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Healing potentials of Marigold flower (Tagetes erecta) on full

thickness dermal wound in caprine model

Ajmary Sultana1 , Mahadi Hasan2 , Marzia Rahman2 , Md. Mahmudul Alam1

1Department of Surgery and Obstetrics, Bangladesh Agricultural University, Faculty of Veterinary Science, Mymensingh, Bangladesh 
2Department of Microbiology and Hygiene, Bangladesh Agricultural University, Faculty of Veterinary Science, Mymensingh,

Bangladesh 

ABSTRACT
Objectives: In the modern days multiple drug resistance has been developed against many microbes due to

the random use of existing antimicrobial drugs in the treatment of infectious diseases. This paves the way for

reconsidering traditional medicine; hence we have carried out to evaluate the wound healing potentials of

Marigold flower (Tagetes erecta) in the surgical wound model in black Bengal goats. 

Methods: A total of sixteen surgical wounds were made in eight goats under proper restraint and analgesia.

Wounds were topically treated with Marigold flower paste (Group A) and normal saline (Group B, control).

Post-treatment information was recorded from day 1 to day 21. Planimetric features such as swelling of the

wound area, elevation of suture line, and length of the wound were monitored. Histopathological and in vivo

anti-microbial studies were also investigated. 

Results: Results revealed that aqueous paste of Tagetes erecta flower modulated inflammation and promoted

wound contraction leading to earlier healing than those with saline.  Histological findings highlighted the

normal cutaneous architecture of the marigold treated wound more than that appeared in the saline-treated

wound. The antibacterial study revealed that the aqueous paste of marigold flower was highly effective against

Staphylococcus aureus which is the ubiquitous bacterial pathogen both in humans and animals. 

Conclusions: These results, thus, demonstrate that the aqueous paste of Tagetes erecta flower possesses wound

healing activities and it could be a potential candidate for the treatment of dermal wounds by topical application. 

Keywords: Tagetes erecta, wound healing, histopathology, antibacterial efficacy, goats

Wound healing or repairing is a process of replac-

ing devitalized and missing cellular structures

and tissue layers. This process can be categorized into

four phases i.e. hemostasis, inflammatory, prolifera-

tive, and remodeling. The process involves growth

factors, cytokines, extracellular matrix, and relevant

enzymes along with the differentiated cells that mod-

ify molecular components of the matrix [1]. The initial

events of the wound healing mechanism occurred

smoothly under favorable condition but the healing

rate may differ among species, tissues, nature of in-

fection or infestation, even between sites of the same

tissue as well as pathological features of tissues [2, 3]. 

      The trend of using herbal medicines are not new,

many herbal preparations are extensively utilized in

rural areas. The uses of herbal products are not only

because of the easier availability in local areas but also

herbal products have no side effects on the body as
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well as this is economic. The beneficial effect of

herbal medicine typically results from the combination

of secondary metabolites produced within the herbs

like flavonoids, tannins, glycosides, alkaloids, gums,

etc. The resistance of organisms against antibiotics is

a matter of global concern and using herbal products

may help to cope up with this problem. Plant-derived

antimicrobials have received tons of attention recently

[4]. The current threat of antimicrobial resistance and

easy availability of Marigold flower (Tagetes erecta

Linn) has drawn attention to use for therapeutic pur-

poses. 

      Marigold has about 56 species but two basic types

are Tagetes erecta Linn and Tagetes patula Linn. It is

a good remedy for inflamed skin, open fresh wounds,

and a range of microbial and parasitic infections [5].

Phytochemical constituents of Marigold indicate the

presence of carotenes, flavonoids, resin, saponin,

sterols, triterpenes, bitter glycosides, volatile oils, cal-

cium, and alkaloids [5]. It shows different pharmaco-

logical activities like anti-bacterial, anti-microbial

activity, hepatoprotective, insecticidal, mosquitocidal,

larvicidal, nematocidal, wound healing, antioxidant,

and analgesic [6]. In a combination of some sub-

stances with the high resin, content provide Marigold

a powerful anti-inflammatory action. 

      Among different species of Marigold, Tagetes

erecta is the most common and widely available in

Bangladesh. Different study at a different place on

Marigold was reported but with this species, there is

still limited study. Based on having active constituents

and therapeutic potentials mentioned above and easy

availability of the plants in the country, we have con-

ducted the study to investigate the healing potentiality

of Marigold (Tagetes erecta) on full-thickness dermal

wound in goat.

METHODS

Animals

      This study was reviewed and approved by the An-

imal Experimental Ethics Committee (AEEC) of the

Department of Surgery and Obstetrics,  Bangladesh

Agricultural University (Permission number:

AEEC/DSO-BAU/01/2017) and strictly obeyed the

rules of animal experiment ethics to reduced number

as well as the suffering of animals. The research was

conducted on eight healthy goats with body weight

ranged from 8-10 kg with irrespective of sexes. The

animals were kept in the Veterinary Teaching Hospital

(VTH), BAU under standard housing system and vet-

erinary monitoring with no restrictions on water and

food. They were acclimatized to the experimental con-

ditions for 14 days. Deworming and vaccination

against Peste des petits ruminants (PPR) virus were

done. The overall health of the animals was monitored

before and throughout the study. 

Preparation of Marigold Petal Paste 

      Fresh flower petals were collected from the prem-

ises of BAU. The petals were properly cleansed with

distilled water and blended with sterile double distilled

water to make homogeneous paste. The procedure was

followed during each application on the wound. 

Surgical Wound Model 

      All the wounds were created aseptically consider-

ing animal welfare to provide minimal discomfort to

the experimental goats. Local analgesia was done be-

fore wounding to minimize the pain sensation. A total

of sixteen full-thickness cutaneous wounds of 2.0 cm

length and 0.5 cm depth were made on either side of

the vertebral column of eight goats with 2 wounds in

each animal following the technique described by

Tamanna et al. [7]. 

Experimental Protocol 

      Following treatment, all the animals were main-

tained carefully to avoid contamination of wounds.

Other than experimental herbal therapy, no other drugs

were applied to the wound in order to avoid their in-

fluential effects on the healing process. Goats were di-

vided into two groups: 

      Group A - Fresh aqueous Marigold flower paste

was applied locally once daily to eight surgical

wounds made in four animals. 

      Group B - This group received normal saline (NS)

and served as control. 

Plenimetry

      Follow-up information was obtained since day of

surgical operation (day 1) up to the end of experiment

(day 21). Gross morphology such as swelling of the

wound area, elevation of suture line from the skin sur-

face, length of wound area was recorded to evaluate
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the healing potentials of Marigold flower. Elevation

of suture line was recorded up to 7th days of wounding,

length of suture line was measured on the day 1 (D1),

day 3 (D3), day 7 (D7), day 14 (D14) and day 21

(D21) post-operation, for bacteriological study, wound

swabs were collected from both the groups on D3

post-wounding. To examine histological changes of

wounds following treatment,  full-thickness lesion

biopsies were collected at D3, D7, and D21 from both

the groups. 

Monitoring and Data Collection 

      Swelling area (mm), elevation of suture line (mm),

and length of suture line (mm) of the wound were

measured using digital slide calipers (FstDgte, China).

Healing progress of animals in both groups was mon-

itored daily. Healing was scored as follows:

      a) Excellent - No inflammation, no exudation, no

infection, no dehiscence, gradual decrease of a width

of the wound area.

      b) Good - Minimum inflammation with mini-

mum exudation, no dehiscence, gradual decrease of a

width of the wound area.

      c) Poor - Marked inflammation, presence of in-

fection, and exudation. 

Antibacterial Evaluation 

      Antimicrobial activity was determined through the

dilution method. All of the samples were collected

aseptically from the wounds by using sterile cotton

buds circling onto the wound and immediately trans-

ferred into screwed capped test tubes containing nu-

trient broth. The tubes were taken to the laboratory to

culture and counting of viable bacteria. For this pur-

pose, the spread method was used Swab collection,

culture, and staining of collected bacteriological sam-

ples were done by following the method described by

Jaman et al. [8]. 

Histopathological Study 

      The full-thickness cutaneous biopsies (1.5 cm x

1.5 cm) were collected from the wound of each exper-

imental animal on 3rd, 7th, and 21st days post-wound

using the surgical procedure described by Tamanna et

al. (2020). The samples were fixed in 10% formalin

for 48 hours for proper fixation and slides were pre-

pared and stained in the histopathology laboratory of

the Department of Surgery and Obstetrics, BAU fol-

lowing the protocol described by Ashraf et al. [9]. The

stained slides were assessed under a photographic mi-

croscope (Micros®, Austria) for epidermal thickness,

inflammatory infiltration, fibroblasts generation, vas-

cularization, and other essential histological changes

and then images were captured accordingly. 

Statistical Analysis 

      All the data were expressed as Mean ± SE (Stan-

dard Error). To compare data among groups, one-way

ANOVA (Analysis of variance) was performed using

Statistical Package for the Social Sciences (SPSS) ver-

sion 22.0. 

RESULTS

      In this study, the efficacy of aqueous paste of

Marigold flower was evaluated on the basis of mor-

phological changes such as an area of swelling of

wounds, elevation of suture line, length of wounds,

mean time to get healed, histopathological changes

and in vivo antimicrobial performance. 

      Morphological variables of wounds of group-A

and B are shown in Table 1. Swelling of the wound

edges was observed in both group of animals. Treat-

ment with Marigold flower paste resulted in signifi-

cant (p < 0.05) decreased swelling of the wound (4.02

± 0.11 mm) than wound treated with NS (5.36 ± 0.12
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mm), Elevation of suture line was remarkably lower

in Marigold treated wound (2.73 ± 0.19 mm) than

those of control (3.59 ± 0.12 mm). Decreased length

of wounds after treatment with this herbal paste was

recorded (16.04 ± 0.06 mm) whereas in NS treated

wound, it was as high as 17.11 ± 0.08 mm. 

      The morphological changes of wounds of group A

and group B at indicated days are shown in Fig. 1, Fig.

2 and Fig. 3. 

      In this study, we have found a significant differ-

ence (p < 0.05) in the average healing time between

the groups. The mean days to complete healing for the

treatment group was 14.17 ± 0.31 days where it was

much higher in control wounds (18.67 ± 0.33 days)

(Fig. 4) indicates that Marigold has potent accelerating

wound healing effect. 
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Fig. 1. Gross observation of wounds on day 1 treated with (a) Marigold, (b) Normal saline (control). 

!

! !
Fig. 2. Gross morphology of wounds on day 7 treated with (a) Marigold, (b) Normal saline (control). 

!

! !
Fig. 3. Gross observation of wounds on day 21 treated with (a) Marigold, (b) Normal saline (control). 
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      The inflammatory lesions in the regenerating tis-

sues were evaluated based on the infiltration of differ-

ent reactive cells. Reactive cells decreased gradually

in wounds treated with aqueous Marigold flower

paste. Moderate infiltration of inflammatory cells with

fibroplasia was seen on day 3 (Fig. 5a) and gradually

decreased on day 7 (Fig. 6a) and on day 21, there was

the least degree of inflammation present with marked

thickening of the keratinized layer of the epidermis

(Fig. 7a). 

      On the other hand, in the control group, huge in-

flammation and fibroplasia were encountered along

with widespread hemorrhages and congestion on day

3 (Fig. 5b) which continued up to day 7 where fibrob-

lastic proliferation with minimal infiltration inflam-

matory cells seen (Fig. 6b). On day 21, there was the

least degree of inflammation present with a thin kera-

tinized layer of the epidermis (Fig. 7b). Based on the

histological scoring as described in materials and

methods, Marigold flower provided excellent score

whereas NS has given poor score in this experiment. 

We have performed in vivo antibacterial efficacy study

with the swab samples collected on day 3 post-opera-

tion. After culture and colony counting, we found that

bacterial colonies were markedly reduced in Marigold

treated wound (Fig. 8a) but there was a huge colony

in saline-treated wound (Fig. 8b). To check the type

of bacteria involved in the wound infection, we per-

formed Gram’s staining and it revealed Staphylococ-

cus spp. characterized spherical shaped clustered

Gram-positive bacteria (Fig. 9).
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Fig. 4. Mean days to wound healing. * denotes healing time of Marigold is significantly lower than control group (p < 0.05). 
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! !Fig. 5. Histological features on day 3. (a) Moderate infiltration of inflammatory cells with fibroplasia in group A, (b) Huge

inflammation, and less fibroplasia in group B. (H & E stain, original magnification × 200). 
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DISCUSSION

      Medicinal plants, their derivatives, and metabo-

lites are widely used for medicinal purposes, either

phamacopoeial, non harmacopoeial or synthetic drugs.

They are becoming popular all over the world as a nat-

ural alternative to synthetically produced medicine. In

developing countries like Bangladesh, most of the

people lived in rural areas do not get access to sophis-

ticated and expensive medical support. A greater por-

tion of them rely on traditional or herbal therapy for

both humans and animals [7, 10, 11]. The plant
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Fig. 6. Histological features on day 7. (a) Less inflammatory cells than those of fibroblastic cells in group A, (b) Fibroblastic

proliferation with minimal infiltration inflammatory cells in group B. (H & E stain, original magnification × 200). 

!

! !

Fig. 7. Histological features on day 21. (a) Marked thickening of the keratinized layer of the epidermis in group A, (b) Thin

keratinized layer of epidermis present in group B. (H & E stain, original magnification × 200). 
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!

!

!

!

!

! !

Fig. 8. Presence of bacterial colony in primary culture of Mannitol salt agar observed in samples collected from wound treated

with (a) Marigold petal paste and (b) Normal saline (Control). 
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Tagetes erecta has been shown to contain querc-

etagetin, phenolic, syringic acid, methyl-3, 5-dihy-

droxy-4-methoxy benzoate, quercitin, thienyl, and

ethyl gallate [12]. It has been reported that the Tagetes

erecta flower acts as anti-hemorrhagic, anti-inflamma-

tory, antiseptic, antispasmodic, astringent, and is use-

ful in aromatherapy for its powerful skin healings

properties [13]. In the current study, area of swelling,

elevation of suture line, length of wounds was ob-

served as gross indicators of wound healing potentials

of Tagetes erecta petal paste. Results from our study

showed that the mean value of swelling area, elevation

of suture line and length of wound were remarkably

lower in Marigold treated wound than those of control.

The mean healing time significantly shorter in Group-

A where wounds were treated with Marigold flower

paste indicating that Marigold has outstanding healing

accelerating properties. 

      Activation of fibroblasts, endothelial cells, and

macrophages are keys of wound healing in which

body cells respond to injury. The restoration of struc-

ture and function in the wound site is determined by

fibroblast proliferation [14]. Therefore, therapeutic

bioactive agents that are able to stimulate fibroblast

growth and proliferation may be able to improve or

promote wound healing as in the case of the present

study, petal paste of T. erecta flower prepared was

demonstrated to enhance the proliferation of fibroblast

and collagen deposition in Black Bengal goats. 

      The mechanisms through which the T. erecta

flower paste accelerates wound healing is unclear but

further research could be done by examining whether

this extract increased fibroblast migration and collagen

deposition in wound tissue. It can be speculated that

quick and maximum deposition collagen fibers in

wounds treated with T. erecta flower paste may be the

hidden mechanism of quick reformation of the

wounded area by connective tissues. 

      The plant used as a wound healer may inhibit bac-

terial growth by different mechanisms than the

presently used antibiotics. It has been shown that the

essential oil of the Tagetes erecta flower showed no-

ticeable antimicrobial activity against four gram-pos-

itive and fifteen gram-negative pathogenic bacteria

(Staphylococcus aureus, Bacillus mycoides, Bacillus

pumilus, Bacillus subtilis, Salmonella paratyphi A,

Salmonella paratyphi B, Salmonella paratyphi C, Sal-

monella typhi H, Salmonella enteritides, Salmonella

flexneri Salmonella typhimurium, Shigella sonnei,

Shigella schimizii, Shigella shigae, Vibrio cholerae

Inawa, Vibrio cholerae Ogawa, Vibrio cholera Eltor

and Xanthomonas campestris) strains with minimum

inhibitory concentration (MIC) for the extract ranging

between 12.5-100 μg/mL [15]. This would explain the

wounds given Tagetes erecta flower paste in our study

were protected from microbial or fungal infection that

may compromise wound healing. 

CONCLUSION

      In this study, the topical application of the Tagetes

erecta flower paste on the surgical wound in goats

caused a significantly higher rate of wound healing

and reduced the epithelialization period. The study re-

veals that flower petals possess good wound healing

properties which may be attributed to the individual

or combined action of phytoconstituents like alkaloids,

and terpenoids present in the extract. Further investi-

gations are necessary to determine the mode of action

of constituents present in the paste to prove its poten-

tial in clinical studies. 
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Prenatal stress impairs recognition memory and leads to

neurodevelopmental deficits in the hippocampus of adolescent

rats with early acute pentylenetetrazole-kindling
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ABSTRACT
Objectives: This study aimed to investigate the effects of prenatal stress (PS) on hippocampus of early acute
pentylenetetrazole (PTZ)-kindled offspring in adolescence. Recognition memory, morphological changes and
synaptophysin levels in hippocampus were evaluated. 
Methods: Restraint stress was induced to a group of pregnant dams and non-stressed (NA) group remained
undisturbed. Next, male and female offspring were divided as 1. PS-PTZ, 2. PS -control, 3. NA-PTZ and 4.
NA-control (n = 12 in each group). The object recognition test was performed following PTZ injection (45
mg/kg) on postnatal day 10 (P10). Brains were collected on postnatal day 35 (P35) to determine neuronal
density and synaptophysin expression by immuno/-histological studies. Further, oxidative stress products in
hippocampus were analyzed with different biochemical assays. 
Results: PS impaired recognition memory in PTZ group significantly (p = 0.03); however, the impairment of
PS was reversible in control group compared to PTZ (p = 0.04). Furthermore, PS caused neuronal loss in CA1
(p = 0.01) and decreased synaptophysin expression in the CA3 area of hippocampus in PTZ group (p = 0.03).
PS also increased the oxidative stress markers in PTZ group significantly (p < 0.05). 
Conclusions: These results suggest that PS causes neurodevelopmental deficits in adolescent hippocampus
and recognition memory after early-life seizures prominently. However, the damage of only PS in adolescence
can be reversible. Therefore, the effects of PS in the adult hippocampus and other regions of brain need to be
further studied
Keywords: prenatal stress, hippocampus, PTZ-kindling, seizure, recognition memory

Traumas in embryonic development usually cause
major impacts in the neonatal period and later life

of the infant [1]. Prenatal stress (PS) especially in-
creases the tendency and frequency of seizures caus-
ing neurodevelopmental deficits in the brain [2]. PS

impairs the regulation of the hypothalamic-pituitary-
adrenal axis and decreases the seizure threshold
through glucocorticoid enhancement [3]. Furthermore,
suppression of the inhibitor GABAergic neurons and
constant depolarization of glutamatergic neurons [4,
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5] impairs the neonatal hippocampus through volume
loss, dendritic atrophy, suppression of synaptic trans-
mission [6, 7, 8]. Since the hippocampus is crucial for
learning and memory processing, the damage of PS
may cause cognitive deficits such as recognition prob-
lems in later life. However, recognition memory re-
quires multiple pathways such as visual, entorhinal
and perirhinal cortex. The role of hippocampus in
recognition process is not known well. In this case,
several studies indicated that PS increases seizure ac-
tivity or improves learning and memory retention as-
sociated with hippocampus [9, 10]. Nevertheless, that
improvement or impairment depends on timing, dura-
tion, intensity of PS and gender [1]. High levels of glu-
cocorticoids as a physiological response to PS
stimulate postsynaptic excitatory receptors by over-re-
leasing glutamate. Consequently, increased intracellu-
lar Ca+2 concentration leads to seizure susceptibility
and oxidative stress which may cause neuronal loss in
the developing hippocampus [11, 12]. However, the
long-term effects of PS and early acute seizure on the
oxidative stress markers, synaptic transmission and
neuronal denstiy of hippocampus need to be clarified.
Therefore, we investigated the effects of PS on hip-
pocampus of early acute pentylenetetrazole (PTZ) -
kindled offspring in adolescence. We aimed to under-
stand the cognitive, biochemical and histological out-
comes when hippocampus development is disrupted
by acute early life seizures following PS exposure. 

METHODS

Animals 

      Adult female Wistar albino rats (200-400 g) were
obtained from Ege University, Laboratory of Animal
Research and Application Center. They were housed
with ad libitum food and water under 20-25Co,
12L/12D laboratory conditions. The estrous cycle of
female rats was determined by vaginal smear and they
were housed with male rats overnight. Next day, vagi-

nal plugs were observed and presumed as the first day
of pregnancy. Pregnant rats were divided into PS and
non-stress (NA) groups. After the birth, offspring (n =
12) in each group stayed in their home cages until
weaning and separated by their genders. Experimental
groups were conducted as 1. PS-PTZ, 2. PS-control,
3. NA-PTZ and 4. NA-control. This study was carried
out after the approval of the local ethical committee
(2017-082). The experimental design is shown in Fig.
1. 

Prenatal Stress Procedure 

      Restraint stress was induced to a group of female
rats (n = 6) between day 12.5-17 of their gestations in-
dividually due to hippocampus begins to form on em-
bryonic day 12 in rats [14]. They were restrained in a
Plexiglass transparent cylinder (19 cm × 6 cm) three
times/day for 45 min under two bulbs (100W) as de-
scribed previously [15]. NA group of pregnant rats
was not disturbed. 

Pentylentetrazole Injection 

      Equal amount of male and female offspring from
different litters received diluted PTZ (45mg/kg) in
saline intraperitoneally on postnatal day 10 (Sigma
Aldrich-P6500) [16]. After the injection, they were
transferred to a transparent cage to observe behavioral
outcomes. 4 Tonic-clonic generalized seizures charac-
terized by myoclonic jerks, chewing scraping, contrac-
tions in all limbs, gradually decreasing tonic
movements and freezing were observed in all animals
for at least 1 hour following PTZ injection. 

Object Recognition Test 

      Object recognition test was developed by En-
naceur and Delacour states that the animal learns the
object in natural conditions and retains information in
memory depending on discovery behavior without any
penalty or reward [17]. Object recognition test was
performed to 10 animals in each group. First day, the
animals were placed into a 60 × 60 × 40 box for 5 min
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Fig. 1. The experimental design. E = embryonic day, P = postnatal day. 
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and expected to explore the box. Second day, two fa-
miliar objects were placed on different quadrants of
the box symmetrically and rats discovered the objects
for 10 minutes. Third day, the familiar object was re-
placed with a different shaped, sized and colored ob-
ject. The animals placed into the box to explore
familiar and novel objects for 10 minutes. All of the
trials were recorded and recognition time was meas-
ured by two different stopwatches and mean was con-
sidered. The box and objects were cleaned with 70%
alcohol between trials to avoid odor factor. Discrimi-
nation time was defined as when the animal ap-
proached the object less than 2 cm, sniffed, pawed and
self-cleaned alongside the object. The discrimination
index was calculated as follows: (Discrimination index
= (new object/total exploration) × 100.) 

Immuno/-histochemistry and Image Analysis 

      The animals (n = 6) in each group were anes-
thetized and intra-cardiac perfusion was administered
with 4% formaldehyde in 0.1 M phosphate-buffered
saline (PBS) on P35. Brains were removed and
washed in 0.1 M cacodylate buffer after storing in 4%
formaldehyde in 0.1 M PBS for 3 days, respectively.
Next day, brain slices were embedded into paraffin and
sectioned (5 μm) for stainings. Firstly, Haematoxylin
& Eosin staining (Merck, Germany) was 5 used to ex-
amine morphological differences of hippocampal re-
gions. Secondly, another group of sections was
incubated with anti-synaptophysin (1:100, Sigma
Aldrich) primary antibody to detect synaptophysin, a
presynaptic protein localized in synaptic vesicles [13].
Next day, the sections were washed and incubated
with anti-mouse IgG (1:200, Sigma Aldrich) for 40
min. Finally, after DAB staining synaptophysin ex-
pressions were examined by light microscopy and mi-
crophotographs were captured (Olympus BX-51, light
microscope, Olympus C-5050 digital camera). Synap-
tophysin immunoreactivity and neuronal density were
examined in CA1 and CA3 areas by Image J
(https://imagej.nih.gov/ij/). For this assessment, hip-
pocampus of each animal was randomly chosen for
unbiased counting and the average of 10 images from
different sections was obtained by two researchers to
ensure objectivity [18]. 

Biochemistry 

      Another group of brains (n = 5) was removed

without intra-cardiac perfusion and hippocampus was
dissected from each brain (n = 5). Further, tissues were
homogenized in phosphate buffer (0.5 M, pH:7.0),
(1/10:w/v) and homogenates were centrifuged for 5
min at 700 × g at 4 ºC. Supernatants were collected
immediately to determine myeloperoxidase (MPO),
catalase (CAT) and thiobarbituric acid reactive sub-
stances (TBARS) levels. Tissue homogenates were in-
cubated with TBARS solution (0.12 M TBA in 15%
TCA and 1% HCl) for 30 min at 95 Co. TBARS levels
were calculated using 1,1,3,3, tetramethoxypropane
standard curve [19]. Hydrogen peroxide degradation
was recorded at 240 nm by spectrophotometry and
catalase activity was calculated [20]. MPO activities
were measured following these stages: Homogenates
were centrifuged at 10.000 rpm for 15 min. Pellets
were re-homogenized in 0.5% HETAB (hexade-
cyltrimethylammonium bromide) in PBS (50 mM, pH:
6.0) and centrifuged 10.000 rpm for 10 min. Super-
natants were added to a reactive solution containing
0.5 M o-dianisidine. Hydrogen peroxide solution (20
mM) was added and 6 absorbance was recorded at 492
nm with a microplate reader for 3 min with 15-sec in-
tervals. Finally, MPO activity was calculated using the
standard curve [21]. 

Statistical Analysis 

      IBM SPSS Statistics 22.0 was used for statistical
analysis. One-way ANOVA and post hoc Bonferonni
tests were performed in normal distributed data ac-
cording to Shapiro-Wilk test. Mann-Whitney test was
used to compare PTZ and hypoxia subgroups in PS
and NA groups for non-parametric data. The signifi-
cance was considered as p < 0.05 and data is shown
as mean ± standard error of the mean (S.E.M.)

RESULTS

Object Recognition Test 
      The discrimination index revealed that NA-PTZ
group discriminated the new object better than PS-
PTZ group (p = 0.03). However, the control offspring
of the PS group (76.88 ± 9.95) discriminated the new
object better than PS-PTZ group (p = 0.04, 42.91 ±
8.87) significantly. The object discrimination was
worse in PTZ group compared to control for both PS
and NA groups (Fig. 2). There was no statistical sig-
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nificance between PS and NA in the control group. 

Haematoxylin & Eosin (H&E) 
      CA1 and CA3 areas of hippocampus were exam-
ined to compare morphological differences (Fig. 3a
and Fig. 3b). Gliosis and characteristic oligoden-
droglial nuclei were quite evident in PS group. Neuron

loss was especially prominent in the CA1 area of PS-
PTZ group significantly (p = 0.015) (Table 1). Further,
large cavities between glias were observed and 7 glio-
sis in alveus proved the developmental deficits, espe-
cially in CA1. There was not a statistical difference
between groups in CA3. 

Synaptophysin Expressions 
      Synaptophysin immunostaining was performed on
CA1 and CA3 in each group and indicated as mean
percentage. Post hoc test revealed that PS reduced
synaptophysin immunoreactivity in CA3 of PTZ
group (p = 0.03, 38.60 ± 0.86), contrary it increased
synaptophysin in control group significantly (p = 0.02,
38.11 ± 1.14). There was no significant difference be-
tween groups in CA1 even though the mean percent-
age of PS-control was higher than NA-control (Fig. 4a
and Fig. 4b). 

