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Abstract. - BACKGROUND: The aim of this
study was to investigate the effect of spinal
anesthesia (SA) on olfactory memory using
Brief-Smell Identification TestTM (B-SIT).

PATIENTS AND METHODS: This, prospective,
clinical study was performed on 40 ASA physical
status I-lll patients, between 18-65 years of age
undergoing a planned elective minor surgery un-
der SA. All participants were preoperatively in-
formed about B-SIT and the mode of application
of the test according to the information in the
book. B-SIT was applied to each patient preoper-
atively and the scores were recorded. B-SIT was
reapplied to all patients on the 1st and 2nd post-
operative days and the scores were recorded.
Moreover, development of postdural puncture
headache (PDPH) and/or neurological symptoms
(such as hearing loss, diplopia) were checked.

RESULTS: Postoperative headache was ob-
served in 7 of the participants and 3 of them was
diagnosed to have PDPH. No statistically signif-
icant difference was observed in the olfactory
memory evaluation of the patients suffering
from headache and the 3 patients diagnosed
with PDPH. No statistically significant difference
was observed in the correct odor answer ratio
between the preoperative and postoperative 1st
and 2nd days (p > 0.05)

CONCLUSIONS: We confirm that SA does not
affect olfactory memory. Further studies are
necessary to confirm the results of our pilot
study in a larger sample.
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Introduction

Spinal anesthesia (SA) is a widely used region-
al anesthesia (RA) technique. Although it presents
many advantages compared to general anesthesia’,
it also has some rare but severe complications (car-
diac arrest, meningitis, spinal hematoma, cranial
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nerve paralysis)?. The prevalence of cranial nerve
paralysis after a SA varies between 1:300 and
1:8000°. However, with the evolution of technolo-
gy today, spinal needle design has changed and,
thus, has permitted a reduction in complications
associated to spinal anesthesia®. As it has a long
course in the head, abducens nerve is the most fre-
quently affected nerve pair®®, while many other
nerve pairs affected in the head and leading to neu-
rological symptoms have been described in litera-
ture”®. The mechanism of injury is explained as
that the decrease of intracranial pressure due to the
loss of cerebrospinal liquid after lumbar puncture
(LP) affects intracranial structures and nerves'°.
Intracranial olfactory pathways are constituted of
structures such as olfactory bulb, olfactory tract,
olfactory stria and olfactory tubercle; these trans-
mit olfactory impulses to odor centers'!. As far as
we know, there is no study in literature about the
effect of SA on olfactory memory. Our objective is
to study the effect of SA on olfactory memory us-
ing Brief-Smell Identification Test™ (B-SIT).

Patients and Methods

Ethical approval for the study was provided by
the Clinical Research Ethical Committee of Abant
Izzet Baysal University, Bolu, Turkey (Ethical
Committee No: 2012/233). This study was con-
ducted in accordance with the ethical principles
described by the Declaration of Helsinki and all
participants provided a written informed consent.
This, prospective, clinical study was performed
on 40 ASA physical status I-III patients, between
18-65 years of age undergoing a planned elective
minor surgery under SA. Patients having structur-
al and infectious diseases in nose (septum devia-
tion, polyp, and rhinitis), smokers, patients with
congenital, neurological, endocrine, psychiatric,
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and chronic inflammatory diseases (syphilis, tu-
berculosis, diabetes mellitus, Parkinson disease)
were excluded from the study. Patients with meta-
bolic diseases, alcohol and drug addicts were ac-
cepted as drug-consuming patients.

B-SIT is widely used in the evaluation of olfac-
tory functions'?. The test consists of a small book
which includes 12 different odorants which are re-
leased when scrabbled with the tip of a pencil. For
each question, there are four different choices and
only one correct answer, and one of the choices
needs to be selected. If the odorant smelled is not
identified among the choices or if there is no pre-
sumption, one of the answers should be selected".

All participants were preoperatively informed
about B-SIT and the mode of application of the test
according to the information in the book. B-SIT
was applied to each patient preoperatively and the
scores were recorded. Patients who developed
common cold, sinus problems and infection in the
postoperative period were excluded from the study.

