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Introduction

Inhalation agents are prevalently used for every 
kind of surgical procedure. This condition is impor-
tant in that they enable short-term and reliable re-
covery in addition to complete recovery of complex 
physiological events. The olfactory sense is one of 
the indispensable functions of human beings, which 
effect the quality of life. Despite reports indicating 
deleterious effects of inhalation agents on amnesia, 
taste and olfactory memory, this assertion has not 
been clinically proved so far1. In the literature, the 
occurrence of anosmia has been reported as 4%, 
being more frequent in advanced ages2.

Olfactory impulses are perceived in the regio ol-
factoria of the nose and then these impulses are tran-
sported into bulbus olfactorius in the brain. From 
there, they are transmitted via tractus olfactorius 
and stria olfactorius (medialis, lateralis, intermedia) 
into the olfactory cortex. Olfactory memory is si-
tuated in piriform cortex, amgydala and entorrhinal 
cortex3-5. Smell is the only one of the five senses, 
which is transmitted directly into cortical areas from 
bulbus without passing through thalamus6.

Among volatile anesthetics, desflurane is 
known for its annoying and keen odor7. Besides 
it suppresses somatosensory evoked potentials in 
humans8. Because of this characteristic feature, 
its impact on cognitive functions has been repor-
ted in many studies performed9,10.

There is an experimental study examining the 
effects of desflurane on olfactory memory, but 
clinical trials are not available yet. In this work, 
we investigated the effects of desflurane 6% on 
olfactory memory.

Abstract. – OBJECTIVE: In this study, we in-
vestigated the effects of desflurane 6%, on ol-
factory memory.

PATIENTS AND METHODS: This is a prospec-
tive clinical study performed with 40 patients 
aged 18-60 who had elective surgery and Amer-
ican Society of Anesthesiologists (ASA) phys-
ical status I-III. The Brief Smell Identification 
Test (BSIT) was used for evaluating patients’ ol-
factory memories before and after the surgery. 
Patients received standard general anesthe-
sia protocol and routine monitoring. For induc-
tion, 1.5 mg/kg of fentanyl, 2 mg/kg of propo-
fol, and 0.5 mg/kg of rocuronium bromide were 
administered. Anesthesia was maintained with 
the inhalational of anesthetic desflurane (6%). 
The scores are recorded 30 minutes before the 
surgery and when the Aldrete Recovery Score 
reached 10 in the postoperative period. Preoper-
ative and postoperative results were compared 
and p-values <0.05 were considered statistical-
ly significant.

RESULTS: The patients’ mean age was 
41.1±12.0. Preoperative total correct answer 
rate to odorous substances was 92.7%, and 
postoperative rate was 92.1%. Percentage of 
the odor substance identification by the pa-
tients revealed no statistically significant dif-
ference when pre and post-operative rates 
have been compared (p -value >0.05).

CONCLUSIONS: We have observed for the first 
time in the literature that general anesthesia using 
desflurane (6%) did not affect short-term olfactory 
memory. Further studies will be necessary to con-
firm our findings with larger sample size.
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Patients and Methods
Ethical approval was provided by the Clinical 

Ethical Committee of the University (No: 2014/65-
226) for this prospective study. All participants 
provided a written informed consent and the rese-
arch was conducted in accordance with the ethical 
principles described by the Declaration of Helsin-
ki. This clinical study was performed on 40 Ame-
rican Society of Anesthesiologists (ASA) physical 
status I-III patients between 18 and 60 years of 
age undergoing a planned elective minor surgery. 
Patients with nasal infections and structural ab-
normalities (rhinitis, polyp, deviation), alcohol 
and substance addiction, congenital, neurological, 
endocrinologic and psychiatric diseases, chronic 
inflammatory diseases, syphilis, tuberculosis and 
diabetes, history of head trauma and cases whose 
operations lasted less than 40 min, but longer than 
120 min were excluded from the study. 