TBARS, MPO and CAT Levels 
      The current data demonstrated that PS increased
TBARS (p = 0.04) and MPO levels (p = 0.01) in PTZ
group significantly. Although the means of NA groups
were higher than PS, there was not a statistical differ-
ence between CAT levels (Table 2). Furthermore, there
was no statistical difference between PTZ and control
groups in NA offspring. The results of biochemical as-
says proved that lipid peroxidation and oxidative stress
were higher in PS-PTZ group significantly.
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Fig. 2. Discrimination index of object recognition test. PS de-

creased the object discrimination in PTZ group and increased

in control significantly (n=10 in each group). *p = 0.04 vs PS-

PTZ, **p = 0.03 vs NA-control

Fig. 3. Pyramidal layers of CA1 and CA3 areas H&E staining shows the morphological differences in the pyramidal layers

in CA1 (a) and CA3 (b) regions. Neuron loss in PTZ group of PS was seen by arrows in CA1 (scale bar=50 µm, the magnifi-

cation is 20×)
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DISCUSSION

      PS is a risk factor for the occurrence and progres-
sion of seizures [22]. Therefore, it may lead to many
neurodevelopmental and cognitive deficits in the de-
veloping brain. In this study, it was questioned
whether PS causes neurodevelopmental deficits and
recognition impairment in hippocampus of adolescent
offspring with acute PTZ-kindling in early life. In this
context, CA1 and CA3 regions of the hippocampus
were examined regarding the detection of synaptic
transmission and morphological changes. TBARS,
MPO and CAT assays were conducted to demonstrate
lipid peroxidation and antioxidant levels of the whole
hippocampus. Furthermore, the object recognition test
was performed to investigate recognition abilities and
whether the hippocampus involves in the recognition
process. 
      PS has different impacts on the hippocampus
which is crucial for memory processing. However, the
effects of PS on recognition memory of adolescent rats
with early-life seizures are not known well. Ahmadi
et al. [23] demonstrated that PTZ-kindled rats have
exploratory deficits on object recognition. Current re-
sults similarly showed that recognition memory of
PTZ-kindled rats was impaired associated with the
neuron loss and reduced synaptophysin levels in CA1.
Indeed, H&E staining showed that CA1 was more vul-
nerable than CA3 to the effects of PS. In contrary, PS
increased the object discrimination in control group
compared to PTZ-kindled group regarding synapto-
physin levels in CA3. PS caused neuronal and synaptic
damage in PTZ group, however that damage was re-
versible in the control group. These results referred
that the long-term effects of PS enhance or reduce cog-
nitive capabilities depending on seizure activity in the
adolescent brain [9, 10]. Another important finding
was that hippocampus is essential for the object recog-
nition process. However, it is not the primary area for
memory storage and retention since the entorhinal,
perirhinal, and visual cortex are involved in possible
mechanisms [24-27]. Therefore, despite the deficits in
hippocampus PS increased the discrimination index in
control group. Further, these regions of the cortex must
be investigated to understand effects of PS on recog-
nition memory. 
      TBARS, CAT, and MPO levels were determined
to investigate lipid peroxidation and oxidative stress.

Several studies revealed that stress in the prenatal pe-
riod increases TBARS, which is an end-product of
lipid peroxidation [28-30]. Besides that, seizure activ-
ity also increases lipid peroxidation [31, 32]. Similarly,
this study demonstrated that PS increases TBARS and
MPO levels in PTZ group significantly. However there
was no significance between NA groups. These results
referred to epileptic seizures are associated with in-
creased oxidative damage [33] due to reperfusion in-
jury as well as the polymorphonuclear leukocyte
recruitment in the brain [34, 35]. Consequently, in-
creased oxidative damage and insignificant levels of
catalase indicated that PS causes developmental dis-
ruptions by changing the oxidant & antioxidant bal-
ance of brain [36].

CONCLUSION

      Consequently, PS disrupted recognition memory,
neuronal density and synaptic transmission in hip-
pocampus of PTZ group in adolescence. Further stud-
ies are needed to understand the effects of PS in adult
brain and other possible mechanisms as well as gender
differences. This study provided a multidisciplinary
evidence for the effects of PS on the recognition mem-
ory and hippocampus of adolescent rats with early
acute PTZ-kindling. 
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ABSTRACT
Objectives: Antibiotics is the most common treatment for bacterial infections.  However, bacteria can change
their genetic material, develop antibiotic resistance and cannot be treated. This brings the need for new
treatment methods. Antibacterial Photodynamic Therapy is becoming a promising approach to treat bacterial
infections. It is based on the use of photosensitizer to be activated by light with an appropriate wavelength and
it will result in reactive oxygen species which are responsible for the destruction of pathogens. In this study,
Antibacterial Photodynamic Therapy was examined for the treatment of Pseudomonas aeruginosa with the
help of ethanol and potassium iodide. 
Methods: The effect of Chlorin e6-based photoinactivation was studied on Multidrug resistant P. aeruginosa

upon irradiation with 655-nm diode laser. Then ethanol and potassium iodide was added to the mechanism
separately to increase the efficacy of photoinactivation. After each application, serial dilution method was used
for the determination of viable cells. 
Results: Outcomes showed that only Antibacterial Photodynamic Therapy causes a mortality rate of 75%.
Addition of ethanol causes a mortality rate of 93% and addition of potassium iodide causes a mortality rate of
99.9% with less amount of Chlorin e6 and light dose. 
Conclusions: Chlorin-e6 based photoinactivation did not provide high mortality rate on P. aeruginosa. The
use of ethanol and potassium iodide increased the effect of photoinactivation. The highest mortality rate was
obtained with potassium iodide. It was understood that potassium iodide was a better concomitant agent to
increase the bactericidal effect of Antibacterial Photodynamic Therapy on P. aeruginosa.

Keywords: Antibacterial photodynamic therapy, chlorin e6, ethanol, potassium iodide, pseudomonas

aeruginosa

Bacteria are single cell organisms that can infect
and contaminate any part of the body. Bacteria

are generally classified as gram positive and gram
negative. While gram positive bacteria have a thick
cell wall, gram negative bacteria have a thin cell wall.

However, gram-negative bacteria are usually more
harmful because their cell wall is tighter and their
outer membrane is hidden by a capsule. If any treat-
ment is not applied, these bacterial strains can even
cause death in progressive stages [1]. The most com-
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mon treatment of infections is the use of antibiotics.
But, excessive use and misuse of antibiotics result in
multidrug resistance which makes antibiotics become
nonfunctional against multidrug resistant bacteria via
horizontal gene transfer, mutations, etc. [2]. 
      The resistance of pathogenic microorganisms to
antibiotics has led to the search for alternative treat-
ment methods for local infections [3]. A potential al-
ternative is antibacterial photodynamic therapy
(aPDT) that is defined as photoinactivation of mi-
croorganisms via reactive oxygen species that are pro-
duced by photosensitizers (PS) activated with
appropriate wavelength of light. The best known ad-
vantage of aPDT is that both antibiotic-susceptible and
resistant bacterial strains do not resist to photoinacti-
vation and there is no possibility to induce resistance
to aPDT after repetitive applications [4]. 
      Strong light absorption capacity and high quantum
yield of reactive oxygen species are the desired char-
acteristics of an ideal PSs used in aPDT. Other desired
properties are to show low toxicity and target selec-
tivity. The wavelength of the light to be used must be
selected according to the absorption spectrum of the
PS. If the wavelength of the light reaches its peak
value in the absorption spectrum of PS, the effect of
the reaction will be high. In order to obtain the ideal
therapeutic effect, the energy dose of light and the con-
centration of PS should be properly optimized during
the applications [5]. aPDT leads to progressive lipid
peroxidation by free radical attack on bacteria. This
leads to cell death by the formation of lipid radicals,
the elimination of cellular lipids resulting in oxidative
damage to the cells. [4-7]. 
      Chlorin e6 (Ce6) is a second-generation PS which
is low toxic, easily synthesized, selectively accumu-
lated in target tissue, and has high photosensitizing ef-
ficacy [8-10]. Ce6 absorbs 630-680 nm of
wavelengths strongly [10]. For this reason, red part of
the visible spectrum is an ideal choice to activate Ce6
[11]. Besides, the wavelengths around 600-nm is in
therapeutic window in which the wavelengths can be
safely used for the treatment of various diseases with-
out giving serious harm to the biological tissues. Be-
cause of the limited absorption capacity of the
biological tissue towards these wavelengths, they can
travel deeper inside the biological tissues until its tar-
get without losing its energy. These features of the
wavelengths in the therapeutic window makes them

favorable in the therapeutic light applications [12, 13]. 
Ce6 is more effective at destroying gram-positive bac-
teria, sometimes it needs some additional strategies to
overcome problems related to gram-negative species
[3]. The use ethanol (EtOH) as an adjuvant can be a
good strategy to enhance the effect of PS. It is known
that EtOH only at low concentrations (0.075% -
0.01%) slows the growth rate of bacteria in stationary
phase [14]. In other studies, unlike water, the use of
solvents with less polarity such as EtOH enhances the
effect of aPDT on biofilms [15]. In the direction of this
information, the use of EtOH as an adjuvant was
thought to provide an advantage to increase the effect
of PS. 
      Another possibility to potentiate the effect of
aPDT is the addition of inorganic salt during applica-
tions. One of these inorganic salts is potassium iodide
(KI). It has been shown that the mechanism of action
of KI involves electron transfer reactions to produce
iodine and molecular radicals [16]. KI could also po-
tentiate aPDT to produce more reactive species [17].
This reaction seems to have singlet oxygens to pro-
duce peroxy iodide, which is subsequently converted
into molecular iodine and hydrogen peroxide. A mix-
ture of extracellular free iodine, and reactive iodine
radicals causes bacterial killing depending on the de-
gree of PS binding to the microbial cells [18]. In brief,
KI can potentiate the effect of photoinactivation of mi-
croorganisms. If the PS can bind to the microbial cells
and be activated by light absorption in the presence of
KI, this mechanism results in short lived reactive io-
dine species and then molecular iodine produced as a
result of singlet oxygen-mediated oxidation of iodide
causes bacterial killing [19]. 
      The aim of this study was to investigate and com-
pare the effect of EtOH and KI on the photoinactiva-
tion of Pseudomonas aeruginosa in the presence of
Ce6 irradiated by 655-nm diode laser. 

METHODS

      In this study, photoinactivation efficacy of Ce6
and 655-nm diode laser was examined on multidrug
resistant P. aeruginosa strain. Then EtOH and KI was
used to increase the bactericidal effect of aPDT. Here
is a list of groups which were formed and analyzed
during these experiments.
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      1. Control group: The group which not received
Ce6, KI, EtOH and laser treatment
      2. Ce6 group: The group incubated only with Ce6
      3. Laser group: The group treated only with laser
light
      4. KI group: The group incubated only with KI 
      5. Ce6 + KI group: The group incubated with KI
and Ce6 
      6. EtOH group: The group incubated only with
EtOH
      7. Ce6 + EtOH group: The group incubated with
Ce6 solution containing EtOH
      8. aPDT group: The group incubated with Ce6 and
irradiated by laser light
      9. aPDT + KI group: The group incubated with
Ce6 and KI and irradiated by laser light
10. aPDT + EtOH: The group incubated with Ce6 con-
taining EtOH and then irradiated by laser light. 

Bacteria 

      Multidrug resistant clinical isolate of P. aerugi-

nosa was used as gram negative pathogen. Stock bac-
teria was incubated in 5 ml Tryptic Soy Broth allowing
them to grow overnight at 37°C. Then they were cen-
trifuged, the supernatant was discarded. Bacterial pel-
let was dissolved in phosphate buffered saline (PBS)
to obtain a concentration of 108 CFU/ml and this bac-
terial solution was used in experiments. 

Chemicals 

      Ce6 (Santa Cruz Biotechnology, Dallas, TX,
USA) was used as PS. Fresh solutions in PBS were
prepared at specific concentrations before each exper-
iment and kept at dark to prevent photobleaching. 1,
2.5, 250 and 500 μM concentrations were examined
throughout this study. These concentrations of Ce6
were determined according to our preliminary exper-
iments. EtOH was used as an adjuvant to increase the
effect of Ce6. The Ce6 solution was prepared together
with absolute EtOH to obtain a solution containing
20% EtOH. The concentration of EtOH was defined
as 20%, because it was proved previously that this
concentration was effective to enhance the photody-
namic action on pathogens [11]. KI pellets were dis-
solved in sterile dH2O to obtain 100 mM KI solution
and it was used as a potentiator in aPDT. Similarly,
100 mM concentration of KI was also proved as a po-
tentiator for the effective photoinactivation of different

bacterial species [20]. 

Laser Device 

      In this study, a diode laser (PS4 III.LED,
Changchun New Industries Optoelectronics Co. Ltd.,
Changchun, China) which emits 655-nm of wave-
length was used. This wavelength is in the range of the
highest absorption band of the Ce6. The output power
of this laser device is adjustable and was set to 200
mW for photoinactivation. Depending on our prelim-
inary experiments, 200 mW was found quite safe
when it was applied alone. For this reason, it was cho-
sen as an output power and the application times were
adjusted manually to obtain different values of energy
densities (10, 25, 50, 100, 150 and 200 J/cm2) which
was examined during the laser applications. 

Experimental Procedure

      In the experiments, each group was studied in 96-
well plates as 3 samples and repeated at least three
times. 50 μL bacterial solutions were added to the spe-
cific wells where light was irradiated on them. Then;
      ● 50 μL bacterial solution was mixed with equal
volume of PBS in Control and only Laser groups. 
      ● 50 μL bacterial solution was mixed with 50 μL
of Ce6 in only Ce6, Ce6+KI, aPDT and aPDT+KI
groups. 
      ● 50 μL bacterial solution was mixed with 50 μL
KI in only KI, Ce6+KI and aPDT+KI groups.
      ● 50 μL bacterial solution was mixed with 50 μL
Ce6 solution containing 20% EtOH in only EtOH,
Ce6+EtOH and aPDT+EtOH groups.
      ● The bacteria were incubated with specific so-
lution in each experimental group for 15 minutes. 
      ● Bacterial solutions were treated with laser light
in only Laser, aPDT, aPDT+KI and aPDT+EtOH
groups. 
      ● After each of these applications, viable bacte-
rial cell count was determined by serial dilution
method.

Statistical Analysis 

      Data collected from each group after colony
counting was normalized by the data of control
groups. Normalized data were statistically analyzed
by two-tailed Student’s t-test. A p value which was
smaller than 0.05 was determined as statistically sig-
nificant. 
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RESULTS

The Effect of Different Energy Doses on P. aeruginosa 

      10, 25, 50, 100, 150 and 200 J/cm2 energy doses
were used in Laser and aPDT groups. First of all, the
effect of these energy doses was examined on bacteria
without addition of any chemicals. As shown in Figure
1, the maximum bactericidal effect of only laser irra-
diation was obtained with 150 J/cm2 and resulted in
approximately 30% decrease in cell viability. And still
none of these results were statistically significant
when they were compared with control group (Fig. 1). 

The Photoinactivation with Chlorin e6 on P. aerugi-

nosa 

      Throughout this study different Ce6 concentration
(1, 2.5, 250 and 500 μM) was examined in aPDT
groups. The maximum mortality rate was obtained
with 500 μM Ce6 concentration. It reduced the cell vi-
ability nearly 50% and only this concentration showed
a significant bactericidal effect (Fig. 2). In aPDT
groups, 250 and 500 μM Ce6 were studied together
with 50, 100, 150 and 200 J/cm2 of energy doses. 100
J/cm2 of energy dose together with 500 μM Ce6 pro-
vided maximum photoinactivation of P. aeruginosa.

As shown in Figure. 2, the maximum reduction in bac-
terial cell viability with 100 J/cm2 of energy dose and
500 μM Ce6 was nearly 75%. This effect was quite
high when compared with other parameters that was
used and it resulted in a statistical significant reduction

when compared with the control group. Unexpectedly,
higher energy doses with the same Ce6 concentration
did not provide similar or higher bactericidal effect
(Fig. 2). 

The effect of Ethanol  in Photoinactivation with Ce6

on P. aeruginosa

      Ce6 solution was mixed with absolute EtOH to
obtain 250 μM Ce6 concentration in a 20% EtOH so-
lution. The effect of this combination was examined
together with 4 different laser energy doses (50, 100,
150 and 200 J/cm2). 20% EtOH solution decreased
bacterial cell viability nearly 55%. When it was mixed
with 250 μM Ce6, its bactericidal effect was not high
as in the group of 20% EtOH only and both of these
groups resulted in significant effects. Then this solu-
tion was used in aPDT groups. Maximum reduction
was obtained with an energy dose of 200 J/cm2 that re-
sulted in 93% cell death and it was a statistical signif-
icant antibacterial effect (Fig. 3). 

The effect of Potassium Iodide in Photoinactivation

with Ce6 on P. aeruginosa

      In the last part of this study, 100 mM KI was used
as a source reactive oxygen/iodine species to increase
the effect of aPDT with Ce6. In the aPDT+KI group,
firstly 500 and 250 μM Ce6 concentrations were used
together with 100 and 200 J/cm2 light energy doses re-
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Fig. 1. Effect of light doses on the viability of bacterial cells.

Cell viability for P. aeruginosa strains was assessed by colony

counting after only laser applications and the number of vi-

able cells was normalized with control group (Light dose: 10,

25, 50, 100, 150, and 200 J/cm2). * shows the statistical sig-

nificance with respect to control group (p ≤ 0.05). 

Fig. 2. Effect of Ce6 concentrations and PDT parameters on

the viability of bacterial cells. Cell viability for P. aeruginosa

strains was assessed by colony counting after Ce6 only and

PDT applications and the number of viable cells in each ex-

perimental group was normalized with control group (Light

dose: 50, 100, 150, and 200 J/cm2 and Ce6 concentrations:

250 and 500 µM. * shows the statistical significance with re-

spect to control group (p ≤ 0.05). 
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spectively. These applications resulted in 100% mor-
tality rate (data not shown). To find the optimum pa-
rameters that cause nearly 99.9% with nontoxic Ce6
concentration and lower energy doses, these parame-
ters were decreased to 1 and 2.5 μM Ce6 and 10 and
25 J/cm2 energy doses and used together with 100
mM KI. As shown in Figure 4, 1 μM Ce6 was exam-
ined with 10 and 20 J/cm2 energy dose. These appli-
cations resulted in more than 98% decrease in cell
viability (Fig. 4). 
      Then the concentration of Ce6 was increased to
2.5 μM and used with 10 and 20 J/cm2 energy dose in
the presence of 100 mM KI. The effect of 2.5 μM Ce6
with 10 J/cm2 energy dose in the presence of 100 mM
KI was again 98%. The highest mortality rate was ob-
served with 99.97% when 25 J/cm2 of energy dose
used together with 2.5 μM Ce6 in the presence of 100
mM KI. The effect of 100 mM KI with and without
these Ce6 concentrations showed no bactericidal effect
(Fig. 5).

DISCUSSION

      aPDT has become a promising tool to combat bac-
terial infections recently and Ce6 has many advanta-
geous characteristics against pathogens which has

been proved in many studies [21]. Therefore, aPDT
with Ce6 was examined in this study for the treatment
of gram-negative pathogens which is hard to be de-
stroyed and need higher doses of PS and light intensi-
ties to be photoinactivated [22]. When the low
concentrations of Ce6 were evaluated on P. aerugi-

nosa, they did not exhibit any dark toxicity. But 500
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Fig. 3. Effect of 20% EtOH, 250 µM Ce6 in 20% EtOH and

different PDT-EtOH parameters on the viability of bacterial

cells. Cell viability for P. aeruginosa strains was assessed by

colony counting after EtOH only, 250 µM Ce6 in 20% EtOH

only and PDT-EtOH applications and the number of viable

cells in each experimental group was normalized with control

group (Light dose: 50, 100, 150, and 200 J/cm2 and Ce6 con-

centration: 250 µM). * shows the statistical significance with

respect to control group (p ≤ 0.05)

Fig. 4. 4. Effect of 100 mM KI, 1 µM Ce6 and different PDT-

KI parameters on the viability of bacterial cells. Cell viability

for P. aeruginosa strains was assessed by colony counting

after 100 mM KI only, 1 µM Ce6 in PBS only and PDT-KI

applications and the number of viable cells in each experi-

mental group was normalized with control group (Light dose:

10 and 25 J/cm2, Ce6 concentration: 1 µM and KI concen-

tration: 100 mM). * shows the statistical significance with re-

spect to control group (p ≤ 0.05)

Fig. 4. Effect of 100 mM KI, 2.5 µM Ce6 and different PDT-

KI parameters on the viability of bacterial cells. Cell viability

for P. aeruginosa strains was assessed by colony counting

after 100 mM KI only, 2.5 µM Ce6 in PBS only and PDT-KI

applications and the number of viable cells in each experi-

mental group was normalized with control group (Light dose:

10 and 25 J/cm2, Ce6 concentrations: 2.5 µM and KI concen-

tration: 100 mM). * shows the statistical significance with re-

spect to control group (p ≤ 0.05)
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μM Ce6 caused nearly 50% reduction in cell viability
which can be considered as a high dark toxicity and
this cannot support idea of aPDT with less side effect
in neighboring areas of biological tissues [23]. 
      On the other hand, only laser light with various in-
tensities ranging from 10 to 200 J/cm2 did not result
in meaningful reduction in the cell viability. The max-
imum mortality rate of 35% was obtained at the light
energy dose of 150 J/cm2. Thus, it can be explained
that only laser application was not harmful on bacterial
cell viability and it is a well-known characteristics of
red light on cells [24]. 
      Although the use of Ce6 was a promising drug in
aPDT applications [3], our experiments showed that it
was ineffective on the multidrug resistant P. aerugi-

nosa strain. Even though light energy dose and drug
concentration were increased in serious amounts,
killing more than 99% was not obtained. The maxi-
mum reduction in cell viability nearly 75% was
reached in the application of 100 J/cm2 light dose and
500 μM Ce6 concentration (Fig. 2). According to
many studies, it is shown that Gram negative bacteria
opposed to aPDT due to their special wall structure
[25-27]. Gram negative bacteria have a complicated
many layered and hard-spun outer barrier structures
[28]. This barrier excludes most of the PS, thus certain
methods have to be used to confirm that PS can pene-
trate the bacteria and be effective on them [27]. P.

aeruginosa strain which was used in this study cannot
be destroyed efficiently solely using Ce6 in aPDT ap-
plication. Therefore, this therapy needed some con-
comitant agents to amplify its activity. 
      Firstly, the effect of EtOH was examined as an ad-
juvant in order to increase the effect of the PS. The
goal in this part of the study was to reduce the the drug
concentration in a serious manner and achieve a mor-
tality rate over 99%. 20% EtOH was chosen as a con-
centration to act as an adjuvant in aPDT application.
Its antibacterial effect without Ce6 and light applica-
tion was not significant, but still quite high. It reduced
bacterial cell viability approximately 55%. Although
an important decrease (around 93%) in cell viability
with 20% EtOH in aPDT was obtained with the pa-
rameters of 200 J/cm2 energy dose and 250 μM Ce6,
sufficient amount of antibacterial effect cannot be
achieved (Fig. 3). The only advantage of using 20%
EtOH as an adjuvant was to reduce the concentration
of Ce6 to its half. The light dose has been increased to

200 J/cm2 when this was compared with only aPDT
application. Using EtOH against P.aeruginosa raised
antimicrobial effect of aPDT. This application exerts
antibacterial activity including more production of sin-
glet oxygen, destroying bacterial membrane, rapid de-
naturation of proteins, causing to cell lysis [29, 30].
But still the energy dose and PS concentration were
quite high in this application. 
      Since the desired outcomes were not achieved in
the applications of only aPDT and aPDT+EtOH, KI
was examined as a potentiator at the last part of this
study. Purpose of using KI was to increase effective-
ness of PS for the production of more radical ions. For
this reason, 100 mM KI concentration was chosen as
an optimum parameter after literature survey [16-19].
When the effects of only KI and KI together with Ce6
were studied, the results showed that they had no
lethal effects on the bacteria. Only KI treatment has
increased the bacterial cell viability with a rate of 32%
instead. Then, the effect of 100 and 200 J/cm2 light
dose and 500 and 2500 μM ce6 concentrations respec-
tively was evaluated together with 100 mM KI. This
resulted in 100% mortality rate (data not shown). Then
the concentration of Ce6 and light dose were reduced
to obtain optimum energy dose and PS concentration
for achieving a mortality rate of 99.9%. The highest
mortality rate was 99.9%, when 25 J/cm2 light dose
and 2.5 μM Ce6 were used together with 100 mM KI
(Fig. 5). Results showed that nontoxic inorganic salt
KI potentiates aPDT by increasing the effectiveness
of Ce6 which was proved previously with different
types of PSs on different strains of bacteria [17, 31,
32]. The presence of KI forms short-lived reactive io-
dine species and they induce the generation of more
reactive species. Then these reactive iodine species
damage bacterial cells [32, 33]. Use of 100 mM KI
provides the opportunity to decrease the level of en-
ergy dose and PS concentration in serious levels. So,
it eliminates the risk of dark toxicity and photodestruc-
tion depending upon the use of high level of PS and
light dose. 

CONCLUSION

      Although different light doses of 655-nm of wave-
length and Ce6 concentrations were used in Ce6-based
photoinactivation and their levels were increased quite
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high values, it did not show efficient bactericidal effect
on multidrug resistant P. aeruginosa. Therefore, EtOH
was used as an adjuvant in aPDT applications to in-
crease the mortality rate. Serious mortality rate was
obtained, but it was still not sufficient and the param-
eters used were still high which may cause cytotoxic-
ity on healthy cells. Then, KI was used as a potentiator
in aPDT applications. Over 99.9% mortality rate was
obtained with the help of KI. When results of each
three different applications were examined, the use of
KI resulted in a significant reduction in light dose (4
× reduction) and drug concentration (200 × reduction)
by achieving high killing capability on P. aeruginosa
which is multidrug resistant gram negative strain. 
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ABSTRACT
Objectives: Mindfulness has been defined as “the clear and single-minded awareness of what happens to us
and in us, at the successive moments of perception”. Mindfulness-based therapies have been used in the
treatment of psychiatric diseases in recent years. There is no study on the mindfulness of addicted adolescents
in our country. In this study, we aimed to determine the level of the mindfulness and the factors affecting the
mindfulness among addicted adolescents. 
Methods: Fourty drug-addicted adolescents and fourty five healthy adolescents were included in the study.
Sociodemographic Data Form, Addiction Profile Index Adolescent Form (BAPI-E), Mindful Attention
Awareness Scale (MAAS), Coping Orientation to Problems Experienced (COPE), Metacognition Questionnaire
for Children and Adolescents (MCQ-C) and Child-Adolescent Social Support Scale (CASS) were applied to
the participants. Clinical interviews (based on DSM-V) were performed to assess addiction.
Results: There were no significant differences in the mindfulness levels between the addicted and the non-
addicted groups. The mindfulness levels of the patients who attempted suicide were lower than the patients
who did not attempt suicide. Behavioral disengagement sub-scales of COPE were significantly higher in the
substance use and the denial group.
Conclusions: Non-functional styles coping with stress were found to be significantly higher in the addicted
group, however, we found no significant differences in the mindfulness levels.
Keywords: Mindfulness, adolescents, substance use, addiction

The word meaning of the Turkish equivalent of
conscious mindfulness is expressed as a "state of

deep awareness". Conscious mindfulness, which orig-
inates from Buddhism, is defined as ”focusing only on
what is now, without judgment "[1]. Mindfulness is a
mind and the body activity that involves focusing at-
tention on instant lives and observing inner experi-
ences. The concept of Mindfulness originated from
meditations practiced in the East. In this practice

called mindfulness meditation, attention constantly
pay attention to breathing, body feelings, emotions, or
the mind's flow; that is, thoughts. All these inner ex-
periences are observed through nonjudgmental accept-
ance. Mindfulness (mindfulness) is a non-pharmacological
Mind-Body Therapy that first presented by Kabat-
Zinn to the medical community in the Mindfulness-
Based Stress Reduction Program. Kabat-Zinn
explained the term mindfulness simply as “revealing
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past experiences step by step without judgment and
paying attention to the present purpose” [2]. 
      Mindfulness has attracted considerable attention
in behavioral medicine and psychiatric literature over
the past 20 years. As a result, multiple mindfulness
meditation has been designed to treat many diseases
and conditions [3]. Although studies have shown that
mindfulness reduces psychological problems in many
patient populations, it is unclear how mindfulness
causes that [1, 3, 4]. 
      The number of research conducted on mindfulness
in Turkey is very limited. When the literature is re-
viewed, we see that mindfulness studies conducted in
the field of alcohol and substance addiction generally
focus on using the mindfulness therapy for addiction
[5]. 
      In our country's literature, the mindfulness levels
of addicts for the adult group were examined, and we
did not find a study on the mindfulness in adolescents.
This study aims to examine the level of mindfulness
and related factors in adolescents with substance use
disorder.

METHODS

      The study sample was composed of patients who
were followed up in the Child and Adolescent Sub-
stance Addiction Treatment Center (ÇEMATEM Ac-
cording to DSM-V. The patients consisted of 40
adolescents with substance use disorders. The patient
group's diagnoses were made by a child psychiatrist
using a semi-structured interview that was created by
us, taking into account the DSM-V Drug Use Disor-
ders diagnostic criteria. The study's control group was
composed of 45 adolescents from a high school in the
city center who had similar characteristics in the terms
of socioeconomic level, age and gender, with no sub-
stance use disorder and no psychopathology due to the
clinical evaluation. The Clinical Research Evaluation
Committee gave the ethics committee approval of the
study. (Decision date / No: 14.01.2015 / 20478486-
26). 

