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Introduction 

Fall is a common case in patients after stroke. It is seen 14-

65% during hospitalization and 37-73% after discharge [1-

2]. The localization of the stroke, cognitive deficits (such as 

anosognosia, somatognosia, and neglect), visual 

disturbances, sedative or psychotropic medications increase 

the risk of falls in patients with stroke [3-4]. In addition, 

balance and mobility problems, need for support for self-

care, depression, and history of previous falls have also 

been found to be associated with falls in stroke patients [5]. 

Fear of falling is an important individual risk factor of 

falling for stroke patients apart from all other risk factors 

[6]. Fear of falling may be associated with falling 

concurrently with the onset of the stroke and post-stroke 

body change perceptions. Accompanying neglect and deep 

sensory impairment increase the fear of falling. Fear of 

falling in patients with stroke affects in a negative way the 

quality of life such as limitation of activity and functional 

independence. Besides, this situation increases the 

caregiver stress [7-10]. This study was aimed to investigate 

the factors affecting fear of falling that is one of the most 

important predictors of falling in patients with stroke and 

the aspects of the quality of life. 

Material and Methods 

Stroke patients under the physical therapy were included in 

the study. Demographic data (age, gender, marital status, 

the closeness of caregiver) of the patien  ts were recorded. 

The time and the type (hemorrhagic/ischemic) of stroke and 

the affected side (left/right) were recorded. In addition, the 

orthosis which was used by the patients (no orthosis/ foot-

ankle orthosis/ knee-foot-ankle orthosis etc.) and the 

support used for walking (canes, tripods, walkers, etc.) 

were recorded. This study was approved by the local ethical 

committee (Ankara Fizik Tedavi ve Rehabilitasyon Eğitim 

ve Araştırma Hastanesi Eğitim Planlama Kurulu protocol 

no: 838942379000-773.99-2638) and all participants were 

informed about the study then written consent form was 

taken.  

Fall Risk Assessment  

Patients were asked whether they fell after the stroke and 

answers were recorded. They were asked whether they 

experienced fear of falling and answers were recorded as 

yes or no. To assess the risk of falling, Itaki Fall Risk Scale 

was used. This scale comprises 19 risk factors which 

includes probability of the cause patient falls.  

Abstract 

Objective:  The present study aimed to investigate the factors that affects the fear of falling, also known basophobia, in 

patients with stroke and the aspects of life quality.  

Material and Methods: Stroke patients in the physical therapy were included in this study. Demographic data of the 

patients were recorded. Patients were asked whether they fell after the stroke and experienced fear of falling. Itaki Fall 

Risk Scale, Functional Ambulatory Categories, Functional Independence Measure, Beck Depression Inventory and 

Stroke Specific Quality of Life scale (SS-QoL) have been used. The data of the study were analyzed with SPSS 15 

package program. 

Results: This study was conducted on 102 patients with stroke. Of these, 36 (35.3%) patients were female with a mean 

age of 60.97. There was a fear of falling in 65 (63.7%) of the patients. 48 patients (47.1%) fell at least once after the 

stroke. Falls were significantly high with the ones who were experiencing fear of falling (p = 0.006). Fear of falling was 

significantly high in females, patients with ischemic stroke, elderly and the patients with coexistent systemic diseases (p 

<0.05). The total score and sub-units of SS-QoL was significantly low (p <0.05) in the group with the fear of falling. The 

depression score was significantly high in patients with fear of falling (p = 0.00). 

Conclusion: Fear of falling in patients with stroke negatively affects many sub-units of the quality of life-related to 

movement, participation, and mood. Thus, the classic rehabilitation program for patients with stroke should include 

falling prevention training. 

Keywords: Stroke, Quality of life, Fear of falling 
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Risk factors were categorized as major and minor which 1 

point was given to minor risk factors and 5 points were 

given to major risk factors. Two risk levels were 

determined over the calculated total score after the 

evaluation of risk factors. The total score of less than 5 is 

low risk and total score 5 or above is the high risk [11].  

Ambulatory and Functional Assessment  

Functional Ambulatory Categories (FAC) was used for 

assessing the level of ambulation. According to this; FAC 

0: No ambulation, FAC 1: While walking on a flat ground 

the patient does not need more support than manual support 

of one person so as not to fall yet the manual support is 

continuous, FAC 2: While walking on a flat ground the 

patient does not need more than one person's manual 

support so as not to fall yet, the form of support is 

continuous or intermittent touching, FAC 3: The patient can 

walk on flat ground without someone else's manual 

support, but for safety reasons, someone else is needed to 

lead the patient, FAC 4: The patient can walk 

independently on the flat ground, however, needs assistance 

with stairs and slopes, FAC 5: The patient is able to walk 

independently on flat ground as well as uneven surfaces 

[12].  

Functional Independence Measure (FIM) was used for 

assessing the functional status of the patients. Turkish 

validity and reliability research of FIM had been performed 

previously [13]. FIM is a scale that measures independence 

in 18 different activities and evaluates each activity in 

seven levels. Section 13 is for assessment of motor 

functions and section 5 is for cognitive functions. Each 

category is scored from 1 to 7. The total score is between 

18 and 126.  

Assessment of Depression  

Beck Depression Inventory (BDI) was used for assessing 

the depression status in patients. There are 21 questions in 

BDI. Each question is evaluated in four levels between 0 

and 3. The total score is obtained by collecting scores from 

each question. The total score is between 0-63 points. High 

scores indicate that depression is more severe [14].  

Quality of Life Assessment 

Stroke Specific Quality of Life scale (SS-QoL) is used for 

assessing the quality of life in stroke patients [15]. Turkish 

validity and reliability study had been performed previously 

[16]. This scale includes a total of 49 items in 12 areas 

(self-care, mobility, upper extremity function, language, 

vision, work, thinking, family roles, social roles, 

personality, mood, and energy). Each field has at least 3 

questions. Each item is evaluated with a Likert-type score 

ranging from 1 to 5, taking the last week into consideration. 

To calculate each field’s average score on the scale, the 

points are obtained from all the sections associated with 

one particular field are summed up and then divided by the 

number of sections which belong to that field. The total 

score of the scale (49-245) is calculated by summing up the 

scores of all fields and subsequently dividing the total score 

by 12. Higher scores refer to better function.  

 

Statistical Analysis 

The data of the study were analyzed with SPSS 15 package 

program. Descriptive statistics were expressed as 

mean±standard deviation or median (minimum-maximum). 

Chi-square test was used to compare two independent 

groups of qualitative data (gender, stroke type, stroke side, 

orthosis use, assistive device use, ambulatory group). The 

Shapiro-Wilkons test was used to investigate whether the 

distribution of continuous quantitative variables was close 

to normal. Student-t test was used if normal distribution 

assumption of quantitative data was provided and non-

parametric methods were used when normal distribution 

assumption was not provided. In this context, the Mann-

Whitney U test was used to compare the variables which is 

obtained by assessment in two independent groups. p <0.05 

was considered as statistically significant.  

Results 

Demographic data  

The study was conducted on 102 patients with stoke, 36 

patients were female (35.3%) and 66 (64.7%) were male, 

with a mean age of 60.97±10.81 (39-85 years). The 

demographic features of the patients are summarized in 

table 1. The elapsed time after the stroke is an average of 8 

(2-36) months. The characteristics of the strokes are 

summarized in table 2. There was a fear of falling in 65 

(63.7%) of the patients. 48 of the patients (47.1%) fell at 

least once after the stroke. Falls were significantly high 

with the ones who were experiencing fear of falling 

(p=0.006). In comparison of the group which had falling 

fear (10.7±4.24) and the group which did not have falling 

fear (7.1±4.08) in terms of falling risk, the risk of falling 

was significantly high (p=0.001) in the fear of falling 

positive group. Fear of falling was significantly high in 

females, ischemic stroke patients, elderly and the patients 

with coexistent systemic diseases (p <0.05). No relationship 

was found to be between marital status, side of the stroke, 

or elapsed time after the stroke (p>0.05). FIM score 

(p=0.012) and ambulation level (p = 0.000) were 

significantly low in the group who had fear of falling. 

While the use of an orthosis did not affect the fear of falling 

(p> 0.05), the use of an assistive device to walk 

significantly decreased the fear of falling (p = 0.012). 

However, there was no relationship between risk of falls 

and gender, stroke type and side, FIM and FAC scores (p> 

0.05). The score for SS-QoL was significantly low (p 

<0.05) in the group with the fear of falling. Energy, family 

roles, mobility, mood, personality, social role, thinking, 

work sub-units of SS-QoL was significantly low (p <0,05) 

(Table 3). A significant negative correlation was found 

between the total scores of qualities of life according to 

Itaki falling risk scale score (p=0.008, r=-0.261) and quality 

of life sub-units` scores which are summarized in Table 4. 

The depression score was significantly high in patients with 

fear of falling (p = 0.00) while, a significant weak positive 

correlation was found between the risk of falling and the 

depression score (p = 0.024 r = 0.224). 
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Table 1: Demographic features 

  n (%) 
Age  60.97 ±10.81 ( mean: 61 / 39-85) 

Gender 

 

Female 

Male 

36 (35.3) 

66 (64.7) 

Marital Status 

 

Married 

Single 

82 (80.4) 

20 (19.6) 

Primary caregiver 

 

None 

Spouse 

Daughter/Son 

Parent 

6 (5.9) 

57 (55.9) 

33 (32.4) 

6 (5.9) 

Number of people living at home   3.33±1.47 (mean: 3 / 1-9) 

 

Table 2: Features of Stroke 

  n (%) 
Side 

 

Right 

Left 

55 (53.9) 

47 (46.1) 

Type 

 

Ischemic 

Hemorrhagic 

76 (74.5) 

26 (25.5) 

Ambulation Level (FAS) 

 

1 

2 

3 

4 

5 

15 (14.7) 

17 (16.7) 

29 (28.4) 

24 (23.5) 

17 (16.7) 

Orthesis 

 

Yes 

 No 

38 (37.3) 

64 (62.7) 

Assisting Device 

 

Yes 

 No 

68 (66.7) 

34 (33.3) 

 

Table 3: The relation between fear of falling and quality of life 

 Total patient 

(mean ±SD) 

Fear of falling 

No 

Fear of falling  

Yes 

p 

Total Score 3.40±0.96 3.84±0.74 3.15±0.99 0.001 

Energy 3.50±1.24 4.11±0.91 3.15±1.27 0.001 

Family 3.72±1.19 4.19±0.84 3.46±1.28 0.02 

Language 3.60±1.50 3.71±1.41 3.54±1.55 0.582 

Mobility 2.92±1.14 3.47±1.02 2.61±1.10 0.001 

Mood 3.36±1.45 4±1.24 3±1.45 0.01 

Personality 3.44±1.42 4.05±1.17 3.10±1.44 0.01 

Self care 2.87±1.29 3.19±1.26 2.69±1.29 0.63 

Social role 3.22±1.42 3.81±1.16 2.89±1.46 0.01 

Thinking 3.59±1.32 4.20±1.01 3.25±1.35 0.001 

Upper Limb Function 2.72±1.39 2.95±1.30 2.59±1.42 0.22 

Sight 4.71±0.65 4.81±0.51 4.66±0.72 0.27 

Productivity 3.14±1.27 3.65±0.97 2.86±1.34 0.02 

 

Table 4: The relation between risk of falling and quality of life  

 p r 
Total score 0.008 -0.261 

Energy 0.002 -0.307 

Family 0.01 -0.313 

Language 0.144 0.144 

Mobility 0.006 -0.270 

Mood 0.006 -0.268 

Personality 0.78 -0.175 

 Self-care -0.195 0.50 

Social role 0.015 -0.241 

Thinking 0.003 -0.293 

Upper limb function 0.132 -0.150 

Sight 0.55 0.059 

Productivity 0.014 -0.242 
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Discussion 

Falling is an important problem after stroke, which affects 

both functionality and quality of life [1]. Also fear of 

falling is an important independent risk factor for falls, 

apart from all other coexistent reasons for falls [6]. In 

previous studies, the effect of fear of falling on the quality 

of life was investigated [7]. In this study, it was aimed to 

use a scale that is developed specifically for stroke patients, 

to evaluate the affecting part of the quality of life. Our 

findings demonstrated that fear of falling has a negative 

impact on many sub-units of quality of life like movement, 

participation and mood. 63.7% of the patients had fear of 

falling which were included in the study. In line with the 

the literature, it was observed that the fear of falling is 32-

54% in stroke patients [8, 17-19]. In one study which was 

conducted by Schmid and Ritmann (2007), evaluated the 

patients with stroke in the first 6 months, fear of falling and 

post-stroke falls and post-stroke body shift perception were 

found to be associated [8]. Likewise, in another study 

evaluating patients with subacute stroke, fear of falling was 

found to be associated with muscle strength in the lower 

extremities of patients [18]. In a study conducted in patients 

with chronic stroke, it is stated that half of the patients who 

fell at least once after discharge will experience fear of 

falling and it was emphasized that this condition will persist 

in the following years [19]. It was found to be a significant 

relationship between fears of falling and falls in this study. 

In addition, it was observed that the fear of falling is 

increased in females, ischemic strokes, advanced age, and 

coexisting systemic disease. Likewise, low ambulation 

level and low functional independence level were found to 

be associated with fear of falling. However, it did not detect 

any association with marital status, stroke side, and elapsed 

time after the stroke. Furthermore, it was found that the use 

of a hand support that helped to walk reduced the fear of 

falling while the use of the orthosis had no effect. Fear of 

falling affects the confidence of the individual's daily life 

activities negatively thus leads to a less active lifestyle and 

additional health problems such as muscle atrophy and 

muscle weakness, especially in the lower extremities 

[20,21]. There are many studies have showed that fear of 

falling affects the quality of life negatively for elderly 

population as well as for stroke patients [17, 20-25]. 

However, many systems (upper and/or lower extremity 

functions, language, cognitive functions, etc.) are affected 

together in stroke patients. For this reason, the use of 

special constructed scales to evaluate the quality of life in 

patients with stroke can help to better assessment of the 

quality of life and identify the problem comprehensively. In 

one research which was investigated the quality of life in 

stroke patients via scale, scale scores were found to be 

significantly low especially in the areas of energy, 

personality, thinking, personal care, work/productivity and 

social roles in patients who had a fear of falling, comparing 

to the healthy volunteers who did not have a fear of falling, 

furthermore, these patients experienced decreased 

performance satisfaction and increased anxiety [17]. In our 

study, it was clearly showed that the patients who had fear 

of falling have a loss in quality of life in fields of energy, 

mobility, work/productivity which are related with the loss 

of movement. Along with these, it was observed that fear of 

falling has an influence on sub-units such as family roles, 

mood, personality, social role, thinking. It was also 

detected that patients with fear of falling had higher 

depression scores.  

Conclusion 

In stroke rehabilitation; not only the improvement of loss 

on its own but also the improvement of the quality of life 

and increasing participation of the individual should be 

aimed. Fear of falling in stroke patients negatively affects 

many sub-units of the quality of life-related to movement, 

participation, and mood. Thus, the classic rehabilitation 

program for stroke patients should include falling 

prevention training. In addition, cognitive and emotional 

support to reduce the fear of falling should be placed into 

the program in order to increase the quality of life of 

individuals in the short and long term.  
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Introduction 

Enterococci are Gram–positive, catalase-negative, no 

spore-forming facultative anaerobic bacteria. They can 

survive in a wide range of temperature (5°C–65°C) and pH 

(4.5–10) as well as in the presence of 6.5% NaCl (1,2). 

Enterococci are part of the human gut microbiota. After 

gastrointestinal colonization, they can cause blood-stream 

infections, endocarditis, and intra-abdominal and pelvic 

infections in critically-ill patients (2,3) In recently, 

enterococci are the second most common cause of 

nosocomial wound and urinary tract infections and the third 

most common cause of nosocomial bacteremia. (1,4,5) The 

Enterococcus faecalis and E. faecium are most prevalent 

species in human diseases (1-4). 

Enterococci are intrinsically resistant to cephalosporins, 

sulfonamides, and low concentrations of aminoglycosides 

(6-8). In addition, acquired vancomycin and high-level 

aminoglycoside resistance limit the treatment options.  

 

 

However, enterococci have various virulence factors such 

as enterococcus surface protein and aggregation substance 

that enable adhesion to host, colonization, and biofilm 

formation (1-3,9). Furthermore, hyaluronidase, cytolysin, 

and gelatinase enzymes secreted by enterococci contribute 

to invasion by causing damage to the host tissue (4,8,9).  

Some of the genes encoding virulence factors are 

chromosomal origin, whereas others are subsequently 

acquired via plasmids (3,9). In this study, we aim to 

determine the frequency of antibiotic resistance and 

virulence genes in Enterococcus species and the 

relationship between antibiotic resistance and virulence 

factors. 

 

 

 

Abstract 

Objective: In this study, we aim to determine the frequency of antibiotic resistance and five virulence genes in 

Enterococcus species and the relationship between antibiotic resistance and virulence genes. 

Material and Methods: A total of 86 Enterococcus strains isolated from inpatients between 2015 and 2016 were 

included. Identification and antibiotic susceptibilities of strains were determined using a BD Phoenix fully automated 

system. The presence of virulence-associated genes (esp, gel E, asa1, hyl, and cyl) were investigated by using PCR 

method.  

Results: Of the 86 Enterococcus strains, 53 (61.6%) and 33 (38.4%) were Enterococcus faecium and Enterococcus 

faecalis, respectively. Vancomycin and high-level gentamicin resistance (HLGR) in E. faecalis strains were 0.6% and 

60.6%, respectively. Furthermore, 52 of the 53 E. faecium strains were both vancomycin-resistant and HLGR. The 

frequency of esp, gel E, asa1, cyl, and hyl was 91.9%, 60.5%, 54.7%, 43%, and 26.7%, respectively.  The asa 1, cyl, and 

gel E genes were detected at high frequencies in vancomycin-susceptible and non-HLGR strains, whereas hyl gene was 

detected at high frequencies in vancomycin-resistant and HLGR strains.  