After establishing vascular access to the patient
in the surgery room, all patients were premedicat-
ed with 0.03 mg/kg i.v. midazolam. Standard
monitorization was performed using non-invasive
blood pressure monitoring, pulse oximetry and
electrocardiogram. Before SA, intravenous (i.v.)
with 6 ml/kg/h 0.9% NaCl was given to all pa-
tients. Spinal anesthesia was performed using a
25-gauge Quincke spinal needle (Braun Melsun-
gen, Germany), while the patient is in the sitting
position, through the L.3-4 interspace (or alterna-
tively through the L4-5 interspaces). 3.5 mL of
0.5% marcaine heavy (Marcaine Spinal Heavy
Ampul 0.5%, Astrazeneca) was administered to
the subarachnoid space. During surgery, 4 ml/kg/h
1.v infusion was continuously administered. Oxy-
gen was delivered to all patients at a rate of 3
L/min via a nasal cannula. Level of sensorial
blockade was evaluated by pinprick test and then
recorded. Non-invasive blood pressure measure-
ments were obtained from each patient at 5 min
intervals. We assumed a systolic blood pressure
<90 mmHg or >20% decrease in systolic blood
pressure as hypotension. We treated hypotension
by increasing the infusion rate of normal saline,
and administering 5-10 mg of intravenous
ephedrine (Ephedrine Amp. 1 ml/50 mg, Osel) in
necessary cases. In the postoperative first 24
hours, a total of 2000 ml of Isolyte-S (Eczacibasi-
Baxter, Istanbul, Turkey) electrolyte solution was
administered. B-SIT was reapplied to all patients
on the 1*tand 2™ postoperative days and the scores
were recorded. Moreover, development of post-

dural puncture headache (PDPH) and/or neuro-
logical symptoms (such as hearing loss, diplopia)
were checked.

Statistical Analysis

Data analysis was performed using Statistical
Package for Social Science (SPSS Inc., Chicago,
IL, USA) for Windows software. In the descrip-
tive statistics, variables with continuous measure-
ments (for example: age, OAB, etc.) were ex-
pressed as mean + standard deviation, while case
number (%) was preferred for categorical vari-
ables (for example: B-SIT scores, etc.). Paired-
Samples ¢ test was used for the comparison of the
averages of repetitive continuous variables. The
significance of the difference between categorical
variables was analyzed using Pearson’s Chi-
Square test. p value <0.05 was considered as sta-
tistically significant.

Results

40 volunteers were prospectively included in
the study. The demographic and clinical charac-
teristics are given in Table I. When compared to
preoperative baseline mean arterial pressure
(MAP) values, the MAP values obtained during
the intraoperative period were statistically lower
(p <0.05) (Table I). Hypotension was detected in
6 patients during the intraoperative period and
ephedrine was administered.

Evaluation of the olfactory memory was estab-
lished by using B-SIT test on postoperative 1% and
2m days using the preoperative test results as the
baseline. No statistically significant difference
was observed in the correct odor answer ratio be-
tween the preoperative and postoperative 1% and

Table I. Demographics and clinical characteristics of the pa-
tients.

Number of patients (n) 40
Age (yr) 327139
Gender

Male 32 (80.0%)

Female 8 (20.0%)
Body mass index (kg/m2) 25055
Maximum sensory block (thoracic) 6.3+1.5
Efedrine necessity due to hypotension 6 (15%)
Duration of surgery (min) 62.5+37.0
Frequency of postoperative headache 7 (17.5%)

Values are expressed as mean (SD) or n (%)



A. Demirhan, K. Erdem, A. Akkaya, U.Y. Tekelioglu, M. Bilgi, C. Isik, M. Sit, U. Gok, H. Kocoglu

Table II. The intraoperative mean arterial pressure levels in different time points.

Baseline 5 min Pl 10 min PI 15 min Pl 20 min PI
MAP 98.7+12.5 93.6 = 12.6* 88.5£13.9° 89.4 + 13.6° 89.0£11.4°
p value =0.07 <0.001

“There was a statistically significant difference between baseline and 5 min after PI: post intubation (p = 0.07),
There was a statistically significant difference between baseline and 10, 15, 20 min after PI: post intubation (p <0.001),

2n days (p > 0.05) (Table III). Postoperative
headache was observed in 7 of the participants
and 3 of them was diagnosed to have PDPH. No
statistically significant difference was observed in
the olfactory memory evaluation of the patients
suffering from headache and the 3 patients diag-
nosed with PDPH (p > 0.05).

Discussion

Olfactory memory is quite important for peo-
ple. It presents many advantages such as the
recognition of food and drinks as well as the de-
tection of environmental danger and support the
quality of life. The olfactory receptors of the nose,
the somatosensory fibers of the fifth cranial nerve,
and many regions of the brain such as the olfacto-
ry bulb, anterior olfactory nucleus, olfactory stria
and the prepiriform cortex are implied in
smelling'*. Moreover, the relation of the olfactory
system with the trigeminal system helps the de-
tection of odors'>. Alteration of such a complex

structure may lead to olfactory dysfunction. Le-
sions in the nose, infections, neurological disor-
ders, utilization of alcohol and drugs may lead to
olfactory dysfunction as mentioned in litera-
ture'!'®. In addition, the observation of olfactory
dysfunction in approximately 5% of the popula-
tion'” makes the evaluation of olfactory memory
difficult. In the present study, we have found that
olfactory memory is not affected by SA per-
formed by using spinal marcaine heavy.