Forty-five minutes before the operation, the pa-
tients were brought into the recovery room and 
Brief Smell Identification Test (BSIT) (Turkish 
version) was performed on patients so as to eva-
luate olfactory memory. In line with the explana-
tions on the head space of the BSIT test booklet, 
the test procedure was carefully described to the 
patients. BSIT test booklet consists of 12 pages. 
Beneath the label sticked on each page of the bo-
oklet, names of the four different odors, indicated 
with a, b, c and d are written. The upper face of 
the label was scratched with a sharp tipped pencil 
and the patient was requested to smell the odor. 
The patients were also asked to tick the item in-
dicating the perceived smell or the item closest to 
the perceived smell. This procedure was repeated 
for all pages and the responses obtained were re-
corded. 

The patients taken into the operating room 
were monitorized via measurement of noninvasi-
ve blood pressures, electrocardiography and pul-
se oximetry. Intravenous access site was opened 
and standard general anesthesia was applied. For 
induction, 1.5 mg/kg fentanyl and 2 mg/kg pro-
pofol were administered. Following achievement 
of adequate muscle relaxation with rocuronium 
bromide (0.5 mg/kg), tracheal intubation was per-
formed. Respiration rate was set so as to achieve a 
tidal volume of 6-8 ml/kg and end-tidal volume of 
CO2 35-45 mmHg and the patient was connected 
to a mechanical ventilator. Anesthesia was main-
tained with 6% desflurane in a mixture of 50% 
N2O/O2 Following intubation, heart rate (HR) 
and mean arterial pressure (MAP) were measu-
red and recorded at certain intervals. The patient 

was decurarized using atropine sulfate (0.015 mg 
kg-1) and neostigmine (40 mcg kg-1) and when an 
adequate depth of respiration was achieved, the 
patient was extubated. The patient was brought 
into the recovery room and BSIT test was repea-
ted when the Aldrete Recovery score was attained 
10 points which enabled evaluation of olfactory 
memory.

Statistical Analysis
Data analysis was performed using the Stati-

stical Package for the Social Sciences (SPSS 15.0, 
SPSS Inc., Chicago, IL, USA) program. Descrip-
tive variables were shown in the form of mean 
± standard deviation and a paired samples t-test 
was used for their analysis (age, height, weight, 
HR, MAP and duration of surgery). Goodman 
and Kruskaltau were tested with analysis of BSIT 
points. The results were considered statistically 
significant for a p-value < 0.05.

Results 

In a prospective study where enrollment of 40 
patients in the study was planned, one patient 
who declined and two patients whose operative 
times exceeded normal operative times were not 
included in the study. Therefore, the study was 
completed with 37 patients. The demographic and 
clinical characteristics are given in Table I (p-va-
lue >0.05). 

The patients’ average preoperative and intra-
operative HR were 84.4±14.9 and 76.0±14.1, re-
spectively (p-value >0.05); while, the mean preo-
perative and intraoperative MAP were 95.9±14.6 
and 80.6±13.7, respectively (p-value >0.05). In the 
evaluation of olfactory memory, BSIT scores me-

Table I. Demographics and clinical characteristics of the 
patients.

Number of patients (n)	 37
Gender (Male/Female)	 13/24
Age	 41.1±12.0
Weight	 166.3±6.7
Height	 77.2±13.3
Duration of surgery (min)	 69.0±27.0
ASA 1-2-3	 20/15/2

Type of surgery	
Abdominal surgery	 14 (%37,8)
Orthopedic surgery	 14 (%37,8)
Herniated disc surgery	 9 (%24,4)
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asured before surgery were considered as a baseli-
ne and compared with the BSIT scores measured, 
when the postoperative Aldrete score became 10. 
No statistically significant difference was obser-
ved in the correct odor answer ratio between the 
preoperative and postoperative periods (p-value 
>0.05) (Table II).

The rate of correct answers of patients to the 
BSIT test was found as 92.7% before the opera-
tion, this rate was 92.1% after the operation. Pa-
tients experienced difficulty in recognizing the 
smell of “leather”. The ratio was 78.4% in the pre-
operative period and post-operatively 75.7%.