Conclusion: Virulence genes were more frequent in vancomycin-susceptible and non-HLGR Enterococcus strains than 

in the resistant strains. Although infections caused by multidrug-resistant strains are difficult to treat, it should be 

considered that susceptible strains have more virulence genes. This may reduce the in vivo efficacy of drugs and lead to 

treatment failures. Therefore, in addition to the in vitro susceptibilities of drugs, clinical efficacy should be monitored.  

Key words: Antibiotic resistance, Enterococcus faecalis, Enterococcus faecium, virulence gene. 
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Material and Methods 

We included 86 Enterococcus strains isolated from rectal 

swabs and clinical samples of inpatients at Karabuk 

Training and Research Hospital between January 2015 and 

December 2016. The strains were stored in tryptic soy 

broth containing 10% glycerol at −25°C until molecular 

tests were performed. Only one strain from each patient 

was included. The ethical approval was obtained from the 

Non-interventional Clinical Research Ethics Board of 

Karabuk University (2016 13/3). 

Identification and antimicrobial susceptibility testing: 
Clinical samples sent to the microbiology laboratory were 

inoculated on Columbia agar supplemented with 5% sheep 

blood, eosin-methylene blue (EMB) agar, and chocolate 

agar, whereas rectal swabs were cultured only on 

Enterococcosel agar. [all, Becton Dickinson (BD) and 

Company Franklin Lakes, NJ, USA)]. Blood samples were 

collected in BD BACTEC Plus vials and incubated in 

Bactec FX 40 (BD, MD, USA) fully automated blood 

culture system for seven days.  The vials that were positive 

for bacterial growth were cultured on blood agar, EMB 

agar, and chocolate agar. After incubation for 24–48 h, 

Gram staining was performed on catalase−negative, 

pyrrolidinyl aminopeptidase−positive colonies. Colonies 

that were found to be Gram−positive cocci on microscopic 

examination were further analyzed for identification and 

antibiotic susceptibility using a BD Phoenix
TM

 (Becton 

Dickinson and Company BD, Sparks, MD, USA) fully 

automated system. Vancomycin resistance was also 

confirmed using gradient minimum inhibitory 

concentration (MIC) method with E-test strips (bioMérieux, 

Marcy-l'Étoile, France). Antibiotic susceptibility test results 

were evaluated according to the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST) guidelines 

(10). Enterococcus faecalis ATCC 29212 was used as the 

quality control strain. 

PCR detection of virulence genes: The stock cultures of 

Enterococcus strains were inoculated on 5% sheep blood 

agar. The pure bacterial culture was obtained after 24 hours 

of incubation. PCR analysis of each virulence gene was 

separately performed. The genomic DNA was isolated 

using the GF-1 Bacterial DNA extraction kit (Vivantis, 

Malaysia).  Previously defined primers were used for the 

detection of virulence genes and shown in  Table 1 (11-13). 

The Bioer TC 96 thermal cycler (Hangzhou Bioer, 

Zhejiang, China) was used for amplification. The 

amplification conditions were as follows: Initial 

denaturation for 5 min at 95°C; followed by 40 cycles of 

denaturation for 1 min at 95°C, annealing for 20 sec at 

56°C, extension for 20 sec at 72°C, and final extension for 

10 min at 72°C.    

The amplified products were separated by electrophoresis 

for1 h at 100 V in a 1.5 % agarose gel, on 1.5% agarose 

gel, using an EV231 (Consort, Belgium) device.  

 

 

 

 

Ethidium bromide-stained products were imaged using 

Syngene™ IG3 (Syngene, Cambridge, UK) gel DOC 

instrument under UV light. A 100-bp DNA ladder (New 

England Biolab, Ipswich, MA, USA) was used to compare 

the band size of each gene. Enterococcus faecalis MMH 

594, and Enterococcus faecium C68 were used as positive 

control strains [E. faecalis MMH 594 (esp, cyl, asa1 and 

gel E (+) ,E. faecium C68 hyl (+)].  

Statistical analysis: The data were analyzed using the 

Minitab 17 (Minitab, Inc., PA, USA) statistical software 

program. The Anderson Darling test was performed to 

determine whether the data were normally distributed. 

Descriptive statistics were shown as numbers and 

percentages. The correlation between virulence genes and 

antibiotic resistance of strains was calculated using Chi-

square test.  A  P- value ≤ .05 was considered statistically 

significant.  

Results 

The 86 Enterococcus species were obtained from rectal 

swab (n=41), blood (n=22), urine(n=19) and wound (n=4) 

samples. The 53 (61.6%) strains were E. faecium and, 33 

(38.4%) strains were E. faecalis. Moreover, 54 (62.8%) and 

72 (83.7%) strains were resistant to vancomycin and high-

levels of gentamicin, respectively. 

The frequency of vancomycin resistance and HLGR in E. 

faecalis were 0.6% (2/33) and 60.6% (20/33), respectively; 

52 (98.1%) of 53 E. faecium were vancomycin-resistant 

and HLGR. Of the 86 strains, 91.9 % (n=79) carried esp 

gene. This was followed by 60.5% gel E (n=52), 54.7% 

asa1 (n=47), 43% cyl (n=37) , and  26.7% hyl (n= 23). 

The distribution of virulence genes in Enterococcus species 

has been  shown in Table 2. The esp gene was detected 

in >90% strains in both species (P = .88).  

However, asa1, cyl, and gel E virulence genes were 

significantly more frequent in E. faecalis strains than in E. 

faecium strains (P < .001). Furthermore, 90.9% of E. 

faecalis strains carried asa1, whereas this rate was 32% for 

E. faecium strains (P < .001). Similarly, gel E was more 

frequent in E. faecalis strains, and the rates were 84.8% and 

45.3% in E. faecalis and E. faecium, respectively. In 

addition, cyl gene was detected in 78.8% of E. faecalis 

strains and 20.8% of E. faecium strains (P < .001). In 

contrast, hyl gene was significantly more frequent in E. 

faecium strains than in E. faecalis strains (39.6% vs. 6%, P 

< .001). 

The distribution of virulence genes in HLGR and non-

HLGR strains has been shown in Table 4. The hyl gene was 

significantly more frequent in HLGR strains, whereas asa1, 

cyl, and gel E genes were significantly more frequent in 

non-HLGR strains. 
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Table 1. Primer sequences used for the amplification of the target genes. 

Virulence factor Target gene Primer sequences  (5'-3') Amplicon size (bp) Reference 

Aggregation substance asa1 GCACGCTATTACGAACTATGA  375 [11] 

  TAAGAAAGAACATCACCACGA   

Gelatinase gel E CGA AGT TGG AAA AGG AGG C  372 [13] 

  GGT GAA GAA GTT ACT CTG A   

Enterococcal surface protein esp AGATTTCATCTTTGATTCTTGG  510 [11] 

  AATTGATTCTTTAGCATCTGG   

Hyaluronidase hyl CCCTGGACACATGAAATGCG  605 [12] 

  AGCATCGGCCGTTGATAGAC   

Cytolysin cyl ACTCGGGGATTGATAGGC  688 [11] 

  GCTGCTAAAGCTGCGCTT   

 

Table 2: Distribution of virulence genes among Enterococcus species (n %) 

Virulence gene  E. faecalis (n=33) E. faecium (n=53)       P-value 

asa1 30 (90.9) 17 (32.1) < .001 

cyl 26 (78.8) 11 (20.8) < .001 

esp 30 (90.9) 49 (92.5)    .88 

gel E 28 (84.8) 24 (45.3) < .001 

hyl 2(6.0) 21 (39.6) < .001 

 

Table 3: Distribution of virulence genes among *VRE and  **VSE enteroccal strains (n %) 

Virulence gene   VRE (n=54)  VSE (n=32) P-value 

 n % n %  

asa1  17 (32.1) 30 (90.9) < .001 

cyl 11 (20.8) 26 (78.8) < .001 

esp 50 (94.3) 29 (87.8)    .74 

gel E 24 (45.3) 28 (84.8) < .001 

hyl 21 (39.6) 2 (6.0) < .001 

*VRE: Vancomycin-resistant enterococcus. **VSE:Vancomycin-sensitive enterococcus.  

 

Table 4: Distribution of virulence genes among *HLGR and non HLGR enterococcal strains (n %) 

Virulence gene   HLGR (n=72)  non HLGR (n=14) P-value 

 n % n %  

asa1 34 (47.2) 13 (91.6) .002 

cyl 24 (33.3) 13 (91.6)  <.001 

esp 66 (91.7) 13 (91.6) .88 

gel E 40 (55.5) 12 (85.7) .02 

hyl 22 (30.6) 1 (7.1) .04 

*HLGR: High level gentamicin resistant 

 

 
Figure 1. a) Agarose gel electrophoresis images of gel E (372 bp) in Enterococcus strains.  Note: Nc: Negative control (ultrapure 

H2O).  Pc: Positive control (E. faecalis MMH 594) M:100 bp DNA Ladder (New England Biolabs, USA) b) Agarose gel 

electrophoresis images of hyl (605 bp) in Enterococcus strains. Note: Nc: Negative control (ultrapure H2O).  Pc: Positive control (E. 

faecium C68) M:100 bp DNA Ladder (Product code :N3231S, New England Biolabs, USA)   
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Discussion 

Although enterococci are members of the normal human 

intestinal flora, they cause severe infections such as sepsis, 

endocarditis, and intra-abdominal abscess following 

gastrointestinal colonization in patients hospitalized for a 

long time, exposed to invasive intervention, and those using 

broad-spectrum antibiotics (2,3,6,7). Enterococcus faecalis 

is the most frequently isolated species in clinical 

specimens, and a high level of antibiotic resistance is 

common in E. faecium strains (2,7,14) 

In the present study, 53 (61.6%) and 33 (38.4%) of the 86 

Enterococcus strains were identified as E. faecium and E. 

faecalis, respectively. The majority of clinical isolates of E. 

faecalis and E. faecium strains were vancomycin-resistant 

that were isolated from the rectal swabs (n = 41). 

Vancomycin resistance and HLGR were 62.7% and 83.7% 

in E. faecium strains and 0.6% and 60.6% in E. faecalis 

strains, respectively. Consistent with our results, several 

studies from Turkey have also reported higher rates of 

vancomycin resistance and HLGR in E. faecium strains 

(15-17). 

 The esp was the most frequently virulence gene encoding 

the enterococcal surface protein. In 1999, the enterococcal 

surface protein was first identified in gentamicin resistant 

E. faecalis species (18). The esp gene secreted from the 

pathogenicity islands of both E. faecalis and E. faecium 

(1,3,18). It is associated with adhesion, invasion, and 

evasion (9,19). In addition, it contributes to biofilm 

formation. Biofilm formation is closely-associated with the 

development of endocarditis and urinary tract infection 

(1,9,19). 

In the present study, esp was detected in 90.9% and 92.5% 

of E. faecalis and E. faecium strains, respectively (P = 0.8).  

Studies conducted in Turkey have reported esp frequencies 

of 25.6%–87% (15-17,20-22). The high frequency of esp, 

might be due to regional differences and the collection date 

of the strains. In enterococci isolates, the acquisition of 

virulence genes increases in time parallel to the increase in 

antibiotic resistance. The prevalence of esp gene reported in 

other countries were 46.6% in Iran, 76% in Brazil, 81.5% 

in Australia, and 100% in Trinidad (23-26). Vankerckoven 

et al. reported that the frequency of esp gene was 65% in 

271 E. faecium isolates collected from European countries 

(11). Udo et al. reported a lower rate (31.5%) in 466 E. 

faecalis isolates collected from eight hospitals in Kuwait 

(19). Oancea et al. reported that esp gene is transferred 

among the enterococcal species via the conjugative plasmid 

in vitro (27). We detected esp gene in >90% strains in both 

species, supporting this finding.  

In the present study, gel E gene was the second most 

common virulence gene (60.5%).  The gel E is of 

chromosomal origin and encodes gelatinase, also known as 

a metalloprotease that hydrolyze small peptides such as 

collagen, elastin, and casein. Thus, it provides nutrients to 

the bacteria and contributes to invasion (1-3). In this study, 

the frequency of gel E gene was 84.8% in E. faecalis and 

45.3% in E. faecium strains (P: 0.000). Similarly, Al Taib 

et al. detected gel E in 76.5% and 66.7% of E. faecalis and 

E. faecium strains, respectively, isolated in Malaysia (13). 

The frequency of gel E gene is between 0% and 22.8% in 

studies conducted in Turkey (15-17,21). However, a higher 

frequency (0%–78%) is reported in studies around the 

world (13,19,24,25). The gel E gene among representative 

strains is shown in Figure 1. 

In the current study, asa1 gene, encoding the aggregation 

substance, was the third most common virulence gene with 

a frequency of 54.7%. Aggregation substance is a 

glycoprotein expressed on the surface of E. faecalis. It 

provides contact between cells during adherence to 

eukaryotic cells and conjugation. It increases the adhesion 

of enterococci to the surfaces of neutrophils, endocardial 

and, renal epithelial cells (2,3,9).  Besides, it increases the 

hydrophobicity of the enterococcal surface and enables 

escape from the immune system by preventing the fusion of 

lysosomal vesicle and phagosome (3,11,19). 

 The asa1 gene was found to be significantly more frequent 

in E. faecalis strains than in E. faecium strains (90.9% vs. 

32.1%, respectively, P = 0.000). Similarly, Baylan et al. 

(20) and Coşkun (16) from Turkey also detected asa1 gene 

in E. faecalis strains at significantly higher rates. In a study 

conducted in Iran, Hasani et al. reported the prevalence of 

asa1 as 92.4% in E. faecalis and 7.6% in E. faecium (28). In 

the present study, asa1 was significantly more frequent in 

vancomycin-susceptible strains than vancomycin-resistant 

strains (90.9% vs. 32%, respectively, P = 0.00). This can be 

attributed to the fact that vancomycin-susceptible strains 

are mostly E. faecalis and vancomycin-resistant strains are 

mostly E. faecium. Mete et al. did not detect asa1 in 

vancomycin-resistant strains (15).  The asa1 was 

significantly more frequent in non-HLGR strains than in 

HLGR strains (91.6% vs. 47.2%, respectively, P = 0.002). 

In contrast, Al Hasan et al. found asa1 at similar rates in 

HLGR (54.1%) and non-HLGR strains (52.8%) in 220 

enterococcal isolates in Iran (28). The frequency of asa1 in 

enterococcal strains of human origin is between 11.2% and 

45% in Turkey (15-17,20). In other studies, asa1 frequency 

was reported to be 38% in Brazil, 54.3% in Iran, 79% in 

Sweden, and 100% in China (4,24,29,30). In a study 

conducted in Australia, Worth et al. did not detect asa1 

gene in vancomycin-resistant E. faecium strains (25). 

Cytolysin is a toxin whose expression is under the control 

of eight genes defined as cyl  (15,19). Cytolysin is 

hemolysis in the human, rabbit, and horse erythrocytes. 

However, it is not active against to sheep erythrocytes 

(1,3,15). Moreover, it is a bacteriocin that shows 

bactericidal effect against many Gram-positive bacteria. 

Cyl has a lytic effect in retinal and intestinal cells as well as 

macrophages and neutrophils (1,3). The cyl genes are 

transmitted via plasmids (3). However, cyl genes can also 

be found in the pathogenicity islands integrated into the 

bacterial chromosome (3,15). In the present study, the 

frequency of cyl gene was 78.8% in E. faecalis strains and 

only 20.8% in E. faecium strains (P = 0.000). Additionally, 

the frequency of cyl gene was extremely high in 

vancomycin-susceptible and non-HLGR strains. The 

frequency of cyl gene was reported to be 6.9%–33.2% in 

Turkey (15-17), 13% in Sweden (29), and 30.4% in Iran 

(4). 
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 The hyl gene encoding the hyaluronidase enzyme is found 

especially in E. faecium species and causes tissue damage 

by degrading the hyaluronic acid (3). Furthermore, 

disaccharides formed as a result of hyaluronic acid 

degradation may be a source of food in bacteria. (3,12,19) 

In the present study, we detected hyl gene at a frequency of 

26.7%. The hyl gene among representative strains has been 

shown in Figure 1. This frequency was 39.6% in E. faecium 

strains and 6% in E. faecalis strains (P = 0.000). Coşkun 

(16) and Çopur et al. (17) reported the frequency of hyl 

gene as 8.7% and 12.9% in Turkey. On the other hand, 

Gozalan et al. did not detect hyl gene in any of the 55 

vancomycin-resistant E. faecium isolates (21). In other 

studies, hyl gene frequency was reported to be 2.4% in 

Australia (25), 27.5% in China (30), and 35.4% in Iran 

(12). Bilström et al. reported a frequency of 4% in 267 E. 

faecium isolates in Sweden (8). 

There are some limitations of the study. The study was 

conducted at a single center and had a small sample size. 

Furthermore, vancomycin-resistance genes were not 

investigated using molecular methods.   

Conclusion 

We detected esp gene in >90% Enterococcus species. The 

asa1, cyl, and gel E genes were significantly more frequent 

in E. faecalis strains, whereas hyl gene was significantly 

more frequent in E. faecium strains. Vancomycin resistance 

and HLGR were lower in E. faecalis strains, but virulence 

genes (except hyl) were more common. All virulence genes 

(except hyl) studied in vancomycin-susceptible and non-

HLGR strains were more frequent than those in 

vancomycin-resistant and HLGR strains. The limited of 

treatment options for multidrug-resistant enterococci 

infections is a great concern. Vancomycin -susceptible and 

non-HLGR strains have multiple virulence factors, which 

may reduce the in vivo efficacy of antibiotics, leading to 

treatment failures. Therefore, clinical efficacy as well as in 

vitro efficacy of antibiotics used in the treatment of 

enterococcal infections should be monitored.  
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Introduction 

Idiopathic sudden sensorineural hearing loss (ISSHL) is a 

sudden decrease in sensorineural hearing sensitivity of 

unknown etiology (1, 2).  For ISSHL, hearing impairment 

may range from 30 dB at three frequencies to 120 dB losses 

at higher frequencies (3). ISSHL is diagnosed when an 

audiometry approves 30 decibel (dB) hearing loss at three 

consecutive frequencies and no underlying condition has 

been detected (3). Several theories explaining ISSHL have 

been recommended, including viral infection (4), vascular 

occlusion, and breakage of the labyrinth membranes, 

immune-mediated mechanisms, and abnormal cellular 

stress responses within the cochlea. However, none of these 

hypotheses has been convincingly proven (5). For smaller 

losses, natural route may be favorable due to limited repair 

capacity of cochleas; however, the chance of full recovery 

in deep cases is quite low (6).  