Personal Information Form 
      This form, which contains 12 questions, was cre-
ated by researchers and is intended to learn the so-
ciodemographic characteristics of participants. 

Addiction Profile Index Adolescent Form (BAPI-
E) 
      BAPI-E was developed in 2012 by Ögel et al. [6]
to evaluate the extent of addiction and measure the
severity of addiction in the 15-18 age group adoles-
cents. The scale consists of 25 items and includes five
sub-dimensions: substance use characteristics, diag-
nostic criteria, effects on life, cravings and motivation.
The response options are a quintet Likert-type scale,
ranging from “ever, just 1-2 times, 1-3 times a month,
1-5 times a week and every day”. In the scale's validity
and reliability study, the Cronbach alpha coefficient
was determined as 0.87 and the cut-off point as 2. In
this study, the Cronbach alpha coefficient of the scale
was calculated as 0.96. 

Mindful Attention Awareness Scale (MAAS)
      The MAAS is designed to measure the attention
and the mindfulness, focusing on the present. The
MAAS is a 6-point Likert-type scale consisting of 15
items. Each item is scored between 1 (almost always)
and 6 (almost never). Internal consistency was found
to be α = 0.82 (s = 327) in the student sample and α =
0.87 (s = 239) in the general adult sample. MAAS's
test-retest results are also quite high (r = 0.81). Internal
consistency α = 0.78 (s = 100), test-retest result 0.83
(s = 78), internal consistency α = 0.80, (s = 78) and
test-retest correlation result 0.86 were found in the
adult sample studies [5]. 

Coping Orientation to Problems Experienced
(COPE) 
      The scale developed by Carver et al. is a self-re-
port scale consisting of 60 questions and 15 subscales
and each subscale consists of four questions. Each of
these subscales gives information about a different
coping attitude. As a result, the height of the subscales'
scores provides the possibility to comment on which
coping attitude is more used by the person [7]. 

Metacognition Scale Child and Adolescent Form
(MCQ-C)
      The child and adolescent form of the upper cog-
nition scale was developed by Bacow et al. [8] in 2009
and the original name of the scale is “Meta-Cognitions
Questionnaire for Children (MCQ-C)”. Each item in
the MCQ-C is answered on a four-unit Likert-type
Rating Scale with “(1) absolutely disagree” and “(4)
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absolutely agree” ends. The scores that can be taken
from the scale range from 24 to 96 and the rise of the
score indicates an increase in negative upper cognitive
activity. Sub factors and items covered; positive parent
concerns (1, 7, 9, 16, 20, 23), negative parent concerns
(2, 4, 8, 10, 13, 18), superstitions, punishment and re-
sponsibility beliefs (6, 12, 17, 19, 21, 22) and cogni-
tive monitoring (3, 5, 11, 14, 15, 24) [9]. 

Social Support Assessment Scale for Children
(CASS)
      The scale developed by Dubow and Ullman in
1989 aimed to assess students ' perceptions of the so-
cial support they receive from their families, friends,
and teachers. On a quintet Likert-type scale, each item
gets 1, 2, 3, 4, 5 points. Scale items are grouped into
three sub-groups: friend Support (19 items), Family
Support (12 items), teacher support (10 items). The
score that can be taken from the scale is 41-205. The
validity and reliability of the scale in our country was
carried out by Gökler [10] in 2007. 

Statistical Analysis 
      The data was examined by the Shapiro Wilk test
whether or not it presents normal distribution. De-
scriptive statistics are given as mean, standard devia-
tion, frequency, and percentage. Independent samples
t-test was used to compare two independent groups for
normally distributed data. Pearson Chi-square test,
Fisher's Exact Chi-square test, and Fisher-Freeman-

Halton test were used to analyze categorical data. The
statistical significance level was determined as α =
0.05. Statistical analyses were performed with IBM
SPSS ver.23.0 (IBM Corp. Released 2015. IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY:
IBM Corp.).

RESULTS

      The sample's sociodemographic characteristics
taken in the study are shown in the Table (Table 1). In
the study, 40 adolescents were in the substance use dis-
order group and 45 adolescents were in the healthy
group. No statistically significant difference was found
between the patient and healthy groups in terms of
age, gender, education level of the parents, the family's
income level, place of residence, and presence of
chronic physical disease (p > 0.05). 
      On the BAPI-E scale in the group with substance
use disorder; substance use characteristics 1.71 ± 0.63,
diagnosis 7.4 ± 1.74, effects on life 7.45 ± 2.40, crav-
ings 1.28 ± 0.78, motivation 1.7 ± 0.56 and it was
found to be 6.69 ± 1.49 in total. 
      There was no significant difference between the
two groups in terms of MAAS mean scores, MCQ-C
total and subscale total scores, COPE problem-ori-
ented coping subscale scores, and COPE emotionally-
oriented coping subscale scores. A significant
difference was found between the scores obtained by

The European Research Journal   Volume 7   Issue 4   July 2021 358

#
#

!

!

"#$%&!'(!)*+,#-./*0!*1!/*2.*3&+*4-#,5.2!25#-#26&-./6.2/!$&67&&0!4-*8,/!
!"#$"%&'() *#+,-).$/0+,/)

(,%(/"12'),(')3$(+#3'#)
41)5)678)
1)498)

*#+,-).$/0)(,%(/"12')
,(')3$(+#3'#)
41)5)6:8)
1)498)

");"&,')

!"#$%&#'()*$%+#',$!$-.*$ /012/$3$4154$ /0124$3$4162$ 41678!$
9#,:#($%+',*$ ;0$%54<*$ ;=$%52<*$ 412=0"$
>)&?@A'B(A?$AC,#))$A,$B@#$D'+AC&$%&#)*$ 8$%=1=<*$ /8$%;4<*$ :<::=!)
!C?E@EC$F)#$A,$B@#$D'+AC&$%&#)*$ 5$%/715<*$ 8=$%04<*$ >):<::?!)
>(#GAEF)$H)&?@A'B(A?$B(#'B+#,B$%&#)*$ 2$%//1/<*$ 80$%02<*$ >):<::?!)
-FA?A:#$'BB#+HB$%&#)*$ 4$%4<*$ 6$%8812<*$ :<::?")
-+EIA,"$%&#)*$ 8/$%=017<*$ ;5$%62<*$ >):<::?!)
!C?E@EC$F)#$%&#)*$ /4$%8818<*$ ;7$%6812<*$ >):<::?!)
!"#$#%&'()'*)#)+,-'&-.(#
!&#&+%&/#"0+'*%.(1%#23-4%56'*+#&+%&/##7-%3+*1%#+8'2&#23-4%56'*+#&+%&#
!

! !



Eur Res J 2021;7(4):356-362 Mindfulness and related factors among addicted adelocents

patients and control groups from the “COPE dysfunc-
tional coping subscales “(p < 0.05) (Table2). 
      When the groups with and without substance use
disorder were compared in terms of COPE substances,
there were statistically significant differences in plan-
ning, positive reinterpretation and development, emo-
tional social support use, behavioral disengagement
and substance use and denial scores. It was found that
the patient group scored lower than the healthy group
in terms of planning, positive reinterpretation and de-
velopment and the use of social-emotional support.
The group's score with substance use disorder in terms
of behavioral disengagement, substance use and denial
was higher than the group without substance use dis-
order (Table 3). 
      A significant difference was found in the patients
according to the gender in terms of suppression of
other occupations, positive reinterpretation and devel-
opment, use of emotional-social support and COPE
problem-focused coping score scale scores (p < 0.05).
Scale scores of girls were found to be lower than boys.

There is no difference between other scale scores in
terms of gender (p > 0.05). 
      A statistically significant difference was found be-
tween the patients who attempted suicide and those
who did not, only in terms of the MAAS score (p <
0.05). MAAS scores of those who attempted suicide
were found to be lower. A moderately negative corre-
lation was found between the MAAS and the MCQ-C
positive higher concerns. A moderate positive corre-
lation was found between the positive upper anxieties
subscale of the MCQ-C and the backward, planning,
acceptance, problem-focused coping, emotionally fo-
cused coping and dysfunctional coping subscales of
COPE. A moderate positive correlation was found be-
tween the MCQ-C cognitive monitoring subscale and
COPE’s plan-making substance. There was a moder-
ately positive relationship between the MCQ-C's total
score and the plan-making clause of COPE. 
      COPE was found to have a moderately positive re-
lationship between active coping, holding back, mak-
ing plans, using useful social support, suppressing
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other preoccupations, acceptance, denial, problem-ori-
ented coping, emotional-oriented coping, non-func-
tional coping subscales and teacher support. A
moderate positive relationship was found in COPE be-
tween the useful social support, religious coping, emo-
tional-social support, acceptance and problem-focused
coping subscales and the friend support subscale. A
strong positive relationship was found with emotion-
ally focused coping. A moderately positive correlation
was found between the motivation of BAPI-E and the
withdrawal of COPE. A positive correlation was found
between the BAPI-E total score and the withdrawal
subscale of COPE. A positive correlation was found
between useful social support, positive reinterpreta-
tion, emotional-social support, sub-scales of COPE
and all subscales of CASS. A moderate and positive
correlation was found between CASS total scale score
and COPE with positive reinterpretation, emotional-
social support, problem-focused coping and emotion-
ally focused coping. 

DISCUSSION

      Our study investigated the mindfulness levels of
adolescents with the substance use disorder and the
factors affecting it. Simultaneously, there was no dif-
ference in mindfulness levels, perceived social support
and metacognition in adolescents with and without
substance use disorder. Differences were found in
ways of coping with stress. It was found that patients
mainly use dysfunctional coping methods more. 
      However, it was found that metacognitive moni-
toring decreased in addicted adolescents. Besides, it
was also found that planning, emotional-social support
use, positive reinterpretation and development char-
acteristics among stress-coping attitudes decreased in
adolescents with substance use disorder. The mindful-
ness levels of the patients who have attempted suicide
are lower than those who have not attempted suicide. 
      When we look at the literature, there is no other
study examining the level of the conscious mindful-
ness in adolescents with the substance use disorder in
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our country. A 2014 study by Ögel et al. in adults
showed that mindfulness levels in substance-using in-
dividuals were the same as in the control group and
were similar to our study [1]. In the same study, it was
stated that these patients might benefit from mindful-
ness-based therapies due to factors affecting mindful-
ness [5]. Shapiro et al. [11] in people with an increased
level of conscious mindfulness, observed that sub-
stance use, depressive relapses, and stress levels de-
creased, immune system functions, empathy skills,
motivation, and awareness of emotions increased.
Bowen et al. [12] in a 2010 study, it was determined
that the use of conscious mindfulness in the treatment
of substance abuse is an effective method of bringing
warmth and flexibility to the program as well as cre-
ating an area that supports discovery and development.
In 2014, Robinson et al. [13] found that those with a
high level of conscious mindfulness were associated
with a low likelihood of lifetime alcohol or marijuana
use. In the study conducted by Dabaghi et al. [14] in
2016; With the multidimensional prevention program
designed to prevent substance use by adolescents, it
has been proved that life skills (coping with stress, de-
cision making, self-awareness), the individual's need
to protect his body and positive attitudes towards sub-
stance use decrease, and as a result, it has been proved
to be effective in preventing substance addiction. In
two different studies conducted in 2006, it was found
that impulsivity, problems with upper cognition and
conscious suppression of thoughts were more signifi-
cant in the addicted group. All these factors have been
linked to low mindfulness levels in other studies [15,
16]. 
      In the studies that examined the relationship be-
tween the mindfulness levels of drug addicts and sui-
cide attempts, it was found that 25% of people with
suicide attempts had alcohol abuse or substance abuse
[17, 18]. Suicide rates have been shown to increase in
direct proportion in countries with increased alcohol
use [19]. In our study, parallel with the literature,
mindfulness levels of the patients with substance use
disorder and suicide attempts in their past were lower
than those who did not have suicide attempts in their
past. 
      In the studies in the literature, in adolescents with
substance use disorder; emotionally focused coping
styles are a risk factor; problem-focused coping styles;

It has been reported to be protective for alcohol addic-
tion, depression and suicide attempts [20, 21]. Our
study also supports the literature; A moderate and pos-
itive correlation was found between emotional-social
support use, problem-focused coping and emotionally
focused coping. 

Limitations 
      There are some limitations in our study. The small
number of the sample, the parents' educational status,
the economic status, the educational status of the ado-
lescent make it difficult to generalize. Since the drugs
used by the patients during the study were not evalu-
ated, their relationship with clinical evaluation scales
and cognitive functions could not be examined.

CONCLUSION

      As a result, substance use disorder is an increasing
public health problem. We think that the application
of therapies that will increase the level of conscious
mindfulness, ways of coping with stress (especially
functional coping methods), planning, use of emo-
tional-social support, positive reinterpretation and im-
provement of development characteristics may be
more effective in the treatment of substance use dis-
order. We believe that the number of psychological,
biological and treatment effectiveness studies investi-
gating the level of mindfulness of substance use
among adolescents should increase.
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ABSTRACT
Objectives: Since the introduction of laparoscopic nephrectomies, laparoscopic surgeries in the field of urology
have become increasingly popular. Laparoscopic surgery has its advantages but carries the risk of complications
like all interventions. In our study, we aimed to discuss our complication rates according to difficulty level by
presenting our experiences with urological laparoscopic procedures for the upper urinary system. 
Methods: This retrospective study includes 942 laparoscopic urological procedures performed by a single
surgeon. The procedures divided into three groups according to the European Scoring System (ESS)
Classification. The complication rate of each group was calculated separately. 
Results: A total of 127 (13.4%) complications were observed. Partial nephrectomy, nephroureterectomy and
ureterolithotomy had the highest complication rates. Renal cyst excision, simple nephrectomy and radical
nephrectomy had the lowest complication rates. According to the Clavien Complication Classification, the
distributions of Grade 1, 2 and 3 complications were 29.1% (n =37), 57.4% (n = 73) and 13.3% (n = 17);
respectively. The open conversion rate was 0.84%. When procedures were classified as “easy”, “difficult” and
“very difficult” according to the ESS classification; complication rates were found 7.3% in the easy group,
13.3% in the difficult group and 16.6% in the very difficult group. There was no significant difference between
the three groups in terms of complication rates (p = 0.329).
Conclusions: Performing easier operations according to ESS in the first years of the learning curve is beneficial
in preventing complications. With increasing experience, more complicated procedures can be performed with
similar complication rates.
Keywords: Laparoscopy, urology, intraoperative complications, postoperative complications

Since the introduction of laparoscopic nephrec-
tomies, laparoscopic surgeries in the field of urol-

ogy have become increasingly popular and they are
now routine procedures in many clinics [1]. Laparo-

scopic surgery has its advantages, but carries the risk
of complications like all interventions. Using common
standardized systems for grading and recording surgi-
cal complications allows comparing operations per-
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formed in different centers with different techniques
to more meaningful criteria [2]. For this purpose, a
grading system in 1992 by Clavien that allows classi-
fication of complications and this system was updated
in 2004 by the same group [3]. The European Scoring
System (ESS) is used to assess the degree of difficulty
of laparoscopic surgeries [4]. 
      In the literature, the articles reporting complica-
tions of laparoscopic urological procedures and inves-
tigating the factors associated with complications were
published [5-13]. Many parameters have been associ-
ated with perioperative complications, such as the sur-
geon's experience [12-15]. Performing challenging
laparoscopic procedures has increased the experience
and therefore the subject should be reevaluated. In our
study, we aimed to present our experience with con-
secutive 942 urological laparoscopic procedures for
the upper urinary system.

METHODS

      After getting the approval of the Local Ethics
Committee (2014/225); data from 942 laparoscopic
surgical procedures for the upper urinary tract between
December 2006 and January 2016 were evaluated.
These surgeries were performed by a single surgeon
(V.T). Outcomes were prospectively collected and ret-
rospectively evaluated. 
      All patients received preoperative antibiotics and
prophylaxis for deep vein thrombosis (compression
stockings, subcutaneous low molecular weight he-
parin). A nasogastric tube and urethral catheter were
placed at the beginning of the operation. A veress nee-
dle or Hasson technique was used to achieve pneu-
moperitoneum for the transperitoneal approach. Open
access or balloon dilation was performed for the
retroperitoneal approach. 
      The procedures divided into three groups accord-
ing to the ESS Classification; renal cyst excision was
regarded as “easy”; pyeloplasty, simple and radical
nephrectomy, nephroureterectomy, ureterolithotomy
and pyelolithotomy operations were regarded as “dif-
ficult”, partial and donor nephrectomy operations were
regarded as “very difficult” [4]. The complication rate
of each group was calculated separately. Perioperative
bleeding was defined as bleeding requiring blood
transfusion. Open conversion was excluded from com-

plications and analyzed separately. Written informed
consent was taken from all patients.

Statistical Analysis 
      Chi Square or Fisher exact test were used for cat-
egorical variables. Two-tailed p values < 0.05 was
considered as statistically significant. Data are shown
as mean ± SD. Data were analyzed using Statistical
Package for Social Sciences (SPSS) 20 software
(SPSS Inc., Chicago, IL, United States).

RESULTS

      The mean age of the 942 patients included in the
study was 43.7 ± 14 years. The study included 576
(61.1%) male and 366 (38.8%) female patients. The
mean BMI was 25.1 ± 2.3 kg/m2, the mean operation
time was 125.7 ± 43.6 minutes and the mean blood
loss was 85.3 ± 54.9 cc. The duration of hospital stay
was 3.5 ± 1.4 days. Data for all patients are given in
Table 1. Procedures included pyeloplasty (n = 114,
12.1%), ureterolithotomy (n = 223, 23.6%),
pyelolithotomy (n = 55, 5.8%), simple nephrectomy
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(n= 150, 15.9%), radical nephrectomy (n= 220,
23.3%), donor nephrectomy (n= 55, 5.8%),
nephroureterectomy (n= 25, 2.6%), partial nephrec-
tomy (n= 59, 6.2%) and renal cyst excision (n= 41,
4.3%). Retroperitoneal approach was applied to 40.3%
of the cases. 
      A total of 127 (13.4%) complications were ob-
served. Partial nephrectomy, nephroureterectomy and
ureterolithotomy had the highest complication rates,
with rates of 20.3%, 20% and 15.6%, respectively.
Renal cyst excision, simple nephrectomy and radical
nephrectomy had the lowest complication rates, with
rates of 7.3%, 9.3% and 12.2%, respectively. The dis-
tributions of the cases and the complication rates are
shown in Table 2. According to the Clavien Compli-
cation Classification, the distributions of Grade 1, 2
and 3 complications were 29.1% (n = 37), 57.4% (n =
73) and 13.3% (n = 17) respectively. Grade 4 and 5
complications were not observed in any of the cases
[3]. Data about complications are listed in Table 3. 
      The open conversion rate was 0.84% (n = 8); dur-
ing pyeloplasty (n = 2), partial nephrectomy (n = 2),
pyelolithotomy (n = 2), radical nephrectomy (n = 1)
and ureterolithotomy (n = 1). There was no significant
difference in the open conversion rates between the
transperitoneal and retroperitoneal approaches. Open
conversion was performed in two cases during partial
nephrectomy due to massive bleeding; in five cases in
pyeloplasty, pyelolithotomy and ureterolithotomy, due
to technical difficulties, and in one case in radical
nephrectomy due to massive perirenal adhesions.

Pyelolithotomy and partial nephrectomy had the high-
est open conversion rates with 3.6% and 3.3%, respec-
tively. 
      The patients were divided into two groups accord-
ing to the presence of complications. Operation time,
estimated blood loss, open conversion rate and length
of hospital stay were significantly higher in patients
who had complications. In univariate and multivariate
analyzes, none of the parameters could predict the
presence of complications. 
      When procedures were classified as “easy”, “dif-
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ficult” and “very difficult” according to the ESS clas-
sification; complication rates were found 7.3% in the
easy group, 13.3% in the difficult group and 16.6% in
the very difficult group. There was no significant dif-
ference between the three groups in terms of compli-
cation rates (p = 0.329).

DISCUSSION

      Many complications have been published in the
urology field since the definition of laparoscopic sur-
gery. Complications of laparoscopic urological proce-
dures rates are variable and were given in the literature
from 4.4% to 23.1% [6-16]. In their early laparoscopic
experience, Parra et al. [5] reported their rate of com-
plications 15%. Soulie et al. [8] found an overall com-
plication rate of 6.9% in a large study with 1.085
cases. In parallel with the increasing number of per-
formed more complex urological laparoscopic surgery,
published complication rates have increased. Vallan-
cien et al. [9] reported a complication rate as 22% and
an open conversion rate as 1.2%. Sanli et al. [10] re-
ported a 23.1% rate of overall complications. In our
study, we have found a 13.4% rate of total complica-
tions with 10.9% and 2.5% of minor and major com-
plication rates, respectively. Our open conversion rate
was 0.84%. 
      Guillonneau et al. [4] have defined a novel scoring
system that classifies all laparoscopic procedures ac-
cording to their difficulty and complexity. The ESS is
the most effective scoring system to provide the in-
tegrity of a scientific common language and to stan-
dardize the results of the studies about laparoscopic
urologic procedures. Inoue et al. [11] divided each
procedure into three groups according to the ESS. For
the easy, difficult, and very difficult groups; the com-
plication rates were 0%, 13.2% and 12.8%, respec-
tively. They demonstrated that the complication rate
was significantly low in the easy group and that the
nephroureterectomy had the highest rate [11]. In our
study, the procedures with the highest complication
rates were partial nephrectomy, nephroureterectomy
and ureterolithotomy. When the groups were separated
as “easy”, “difficult” and “very difficult”, no signifi-
cant difference was observed in complication rates. 
      It has been found that simpler procedures such as
renal cyst excision or simple nephrectomy were gen-

erally performed in the first years of the learning
curve, and more complicated operations like donor
nephrectomy or partial nephrectomy were performed
with the increasing experience over the years. With
this result, we thought that, despite more difficult pro-
cedures like partial nephrectomy or nephroureterec-
tomy having higher complication rates, the
complication rates were similar between three divided
groups due to performing more complicated opera-
tions with more increased experience over the years.
In the light of this analysis; we think that the compli-
cation rates can be kept low by preferring easier oper-
ations in terms of ESS score in the first year of
learning curves. 
      Studies have shown that the presence of a high
American Society of Anesthesiologists (ASA) score is
associated with high complication rates [10-13, 17].
There was no relationship between any parameters
with complications or open conversions in our study.
We have found that the complication and open con-
version rates were similar in transperitoneal and
retroperitoneal procedures [18]. 
      The main strengths of our study are the presenta-
tion of a large series, including all patients treated by
a single surgeon from the beginning of the learning
curve. The most important limitation is the retrospec-
tive nature.

CONCLUSION

      Performing easier operations according to ESS in
the first years of the learning curve is beneficial in pre-
venting complications. With increasing experience,
more complex procedures can be performed with sim-
ilar complication rates, but complication rates are still
high in "very difficult" operations such as partial
nephrectomy and nephroureterectomy. 
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Sleep disorders and relationship with comorbid anxiety and
depression in carpal tunnel syndrome
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ABSTRACT
Objectives: In this study, it was aimed to assess relationship of disease severity with sleep quality, depression
and anxiety in patients with carpal tunnel syndrome (CTS) and to compare findings with healthy controls. 
Methods: The study included 35 patients diagnosed as CTS and 20 healthy individuals. In CTS patients,
symptom severity and functional disorders were assessed using Boston Carpal Tunnel Questionnaire (BTCQ).
The sleep quality was assessed using Pittsburg Sleep Quality Index (PSQI) in CTS patients and healthy controls.
The Beck Anxiety Inventory (BAI) and Beck Depression Inventory (BDI) were used to evaluate depression
and anxiety accompanying to CTS and sleep disorder. 
Results: In the assessment of general sleep quality, it was found that PSQI scores were significantly higher in
CTS group when compared to healthy controls (p < 0.0001). Again, the BDI and BAI scores were also
significantly higher in CTS group than control group (p < 0.0001 and p < 0.003, respectively). There was a
strong, positive correlation between BTCQ symptom severity scale (SSS) and PSQI (r = 0.774; p < 0.0001).
A significant, positive correlation was observed between Boston SSS and BDI scores (r = 0.666; p < 0.001).
When assessed correlation between anxiety scores and Boston SSS and functional state scale (FSS), it was
found that anxiety was increased by increasing severity of CTS, indicating a positive, moderate correlation (r
= 0.469, p < 0.0001 and r = 0.464, p < 0.0001). 
Conclusions: The pain in patients with CTS can impair sleep quality, which, in turn, may increase risk for
depression and anxiety. Thus, comorbid psychiatric symptoms and signs should be considered in the treatment
of patients with CTS.
Keywords: Carpal tunnel syndrome, depression, anxiety, sleep disorder

The carpal tunnel syndrome (CTS) is the most
commonly seen entrapment neuropathy which re-

sults from compression of median nerve at level of
wrist as it travels through carpal tunnel [1, 2]. Pares-
thesia at dermatome of median nerve is typical in CTS.
It is often seen in middle-aged women and its preva-
lence confirmed by clinical examination and elec-

troneuromyography (ENMG) is 2.7% in general pop-
ulation. It is seen that pain and paresthesia (numbness,
tingling) are classically enhanced at night time in 80%
of patients and that these complaints are relieved by
repositioning or shaking hands [3-5]. 
Although the diagnosis is supported by Tinel's test and
Phalen's test, the definitive diagnosis is made using
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electrophysiological methods [6-8]. Since CTS symp-
toms are aggravated during night, it often causes sleep
problems. Patients generally awake due to pain and
paresthesia and attempt to relieve pain by shaking
hands. 
      Sleep disorders can cause complaints such as con-
centration difficulty, mood disorder and increased
pain, evolving to an important problem that negatively
affects daily life of individual. The relationship be-
tween diseases and sleep has been investigated in
many studies and it was shown that disorders charac-
terized by pain affect sleep quality [9, 10]. 
      In this study, it was aimed to compare depression,
anxiety and sleep quality in patients diagnosed as CTS
using ENMG with healthy controls and to identify
severity of nerve injury on ENMG and depression,
anxiety and sleep quality.

METHODS

Study Population 
      The study included 35 patients (aged 18-50 years)
who presented to neurology outpatient clinic of Bursa
Yuksek Ihtisas Training and Research Hospital and di-
agnosed as CTS with clinical findings and ENMG re-
sults according to American Association of
Electrodiagnostic Medicine (AANEM) criteria be-
tween 2018 and December, 2019. In addition, 20
healthy controls were included to the study. 
      American Academy of Neurology criteria were
used [11]. These criteria include: 1) Pain and pares-
thesia in the symptomatic hand at nights; 2) Sensa-
tional complaints during flexion and extension
movements of wrist; 3) Pain and paresthesia in the
morning; 4) Phalen's test positivity, 5) Sensation loss
in median nerve innervation area; 6) Atrophy and
weakness in median nerve innervated muscles. The
patient was accepted to have CTS in the presence of
at least one criterion. 
      The patients with systemic disease, B12 defi-
ciency, cervical radiculopathy or rheumatoid disease,
those with history of hand-wrist trauma or surgery, and
those underwent corticosteroid injection to carpal tun-
nel area within prior 6 months were excluded. The
study was approved by Ethics Committee of Bursa
Yuksek Ihtisas Training and Research Hospital (ap-
proval#: 13.02.3030-E1-20-155). All patients and con-

trols gave written informed consent. In all patients in-
cluded, detailed history was taken and physical and
neurological examinations were performed. 

Electroneurophysiological Assessment 
      All electroneurophysiological evaluations were
performed by a single researcher and ENMG results
were recorded. CTS staging was performed using
Nihon Kohden Neuropack-S1 electromyography sys-
tem (Tokyo, Japan) according to AANEM criteria
[12]. 
      Both hands were evaluated in all patients. Based
on electroneurophysiological assessment, the patients
were classified as follows: 
      Mild CTS: Prolonged distal sensory nerve conduc-
tion velocity and/or sensory nerve action potential am-
plitude below normal in median nerve. 
Moderate CTS: Prolonged distal motor nerve action
potential latency in median nerve in addition to above. 
Severe CTS: Lack of sensory nerve action potential
and decreased amplitude or delayed latency of motor
response. 

Boston Carpal Tunnel Questionnaire 
      The Boston Carpal Tunnel Questionnaire (BTCQ)
was used to assess symptom severity and functional
disorders in the patients. The BTCQ was used to as-
sess symptoms inn CTS patients, which includes 11
items and maximum score of 55 points. The BTCQ
Turkish validity and reliability were proven [13].
There are two sub-domains in the questionnaire. The
symptom severity scale includes 11 items rated by 5-
points scale. Mean score was calculated by dividing
total score into number of questions (mean score: 1-5
points). The functional status scale included 8 items
rated by 5-points scale. Again, mean score was calcu-
lated by dividing total score into number of questions
(n = 8). In both scale, maximum score was 5. Higher
scores indicate higher severity of symptoms and dis-
ability. 