Discussion

This study has demonstrated that the use of 
desflurane does not affect olfactory memory. Ol-
factory memory is very important for the main-
tenance of daily physiological functions and its 
contribution to the quality of life. By this means, 
stimuli coming from the environment are per-
ceived, favorable or unfavorable experiences are 
transmitted into the brain. Decreased (hyposmia), 
lack of (anosmia) perception of smell or its altera-
tion (dysosmia) increase patient’s distress1. Cor-
rect perception of smell requires intactness and 
proper functioning of all components of smell. 
The first step in the perception of smell involves 
entry of smell molecules into the olfactory region 
after passing through the nasal cavities. They dis-
solve in mucus on olfactory epithelium and get 
in contact with olfactory receptor cells. By this 
means chemical information about smell mole-

cules creates an action potential in smell recep-
tor cells which is transported via olfactory nerve 
into smell centers in the brain with the resultant 
perception of smell11,12. This complex structure 
is influenced by many factors which might lead 
to olfactory dysfunction. Among them structural 
abnormalities, allergic rhinitis and nasal polyps, 
infections, metabolic disorders as cystic fibrosis, 
tumors, neurological disorders as Parkinson dise-
ase and multiple sclerosis, endocrinologic disor-
ders as diabetes mellitus and hyperthyroidism, 
congenital diseases, traumas as nasal fractures, 
various drugs, psychiatric problems, chemical ga-
ses, industrial dusts and smoking can lead to this 
condition13,14.

In the evaluation of olfactory function, tests 
which assess the patients’ ability to perceive smell 
are frequently used. BSIT which was prepared 
in consideration of cultural differences is one of 
these tests15. This test which is also known as the 
Cross-Cultural Smell Identification Test (CC-SIT) 
involves 12 different odors16. Bilgi et al17 evalua-
ted postoperative olfactory memory and function 
following isoflurane anesthesia using BSIT which 
is a standardized smell test and reported that this 
drug did not effect short-term olfactory memory. 
Doty et al18 indicated sensitivity and specificity of 
BSIT as 82 percent. In the present study, we used 
Turkish version of BSIT which evaluated cultural 
and regional differences in our country.

Volatile anesthetics are generally well tolerated 
by the patients, however though rarely unexpected 
complications can be seen. These agents demon-
strate their effects via gamma-aminobutyric acid 
(GABA), glutamatergic and adrenergic neuro-

Table II. Preoperative BSIT score and postoperative BSIT score when it reaches 10 of Aldrete score.

Item No	 Odor	 PreoperativeNo (%)	 Postoperative	 p-value
			   Aldrete scores 10
			   No (%)	

1	 Mint	 36 (97.3)	 36 (97.3)
2	 Banana	 35 (94.6)	 34 (91.9)
3	 Clove	 36 (97.3)	 35 (94.6)
4	 Leather	 29 (78.4)	 28 (75.7)
5	 Strawberry	 33 (89.2)	 34 (91.9)
6	 Pine	 36 (97.3)	 35 (94.6)
7	 Cinnamon	 34 (91.9)	 35 (94.6)	 p-value>0.05
8	 Soot	 35(94.6)	 35 (94.6)
9	 Lemon	 34 (91.9)	 34 (91.9)
10	 Soap	 37 (100)	 36 (97.3)
11	 Baby powder	 35 (94.6)	 36 (97.3)
12	 Rose	 32 (86.5)	 31 (83.8)
Total	 Correct identification	 412 (92.7)	 409 (92.1)



I. Yildiz, H. Bayır, I. Saglam, M. Sereflican, M. Bilgi, V. Yurttas, A. Demirhan, U.Y. Tekelioglu, H. Kocoglu

2166

transmitter system Increase in intracranial pres-
sure is known to effect memory and learning 
functions19,20. As is seen with other volatile ane-
sthetics, desflurane decreases cerebrovascular 
resistance leading to an increase in cerebral blo-
od flow and intracranial pressure21,22. It has been 
demonstrated that desflurane decreases cerebro-
vascular resistance particularly via 1 MAC lea-
ding to increase in intracranial pressure23. Also, 
desflurane also suppresses evoked somatosensory 
evoked potentials8. Our purpose of using desflu-
rane in our study was to investigate the impact of 
the drug on the increase in intracranial pressure 
and somatosensory potentials and the extent of its 
reflection on olfactory memory.