The treatment of patients with ISSHL continues to vary 

between autological centers. There is no universally 

accepted standard protocol. The currently accepted 

treatment for ISSHL is the use of systemic steroids (7), 

despite the result of the Cochrane meta-analysis, which 

claims that the efficacy of steroids remains unproven in the 

treatment of ISSHL (8).  

 

 

Intra-tympanic steroid injection and hyperbaric oxygen 

therapy are also used in combination with oral steroid 

therapy or alone, in many otology clinics for different 

treatment methods of ISSHL (9). 

Possible side effects of systemic steroids limit its use in 

treatment in some cases. In 2000, intra-tympanic 

administration of steroid directly into the middle ear began 

to be used in the treatment of ISSHL. In this method; since 

it is delivered directly to the middle ear by trans-tympanic 

and transmitted to the inner ear through a round window, 

the steroid concentration in the perilymph can reach higher 

levels than in systemic use and may be of greater benefit 

(10,11,12,13,14).  

The cochlea is an organ with impressive activity; therefore, 

it is always dependent on adequate oxygen levels in the 

blood (15). However, due to the protected position of the 

cochlea in the temporal bone, blood supply is limited (16). 

One of the possible mechanisms that play a role in ISSHL 

is of vascular origin: oxygen deficiency. This vascular 

etiology was defined by Ruben et al. i  n ISSHL (17). Some 

authors have also found a vascular etiology for sudden 

deafness (18,19,20,21,22). Hyperbaric oxygen treatment 

(HBOT) can increase the oxygen load to the cochlea by 

eliminating hypoxia (23). 

Abstract 

Objective: In this study, we retrospectively evaluated the effects of treatment modalities on healing in patients 

diagnosed with idiopathic sudden sensorineural hearing loss. 

Material and Method: In this study, we retrospectively reviewed the records of 65 patients diagnosed with idiopathic 

sudden sensorineural hearing loss and treated as inpatients. The treatment modalities applied to the patients were 

determined randomly.   

Results: The effect of intra-tympanic steroid and / or hyperbaric oxygen therapy in addition to intravenous steroid on 

500, 1000, 2000 and 4000 Hz frequencies and improvement in bone conduction was not statistically significant. 

Conclusion: Although intra-tympanic steroid or hyperbaric oxygen therapy in addition to intravenous steroid therapy, 

which is the standard treatment of idiopathic sudden sensorineural hearing loss, does not increase the rate of 

improvement and speed, it may help to reduce the undesirable effects of the steroid dose. 

Key Words: Idiopathic sudden sensorineural hearing loss, intravenous steroid, intra-tympanic   steroid, hyperbaric 

oxygen treatment 
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In recently, HBOT has been used for ISSHL; however, due 

to the lack of randomized controlled trials, the role of 

HBOT in the treatment protocol for acute hearing loss 

remains unclear (23). 

In this study, we aimed to compare the efficacy of intra-

tympanic steroid or HBOT in addition to intravenous 

steroid and intravenous steroid in patients hospitalized in 

our clinic. 

Material and Methods 

The study was approved by the local Ethics Committee and 

carried out in accordance with the ethical principles 

described by the Helsinki Declaration (2019.10.2.04.077). 

This study; the patient presented to our clinic within the 

first 10 days after the onset of his complaints, between 

January 2017- December 2019. The diagnosis of ISSHL 

was made by audiometric examination and hospitalized and 

treated. The records of 65 patients without tumor diseases 

were retrospectively reviewed. Diabetic patients, 

concomitant disease with contraindicated steroid treatment, 

bilateral sudden hearing loss, patients with hearing loss 

from the onset of treatment more than 10 days were 

excluded from the study. 

Routine examinations for patients and investigations (blood 

tests, pure tone audiogram, speech audiometry, acoustic 

impedance and radiological imaging examinations). 

Included in the study the patients age, gender, risk factors, 

hearing loss presence of concomitant tinnitus and / or 

vertigo; and treatments were evaluated. 

The choice of treatment applied to patients; patients which 

referred to the clinic and the start of treatment randomly 

determined by day. Patients were divided into three groups: 

systemic steroid therapy group, steroid therapy and intra-

tympanic steroid therapy group and hyperbaric oxygen 

therapy and systemic steroid treatment group.  

All patients received intravenous steroid ( 1mg/kg 

metilprenisolone) treatment. In addition to intravenous 

steroid treatment, 10 patients received 1cc intra-tympanic 

steroid treatment (1 cc metilprednisolone) once a day for 5 

days. In addition to intravenous steroid treatment, the 

number of patients receiving HBOT in 20 sessions was 14. 

Hearing tests were performed by the same audiologist. In 

pure tone audiometry, pure tone thresholds were examined 

at 500-1000-2000-4000 Hertz (Hz) frequencies. 

 

 

 

 

 

 

 

 

 

In audiological examinations before and after treatment, the 

threshold frequency of 500, 1000, 2000 and 4000 and the 

resulting SSO changes were found in all three groups. 

These differences were also analyzed according to factors 

such as age, sex, vertigo, tinnitus, time to start treatment.  

Statistical Analyses: Mean, standart deviation, median, 

minimum and maximum values were given for the 

statistical definition of the groups. In comparison of groups, 

Independent t-test, a parametric test, was used for variables 

with normal distribution. For the variables that do not show 

normal distribution, the Mann-Whitney U test, which is an 

anti-parametric Independent t-test, was used. The 

significance of the difference between the groups was 

evaluated at p <0.05.  

Results 

The mean age of the intravenous steroid group, intravenous 

steroid+intra-tympanic steroid group and intravenous 

steroid+hyperbaric oxygen treatment group were 44.07± 

12.13, 52.18± 18.01 and 39.5±18.45, respectively. There 

was no difference between the three groups in terms of age, 

sex, time to sudden onset of hearing loss (Table 1). When 

tinnitus and dizziness were questioned, there was no 

significant difference between the groups (Table 2). 

Bone pathway improvement was observed in audiometric 

tests in all treatment groups compared to pretreatment, and 

a statistically significant difference was observed (Table 3). 

500, 1000, 2000 and 4000 Hz frequencies separately 

examined bone pathway improvement intravenous steroid 

and intravenous steroid + hyperbaric O2 treatment were 

statistically significant compared to pre - treatment. 

Intravenous steroid + intra-tympanic steroid treatment areas 

only bone at a frequency of 2000 Hz pathway was not 

statistically significant, but it was statistically significant at 

other frequencies (Table 3). 

Bone path thresholds; In 41 patients receiving intravenous 

steroid therapy, a mean improvement of 17.68 dB; 

intravenous steroid + intra-tympanic steroid treatment in 10 

patients, mean 17.63 dB improvement; intravenous steroid 

+ HBOT in 14 patients, mean 16.52 dB improvement was 

seen. There was no significant difference between the three 

treatment groups in terms of improvement in bone pathway 

(Table-4). 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Evaluation of the groups in terms of age, sex and time to sudden onset of hearing loss 

 IV steroid group  

(n:41) 

 IVsteroid+Intra-tympanic  

steroid group  (n:10) 

IVsteroid+Hyperbaric                

oxygen group (n:14) 

p 

Age 44,07± 12,13      52,18± 18,01     39,5±18,45 0,111 

Sex  Male 19     46,34%      5    50,00%     8 57,14% 0,783 

         Female 22     53,66%      5    50,00%     6 42,86% 

Time to sudden onset 

of hearing  loss 

3,39±2,11 4,2±2,53 5±4,9 0,208 
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Discussion 

Successful treatment of a disease depends on the 

underlying cause of etiopathogenesis. Although there are 

many hypotheses about the causes of ISSHL, it is still 

unclear at present (24). In the study conducted by Chau et 

al., 71% idiopathic, 13% infection, 5% primary otologic 

events, 4% trauma, 3% vascular and hematologic, 2% 

neoplastic and 2% other causes were detected in the 

etiology (25).  

In the treatment of ISSHL; many different treatment 

methods are used such as steroids, antivirals, vitamins, 

antioxidants, vasodilators, heparin, HBOT and intra-

tympanic steroids. Systemic steroid therapy is the most 

frequently used and accepted treatment for sudden hearing 

loss (25,26).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In sudden hearing loss, the inflammatory response occurs 

as part of pathophysiology and therefore it is considered 

necessary to stop the inflammatory response (9). In the 

treatment of ISSHL, the study on the use of corticosteroids 

was conducted by Wilson and his colleagues, and according 

to the group used in the placebo, improvement in the 

corticosteroid group was statistically significant (27). 

Moskowitz and Cole have also reported that systemic 

steroid use is successful in the detection of ISSHL (28,29). 

In our study, the improvement was statistically significant 

in the group where we used intravenous steroids.   

Inflammatory response plays a role in the pathophysiology 

of sudden hearing loss (9). Therefore, it is necessary to stop 

the inflammatory reaction.  

Table 2: Accompanying symptoms and affected ear 

 IV steroid 

group (n:41) 

IVsteroid+Intra-tympanic 

steroid group  (n:10) 

IVsteroid+Hyperbaric               

oxygen group (n:14) 

p 

Tinnitus No 3 7,32% 1 10,00% 1 7,14%  

 Yes 38        92,68% 9 90,00% 13 92,86% 0,956 

Dizziness No 31        75,61% 8 80,00% 9 64,29%  

 Yes 10        24,39% 2 20,00% 5 35,71% 0,630 

Side Right 23        56,10% 2 20,00% 5 35,71%  

 Left 18        43,90% 8 80,00% 9 64,29% 0,082 

 

Table 3: Bone pathway improvement was observed in audiometric tests in all treatment groups compared to 

pretreatment 

 

Table 4: Improvement rates according to average and speech frequencies in all groups 

 IV steroid  

group (n:41) 

IVsteroid+Intra-tympanic  

steroid group  (n:10) 

IVsteroid+Hyperbaric 

oxygen group (n:14) 

p 

Average improvement (dB) 17,68±16,31 17,63±18,42 16,52±19,82 0,976 

Improvement per frequency 500 17,2±16,17 19,5±18,78 13,93±21,68 0,738 

Improvement per frequency 1000 19,88±19,28 21±21,32 20±21,39 0,987 

Improvement per frequency 2000 18,9±21,05 13,5±21,22 18,21±19,96 0,763 

Improvement per frequency 4000 14,76±17,43 16,5±22,37 13,93±21,68 0,948 
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Corticosteroids increase oxygen consumption by 

mobilizing amino acids for gluconeogenesis. This reduces 

the partial oxygen pressure in the perilymph. This has shed 

light on the literature in the literature investigating the 

combined use of HBOT and corticosteroids. In the study of 

D'Aldin et al., combination therapy was found to be 

statistically more successful than the control group using 

only corticosteroids (30). Alimoglu et al. have achieved 

higher hearing gains in patients treated with combination 

therapy compared to monotherapies (31). In another study 

conducted by Capuano et al. reported that combination 

therapy with HBOT and intravenous corticosteroids had 

significantly higher mean gains at 0.5, 1, 2, and 4 kHz 

compared to both HBOT and intravenous corticosteroids as 

monotherapies in ISSHL patients (32). In our study, in the 

group where we administered intravenous steroid and 

HBOT, hearing gains were found to be statistically 

significant compared to the pre-treatment group. 

Intra-tympanic steroid therapy is recommended as a 

redemptive treatment in cases where it cannot be used in 

the literature due to side effects of systemic steroid therapy 

(1,7,14). It is also reported that intra-tympanic steroid 

administration will help reduce the dose of systemic 

steroids to be used (10). In the study conducted by Kargin 

Kaytez et al., the patient who administered intra-tympanic 

steroid therapy in combination with systemic steroids, only 

received systemic steroid therapy, and the recovery started 

earlier, but in the long term hearing there was no 

statistically significant difference between earnings (10). 

Bae et al. reported that they could not find a statistically 

significant difference in recovery between the group given 

by the intra-tympanic steroid in combination with systemic 

steroids and the group in which they gave a single systemic 

steroid (33). In their study, Battaglia et al. found 

improvement higher in the study where intra-tympanic 

steroids were combined with systemic steroids, but this 

difference was not statistically significant (34). In our 

study, the improvement in 2000 Hz frequencies was not 

statistically significant in the group where the intra-

timpanic steroid was given in combination with systemic 

steroids, and the improvement in other frequencies was 

statistically significant. In line with the literature, we could 

not find a statistically significant difference between the 

combined treatment group and the combined treatment 

group compared only to the group given systemic steroids. 

Cho et al. compared the group receiving systemic steroids 

and intra-tympanic steroids and the group receiving 

additional HBOT for this treatment, and the higher 

improvement in discrimination scores in the group 

receiving additional HBOT but did not detect this 

improvement at a statistically significant level in terms of 

hearing thresholds (35). In our study, we found no 

significant difference between the two groups, although the 

improvement in hearing thresholds was statistically 

significant in both treatment groups compared to pre-

treatment. Overall hearing improvement was higher for 

patients treated with HBOT and systemic steroids than 

those treated with only systemic steroids or systemic and 

intra-tympanic steroids. In our study, the rate of 

improvement between all three groups was not statistically 

significant. 

Conclusion 

In this study, we retrospectively examined the effect of 

intra-tympanic steroids and HBOT in addition to basic 

systemic steroid therapy. However, the differences between 

the numbers of groups led to a limitation in the statistical 

evaluation of our results. It is more appropriate to refresh 

this study with larger sample groups. 

Consequently, systemic steroid therapy is the main 

treatment for ISSHL. In addition to systemic steroid 

therapy, the addition of intra-tympanic steroids and/or 

HBOT may result in further improvements in hearing 

thresholds, although not statistically significant. It also 

reduces the likelihood of side effects by providing lower 

doses of systemic steroids.  
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Introduction 

The prediction of difficult airway remains the major 

troublesome of anesthesiology practice. Many bedside 

airway assessment tests are available in clinical practice but 

the sensitivity and specificity of these tests are not strong 

enough to predict the difficult airway (1). The difficult 

airway was defined as the experience of difficulty with face 

mask ventilation, difficulty with tracheal intubation, or both 

by a conventionally trained anesthesiologist (2). However, 

it’s subjective to determine the degree of difficulty. For this 

purpose, an intubation difficulty scale has been introduced 

to categorize the difficulty as easy, slightly and very 

difficult intubation in 1997 (3).  

Recently, point of care ultrasound has gained rapid 

popularity to visualize the airway structures (4-6).  

 

 

Sonographic measurements at the level of hyoid bone and 

thyrohyoid membrane levels demonstrated as a predictor 

for the distinction of difficult laryngoscopy (7). Mallampati 

score is widely used pre-anesthesia evaluation of airway 

difficulty in daily practice but this screening tool shows 

considerable inter-observer variation and is influenced by 

gagging, phonation and posture of the patient (8,9). 

Thyromental and sternomental distance are the 

anthropometric measurements to predict the difficult 

intubation but they were found to be poor single predictors 

of airway difficulty (10). Cormack-Lehane (grade1-4) 

classification was based on the direct laryngoscopic view of 

the anatomic features and strongly associated with the 

prediction of difficult intubation (grade3-4) (11).  

 

 

Abstract 

Objective: The ultrasound-guided interventions have gained widespread popularity in several aspects of anesthesia 

practice. In this study, we aimed to compare the preoperative evaluation tests and sonographic measurements of the 

upper airway for the prediction of a potentially difficult airway. 

Material and Methods: In this prospective observational study, we enrolled 136 adult patients undergoing elective 

surgery under general anesthesia. The Modified Mallampati classification, thyromental distance, sternomental distance, 

and Cormack-Lehane scores were recorded. Sonographic measurements included pre-epiglottic space (PES), the 

distance between the midpoints of vocal cords and epiglottis (EVC). The ratio was interpreted. Main outcome is to 

determine the sensitivity and specificity of the upper airway ultrasound for the prediction of a potentially difficult 

airway. 

Results: There was no statistically significant relationship between body mass index value and thyromental distance, 

Thyromental/Sternomental Ratio and PES/EVC ratio, Cormack-Lehane, Mallampati classification and 

thyromental/sternomental distance ratio (p>0.05). The sonographic measurements of airway have no significance to 

predict the difficult intubation and the comparison between PES, EVC and the PES/EVC ratio and assessment tests 

(Cormack-Lehane, Mallampati classification, thyromental and sternomental distances) was insignificant. The 

sternomental distance measurement was predictive for the difficult airway only in patients having body mass index more 

than 31.6 kg m-2. 

Conclusion: Ultrasound is a useful tool for identifying the upper airway prior to anesthesia but the validity for the 

prediction of difficult airway is not clear. By increasing the clinical experiences and further investigations, a greater 

insight into its use will be gained.  

Keywords: airway management; endotracheal intubation; laryngoscopy; ultrasonography 
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Rana et al. (12) demonstrated that the assessment of the 

pre-epiglottic space and the distance from the epiglottis to 

the midpoint of the distance between the vocal cords is a 

better predictor of Cormack-Lehane grading as compared to 

hyomental distance ratio. On the other hand, in another 

study it was concluded that the measurements do not 

correlate with Body Mass Index although they correlate 

with Mallampati score (13) .  

This present study was undertaken to compare the utility of 

sonographic measurements of pre-epiglottic space and the 

distance from the mid-point of the vocal cords to epiglottis 

to predict the difficult intubation comparing with Modified 

Mallampati classification, thyromental distance, 

sternomental distance, and Cormack-Lehane classification. 

Material and Methods 

This prospective observational study was conducted after 

approval of the Institutional Ethics Committee (Decision 

no: 2017/514/105/3) and written informed consent of all the 

participants, according to the Good Clinical Practice 

guidelines and the principles of the Declaration of Helsinki. 

