durally in the delivery analgesia for pregnant patients
was found to be longer in the daytime period com-
paring to the night period.®! However, these studies
were formed by local anesthetic injections given 4 or
6 times a day followed by the duration of analgesia. In
our study, we compared the time periods just in the
morning and afternoon, and we are of the opinion
that there is a need for comparisons including night
period. In addition, many mechanisms have been
stated to play a role here. First, it has been reported
that the membrane nerve cell permeability shows cir-
cadian rhythm.>% Similarly, the K* efflux from cells is
lowest around 15:00;%¢ catecholamine release has a
possible effect’?”? and the hormonal mechanisms such
as progesterone play a role.”® In humans, cortisol lev-
els increase throughout the night and reach the high-
est level around 07-08 in the morning, and therefore,
in stressful situations over waking up play an impor-
tant role in endocrine balance.” It is also known that
acetylcholine levels are the highest during the day
which is the active phase.*® Studies have shown that
antinociceptive hormones show diurnal variation and
are present in higher plasma concentrations during
the morning hours.?'32 These hormones are likely to
play an important role in the perception of pain. It is
clear that the utilized method of anesthesia can also
be effective in diurnal variation. Therefore, as shown
in our study, we think that all these factors may be ef-
fective in that time to first analgesic request is longer
in the morning group. Although, in the previous stud-
ies, it was reported that gender was effective, in this
study, we had patients of both sexes and female/male
ratio was not different between the groups.

Significant changes in the stability of the circulation
are known to be associated with the sensorial level
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of spinal anesthesia. Arterial blood pressure displays
known a circadian rhythm pattern that reaches the
peak early in the morning and the lowest at night.*
In our study, no difference was detected between the
groups in SAP, DAP, and MAP values. Nevertheless, a
significant decrease was found in all measurement val-
ues after the 5" min according to SAP, DAP, and MAP
within-group control values. In fact, it was an expected
situation. Because the decrease of the values after the
5% min is a situation that we expect in spinal anesthesia
depending on the time and level of sympathetic block.
On the one hand, we could not find a significant differ-
ence between the patients before and after noon.

On the other hand, though there were not any differ-
ences in HRs according to the within-group control
values, we detected a significant difference between
the groups at the 25" and 30" min. We found that
the HRs at 25" and 30™ min were significantly higher
in Group 1 patients taken before noon than Group 2.
We did not record the values after the 30" min. How-
ever, the HRs after the 25" min were likely to increase
at significant levels in Group 1 comparing to Group
2. We think that this may be due to the high diurnal
rhythm of cortisol for the morning hours. However
significant, it may seem in statistical terms, yet we
think that this situation is of no clinical meaning.

There was no significant difference in the time to first
mobilization between the groups, which is another
finding in our study. This may probably be associated
to time to mobilization routinely ordered to patients.

Several studies have shown time-dependent differ-

ences in the toxicity, pharmacokinetics, and pharma-
codynamics of local anesthetics. The highest toxicity
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for amide type agents in rodents has been observed
either at the beginning of the activity or at the end
of the rest phase.

In combined spinoepidural technique for labor anal-
gesia, in patients given ropivacaine + fentanyl, there
were not any differences in day and night groups in
terms of complications.B* Furthermore, in our study,
we could not detect any difference in perioperative
complications between the groups before noon and
afternoon. Whereas, we found that the most com-
mon side effect was nausea and vomiting. This find-
ing appears to be in line with the high incidence of
nausea and vomiting in the literature.*®

Although the duration of analgesia showed diurnal
variation in the previous studies, no difference was
found in terms of VAS values.® Since our study was
a retrospective one, we could not determine the VAS
values. However, we were able to measure patient
satisfaction. In this study, we could not detect any
differences between the groups in terms of patient
satisfaction. This may have possibly resulted from a
routine analgesic protocol followed for all patients
in the post-operative period. Because patients were
provided with routine analgesic medication at cer-
tain intervals after their first analgesic request.

Limitations

We regarded as a deficiency that we planned our
study retrospectively. We think that prospective stud-
ies evaluating VAS values and analgesic consump-
tion on this matter. Another deficiency of our study is
that we could not evaluate 24 h period including the
nighttime since these patients are taken into opera-
tion only during the day period in our clinic.

Conclusion

As a result, we found that time to first analgesic re-
quest was longer in the morning group given spinal
anesthesia than in the afternoon group. Neverthe-
less, we think that prospective studies ought to be
performed including a comparison of day and night
time. In this context, we think that the dosage of the
drugs can be rearranged in the near future according
to the administration hours to maximize the efficacy
of the anesthetic agents we use in our daily practice
and to reduce the undesirable side effect rates and
that new studies aiming at this subject are required.
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