Many tests have been used for the evaluation of
olfactory function until now'®. The evaluation of
olfactory functions of the patients based on recog-
nition of the odor in odor identification test is the
most important part'®. Among these tests, 12-odor
containing Brief-Smell Identification Test™ (B-
SIT; also known as the Cross-Cultural Smell Iden-
tification Test™)!® has been prepared and used
taking into consideration cultural differences!®. In
a study, Double et al'® have determined B-SIT
sensitivity and specificity as 82%. In our study,
we used the factors responsible from olfactory
dysfunction to exclude the patients. Moreover, we

Table 1. The correct item identification rates in BSI test scores preoperatively and 1st and 2nd days postoperatively.

Item No Odor Preoperative n (%) Postoperative Postoperative p value
day 1 n (%) day 2 n (%)

1 Mint 38 (95%) 39 (97.5%) 38 (95%)

2 Banana 38 (95%) 38 (95%) 38 (95%)

3 Clove 40 (100%) 38 (95%) 38 (95%)

4 Leather 29 (72.5%) 30 (75%) 31 (77.5%)

5 Strawberry 31 (77.5%) 32 (80%) 34 (85%)

6 Pine 38 (95%) 38 (95%) 38 (95%)

7 Cinnamon 35 (87.5%) 37 (92.5%) 37 (92.5%) p>0.05

8 Soot 39 (97.5%) 39 (97.5%) 39 (97.5%)

9 Lemon 31 (77.4%) 33 (82.5%) 32 (80%)

10 Soap 39 (97.5%) 39 (97.5%) 40 (100%)

11 Baby powder 38 (95%) 39 (97.5%) 39 (97.5%)

12 Rose 31 (77.5%) 29 (72.5%) 31 (77.5%)

Total Correct identification 427 (88.9%) 431 (89.7%) 435 (90.6%)

Values are expressed as numbers (%) of patients
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used the Turkish version of B-SIT test, thus al-
lowing appropriate odor evaluation.

It has been declared in literature that general
anesthesia affects the olfactory memory?-?3. The
cranial nerve pairs are affected by SA>**?, and
this has been proposed to be associated to cere-
brospinal liquid loss and intracranial hypotension
after lumbar puncture (LP)!*?°. PDPH was report-
ed to occur at a prevalence of 1% in association
with LP applied during SA* and symptoms of
PDPH and cranial nerve paralysis were reported
to be seen together after LP>?’. In 7 of our pa-
tients, headache developed within the postopera-
tive 36-48 hours. For 3 of these, a diagnosis of
PDPH was established. No neurological sign
(such as hearing loss, vertigo, tinnitus) was ob-
served associated to headache. While headache
was treated using liquid resuscitation and medical
treatment and disappeared within 24 hours, an
epidural patch was applied to one patient. The ol-
factory memory evaluations of these patients were
normal. De Lange et al*® proposed that intraoper-
ative severe hypotension (60/40 mmHg) that de-
velops secondary to SA and lasts for 15 minutes
affects the optic nerve and leads to visual distur-
bance. The intraoperative MAP values obtained in
our study were low compared to the preoperative
values. We considered this as an expected cardio-
vascular situation during SA. Ephedrine was ad-
ministered to six of our patients according to the
criteria of our work and hypotension was rapidly
corrected. The olfactory memory of these patients
was not affected.

Conclusions

We have observed that SA does not affect ol-
factory memory. Further studies are necessary to
confirm the results of our pilot study in a larger
sample.

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

1) RoDGERs A, WALKER N, SCHUG S, McKEE A, KEHLET H,
VAN ZUNDERT A, SAGE D, FUTTER M, SAVILLE G, CLARK T,
MacMaHoN S. Reduction of postoperative mortality
and morbidity with epidural or spinal anaesthesia:
results from overview of randomised trials. Br Med
J 2000; 321: 1493.

2) Loo CC, DAHLGREN G, IResTeDT L. Neurological com-
plications in obstetric regional anaesthesia. Int J
Obstet Anesth 2000; 9: 99-124.

3) Greene NM. Neurological sequelae of spinal anes-
thesia. Anesthesiology 1961; 22: 682-98.

4) Faccenpa KA, FiNnucane BT. Complications of region-
al anaesthesia Incidence and prevention. Drug
Safety 2001; 24: 413-442.

5) VAnDAM LD, Driprs RD. Long-term follow-up of pa-
tients who received 10,098 spinal anesthetics;
syndrome of decreased intracranial pressure
(headache and ocular and auditory difficulties). J
Am Med Assoc 1956; 161: 586-591.

6) ARCAND G, GIRARD F McCorMACK M, CHOUINARD P
BoupreaulT D, WiLtiams S. Bilateral sixth cranial
nerve palsy after unintentional dural puncture. Can
J Anaesth 2004; 51: 821-823.