Pittsburgh Sleep Quality Index 
      The sleep quality was assessed using Pittsburgh
Sleep Quality Index (PSQI) in CTS patients and con-
trols. The PSQI provides a quantitative measure of
sleep quality which differentiates good and poor sleep.
The Turkish validity and reliability were studied by
Agargun et al. [15] in 1996. It includes 24 items ad 7
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sub-domains: subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleep medication, and daytime dysfunc-
tion. Each item was rated by 0-3 points scale. Total
score of 7 sub-domains provides PSQI score (range:
0-21). Higher total PSQI score indicates poorer sleep
quality. PSQI score ≥ 5 indicates poor sleep quality
[16]. 

Beck Depression Inventory 
      The Beck Depression Inventory (BDI) was devel-
oped to assess depression by Beck et al. [17]. The BDI
aims to measure depressive measures and higher total
scores indicate severity of depression level. It included
21 self-rated items and maximum total point is 63. The
Turkish validity and reliability were proven, and cut-
off point was identified as 17. In our study, 0-9 points
indicates minimal depression, 10-16 points mild de-
pression, 17-29 points moderate depression and 30-63
points severe depression [18]. 

Beck Anxiety Inventory 
      The Beck Anxiety Inventory (BAI) was developed
to anxiety symptoms by Beck et al. [19] and Turkish
validity and reliability study was performed by Ulusoy
et al. [20]. It is a self-rated questionnaire. It is used to
determine frequency of anxiety symptoms experi-
enced. There are 4 choices in 21 items. Each item is
rated by 0-3 points. Higher scores indicate severity of

anxiety. 

Statistical Analysis 
      The statistical analyses were performed using
SPSS (Statistical Package for Social Sciences) for
Windows version 20. The normal distribution was as-
sessed using Shapiro-Wilk test. For continuous vari-
ables, descriptive statistics are presented as mean,
standard deviation, minimum and maximum. For data
with skewed distribution, Mann Whitney U test was
used to compare continuous variables while Chi-
square test was used to compare discrete variables.
Coefficient of correlation was used to assess relation-
ships between data with skewed variables or ordinal
variables and statistical significant was calculated
using Spearman's test. A p value < 0.05 was consid-
ered as statistically significant. 

RESULTS

      In our study, mean age was found as 46.1 ± 11.4
years in the CTS group and 40.6 ± 10.5 years in the
control group. There was no significant difference in
age between groups (p = 0.073). There were 27
women (77.1%) and 8 men (22.9%) in the CTS group
while 17 women (85.0%) and 3 men (15.0%) in the
control group (Table 1). 
      Mean CTS severity was calculated as 29.71 ± 6.84
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for Boston SSS whereas 17.60 ± 7.62 for Boston FSS. 
According to electrodiagnostic evaluation, 8 patients
diagnosed as severe CTS while 16 patient as moderate
CTS and 11 patients as mild CTS. In the CTS group,
mean symptom duration was 13.09 ± 10.8 months.
There was unilateral involvement in 16 patients
(45.7%) whereas bilateral in 19 patients (54.3%). In
patients with CTS, most common symptom was
numbness detected in 14 patients (40.0%) while prick-
ing-tingling in one patient (2.9%) (Table 2). 
      In the assessment of sleep quality, PSQI scores
were found to be significantly poorer in patients with
CTS compared to controls (p < 0.0001). Again, BDI
and BAI scores were also significantly higher in CTS
patients compared to controls (p < 0.001 and p <
0.003, respectively) (Table 3). 
      There was a significant strong, positive correlation
between Boston SSS and PSQI (r = 0.774; p <
0.0001). In addition, there was a significant strong,
positive correlation between Boston FSS and PSQI (r
= 0.666; p < 0.0001). It was found that there was sig-
nificant, moderate, positive correlation between

Boston SSS and depression scores (r = 0.514; p <
0.0001). When assessing correlation between anxiety
scores and Boston SSS and FSS scores, it was found
that anxiety was increased by enhancing CTS severity,
indicating a significant, moderate, positive correlation
(r = 0.469, p < 0.0001; r=0.464, p < 0.0001). The
numbness was the most common symptom in CTS pa-
tients. Mean PSQI score was 13.7 ± 4.02 in CTS pa-
tients with numbness whereas 16.6 ± 2.6 in CTS
patients without numbness. A significant difference
was fund in PSQI scores between CTS patients with
or without numbness (p < 0.045) (Table 4).

DISCUSSION

      Our results demonstrate that sleep quality is sig-
nificantly impaired in patients with CTS. In our study,
we found that CTS symptom severity significantly af-
fected sleep quality and that there was a significant
correlation between symptom severity and scores of
depression and anxiety as well. 
      In the CTS, most important feature is pain and
paresthesia which awake patient from sleep. To relieve
these symptoms, the patients are awakening at night
and shake or flail their hands which are distinctive for
CTS [21]. In previous studies, it was shown that sleep
was disturbed more commonly in CTS patients com-
pared to healthy individuals and that paresthesia is the
major factor for disturbed sleep [22, 23]. 
      In CTS, the increased pain at night triggers sleep
disturbance in the patient, affecting sleep quality. Im-
paired sleep quality has direct effects on daily living
activities and emotional status [24, 25]. Thus, quality
of life is affected by both pain itself and resultant im-
pairments in sleep quality and emotional status in the
patients [26]. In addition, it was found that sleep qual-
ity is further impaired by increasing CTS severity in
our study, as similar to the study by Geoghegan et al.
[27]. 
      In a similar study using Brief Pain Inventory to
evaluate pain, Nicholson and Verma reported that
severity of pain was correlated to sleep disturbance
[28]. Thus, it is important to question pain upon pres-
entation in these patients. It is also important to deter-
mine severity of pain and treat pain in CTS patients. 
      In previous studies, it was found that depression
and anxiety prevalence were higher in CTS patients
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compared to general population [29, 30]. In agreement
with literature, anxiety and depression scores were
found to be higher in patients with high CTS symptom
severity score in our study. In another study, it was
shown that there was a correlation between pain and
anxiety levels regardless of pain severity [31]. It has
been thought that impaired sleep quality and accom-
panying findings such as numbness, tingling, pain,
muscle cramps and burning sensation predispose to
anxiety. The finding that there was a positive correla-
tion between impaired sleep quality by increasing
sleep quality and scores of anxiety and depression in
ENMG results also supports this concept. The previ-
ous studies showed that depression is most common
psychiatric disorder accompanying to neuropathic
pain. In addition, pain and depression may trigger each
other. The pain predisposes to depression while result-
ant depression lowers pain threshold and pain toler-
ance [32]. It has been suggested that the likelihood for
exaggerated symptoms and seeking behavior for med-
ical attention and   altered pain perception in the pres-
ence of comorbid psychiatric disorders such as
depression and anxiety is higher and that these patient
have less flexibility to cope these diseases [33-35]. 
      In diseases such as CTS where pain and paresthe-
sia is prominent, the management generally focuses
on treatment of pain. In most instances, comorbid

sleep disorders, depression and anxiety aren't taken
into consideration. The treatment of comorbid psychi-
atric disorders using short and simple scales such as
BDI or BAI will improve success of pain management
and quality of life in the patient. Adopting a wider per-
ception before onset of vicious cycle including pain,
sleep and psychiatric complaints and chronic disease
will improve success of clinician and allow selecting
appropriate treatment in the patient. 

Limitations 
      This study has some limitations including lack of
structured psychiatric interview to determine whether
patient has any psychiatric diagnosis, failure to use ob-
jective sleep assessment tools and relatively smaller
sample size. 

Strengths
      The strengths of study include assessment of psy-
chological and physical factors together and presence
of healthy control group. 

CONCLUSION

      In conclusion, the risk for impaired sleep quality,
depression and anxiety accompanying to pain is found
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to be higher in CTS patients compared to healthy in-
dividuals. There is ease to used scales to detected co-
morbid condition in the management of CTS patients.
The use of such scales in routine practice will improve
treatment success and quality of life in the patients.
There is a need for further studies using objective
sleep assessment techniques and more detailed psy-
chiatric interviews. 

Authors’ Contribution
      Study Conception: ŞÇY; Study Design: ŞÇY; Su-
pervision: ŞÇY, MS; Funding: ŞÇY, MS; Materials:
ŞÇY; Data Collection and/or Processing: ŞÇY; Statis-
tical Analysis and/or Data Interpretation: ŞÇY, MS;
Literature Review: ŞÇY, MS; Manuscript Preparation:
ŞÇY and Critical Review: ŞÇY, MS.

Conflict of interest
      The authors disclosed no conflict of interest during
the preparation or publication of this manuscript. 

Financing 
      The authors disclosed that they did not receive any
grant during conduction or writing of this study. 

REFERENCES

1. Keith AB, Jeffrey JB. Hand Disorders. In: DeLisa JA, Gans
BM, Walsh NE (Editors): Physical  Medicine and Rehabilitation,
4th ed. Philadelphia, 2005:pp 843-54. 
2. Şenel K. El ve El Bileği Ağrısı. Beyazova M, Gokce-Kutsal Y
(Editorler). Fiziksel Tıp ve 
Rehabilitasyon. Ankara: Güneş Kitabevi, 2000, s.1455-64. 
3. Graham B, Regehr G, Naglie G, Wright JG. Development and
validation of diagnostic criteria for carpal tunnel syndrome. J
Hand Surg Am 2006;31:919-24. 
4. Wainner RS, Fritz JM, Irrgang JJ, Delitto A, Allison S,
Boninger ML. Development of a clinical prediction rule for the
diagnosis of carpal tunnel syndrome. Arch Phys Med Rehabil
2005;86:609-18. 
5. Katz JN, Larson MG, Sabra A, Krarup C, Stirrat CR, Sethi R,
et al. The carpal tunnel syndrome: diagnostic utility of the history
and physical examination findings. Ann Intern Med
1990;112:321-7. 
6. Gomes I, Becker J, Ehlers JA, Nora DB. Prediction of the neu-
rophysiological diagnosis of carpal tunnel syndrome from the de-
mographic and clinical data. Clin Neurophysiol
2006;117:964-71. 
7. Katz JN, Larson MG, Sabra A, Krarup C, Stirrat CR, Sethi R,
et al. The carpal tunnel syndrome: diagnostic utility of the history

and physical examination findings. Ann Intern Med
1990;112:321-7. 
8. Nora DB, Becker J, Ehlers JA, Gomes I. What symptoms are
truly caused by median nerve compression in carpal tunnel syn-
drome? Clin Neurophysiol 2005;116:275-83. 
9. Bigatti SM, Hernandez AM, Cronan TA, Rand KL. Sleep dis-
turbances in fibromyalgia syndrome: relationship to pain and de-
pression. Arthritis Rheum 2008;59:961-7. 
10. Marty M, Rozenberg S, Duplan B, Thomas P, Duguesnoy B,
Allaert F, Section Rachis de la Societe Francaise de Rhumatolo-
gie. Quality of sleep in patients with chronic low back pain: a
case-control study. Eur Spine J 2008;17:839-44. 
11. Jablecki CK, Andary MT, Floeter MK, Miller RG, Quartly
CA, Vennix MJ, et al. Practice parameter: electrodiagnostic stud-
ies in carpal tunnel syndrome. Report of the American Associa-
tion of Electrodiagnostic Medicine, American Academy of
Neurology, and the American Academy of Physical Medicine an-
dRehabilitation. Neurology 2002;58:1589-92. 
12. Stevens JC. AAEM minimonograph 26: The electrodiagnosis
of carpal tunnel syndrome. American Association of Electrodi-
agnostic Medicine. Muscle Nerve 1997;20:1477-86. 
13. Sezgin M, Incel NA, Serhan S, Camdeviren H, As I, Erdogan
C. Assessment of symptom severity and functional status in pa-
tients with carpal tunnel syndrome: reliability and functionality
of the Turkish version of the BostonQuestionnaire. Disabil Re-
habil 2006;28:1281-5. 
14. Heybeli N, Özerdemoglu RA, Aksoy OG, Mumcu EF. [Func-
tional and symptomatic scoring used for the assessment of out-
come in carpal tunnel release]. Acta Orthop Traumatol Turc
2001;35:147-51. [Article in Turkish] 
15. Ağargun MY, Kara H, Anlar O. [The Validity and Reliability
of the Pittsburgh Sleep Quality Index]. Turk Psikiyatri Dergisi
1996;7(2). [Article in Turkish] 
16. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer
DJ. The Pittsburgh Sleep Quality Index: a new instrument for
psychiatric practice and research. Psychiatry Res 1989;28:193-
213. 
17. Beck AT. An inventory for measuring depression. Arch Gen
Psychiatry 1961;4:561-571.20. 
18. Hisli N. Beck depresyon envanterinin üniversite öğrencileri
için geçerliği, güvenirliği. Türk Psikoloji Dergisi 1988;6:3-13. 
19. Beck AT, Epstein N, Brown G, Steer RA. An inventory for
measuring clinical anxiety: psychometric properties. J Consult
Clin Psychol 1988;56:893-7. 
20. Ulusoy M. Beck Anksiyete Envanteri: Geçerlik ve güvenirlik
çalışması. Yayınlanmamış uzmanlık tezi. Bakırköy Ruh ve Sinir
Hastalıkları Hastanesi, İstanbul. 1993.
21. Ertekin C. Santral ve Periferik EMG Anatomi-Fizyoloji-
Klinik. Izmir: Meta Basim Matbacilik Hizmetleri, 2006:403-27. 
22. Patel JN, McCabe SJ, Myers J. Characteristics of sleep dis-
turbance in patients with carpal tunnel syndrome. Hand (N Y)
2012 7:55-8. 
23. Lehtinen I, Kirjavainen T, Hurme M, Lauerma H, Mar-
tikainen K, Raulaha E. Sleep related disorders in carpal tunnel
syndrome. Acta Neurol Scand 1996;93:360-5. 
24. Annagür BB, Uguz F, Apiliogullari S, Kara I, Gunduz S. Psy-
chiatric disorders and association with quality of sleep and quality

373 The European Research Journal   Volume 7   Issue 4   July 2021



Eur Res J 2021;7(4):368-374 Çevik Yurtoğulları and Seferoğulları

of life in patients with chronic pain: A SCID-Based Study. Pain
Med 2014;15:772-8. 
25. Alsaadi SM, McAuley JH, Hush JM, Bartlett DJ, McKeough
ZM, Grunstein RR et al. Assessing sleep disturbance in low back
pain: the validity of portable instruments. PLoS One
2014;9:e95824. 
26. Stewart WFRJ, Chee E, Brandenberg N. Work related costs
of diabetic neuropathic (DPN) Pain in the US: results from the
american productivity audit. In: 24th Annual Scientific Meeting
of the American Pain Society, Boston, Mass. 2014. 
27. Geoghegan JM, Clark DI, Bainbridge LC, Smith C, Hubbard
R. Risk factors in carpal tunnel syndrome. J Hand Surg Br
2004;29:315-20. 
28. Nicholson B, Verma S. Comorbidities in chronic neuropathic
pain. Pain Med 2004;5(Suppl s1):S9-27. 
29. Beleckas CM, Wright M, Prather H, Chamberlain A, Guattery
J, Calfee RP. Relative prevalence of anxiety and depression in
patients with upper extremity conditions. J Hand Surg Am
2018;43:571.e1-571.e8.) 
30. Moghadam-Ahmadi A, Bidaki R, Sarhadi TS, Vakilian A,

Razavi AS. Prevalence of depression and anxiety in patients with
carpal tunnel syndrome, Rafsanjan, Iran 2014. J Mazandaran
Univ Med Sci 2017;27:64-73. 
31. McCallum LM, Damms NA, Sarrigiannis PG, Zis P. Anxiety
and depression in patients with suspected carpal tunnel syndrome
– A case controlled study. Brain Behav 2019;9:e01342. 
32. Radat F, Margot-Duclot A, Attal N. Psychiatric co-morbidities
in patients with chronic peripheral neuropathic pain: a multicentre
cohort study. Eur J Pain 2013;17:154-7. 
33. Cameron LD, Leventhal H, Love RR. Trait anxiety, symptom
perceptions, and illness-related responses among women with
breast cancer in remission during a tamoxifen clinical trial.
Health Psychol 1998;7:459-69. 
34. Hazard RG, Bendix A, Fenwick JW. Disability exaggeration
as a predictor of functional restoration outcomes for patients with
chronic low-back pain. Spine (Phila Pa 1976) 1991;16:1062-7. 
35. Howren MB, Suls J. The symptom perception hypothesis re-
vised: depression and anxiety play different roles in concurrent
and retrospective physical symptom reporting. J Pers Soc Psychol
2011;100:182-95.

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

The European Research Journal   Volume 7   Issue 4   July 2021 374



Landmark guided internal jugular vein catheterization in

infants undergoing congenital heart surgery

Serkan Seçici
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ABSTRACT
Objectives: Central venous catheterization is an important procedure for infants undergoing heart surgery.

Ultrasound-guided methods have been shown to decrease failure and complications. The goal of the present

study was investigate the effect of anatomical landmark technique during internal jugular vein access in low-

weight infants undergoing congenital heart surgery. 

Methods: A total 98 infants (median age was 16.5 days, median weight was 3275 g) who underwent internal

jugular vein catheterization between January 2017 and October 2019 were retrospectively analyzed. All

catherizations were performed by a pediatric heart surgeon. Data including demographic characteristics of the

infants, success rate, and catheter-related adverse events were recorded. 

Results: Success rate was 94.9% (n = 93). There were three arterial puncture (3.1%) and hematoma occurred

in five patients (5.1%). Central venous catheterization of 78 (79.6%) patients were successful at the first

attempt. 

Conclusions: Our study suggest that landmark technique still seems useful by experienced operators and is

safe and effective in infants weighing less than 5 kg undergoing congenital heart surgery.

Keywords: Central venous catheterization, internal juguler vein, infants

Central venous catheterization has vital importance

during congenital heart surgery as well as post-

operative care. Two techniques were defined for place-

ment of central venous catheters (CVC): the

traditional “landmark” approach or an ultrasound

(US)-guided approach. The ultrasound guidance is

recommended for locating the vascular structures and

guiding the venous puncture, both in adults and in

children. The use of US has been shown to increase

the rate of success and reduce complications in many

studies in which CVCs were placed by non-surgeons

[1-5]. 

      However, many surgeons continue to use the

anatomical landmark (LM) technique rather than US-

guidance, because three-dimensional, anatomy-based

procedures constitute a significant part of the training

process for surgeons, enabling them to be more facile

with anatomy-based techniques for insertion of percu-

taneous CVCs compared with practitioners trained in

other specialties [6]. 

      Central venous catheter placement in neonates and

small infants is considered a more challenging proce-

dure. In such cases, vein size is small, advancement

of the guidewire is often troublesome and puncture

area is limited. 

      In the present study, we aimed to evaluate the clin-
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ical effectiveness and safety of internal jugular vein

(IJV) catheterization performed by a pediatric cardio-

vascular surgeon using LM technique in newborns and

infants weighing less than 5 kg. 

METHODS

      The study protocol was approved by the Local

Ethical Review Committee. All neonates and infants

with weight below 5 kg who had IJV catheterization

due to congenital heart disease between January 2017

and October 2019 were retrospectively analyzed. 

Data including demographic characteristics of the in-

fants such as age, gender, and body weight, catheter-

related adverse events, surgical procedural details

were recorded. 

      All cannulations were performed by a single pe-

diatric cardiovascular surgeon under general anesthe-

sia, after intubation in the operating room. Patients in

this study were consecutive cases of central venous

cannulation by the author. 

      Standard monitoring (electrocardiogram, blood

pressure, and pulse oximeter) were applied to all pa-

tients. After orotracheal intubation, the patient was po-

sitioned with rolled towel under the shoulder with

head slightly toward the left side (no more than 40°)

(Fig. 1). The neck is fixed in more extension than nor-

mal position which helps to expose Sedillot’s triangle,

approximate the IJV to skin and, enables puncture of

proximal IJV. For IJV cannulation, there are three ap-

proaches consisting of anterior, central, and posterior.

In this study, central approach was preferred. The sur-

face anatomy is comprised of the borders of Sedillot’s

triangle formed by sternal and clavicular heads of the

sternocleidomastoid muscle , and the superior border

of the medial third of the clavicle inferiorly [7]. The

internal jugular vein lies posterior to the Sedillot’s tri-

angle. Cutaneous puncture was done at the midpoint

of this triangle, directed toward the ipsilateral nipple

at an angle 40-45° with the skin. Once a flash of blood

encountered, standard Seldinger technique was fol-

lowed. 

      A pass of the needle through the skin was defined

as a single puncture attempt. Failure was described as

a procedure where the operator could not place the

catheter into the IJV, or venous flash could not be pro-

vided after 3 attempts. More than 3 attempts were not

performed as complication rates are highest with more

than 3 cannulation attempts [8]. 

      The number of attempts, success rate, incidence

of complications (i.e., arterial puncture, hematoma,

pneumothorax, hemothorax, malposition of the

catheter) were recorded. 

Statistical Analysis 

      Statistical analysis was performed using the SPSS

for Windows version 22.0 software (SPSS

      Inc., Chicago, IL, USA). The Kolmogorov–

Smirnov test was used to test the normal distribution

of data. Descriptive data were expressed in mean ±

standard deviation (SD), medians and number and fre-

quency (%). Correlations between variables were

tested by the chi-square analysis and Fisher’s exact

test. The influence of relevant variables on binary data

was investigated by the logistic regression model. A p
value of < 0.05 was considered statistically significant.
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RESULTS

      The patients’ weight ranged from 980 to 4999 gr

with a median of 3275 gr (25%-Quartile: 2700 gr;

75%-Quartile: 4000 gr). The weight was not normally

distributed (Kolmogorov–Smirnov test: p < 0.01). 21

patients (21.4%) were under 2501 gr. Median age was

16.5 days (2-315). 61 patients (62.2%) were in neona-

tal period, and 37 patients (37.8%) were older than 30

days (Table 1). 

      Successful cannulation of the IJV was 94.9% (93

of 98). In five patients IJV catheter placement was

failed (Table 2). In these patients, four catheters were

placed into left subclavian vein, and one was placed

into femoral vein. In total, 78 CVC (79.6%) were suc-

cessful at the first attempt and eleven (13.3%) at the

second attempt, while seven patients (7.1%) required

three punctures. Hematoma occurred in five patients

(5.1%). Malposition of the catheter was observed in

two patients during operation. 

      The patients were divided into two groups accord-

ing to weight: ≤ 2500 g and > 2500 g. The median

weight of these two groups were 2000 gr (980-2500)

and 3500 gr (2600-4999), respectively. The success

rates of low weight and normal weight groups were

90.5% vs 96.1, respectively (p = 0.582) (Table 2).

However, complication rate was significantly higher

in the low weight group (13.3% vs %7.1 p < 0.05).

There was no significant difference between puncture

attempts. 

DISCUSSION

      Ultrasound guidance for central venous catheter

placement has become increasingly common in the

past decade [9]. Today, classical LM and US-guided

techniques are being used during CVC placement.

However, many surgeons continue to use LM tech-

nique rather than US guidance. Studies which cite

higher rates of complications with LM technique are

largely derived from studies performed by non-sur-

geons accessing the IJV [10-12].

      Exposure during vascular access, vascular bypass,

and vascular trauma cases provides surgeons with a

valuable view of the vascular anatomy that they access

during percutaneous CVC insertions. This perspective

is unique to surgeons, as other specialists are accus-

tomed to only seeing these vessels as two-dimensional

images on US and CT scans [6].

      A survey of pediatric surgeons regarding CVC

placement practice patterns revealed that pediatric sur-

geons who continue to use LM technique did not be-

lieve that US was necessary or provided any benefit

in regard to lowering complications rates [13]. The ed-

ucational experience and anatomical knowledge may

provide surgeons with a level of comfort.

      Gurien et al. [14] pointed that pediatric surgeons

were more likely to use LM technique and had de-

creased complication rates. A meta-analysis by Sigaut

et al. [15]presented the use of US during CVC inser-

tions in pediatric patients did not show any reduction

in complications or failure rate when used by skilled

operators. Also, Grebenik et al. [16] reported US guid-

ance did not help experienced pediatric cardiac anes-

thetists to achieve better success rates in IJV

cannulation in children. 

      In this cohort of 98 patients, internal jugular veins
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were targeted by experienced pediatric cardiovascular

surgeon using LTs. Successful cannulation occurred in

95.1% with a perioperative complication rate of 8.2%.

No pneumothorax or hemothorax was observed. 

      Our failure rate to insert CVC into IJV using LT

was 5.1% which compares favorably with 10.8% re-

ported by Arujo et al. [3] using LT and 7.2% reported

by Altun et al. [17] using US. Malbezin et al. [18] re-

ported 1.3% of complication rate while complication

was defined: failure to cannulate any vein, hemotho-

rax, pneumothorax, right atrial perforation, extra-

venous wire positioning and mean weight was 19 kg.

Weight under 3 kg was defined as predictive failure

by Malbezin et al. [18]. However, we found no corre-

lation with the weight and the failure rate. While group

weighed under 2.5 kg had higher complication rate

(OR 4.5 [1.2–14.5], p < 0.05). Altun et al. [17]  also

found higher complication rate in patients under 2.5

kg. 

      Bruzoni et al. [8] presented a study comparing LM

to US-guided central venous access when performed

by pediatric surgeons. In their study success at first at-

tempt was achieved in 65% of patients in the ultra-

sound group vs 45% in the landmark group (p =

0.021). Success rates were 95% of ultrasound group

vs 74% of landmark group (p = 0.0001). In this study

79.6% of CVC were successful at the first attempt, and

overall success rate was 94.5%. Bruzoni et al. detected
differences in success rate but not complication rates

(4.5% in US vs 4.7% in LM), and arterial puncture

was not defined as complication while it is 4.5% in US

vs 8.3% in LM. And the patients mean age and weight

were 5 years and 27 kg in US while 8 years and 36 kg

in LM. However, in this study mean weight was 3.3kg

and, mean age was 51 days which makes CVC inser-

tion technically challenging even in experienced

hands. 

      In a meta-analysis to compare outcomes for sur-

geon-performed with US CVC insertion versus LM

presented that US improves success rate for surgeon

performed CVC insertion, but no effect on complica-

tion rates. Also, studies in this meta-analysis were not

designed on infants and underweight patients. 

According to Lamperti et al. [19] most of papers did

not declare how the experience of operators were

achieved, and history of using with landmark tech-

nique makes more difficult the learning curve. Fur-

thermore, for achieving the minimal skills, at least 25

successful supervised ultrasound-guided vein accesses

required. 

      The weight of the patients is also critical factors

which affect the success and the complication rate. In

a study represented by Froehlich et al. [20], there was

a negative correlation between the weight of the pa-

tient and the success rate. However, we found no cor-

relation with the weight and the failure rate, while

there was a negative correlation between the weight

and the complication. 

      Although the author appreciate the ability to

image the internal jugular vein with US, there are

some restriction of US guided cannulation. First, lack

of space may prevent US use in small infants. Second,

US device may not be available in some units. Third,

intense training is required. In addition view of arterial

pulsation may be difficult in small infants. 

      One of the most common problem in small infants

is inability to pass guide wire. However, in our study,

guide wires were easily advanced, as position of the

neck enables to puncture of proximal IJV which is

wider and closer to right innominate vein and vena

cava superior. So J shaped guide-wire can be easily

advanced. 

Limitations 

      The limitations of this study include lack of a con-

trol group to compare the usual technique of LT tech-

nique and retrospective design with small sample size. 

CONCLUSION

      In our study, we found that LT technique still

seems useful by experienced operators or when lim-

ited to the prelocation of the vein especially in small

infants. Success rate of this study is high and, compa-

rable with the US guided studies. In conclusion, our

results support the theory that specifically trained

skilled operators will have low failure rates when

using LT technique. Larger studies needed which doc-

ument experience level of surgeons as operators and

the implementation of US technique. 
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ABSTRACT
Objectives: The aim of this study is to determine the incidence of intraoperative awereness (IA) in our patients
who underwent laparoscopic sleeve gastrectomy (LSG) and the factors affecting the formation of this
complication. 
Methods: Four hundred ten patients who underwent LSG between March 2018 and September 2020 were
included in the study. By April 2019, we started using the Bispectral index (BIS) monitoring, which measures
the depth of anesthesia in all of our LSG cases (n = 167). Patients with and without BIS monitorization were
divided into two groups and compared. 
Results: In our series, IA was seen in 3 patients (2 males) in two different hospitals (0.7%; n = 410). They
were all in the non BIS group (n = 243).  The median duration of anesthesia was 120 minutes (ranging 90-
180) in the non-BIS, and 113 minutes (ranging, 90-140) in the BIS group (p < 0.001). Hypotension developed
in 63 patients in non-BIS and 12 patients in BIS group at the beginning of the operation (< 90/60 mm Hg).
The total remifentanil infusion dose administered during the anesthesia period in the BIS group was 1310 ±
351 mcg, and 1330 ± 270 mcg in the non BIS group (p = 0.002). The effect of BIS monitorization between
groups on IA, did not show statistical significance (p = 0.27). 
Conclusions: Anesthesia techniques that work well for patients with normal weight may not be safe and
appropriate for obese patients. Especially in patients with intraoperative hypotension, it is necessary to be more
careful about dose adjustment of anesthetic drugs. 
Keywords: Bariatric surgery, sleeve gastrectomy, general anesthesia, complication, intraoperative awareness

Bariatric surgery is one of the most effective treat-
ment for morbid obesity. As obesity increases

worldwide, people turning to bariatric surgery for
weight loss also increases [1]. With increase in
bariatric surgery, anesthesiologists face a new chal-
lenge in terms of management of obese patients during
surgery. 