We enrolled 136 patients over 18 years of age with 

American Society of Anesthesiology (ASA) physical status 

I-III who were scheduled to undergo elective surgery under 

general anesthesia conducted with endotracheal intubation 

in a tertiary training hospital. The patients were selected 

randomly from the operation lists of each operating room in 

a sequential order among the patients requiring the general 

endotracheal anesthesia. If the ordered patient refused to 

enroll in the study, following patient in the list was offered 

to participate. 

Exclusion criteria: Emergency surgery, patients with 

limited mouth, head and neck movement, patients with 

temporomandibular joint impairment, the history of 

previous head and neck surgery, fracture or tumors of 

maxillofacial region, patients requiring awake intubation, 

uncooperative patients, any cervical spine deformity, 

patients with severe arthritis, patients with prominent teeth 

deformities or lost and pregnant patients were excluded 

from study. 

According to institution protocol, an anesthesiologist 

conducted the preoperative assessment for ASA risk 

stratification by evaluation of laboratory findings, chest X-

ray and electrocardiography. All preoperative assessments 

have been performed by the anesthesiologists having at 

least 5 years experienceyears’ experience in anesthesia who 

were participated in this study.  

Airway assessment tests: The Modified Mallampati score 

(MMS) was specified in a sitting position with the patient’s 

head in a neutral position. The patient was asked to open 

her/his mouth as widely as possible, protrude the tongue 

out of her/his mouth as much as possible. The observer 

provided a score of I-IV according to the visibility of the 

soft palate, uvula and faucial pillars. The thyromental 

distance (TMD) was measured from the mental prominence 

to the thyroid cartilage while the patient’s neck was fully 

extended in a supine position. The sternomental distance 

(SMD) was measured from the suprasternal notch to 

mentum with the neck fully extended in the supine position. 

Ultrasound measurements: Ultrasound measurements 

were performed by the primary investigator and obtained 

by using a Sonoline Adara, Siemens ultrasound system. All 

measurements have been conducted in the supine position 

with the maximal head and neck extension. The ultrasound 

probe was placed in the submandibular area and rotated in 

the transverse plane from cephalad to caudad direction 

without changing the probe position. Epiglottis and 

posterior part of the vocal folds with arytenoids was 

visualized in one 2-dimensional view. Epiglottis visualized 

as hypoechoic curvilinear structure and its anterior border 

demonstrated a hyperechoic structure named pre-epiglottic 

space (PES). Vocal cords appeared as hyperechoic lateral 

V-shaped structure identified by the movement of two 

linear structures during breathing or phonation. The 

distance between the midpoints of vocal cords and 

epiglottis (E-VC) was measured. The ratio of PES to E-VC 

was estimated.  

After all measurements were completed, patients were 

premedicated with 0.05 mg kg-1 midazolam intravenously 

and transferred to the operating room. Standard monitoring 

recommended in ASA guideline has been employed to the 

patients and 100% oxygen has been administered before 

induction for a minimum of 3 minutes. Anesthesia was 

induced with 0.5 µg kg-1 fentanyl and 2-3 mg kg-1 

propofol intravenously. After checking the loss of 

consciousness and adequate mask ventilation, 0.6 mg kg-1 

rocuronium has been administered intravenously to 

facilitate the endotracheal intubation. For laryngoscopy, a 

re-usable metal Macintosh blade 3-4 was used depending 

on the patient’s body structure and patients were intubated 

by another anesthesiologist with more than 5 years of 

anesthesia experience blinded to the preoperative airway 

assessments. This anesthesiologist noted the Cormack-

Lehane classification according to the position of vocal 

cords without compressing the larynx. After insertion of the 

appropriate size of an endotracheal tube, the maintenance 

of anesthesia was provided depending on the clinical 

condition of the patient. Guide-wire was not attached to the 

endotracheal tubes to achieve standardization. If the 

intubation process was difficult, guide-wire was inserted 

into the endotracheal tube to facilitate the procedure.  

Data collection: Demographic characteristics of the 

patients including age, gender, height, weight, body mass 

index (BMI) and ASA physical status were recorded. 

Thyromental and sternomental distance were recorded for 

each patient. The ratio of thyromental to sternomental 

distance was estimated. Modified Mallampati score is 

graded from I to IV as follows; Grade I: faucial pillars, 

uvula, soft and hard palate visible; Grade II: uvula, soft and 

hard palate visible; Grade III: Only base of uvula visible; 

Grade IV: Only hard palate visible. Grade III and IV are 

predicted as difficult intubation. The patients with a 

thyromental distance less than 6-6.5 cm and sternomental 

distance ≤12.5 cm are pre-diagnosed as intubation 

difficulty. Cormack-Lehane classification including four 

grades (Grade I: full view of the glottis, Grade II: 

supraglottis not seen, Grade III: visible epiglottis, not the 

glottis, Grade IV: neither glottis nor epiglottis visible). 

Grade III and IV imply airway difficulty. Ultrasonographic 
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measurements of PES, E-VC, the calculation of PES E-VC 

ratio and the airway assessment test results were recorded 

in a sheet prepared for each patient. The primary outcome 

of this study was to determine the sensitivity and specificity 

of the upper airway ultrasound for the prediction of a 

potentially difficult airway. 

Statistical analysis: For statistical analysis, IBM SPSS 

Statistics (Version 22.0) was used. Continuous data were 

expressed as means ± standard deviation (SD); categorical 

data were expressed as numbers of occurrences (percents). 

Student-t test was used in the 2-group comparisons of the 

normally distributed parametric values. Mann-Whitney U 

test was used to decide the significance between 2-group 

comparisons not showing normal distribution. Correlation 

analysis was performed using the Pearson test in normally 

distributed data. Spearman rank correlation test was used to 

analyze the correlation between data not showing normal 

distribution. The level of statistical significance was 

p<0.05. 

In the sample size analysis based on 80% power and 95% 

confidence interval, the minimum sample size to be reached 

was 78 participants to detect a reasonable change in 

sensitivity and specificity. The sensitivity and specificity 

values for calculation were based on a previous study by 

Reddy et al. (14). 

Results 

The data of 136 patients were evaluated. None of the 

patients were excluded. Patient demographics are listed in 

Table 1. Ninety-two patients (67.6%) had short thyromental 

distance (≤ 6 cm). Forty-two patients (30.9%) have a 

sternomental distance of ≤12.5 cm. According to 

Mallampati classification, 107 patients had a score of 1-2 

(78.7%) and 29 had a score of 3-4 (21.3%). Cormack-

Lehane scores varied between 3-4 for 26 patients (19.1%) 

and 1-2 for 110 patients (80.9%). All study parameters 

were shown in Table 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the Cormack-Lehane scoring, the sensitivity (D) 

of detecting difficult intubation of thyromental distance test 

was 76.9%, specificity (S) was 34.5%, positive predictive 

value (PPD) was 21.7% with a negative predictive value 

(NPD) of 86.4%. Sternomental distance test identified the 

sensitivity (D) of 42.3%, the specificity (S) of 71.8%, the 

positive predictive value (PPD) of 26.2% and the negative 

predictive value (NPD) of 84%. There was no statistically 

significant relationship between Cormack-Lehane and 

Mallampati classification and TMM / SMM ratio (p>0.05). 

The Mallampati classification was able to detect difficult 

intubation in 7 of 26 difficult intubation cases, and difficult 

intubation in 22 of 110 easy intubations comparing to 

Cormack-Lehane scoring. The statistical sensitivity (D) of 

the Mallampati classification was 26.9%, the specificity (S) 

was 80%, the positive predictive value (PPD) was 24.1% 

and the negative predictive value (NPD) was 82.2% (Table 

3). 

There was an inverse, moderate (40.4%) and statistically 

significant relationship between BMI level and 

sternomental distance (p<0.0001). There was a similar, 

weak (29.2%) statistically significant relationship between 

BMI and Mallampati classification (p=0.001). There was a 

statistically significant relationship between BMI and 

Cormack-Lehane (20.7%, p=0.016). There was no 

statistically significant relationship between BMI value and 

thyromental distance, thyromental/sternomental ratio and 

PES/E-VC ratio (p>0.05) (Table 4). However, the mean 

BMI of Mallampati class 1-2 patients was 28.42 kg m-2 

and 32.42 kg m-2 for subjects with Mallampati class 3-

4(p=0,001). The BMI of the patients (31.6 kg m-2) with the 

sternomental distance of 12.5 cm or less was significantly 

higher than the BMI (28.02kg m-2) of 12.5 cm (p = 0.001).  

According to US measurements, there was no statistically 

significant difference between PES/EVC ratio and 

Cormack-Lehane, Mallampati classification, thyromental 

and sternomental distances (Table 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Patients’ characteristics 

Variables Results 
1
Age (years) 49.71±13.61 

1
Height (cm) 164.78±9.25 

1
Weight (kg) 78.89±16.34 

1
BMI (kg m

-2
) 29.13±6.04 

2
Gender Male/Female 59 (43.4)/77 (56.6) 

2
Comorbidity Yes/No 50(36.8)/86 (63.2) 

BMI: Body Mass Index . Data were expressed as  1 Mean±SD or  2 numbers (percentage) 
 

Table 2. The study parameters 

 Minimum Maximum Mean±SD 

Thyromental Distance (cm) 4 12 6.19±1.55 

SternomentalDistance (cm) 9 18 13.54±1.81 

Thyromental/Sternomental ratio 0.31 0.74 0.45±0.1 

MallampatiScore 1 4 1.94±0.72 

Cormack-Lehane 1 4 1.78±0.82 

Perepiglottic Space (PES) (mm) 4 20 10.19±3.53 

Epiglottis-Vocal Cord Distance (E-VC) (mm) 3 19 9.17±2.55 

PES/E-VC 0.33 28 1.39±2.35 
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Discussion 

In this study, we compared the role of ultrasonographic 

assessment of upper airway with the traditional three 

preoperative airway assessment tests including Modified 

Mallampati classification, thyromental distance, and 

sternomental distance. Our results showed that the 

sonographic evaluation of airway for the prediction of 

difficult intubation was not supportive of traditional 

assessment tests. Moreover, the Cormack-Lehane 

classification indicated no correlation with the sonographic 

measurements. The comparison between preoperative bed-

side assessment tests revealed that the sternomental 

distance predicted the difficult airway significantly in 

patients having body mass index over 31.6 kg m-2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The prediction of difficult airway is a challenging issue and 

the expectations from the assessment tests are to be highly 

sensitive and specific with minimal false positive and 

negative results (15). The reliability of these tests depends 

on the correct measurements and the optimization of inter-

observer variability. Seo at al. (16) studied 7 airway 

assessment test and estimated a total airway score (TAS) 

with the sum of all scores. They suggested that the TAS>6 

was a better method than using only one score for the 

prediction of difficult intubation.  

Thyromental distance (TMD) is a frequently used 

preoperative assessment test for the prediction of the 

difficult airway. However, the discussion about its 

sensitivity and specificity has been going on.  

Table 3. The correlations between Cormack-Lehane score and preoperative airway assessement tests 

Thyromental Distance (cm) r -0.252 

 

p 0.003* 

Sternomental Distance (cm) r -0.245 

 

p 0.004* 

Mallampati Classification r 0.157 

 

p 0.068 

Thyromental/Sternomental Ratio r -0.109 

 

p 0.205 
Spearman’s rho correlation test, *p<0.05; statistically significant 
 

Table 4. The correlation between BMI and study parameters 

ThyromentalDistance r -0.063 

 p 0.467 

SternomentalDistance r -0.404 

 p 0.000* 

Thyromental/Sternomental Ratio r 0.161 

 p 0.061 

MallampatiClassification r 0.292 

 p 0.001* 

PES/E-VC r -0.024 

 p 0.779 

Cormack-Lehane r 0.207 

 p 0.016* 
BMI: Body Mass Index, PES/E-VC: Perepiglottic Space/ Epiglottis-Vocal Cord Distance Pearson correlation coefficient *p<0.05; statistically 

significant 
 

 

Table 5. The correlations between PES/E-VC and airway assessment tests  

  PES/E-VC 

Cormack-Lehane r -0.006 

 p 0.948 

Mallampati Classification r -0.012 

 p 0.891 

Thyromental Distance r 0.034 

 p 0.697 

Sternomental Distance r 0.035 

 p 0.690 

Thyromental/Sternomental ratio r 0.003 

 p 0.971 
PES/E-VC: Perepiglottic Space/ Epiglottis-Vocal Cord Distance, Spearman’s rho correlation test 
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The accepted cut-off value is 6.5 cm but there are many 

contradictions about this value. Baker et al. (17) suggested 

that the cut off value of TMD ranged between 6 and 8 cm. 

In a similar study new score estimated by the ratio of the 

height of the patient to TMD showed better accuracy for 

the prediction of airway difficulty (18). Selvi et al (19) 

indicated that TMD measurement was not being the alone 

tool to predict the difficulty in intubation with the cut off 

value of 6.5 cm. The sensitivity of TMD has been 

found %10.5 in a large case study and the value of the 

positive and negative predictive values were 20% and 92% 

respectively (20).  

The sensitivity of TMD was 76.9%, specificity was 34.5%, 

the positive predicting value was 21.7% and the negative 

predicting value was 86.4% in our study. This result 

indicated that the TMD alone is not sensitive and specific 

for the prediction of the difficult airway with the cut of the 

value of 6.5 cm.  

Since it’s introduced to clinical practice, the Mallampati 

score has been widely used preoperative assessment test. 

However, its accuracy has been discussed in a previous 

meta-analysis due to large variation among studies (21). 

Controversially, a large meta-analysis had been indicated 

that bedside airway examination tests should be used with 

caution due to challenges in the literature but the 

Mallampati test had the highest sensitivity among all the 

screening tests (22).  

Acer et al. (23) suggested that the Mallampati itself was not 

sufficient to predict the difficult intubation so; conjunction 

with measurement of neck circumference should be used. 

Sternomental and thyromental distances together with neck 

length found more useful in preoperative assessment tests. 

In our study, the sensitivity of the Mallampati test was 

26.9%. The specificity was 80%, the positive predicting 

value was 24.1% and the negative predicting value was 

82.2% in our study. This indicated that the sensitivity and 

specificity of the Mallampati test were not strong enough to 

predict the airway difficulty. 

Sternomental distance (SMD) provides a rapid, simple and 

objective test to identify the difficult airway. The validity 

of this test increases when combined with the other bed-

side assessment tests (24).  Our results indicated that the 

sensitivity of 42.3%, the specificity of 71.8%, the positive 

predicting value of 26.2% and negative predicting value of 

84% in SMD assessments in our patient population for the 

prediction of the difficult intubation. 

Cormack-Lehane (C-L) classification is an invasive 

assessment test so, it’s not be used as a prediction method. 

The accuracy of this test is still a challenging issue. Selvi et 

al. (19) reported that 28 of 37 patients who were accepted 

as difficult intubation had been graded C-L classification 3 

and 4. The sensitivity and the specificity of C-L 

classification have been reported as 96.43 and 97.64% 

respectively. In our study, the number of the patient having 

C-L grade III and IV was 23 and 3 respectively. The 

correlation between preoperative screening tests and C-L 

classification revealed no significance.  

Due to non-invasive characteristics, the use of ultrasound 

(US) in operating rooms has been increasing. The usage of 

US for the assessment of airway structures gains popularity 

during the last years. The measurement of anterior neck 

soft tissue (ANS) thickness at the hyoid bone, thyrohyoid 

membrane, and anterior commissure levels were found as 

independent predictors of difficult laryngoscopy (6). 

Ultrasonographic measurement of ANS- vocal cords was 

found a potential predictor of difficult intubation. A value 

of 0.23 mm was shown to be more sensitive than the 

preoperative screening tests (MMS, TMD, SMD) (14). 

Gupta et al. (25) measured the distance from the epiglottis 

to the midpoint of the distance between vocal cords (E-

VC), the depth of the pre-epiglottic space (PES) and 

compared with C-L grade of the patient. They found a weak 

correlation with 87% sensitivity and 30% specificity to 

predict the airway difficulty. In a similar study, the ratio of 

PES to E-VC showed a weak correlation with the C-L 

grade (26). We measured the PES, E-VC distance and 

estimated the PES to E-VC ratio by ultrasound. The results 

showed a weak correlation with the preoperative 

assessment tests and C-L classification. Our results 

indicated that ultrasonographic measurements of airway 

were not an accurate tool for the prediction of difficult 

intubation before anesthesia.  

Limitations: The study group is not homogenous so the 

further comprehensive studies based on gender, age, body 

mass index, ASA physical status may give more revealing 

results. The evaluation of the presence of co-existing 

disease, the anatomical differences between patients in 

respect of head, neck and dental status may change the 

measurements.  The number of patients C-L grade III and 

IV was limited in our study. The more patients having high 

graded C-L classification may change the statistical results.  

Conclusion 

The prediction of difficult airway is still one of the main 

topics of anesthesia practice and the researches to find the 

most accurate assessment tool has been going on. The 

evaluation of upper airway with US is a promising issue 

and the further investigations on this area will encourage 

the clinicians to use US in daily anesthesia practice for the 

prediction of difficult airway. 
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Introduction 

Lung cancer (LC) is the leading cause of cancer-related 

deaths worldwide (1). Histologically LC is classified 

primarily as small cell (15%) and non-small cell 

carcinomas (85%), whereas non-small cell lung cancers 

(NSCLC) are divided into two main groups as 

adenocarcinoma and squamous cell carcinoma (2). NSCLC, 

which accounts for the majority of LC, generally diagnosed 

in the advanced stage, while the 5-year survival rate is still 

low, around 16% (3). Unfortunately, the 5-year survival 

rate of stage IV patients treated with classical cytotoxic 

chemotherapy is <5% (3). However, it has been determined 

that this rate has increased to 15-25% by using targeted and 

immunotherapy agents (4-5). 

Targeted therapies in LC have initiated with the detection 

of driver mutations such as EGFR, ALK, ROS1 over a 

decade ago.  

 

EGFR mutation is detected by 15-25% (more than 50% in 

Asian race), ALK mutation is around 2-6% and ROS1 

mutation is around 1% by conventional methods such as 

Real time Polymerase chain reaction (PCR), fluorescence 

in situ hybridization (FISH), or Sanger sequencing (SS). 