7) VIAL F Bouaziz H, AbAam A, BUISSET L, LAXENAIRE MC,
BATTAGLIA A. [Oculomotor paralysis and spinal
anesthesia). Ann Fr Anesth Rean 2001; 20: 32-35.

8) FoLLENS I, GopTs D, EVens PA, TassicNoN MJ. Com-
bined fourth and sixth cranial nerve palsy after
lumbar puncture: a rare complication. A case re-
port. Bull Soc Belge Ophtalmol 2001; (281): 29-33.

9) Lee JL, RoBerTs RB. Paresis of the fifth cranial nerve
following spinal anesthesia. Anesthesiology 1978;
49:217-218.

10) Dav CJ, SHutT LE. Auditory, ocular, and facial com-
plications of central neural block. A review of pos-
sible mechanisms. Reg Anesth 1996; 21: 197-201.

11) Doty RL, MisHrRA A. Olfaction and its alteration by
nasal obstruction, rhinitis, and rhinosinusitis.
Laryngoscope 2001; 111: 409-423.

12) MeNoN C, WESTERVELT HJ, JAHN DR, DRESSEL JA,
O'BryanT SE. Normative Performance on the Brief
Smell Identification Test (B-SIT) in a Multi-Ethnic
Bilingual Cohort: A Project FRONTIER Study. Clin
Neuropsychol 2013 May 1. [Epub ahead of print].

13) KraANTZ EM, SCHUBERT CR, DALTON DS, ZHONG W, HUANG
GH, KieiNn BE, KLEIN R, NiETO FJ, CrRuicksHANKS KJ. Test-
retest reliability of the San Diego Odor Identification
Test and comparison with the brief smell identifica-
tion test. Chem Senses 2009; 34: 435-440.

14) Doty RL. Olfaction. Ann Rev Psychol 2001; 52:
423-452.

15) WELGE-LUSSEN A, WiLLE C, RENNER B, KoBAL G. Anes-
thesia affects olfaction and chemosensory event-
related potentials. Clin Neurophysiol 2004; 115:
1384-1391.

16) Doty RL. Olfactory dysfunction and its measure-
ment in the clinic and workplace. Int Arch Occup
Environ Health 2006; 79: 268-282.

17) Lanpis BN, KONNERTH CG, HumMEL T. A study on the
frequency of olfactory dysfunction. Laryngoscope
2004; 114: 1764-1769.

18) Doty RL, Marcus A, LEe WW. Development of the
12-item Cross-Cultural Smell Identification Test
(CC-SIT). Laryngoscope 1996; 106: 353-356.

19) Doty RL. Studies of human olfaction from the Uni-
versity of Pennsylvania Smell and Taste Center.
Chem Senses 1997; 22: 565-586.



A. Demirhan, K. Erdem, A. Akkaya, U.Y. Tekelioglu, M. Bilgi, C. Isik, M. Sit, U. Gok, H. Kocoglu

20)

21)

22)

23)

KostoPANAGIOTOU G, KALIMERIS K, KESIDIS K, MATSOTA P
DimA C, Economou M, ParaGeEorGiou C. Sevoflurane
impairs post-operative olfactory memory but pre-
serves olfactory function. Eur J Anaesthesiol 2011;
28: 63-68.

KOoNSTANTINIDIS |, TsAkiRorPouLoU E, lakovou |, Dou-
VANTZI A, METAXAs S. Anosmia after general anaes-
thesia: a case report. Anaesthesia 2009; 64: 1367-
1370.

DHaNnaNT NM, JIANG Y. Anosmia and hypogeusia as
a complication of general anesthesia. J Clin
Anesth 2012; 24: 231-233.

Fukumoto M, ARIMA H, ITo S, TAKEUCHI N, NAKANO H.
Distorted perception of smell by volatile agents fa-
cilitated inhalational induction of anesthesia. Pae-
diatric Anaesth 2005; 15: 98-101.

24) JapoN A. Complications of regional and general

25)

26)

27)

28)

anaesthesia in obstetric practice. Ind J Anaesth
2010; 54: 415-420.

MACHACZKA M, KALAITZAKIS E, ELEBORG L, LUUNGMAN P
HaGGLunD H. Comparison of general vs regional
anaesthesia for BM harvesting: a retrospective
study of anaesthesia-related complications. Bone
Marrow Transplant 2010; 45: 53-61.

VEERING BT. Complications and local anaesthetic
toxicity in regional anaesthesia. Curr Opin Anaes-
thesiol 2003; 16: 455-459.

PicArD J, Meex T. Complications of regional anaes-
thesia. Anaesthesia 2010; 65(Suppl 1): 105-115.

DE LANGE JJ, Stitma JS, Crezek F. Visual disturbances
after spinal anaesthesia. Anaesthesia 1988; 43:
570-572.