      Since the dose adjustment of the intravenous anes-
thetic agents specified in the anesthesia guidelines is
usually based on the total body weight of people with
normal weight, anesthesia management of morbidly
obese patients requires extra care. Although there are
no definitive guidelines for the dose adjustment of in-
travenous anesthetic agents in morbidly obese patients
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[2, 3], it is generally recommended to adjust the dose
according to lean body mass [4, 5]. Many comorbidi-
ties such as diabetes, hypertension, left ventricular hy-
pertrophy, sleep apnea, and pulmonary hypertension
accompany morbid obese people undergoing bariatric
surgery. These comorbidities together with the excess
adipose tissue and the lipophilic properties of many
drugs used in general anesthesia affect the pharmaco-
kinetics and pharmacodynamics of anesthetics, caus-
ing the drugs to show their effects in a very narrow
spectrum [6]. In this respect, anesthesia management
of bariatric surgery patients gains the utmost impor-
tance. 
      The patient regaining consciousness during gen-
eral anesthesia is defined as awareness. Awareness is
a serious condition that prompts patients into a panic
situation even if they do not feel any pain at that time
[7]. These patients experience insomnia, recurrent
nightmares and post-traumatic stress disorder in
postliminary periods [8, 9]. Intraoperative awareness
(IA) is a rare but serious complication rating between
0.1-0.2% [10]. The most common cause is superficial
anesthesia and the most common disciplines IA ob-
served are in obstetrics and cardiac anesthesia. The
ratio of IA was reported to be 1% in the high-risk cases
[11, 12]. Obesity is defined to be an independent risk
factor for IA [5, 13]. 
      The aim of this study was to determine the inci-
dence of IA in our patients undergoing laparoscopic
sleeve gastrectomy (LSG), and the factors contributing
to the development of this complication. To our
knowledge, this is the first study in the literature re-
porting that IA might be observed during LSG. 

METHODS

      Four hundred ten patients (56% female) who un-
derwent primary LSG between March 2018 and Sep-
tember 2020 were included in the study. 

Preoperative Work-up
      Each patient underwent a thorough evaluation of
laboratory tests, upper GI endoscopy, and abdominal
ultrasonography before the surgery. Also, patients
were evaluated by a cardiologist, a pulmonology, and
an anesthesiologist as a part of routine work-up. 

Anesthesia Management and Surgical Technique 
      LSG was applied to all patients using the same
surgical technique. The operations were performed in
two different hospitals with two different anesthesiol-
ogy teams, using the same anesthesia protocol. Table
1 summarizes the doses and durations of the anesthetic
agents administered during the procedures. Following
the tracheal intubation and inhalation anesthesia, a 12
mm optical trocar (Endopeth Xcel®) was inserted into
the abdomen from the left subcostal area under direct
vision and abdomen was insufflated. LSG was per-
formed using five trocar technique after applying a 45
degrees reverse Trendelenburg (modified litotomy) po-
sition. After LSG was completed, the staple line was
oversewn using 3.0 V-LocTM suture in all patients. 

Evaluation of Intraoperative Awareness
      In order to evaluate IA after surgery, each patient
was questioned in terms of whether they remembered
anything, heard anything or felt any pain during the
operation. 

Bispectral Index Monitoring 
      The use of Bispectral Index monitoring equipment
(BISTM Medtronic), which monitors the depth of anes-
thesia was initiated for all of our bariatric surgery
cases (n = 167) starting in April 2019. BIS moniteri-
zation was not used in any of our LSG cases before
April 2019.
      Patients with and without BIS monitoring were di-
vided into two groups (Non-BIS and BIS group). BIS
values between 40 and 60 indicate adequate anesthesia
depth for the surgery. 
      Patients who developed intraoperative hypoten-
sion (systolic blood pressure below 90 mmhg) in both
groups were recorded. Two groups compared in terms
of demographics, the rate of IA, the factors affecting
the condition, and the effect of BIS monitorization. 

Exclusion Criteria 
      Cases that included additional surgical procedures
such as cholecystectomy and other bariatric proce-
dures were excluded from this study in order to avoid
skewness in the operation and anesthesia time. Pa-
tients with a previous history of IA were excluded
from the study. 
      The study was approved by the institutional ethics
commitee (ATADEK- 2019-17/11). All patients were
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informed about the study in details, and written in-
formed consents were obtained. All data, including in-
traoperative vital parameters were recorded
prospectively and analyzed retsospectively. 

Statistical Analysis 
      Statistical analysis was performed using SPSS
(version 21, SPSS, Inc., Chicago, IL, USA). Standard
deviation and mean values were used for the variables
with normal distribution and median values were used
for the variables that were not normally distributed.
Chi-square or Fisher’s exact tests were used for cate-
gorical variables; while for continuous variables, in-
dependent-samples T-test or Mann-Whitney U test
were performed. P values < 0.05 were considered sta-
tistically significant. 

RESULTS

      Between March 2018 and September 2020 four
hundred ten patients (56% female) with a mean age of
37.4 ± 11.6 years, a median body mass index (BMI)
of 41.3 kg/m2 (33-67) and ASA score of 2-3 had un-
dergone LSG. In our series, IA was observed in three
patients (2 male, 1 female) in two different hospitals
(0.7%). Three of them were in the non BIS group (n =
243). The median duration of anesthesia was 120 min-
utes (90-180) in the non BIS group and 113 minutes
(90-140) in the BIS group (p < 0.001). 
      Hypotension developed in 63 patients in non-BIS,

and 12 patients in BIS group at the beginning of the
operation (< 90/60 mm hg). The total remifentanil in-
fusion dose administered during the anesthesia period
in the BIS group was 1310 ± 351 mcg, and 1330 ± 270
mcg in the non BIS group (p = 0.002). The demo-
graphic characteristics of the groups are shown in
Table 2. 
      The first patient who experienced IA was 41 years
old female with a BMI of 39 kg/m2. The patient stated
that she woke up at the beginning of the surgery, was
fully awake, heard everything spoken during steriliza-
tion and surgical draping, wanted to say that she was
awake. She was very scared of the situation and she
was not able to say anything or move. She added that
this situation lasted for 3-4 minutes, and she could not
remember what happened subsequently. 
      The other two patients were males aged 40 years
with a BMI of 46 kg/m2 and 44 kg/m2). Their experi-
ences were very similar. According to their statements,
awakenings were somewhere during the beginning of
the surgery. Both patients experienced similar feelings
of great pressure in the abdomen, surgical manipula-
tion such as trocar entrance, which they described
specifically as "there was a drill going into my ab-
domen". They emphasized that they felt enormous
pain and this "nightmare" lasted for 10-15 minutes. 
      Except for a temporary period of hypotension at
the beginning of the surgery, there was no abnormality
in vital signs suggestive of IA in all 3 patients. Two
male patients received psychotherapy support for 6
months due to post-traumatic stress disorder. 
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DISCUSSION

      IA is a rare but serious complication with an inci-
dence of 1% for high-risk individuals [11, 13]. In our
study, IA was developed in three (0.7%) patients and
there were all at the beginning of the operation. One
patient with ASA 2 (n = 169) and two patients with
ASA 3 (n = 241) experienced IA. We did not find a
significant effect of the ASA score on IA (p = 0.20). 
      There are no definitive guidelines for dose adjust-
ment of intravenous anesthetic agents in obese pa-
tients. Propofol is a highly lipophilic substance
commonly used in anesthesia induction. While dose
adjustment is performed according to the total body
weight in normal-weight people, this approach should
be avoided as it can easily cause adverse effects in
obese people. 
      Some studies indicate that the current dose of
propofol administered during induction in obese indi-
viduals is insufficient [14-16]. Agents used in the in-
duction of anesthesia redistributes quicker in the fat

tissue. The meaning of this is that, obese patients
awake earlier than non-obese people with single bolus
application. 
      Anesthetic drugs such as propofol, remifentanil
have a great hypotensive potential in higher doses. The
reverse Trendelenburg or modified litotomy position
for LSG induces the hypotensive effect of anesthetic
drugs. İntraoperative hypotension is mostly undesir-
able by the surgeons. In most cases, it is preferable that
the patient is normotensive in order to observe any
signs of bleeding from the staple line or other surgical
sites. It is worth mentioning that the caution of the
anesthesiology team regarding the hypotension that
might occur as a result of the surgical position at the
beginning of the operation is one of the most important
points to be considered for the prevention of this com-
plication. Anesthesiologists' adjustment process of
dose regulation in an attempt to avoid subsequent hy-
potension might be a factor in the manifestation of IA.
In our study we also experienced intraoperative hy-
potension in our patients who underwent LSG. Hy-
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potension developed in 63 patients in non-BIS, and 12
patients in BIS group at the beginning of the operation
(< 90/60 mm Hg). 
      Nowadays, electroencephalogram-like devices
that monitor brain functions are frequently used during
surgery. The most commonly used is the BIS moni-
torisation, which measures the patient's level of con-
sciousness by processing an electroencephalographic
signal obtained from a single frontal electrode. The
BIS interval is determined between 100-0, defining the
complete awakeness and the absence of brain activity.
BIS values between 40 and 60 indicate adequate anes-
thesia depth for the surgery whereas values below 40
indicate the deep hypnotic phase. It is recommended
to keep the target value in the interval of 40-60 to pre-
vent IA [17]. In our study, patients in the BIS group,
median BIS score was 36 (26-47) during the operation. 
      The data on the effect of BIS monitorisation on
the prevention of IA is controversial. The B-aware
study reported that BIS monitorization provides a
0.74% of risk reduction in IA in high-risk individuals
[18]. In a large multicentric cohort study, it was re-
ported that BIS monitorization did not provide a pos-
itive effect on the IA [5]. 
      In our LSG series, we experienced a fairly high
rate of IA in three (0.7%) of our patients. All of these
cases were in the non BIS group (n = 243; 1.2%). No
incident of IA was observed in the BIS group. While
we evaluated our patients for the effect of BIS moni-
torization on IA, the ratio did not show statistical sig-
nificance (p = 0.27). 

CONCLUSION

      Many factors affect the pharmacokinetics and
pharmacodynamics of the anesthetics in obese pa-
tients. Anesthesiology practices that work well for pa-
tients of normal weight may not be safe and adequate
for obese patients.  Especially in patients with intra-
operative hypotension, it is necessary to be more care-
ful about dose adjustment of anesthetic drugs.
Comprehensive studies are needed to create definitive
guidlines in this area.
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ABSTRACT
Objectives: We aim was to evaluate the quality and reliability of the information on knee arthroplasty available
on YouTube in Turkish. 
Methods: A systematic search was conducted using the term “diz protezi” (knee prosthesis) on 1 June
2020.Videos were filtered based on their degree of relevance alone. Videos that were not in Turkish, not on
knee prosthesis or without audio and/or image were excluded. Copied videos were evaluated as a single video.
The first 50 videos that came up in the search were included in the study. Video quality was scored using
Global Quality Score (GQS). To assess reliability, modified DISCERN scale was used. 
Results: The mean view count per video was 31.533 ± 100.921 and the total view count was 1.576.633. The
mean duration per video was 337 ± 475 seconds. The median number of likes per video was 13 (0-426). The
median number of dislikes per video was 2.5 (0-83). The mean GQS of the videos was 3.25 ± 0.9. When the
reliability of the sources was evaluated using DISCERN, the mean score of the videos was 2.18 ± 1.2. It is
striking that all videos were prepared by an orthopedic surgeon. Of the medical doctors preparing the resources,
44% had academic titles. 
Conclusions: It was found that Turkish resources on arthroplasty on YouTube are promising in terms of quality.
Content creators must make effort to increase their reliability according to DISCERN. 
Keywords: Knee, arthroplasty, patient education, social media

Knee osteoarthritis is the most common arthritis
and it constitute 3% of the total disease burden

in our Turkey [1, 2]. ]The gold standard treatment for
end-stage knee osteoarthritis is total knee arthroplasty
(TKA). One of the important factors that affect the
outcome after TKA, which is an elective surgery, is
the patient’s expectations of the treatment [3, 4]. Tra-
ditionally, when elective operations such as TKA are
indicated, physician - patient consensus is required
when deciding upon surgery [5]. In the meantime, the
physician provides information to the patient on the
procedure, its benefits, its potential complications and

what the patient must/must not do after the procedure. 
      Today, the amount of medical information acces-
sible via the internet increases every day [6]. It is clear
that what patients see and read online highly affects
their perception of the disease and expectations of the
treatment. YouTube and other social media contents
can be created by numerous sources and people, and
they are not subjected to any monitoring or
review.Thus, the accuracy and quality of these infor-
mation is unknown. 
      The quality and reliability of increasing amount of
online medical information found in sources in Eng-
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lish are frequently discussed, but there are no studies
on this subject regarding the sources in Turkish [7, 8].
In this study, our aim was to evaluate the quality and
reliability of the information on knee arthroplasty
available on YouTube in Turkish. 

METHODS

      The approval of an institutional review board was
not required for the present study. To find the relevant
videos on knee arthroplasty, YouTube’s search func-
tionality was used. A systematic search was conducted
using the term “dizprotezi” (knee prosthesis) on 1 June
2020. The reason behind using “protez” instead of
“artroplasti” (arthroplasty) as the search term is the
rare use of the word arthroplasty, which is not Turkish,
in colloquial language. This can also be understood
from the fact that the query “dizprotezi” has a higher
search volume compared to “diz artroplastisi” in
Google Trends, where online search tendencies are in-
dexed [9]. The search on YouTube was performed
using a web browser without a recorded history or
“cookies”. Videos were filtered based on their degree
of relevance alone. Videos that were not in Turkish,
not on knee prosthesis or without audio and/or image
were excluded. Copied videos were evaluated as a sin-
gle video. 
      The first 50 videos that came up in the search were
included in the study. Although there is no consensus
on this subject, this method is frequently used in sim-
ilar studies [10, 11]. The contents of videos in question
were evaluated by two independent researchers (HK,
OK) and their duration in seconds and the number of
days betweenthe date of upload to the date of evalua-
tion were recorded. The source (creator) of contents,
if indicated, was grouped as academic health profes-
sional (physician, nurse, physiotherapist, etc.), non-
academic health professional, patient, and others.
Moreover, the view count, number of likes, dislikes
and comments of the videos were recorded. 
      Video quality was scored using Global Quality
Score (GQS). GQS is a 5-point scoring system devel-
oped by Bernard et al. [12] for internet-based
sources.The lowest score is 1, the highest is 5. Videos
scored 4 or 5 were considered high quality, 3 were
considered acceptable quality and 1 or 2 were consid-
ered low quality videos. 

      To assess reliability, modified DISCERN scale
was used [13]. In this scale, using five yes/no ques-
tions, the reliability of the video regarding prejudice
and objectivity, clarity and understandability, and re-
liability regarding references and additional resources
are evaluated. Yes, corresponds to 1 point and no cor-
responds to 0 point. By this way, a maximum of 5
points can be obtained for reliability. 
      When there was a conflict between the two re-
searchers in terms of scoring, a third independent re-
searcher (AM) evaluated and scored the video and the
decision was made by majority vote. 

Statistical Analysis 
      Logistic regression was used to analyze the rela-
tionship between GQS score and DISCERN score and
other measured variables. A p value less than 0.05 was
considered significant. 

RESULTS

      For videos on knee arthroplasty, a total of 50
videos were analyzed. Of the videos in the first 50, 3
videos with no audio and 2 videos which were copied
were excluded from the study. These 5 videos were re-
placed with the next 5 videos in line. The mean view
count per video was 31.533 ± 100.921 and the total
view count was 1.576.633. The mean duration per
video was 337 ± 475seconds. The median number of
likes per video was 13 (0-426). The median number
of dislikes per video was 2.5 (0-83). 
      The mean GQS of the videos was 3.25 ± 0.9. Of
the videos, 6% (3/50) were bad and had the inappro-
priate or wrong content for the patients, 12% (6/50)
were of poor quality but had limited information, 36%
(18/50) were insufficient but still had information for
the patients although limited, 42% were of sufficient
quality and had appropriate amount of information for
the patients and 4% (2/50) were of perfect quality and
contained all the information necessary for the patients
(Table 1). 
      When the reliability of the sources was evaluated
using DISCERN, the mean score of the videos was
2.18 ± 1.2. While none of the videos had references to
the appropriate sources, only 12% (6/50) had com-
ments without any bias. Thus, there are no videos that
meet all of the criteria and got full score from DIS-
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CERN (Table 1). 
      It is striking that all videos were prepared by an
orthopedic surgeon. Of the medical doctors preparing
the resources, 44% had academic titles. Advertisement
of theemploying institution (private hospital) was de-
tected in 70% (35/50) of the videos. In one video,
identity of the patient was clearly visible during sur-
gery, and although the patient gave consent, it was
found ethically controversial [14]. The most com-
monly discussed subjects include post-operative phys-
ical therapy (62%) and complications after knee
arthroplasty (22%). Options other than surgery and
general information regarding surgery were the least
discussed subjects. There was no correlation between
GQS and DISCERN evaluation score and other char-
acteristic variables of the videos.

DISCUSSION

      Results of our study demonstrate that, in Turkish
sources on YouTube on knee arthroplasty, the level of
information is at an acceptable level, but scientific re-
liability is low. Patients’ access to data is increasing
progressively through internet sources such as
YouTube. Especially with the increase in the rate of
internet accessibility from 2.9% to 59.6% from the
start of the millennia in Turkey, the internet has almost

become the strongest source of information [15]. 
      There are numerous studies on the reliability and
quality of information in online sources on surgery and
numerous internal diseases [12, 16]. However, there
is a limited number of similar studies on orthopedic
diseases, and in particular, there are only two studies
on arthroplasty in the literature [7, 8]. There are no
studies in Turkish and as far as we know, this is the
first study on Turkish content. Unlike the sources in
English, approximately half (23/50) of the contents
were categorized as acceptable and perfect according
to GQS. In the study by Wong et al. [7], 66% of the
videos were considered to have poor quality. This was
attributed to the fact that all content creators were
physicians and as previously shown, orthopedists have
a high rate of social media use [17, 18]. 
      However, unfortunately, scientific reliabilityof the
sources is insufficient according to DISCERN. This is
similar to other examples in the literature. Koller et al.
[8] stated in their paperregarding hip osteoarthritis
84% of the videos were poor. Similarly Akpolat et al.
[19] stated DISCERN score of videos about Bankart
lesion was 2.35 ± 0.91. It is especially striking that sci-
entific sources were not referred to in the videos. This
is probably because since the content creators pro-
duced the videos for the general public, they did not
refer to scientific sources. Another problem in the
videos that led to poor quality was that information
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transfer was biased,and most of the time, good out-
comes were reported. This can be because some of the
videos were broadcasts supported by the private hos-
pital. 
      It is striking that all of the available content was
created by orthopedists. The high quality of broadcasts
can be attributed to the fact that 44% of these physi-
cians had academic titles. In particular, there was one
content creator, who was observed in 26% of the
videos and was very active. Previous studies have
shown the willingness of Turkish orthopedists to use
social media [17, 18]. Since the information presented
in the videos created by content creators include in-
formation provided to patients in face-to-face inter-
views, it is nevertheless clear that YouTube enables
information to be widely accessible. In our case, the
content on total knee arthroplasty reached to almost
1.5 billion users. 
      Internet, which provides a flow of information to
and from various sources, does not always provide re-
liable and quality information. One of the areas most
affected from this situation is the physician-patient re-
lationship. Especially, the cases where the patients
have unnecessary anxietiesand patient expectations of
the treatment have increased without any foundation
following misinformation are also troublesome for the
physician undertaking the treatment.In a study per-
formed in the US, it was found that nearly 40% of the
physicians believe that their diagnosis and treatment
becomes ineffective when the patient has certain prej-
udices due to information obtained online before con-
sulting a physician [20]. 

Limitations 
      We know our study is not free of limitations: first,
there is no validated tool to assess the quality of video-
based medical information. Yet GQS and DISCERN
are widely used scales good inter-observer and intra-
observer reliability. Second, YouTube’s search
code/algorithm is not openly disclosed, and the vari-
ous factors effecting which videos delivered to a cer-
tain search is an important confounding factor. Even
the internet protocol (IP) where the site is reached
could impact the results. However, this variability is
not adjustable, and we believe since the algorithm af-
fects any search equally, we believe this discrepancy
is negligible. 

CONCLUSION

      Again, it was found that Turkish resources on
arthroplasty on YouTube are promising in terms of
quality. Content creators must make effort to increase
their reliability according to DISCERN. Scientific
facts should be cited with a plain language, and con-
troversial topics about any procedure should always
be highlighted. Any effort to increase the “social
media abilities” to the medical doctors’ armament, like
addition of a social media course to medical curricu-
lum, can be valuable for the future [21]. 
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ABSTRACT
Objectives: This study aimed to investigate the significance of publications examining the effectiveness of

education methods in the field of anatomy with the method of bibliometric and altmetric analysis, as well as

online attention levels. 

Methods: To search all publications, “Anatomy education” was entered as a search term on the Web of Science

database. The topics, journal impact factors, publication years and research centers of the first 100 articles

with the highest numbers of citations were examined, and their analysis was conducted with the “Altmetric it

on website: http: almetric.com”. 

Results: Four thousand, three hundred fifty-six articles published in the period of 1975-2019 containing the

key phrase “Anatomy education” were found on Web of Science. The study with the highest number of citations

was the study published by McLachlan et al. titled “Teaching anatomy without cadavers, 2004”. It was observed

that the study titled “The production of anatomical teaching resources using three-dimensional (3D) printing

technology, 2014” was the article with the highest rate of sharing on Twitter with the highest altmetric attention

score (AAS) value. The AAS rates varied between 130 and 0. 

Conclusions: Bibliometric and altmetric analysis provides significant but different points of view regarding

the effects of an article in the world of science. The altmetrics score may provide contributions in determining

the direction of studies regarding the high-level interests and perceptions of the public on dynamic science

and the field of medicine. 

Keywords: Bibliometric, altmetrics, analysis, anatomy, educational methods

It is important to assess the effectiveness of medical

education in today’s conditions with evidence-

based analyses, because these assessments have the

potential of directing practices of developing curric-

ula. While anatomy education is the building block of

medicine, it is seen by students as a difficult to learn

subject at the beginning of medical education [1]. The

rapid development of technology has allowed devel-

opment of various methods that present the practical

ways of learning anatomy today. The practices of

anatomy education have been enriched by cadaver dis-

section coming from traditional medical education,

followed by plastic modellings of body parts and

highly diverse online electronic sources that provide

information gathering methods today, interactive

three-dimensional (3D) visualization technologies and
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“multimodal” approaches such as radiological imag-

ing [2]. Especially 3D mobile applications that include

virtual anatomy animations supported by videos,

YouTube videos and animations obtained from other

social sharing sites, colorful 3D images and problem-

focused learning have taken their place as the current

methods used in anatomy education [3, 4]. With the

initiatives of anatomy educators to preserve traditional

basic training methods such as dissection, there has

been a face off between some clinical field educators

that have transitioned to virtual simulative applications

and conventional educators [2]. 

      In this context, a process that gives rise to a neces-

sity of updating the curriculum with various education

and instruction methods has emerged. In addition to

these methods, sharing of anatomy information via so-

cial networks today has started to be used by students

as a learning method. For this reason, investigating the

usage of existing anatomy learning methods and social

platforms today for medical instruction purposes and

shedding light on anatomy education have become a

current need. For this purpose, we aimed to investigate

publications that examine existing anatomy learning

methods that are prevalently used by using metric

methods. Especially bibliometric analysis (index cri-

teria) is used in several fields to define the most sig-

nificant studies [5]. This analysis method uses citation

ranking to define the output with the largest intellec-

tual effect in ranking articles. 

      The number of citations made to published articles

is a reference in measuring the influence of the journal

they are published in and assessing the capability of

authors, and it is based on bibliometrics, which inves-

tigates such associations. Other important indicators

that show the effect and quality of a journal are the

journal impact factor (IF) which is based on citations

and the h-index value provided by Web of Science

(WoS), Scopus, Google Academics and Scimago Jour-

nal & Country Rank (SJCR) [6, 7]. IF is a significant

bibliometric indicator that needs to be used carefully

as it is known to be a value in which several criteria

play a role on the final value. JCR calculates the cita-

tions and publications of the last two years and returns

the value of IF every September [12]. It is clearly seen

that although it allows the evaluation of large data sets,

keeping track of changes in citation databases over

time and evaluating journal IF that vary from year to

year creates measurement and technical problems for

bibliometric analysis. 

      Altmetrics, which is a new web-based metric

analysis method, has started to be used as a current

method in assessing the impact analyses of publica-

tions on social media platforms [14]. This method that

conducts an analysis as the Altmetric Attention Score

(AAS) and Altmetric feedback was designed to make

it easier to define how much and what type of interest

a certain research output receives [15]. AAS is calcu-

lated by an automated algorithm created by the com-

pany Altmetric based on the weighted quantity of the

online interest received by a research output. This al-

gorithm that is used under the name of Altmetric Ex-

plorer (Altmetric, London, the United Kingdom)

Score is a web-based application that can use some re-

search output resources to present the online activities

of publications and the most relevant discussion forms

in a current sense [15]. While making calculations,

three main factors are used to determine the weights:

volume, sources and authors. The role of social media

platforms in the publicity, dissemination and presen-

tation of the medical literature was increased substan-

tially in the last few years [17]. Altmetrics are

advantageous in that they can reflect significant non-

academic effects and are visible before even academic

citations occur, but they also have some disadvan-

tages. At the beginning of these disadvantages, we can

say that it is still not clear which general conclusion

to draw from the altmetric analysis. In addition, data

sparseness is an important disadvantage that makes

altmetric analysis insufficient alone. 

      In this context, this study aimed to determine the

relationship between bibliometric analysis on the num-

ber of citations of articles and journal IF values and

Altmetric analysis (highest AAS and IF) which deter-

mine the social media usage score of studies in deter-

mining the quantitative impacts of methods in the field

of anatomy in the world of medicine. 

METHODS

      In this study, WoS Core Collection database was

used for bibliometric citation analysis and PubMed

was used for other article information. PubMed data

was used to see the total number of authors of the ar-

ticle and the type of article (eg Review etc.) and to

evaluate the altmetric score on the "altmetric it / alt-
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metric.com" website. The WoS database was accessed

(date of access: 15 January 2020) to determine the

publications between 1975 and 2019 that contained

the key phrase “Anatomy Education”. As the WoS ar-

ticle database includes articles that have been pub-

lished since 1975 on February 15, 2020, our access

date, earlier articles could not be reached. As a result,

4356 articles related to the subject were obtained, and

among these results, the 100 articles that received the

most citations (T100) were subjected to bibliometric

and altmetric score analysis. After writing "Anatomy

education" in the "topic" criterion in WoS, there were

articles outside the scope of anatomy education among

the articles exhibited. For this reason, during the cre-

ation of the T100 article list, the Pubmed MESH terms

were first examined to evaluate whether the studies

were covered by the term "Anatomy education". In ad-

dition, the abstracts of the articles were read independ-

ently and carefully by the article researchers and the

compatible articles with the subject of anatomy edu-

cation were determined. The full texts of the articles,

whose article summary was not clear enough, were

also examined and carefully evaluated in such a way

that bias was not allowed. At the end of these evalua-

tions, articles that fall within the scope of “Anatomy

education” are included in the study list, while other

articles were excluded from the study as they are out-

side the scope of “Anatomy education”. Subsequent

articles were included within the scope to complement

100 in place of the articles that were omitted. For the

studies published in the relevant field, name of the

journal of publication, journal IF (2019 Journal Cita-

tion Reports (Clarivate Analytics)), year of publica-

tion, topic of article, type of article and sub-types were

determined. 