Anti-EGFR, such as gefitinib, afatinib, erlotinib and 

osimertinib, anti-ALK therapies such as crizotinib, alectinib, 

brigatinib, lorlatinib provided both the advantage of 

progression-free survival (PFS) and overall survival (OS) 

compared to cytotoxic chemotherapy in advanced LC (6). 

In addition, due to oral administration, more manageable 

side effect profile, and rapid response, targeted agents have 

been superior to chemotherapeutics (7). Therefore, all 

updated guidelines such as the College of American 

Pathologists (CAP), International Association for the Study 

of Lung Cancer (IASLC), and the Association for 

Molecular Pathology (AMP) require mutation analyses of 

Abstract 

Objective:  In Lung cancer (LC), which is one of the most deadly cancers, longer survival has been achieved with 

targeted agents. For this reason, it is important to find the patients who are suitable for targeted therapies. Next-

generation sequencing (NGS) is a method that allows multiple genetic variants to be detected simultaneously by 

performing massive parallel DNA sequencing at the same time. We wanted to reveal the clinical effects and benefits of 

genetic variant analysis with NGS for our patients. 

Material and Methods: Patients with stage IV non-squamous and not otherwise specified (NOS) non-small cell LC 

who underwent genetic variant analysis with NGS were included in the study, retrospectively. 

Results: Total of the 51 patients, 41 (80.4%) were male and the median age was 64 (35-85) years. According to TNM, 

21 (41.2%) patients were stage 4A, 30 (58.8%) patients were stage 4B and 39 (76.5%) patients had adenocarcinoma and 

12 (23.5%) had NOS histology. NGS analyzes were performed in median 14 days (8-43) and determined 24 pathogenic 

variants in 17 (%25) patients: 9EGFR (%17,6), 6PIKC3A (%11,7), 5KRAS (%9,8), 2PTEN (%3,9), 1BRAF (%1,9), 

1MET (%1,6) (7 of them concomitantly). Cytotoxic chemotherapy was recommended in 41, anti-EGFR agents in 8 

(afatinib in 4, erlotinib in 4 patients) patients and anti-BRAF+MEK inhibitor agent (dabrafenib+trametinib) in 1 patient. 

Conclusion: With the NGS, in just two weeks, both target and resistance genetic variants of our patients were detected 

at the same time and individualized treatments were applied. In this way, both time and cost were saved. 

Key words: Lung neoplasm, DNA Mutational Analysis, DNA Sequence Analysis, ErbB Receptors. 
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EGFR, ALK and ROS1 to all advanced non-squamous 

(adenocarcinoma, large cell carcinoma) and not otherwise 

specified (NOS) NSCLC (category 1). And they also 

recommended to detect mutations such as MET, RET, 

HER2, BRAF in a low level of evidence and to use targeted 

agents in appropriate patients (8). In spite of this 

information, it is now a known fact that detection of a 

mutation in step by step procedure by conventional 

methods such as FISH or SS causes both time and material 

wasting (9). Recently, with the completion of the cancer 

genome atlas project (TCGA), next generation sequencing 

method (NGS) has discovered. The most important 

advantage of this method over conventional methods is that 

it can perform multiple sequencing at the same time 

(massive parallel sequencing). Thus, more genetic variants 

can be detected at the same time, cheaper and faster. In 

addition, it enables the detection of variants using both 

tissue and liquid biopsies, thus reducing invasive 

interventions and also allowing the detection of genetic 

variants that are resistant to targeted agents (10). 

In this study, we aimed to present the NGS results of our 

patients with advanced lung cancer and to show the effect 

of these results on our patient management. 

Material and Methods 

A total of fifty-one patients who were diagnosed as stage 4 

non-squamous and NOS NSCLC between November 2018 

and November 2019 at Atatürk University Medical 

Oncology and who underwent genetic variant analysis 

using NGS method were included in our study 

retrospectively. 

Ethics committee approval was obtained from the ethics 

committee of Erzurum Ataturk University. All the 

procedures were performed according to the 1964 Helsinki 

declaration.  

Sample and DNA Isolation 

FFPE tumor specimens and liquid biopsy materials were 

collected from lung cancer patients referred to the medical 

genetics clinic. All patients had a clinical indication for 

molecular testing and were informed about the purpose of 

the molecular analysis by the treating physician. 

DNA was isolated using the GeneRead™ DNA FFPE Kit 

(QIAGEN GmbH, Hilden, Germany) according to the 

manufacturer’s protocol. The nucleic acid concentration 

was measured with the Qubit dsDNA HS Assay kits on the 

Qubit 2.0 Fluorometer (Thermo Fisher Scientific). 

GeneReader Assay and Sequencing 

In total, 40 ng of each DNA sample was used as a template 

for the QIAGEN GeneRead QIAact Lung DNA Panel 

UMI Kit according to the manufacturer’s instructions. The 

GeneRead QIAact Lung DNA UMI Panel is designed to 

enrich specific target regions in select genes (AKT1, ALK, 

BRAF, DDR2, EGFR, ERBB2/HER2, ESR1, FGFR1, KIT, 

KRAS, MAP2K1, MET, NRAS, NTRK1, PDGFRA, PIK3CA, 

PTEN, RICTOR, ROS1). The amplicons in the panel cover 

multiple exons in 19 genes. -*Libraries were prepared using 

the QIAGEN GeneRead DNA Library Kit and an 

automated protocol on a QIAcube. PCR-enriched DNA and 

GeneRead libraries were qualified and quantified using a 

QIAGEN QIAxcel Advanced System. Emulsion PCR and 

bead enrichment steps were carried out using the GeneRead 

Clonal Amp Q Kit on a GeneRead QIAcube. Following 

clonal amplification, amplicon libraries were sequenced 

using the QIAGEN GeneRead Sequencing Q Kit and after 

an upgrade during the testing period, the GeneRead 

Advanced Sequencing Q Add-On on a GeneReader 

instrument (all protocols available 

on http://www.qiagen.com). QIAGEN Clinical Insight 

Analyze (QCI-A) software performed the secondary 

analysis of FASTQ reads generated by the GeneReader. 

Variants were imported into the QCI-interpret (QCI-I) web 

interface for data interpretation and report generation. 

Results 

Total of the 51 patients included in the study, 41 (80.4%) 

were male and 10 (19.6%) were female and the median age 

was 64 (35-85) years. 39 (76.5%) patients had 

adenocarcinoma and 12 (23.5%) had NOS histology. 

According to TNM, 21 (41.2%) patients were stage 4A, 30 

(58.8%) patients were stage 4B. Metastasis of the patients 

were detected in 16 (31.4%) contralateral lobe, 13 (25.5%) 

bone, 6 (11.8%) cranial, 6 (11.8%) liver, 6 (11%, 8) 

adrenal, 4 (7.8%) pleura. 

Mutation analysis with NGS was performed from tissue 

biopsy in 27 (52.9%) patients and liquid biopsy in 24 

(47.1%) patients. As a result of these analyzes, no genetic 

variant was detected in 29 patients but 7 variants of 

uncertain clinical significance in 5 patients and 24 

pathogenic variants in 17 patients were detected. Detailed 

results of uncertain clinical significance and pathogenic 

genetic variants are shown in Tables 1 and 2. Totally, 

9EGFR, 6PIKC3A, 5 KRAS, 1BRAF, 2PTEN, 1MET 

pathogenic variants were determined. Seven of 24 

pathogenic variants had concomitant mutations: EGFR + 

PIK3CA in 2 patients, EGFR + KRAS in 1 patient, EGFR + 

PTEN in 1 patient, EGFR + MET in 1 patient and KRAS + 

PIK3CA in 2 patients. 

NGS analyses were performed in median 14 days (8-43), 

and according to the data, standard cytotoxic chemotherapy 

was recommended in 41 patients, anti-EGFR agents in 8 

patients (afatinib in 4 patients, erlotinib in 4 patients) and 

anti-BRAF + MEK inhibitor agent (dabrafenib + 

trametinib) in 1 patient. Table 2 shows the treatment agents 

applied to patients with pathogenic mutations in detail. In 

one patient, no variant could be detected by liquid biopsy, 

ALK mutation was detected by FISH and alectinib, which is 

an anti-ALK agent, was used. In order to detect resistance 

mutations, variant analysis with NGS was performed in 2 

patients due to showing progression while using anti-EGFR 

agents and EGFR T790M mutations were detected in both 

of them. 
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Discussion 

The use of targeted agents in LC yields satisfactory results 

for both the patient and the clinician. These agents provide 

faster response and longer survival. In our study, a total of 

10 druggable genetic variants were detected, 6 of which 

had concomitant mutations, and 8 of them were initiated 

with anti-EGFR and 1 with anti-BRAF agents. Cytotoxic 

chemotherapy was planned for 1 patient because of 

concomitant EGFR resistance mutation. And these target 

mutations were detected in median 14 (8-43) days, allowing 

first line using targeted therapies without the need for 

cytotoxic chemotherapy. Since some lung cancer patients 

do not have a single day to wait for treatment, it is seen that 

the rapid and simultaneous detection of target mutations by 

NGS is very beneficial for our patients. 

Cancer is a genetic disease characterized by the 

uncontrolled growth of cells. Chromosome dissociation 

problems, replication errors or DNA damage, which cannot 

be corrected by repair mechanisms over the years, cause 

somatic mutations. These mutations are called driver 

mutations and give growth and survival advantages to 

certain cell groups by inhibiting apoptosis, accelerating cell 

proliferation (11). According to current data, the most 

important driver mutations in LC are EGFR, ALK, ROS1, 

BRAF, KRAS, HER2, MET, RET, NTRK (12). Detection of 

these mutations at the time of diagnosis and the use of 

targeted agents improve the quality of life and survival. 

Prior to NGS, target mutations allowed detection of a 

mutation in step by step procedure by conventional 

methods (13).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although the recommended time is 2 weeks, in our country, 

the general approach is to detect EGFR mutation first by 

Real time PCR (mean 10 working days) and if negative 

results, ALK (10 working day) and ROS (10 working day) 

mutations are detected by FISH method, respectively. On 

average, treatment decisions for these three mutations were 

made within 3-4 weeks. However, there are situations 

where patients need urgent treatment, so our patients may 

have to take chemotherapy even if their mutations are 

detected in the first place. In addition to these 3 important 

mutations, many different mutations are detected by NGS 

method and results are obtained within 2 weeks on average 

(14). In our study, mutation analyzes were performed in 

median 14 days in accordance with the literature and 

treatment opportunities were provided to the patients. It is 

one of the most important advantages of NGS to introduce 

so many different driver and resistance mutations in such a 

short time. 

The epidermal growth factor (EGF) family includes 4 

receptor kinases: EGFR, EGFR2 (HER2 or ERBB2), HER3 

(ERBB3), HER4 (ERBB4). When the activating ligand 

binds to these receptors, EGFR is active and sends 

intracellular growth, invasion, angiogenesis and anti-

apoptotic signals (15). The most common EGFR mutations 

are detected in exon 19 and 21. In the Asian race, the 

mutation rate increases to 50% and in western it is around 

15-20% (16-17). In our patient group, this rate is similar to 

western societies with 17.6%. Gefitinib, one of the first 

anti-EGFR agents, was first applied in the group of patients 

Table 1. Uncertain significance genetic variants detected by Next-Generation Sequencing 

Mutation DNA Code Protein  Allelic Fraction  

(%) 

Community frequency  

(%) 

Concomitant Mutation  DNA Code/Protein 

PIK3CA c.1173A>G P1391M 21 0 - - 

ERBB2 c.1963A>G P1655V 35 0 - - 

ERBB2 c.1963A>G P1655V 33 0 - - 

BRAF c.2128-5dupT  1,96 0 PIK3CA c.1173A>G/ 1391M 

BRAF c.1860+66A>C  8,74 0 EGFR c.1006+15G>A 

 

Table 2. Pathogenic genetic variants detected by Next-Generation Sequencing 

Mutation DNA Code Protein  Allelic 

Fraction  

(%) 

Community 
 Frequency 

(%) (gnomAD) 

Concomitant 

Mutation  

DNA  

Code/Protein 

Treatment 

EGFR c.2235_2249del p.E.746_A750del 4,22 0 - - erlotinib 

EGFR c.1787C>G P596R 1,14 0 - - erlotinib 

EGFR c.2235_2249del E.746_A750del 3,2 0 - - erlotinib 

EGFR c.2235_2249del E.746_A750del 62 0 - - afatinib 

EGFR c.2235_2249del E.746_A750del 0,8 0 PIK3CA c.3140A>G/ H1047R erlotinib 

EGFR c.2127_2129del E.709_T710del 42 0 PIK3CA c.1633G>A/ E545K afatinib 

EGFR c.2237A>G E.746G 1,06 0 KRAS c.20T>G/ V7G chemoterapy 

EGFR c.2573T>G L858R 31 0 PTEN c.697C>T/ R233 afatinib 

EGFR c.323G>A R108K 0,45 0 MET Amplifikasyon afatinib 

PIK3CA c.1633G>A E545K 8,58 0 - - chemoterapy 

PIK3CA c.1624G>A E542K 17 0 - - chemoterapy 

KRAS c.34G>T G12C 12 0 - - chemoterapy 

KRAS c.34G>T G12C 54 0 - - chemoterapy 

KRAS c.35G>T G12V 14 0 PIK3CA c.1634A>C/ E545A chemoterapy 

KRAS c.34G>T p.G12C 17 0 PIK3CA c.1633G>A/p.E545K chemoterapy 

PTEN c.697C>T R233 20 0 - - chemoterapy 

BRAF c.1799T>A V600E  0 - - Dabrafenib+ 

trametinib 
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who progressed after chemotherapy regardless of mutation 

status and the expected results could not be obtained (18). 

Thereafter, gefitinib and erlotinib were compared with 

chemotherapy in the EGFR mutant group and PFS 

prolongation was detected (11 months vs 6 months). 

According to these results, anti-EGFR agents has been 

approved in first-line treatment with EGFR mutant patients 

(19). In the following years, second-generation anti-EGFR 

agents, afatinib and dacomitinib, were introduced and 

showed superiority of PFS compared with gefitinib. The 

difference of these agents from the first generation is that 

they inhibit irreversible EGFR with HER2 and HER4. In 

addition, afatinib provided longer median OS versus 

chemotherapy in exon 19 mutant patients (20). Although 

targeted agents show very promising results at the 

beginning, they lose their effectiveness due to resistance 

mechanisms developed within the median 10-16 months. 

The most important resistance mutation is EGFR T790M, 

which is detected at around 50% and is much less at the 

time of diagnosis (21). In order to overcome this resistance 

mechanism, the third generation of anti-EGFR agent called 

osimertinib is used. The FLAURA study has shown that 

osimertinib provides significant PFS contribution to 

gefitinib and erlotinib in the first-line treatment in the 

EGFR mutant group (18.9 months vs. 10.2 months; 0.46; 

95% confidence interval [CI], 0.37 to 95). 0.57; P <0.001) 

(22). In addition, ESMO 2019 published OS data for this 

study and showed that osimertinib provides longer OS with 

38.8 months versus 31.8 months (p: 0.0462) (23). With this 

result, osimertinib can be considered to be rapidly displaced 

from second-line treatment to first line. In our study, 9 

activating EGFR pathogenic variants were detected and 

afatinib was started in 4 and erlotinib was started in 4 of 

these patients. KRAS mutation is another common mutation 

in NSCLC and it is known to be around 25% on average. 

Although the survival of the KRAS mutant group was 

found to be shorter, targeted agents did not benefit. 

However, the KRAS mutation is thought to be a cause of 

intrinsic resistance to anti-EGFR agents (24). Despite the 

negative effects against anti-EGFR agents, recent studies 

have shown that KRAS mutation is associated with 

increased tumor-infiltrating lymphocyte, PD-L1 and tumor 

mutation burden and is thought to be a biomarker for 

immunotherapy agents (25). In our study, although 5 

patients (9.8%) were KRAS mutated, 1 was found to be 

concomitant with activating EGFR mutation. In this patient, 

chemotherapy was given because of anti-EGFR resistance. 

If EGFR mutation was examined by conventional method 

and positivity was detected, anti-EGFR agents would be 

prescribed. As a result, treatment would be unresponsive 

and would cause unnecessary costs. However, better and 

more personalized treatments can be planned for patients 

because NGS can be detected at the same time in both 

targeted mutations and other mutations that are resistant to 

them.  

Phosphatidylinositol 3-kinases (PIK3) play a major role in 

cell metabolism, migration, growth, and proliferation. PIK3 

and AKT are important components of the EGFR pathway 

and induce oncogenesis and progression in LC. PIK3CA 

mutation is detected in 27% of glioblastoma, 25% of gastric 

cancer, 32% of colon cancer, and 1-4% of lung 

adenocarcinoma and the most common type of PIK3CA 

mutation is E545K (57.1%) (26-27). It is more common 

concomitantly with other mutations in LC cancer and the 

role of resistance to anti-EGFR agents is still controversial. 

However, in several studies, it was found that the survival 

of patients with concomitant EGFR and PIK3CA mutation 

with anti-EGFR agents was not different (28), PIK3CA 

c.1633G> A (p.E545K) mutation was found to be resistant 

to gefitinib in one trial (29). In our study, PIK3CA was 

found to be singular in 2 patients (3.9%) and concomitantly 

in 4 patients (7.8%). Two of the PIK3CA mutations were 

concomitantly with EGFR and c.1633G> A (p.E545K) was 

detected in one of them. Afatinib was applied instead of 

gefitinib in that patient due to possible resistance. It is 

thought that with the increasing use of NGS, the term 

known as class effect of drugs in oncology will lose its 

place to personalized medicine. The class effect is when an 

EGFR mutation detected any anti-EGFR agents can be 

given, but the concomitant mutations show us there is 

resistance to some of these drugs but not some the others. 

In this way, the clinician can determine which drug is given 

to the patient and get better results by NGS method. 

Phosphatase and tensin homologously deleted in 

chromosome 10 (PTEN) acts as a very strong tumor 

suppressor, in case of mutation the tumor passes through 

the PI3K / mTOR / Akt pathway to an uncontrolled growth 

phase (30). According to TCGA, it is 15% positive in lung 

squamous carcinoma and 3% in adenocarcinoma and is 

generally accepted as a poor prognostic factor (31). On the 

other hand, in a study with 162 Korean NSCLC patients 

were included, PTEN mutation was detected in 4 (2.5%) 

cases by NGS method (32). In addition, in two separate 

studies, it was found that decreased PTEN expression 

caused resistance to gefitinib and erlotinib (33-34). In our 

study, PTEN mutation (R233) was present in 2 patients 

(3.9%), one of which was associated with EGFR mutation. 

