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Pain assessment of ultrasound-guided liver biopsy for diffuse
parenchymal diseases: a randomized trial comparing intercostal
and subcostal techniques

Yaşar Türk1,2 , Banu Alıcıoğlu2 , İsmail Devecioğlu3

1Department of Radiology, Tekirdağ Namık Kemal University School of Medicine, Tekirdağ, Turkey 
2Department of Radiology, Zonguldak Bülent Ecevit University School of Medicine, Zonguldak, Turkey 
3Department of Biomedical Engineering, Tekirdağ Namık Kemal University, Çorlu Engineering Faculty, Tekirdağ, Turkey

ABSTRACT
Objectives: Percutaneous liver biopsy is widely used in diffuse liver parenchymal diseases. Comparison of
the severity of pain is not properly studied. In this randomized study, pain intensity between the intercostal
and subcostal techniques of US-guided Tru-Cut liver biopsy in diffuse liver diseases was compared. 
Methods: Between March 2016 and May 2017, all potential study participants referred to the interventional
radiology department for ultrasound-guided liver biopsy (n = 245), were assessed for enrollment. The pain
intensity at 0, 2, and 4 h post-procedure was compared in two groups using a Numeric Rating Scale (NRS).
Premedication was not used. After applying local anesthesia under US-guidance, 18-G automatic biopsy needle
free-hand US-guided biopsy was performed. 
Results: Immediately after the biopsy (p = 0.0024), and at the 2nd hour (p = 0.0298), NRS of the subcostal
group was significantly less than the intercostal group. Furthermore, the need for oral (p = 0.0492) or
intramuscular (p = 0.0094) analgesics after the biopsy in the subcostal group was significantly less than the
intercostal group. At the evaluation of both groups together, 55.62% of the patients had a mild and 27.22%
had a moderate pain score. NRS score decreased with time in each group. 
Conclusions: The pain intensity and the need for analgesics were less in the subcostal biopsies. Since intense
pain and anxiety may be the cause of loss of the patients after the first biopsy, a subcostal biopsy could be
preferred primarily.
Keywords: Image-guided biopsy, liver, pain, ultrasound 

Nowadays, despite the advanced imaging modali-
ties, tru cut biopsy remains the gold standard in

the diagnosis of liver parenchymal diseases [1, 2]. Per-
cutaneous liver biopsy is fundamental for the histo-
logical diagnosis, staging, and assessment of response
to therapy in diffuse liver parenchymal diseases. Ul-
trasonography (US)-guided biopsy is the most accu-

rate and cost-effective method and provides more
specimens with less pain to patients [3]. The incidence
of serious complications is less than 1%, and the com-
plications following percutaneous liver biopsy are
well documented in a multicentre retrospective study
on 68278 biopsies [4, 5]. Pain is known as the most
frequent reason for patient discomfort following
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biopsy. 20% of patients had moderate, 16% of patients
had severe pain and about 10% of patients wouldn’t
tolerate another biopsy in the future [6]. The reported
moderate and severe pain generally requires hospital-
ization and is observed in 1-5% of the patients [7, 8],
but some studies revealed that more than 50% of pa-
tients had moderate and severe pain following the pro-
cedure [9-11]. Pain is a very subjective and complex
sensation and difficult to analyze, it is located at the
biopsy puncture, radiating to the right shoulder, with
mild to moderate intensity, and relives gradually [6,
12]. 
      Although liver biopsy is a frequently used proce-
dure, a consensus has not been reached on the best ap-
proach subcostal versus intercostal [9, 13, 14].
Hepatitis C, younger age, the experience of the oper-
ator, the number of punctures were addressed as pre-
disposing factors of pain. Severe pain sensation may
induce anxiety that is another factor to increase pain
intensity after percutaneous liver biopsy [11], it’s,
therefore, an outstanding matter to control the pain of
the patients after the biopsies as well as to improve
liver biopsy techniques worldwide. However, vari-
ances in biopsy techniques, preferred anesthesia/anal-
gesia type, underlying liver disease of the patients of
the studies may result in different conclusions. Com-
parison of severity of pain in subcostal and intercostal
liver biopsy technique is not widely studied in the lit-
erature. This randomized study aims to compare pain
intensity between the intercostal and subcostal tech-
niques of US-guided liver biopsy in patients with dif-
fuse liver disease.

METHODS

Study design 
      The study approval was obtained from the ethics
committee. Comparing the pain intensity by a Nu-
meric Rating Scale (NRS) between the intercostal and
subcostal techniques of US-guided Tru-Cut liver
biopsy in diffuse liver diseases was the main objective. 

Patient selection 
      All liver patients referred for ultrasound-guided
biopsy between March 2016 and May 2017 to the in-
terventional radiology unit were assessed in a state
hospital. All participants who have not inclusion cri-

teria were excluded at the screening. All biopsies were
performed by one board-certified interventional radi-
ologist with 17 years of experience in US-guided
biopsy. At a dedicated outpatient interventional radi-
ology clinic, the screening and enrollment process was
performed by analysis of medical records and if there
are abdominal imaging studies. Any history of prior
liver percutaneous core biopsy was explored by re-
viewing medical records. If there is, Ultrasound, CT,
and MR images were reviewed at the hospital PACS
system to identify the safest liver core biopsy ap-
proach. Selecting the participants who met the inclu-
sion criteria were done by the interventional
radiologist. 
      The study inclusion criteria were 1) age of > 18
years, 2) clinical indication of liver biopsy for a non-
focal liver lesion, and 3) accepting the informed con-
sent by the patients. 
      The exclusion criteria were as follows: 1) abnor-
mal coagulation test results (with an international nor-
malized ratio of > 1.5 and a low thrombocyte number
(< 70,000/mm3)), 2) intrahepatic bile duct dilatation,
3) focal liver lesions, 4) hydatid cyst, 5) massive as-
cites, 6) previous liver transplantation, 7) patients who
the biopsy can be done with only one of the two tech-
niques, therefore, cannot be randomized. and 8) preg-
nancy. 