      The AASs were obtained from the Altmetric.com

website (https://www.altmetric.com/products/free-

tools/bookmarklet/) by using the "Altmetric it" func-

tion. Each color in altmetric feedback represents a

different source from the social media sharing network

[18]. As Altmetric Explorer is a licensed application,

Altmetric it was used instead. In the color spectrum of

feedback, blue represents Twitter, dark blue represents

Facebook, yellow represent blogs, red represents news

stories, orange represents patents, pink represents

Google, and brown represents Wikipedia (Fig. 1). The

study included original research articles, review arti-

cles, conference manuscripts and letters to the editor.

Additionally, PubMed was utilized to obtain additional

data for the study. This study did not need to be ap-

proved by an ethics committee, because it only con-

ducted bibliometric and altmetric analyses on classical

studies that have been published. 

Statistical Analysis 

      To determine the relationships between the num-

ber of citations of the selected T100 anatomy educa-

tion articles and AAS and between IF and AAS,

descriptive statistics was revealed and evaluated, and

Spearman's correlation analyses were carried out in

SPSS package software. 
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RESULTS

      In the search for publications in the period of

1975-2019 on WoS containing the key phrase

“Anatomy education”, 4356 articles were found. The

T100 list on anatomy education shown in the literature

was examined (Supplementary Table 1). In the list, the

publications’ numbers of citations, journals of publi-

cation, the highest numbers of publications based on

years and AAS values were shown. 

      Sixty-eight of the T100 articles in this study were

published in journals with an IF value of at least 2. Ac-

cording to Clarivate Analytics (2017), the average IF

of 10 journals (Table 1) out of 26 journals in which at

least two T100 articles were published was found, was

2.987, and the average h-index value was 80. The

number of citations of the studies varied between 29

and 268. The study with the highest number of cita-

tions was published by McLachlan et al. [Suppl. Table

1 Rank 1] with the title “Teaching anatomy without

cadavers, 2004”. The one with the lowest number of

citations was published by Baskaran et al. [Suppl.

Table 1 Rank 100] with the title “Current applications

and future perspectives of the use of 3D printing in

anatomical training and neurosurgery”. 

      Considering the publication years of the articles,

it was determined that the time that passed since the

article in the first place showed a change in favor of

citations. Concerning the numbers of citations based

on years, it was determined that the T100 publications

almost did not receive any citations in 1998 and 1999,

their numbers of citations continued to increase in the

following years, and the highest number of citations

was in 2019 (Fig. 2). Considering the distribution of

the publications on the topic of anatomy education

based on years, while there was no publication in the

years 1997 and 1998 among the articles, the lowest

number of publications were in 1996 and 2003 by one

article each, while the highest numbers of publications

were in 2007 and 2016 (Fig. 3). 

      The journal with the highest number of publica-

tions in this field was “Anatomical Sciences Educa-

tion” with 39 publications, which was followed by

“Clinical Anatomy” in the second place with 19 and

“Medical Education” in the third place with 13 publi-

cations. On the field of anatomy education, the Jour-

nals Anatomical Record, ANZ Journal of Surgery,

Computers Education and Surgical and Radiologic

Anatomy had 2 publications each (Table 1). 

      Among the T100 articles with the highest numbers

of citations, 86 were research articles, 6 were reviews,

5 were verbal presentations, and 3 were letters to the

editor. The highest number of original articles pub-

lished in the relevant field was 34 for the period of

2006-2010, the highest number of reviews was 4 for

2011-2015, and the highest number of verbal presen-

tations was 2 for 2011-2015 (Table 2). 

      Considering the countries of publication of these

articles, the United States of America (USA) had the

first place with 37 publications, while the United

Kingdom was in the second place with 18 publica-

tions, and Australia was in the third place with 15,
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whereas 70% of the T100 articles were found to have

been published by these three countries. The years

with most publications for the USA and UK were

2006-2010, while Australia published more in the pe-

riod of 2011-2015 in comparison to the other years

(Table 2). From Turkey, only the article by Küçük. et

al. [Suppl. Table 1 Rank 84] titled “Learning anatomy

via mobile augmented reality: effects on achievement

and cognitive load, 2016” was in this list. 

      When the types of research centers where the pub-

lications were made were examined, it was seen that

these centers mostly operate in the fields of Education

and educational research, Anatomy morphology and

Health sciences. The highest number (68) and ratio

(48.83%) of the articles were in the field of education

research, which naturally included studies on educa-

tion. As seen in Table 3, it was observed that the num-

ber higher than 100 in the T100 list was caused by sep-

arate assessment of multidisciplinary studies and other

fields. 

      The AAS values varied between 0 and 130. The

article “The production of anatomical teaching re-

sources using three-dimensional (3D) printing tech-

nology, 2014” (score 130) had the highest AAS score

and most shares on Twitter. It was determined that it

gained a fast scoring with social media shares although

it was published on a close date. The T100 anatomy

education articles’ AAS, total number of citations, ci-

tations based on years, IF and h-index values are

shown in Table 4. Accordingly, for the T100 articles

ranked based on their total number of citations, the

mean ASS was 5.29 ± 40.44, and the mean total num-
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Fig. 2. Number of citations of publications in the field of anatomy education by years.

 

 
Fig. 3. Distribution of publications in the field of anatomy education by years.
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ber of citations was 66.84 ± 1.23. The mean number

of citations per year was 6.33 ± 35.73, the mean IF

was 3.31 ± 15.70, and finally, the mean h-index was

65.75 ± 3.87 (Table 4). 

      Correlation analyses were conducted to determine

the relationship between AAS and the number of cita-

tions based on years and h-index. While there was a

positive moderate relationship between AAS and num-

ber of citations based on years (r = 0.428), AAS and

h-index had a negative weak relationship (r = -0.358).

Likewise, there was a positive weak relationship be-

tween IF and h-index and number of citations based

on years. There was no significant relationship be-

tween total number of citations and AAS (Table 5). 

The variation of the instruction methods used in

anatomy education was determined (Table 6). A broad

scale of anatomy learning methods was determined to

include current methods in the form of virtual and aug-

mented reality applications, mobile technology appli-

cations in the form of ultrasonography, virtual

simulators, laparoscopy and other radiological imag-

ing methods, clinical anatomy instruction methods,

outputs obtained by 3D printer technology, plastina-

tion, web-based interactive 3D visualization, enriched

multimedia e-book applications, close peer, problem-

focused instruction, clay models, and YouTube and so-

cial media sharing. Comparisons of education with

and without cadavers had a significant place. While

there was also an education method in the form of in-

tegrated multimodal-multidisciplinary and blended in-

struction method examinations, this method involved

comparison of several models. 

DISCUSSION

      For the purpose of determining the effectiveness

of methods that are used in the field of anatomy edu-

cation, determining the online interest value and social

media sharing scores of articles published on this topic

and received the highest numbers of citations is highly
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important in terms of determining trends towards the

future. There are numerous studies and discussions

carried out on suitable methods in obtaining academic

information. Measuring the value and impact of stud-

ies and determining the trending topics are a signifi-

cant criterion in determining the direction of studies.

Considering that studies covering the comparative ex-

aminations of current practices used in anatomy edu-

cation were conducted mostly in the period of

2007-2016, it was thought that this situation may be

related to the date where especially virtual reality ap-

plications started to enter education. Virtual reality

studies started to be carried out in 2006, and virtual

reality became included in the education process as a

technology-integrated instrument [19]. 

      AAS assessment in our study revealed that the ar-

ticles shared via social networks were rather on look-

ing for answers to the question of “how to learn

anatomy”, and the effects of current practices such as

“the contribution of 3D applications on anatomy edu-

cation” were investigated. As Marsland and Lazarus

[20] in 2018 stated in their work, information sharing

via social media is more popular with students due to

the continuous existence of technology throughout the

lives of young people, and that it is an international

academic platform for sharing knowledge and educa-

tion research experiences among academicians. This

situation showed that youths focused on studies on

learning methods involving current techniques rather

than conventional ones. When studies on learning with

YouTube videos, which is another method used in

anatomy education, is examined by bibliometric

analysis, it was stated that YouTube videos would dis-

play low educational value in the case that they are not

checked by member of academia [21-23]. In their

study on the learning levels of students with anatomy

education videos uploaded on YouTube, Jaffar [24] in

2012 emphasized that videos could be useful, but their

effect on examination performance is weak, and stu-

dents prefer to learn surface anatomy by cadavers and
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models. This idea was supported by the findings that

YouTube videos and three-dimensional virtual reality

videos have lower value in terms of education then

dissections [25]. On the other hand, Winkellman [26]

in 2007 reported that anatomy teaching with living be-

ings and medical imaging methods is dominant over

cadaver teaching. They added that these methods,

which are especially advantageous for visual learners,

are more compatible with clinical examination [26].

However, teaching about the 3D structure of the

human body using 2D images is highly complicated.

It is especially more difficult to perform volumetric

examinations on the organs and structures that are de-

sired to be imaged. For this reason, anatomic applica-

tions created in 3D are seen as an important method

in making it easier to access structures by three-dimen-

sional imaging. 

      Besides, teaching with cadavers should not be un-

derestimated by relying solely on social media posts.

Wilson et al. [27] in 2018 advocated the idea that the

anatomical knowledge obtained by teaching with ca-

daver dissection remains in mind for a longer term in

the temporal course in their studies where anatomy

teaching methods were examined using meta-analysis

method. However, they still recommended the exam-

ination and dissection of cadavers in the post-gradua-

tion surgical training of cadaver training. 

      When the social media sharing frequency of the

article with the highest AAS (130) in our study, “The

production of anatomical teaching resources using

three dimensional (3D) printing technology,” is exam-

ined, it was determined that it was shared via Twitter

30 times, Facebook 7 times, Google users 6 times,

blogs 4 times and other networks 10 times. The high-

est number of shares made for the article with the sec-

ond highest AAS, “Human cadaver vs. multimedia

simulation: a study of student learning in anatomy,”

was again on Twitter. These findings confirm the com-

ments of previous studies concluded that students and

academicians have increased their interest in teaching

styles with increased visual aspects. Regardless, as re-

ported by Marsland and Lazarus [20], MD discussions

around the anatomy teaching on twitter shows the

need to develop potential educational resources to

eliminate the difficulty in teaching and learning diffi-

cult areas in anatomy education. 

      It is highly important to comprehend basic

anatomy in terms of being able to make the connec-

tions between anatomy knowledge and the clinic and

integrate knowledge in surgical practices. For this rea-

son, developing effective methods to teach anatomy is

very important for medical practices. Since the Ren-

aissance, cadaver dissection is still considered to be

the most ideal and universal method for this purpose,

and thus, it continues to be used as the building block

of anatomy education [1, 28]. Moreover, considering

the increasing prevalence of robotic surgeries, it may

be stated that application of cadaver surgery and vir-

tual simulations together could be more ideal. Students

are no longer satisfied with looking at the pictures of

a textbook or observing from the corner of a crown

surrounding a cadaver [29]. Therefore, it was thought

that in could be sufficient in meeting educational

needs for educators to plan a modern anatomy educa-

tion that will integrate “new and old” approaches for

these searches of students and put these plans into

practice. 

      Altmetric scoring assesses an interest shown in a

publication from a different perspective. While a rela-

tionship is expected between bibliometric and altmet-

ric assessment, such a relationship could not be found

in the analyses that were conducted. An interesting

finding in our study was that the articles with the high-

est IF values did not receive more interest than the

ones with low IF values. For example, journals like

Computers Education, Medical Education and

Anatomical Sciences Education that are included in

the high-IF journal list or contributed to a large num-

ber of articles in the field of anatomy education were

observed to be not in the highest rating in terms of Alt-

metric scoring. While it was expected for the relation-

ship between altmetric scoring and number of citations

based on years to be stronger, it was determined that

this relationship was moderate. Due to the contribution

of the public in addition to the scientific world to the

scores of articles shared on social networks, it was

considered that the main factor determining the direc-

tion is the attractiveness of the topic. eBizMBA Inc.

[30] in 2020 listed the most popular social websites

worldwide as Facebook, YouTube, Instagram and

Twitter and stated Facebook as the most popular

among these. The popular social networks in the list

followed as WhatsApp, Pinterest, Reddit, Ask.fm,

Tumblr, Flickr, SnapChat, VK, LinkedIn, Tagged and
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Meetup. 

      Although eBizMBA stated that Facebook is the

most popular social network for sharing, it was seen

that literature sharing was carried out more on Twitter.

Marsland and Lazarus [20] in 2018 reported that an

online community has formed on Twitter regarding lit-

erature sharing, but the impact of Twitter has not been

completely demonstrated in anatomy instruction. They

showed that Twitter could only be an instrument that

strengthens the collaboration and communication of

students with academicians, and social platforms may

only have a useful impact under the appropriate guid-

ance of academicians. Facebook is the most popular

social media site visited daily by university students

in integrating social media technologies into educa-

tion. In their study that examined the usage activity of

Facebook for the purpose of education in the field of

anatomy, Jaffar [21] in 2014 reported that it has a nat-

ural potential in increasing learning in students, and it

may be accepted as an instruction tool supportive of

conventional education.

      AASs are observed to provide new points of view

in collecting scientific information. However, as the

Altmetric system has started to collect data since the

end of 2011, this method is only sensitive for later

news. It may be considered that new articles may re-

ceive more AAS in time and lead to some incomplete

interpretations. For this reason, by using bibliometric

analysis, the weak aspect of the method was strength-

ened. Another important issue that should not be over-

looked in AASs is social media policies of journals.

Managers of some journals can develop planning dig-

ital scientific marketing practices for such social

media metrics, which can influence the social media

visibility of the journal and hence the journal's publi-

cations. This can be an important study topic that

needs careful consideration. Even so it may be stated

that AAS may be an indicator of the perceptions of the

public on the dynamic field of science and medicine,

and it will make it easier to determine the direction of

studies in line with the high levels of interest by the

public in time. It may also be considered as a catalyst

that encourages reading scientific articles on a topic

that is considered valuable by the public.

CONCLUSION

      In this study, articles that examined instruction re-

sources and strategies that are used in the discipline of

anatomy were evaluated with analysis methods that

allow looking from a broad perspective. The necessity

of planning an anatomy education that comprehen-

sively integrates conventional and modern approaches

and the necessity of presenting these in practice were

determined by the analyses. It may be stated that there

is no strong evidence yet to suggest that social net-

works are strong anatomy instruction instruments.

While the interest received by a scientific study in the

literature is usually measured by the number of cita-

tions it receives, the interest received by it in the public

is measured with parameters such as the number of

news stories published on it and the speed of being

shared on social platforms. Consequently, for being

able to more comprehensively assess scientific re-

search outputs, we recommend assessment of AAS

and conventional metrics in combination. 
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ABSTRACT
Objectives: The aim of this study is to evaluate the relationship between the spinal canal cross-sectional area

(SCCSA) at the stenosis level, the cross-sectional areas of the multifidus (MF) muscle at the L3-S1 levels, and

the cross-sectional areas of the psoas muscle (PSCSA) at the L3 level in patients with nerve compression due

to lumbar spinal stenosis. 

Methods: A total of 280 patients were included in the study, 140 in the control group and 140 with lumbar

spinal stenosis that had been detected with magnetic resonance imaging (MRI). The patients' ages, gender,

SCCSA at the level of stenosis, PSCSA at L3 level, MFCSA at L3-S1 levels, and degrees of atrophy caused

by multifidus muscle fatty degeneration were evaluated and compared with the control group whether the

comparison was statistically significant or not. 

Results: PSCSA values at the L3 level and MFCSA at the L3-4 level (r = 0.555, p < 0.01), MFCSA at the L4-

L5 level (r = 0.559, p < 0.01), and MFCSA at the L5-S1 level (r = 0.429, p < 0.01) were found to have a

statistically significant positive correlation. In addition, MFCSA at the L3-4 level (p < 0.001), MFCSA at the

L4-5 level (p < 0.001), MFCSA at the L5-S1 level (p < 0.001),the L3-L4 SCCSA (p < 0.001), and the L4-L5

SCCSA (p < 0.001) mean values were found to be statistically significantly lower than the mean of the cases

in the control group.

Conclusions: Compared to the control group, a significant correlation was found with a decrease in the CSA

of the multifidus muscle and the presence of fatty degeneration of the multifidus muscle in patients with spinal

stenosis. However, in the CSA of the psoas muscle at the L3 level, it was found that there was no correlation

between patients with spinal stenosis and the control group.

Keywords: fatty degeneration, stenosis, multifidus, spinal, psoas, cross-sectional area

Lumbar spinal stenosis is the narrowing of the en-

trance and exit of the spinal canal, nerve root

canal, and intervertebral foramen due to bone or soft

tissue compression. As a result of disc degeneration,

bone structures, and ligament hypertrophy, the spinal

canal becomes narrow. If direct compression of the

nerve root is involved in the physiopathology, it is ac-

cepted that the lumbar muscles will also play a role in

the clinical symptoms. Clinical symptoms of degen-

erative lumbar stenosis are usually seen in patients

over 60 but may be seen at an earlier age in patients

with developmental and acquired stenosis. The

man/woman ratio in gender distribution is 2:3, but it

usually manifests clinically with neurogenic claudica-
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tion or radicular symptoms [1]. 

      The psoas muscle and the paraspinal muscles are

important in maintaining the function of the lumbar

spine. The multifidus muscle is the largest and most

medial of the lumbar paraspinal muscles and is inner-

vated by the medial branch of the segmental nerve

root. The psoas muscle is innervated at the L1-L4 lev-

els of the lumbar plexus by the branches of the anterior

rami [2] Nerve root compression with spinal stenosis

can cause morphological changes in the psoas and

multifidus muscles [3]. 

      Patients with clinical symptoms should be moni-

tored by radiological studies to confirm that they have

lumbar stenosis. MRI provides the most comprehen-

sive imaging of the paraspinal muscle groups, psoas

muscle, intervertebral discs, ligamentum flavum,

spinal canal, and neuroforamen [4]. Computed tomog-

raphy (CT) scanning allows accurate evaluation of the

bone structures including vertebral bodies and facet

joints [5]. When evaluating the spine, an SCCSA

below 145 mm2 at the level of stenosis is radiologi-

cally accepted as spinal stenosis [6]. 

      Muscle morphology may be changed by muscle

atrophy and fatty degeneration, both of which affect

muscle performance. Many studies report using imag-

ing methods such as MRI or CT scanning to evaluate

this change [7, 8]. Fat infiltration of the multifidus

muscle on MRI was graded as "grade 0" for 0–10%

fat, "grade 1" for 10–50% fat, and "grade 2" for > 50%

fat (Fig. 1) [9]. Apart from these studies, there are

studies evaluating muscle cross-sectional areas [10,

11]. Farshad et al. [3] measured the distance of the

multifidus muscle to the lamina in addition to the

cross-sectional area. Yagi et al. [12] reported that trunk

muscles play an important role in the spinal structure

and that paraspinal muscle degeneration is associated

with spinal deformity based on the evaluation of the

cross-sectional area. However, there has been no study

in which the cross-sectional areas of the psoas and

multifidus muscles were evaluated together in patients

with lumbar spinal stenosis. 

      The aim of this study is to demonstrate the cross-

sectional changes in the multifidus and psoas muscles

in patients with lumbar spinal stenosis and those in the

control group and to compare the degree of fatty de-

generation in the multifidus muscles at the spinal

stenosis level using MRI to evaluate whether the re-

sults are statistically correlated.

METHODS

      A total of 280 patients were included in the study,

140 patients in the control group and 140 patients with

lumbar spinal stenosis as detected with MRI in the ra-

diology clinic between 01/01/2018–12/25/2020. Pa-

tients with previous spinal surgery, spondylolisthesis,

spinal mass, vertebral fracture, or scoliosis were not

included in the study. The control group patients were

selected to correlate with the age and gender of the pa-

tient group. In the study, there were 54 men in both

the patient and control group (38.6%), and 86 women

in the patient and control group (61.4%). The mean

age of the patient group was 58.2 ± 8.34 years and that
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Fig. 1. Grading of MR images with different muscle-fat components of the lumbar multifidus muscle.
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of the control group was 58.34 ± 7.7 years. The age

range of the study group was 39-75 years and that of

the control group was 39-76. SCCSA at the stenosis

level (mm2), PSCSA (mm2) at the L3 level, MFCSA

(mm2) at the L3-L4 and the L4-L5 levels, and the de-

grees of multifidus muscle atrophy were evaluated

using MRI and compared with the control group.

Adana City Training and Research Hospital Clinical

Research Ethics Committee approved the study. Reg-

istration number: 1202, registration date: 30/12/2020. 

Imaging Parameters 

      An MRI of the lumbar spine was performed using

a 1.5-T unit (Philip, Ingenia; Philips Medical Systems,

Best, the Netherlands). The imaging protocols in-

cluded axial T2-weighted images (TR/TE 2770/100,

matrix size 200 × 138, slice thickness 4 mm) and sagit-

tal T2-weighted images (TR/ TE 3403/100, matrix size

160 × 232, slice thickness 4 mm). 

Image Analysis 

      The lumbar MR images were evaluated by an ex-

perienced neuroradiologist, blinded to the symptoms,

using a digital workstation. The measurements were

done by one radiologist who repeated the measure-

ments three times on different days to reduce the pos-

sibility of a bias. First, T2-weighted sagittal and axial

images were used to determine the level and the cross-

sectional area of the stenosis. The severity of multi-

fidus fatty degeneration was graded according to the

fat infiltration grading system. 

      T2-weighted axial MR images were used for the

evaluation of the multifidus muscles and psoas mus-

cles. MFCSA, PSCSA, and SCCSA at the stenosis

level were examined to assess muscle atrophy. The

SCCSA was measured on the axial T2-weighted MR

images at the level of the stenosis, and the PSCSA at

the L3 level. SCCSA was measured by measuring the

area between the posterior edge of the posterior lon-

gitudinal ligament and the inner edge of the ligamen-

tum flavum (Fig. 2). The MFCSA (Fig. 3) and PSCSA

(Fig. 4) were traced using the manual cursor tech-

nique. The MFCSA and the PSCSA were measured on

the right side of the spine.

Statistical Analysis 

      In the study, the demographic and clinical charac-

teristics of the participants in the patient and control

The European Research Journal   Volume 7   Issue 4   July 2021 411

Fig. 2. SCCSA measurement at L4-5 level.

Fig. 3. MFCSA measurement at L4-5 level. Fig. 4. PSCSA measurement at L3 level.
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groups were evaluated with descriptive statistical

analysis regarding the number, percentage, mean, stan-

dard deviation, and median values. The degree of mul-

tifidus fatty degeneration among the participants in the

patient group and the control group was evaluated

using Fisher’s exact test. In addition, gender ratios be-

tween the patient and control groups were evaluated

according to the Pearson chi-squared analysis. The

mean L3 PSCSA between the two groups was deter-

mined by the Mann-Whitney U test; MFCSA at the

L3-4 level, MFCSA at the L4-5 level, MFCSA at the

L5-S1 level, the L3-L4 spinal blood CSA, and the L4-

L5 spinal blood CSA were compared with an Inde-

pendent Groups t test. Among the men and women in

both the patient group and the control group; PSCSA

at the L3 level, MFCSA at the L3-4 level, MFCSA at

the L4-5 level, MFCSA at the L5-S1 level, L3-L4

SCCSA and the L4-L5 SCCSA averages were com-

pared using the Mann-Whitney U test. PSCSA at the

L3 level, MFCSA at the L3-4 level, MFCSA at the L4-

5 level, MFCSA at the L5-S1 level, the L3-L4 SCCSA

and the L4-L5 SCCSA averages were compared using

the Independent Groups t test. PSCSA at the L3 level,

MFCSA at the L3-4 level, MFCSA at the L4-5 level,

MFCSA at the L5-S1 level, the L3-L4 SCCSA, and

the L4-L5 SCCSA relationships were analyzed using

the Pearson’s correlation analysis for normally distrib-

uted data, and the Spearman’s correlation analysis for

non-normally distributed data. The normal distribution

compliance of the Independent Groups t test and the

Pearson’s correlation analysis were checked with kur-

tosis and skewness values (± 1.5). The significance

level for all analyses was set as p < 0.05. The IBM

SPSS 22.0 program application was used for the

analysis.

RESULTS

      The mean age of the patients evaluated was 58.20

± 8.34 years (min. 39.00; max. 75.00), and the mean

age of the participants in the control group was 58.34

± 7.70 (min. 39.00; max. 76.00). According to the t

test, the mean age of the two groups were statistically

similar (p = 0.916). There were 54 (38.6%) men in the

patient group and the control group and according to

the Pearson chi-squared analysis, it was found that the

gender ratio between the two groups was similar (p =

0.999). 

      In the patient group, 60 (42.9%) had multifidus

muscle fatty atrophy grade one, 76 (54.3%) had fatty

atrophy grade two, and four (2.9%) had fatty atrophy

grade three. The control group was found to have 116

(82.9%) of the participants with multifidus muscle

fatty atrophy grade one, and 24 (17.1%) had fatty at-

rophy grade two. According to the Fisher exact test re-

sults, it was found that the degree of multifidus muscle

fatty atrophy between the patient and control groups

was statistically significantly different. 

      According to the Mann-Whitney U test, it was

found that the mean PSCSA at the L3 level in the pa-

tient group was not statistically significantly different

from the control group (p = 0.067). According to the

Independent Groups t test, the MFCSA at the L3-4

level (p < 0.001), the MFCSA at the L4-5 level (p <

0.001), the MFCSA at the L5-S1 level (p < 0.001), L3-
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L4 SCCSA (p < 0.001) and the L4-L5 SCCSA (p <

0.001) were found to be statistically significantly

lower than the mean of the cases in the control group

(Table 1). 

      According to the Mann-Whitney U test, the means

of the PSCSA at the L3 level (p < 0.001), MFCSA at

the L3-4 level (p < 0.001), MFCSA at the L4-5 level

(p < 0.001), and the MFCSA at the L5-S1 level (p =

0.001) was found to be statistically significantly higher

in the men than the means of the women in the patient

group. According to the Mann-Whitney U test, the

means of the PSCSA at the L3 level (p < 0.001), the

MFCSA at the L3-4 level (p < 0.001), the MFCSA at

the L4-5 level (p < 0.001), and the MFCSA at the L5-

S1 level (p < 0.001) for the men in the control group

was found to be statistically significantly higher than

the means of women. According to the Mann-Whitney

U test, the means of the MFCSA at the L3-4 level (p
< 0.001), MFCSA at the L4-5 level (p < 0.001), and

MFCSA at the L5-S1 level (p = 0.001), the L3-L4

SCCSA (p < 0.001) and the L4-L5 SCCSA (p < 0.001)

for the men in the patient group was found to be sta-

tistically significantly lower than the means for the

men in the control group. According to the Independ-

ent Groups t test of the women in the patient group the

means of the multifidus psoas muscle CSA at the L3

(p = 0.043), the MFCSA at the L3-4 level (p < 0.001),

MFCSA at the L4-5 level (p < 0.001), MFCSA at the

L5-S1 level (p < 0.001), and the L4-L5 SCCSA (p <

0.001) was found to be statistically significantly lower

than the means of women in the control group. In ad-

dition, according to the Mann-Whitney U test, the L3-

L4 level of the women in the patient group was found

to be statistically significantly lower (p < 0.001) than

the mean SCCSA of women in the control group

(Table 2). 

      According to the Spearman correlation analysis,

PSCSA values at the L3 level and the MFCSA at the

L3-4 level (r = 0.555, p < 0.01), the MFCSA at the L4-

5 level (r = 0.559, p < 0.01), and the MFCSA at the

L5-S1 level (r = 0.429, p < 0.01), were found to have

a statistically significant positive correlation. Accord-

ing to the Pearson correlation analysis, the L4-L5 level

of the cases in the control group was found to have a

statistically significant positive relationship between

the SCCSA values and the MFCSA at the L3-4 level

(r = 0.343, p < 0.01), the MFCSA at the L4-5 level (r

= 0.404, p < 0.01), and the MFCSA at the L5-S1 level
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(r = 0.336, p < 0.01). According to the Spearman cor-

relation analysis, a statistically significant positive re-

lationship was found between the PSCSA values at the

L3 level and the MFCSA at the L3-4 level (r = 0.622,

p < 0.01), the MFCSA at the L4-5 level (r = 0.470, p
< 0.01), and the MFCSA at the L5-S1 level (r = 0.468,

p < 0.01) (Table 3). 

DISCUSSION

      Lumbar spinal stenosis is a common disease. The

occurrence rate of this disease has increased signifi-

cantly in recent years due to the increase in life ex-

pectancy. The introduction of new diagnostic methods

in clinical practice has brought new recommendations

for radiological criteria in spinal canal evaluation.

MRI has become the preferred diagnostic tool for lum-

bar spinal stenosis because it can visualize muscle and

other soft tissues. Evaluation of multifidus muscle at-

rophy in a diagnostic lumbar MRI will be advanta-

geous in guiding the treatment process. 