In order to prevent possible resistance to erlotinib and 

gefitinib, second-generation anti-EGFR afatinib was given 

to the patient with this concomitant mutation. 

B-Raf (BRAF) is one of the most important protooncogenes 

and is detected between 2-4% in NSCLC, while it is around 

3-7% mutant according to TCGA. The most common type 

of mutation is the BRAF V600E mutation, which is mostly 

detected in women and non-smokers (35). After the success 

of anti-BRAF treatments in malignant melanoma, and 

detection of BRAF mutant patients in LC have been found 

to have a shorter survival, it has been decided to use BRAF 

targeted therapy in lung cancer (36). BRAF and MEK 

inhibitor combination therapies have been tried since 

single-agent BRAF inhibitors did not provide superiority to 

chemotherapy in the first studies. In the Phase 2 study, 

dabrafenib was administered to previously treated patients 

in cohort A (78 patients), dabrafenib + trametinib to 

previously treated patients in cohort B (57 patients), and 

dabrafenib + trametinib to previously untreated patients in 

cohort C (36 patients). In the Cohort C, complete response 

was obtained in 2 patients and the overall response rate was 

64%. In addition, median PFS was found to be 10.9 months 

and OS 24.6 in this cohort (37).  FDA approval was 

obtained after these results and the guidelines were 
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included BRAF+MEK inhibitor therapy in the first-line 

treatment of NSCLC with BRAF V600E mutated. In our 

study, BRAF V600E mutation was detected in a non-

smoking female patient and dabrafenib + trametinib 

treatment was planned. 

The use of NGS, which was gradually increasing after 

finishing TCGA, was at a high cost in the early days, but 

over the years have been reduced to affordable prices (38). 

Detecting individual mutations by conventional methods 

seems to be more cost-effective at first, but the clinical 

results suggest the opposite. Pennel et al. found that the use 

of NGS in a health plan involving 1000,000 people was 

associated with both shorter time and significant cost 

savings than conventional methods (39). In our country, in 

fact, one-to-one comparative evaluation of EGFR, ALK, 

ROS1 should be spent on average 100-150 USD 

(approximately 600 Turkish Liras) for conventional 

methods, while the cost of our NGS panel used in our 

hospital is 300-350 USD (approximately 1850 Turkish 

Liras) (according to the data obtained from the purchasing 

unit of our hospital). However, as the number of patients 

increases, it is expected that NGS costs will decrease. In 

addition, for example, if the EGFR mutation and 

concomitant resistance mutation cannot be detected by 

conventional methods at the diagnosis, the targeted agent to 

be administered may be ineffective. There are two similar 

examples in our patient group: gefitinib resistance EGFR 

mutant patients were detected with NGS and afatinib was 

applied. As a result, more money is given to the test, but no 

more money is unnecessarily spent on the whole treatment 

of the patient. In our country, the health insurance of 

individuals are covered by the state and have an important 

place in the budget of the state. Therefore, it is thought that 

the use of NGS method will be more beneficial for both the 

patients and the health service provider. 

In addition to the positive features of the NGS method, 

there are also disadvantages (40): The first of these is the 

ability to detect error in continuously repeating sequence 

regions. However, when this error persists, it can be 

understood by the geneticist that it is a mistake. Another is 

that sometimes certain decisions about the effect of genes 

cannot be made due to the finalization of the resulting raw 

data through many software programs. For example, in our 

study, 2 BRAF, 2 HER2, 2 PIK3CA, and 1 EGFR mutations 

were identified as clinical uncertain significance variants. If 

these mutations were considered pathogenic, targeted 

agents could be added to the treatment of 4 of these 

patients. The last disadvantage is that, although it is 

gradually decreasing due to the increase in the use of NGS, 

false-negative results are seen in the liquid biopsy around 

20-30%. In our study, we did not detect any ALK mutations 

with NGS, but we detected that one of our patients had 

ALK mutation by FISH method and we achieved a 

complete metabolic response at 3 months after alectinib 

use. Therefore, it is the role of the clinician to evaluate the 

results carefully and confirm them with another method if 

there is discordance. 

The limiting points of our study were retrospective nature, 

small number of patients, and lack of response to treatment. 

However, the results of our article are important as there 

are very few studies showing the effect of NGS in clinical 

use. 

Conclusion 

LC is one of the deadly cancers. With the help of targeted 

agents, patients' survival is extended in a more comfortable 

way than chemotherapy. Therefore, it is the first duty of the 

clinician to determine the appropriate patients for the 

targeted therapies and to initiate the treatment. NGS, which 

have increased using in recent years, is a method that 

quickly and accurately identifies all targeted genetic 

variants and resistance variants at the same time. According 

to the results, we have shown, NGS has helped us to apply 

more personalized and more effective treatments to patients 

for achieving longer survival. In addition, the use of NGS 

method instead of conventional methods has saved time 

and cost for both patients and health service providers. For 

these reasons, it would be more beneficial to use NGS 

method wherever appropriate. 
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Introduction 

Since Archie Brain introduced the LMA-Classic® (Teleflex 

Medical Europe Ltd., Westmeath, Ireland) to anaesthesia 

practice, many supraglottic airway devices (SADs) have 

been produced. Following the first-generation devices with 

only a breathing lumen, second- generation SADs with an 

additional lumen for gastric drainage became available in 

the market (1). The I-gel® airway (Intersurgical Ltd., 

Wokingham, Berkshire, UK) is a second- generation SAD 

with a medical-grade, thermoplastic, elastomeric, soft gel-

like structure. It has a non- inflatable cuff designed to fit 

over the pharynx, larynx and perilaryngeal structures (2).  

More recently, Australian anesthetists Kanag and Meena 

Baska designed a new third generation device called the 

Baska® mask (Logical Health Products PTY Ltd., 

Morisset, NSW, Australia). This mask brings together 

clinical characteristics of the LMA-ProSeal®, the LMA-

Supreme® (Teleflex Medical Europe Ltd., Westmeath, 

Ireland), the I-gel® and the SLIPA® device (SLIPA 

Medical Ltd., London, UK). It has a cuffless membranous 

bowl, which inflates and deflates with positive pressure  

 

 

ventilation improving the seal, an inbuilt “tab” permitting 

ease of placement and allowing control of the degree of 

flexion, a dual drainage system for the prevention of the 

aspiration of gastric contents, and a bite block to reduce the 

risk of patients’ biting down on and blocking the airway(3). 

The structures of two devices are shown in Figure 1. 

Since the introduction of Baska® mask many studies have 

been published that compare the Baska® mask with other 

airway devices in different patient populations (4-9). The 

efficacy of this mask has been demonstrated in both 

spontaneously breathing and paralyzed patients (10-12). 

In this study, the aim was to compare the performance of 

the Baska® mask and the I-gel® airway in paralyzed 

patients during general anaesthesia in terms of clinical 

performance, the risk of aspiration, and intraoperative and 

postoperative characteristics. The secondary objectives 

were to assess hemodynamic parameters, peripheral oxygen 

saturation, and end-tidal CO2 variability induced by 

intraoperative mask placement.   

 

Abstract 

Objective: The aim of this was to compare the Baska® mask and the I-gel® airway in paralyzed patients during general 

anaesthesia in terms of clinical performance, the risk of aspiration, and intraoperative and postoperative characteristics. 

Material and Methods: The two devices were compared in 100 paralyzed anesthetized adult patients. Primary 

outcomes of the study were to evaluate the characteristics of the airway devices within respect to the success of first 

insertion attempt, the insertion time, the ease of insertion, leak volume, and peak airway pressure. The blood staining on 

the mask, and the presence of gastric reflux or sore throat two hours postoperatively were evaluated. Hemodynamics, 

end-tidal CO2 and the peripheral oxygen saturation measurements were secondary outcomes.  

Results: No statistically significant difference was observed between the groups in the criteria of first attempt success 

rate, ease of insertion, blood staining upon removal of the masks, gastric regurgitation, or sore throat two hours after the 

procedure. The insertion time was significantly longer for the Baska® mask compared with the I-gel® airway. The leak 

volume was significantly higher in the Baska® mask patients throughout the surgical procedure. The heart rate and mean 

arterial pressure measurements were significantly higher in the Baska® mask patients.  

Conclusions: Both the Baska® mask and the I-gel ® device can be used effectively for selected paralyzed patients under 

general anaesthesia. The insertion time was significantly longer for the Baska® mask compared with the I-gel® device.  
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Material and Methods  

The study was conducted according to the ethical principles 

outlined in the Helsinki Declaration and the Guideline of 

Good Clinical Practice.  After obtaining approval from the 

Ethics Committee (decision no: 2018/514/124/9) and 

written informed consent, the study was conducted with 

100 patients of American Society of Anesthesiologists 

(ASA) physical status I-II and aged 18 years or older of 

either genders. (Figure 2) The patients were not assessed to 

be at risk for a difficult airway in the preanaesthetic 

evaluation and were scheduled for an elective, flexible 

ureterorenoscopy in the supine position for which a no 4 

size Baska® mask (Group B) or I-gel® (Group I) was 

suitable for airway management. Patients were randomly 

assigned to either Baska® mask (Group B; n=50) or I-gel®  

(Group I; n=50) by a computer-generated randomization 

method  (13). 

Exclusion criteria included obese patients (Body mass 

index ≥30 kg/m2), patients with known gastrointestinal 

reflux or, upper respiratory tract infections, planned 

surgical duration of ≥2 hours, patients with neck 

pathology and patients with oral or dental deformities. The 

patients fasted for at least eight hours prior to the surgical 

procedure, including both solids and clear liquids. 

All of the patients were premedicated intravenously with 

0.03 mg/kg midazolam about 30 minutes before the 

induction of anaesthesia. Prior to the operation, standard 

monitoring included a 3-lead electrocardiogram (ECG) 

with continuous ST-segment analysis, and evaluation of 

peripheral oxygen saturation (SpO2) and intermittent non-

invasive blood pressure. Following preoxygenation with 

100% oxygen for three minutes, general anaesthesia was 

induced with propofol (3mg/kg) a few minutes after a 

fentanyl (2µg/kg) injection. Neuromuscular paralysis was 

achieved with rocuronium (0.5 mg/kg) in all patients. In the 

event of coughing, gagging, or body movement, an 

additional dose of propofol was administered. Mask 

ventilation was continued with 100% oxygen until the 

adequate jaw relaxation was confirmed. The patient’s head 

was placed on a silicone pillow in the sniffing position. All 

device insertions were performed by personnel with 

significant experience in laryngeal mask insertion. 

The standard pre-use test was performed to check structural 

integrity. A well-lubricated size- 4 Baska® mask or I-gel® 

airway device was chosen according to the prior 

randomization protocol. According to the manufacturer-

recommended approach, the mask size was based on the 

patient’s weight. When the adequate depth of anaesthesia 

and jaw relaxation were achieved, the mask was held away 

from the airway tube with the dominant hand facing the 

cuff outlet anteriorly and pushed against the hard palate 

until encountering resistance. The non-dominant hand was 

used to extend the inter-incisor distance and compress the 

tongue while the device was advanced into the mouth. A 

maximum of three attempts per patient was permitted to 

determine successful placement. In the event of a failed 

insertion, another SAD or endotracheal intubation was used 

and the patient was excluded from the study. Successful 

insertion was confirmed with the inspection of bilateral 

chest movements, auscultation of both lungs and a 

capnography interpretation. After successful ventilation 

was ascertained, the mask was connected to a breathing 

circuit and fixed by taping the device in place. Anaesthesia 

was maintained with sevoflurane of 1 to 2% volume with a 

mixture of 50% oxygen-air in a fresh gas flow of 2 

L/minute.  

All patients received 1 gr paracetamol and 1 mg/kg 

tramadol for postoperative analgesia. At the end of the 

surgery, the anesthetic gas mixture was replaced with 100% 

oxygen and the neuromuscular block was reversed using a 

neostigmine (0.05 mg/kg)-atropine (1mg) combination. 

After adequate ventilation, protective airway reflexes and 

the patients’ response to verbal commands were 

established, the mask was removed. Immediately after 

removal, the pH of the posterior surface of the mask was 

measured with a pH indicator strip (DIRUI H11, DIRUI 

Industrial Co., Ltd. Changchun, China) and the pH≤6 (the 

normal pH of saliva is 6.2-7.6) was accepted as evidence of 

gastric regurgitation. Any blood staining on the mask was 

recorded. 

Data collection: The patients’ characteristics including 

age, gender, body weight, Mallampati score, American 

Society of Anesthesiologists (ASA) classification of 

physical status and the duration of anaesthesia were 

recorded. The insertion time (the time between picking up 

the mask by the anesthesiologist and successful placement), 

number of attempts needed for correct placement of the 

mask, the ease of insertion (very easy, easy, difficult), the 

leak volume (calculated by the difference between 

inspiratory and expiratory volume), peak airway pressure, 

the presence of blood staining on the mask, whether or not 

there was gastric reflux in the oral cavity, and a sore throat 

were the primary outcome measurements of this study. The 

presence of a sore throat was determined by another 

blinded observer 2 hours after the operation.  

Secondary outcomes included the end-tidal CO2 (EtCO2), 

peripheral oxygen saturation (SpO2) and the hemodynamic 

variability throughout the surgical procedure.   

Statistical analysis: The statistical analysis was performed 

using IBM SPSS Statistics for Windows, Version 21.0 

(IBM Corp., Armonk, NY, USA). Continuous variables 

were expressed as mean ± SD while frequency and 

percentage was computed for gender, ASA status, 

Mallampati score, insertion attempts, ease of insertion and 

postoperative outcomes. The Kolmogorov-Smirnov test 

was used to test for a normal distribution of data.  Student’s 

t-test was used to compare the differences in quantitative 

measurements between groups. A chi-square and Fisher’s 

exact test were used to evaluate the between-group 

differences in categorical variables. The Mann-Whitney U- 

test was applied to unpaired and independent observations. 

A value of p<0.05 was considered significant in this study.  

For two independent and continuous group comparisons 

with 0.05 confidence level (Type I error) and 0.80 power 

(Type II error), the sample size was calculated to be at least 

17 for each group. However, in order to make the study 

more reliable, 50 patients for each group were included in 

the study. 
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Results  

The analysis of patients’ characteristic indicated that there 

was a statistical significance in gender representation due to 

randomization (p=0.016).  

However, the mean body length and weight of the patients 

in the groups were similar. The majority of patients in both 

groups had an ASA II score; the figure was significant in 

Group I (p=0.002).   

There was no between-group difference in the Mallampati 

scores (Table 1). The duration of surgery was 55.80±21.10 

minutes and 47.20±15.65 minutes respectively in Group B 

and Group I (p=0.023).  

The number of mask insertion attempts was similar in both 

groups. The insertion time was significantly longer in 

Group B (p <0.001 ). One patient in each group was 

defined as a case of difficult insertion. No blood staining, 

gastric reflux, or sore throat was recorded two hours after 

the procedure (Table-2).  

Analysis of intraoperative variables revealed that the heart 

rate and the mean arterial pressure measurements were 

significantly high until the 60th minutes of surgery in 

Group B.  

The EtCO2 variables were similar in the groups. There was 

small but significant decline in the SpO2 value after the 

insertion of the mask in Group I patients, but there was no 

significant difference between groups during the remainder 

of the procedure (Figure 3).  

The peak airway pressure difference was comparable in 

both groups but the leak volume was significantly greater in 

Group B patients (p <0.001 ) (Figure 4).  

No untoward effect was recorded throughout the study 

period.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The structural characteristics of the I-gel® airway (A,C) 

and Baska® mask (B, D). Posterior aspect of the I-gel® device 

demonstrating the non-inflatable cuff made from a soft gel-like 

material (1), buccal cavity stabilizer eliminating the potential for 

rotation (2), position guide for confirmation of the depth of 

insertion (3), the size and weight guide for the mask (4), proximal 

end of the gastric channel (6) and the gastric channel (7). The 

standard connector of both masks is suitable for circle-system 

connection and catheter mount (5). The cuffless, membraneous 

bowl of the Baska® mask (8) with 2 gastric channels (9) and 2 

openings to the atmosphere (10). An anterior aspect view, 

illustrating the integral bite block to reduce airway occlusion (11), 

the epiglottic rest of the I-gel® device to prevent the epiglottic 

“down fold” and airway obstruction (12), the distal ends of the 

gastric channels (13,14), the airway orifice of both masks (15) and 

the insertion “tab” of the Baska®mask to ease the manual curve 

during insertion (16). 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The demographics of the study groups 

Variable  Group B Group I Test Statistics P value 

Gender 1 

 

Female 

Male 

32 (64) 

18 (36) 

20 (60) 

30 (40) 

Pearson Chi-square:5,769 df:1 0.016* 

Age (years) 2  47.32±13.82 51.16±13.77 Independent sample t test:0.167 df:98 0.167 

Body length (cm)2  166.36±7.76 164.76±7.22 Independent sample t test:-0,167 df:98 0.288 

Body weight (kg)2  76.16±15.15 72.34±13.31 Independent sample t test:-1,339 df:98 0.184 

ASA class1 I 

II 

14 (28) 

36 (72) 

2 (4) 

48 (96) 

Fisher’s exact test 0.002* 

Mallampati score1 I 

II 

22 (44) 

28 (56) 

30 (60) 

20 (40) 

Pearson Chi-square:2,564 df:1 0.109 
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Table 2. Device characteristics 

Variables Group B Group I P Value 

Number of attempts1                 1 

                                               2 
47(94) 

3(6) 

49(98) 

1(2) 

0.617 

Insertion time 27.97± 12.97 12.73 ±2.01 <0.001* 

95% Confidence Interval of the Difference 

(sec)2   Lower            Upper 

-18,68170        -10,92710 
Blood staining1                               +/- 0/50 (100) 0/50 (100) --- 

Sore throat after 2 hrs1           +/- 0/50 (100) 0/50 (100) --- 

Gastric reflux 1 0/50 (100) 0/50 (100) --- 

Data are expressed as 1 the number of the patients (n) and the percentage (%) or 2 (mean± SD). * p<0.001, statistically highly 

significant 

 

 
 

Figure 3. Intraoperative variables of the study groups. A. Heart rate (HR), B. Mean arterial pressure (MAP), C. 