Michael et al24 examined the effects of five 
inhalation anesthetics on learning abilities and 
memory of rats. They reported that relatively 
higher doses of sevoflurane, halothane and de-
sflurane have negative effects on learning, whi-
le 0.44% desflurane has adverse and significant 
effects on memory. They also indicated that 
amnesic effect is milder that of nitrous oxide 
and stronger than that of other inhalation ane-
sthetics. Callaway et al25 investigated dose-de-
pendence of desflurane anesthesia in rats. They 
showed that the effects of desflurane on lear-
ning and memory were age- and dose-depen-
dent. However, in the present study, we have 
found that the use of desflurane at clinical do-
ses (6% MAC) has not any effect on olfactory 
memory during the early postoperative period. 

In the literature, a small number of clinical data 
are available about the impact of the anesthetic 
agents and technique (general, regional or neuro-
axial) on olfactory memory. Demirhan et al26 in-
vestigated the impact of anesthetic technique on 
olfactory function and reported that spinal ane-
sthesia did not effect olfactory memory. However, 
some experimental studies27 have indicated that 
among general anesthetic drugs, fentanyl and pro-
pofol depressed olfactory response. Volatile ane-
sthetic drugs have been blamed to cause olfactory 
dysfunction; however, this assertion has not been 
proved clinically. In the literature 2 cases28,29 of 
postanesthetic anosmia have been reported so far. 
Kontantinidis et al28 reported the presence of ano-
smia in a 60-year-old female patient who had un-
dergone urological surgery. The patient received 
general anesthesia using fentanyl, propofol and 
sevoflurane and reported that the development of 
anosmia might stem from the direct impact of se-
voflurane on olfactory epithelium with resultant 
peripheral type olfactory dysfunction. In the pre-

sent study, following desflurane use, in none of 
the patients anosmia was observed in the short-
term.

Limitations of our study can be enumerated as 
scarcity of our patient population, lack of investi-
gation of both use of various doses of desflurane 
for longer periods and also their postoperative 
long-term effectiveness.

Conclusions

We have observed for the first time in the li-
terature that general anesthesia using desflurane 
(6%) did not affect short-term olfactory memory. 
Further studies will be necessary to confirm our 
findings with larger sample size.

Conflicts of interest
The authors declare no conflicts of interest.

References

  1)	 Spielman AI. Chemosensory function and dysfun-
ction. Crit Rev Oral Biol Med 1998; 9: 267-291.

  2)	 Adelman BT. Altered taste and smell after anesthe-
sia: cause and effect? Anesthesiology 1995; 83: 
647-649.

  3)	 Brunjes PC, Illig KR, Meyer EA. A field guide to 
the anterior olfactory nucleus (cortex). Brain Res 
Brain Res Rev 2005; 50: 305-335.

  4)	 Rombaux P, Duprez T, Hummel T. Olfactory bulb volu-
me in the clinical assessment of olfactory dysfun-
ction. Rhinology 2009; 47: 3-9.

  5)	 Kostopanagiotou G, Kalimeris K, Kesidis K, Matsota P, 
Dima C, Economou M, Papageorgiou C. Sevoflura-
ne impairs post-operative olfactory memory but 
preserves olfactory function. Eur J Anaesthesiol 
2011; 28: 63-68.

  6)	 Cullen MM, Leopold DA. Disorders of smell and 
taste. Med Clin North Am 1999; 83: 57-74.

  7)	 Scheller M. New volatile anesthetics: desflurane 
and sevoflurane. Semin Anesth 1992; 11: 114-122.

  8)	 Dutton RC, Smith WD, Rampil IJ, Chortkoff BS, Eger 
EI 2nd. Forty-hertz midlatency auditory evoked 
potential activity predicts wakeful response du-
ring desflurane and propofol anesthesia in volun-
teers. Anesthesiology 1999; 91: 1209-220.

  9)	 Xie Z, Dong Y, Maeda U, Alfille P, Culley DJ, Cro-
sby G, Tanzi RE. The common inhalation anesthe-
tic isoflurane induces apoptosis and increases 
amyloid beta protein levels. Anesthesiology 2006; 
104: 988-994.



The effect of desflurane on postoperative olfactory memory

2167

10)	 Monk TG, Weldon BC, Garvan CW, Dede DE, van 
der Aa MT, Heilman KM, Gravenstein JS. Predictors 
of cognitive dysfunction after major noncardiac 
surgery. Anesthesiology 2008; 108: 18-30.