      A limited number of studies have examined

changes in lumbar paraspinal muscle cross-sectional

areas. None of these studies have compared PSCSA,

MFCSA, and SCCSA at the spinal stenosis level in pa-

tients with lumbar spinal stenosis. Takayama et al.

[13] studied the cross-sectional area of the paraspinal

muscles using T2-weighted MRI in 160 patients aged

between 10-88 years. They showed that the cross-sec-

tional area of the paraspinal muscles tends to decrease

with age. Sasaki et al. [14] achieved the same result

in their studies. In our study, we found that the cross-

sectional area of the paraspinal muscles decreases with

increasing age in agreement with the literature. We an-

ticipate that exercise may prevent narrow canal devel-

opment caused by age-related multifidus muscle and

psoas muscle atrophy. 

      In addition, men are known to have a larger

paraspinal muscle cross section than women [13], and

in our analysis, we found a statistically significant dif-

ference in that the cross-sectional area of the psoas

muscle and multifidus muscle in men is higher than in

women. 

      Zhao et al. [15] and Yoshihara et al. [16] reported

histological studies showing significant atrophy of the

multifidus muscles in patients with lumbar disc herni-

ation. Hodges et al. [17] found rapid atrophy of the

multifidus muscles after root compression in his ex-

perimental studies. In our study, we found statistically

significant atrophy due to fatty degeneration in multi-

fidus muscles due to root compression in patients with

spinal stenosis with narrowed spinal canal incisional

area similar to lumbar disc herniation. At the same
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time, we found that there was no statistically signifi-

cant difference in the PSCSA at the L3 level in patients

with spinal stenosis compared to the control group. 

In our study, it was found that atrophy and fatty de-

generation of the multifidus muscle due to compres-

sion of the spinal root at the spinal canal level were

statistically significantly associated, but the PSCSA

did not change at the L3 level in patients with spinal

canal stenosis. The diagnostic evaluation of patients

with lumbar MRI, together with an indication of the

degree of multifidus muscle fatty degeneration atrophy

should be considered in terms of stenosis prognosis

and treatment. However, additional studies will be re-

quired to evaluate the overall paraspinal muscle cross-

sectional area, muscle density, effects on spinal

stability, and changes before and after surgery.

Limitations

      The limitations of our study were that the BMI

index of the patients was not known, the measurement

parameters that would evaluate lumbar stability other

than the cross-sectional muscle areas of the patients

were not evaluated, and the cross-sectional area com-

parison before and after the surgery was not per-

formed.

CONCLUSION

      The study found that atrophy and fatty degenera-

tion of the multifidus muscle due to compression of

the spinal root at the spinal canal level were statisti-

cally significantly associated, but the cross-sectional

area of the psoas muscle did not change at the L3 level

in patients with spinal canal stenosis.
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ABSTRACT
Objectives: Vaccination to the population is the most effective way to get rid of the COVID-19 pandemic,
which currently has no effective treatment. For the high vaccine acceptance rate, it is important to determine

the vaccine willingness of individuals and the barriers to vaccination. We aimed to determine the acceptability

of the COVID-19 vaccine and the effect of attitudes, perception and beliefs on vaccination willingness among

medical students. 

Methods: In February 2020, a cross-sectional survey was conducted online among medical student. A total of
734 medical students out of 980 medical students answered the questionnaire forms (response rate: 75.4%).

The online questionnaire collected socio-demographic characteristics, attitudes, risk perception and beliefs

about the COVID-19 pandemic and vaccine. Vaccine hesitancy, rejection and acceptance were determined by

self-report of medical students. 

Results: Total of 739 medical students included study. Students declared that 60.1% (n = 444) of them to be
willing to vaccinated, 14.2% (n = 105) refused and 25.7% (n = 190) were not sure. Covid-19 willingness to be

vaccinated was higher in female (p = 0.005), clinical students (p < 0.001), those who ever tested for COVID-
19 (p = 0.002), those who had covid-19 infection history in the family (p = 0.043), those who had COVID-19
and COVID-19 vaccine education (p = 0.001). Positive attitudes skor and higher knowledge scores were related
with highly willingness to be vaccinated. High beliefs score (positive beliefs) was found to be associated with

a higher willingness to be vaccinated (p < 0.001). 
Conclusions: Although the majority of the study population willingness to be vaccinated, one-third of medical
students are hesitant about vaccination. Education, positive attitude and beliefs are related to higher willingness

to vaccination.The COVID-19 pandemic immunization programs should be designed to remove barriers to

negative vaccine beliefs and perception.
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Coronavirus diseases 2019 (COVID-19) caused by

the new type of coronavirus (SARS-COV2) was

first reported in December 2019. It caused a pandemic

in a short time and posed a significant threat to the

whole world. Despite more than 1 year, humanity still

suffers from COVID-19. Although more than 114 mil-

lion cases have caused more than 2.5 million deaths

worldwide, an effective treatment against COVID-19

has still not been found [1, 2]. 

      The COVID-19 pandemic has caused disruptions

in almost all areas of life all over the world. Education,

especially medical education, is one of the areas neg-

atively affected by the pandemic. Medical schools

have been suspended during the pandemic, and as

such, many students are stayed at home. This has dis-

rupted the medical education process. Currently, med-

ical education is tried to be given online in Turkey.

There have been problems in bedside and practical

training with online medical education. Although time

is needed to accurately predict the effects of the pan-

demic on education, it is predicted that it may pose im-

portant problems for the learning experience and

professional development of medical students [3]. 

      It is known that the most beneficial method for the

whole world to get rid of the negative effects of the

pandemic is vaccination against COVID-19. It is pos-

sible with vaccination on the return of medical educa-

tion and medical faculty students to normal life [4].

The tickets of medical education and medical faculty

students to return to normal life pass from vaccination.

Although vaccination seems to be the way out of the

pandemic, the willingness of individuals to be vacci-

nated is also important in combating the pandemic.

During the 2009 influenza A (H1N1) pandemic, it has

reported that the acceptability of influenza vaccination

among adults in the USA was between 50-64%.  How-

ever, there is not enough information in the literature

about the COVID-19 vaccine acceptance and the fac-

tors affecting it. Such information which acceptance

rate and affecting factors are may be useful for im-

proving COVID-19 vaccine acceptability [5, 6]. 

      The current study was aimed to determine

COVID-19 vaccine acceptance and which factors are

related vaccination willingness

METHODS

Study Design, Population and Sampling 

      We conducted a prospective cross-sectional online

survey study about COVID-19 vaccination with med-

ical students in February 2021. The study population

consisted of Fırat University all medical students. On-

line questionnaire forms were sent to the all medical

students by whats-app. A total of 980 medical students

who study in the period of 2020-2021 constituted the

study population. Online questionnaire forms were

sent to all medical students by whats-app, not using

the sampling method. A total of 739 medical students

who answered the questionnaire forms were included

in the study (response rate:75.4%). Before applying

the questionnaire, participants were asked to accept a

consent form containing statements about the purpose

of the study and voluntary participation of the ques-

tionnaire, and those who non-volunteers could not an-

swer the questionnaire. The online questionnaire was

sent 3 times with one week intervals and students who

did not answer were asked to answer. After three

weeks, unreturned questionnaires were recorded as

missing. Those under the age of 18 years old, foreign

students and those who are not active students were

excluded from the study. 

Ethical approval, informed consent and permissions
      The study was approved by the Firat University

Non-Interventional Ethics Committee (Approval code:

23/128/2019), and the World Medical Association

Declaration of Helsinki guidance was followed. The

consent of the participants was questioned with the

first question of the online survey form. The question-

naire was terminated for the participants who did not

declare consent to participate in the study. In addition,

permission was obtained from the scientific research

platform of the Turkish Ministry of Health.

Measures 
      The online questionnaire was designed based on

previous studies which are assess vaccine acceptance.

The contents of the questionnaire included (1) socio-

demographic characteristics, such as; age, sex, class,

family income, health status, personal and family his-

tory of COVID-19 diagnosis (2) perception and atti-

tudes about COVID-19 pandemic; (3) beliefs about

COVID-19. 

      We developed perception, attitude and beliefs sur-

vey items on vaccination based on previous literature

data and Turkish Ministry of health suggestions for

Avoiding and preventing COVID-19. Questionnare
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prepared in local language Turkish. First, a group of

medical experts provided feedback on the items of the

survey, where it was modified as per their comments.

Next, the modified draft of the survey went through

pilot testing on 30 participants to provide feedback

about the clarity and comprehensibility of the items of

the survey. The questionnaire was revised one more

time, after feedback of the students, and then applied

to the study population

Perception and Attitudes 
      We assessed participants’ perceptions about

COVID-19 by calculating the score of three items an-

swered by participants (possible range = 1-4). The per-

ceptions questions are: perceived likelihood of getting

a COVID-19 infection in the future (possibility range

= 1-4), disease progress in case of covid-19 (severity

range = 1-4), how threatening covid-19 is for you (se-

rious range = 1-4). We assessed participants’ attitudes

about COVID-19 by calculating the score of six items

answered by participants (possible range = 0-1). Wash-

ing your hands (1 = rarely, 4 = always), Using hand

sanitizer or cologne (1 = rarely, 4= always) , Wearing

a mask (1 = rarely, 4 = always), Social distancing (1=

rarely, 4= always), Staying away from closed area (1

= rarely, 4=  always), and follow the recommended

guidelines for COVID-19 (1 = rarely, 4 = always).

Total score of perception and attitudes include eight

questions. Participants could get a minimum of 8 and

a maximum of 32 points. We coded each variable so

that higher values indicate greater levels of positive

perception and attitudes [7-9]. 

Beliefs about COVID-19 
      We assessed participants’ perceptions about

COVID-19 by calculating the score of five items an-

swered by participants (possible range = 1-5). The be-

liefs questions are: difficulty to get vaccinated

(possible range = 1-5); effectiveness of a COVID-19

vaccine personality (possible range = 1-5); effective-

ness of a COVID-19 vaccine for your family (possible

range = 1-5); effectiveness of a COVID-19 vaccine for

public health (possible range = 1-5); potential harms

of a COVID-19 vaccine (possible range = 1-5). Total

score of beliefs include five questions. Participants

could get a minimum of 5 and a maximum of 25

points. We coded each belief variable so that higher

values indicate greater levels of positive beliefs [7, 8]

Statistical Analysis 
      Statistical analysis of the data was performed by

IBM SPSS 22 statistics package program. Kol-

mogorov-Smirnov test was used to determine whether

the data showed normal distribution. Descriptive sta-

tistics of the data were expressed as mean ± standard

deviation for variables with normal distribution in con-

tinuous data and frequency for categorical variables

as percentage (n (%)). Pearson Chi-square test was

used to analyse categorical data. In comparison of

more than two independent groups, One-Way ANOVA

and LSD test for post-Hoc test were used for normal

distributed continuous data. Significance level was p
< 0.05. Statistically significant significance values are

indicated in bold in the tables. 

RESULTS

      Total of 739 medical students included study. The

mean age of the students were 21.20 ± 2.68 years. The

sample was 57% female, preclinical (65.3%) and clin-

ical (34.7%) students. Students declared that 60.1% (n

= 444) of them to be willing to vaccinated, 14.2% (n

= 105) refused and 25.7% (n = 190) were not sure.

COVID-19 willingness to be vaccinated was higher in

female (p = 0.005), clinical students (p < 0.001), those
who ever tested for COVID-19 (p = 0.002), those who
had covid-19 infection history in the family (p =
0.043), those who had COVID-19 and COVID-19

vaccine education (p = 0.001) (Table 1). 
      Covid-19 willingness to be vaccinated was higher

in students who declared that "I have a high possibility

of getting COVID-19 in the future" (p < 0.001), "it can
cause high progressive disease" (p = 0.008) and

"highly threatening for my health" (p < 0.001). Posi-
tive attitudes skor and higher total knowledge and at-

titudes scores were related with highly willingness to

be vaccinated (Table 2). 

      The relationship between students' beliefs on the

COVID-19 vaccine and their willingness to be vacci-

nated is presented in Table 3. High beliefs score (pos-

itive beliefs) was found to be associated with a higher

willingness to be vaccinated (p < 0.001) (Table 3). 

DISCUSSION

      The current study showed that 60.1% (n = 444) of
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participants to be willing to vaccinated, 14.2% (n =

105) refused and 25.7% (190) were not sure. The cur-

rent study showed that more than a third of medical

students were undecided about COVID-19 vaccina-

tion. Lucia et al. [7] reported that 53% of medical stu-
dents would participate in a COVID-19 vaccine trial

and 23% were unwilling to take a COVID-19 vaccine.

A previous study reported that 69% of participants

were willing to get a COVID-19 vaccine among US

adults [8]. Another study reported that 91.3% of the

participants would accept vaccination after the vaccine

becomes available, among 52.2% of them wanted to

get vaccinated as soon as possible, while others 47.8%

would delay the vaccination until the vaccine’s safety

was confirmed [10]. It can be said that individuals still

have hesitancy against the vaccine, which is the most

important weapon we have to get rid of the pandemic.

In the study conducted during the influenza A (H1N1)

pandemic period, the vaccination rate was reported as

93.2% in medical students and 84.8% in nursing stu-

dents [11]. Compared to the high acceptance vaccine

rate in the previous pandemic, the current COVID-19

vaccines hesitancy rate is unacceptable. It can be sug-

gested to remove the obstacles to the willingness to be

vaccinated as soon as possible. 

      The current study showed that sociodemographic

factors such as gender, education level, family history

of covid-19 diagnosis and having education for

COVID-19 and COVID-19 vaccine are related to vac-

cine willingness and acceptance. Studies examining

the relationship between COVID-19 vaccination will-

ingness and sociodemographic characteristics are lim-

ited in the literature.  A systematic review study

reported that age, sex, occupation and educational

level are associated with influenza A (H1N1) vaccina-

tion during the pandemic [12]. Wang et al. [10] re-
ported that being male and believing in the efficacy of

COVID-19 vaccination increase the probability of ac-

cepting COVID-19 vaccination. The striking finding

in our data was that the willingness to be vaccinated

was higher in students who declared having COVID-

19 education and COVID-19 vaccine education.
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Based on our data, we can say that we should attach

importance to education in order to increase the will-

ingness to be vaccinated. 

      Previous studies showed that risk perception is a

central predictor of protection intentions and preven-

tive health behaviours [13]. In addition, it is known

that vaccination rates are higher in those who have a

positive attitude towards the disease [14]. According

to our study, the willingness to be vaccinated was

higher in the participants who had a positive attitude

and having a high-risk perception. A COVID-19 vac-

cine acceptance study reported that the COVID-19

vaccine acceptance rates were lower in those with an

anti-vaccination attitude and those with low-risk per-

ception. The current study and previous vaccine ac-

ceptance studies showed that positive attitude and

perception are important to vaccine acceptance. It was

thought that we should increase the positive attitudes

of individuals for vaccination in the fight against the

COVID-19 pandemic and the pandemics that may be

experienced from now on. 

      Health beliefs are associated with adherence to

preventive healthcare and treatment. People will not

change their health behaviours unless they believe that

they are at risk. Previous studies reported taht several

health beliefs were also correlated with vaccine ac-

ceptability (i.e. perceived likelihood, perceived sever-

ity, perceived vaccine effectiveness, perceived

potential vaccine harms) [7, 8, 10-14]. In our study,

we showed once again that beliefs about the vaccine

are associated with vaccination rates. Negative beliefs

that especially the vaccine is not protective and the

vaccine has side effects and harmful effects were

found to be related to the willingness to be vaccinated

in our study. Family physicians who are at the fore-

front of vaccine practice in Turkey, should pay atten-

tion to these negative beliefs and they must struggle

to change these negative thoughts. 

Implications 
      This study showed us that even though we were

in the pandemic process, individuals' low knowledge,

negative attitudes and beliefs decreased their willing-

ness to be instilled. This study showed that even dur-
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ing the pandemic period, which has no current treat-

ment, causes thousands of deaths every day, negatively

affects all of life, and we know that vaccination is the

only way to escape from the pandemic, but still, indi-

viduals experience vaccination hesitation. 

Limitations 
      We conducted cross-sectional study among med-

ical student so obtained data may not reflect the adult

population vaccination willingness. We did not use ob-

jective measurement methods for attitudes and beliefs

about vaccine willingness. All data are obtained from

participants' own declaration. Vaccination against

COVID-19 has not yet become widespread in our

country, and the lack of sufficient data about the

COVID-19 vaccine may have affected the opinions of

individuals about the vaccine.

CONCLUSION

      Although the majority of the study population

willingness to be vaccinated, one-third of medical stu-

dents are hesitant about vaccination. Education, posi-

tive attitude and beliefs are related to higher

willingness to vaccination. Future studies in this area

should focus on the effect of vaccine education and at-

tempts to change attitude and belief on vaccine accept-

ance. The COVID-19 pandemic immunization

programs should be designed to remove barriers to

negative vaccine beliefs and perception.
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The use of vitamin C in the intensive care unit during the
COVID-19 pandemic

Şeyda Efsun Özgünay1 , İlkay Ceylan1 , Korgün Ökmen1 , Halil Erkan Sayan1 , Şermin Eminoğlu1 ,
Derya Karasu1 , Şenol Yavuz2
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ABSTRACT
Objectives: An exaggerated inflammatory immune response is observed in cases of COVİD 19.  This study
aims to evaluate the effects of vitamin C, as a significant modulator of inflammation, on the inflammatory
parameters and mortality in patients followed up in the intensive care unit (ICU) during the pandemic. 
Methods: This single-center retrospective study included 160 adult patients with confirmed positive
nasopharyngeal swab COVID-19 PCR test results, who were followed up in the ICU between 01 March and
01 August 2020. Hospital files were scanned and patients given and not given vitamin C were assigned, to
Group 1 and Group 2, respectively. The Acute Physiology and Chronic Health Evaluation (APACHE II) scores,
the data entries on demographics, ventilation, laboratory tests, duration of ICU stay, discharge, and mortality
were compared. Interventions with antiviral and antibacterial agents. steroids, cytokine apheresis, and renal
replacement therapy were evaluated. 
Results: Vitamin C treatment was started in patients with raised neutrophil/lymphocyte ratio (NLR) at
admission to ICU, who made up 20% of the total 160 ICU patients. Mortality incidence was higher among
patients with raised NLR. Vitamin C at the doses used did not affect the inflammatory parameters, length of
stay or mortality, and 37.5% of the patients recovered and were discharged from the ICU. 
Conclusions: We think that vitamin C treatment will have positive effects on the initiation of COVID-19 and
that the time of intiation of the therapy and the optimal doses used should be determined with prospective
studies.
Keywords: COVID-19, intensive care, vitamin C, NLR

Given the induction of an exaggerated immune re-
sponse in coronavirus disease -19 (COVID-19),

the use of supplementary therapy with various vita-
mins has been considered [1-3]. Vitamin C is a water
soluble powerful antioxidant agent which is not syn-
thesized and not stored in human body. It has effects
on the reduction of gene expression of proinflamma-

tory cytokines and protects the structure and function
of DNA, tissue proteins, and lipids [4-7]. It modulates
immune response and takes place in lymphocyte pro-
liferation and neutrophil phagocytosis [7]. Vitamin C
has been shown to be involved in the control of the
immunopathological response augmenting the patho-
genesis of severe viral infections of the respiratory
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system [1, 8] and also in the prevention of tissue dam-
age in acute respiratory distress syndrome (ARDS) [1,
9]. In ICU patients and other cases of infections, the
systemic vitamin C need increases [10, 11] and intra-
venous (i.v.) replacement with high doses may be re-
quired [8]. 
      The recently increased clinical research on the ef-
fect of vitamin C in cases of ARDS and septic shock
has produced conflicting reports on the dosages used
[1, 2, 5]. Vitamin C has been shown to reduce the
severity of multi-organ failure, the levels of circulating
biomarkers of tissue damage [2, 10, 12, 13] and the
incidence of mortality [14]. Positive effects of 6-24
gm/day i.v. vitamin C have been reported in cases of
COVID-19 with serious lung damage [14, 15]. 
      Biomarkers such as D dimer, C-reactive protein
(CRP), ferritin, fibrinogen, and IL-6 reach high levels
in COVID-19 patients [15, 16]. The effect of vitamin
c on lowering the inflammatory production has given
hope in the treatment of viral infections [1, 7, 18-20].
It is believed that the timely use of i.v. vitamin C es-
pecially inhibits the cytokine storm and improves the
outcome in COVID-19 [2].  Research shows that in-
flammatory parameters neutrophil/lymphocyte ratio
(NLR), CRP, D dimer, and troponins are useful to de-
termining the severity of COVID-19 and predicting
the prognosis [16]. As an antioxidant and anti-inflam-
matory nutrient,  effects of vitamin C need to be in-
vestigated in COVID-19 [7, 17]. 
      Therefore, in this study, we aimed to assess the ef-
fects of high dose vitamin c on inflammatory param-
eters, the duration of ICU stay and mortality in
COVID-19 patients admitted to ICU.

METHODS

      The approval for this single center retrospective
study was given with the Ethics Committee of the
Ministry of Health Scientific Research Council by the
document numbered and dated 2011-KAEK-25
2020/07-12. Adult patients who had positive nasoph-
ryngeal swab COVID-19 PCR test results and were
admitted to the ICU between 01 March 2020 and 1
August 2020 were included in the study. Exclusion cri-
teria were defined as having unconfirmed PCR and
pregnancy was accepted as the exclusion criteria.
Treatment protocols in the ICU were designed accord-

ing to the current Ministry of Health guidelines [21].
Vitamin C support was given as 3×2 gm, i.v. Patients
were divided into 2 groups as Group 1 and Group 2
on the basis of, receiving and not receiving vitamin C
therapy, respectively. Hospital files were scanned for
data on demographics including age, gender, blood
group, comorbid diseases and also the symptoms at
admission to the ICU, the APACHE II scores, invasive
ventilation use, oxygen support methods using non
breather mask with reservoir, high flow nasal cannula
(HFNC), non-invasive ventilation (NIV), duration of
hospital stay, and ICU stay, discharge and mortality
were recorded.  The hematological data on D dimer,
procalcitonin, CRP, ferritin, NLR and troponin levels
at entry and discharge from the ICU, bacterial cultures,
antiviral, antibacterial treatments, use of immune
plasma, cytokine apheresis, and renal replacement
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therapy (RRT) were evaluated. 

Statistical Analysis 
      Statistical evaluations of the data were carried out
using the SPSS 21.0 for Windows (Statistical Package
for the Social Sciences, Armonk, NY, USA). The Kol-
mogorov- Smirnov test was used to determine normal-
ity of distribution for the variables. Continuous
variables were expressed by the mean, the standard
deviation, or the median (minimum-maximum) val-
ues,  and the categorical data were expressed in per-
centages. Intergroup comparisons were made using the
t test. The Pearson chi-square test was used to detect
the differences between groups on the basis of cate-
gorical variables. For responses at different time
points, percent changes above the baseline measure-
ment were calculated. These percent changes were
compared using the Mann-Whitney U test and student
t test for the two groups. A p < 0.05 was accepted to
indicate statistical significance..

RESULTS

      The data of the 160 PCR (+) COVID-19 patients
were analyzed. The demographic details of the pa-
tients are presented in Table 1. Vitamin C treatment

was started on 20% of the patients and mortality inci-
dence was determined as 57.5%. There was no statis-
tically significant difference in the duration of ICU
stay in the comparison between the groups (Table 1). 
The data of the two groups on the APACHE II scores,
invasive ventilation, use of HFNC, NIV, and non-
breather mask did not differ significantly. The duration
of ICU stay, the conditions at discharge and mortality
also did not differ significantly between the two
groups (Table 2). The NLR value of the patients who
were given vitamin C were higher at admission to ICU
(p = 0.028). The percentage changes at different time
points of NLR responses at ICU relative to that at ad-
mission did not differ sifnificantly between two groups
(p = 0.18) (Table 2). The baseline NLR levels of the
nonsurviving patients were signifcantly higher as com-
pared to the survivors of ICU treatment (p = 0.005). 
D dimer, procalcitonin, CRP, ferritin, and troponin lev-
els during COVID-19 infection did not differ signifi-
cantly between both groups (Table 3). 
      There were no significant differences in terms of
steroid use between two groups. Implementations of
antiviral, antibacterial, immune plasma treatments,
bacterial cultures; the use of cytokine apheresis and
RRT, also did not significantly differ between the two
groups (Table 4).
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DISCUSSION

      Although the optimal dosages are not known, high
doses of vitamin C have been used for many years for
preventing and reducing the severity of respiratory in-
fections without reports regarding serious adverse side
effects [1, 7, 14, 18, 19]. The vitamin C levels of
COVID-19 patients admitted to ICU were reported by
Arvinte et al. to be 200% higher in the survivors as
compared to the nonsurvivors [22]. In our study, only
the NLR values were observed to be significantly
higher in the nonsurviving ICU patients in comparison
to the survivors. It was seen that the daily use of 6gm
vitamin C was started in patients with higher NLR lev-
els at the time of ICU admission. Vitamin C treatment
at this dose did not significantly affect the incidence
of mortality, length of stay in ICU or the levels of the
inflamatuary and biochemical markers such as D
dimer, ferritin, troponin and procalcitonin. 
      In ICU patients and especially in cases of septic
shock and renal replacement therapy, vitamin C levels
may decrease despite standard nutritional supplemen-
tation [10, 11] which needs to be corrected by high (1-
4 gm /day) doses of vitamin C [2, 19, 23]. High dose
vitamin C support has been shown to reduce the bio-
markers of tissue damage in ARDS and sepsis cases
[2, 10, 12]. Timely use of this support is believed to
inhibit the cytokine storm induced in COVID-19 [2].
The raised levels of the inflammatory parameters such
as NLR and D dimer were found to be indicative of
the severity and also predictive of the prognosis of
COVID-19 [15, 16]. Zang et al. [23] showed that the
disease severity is increased when CRP levels are >
90 mg/L and D dimer levels are > 1 mg/L by retro-
spective analysis of the data on 95 COVID-19 pa-
tients. In this study, patients started with 6g/day
vitamin C dose at admission to ICU and had very high
CRP and D dimer levels (113.4 mg/L and 10.9 mg/L,
respectively). However, the mean levels of the inflam-
matory markers did not significantly differ between
the two groups of patients in our study. 
      Raised NLR value is another inflammatory marker
used in serious cardiovascular diseases and for mor-
tality prediction in sepsis. It is believed that the abnor-
mal hematopoietic effect of the coronavirus on the
bone marrow, peripheral blood cells and the immune
response is related to the severity of the COVID-19
infection [16]. In the retrospective study by Yang et

al. [25] on COVID-19 patients, raised levels of NLR
were found to indicate disease severity. The most fre-
quently observed symptoms were fever (83.8%) and
cough (70.9%). The most frequently expressed com-
plaints by our patients were respiratory distress (49%)
followed by fever (25%). All of our patients had raised
NLR and those very high values were started with vi-
tamin C treatment. NLR levels were similar in both
groups at discharge from the ICU. 
      Mortality incidences are increased by the rapid de-
velopment of COVID-19 pneumonia and ARDS [2].
The World Health Organisation (WHO) does not have
a recommendation for the use of vitamin C [26]. In the
literature, next to recommendation of daily does of 1-
4gm, highest daily dose used was reported as 15 gm
[19, 27]. High dose of vitamin C in cases of sepsis and
ARDS are believed to reduce the levels of tissue dam-
age markers in the circulation [2, 10, 12].  However,
the views on the effect of vitamin C on mortality are
variable [12, 28]. In the VITAMINS study on 216 pa-
tients, vitamin C (6 gm/day, iv), hydrocortisone (200
mg) and thiamine (400 mg) combination did not show
a difference of effect when compared to the use of hy-
drocortisone alone [28]. In a meta-analysis of the re-
sults of 12 studies on a total of 1766 ICU patients,
vitamin C treatment was demonstrated to decrease
ICU stay by 8% [23]. Another meta-analysis con-
firmed this result and also showed a reduction of 11%
in the use of mechanical ventilation [24]. The multi-
centred CITRIS-ALI randomised trial on 167 sepsis
and ARDS patients were given 50 mg/kg i.v. vitamin
C every 6 hours did not change the sequential organ
failure assessment (SOFA) score, the levels of inflam-
matory and vascular damage markers such as CRP and
thrombomodulin but reduced the incidence of the 28-
day mortality and the days without ventilator use [29].
In the placebo controlled study by Zang et al. [30] on
54 patients, with iv. vitamin c at a daily dose of 24 gm
for 7 days,  the secondary outcome of 28-day mortality
dropped from 46.3%.to 29.8%.  Our study did not de-
tect any change in mortality rates between two groups.
However, it was found that the high NLR level in hos-
pitalization was associated with mortality. In addition,
patients who received Vitamin C had higher NLR at
hospitalization. 
      Chiscano-Camón et al. et al. [31] found low cir-
culating vitamin C levels in a limited number of pa-
tients with ARDS due to COVİD 19.  Antiviral agents
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were used in 77%, hydroxychloroquine was used in
94% and steroids were used in 55% of the patients and
the mean duration of ICU stay was determined as 28.4
days. Vitamin C use was seen to reduce the duration
of ICU stay by 7.8 % [29]. In our study, the same treat-
ment protocol was followed for antiviral agents and
hydroxychloroquine in both groups. Antiviral and hy-
droxychloroquine were used in 78.1% and 96.9% of
the patient’s Group 1, and in 65.6% and 92.2% of the
Group 2 patients, respectively. Steroids were used less
frequently in our study, being given to 31.3 of group
1 patients and 28.9 of group 2 patients. Steroid treat-
ment had no significant effect on the duration of ICU
stay in patients receiving vitamin C therapy. 