Peripheral oxygen saturation (SpO2), D. End-tidal carbondioxide (EtCO2) Group B: Baska® mask; Group I: I-gel® 

airway 

 

 

 
Figure 3. Intraoperative variables of the study groups. A. Heart rate (HR), B. Mean arterial pressure (MAP), C. 

Peripheral oxygen saturation (SpO2), D. End-tidal carbondioxide (EtCO2) Group B: Baska® mask; Group I: I-gel® 

airway 
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Discussion 

This study indicated that results obtained using the I-gel® 

mask were superior to those using the Baska® mask in 

paralyzed patients during general anaesthesia in terms of a 

lower leak volume and more stable intraoperative 

hemodynamic characteristics. The I-gel® device provided 

easier and faster airway management than the Baska® 

mask. There was no significant difference regarding blood 

staining, regurgitation, or a sore throat after the operation. 

Both devices provided a safe airway management under 

positive pressure ventilation. 

According to the earliest data published related to the 

Baska® mask, the first-time insertion success rate was 

reported to be 73%, 76.7% and 88% (6,11,12). In a recent 

study, the percentage was reported as 92.5%10. This may 

be explained by increasing experience with the device over 

time. Studies comparing the Baska ® mask to other SADs 

have yielded varied results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aziz et al. (5) reported that first-attempt insertion of the 

Baska® was better than that of I-gel® (90% vs 83.3%). 

Shanmugavelu et al. (4) demonstrated in an observational 

study that the first attempt success rate was comparable 

between the Baska® mask and the I-gel® airway. The 

results were similar to those seen with the ProSeal® 

laryngeal mask (7).  In our study, the difference in the 

success rate for insertion on the first attempt was 

insignificant, with 94% for the Baska® mask and 98% for 

the I-gel® airway (p=0.617). 

The insertion time has been a controversial issue. Some 

earlier studies found the Baska® mask to be difficult to 

insert and suggested that it was time-consuming 

(4,6,9,10,12).  Yet a comparative analysis of the Baska® 

mask with the I-gel® and the ProSeal® devices indicated 

superiority of the Baska® mask (5,7). Our results revealed 

that the insertion time was significantly shorter in the I-

gel® group (p=0.000); however the Baska® mask device  

is a new device for us so the insertion time may improve 

over time with clinical practice.  

 
Figure 4. The measurements of peak airway pressure (A) and leak volume (B). Group B: Baska® mask; Group I: I-

gel® airway 
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The one of the primary outcomes of this study was to 

compare the leak volume and peak airway pressure created 

by both devices. Aziz et al. (14) suggested that the head and 

neck position reflected no significant changes in respect of 

oropharyngeal leak and peak airway pressure with the 

Baska® mask in a comparative clinical trial. The Baska® 

device was also demonstrated to be a suitable airway device 

for positive pressure ventilation with a minimum leak even 

in the event of increased intra-abdominal pressure (4,5,15). 

Alexiev et al. (6,12) emphasized the importance of 

anaesthesia depth during mask insertion and suggested that 

the leak amount showed parallelism to the depth of 

anaesthesia. They reported that positive pressure ventilation 

had a positive effect on the leak around the mask secondary 

to cuff-seal improvement with each inflation. Our results 

demonstrated indicated a significantly higher leak volume 

in patients enrolled in the Baska® mask group. 

The analysis of intraoperative hemodynamics revealed a 

significant difference in favor of the I-gel® group in heart 

rate and mean arterial pressure. This result contradicted 

some previous reports. Fotedar et al. (9) demonstrated that 

the I-gel® and the Baska® devices provided similar 

intraoperative hemodynamics. In a comparative study with 

a single-use laryngeal mask airway (LMA), the Baska® 

mask demonstrated no significant hemodynamic 

differences (6). Nonetheless, in the literature, many authors 

have concentrated the characteristics of the Baska® mask 

and the data concerning the effects on the perioperative 

hemodynamic parameters are limited. Our results may be 

re-evaluated in subsequent clinical trial with a larger 

sample size. This may be more beneficial to understanding 

whether or not the Baska® mask has a negative effect on 

intraoperative hemodynamics. As in some previous reports, 

the SpO2 and EtCO2 results were comparable in our study 

(5,9). 

Pharyngolaryngeal morbidity is a frequent postoperative 

adverse outcome associated with patients’ satisfaction and 

delayed post-operative discharge. The larynx has a mucosal 

structure covered by a cartilaginous framework and can be 

easily damaged during endotracheal intubation or 

placement of a SAD. Fotedar et al. (9) reported a 5% 

occurrence of a sore throat and cough that resolved within 6 

hours of postoperatively in spontaneously breathing 

patients after Baska® mask insertion during anaesthesia. In 

order to decrease the incidence of sore throat after SADs 

use, lubrication of the posterior aspects of the mask with a 

water-soluble jelly is the preferred method. Alternative 

techniques, including a cuff wash, lidocaine gel and 

washing the mouth with saline before the mask removal 

have showed no benefit (16).  It has been reported that the 

use of lidocaine may result in a delay in recovering the 

protective reflexes or may trigger the allergic reactions 

(17). In our clinical protocol, we use a water-soluble 

lubricant to ease the insertion of SADs.  No blood staining 

or a sore throat was recorded two hours after the operation 

in either study groups in this trial. 

Despites its many advantages, positive pressure ventilation 

with an LMA is considered by many authors as a risk factor 

for pulmonary aspiration, as well as gastric insufflations 

(18-22). Second generation SADs with a gastric lumen 

were introduced to decrease this risk. The suction port of 

the device can be helpful throughout the procedure or 

during the removal of the mask in the risk of gastric 

regurgitation. This port may also be used for the placement 

of a gastric tube to empty the stomach (11).  In a 

comparative study with an LMA, the incidence of gastric 

insufflation was significantly lower in I-gel® patients (23). 

In a recent study of a geriatric population, the I-gel® had 

superior results in terms of gastric insufflation when 

compared with the LMA-Supreme™ (24). A cadaver study 

demonstrated that an inspiratory pressure of 20 mbar is  a 

safe airway pressure to prevent gastric insufflation during 

SADs insertions (25). Saracoglu et al. (26) reported  that 

the I-gel device can be used safely in both the supine and 

lateral positions. In our study, the mean peak airway 

pressures throughout the procedure was 16.04±1.63 mmHg 

in Group B and 16.60±2.89 mmHg in Group I (p<0.05). 

There was no instance of gastric reflux with either device at 

these pressure levels.  

 The sample size may be a limitation of this study. As 

previously mentioned, the I-gel airway has been used in our 

clinical practice for a long time but the Baska® mask was a 

new device for us. Those participating in this research had 

no prior training with the Baska® mask before the trial. 

This was a randomized clinical study designed to provide 

information about the Baska® mask and its’ clinical 

characteristics. Both airway devices have been introduced 

by the investigators. So, the study was not blinded for 

researchers; there is a risk of bias in subjective measures. 

All of the researchers had similar experience with other 

SADs. 

Another limitation is that we enrolled only Mallampati I 

and II patients in this study. The effectiveness of both 

masks in an airway predicted to be difficult was not 

observed. Furthermore, neither mask was used in high-risk 

patients. These points may be the subjects of new clinical 

trials in the future. 

Conclusion 

In our opinion, the Baska® mask demonstrated clinical 

utility as a useful supraglottic airway device. Both the 

Baska ® and the I-gel® device provided a safe airway 

management in paralyzed patients under positive pressure 

ventilation. The observed difference in insertion time may 

reflect a required-learning period with the Baska® mask. 

Although the leak volume in the Baska® mask was 

significantly greater than that of the I-gel®, this did not 

create an untoward clinical effect in our study. This subject 

requires further evaluation, but these results may re-enforce 

new clinical studies. 
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Introduction 

It is well known that chemotherapy, which is used to treat 

cancers commonly observed in girls and women, can 

deplete ovarian reserve and cause infertility or early 

menopause (1). Cancer treatments increase survival in both 

pediatric and young patients. However, the fertility 

problems associated with the anti-tumor treatments 

administered to this patient group have not yet been 

resolved. New treatments and new strategies are needed to 

prevent ovarian damage and to restore ovarian functions 

(1,2). 

 

 

 

 

The most ovotoxic chemotherapy agents are the nitrogen 

mustard-derived alkylators (e.g. CP, cisplatin, etc.) (1). 

Today, approximately 5% of malignant neoplasms occur in 

women younger than 35 years of age (3). Women who have 

survived severe treatment protocols are likely to suffer 

from ovarian infertility problems (4). 

CP is widely used in the treatment of many diseases, since 

it is a low-cost and effective therapeutic agent (5).  

 

 

 

Abstract 

Objective:  In this study, we aimed to investigate the preventive effect of  Dehydroepiandrosterone (DHEA) on  

Cyclophosphamide (CP) induced damage on rat ovarium. 

Material and Method: Wistar Albino Rats have been used for the study and three groups have been created. Group 1 

(the control Group): no treatment was administered. Intact ovarian tissue was removed and blood samples were taken for 

anti-mullerian hormone (AMH) test. Group 2 (the CP Group): Rats received CP intraperitoneally at a single dose of 150 

mg / kg. Group 3 (the CP + DHEA Group): Rats received CP intraperitoneally at a single dose of 150 mg / kg at baseline 

and DHEA has been administrated subcutaneously for 10 days at a dose of 60 mg / kg daily. Rats in groups 2 and 3 were 

sacrificed at the end of 10 days, ovarian tissues were removed and blood samples have been collected for AMH test. 

Results: While normal ovarian tissue damage scores were zero, CP showed significant damage and histopathological 

changes on ovarian tissue in all CP administrated rats. CP group had higher vascular congestion (p=0.004) and total 

damage scores (p=0.010) than normal ovarian group. CP + DHEA group had higher edema (p<0.001), vascular 

congestion (p<0.001) and total damage scores (p<0.001). CP group had a decrease in primordial (p = 0.001), primary (p 

= 0.043) and preantral follicles (p = 0.006). CP + DHEA group showed a decrease in primordial (p = 0.001) and antral 

follicles (p = 0.018). AMH levels did not decrease in both groups. 

Conclusions: It was found that the use of DHEA to prevent CP-induced ovarian damage in rats did not produce 

significant changes in antral follicle counts, ovarian volume, and AMH levels, which were important for clinical 

practice. 

Keywords: CP; dehydroepiandrosterone; anti-mullerian hormone; ovary; rat 
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These include many diseases such as cancers (breast 

cancer, ovarian cancer, hematological cancers, etc.), 

hematological diseases, nervous system diseases, immune 

diseases, rheumatoid arthritis and nephrotic syndrome (6,7). 

CP belongs to the oxazaphosphorine family of mustard-

alkylating agents (8) and has been used for more than 50 

years in the clinical practice (9). 

It is highly ovotoxic, and its ovarian toxicity and 

relationship with infertility have been proven (9). It has 

been reported that it is the agent with the highest impact on 

women’s fertility(10, 11) and is associated with a high risk 

of ovarian insufficiency (4). Early ovarian insufficiency, 

premature menopause and impaired reproductive potential 

after chemotherapy can significantly affect quality of life in 

this young age group (12,13). Despite efforts to understand 

the details of ovarian damage and insufficiency caused by 

CP, the mechanisms remain unclear (14). 

Dehydroepiandrosterone (DHEA) is an endogenous steroid 

produced by the zona reticularis of the adrenal cortex and 

ovarian theca cells (15). It promotes follicular development 

and granulosa cell proliferation by increasing intraovarian 

androgen concentrations in the ovaries (16). The responses 

given in a worldwide survey conducted in 196 in vitro 

fertilization (IVF) units in 45 countries, representing a total 

of 124,700 IVF cycles, revealed that DHEA was included 

in more than a quarter of treatment protocols concerning 

patients with reduced ovarian reserve (17). Several reports 

have shown that DHEA supplementation in patients with 

low ovarian reserve helps to improve ovarian reserve 

parameters (18,19), increase ovarian response (20), increase 

pregnancy rates and reduce age-related aneuploidy (21). 

Our aim in this experimental study was to investigate 

whether DHEA has protective effects on ovarian damage 

caused by CP. 

Materials and Methods 

This study was conducted at the Animal Testing Laboratory 

of the University of Üsküdar in July 2019, after the 

approval of the Ethics Committee. 

Laboratory animals and the care of animals in 

research: Ten-twelve weeks old, female Wistar Albino 

(Rattus Norvegicus species) rats weighing 175 to 210 

grams were used in this study. Rats were exposed to light 

for 12 hours a day (from 08:00 to 20:00) and had access to 

food (standard rodent pellet) and drinking water (tap water) 

without restriction and were kept at room temperature of 21 

to 23⁰C and a humidity of 40 to 50%. 4 or 5 rats were 

placed in every cage. The number of rats was determined in 

line with the previous studies. Rats were randomly assigned 

to four groups of 8. Considering bowel transit time, rats 

were not fed within 6 hours before laparotomy to empty the 

gut and allow surgery but they had access to drinking 

water. 

Study groups: Group 1 (the control group): These rats 

underwent a laparotomy procedure at baseline and their 

ovaries were removed. Blood was drawn from the inferior 

vena cava for anti-mullerian hormone (AMH) testing.   

Group 2 (the CP group): These rats received CP 

intraperitoneally at a dose of 150 mg/kg at baseline (22) 

and underwent an oophorectomy procedure at the end of 

the 10th day of the study. After the rats were sacrificed, at 

least 2-3 ml of blood was collected for AMH testing. Then 

laparotomy was performed and both ovaries were excised 

for histopathological examination. 

Group 3 (the CP + DHEA Group): Rats received CP 

intraperitoneally at a dose of 150 mg/kg at baseline. In 

addition they received DHEA (Cayman Chemical, 

Michigan, USA, CAS registry no: 53-43-0, item no:15728) 

subcutaneously for 10 days at a dose of 60 mg/kg daily as 

dissolved in 0.1 ml of sesame oil. (23, 24)After the rats 

were sacrificed, at least 2-3 ml of blood was collected for 

AMH testing. Then laparotomy was performed and both 

ovaries were excised for histopathological examination. 

CP dose and preparation: CP was administered 

intraperitoneally only at baseline at a dose of 150 mg/kg. 

While preparing the drug,we used the central drug 

preparation unit of our hospital (with Robotic 

Chemotherapy Drug Preparation System) in a closed 

environment where microbiological contamination and 

employee exposure risks were eliminated under conditions 

that comply with national and international standards.  

This Drug Preparation System uses a negative pressure 

indoor air environment complying with ISO 5, Class 100 

and GMP Class A, double HEPA filter air cleaning system, 

safe waste management system, high capacity laminator 

current and dose sensitivity information (gravimetric and 

volumetric) measurement and uses the barcode system 

during drug preparation process.  

Surgical procedures: Laparotomy was performed after 

decapitation of the animals. Sterile, powder-free, latex 

gloves were used during all surgical procedures. The 

procedure was performed while rats were lying in a supine 

position. Abdominal area was shaved before the procedure 

and the surgical site was prepped using 10% Povidone-

iodine solution (Batticon; Adeka Laboratories, Istanbul, 

Turkey).  

A 5 cm median (on the line between the xiphoid process 

and pubis) incision was made to enter into the abdominal 

cavity and each surgical procedure lasted 5 to 10 minutes to 

protect the drying effect of the room air (Figure 1). After 

the removal of ovaries for histological examination, 

animals were disposed of in red waste containers. 

Histopathological examinations:  Surgically excised 

ovaries were fixed in 10% formalin. Paraffin blocks were 

prepared 24 hours after the oophorectomy procedure. 

Tissue sections of 5 micrometers were taken and follicular 

activity was assessed in 5 randomly selected samples from 

each ovary. Slides were stained with hematoxylin eosin and 

examined under the light microscope. The paraffin blocks 

were sectioned using a microtome blade (Leica, Nussloch, 

Germany). Every slide was blindly assessed by the same 

pathologist. A light microscope (Olympus Clinical 

Microscope, Tokyo, Japan) was used to analyze the 

sections. Edema, vascular congestion, inflammation, 

cellular degeneration and hemorrhage were examined as 
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histopathological injury scores. The scores were evaluated 

as described by Celik et al. Pathological findings were 

rated. Grade 0 indicated normal alterations, no abnormal 

findings; Grade 1 indicated mild edema, mild vascular 

congestion, absence of hemorrhage or leukocyte 

infiltration; Grade 2 indicated moderate edema, moderate 

vascular congestion, absence of hemorrhage or leukocyte 

infiltration; Grade 3 indicated severe edema, severe 

vascular occlusion, minimal hemorrhage and minimal 

leukocyte infiltration, Grade 4 indicated severe edema, 

severe vascular occlusion, hemorrhage and leukocyte 

infiltration. (Figure 2) 

 

Figure 1. Excision of the ovary 

 

 

Figure 2. Edema in the medullar region - dilated vessels 

x200 hematoxylin eosin 

All follicles were counted to assess ovarian reserve. 

Primordial, primary, secondary (pre-antral), tertiary (antral) 

and atretic follicles were counted (figures 3). Follicles were 

evaluated as described by Parlakgumus et al. (25). 

Primordial, primary, secondary (pre-antral) and tertiary 

(antral) follicles were counted. Primordial follicle is 

described as an oosit, surrounded with only one layer of 

epithelial cell layer, primer follicle is surrounded with one 

or more layers of cuboidal granulosa cells. Secondary/ pre-

antral follicle is surrounded with more than two cell layers 

and consists of antrum folliculi and zona pellucida. The 

follicle which has an antrum and stratum granulosum and is 

surrounded with cumulus oophorus is defined as a tertiary 

follicle. Atretic follicle, the basement that separated the 

oocyte from granulosa cells often thickens to become the 

glassy membrane. Fibrous material replaces the granulosa 

cells and loss of cohesion may also occur in granulosa cells. 