11)	 Leopold DA. The relationship between nasal ana-
tomy and human olfaction. Laryngoscope 1988; 
98: 1232-1238.

12)	 Zengin A, Gerek M, Yetişer S, Tosun F, Özkaptan Y. 
Kronik sinüzitli olgularda koku alma bozukluğuna 
endoskopik sinüs cerrahisi ve flutikozan dipropio-
nat’ın etkinliği. K.B.B. ve Baş Boyun Cerrahisi De-
gisi 1997; 5: 194-198.

13)	 Kern RC. Chronic sinusitis and anosmia: patholo-
gic changes in the olfactory mucosa. Laryngosco-
pe 2000; 110: 1071-1077.

14)	 Çırpar Ö, Muluk NB, Arıkan OK. Koku bozuklukları. 
Bidder Tıp Bilimleri Dergisi 2012; 4: 37-44.

15)	 Menon C, Westervelt HJ, Jahn DR, Dressel JA, 
O’Bryant SE. Normative performance on the Brief 
Smell Identification Test (BSIT) in a multi-ethnic 
bilingual cohort: a Project FRONTIER study. Clin 
Neuropsychol 2013; 27: 946-961.

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

17)	 Bilgi M, Demirhan A, Akkaya A, Tekelioglu UY, Erdem 
K, Apuhan T, Kurt A, Kocoglu H. Effects of isoflura-
ne on postoperative olfactory memory. Acta Med 
Mediterr 2014; 30: 453-456.

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

19)	 Lecker I, Yin Y, Wang DS, Orser BA. Potentiation of 
GABAA receptor activity by volatile anaesthetics 
is reduced by alpha5GABAA receptor-preferring 
inverse agonists. Br J Anaesth 2013; 110: 73-81.

20)	 Boretius S, Tammer R, Michaelis T, Brockmoller J, 
Frahm J. Halogenated volatile anesthetics alter 

brain metabolism as revealed by proton magnetic 
resonance spectroscopy of mice in vivo. Neuroi-
mage 2013; 69: 244-255.

21)	 Ornstein E, Young WL, Fleischer LH, Ostapkovich N. 
Desflurane and isoflurane have similar effects on 
cerebral blood flow in patients with intracranial 
mass lesions. Anesthesiology 1993; 79: 498-502.

22)	 Rampil IJ, Lockhart SH, Eger EI, 2nd, Yasuda N, 
Weiskopf RB, Cahalan MK. The electroencephalo-
graphic effects of desflurane in humans. Anesthe-
siology 1991; 74: 434-439.

23)	 Bedforth NM, Hardman JG, Nathanson MH. Cere-
bral hemodynamic response to the introduction of 
desflurane: A comparison with sevoflurane. Ane-
sth Analg 2000; 91: 152-155.

24)	 Alkire MT, Gorski LA. Relative amnesic potency of 
five inhalational anesthetics follows the Meyer-O-
verton rule. Anesthesiology 2004; 101: 417-429.

25)	 Callaway JK, Jones NC, Royse AG, Royse CF. Memory 
impairment in rats after desflurane anesthesia is 
age and dose dependent. J Alzheimers Dis 2015; 
44: 995-1005.

26)	 Demirhan A, Erdem K, Akkaya A, Tekelioglu UY, Bilgi 
M, Isik C, Sit M, Gok U, Kocoglu H. Evaluation of 
the olfactory memory after spinal anesthesia: a 
pilot study. Eur Rev Med Pharmacol Sci 2013; 17: 
2428-2432.

27)	 Jugovac I, Imas O, Hudetz AG. Supraspinal ane-
sthesia: behavioral and electroencephalographic 
effects of intracerebroventricularly infused pento-
barbital, propofol, fentanyl, and midazolam. Ane-
sthesiology 2006; 105: 764-778.

28)	 Konstantinidis I, Tsakiropoulou E, Iakovou I, Douvantzi 
A, Metaxas S. Anosmia after general anaesthesia: a 
case report. Anaesthesia 2009; 64: 1367-1370.

29)	 Dhanani NM, Jiang Y. Anosmia and hypogeusia as 
a complication of general anesthesia. J Clin Ane-
sth 2012; 24: 231-233.