Limitations 
      The main limitations of our study are that it was
retrospective, single-centered, the duration of mechan-
ical ventilation was not determined, and the blood lev-
els of vitamin C were not measured in the patients. The
homogeneity of the data on demographic characteris-
tics and distribution of comorbid diseases and the use
of the same treatments for COVID-19 are the strengths
of the study.

CONCLUSION

      Vitamin C use in COVID-19 patients reduces the
oxidative stress and plays an important role in the
functioning of immune system. NLR is an important
predictor of mortality in these patients, which can be
positively affected by vitamin C treatment. Research
with varying doses and timings of vitamin C use in the
treatment of COVID-19 cases would contribute to the
presently limited knowledge on the treatment of this
disease and help determine the ICU treatment proto-
cols in any future waves of this viral pandemic and in
the cases of sepsis and ARDS. 
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Importance of prognostic nutritional index in on-pump

coronary artery bypass graft surgery 

Arif Gücü

Department of Cardiovascular Surgery, University of Health Sciences, Bursa Yüksek İhtisas Training and Research Hospital, Bursa,
Turkey

ABSTRACT
Objectives: A simple and appropriate risk index is still required to show the patient's nutritional status
undergoing coronary artery bypass graft (CABG) surgery. This study aimed to evaluate the Prognostic
Nutritional Index (PNI) value as a predictor of in-hospital mortality in patients undergoing CABG surgery. 
Methods: In this study, we scanned the medical data of 742 patients’ who underwent on-pump CABG surgery
retrospectively. Patients' were divided into two groups based on the PNI cut-off value (high-risk group, PNI <
45.85, n = 230; low-risk group, PNI ≥ 45.85, n = 512). 
Results: To analyze the factors affecting in-hospital mortality in the postoperative period, univariate and
multivariate logistic regression analysis was performed. In univariate analysis, advanced age (Odds ratio (OR):
1.219, 95% confidence interval (CI): 1.194-2.669, p < 0.001), left ventricular ejection fraction (LVEF) (OR:
3.471, 95% CI: 2.854-6.927, p < 0.001), total perfusion time (OR: 0.876, 95% CI: 0.690-0.954, p = 0.012),
intra-aortic balloon pump (IABP) use (OR: 2.148, 95% CI: 1.394-2.889, p = 0.002), preoperative high
creatinine (OR: 1.229, 95% CI: 1.066-2.118, p = 0.019), low lymphocyte count (OR: 0.879, 95% CI: 0.789-
0.945, p = 0.017), low albumin (OR: 1.682, 95% CI: 1.433-2.765, p = 0.003), high C-reactive protein (CRP)
(OR: 1.0.790, 95% CI: 0.678-0.927, p = 0.042) and low PNI (OR: 1.290, 95% CI: 1.119-1.654, p < 0.001)
were correlated with the postoperative mortality. In multivariate logistic regression analysis, advanced age
(OR: 1.145, 95% CI: 1.110-1.938, p = 0.017), LVEF (OR: 2.916, 95% CI: 1.768-4.928, p < 0.001), IABP use
(OR: 1.880, 95% CI: 1.350-2.554, p = 0.032) and PNI (OR: 0.932, 95% CI: 0.889-0.978, p = 0.004) were
independent predictors of mortality. 
Conclusions: In on-pump CABG surgery, postoperative mortality is associated with low preoperative PNI,
and can be a useful and suitable parameter for preoperative risk evaluation.
Keywords: Prognostic nutritional index, nutritional status, CABG surgery, cardiopulmonary bypass, risk
factors

Coronary artery disease (CAD) is lead to death and
disability throughout the world [1]. Coronary ar-

tery bypass graft (CABG) surgery is one of the most
important treatment methods of CAD. Although new
developments in the treatment of CAD have reduced

mortality rates, the perioperative and hospital mortal-
ity and morbidity rates of patients remain high [2-4].
In CABG surgery, the mortality and mortality rates of
patients are affected by many factors [5, 6]. A simple
and appropriate risk index is still required to show the
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patient's nutritional status undergoing CABG surgery. 
      Clinical nutritional status is an indirect indicator
of patient resistance. This relationship has been
demonstrated in patients undergoing gastrointestinal
system and malignancy surgery [7, 8]. Various meth-
ods such as Mini Nutrition Assessment, Malnutrition
Universal Screening Tool and Subjective Global As-
sessment have been developed to determine the nutri-
tional status of patients undergoing malignancy
surgery. The Prognostic Nutritional Index (PNI) is the
most widely used method for determining nutritional
status, and low PNI has been shown as a predictor of
postoperative mortality and morbidity in malignant
diseases [9, 10]. The PNI, which was simplified by
Onodera et al. [11], was calculated based on the serum
albumin concentration and lymphocyte count. Some
comprehensive studies evaluate the effects of preop-
erative nutritional factors on coronary artery surgery
outcomes and vascular diseases [12, 13]. However, the
importance of PNI in CABG surgery is not yet clear. 
      This study aims to determine of the value of PNI
as a predictor of in-hospital mortality and morbidity
in patients undergoing on-pump CABG surgery.

METHODS

      A total of 742 patients were included in this retro-
spective study that underwent on-pump CABG sur-
gery at our institute between January 2016 and January
2020. In order to avoid the possible effects of the
COVID-19 pandemic, the study was terminated in
January 2020, when no pandemic patients were de-
tected in our country yet. The research was approved
by the institutional ethics committee of the Bursa Yuk-
sek Ihtisas Training and Research Hospital. The study
was conducted in accordance with the Declaration of
Helsinki Ethical Principles and Good Clinical Prac-
tices. 
      Demographic characteristic and clinical outcomes
of the patients were retrospectively collected by
searching our hospital database. Other data, body mass
index (BMI), cross-clamp (X-clamp) time, cardiopul-
monary bypass (CPB) time, preoperative left ventric-
ular ejection fraction (LVEF), intra-aortic balloon
pump (IABP) usage, intensive care unit (ICU) stays,
postoperative hospital-acquired infection and stroke

were noted. We defined six types of infections after
cardiac surgery as hospital-acquired infections based
on O'Keefe et al. [14]. These included urinary tract in-
fections, pneumonia, harvest site infections, superfi-
cial sternal wound infections, deep sternal wound
infections, and sepsis. We also noted that stroke events
after surgery. 

Blood parameter analysis 

      Peripheral blood samples taken on the first day of
hospitalization for all patients were noted. The com-
plete blood cell count analysis was performed using
automatic blood analyzer (Beckmann Coulter LH 780)
and biochemical analyzes were performed using auto-
matic biochemical analyzer (Cobas 6000, Manheim). 

Calculation of PNI 

      The preoperative nutritional status of the patients
was assessed using the PNI classification. PNI was
calculated according to the formula: 10 × serum albu-
min + 0.005 × total lymphocyte count [13]. To deter-
mine the optimal cut-off value for PNI, a method
described by Budczies et al. [15] was used. 

Surgical Technique 

      All operations were performed under general
anaesthesia with a median sternotomy. Standard CPB
was used in mild hypothermia (32°C) with aorta-ve-
nous two-stage cannulation. Cardioplegic arrest was
achieved. Cardiopulmonary bypass was provided by
roller pumps at a flow rate of 2-2.4 L/min/m2 and a
membrane oxygenator (Maquet, Getinge Group, Ras-
tatt, Germany). Arterial filters were used in all opera-
tions. All distal anastomoses were performed under
aortic cross-clamp (ACC), while proximal anasto-
moses were performed using the partial clamp tech-
nique. All patients received warm potassium-free
blood cardioplegia before the ACC was removed. All
patients were transferred to the cardiovascular surgery
intensive care unit after the operation. 

Statistical Analysis 

      Continuous data were expressed as the mean ±
standard deviation. Categorical data were expressed
as the number and percentage. Continuous variables
were analyzed with Student's t-test (for normally dis-
tributed data) or Mann-Whitney U test (for non-nor-
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mally distributed data). The difference in categorical
variables was tested using the chi-squared test. Uni-
variate and multivariate logistic regression analysis
were performed to determine potential risk factors for
postoperative mortality. The predictive  value of PNI
for mortality was determined with Receiver  Operating
Characteristic (ROC) curve analysis and Area Under
Curve (AUC) was calculated. All statistical analyses
were performed using the SPSS package for Windows
version 21 (SPSS Inc., Chicago, IL, USA). A p value
of < 0.05 was accepted statistically significant.

RESULTS

      The overall study consisted of 742 patients. In-
hospital mortality occurred in 43 (5.4%) patients. The
mean and median levels of the PNI were 49.92-7.44
and 49.81 (45.58-54.27). The cut-off point was set at
45.85. When the cut-off point was 45.85, the speci-
ficity was 58%, the sensitivity was 70.7% satisfactory,
and patients were divided into two groups according
to this cut-off point (high-risk group; PNI < 45.85, n
= 230; low-risk group; PNI ≥ 45.85, n = 512). 

      The low-risk group and the high-risk group pa-
tients were compared, and there was a significant dif-
ference in age (low- risk group: 66 ± 0.75 vs. high-
risk group: 62.62 ± 0.43, p = 0.001). The BMI was
similar between the groups (26.97 ± 0.19 vs. 26.51 ±
0.13; p = 0.179). Preoperative LVEF was statistically
lower in the high-risk group (49.67 ± 0.62 vs. 51.20 ±
0.43; p = 0.018). There was no difference between two
groups in terms of hypertension, DM and COPD rates.
Comparisons of the groups regarding the laboratory
data revealed that the high-risk group had significantly
lower hemoglobin and albumin levels (p = 0.001). Pre-
operative serum creatinine levels were differences be-
tween groups and the high-risk group had significantly
higher creatinine levels (1.25 ± 0.08 vs. 0.94 ± 0.02;
p = 0.001). Comparison of demographic features and
basic blood values of patients in groups are demon-
strated in Table 1. 
      Operative X-clamp time (p = 0.661), CPB time (p
= 0.143) was similar between the groups, but IABP
usage (p = 0.001), and ICU stay (p = 0.011) signifi-
cantly higher in the high-risk group. Since the infec-
tion was broadly categorized in our study, we
compared hospital-acquired infection between groups.
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There was a significantly higher tendency of hospital-
acquired infection in the high-risk group (59; 25.6%
vs. 62; 12.1%; p = 0.001). Postoperative stroke was
similar between the groups (26; 11.3% vs. 36; 7%; p
= 0.052) (Table 2). 
      To analyze the factors affecting in-hospital mor-
tality in the postoperative period, univariate and mul-
tivariate logistic regression analysis was performed
(Table 3). In univariate analysis, advanced age (OR
[odds ratio]: 1.219, 95% CI [confidence interval]:
1.194-2.669, p < 0.001), LVEF (OR: 3.471, 95% CI:
2.854-6.927, p < 0.001), total perfusion time (OR:

0.876, 95% CI: 0.690-0.954, p = 0.012), IABP use
(OR: 2.148, 95% CI: 1.394-2.889, p = 0.002), preop-
erative high creatinine (OR: 1.229, 95% CI: 1.066-
2.118, p = 0.019), low lymphocyte count (OR: 0.879,
95% CI: 0.789-0.945, p = 0.017), low albumin (OR:
1.682, 95% CI: 1.433-2.765, p = 0.003), high CRP
(OR: 0.790, 95% CI: 0.678-0.927, p = 0.042) and low
PNI (OR: 1.290, 95% CI: 1.119-1.654, p < 0.001)
were correlated with the postoperative mortality. In
multivariate logistic regression analysis, advanced age
(OR: 1.145, 95% CI: 1.110-1.938, p = 0.017), LVEF
(OR: 2.916, 95% CI: 1.768-4.928, p < 0.001), IABP
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use (OR: 1.880, 95% CI: 1.350-2.554, p = 0.032) and
PNI (OR: 0.932, 95% CI: 0.889-0.978, p = 0.004)
were independent predictors of mortality. 
      In the receiver-operating characteristic analysis,
PNI lower than 45.85 predicted in-hospital mortality
with 70.7% sensitivity and 58% specificity [area under
the curve: 0.651, 95% confidence interval: 0.561-
0.741; p = 0.001] (Fig. 1). In-hospital outcomes were
significantly worse in low-risk group (Fig. 2).

DISCUSSION

      CABG surgery is one of the most important treat-
ment methods of CAD. Operation success is related to
individual risk factors as well as technical skills. In
this current study, we showed that PNI value, which
is an important indicator of malnutrition status, is an
independent predictor of postoperative mortality in ad-
dition to known risk factors such as age and low LVEF
value. 
      Patients with poor nutritional status before cardiac
surgery have been higher postoperative morbidity and
mortality rates [16]. In the literature some studies have
demonstrated the importance of energy and protein
metabolism in the early period after heart surgery and
documented significant post-operative consumption of
macronutrients and micronutrients [16, 18]. Sufficient
nutritional therapy has been proposed to improve pa-
tient outcomes by maintaining energy metabolism and
promoting improved wound healing after surgery [19].
Lomivorotov et al. found that depending on the used
nutrition screening tool, the percentage of malnour-
ished cardiac surgery patients before surgery ranged
between 4.6-19.1% [18]. The present findings point to
high malnutrition rates in cardiac patients, and it is
very important to consider the nutritional profiles of
these patients before surgery and simultaneously, and
to draw more attention to the concept of individual diet
for pre-operative optimization in these patients [20,
22]. Therefore, preoperative evaluation of nutritional
status in patients at high risk of developing postoper-
ative complications may guide to consider postopera-
tive nutritional interventions. Studies evaluating the
relationship of BMI, albumin, and prealbumin levels
have demonstrated that they are independent predic-
tors of mortality and morbidity after coronary artery
and valve surgery [23, 24]. 
      The PNI, calculated based on the serum albumin
concentration and lymphocyte count of peripheral
blood was designed by Buzby et al. [7] in 1980 and
simplified by Onodera et al. [11] in 1984. Lympho-
cytes are significant part of the immune system, and
the prognostic role of lymphocyte count has been pre-
viously investigated in cardiovascular diseases [25,
27]. Lymphopenia is an important mortality predictor
in patients undergoing CABG surgery [28]. Albumin
is a serum protein that is a good indicator of a patient's
nutritional status, and it makes up the majority of the
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Fig. 1. Data figure of the area under the curve (AUC), confi-

dence interval (CI), and cut-off values in receiver-operating

characteristic (ROC) curve analysis for prognostic nutri-

tional index.

Fig. 2. In-hospital outcomes were significantly worse when

the PNI was lower.



Eur Res J 2021;7(4):432-439 Nutritional status and coronary artery bypass surgery

serum total protein and is mainly responsible for the
serum osmotic pressure. Also albumin has antioxidant
and anti-inflammatory properties in scavenging reac-
tive oxygen radicals and limiting their production [29].
In particular, postoperative hypoalbuminemia is an in-
dependent risk factor for postoperative outcome in pa-
tients undergoing CABG surgery [30]. 
      PNI was originally designed to determine im-
munonutrition status and has been widely used to as-
sess surgical risk, particularly in patients with
malignancy and gastrointestinal operations [7, 8, 31].
Several studies have reported that lower PNI levels are
significantly associated with higher mortality in pa-
tients with cardiovascular disease [32]. PNI can be
used to predict patients' outcomes before cardiac sur-
gery and to choose an appropriate surgical strategy.
Given all these data, the management of patients with
low PNI may require a "Cardio-metabolic Team" ap-
proach to optimized patient care prior to surgery. In
the cardio-metabolic team consisting of cardiologist,
internal medicine, dietician, cardiovascular surgeon
and needed additional branches. It is clear that pre-op-
erative metabolic optimal support is particularly im-
portant in this low- and middle-income patient. On the
other hand, in patients with low PNI, cardiac surgery
plan can be re-evaluated by the cardio-metabolic team.
Less invasive surgery may be appropriate if possible. 
There are various studies in the literature investigating
the effect of PNI value on clinical outcomes after car-
diac operations. In a study conducted by Lee et al.
[33], the prognostic role of PNI value in predicting
early clinical outcomes after cardiac surgery was in-
vestigated. In this study, the authors divided the pa-
tients into two groups according to the value they
determined as cut-off (46.13). At the end of the study,
early mortality rates were found to be higher in the
group with low PNI values. In addition, the mean
length of stay on mechanical ventilation and length of
stay in the intensive care unit were found to be signif-
icantly higher in this group [33]. In our study patients'
were seperated into two groups based on the PNI cut-
off value (high-risk group, PNI < 45.85; low-risk
group, PNI ≥ 45.85). There was a significantly higher
tendency of hospital-acquired infection in the high-
risk group (59; 25.6% vs. 62; 12.1%; p = 0.001) and
postoperative stroke was similar between the groups
(26; 11.3% vs. 36; 7%; p = 0.052). In multivariate
analysis PNI value was found as an independent pre-

dictor of postoperative mortality. 
      An increasing number of elderly people are ac-
cepted for elective CABG surgery. When low preop-
erative PNI is detected in elderly patients undergoing
elective coronary artery surgery, postoperative meth-
ods such as serum albumin supplementation, dietary
maintenance or nutritional support should be consid-
ered to improve the nutritional status of patients [34]. 
      Our research demonstrated that a low PNI value
affects postoperative mortality and morbidity. There
was significantly different a higher tendency for post-
operative hospital-acquired infection in the high-risk
group. PNI may be used to predict patients' outcomes
before coronary artery surgery and select an adequate
surgical strategy. In the case of patients with a low
PNI, less invasive surgery may be suitable if possible. 

Limitations 

      Our study does not include the effects of preoper-
ative nutritional support on postoperative mortality
and morbidity in patients with low PNI values. The
fact that this is a single-center study with a retrospec-
tive design is the most important limitation. Further
studies are needed to show the results of preoperative
nutritional support in elective cases. 

CONCLUSION

      Preoperative low PNI level was statistically sig-
nificantly associated with postoperative mortality and
morbidity in cardiac surgery. According to the results
we obtained in our study, we firmly believe that PNI
is a useful and suitable parameter for preoperative as-
sessment of nutritional status and should be regarded
in managing the indication and strategy in on-pump
CABG surgery.

Authors’ Contribution 
      Study Conception: AG; Study Design: AG; Super-
vision: AG; Funding: AG; Materials: AG; Data Col-
lection and/or Processing: AG; Statistical Analysis
and/or Data Interpretation: AG; Literature Review:
AG; Manuscript Preparation: AG and Critical Review:
AG. 

Conflict of interest 
      The author disclosed no conflict of interest during

437 The European Research Journal   Volume 7   Issue 4   July 2021



Eur Res J 2021;7(4):432-439 Gücü

the preparation or publication of this manuscript. 

Financing 
      The author disclosed that they did not receive any
grant during conduction or writing of this study. 

Acknowledgments
      I would like to thank the Bursa Yuksek Ihtisas Re-
search and Training Hospital cardiovascular surgery
team for all these operations.

REFERENCES

1. Yalcin M, Ay D, Turk T, Yavuz S, Ozyazicioglu AF. Impact of
previous percutaneous coronary intervention on postoperative
outcomes of coronary artery bypass grafting. Eur Res J
2016;2:170-6. 
2. Hannan EL, Racz MJ, Walford G, Jones RH, Ryan TJ, Bennett
E, et al. Long-term outcomes of coronary-artery bypass grafting
versus stent implantation. N Engl J Med. 2005;352:2174-83. 
3. Engin M, Aydın C. Investigation of the Effect of HATCH score
and coronary artery disease complexity on atrial fibrillation after
on-pump coronary artery bypass graft surgery. Med Princ Pract
2021;30:45-51. 
4. Weymann A, Ali-Hasan-Al-Saegh S, Popov AF, Sabashnikov
A, Mirhosseini SJ, Liu T, et al. Haematological indices as pre-
dictors of atrial fibrillation following isolated coronary artery by-
pass grafting, valvular surgery, or combined procedures: a
systematic review with meta-analysis. Kardiol Pol 2018;76:107-
18. 
5. Abanoz M, Engin M. The effect of the relationship between
post-cardiotomy neutrophil/lymphocyte ratio and platelet counts
on early major adverse events after isolated coronary artery by-
pass grafting. Turk Gogus Kalp Dama 2021;29:36-44. 
6. Eriş C, Sanrı US, Engin M, Yavuz Ş. Early postoperative re-
sults of on-pump coronary endarterectomy: is it still a contro-
versy? Eur Res J 2021;7:248-55. 
7. Buzby GP, Mullen JL, Matthews DC, Hobbs CL, Rosato EF.
Prognostic nutritional index in gastrointestinal surgery. Am J Surg
1980;139:160-7. 
8. Caputo F, Dadduzio V, Tovoli F, Bertolini G, Cabibbo G,
Cerma K, et al. The role of PNI to predict survival in advanced
hepatocellular carcinoma treated with Sorafenib. PLoS One
2020;15:e0232449. 
9. Yang Y, Gao P, Song Y, Sun J, Chen X, Zhao J, et al. The prog-
nostic nutritional index is a predictive indicator of prognosis and
postoperative complications in gastric cancer: a meta-analysis.
Eur J Surg Oncol 2016;42:1176-82. 
10. Okada S, Shimada J, Kato D, Tsunezuka H, Teramukai S,
Inoue M. Clinical significance of prognostic nutritional index
after surgical treatment in lung cancer. Ann Thorac Surg
2017;104:296-302. 
11. Onodera T, Goseki N, Kosaki G. Prognostic nutritional index

in gastrointestinal surgery of malnourished cancer patients. Nihon
Geka Gakkai Zasshi 1984;85:1001-5. 
12. Engin M, Ozsin KK, Savran M, Guvenc O, Yavuz S, Ozyazi-
cioglu AF. Visceral adiposity index and prognostic nutritional
index in predicting atrial fibrillation after on-pump coronary ar-
tery bypass operations: a prospective study. Braz J Cardiovasc
Surg. 2020 Dec 23. doi: 10.21470/1678-9741-2020-0044. 
13. Sanrı U , Özsin K , Duman B , Toktaş F , Yavuz S . The rela-
tionship between prognostic nutritional index and carotid artery
stenosis in patients with diagnosed carotid artery disease. CBU-
SBED. 2020;8:129-34. 
14. O'Keefe S, Williams K, Legare JF. Hospital-Acquired Infec-
tions After Cardiac Surgery and Current Physician Practices: A
Retrospective Cohort Study. J Clin Med Res. 2017;9:10-16. 
15. Budczies J, Klauschen F, Sinn BV, Győrffy B, Schmitt WD,
Darb-Esfahani S, et al. Cutoff finder: a comprehensive and
straight forward Web application enabling rapid biomarker cutoff
optimization. PLoS One 2012;7:e51862. 
16. Chermesh I, Hajos J, Mashiach T, Bozhko M, Shani L, Nir
RR, et al. Malnutrition in cardiac surgery: food for thought. Eur
J Prev Cardiol 2014;21:475-83. 
17. Sanchez JA, Sanchez LL, Dudrick SJ. Nutritional considera-
tions in adult cardiothoracic surgical patients. Surg Clin North
Am 2011;91:857-75. 
18. Lomivorotov VV, Efremov SM, Boboshko VA, Nikolaev DA,
Vedernikov PE, Lomivorotov VN, et al. Evaluation of nutritional
screening tools for patients scheduled for cardiac surgery. Nutri-
tion 2013;29:436-42. 
19. Tepaske R, Velthuis H, Oudemans-van Straaten HM, Heis-
terkamp SH, van Deventer SJ, Ince C, et al. Effect of preoperative
oral immune-enhancing nutritional supplement on patients at
high risk of infection after cardiac surgery: a randomized
placebo-controlled trial. Lancet 2001;358:696-701. 
20. vanVenrooij LM, vanLeeuwen PA, Hopmans W, Borgmeijer-
Hoelen MM, de Vos R, De Mol BA. Accuracy of quick and easy
undernutrition screening tool short Nutritional Assessment Ques-
tionnaire, Malnutrition Universal Screening Tool, and modified
Malnutrition Universal Screening Tool--in patients undergoing
cardiac surgery. J Am Diet Assoc 2011;111:1924-30. 
21. van Venrooij LM, de Vos R, Borgmeijer-Hoelen MM, Haar-
ing C, de Mol BA. Preoperative unintended weight loss and low
body mass index in relation to complications and length of stay
after cardiac surgery. Am J Clin Nutr 2008;87:1656-61. 
22. Stoppe C, Goetzenich A, Whitman G, Ohkuma R, Brown T,
Hatzakorzian R, et al. Role of nutrition support in adult cardiac
surgery: a consensus statement from an International Multidisci-
plinary Expert Group on Nutrition in Cardiac Surgery. Crit Care
2017;21:131. 
23. Bhamidipati CM, LaPar DJ, Mehta GS, Kern JA, Upchurch
GR Jr, Kron IL, et al. Albumin is a better predictor of outcomes
than body mass index following coronary artery bypass grafting.
Surgery 2011;150:626-34. 
24. Thourani VH, Keeling WB, Kilgo PD, Puskas JD, Lattouf
OM, Chen EP, et al. The impact of body mass index on morbidity
and short and long term mortality in cardiac valvular surgery. J
Thorac Cardiovasc Surg 2011;142:1052-61. 
25. Bian C, Wu Y, Shi Y, Xu G, Wang J, Xiang M, et al. Predictive

The European Research Journal   Volume 7   Issue 4   July 2021 438



Eur Res J 2021;7(4):432-439 Nutritional status and coronary artery bypass surgery

value of the relative lymphocyte count in coronary heart disease.
Heart Vessels. 2010;25:469-73. 
26. Korkmaz L, Kul S, Korkmaz AA, Akyüz AR, Ağaç MT,
Erkan H, et al. Increased leucocyte count could predict coronary
artery calcification in patients free of clinically apparent cardio-
vascular disease. Turk Kardiyol Dern Ars 2012;40:223-8. 
27. Sun XP, Li J, Zhu WW, Li DB, Chen H, Li HW, et al. Platelet
to lymphocyte ratio predicts contrast-induced nephropathy in pa-
tients with ST-segment elevation myocardial infarction undergo-
ing primary percutaneous coronary intervention. Angiology
2018;69:71-8. 
28. Bagger JP, Zindrou D, Taylor KM. Leukocyte count: a risk
factor for coronary artery bypass graft mortality. Am J
Med.2003;115:660-3. 
29. Wiedermann CJ, Wiedermann W, Joannidis M. Hypoalbu-
minemia and acute kidney injury: a meta-analysis of observa-
tional clinical studies. Intensive Care Med. 2010;36:1657-65. 
30. de la Cruz KI, Bakaeen FG, Wang XL, Huh J, LeMaire SA,
Coselli JS, et al. Hypoalbuminemia and long-term survival after
coronary artery bypass: a propensity score analysis. Ann Thorac
Surg 2011;91:671-5. 

31. Nozoe T, Kimura Y, Ishida M, Saeki H, Korenaga D, Sugi-
machi K. Correlation of pre-operative nutritional condition with
post-operative complications in surgical treatment for oe-
sophageal carcinoma. Eur J Surg Oncol 2002;28:396-400. 
32. Keskin M, Hayıroğlu MI, Keskin T, Kaya A, Tatlısu MA,
Altay S, et al. A novel and useful predictive indicator of prognosis
in ST-segment elevation myocardial infarction, the prognostic
nutritional index. Nutr Metab Cardiovasc Dis 2017;27:438-46. 
33. Lee SI, Ko KP, Choi CH, Park CH, Park KY, Son KH. Does
the prognostic nutritional index have a predictive role in the out-
comes of adult cardiac surgery? J Thorac Cardiovasc Surg
2020;160:145-53.e3. 
34. Alexander KP, Newby LK, Cannon CP, Armstrong PW,
Gibler WB, Rich MW, et al. American Heart Association Council
on Clinical Cardiology; Society of Geriatric Cardiology. Acute
coronary care in the elderly, part I: Non-ST-segment-elevation
acute coronary syndromes: a scientific statement for health care
professionals from the American Heart Association Council on
Clinical Cardiology: in collaboration with the Society of Geriatric
Cardiology. Circulation. 2007;115:2549-69.

439 The European Research Journal   Volume 7   Issue 4   July 2021

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.