 

Figure 3. Multiple primary and primordial 

follicles x400 hematoxylin eosin 

AMH assays: Blood samples were collected into tubes 

containing lithium heparin (BD Vacutainer Plasma tubes, 

Manchester, England). The concentration of the Lithium 

Heparin additive in these tubes was 17 international units of 

heparin/ml of blood. Blood samples were centrifuged 

within 30 minutes of sampling. After 15 minutes of 

centrifugation at 1000xg, serum was removed and the 

remaining plasma was transferred into an Eppendorf tube 

and stored frozen at -20⁰C until the time of analysis. AMH 

concentrations were measured in “ng/ml” plasma using 

ELISA method. The rat AMH kit used in study had a 

sensitivity of 0.10 g/mL, a detection range of 0.16 to 10 

ng/mL and a coefficient variation of less than 10% 

(Elabscience, Rat AMH kit; Houston, Texas, ABD). The 

laboratory technician of the laboratory of the university 

hospital was blinded to the study groups and unaware of 

which samples belonged to which rat. All samples were 

analyzed in the same assay. 

Statistical analysis: Statistical analysis was performed 

with SPSS version 17.0 program. The suitability of the 

variables to normal distribution was examined by histogram 

graphs and Kolmogorov-Smirnov test. Mean, standard 

deviation, median and IQR values were used to present 

descriptive analyzes.  
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Non-parametric variables were evaluated between the two 

groups and Mann Whitney U Test was used. Spearman 

Correlation Test was used to analyze the measured data of 

each group in relation to each other. The cases where the P-

value was less than 0.05 were evaluated as statistically 

significant results. 

Results 

Histopathological damage scores were compared between 

the groups. Vascular congestion and total damage scores 

were higher in the CP group than in the normal group. CP + 

DHEA group had higher edema, vascular congestion and 

total score values than the normal group (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Follicle numbers and AMH values were compared 

according to the groups. In the CP group, the number of 

Primordial, Primary, Secondary follicles and ovarian 

volume were lower than the normal group. In the CP + 

DHEA group, the number of primordial and tertiary 

follicles and ovarian volume were lower than in the normal 

group. AMH values do not differ between the groups 

(Table 2). 

The correlation between AMH and rat weight, ovarian 

volume, total damage score, number of atretic follicles, 

secondary and tertiary follicles were evaluated between the 

groups. Accordingly, there was a strong positive correlation 

between AMH and ovarian volume in the normal group 

(Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Comparison of histopathological damage scores of normal ovary vs CP, CP + DHEA 

 Normal ovary CP  P* CP +DHEA P** 

Edema      

Mean SD 0,00±0,00 0,25±0,46 
0,143 

2,50±0,53 
<0,001 

Median- IQR 0,00(0,00-0,00) 0,00(0,00-0,50) 2,50(2,00-3,00) 

Vascular congestion      

Mean SD 0,00±0,00 1,13±0,83 
0,004 

1,50±0,53 
<0,001 

Median- IQR 0,00(0,00-0,00) 1,00(0,50-2,00) 1,50(1,00-2,00) 

Inflammation      

Mean SD 0,00±0,00 0,00±0,00 
1,000 

0,00±0,00 
1,000 

Median- IQR 0,00(0,00-0,00) 0,00(0,00-0,00) 0,00(0,00-0,00) 

Cellular degeneration      

Mean SD 0,00±0,00 0,25±0,71 
0,317 

0,00±0,00 
1,000 

Median- IQR 0,00(0,00-0,00) 0,00(0,00-0,00) 0,00(0,00-0,00) 

Hemorrhage      

Mean SD 0,13±0,35 0,00±0,00 
0,317 

0,00±0,00 
0,317 

Median- IQR 0,00(0,00-0,00) 0,00(0,00-0,00) 0,00(0,00-0,00) 

Total score      

Mean SD 0,13±0,35 1,62±1,30 
0,010 

4,00±0,93 
<0,001 

Median- IQR 0,00(0,00-0,00) 1,50(0,50-3,00) 4,00(3,00-5,00) 

Mann Whitney U Test 

Table 2. Comparison of normal ovary vs CP, CP + DHEA groups in terms of follicle count and AMH values 

 Normal ovary CP  P* CP +DHEA P** 

Primordialfollicle      

Mean SD 12,75±1,91 2,88±1,36 
0,001 

4,63±1,77 
0,001 

Median- IQR 12,50(11,50-14,00) 2,50(2,00-4,00) 4,50(3,00-5,50) 

Primerfollicle      

Mean SD 10,50±2,33 6,13±4,45 
0,043 

9,50±4,57 
0,671 

Median- IQR 11,00(8,50-12,00) 3,50(3,00-9,00) 10,50(7,50-11,50) 

Secondary (pre-antral) follicle      

Mean SD 12,25±1,83 8,63±2,39 
0,006 

12,13±4,05 
0,833 

Median- IQR 12,50(10,50-13,50) 9,50(6,50-10,00) 11,50(8,50-15,50) 

Tertiary (antral) follicle      

Mean SD 21,50±3,21 17,75±5,97 
0,140 

17,00±2,83 
0,018 

Median- IQR 22,00(19,50-23,50) 17,00(12,50-22,00) 16,50(14,50-19,00) 

Atreticfollicle      

Mean SD 0,25±0,46 0,25±0,71 
0,643 

0,00±0,00 
0,143 

Median- IQR 0,00(0,00-0,50) 0,00(0,00-0,00) 0,00(0,00-0,00) 

AMH (ng/mL )      

Mean SD 3,42±0,79 2,96±0,57 
0,189 

3,71±0,75 
0,528 

Median- IQR 3,37(2,64-4,06) 3,03(2,57-3,29) 3,64(3,18-4,05) 

Ovaryvolume (mm3)      

Mean SD 55,49±9,14 23,27±5,04 
0,001 

38,70±12,16 
0,017 

Median- IQR 54,12(50,19-55,53) 24,07(19,15-27,68) 36,22(27,80-50,19) 

Mann Whitney U Test 
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Discussion 

Many previous studies have investigated the effects of CP 

on reproductive function in women and have found that it is 

associated with the highest risk of iatrogenic infertility 

following the treatment of common cancers frequently 

observed in women of reproductive age and children (26). 

CP induces its effects by mitotically diminishing the stock 

of active cells (4). It was found that ovarian tissues had 

prominent atrophy, fibrosis, prominent follicular atresia and 

did not have normal follicular stages (27-29). In the 

pathological examinations of the ovary, it was generally 

seen that there was decreased primordial follicles, ovarian 

blood vessel damage, and ovarian atrophy (30,31). To 

investigate these effects associated with CP, we conducted 

histopathological examinations on ovarian tissue and 

performed volume evaluations. We examined the 

correlation of AMH with rat weight, ovarian volume, total 

damage score, atrial follicle count, and secondary and 

tertiary follicle counts. As such, we determined that there 

was a strong positive correlation between AMH and 

ovarian volume in the normal group. However, ovarian 

volume decreased significantly compared with normal rats 

in all rats administered with CP. Although the DHEA 

supplementation reduced this decrease numerically, it could 

not prevent a statistical decrease. In addition, although 

ovarian volume decreased in both groups, AMH levels 

were not affected. 

CP causes progressive and irreversible damage due to the 

destruction of oocytes, follicular depletion and severe 

vascular damage in the ovary (32,33). Severe ovarian 

damage develops as a result of ovarian atrophy, destruction 

of growing follicles, and hence a decrease in follicle counts 

(34). We evaluated the histopathological damage scores in 

order to examine ovarian damage. We found that there was 

a significant increase in vascular congestion and total 

damage score compared with normal ovarian tissue. We 

determined that the addition of DHEA to CP application 

did not lead to a difference in any of these damage scores. 

Alkylating drugs such as CP are the most effective agents 

in inducing ovarian failure(35). In studies, it is usually used 

as a single dose of 200 mg/kg(36,37).It has been reported 

that in the treatment of mice with CP, a process related to 

the p53-upregulated modulator of apoptosis (PUMA), a 

pro-apoptotic protein, results in a massive net follicle loss 

within five days(38). 

 

 

 

 

 

 

 

 

 

 

Primordial follicles can also become the target of direct 

chemotherapy, since cytotoxic agents with a non-specific 

cell cycle, such as CP, can also damage resting cells(39). 

It has been shown that the alkylating agent CP induces 

primordial follicle loss in mice by resting follicle activation 

and burn-out (40). 

In our study, we examined the effects of CP on ovarian 

follicles. We determined that compared with normal 

ovarian tissue, there was a significant decrease in 

primordial, primary and preantral follicles in the group 

treated with CP alone. We also found that the addition of 

DHEA to chemotherapy prevented a decrease in primordial 

and primary follicles, although preantral follicles still 

remained at a low level. There was no significant change in 

terms of atretic follicles in both groups treated with CP. 

The anti-mullerian hormone levels are associated with 

follicular reserves, in particular with preantral follicle 

reserves (4). The effects of anti-tumoral therapies on the 

ovaries can be evaluated with many different markers. 

Serum early phase FSH, estradiol, AMH levels and antral 

follicle count can be used for these evaluations 

(41).Although there are many ovarian reserve tests with 

varying predictive capabilities, antral follicle count (AFC) 

and AMH have been found to have the best diagnostic 

accuracy for consistently predicting poor ovarian reserve 

(42,43). 

In rats treated with CP, it was observed that ovarian 

damage increased and that total vascular congestion and 

total damage scores increased significantly compared with 

normal rats. There was a decrease in ovarian volume, 

primordial, primary and preantral follicle numbers. It was 

determined that in the group that received DHEA in 

addition to CP, there was no decrease in primary and 

preantral follicles. It was also foundthat there were changes 

in all other parameters, and that there were no significant 

differences in terms of tissue damage, follicle counts and 

AMH values, which are important for clinical practice. 

Conclusion 

It was determined that the use of DHEA to prevent CP-

related ovarian damage in rats did not produce significant 

changes in antral follicle counts, ovarian volume and AMH 

levels, which are important in clinical practice. 

 

 

Table 3. Correlations between rat weights, ovary volume, total damage score, number of atretic follicles and AMH levels 

 Normal rat 

AMH 

CP  

AMH 

CP+DHEA  

AMH 

Rat weight (grams) 0,443 -0,160 -0,562 

Ovary volume (mm3) 0,778* 0,476 -0,168 

Total damage score 0,082 0,222 0,095 

Atretic follicle count 0,000 -0,412 0,000 

Pre-antral+antral follicle count -0,072 -0,325 0,611 

Spearman Correlation Test *p<0,050   
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Introduction 

Schwannomas are the type of tumors originating from the 

nerve sheath. Although most of these tumors are benign, 

they can rarely be malignant. Most of them are 

extramedullary and are often seen in intradural areas.(1)  

Neurogenic tumors of the paraspinal region are common in 

the adult population. Paraspinal schwannomas that develop 

from the dorsal nerve of the spinal root can cause sensorial 

symptomatology. Schwannomas may also derivate from 

last four cranial nerves or autonomic nerves in 

parapharyngeal space, vagus nerve being the most 

common(2). Symptoms of schwannomas may depend on its 

location and size. While Schwannomas randomly cause 

symptoms, patients may suffer from pain, muscle 

weakness, tingling sensation, numbness, auditory problems 

or facial paralysis. In some cases, they may occur in 

syndromes with multiple manifestations. Treatments of 

schwannomas are surgical and several techniques are 

depending on its location. With the correct surgical 

approach, total excision is possible for these tumors. 

Case 

A 47-year old female presented with back pain for almost 

10 years. She had not any chronic diseases and had not any 

surgical operations. Apart from the pain and a thickened 

spot on the neck for a year, she did not have any specific 

symptoms. In the first couple of years, her VAS score for 

the pain was 3, but she describes an increase to 7 in the last 

2 years. She described her pain as a burning sensation and 

it did not get affected by movement. Blood tests including 

acute phase reactants were normal. Physical examination 

revealed no motor and sensory loss, both in her previous 

consults to other physicians and in ours.  

 

 

 

She was diagnosed with chronic muscle stiffness due to 

excessive use and underwent medical and conservative 

treatment for a few years. She had continuous NSAI usage 

for the last 2 years. For the first years, symptomatic 

treatment was episodic. Before coming to our clinic, she 

had undergone physiotherapy for 3 weeks and she 

described no decrease in her symptoms after these 

treatments. On the light of these facts, we thought of the 

possibility of a deeply located regional legion like a mass. 

These kinds of lesions are usually asymptomatic unless 

they grow and compress adjacent tissues and cause pain.  

Cervical MRI was planned to search for possible soft tissue 

problems. The tumor was found in the paravertebral area 

with intensive contrast enhancement (Fig 1). We thought it 

to be the cause of the pain that the patient has been 

suffering, so we planned a surgical approach with the 

patient’s approval. 

Under general anesthesia and in the prone position, the skin 

and dermis were cut on the C6 to the T1 level. After para-

vertebral fascia was opened and muscles were dissected, a 

3-centimeter long soft mass was seen near the spinous 

processes of C7 and T1. We separated the mass from para-

vertebral muscles and spinous processes and burned the 

tail, so we could remove it from the C7 nerve sheath. (Fig2) 

The pathology results showed that the tumor was a 

schwannoma, with residual peripheral tissue on it. The 

patient had a good recovery. After 8 months, symptoms -

especially back pain- were gone and there were no sensorial 

and motor deficits. A follow-up MRI was planned to check 

the area (Fig 3).   

 

 

Abstract 

Objective:   Paraspinal schwannomas arise from the dorsal nerve root. Symptoms of schwannomas may depend on their 

locations and sizes. This case was presented by a female patient with a dorsalgia for 10 years. She had not any specific 

symptoms but pain and a thick spot on the neck (cervical area). Paraspinal schwannomas involve the dorsal nerve roots, 

affecting people in the fourth and fifth decades of life. Paraspinal schwannomas are frequently asymptomatic and 

diagnosed incidentally on imaging of the spine. Total excision is mostly possible and the recurrence rate is low. 

Keywords:  Paraspinal schwannomas, Extradural schwannomas, Nerve sheath tumors, Periferic nerve tumors 
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Table1: McCormick’s Classification- Classification for para-spinal region tumors. 

McCormick’s Classification 

Type 1 • Dumbell tumours with significant intraspinal and anterior paraspinal components. 

Type 2 • Confined to anterior spinal region and near spinal canal without foraminal or intraspinal extension. 

Type 3 • Anterior paraspinal tumors with minor foraminal or intraspinal extension. 

Type 4 • Involve vertebral, epidural and paraspinal regions. 

Type 5 • Involve paraspinal soft tissue only (our case). 

 

 
Figure 1: Patient’s pre-operative cervical MRI, showing a smooth-contoured mass lesion at C7-T1, near the spinous 

processes on the para-vertebral area. The lesion is T2-hyper-intense, T1-hypo-intense and has post-contrast series 

intensive contrast enhancement with a necrotic component at the center. The maximum tumor diameter of the lesion was 

18 mm. 

 

 
Figure 2: The tumor showed macroscopically. All the contours of the tumor were found to be smooth. The pathology 

results showed that the mass is a schwannoma with residual peripheral nerve tissue on it. 

 
Figure 3: Patient’s post-operative cervical MRI, showing that there is no tumor in the paravertebral area and that all 

tissues were looking normal. 
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Discussion 

Schwannomas are benign rare tumors that originate the 

nerve sheath of peripheral nerves. It is the most common 

cause of intradural extramedullary tumors in the paraspinal 

area, but it can also be seen extradural. Schwannomas of 

the cervical sympathetic chain are extremely rare compared 

to lumbar or thoracic types, and they originate from the 

superior part of the cervical chain.(3) However, 

schwannomas can originate from any peripheral nerve in 

the body, nerves of the head and neck being the most 

involved ones. Paraspinal schwannomas develop around 

dorsal nerve roots in the 4t-5th decades of life. This tumor 

mostly presents as asymptomatic and is found incidentally 

in spinal imaging. The most common symptoms are 

lancinating pain and/or paresthesia. They may also 

compress the nerve roots and cause non-specific abdominal 

or back pain. Schwannomas may be sporadic and solitary 

or multiple as in neurofibromatosis type 1.(5) They may 

extend along the spinal nerve and impose as a dumbbell 

mass, consisting of both intradural and extradural 

components. Intramuscular schwannomas are highly 

uncommon, with palpable masses that present with either 

no symptoms or lower extremity numbness, but with no 

characteristic features. Intramuscular schwannomas 

originate from motor branch nerves.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Neurological symptoms, including pain, motor weakness or 

paresthesia are rarely seen. In our patient who had no 

radicular pain, motor weakness or tenderness, the tumor 

was located in the erector spinal muscles. 

The histological hallmark of a schwannoma is the 

alternating pattern of two distinct tissue types: fascicular 

type (Antoni-A) and reticular type (Antoni-B) (Fig 4). 

Antoni A regions are composed of more densely arranged 

cells with specific areas of palisading nuclei arranged in 

rows, whereas Antoni B regions tend to be more 

hypocellular, with a loose and disorderly arrangement. In 

the present case, as the MRI findings were indicative of a 

benign nerve sheath tumor, we cautiously removed the 

encapsulated mass from the origin but could not identify 

the dorsal ramus nerve. Our tissue biopsy confirmed the 

presence of a very rare intramuscular benign schwannoma, 

with typical features. Schwannomas usually demonstrated 

by hypointensity on T1-weighted images and 

hyperintensity on T2-weighted images.(4) McCormick's 

Classification is used in the classify paraspinal region 

tumors.(6) (Table 1). 

 

 

 
Figure 4: A common finding in schwannoma is the formation of Verocay bodies within the cellular Antoni A zones, 

defined as palisading rows of nuclei around a pink fibrillary and hypocellular Antoni B zones, contain degenerative 

changes (H&E, x200). 
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Conclusion 

The diagnosis of paraspinal tumors is delayed by non-

specific symptoms such as pain. In some cases, the tumor 

may expand and cause motor weakness or sensory deficit. 

If it is feasible to remove, the main treatment choice is 

surgery, radiotherapy is in the alternative. Total excision is 

mostly possible and the recurrence rate sare extremely low 

after a successful surgery 
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