Randomization 
      Two hundred forty-five patients were assessed for
eligibility. After the exclusion of 37 patients, 208 cases
were randomized into intercostal and subcostal
groups. A computerized randomization system is used
for patient selection. The assistant noted the pain score
and, the patients were blind to the study method. 

Procedure 
Before the biopsy 
      All the study patients’ liver biopsy indications
were done clinically. They referred to the interven-
tional radiologist. The indication of biopsy and com-
plete blood count, and a coagulation profile including
INR, APTT, platelets, and fibrinogen were re-analyzed
and approved by the interventional radiologist. The
patients were followed up daily following the biopsy.
They were informed about the procedure and the pos-
sible complications and then asked to sign the consent
form upon agreeing to participate in the study. The in-
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travenous line was inserted after the blood pressure
and heart rate were measured. Moreover, the State-
Trait Anxiety Inventory was used to measure each par-
ticipant’s trait and state anxiety level before the biopsy
[15]. 

During the biopsy 
      The patients were transferred to the biopsy room.
To maintain their full cooperation, no oral or intra-
venous analgesics or intra-procedure conscious seda-
tion were given. Under sterile conditions, 20 ml of 2%
prilocaine hydrochloride (Pricain; Polifarma Pharma-
ceutical JSC. Tekirdag/Turkey) solution was injected
ultrasound guided. Local anesthesia was done from the
subcutaneous tissue to the liver capsule in the biopsy
area by using a 25-gauge needle. To obtain the optimal
cooperation of the patients during the procedure, pre-
medication or intra-procedure conscious sedation was
not used. 
      The intercostal approach was performed from the
right hemithorax inferolateral, and the subcostal ap-
proach was performed from the right side. A small in-
cision of < 5mm was made by a number 11 blade and
the biopsy was done by an 18-gauge fully automated,
biopsy needle (Bard MaxCore, Covington, GA) with
the method of freehand US-guided biopsy. The cutting
length of the needle was 22 mm. In all cases, only one
sample with one pass was taken and needle penetra-
tion depth into the liver was 2 cm from the liver cap-
sule. (In case of the inadequate biopsy sample, < 15
mm in length, the biopsy was repeated at the same
entry side and the subject was excluded from the
study. A simple wound dressing was applied after the
procedure. 

After the biopsy 
Following the biopsy, all patients were transferred to
the daycare unit and requested to lie on the biopsy side
for 4 h. The patients were followed up every 15 min
of the first 2 h and every 30 min of the following 2 h
in terms of the vital findings. If necessary, 500 mg
paracetamol (MİNOSET® 500 mg tablet, Bayer Turk-
ish Chemical Industry, Ltd company Istanbul/Turkey)
was administered. If the medication failed to control
the pain, Diclofenac Sodium 75 Mg / 3 Ml (Dikloron,
Deva Holding Ltd.) intramuscular analgesic would be
ordered. The patients were discharged if there were no
complications during the first 4 h after the biopsy. All

the patients were instructed to contact a medical center
immediately in case of any problems or complications.
The electronic records and hospital referrals of all the
patients were cross-checked for late complications
upon completion of six months following the biopsy
procedure.

Statistical Analysis 
      All statistical analyses were performed in MAT-
LAB (R2016a, The MathWorks Inc., USA). Age and
anxiety levels of patients in intercostal and subcostal
groups were compared with Student’s t-test. χ2 test was
used to test any differences between treatment groups
in means of sex ratio, liver biopsy history, final pathol-
ogy results, need for additional analgesics. Mann-
Whitney U test was used to compare pain scores of
patients in intracostal and subcostal groups. The same
tests were used to compare the parameters of male and
female patients. The relationship between age and pain
scores was evaluated with the Spearman rank-order
correlation test.

RESULTS

      Between March 2016 and May 2017, 245 partici-
pants were screened, and 231 were interviewed for en-
rollment at an outpatient interventional radiology
clinic. A total of 37 participants were excluded due to
the focal liver lesion, massive ascites, abnormal coag-
ulation test results, etc. A total of 208 participants
(mean age, 43.13 years; age range, 19-81 years; 124
females, 84 males) was randomly assigned to either
the subcostal (n = 104; mean age, 43.08 years; age
range, 19-81 years; 58 females, 46 males) or inter-
costal (n = 104; mean age, 43.19 years; age range, 19-
79 years; 66 females, 38 males) arm. Of these
participants, 10 did not undergo treatment because of
biopsy cancellation (n = 8) or withdrawal of consent
(n = 2). 
      Liver biopsy was done in 198 of the 208 randomly
assigned participants. Demographics of patients un-
dergoing US-guided liver biopsy are shown in Table
1. Groups were matched on age, gender, liver biopsy
history, and final pathology results. 
      The primary aim of this study was to compare the
pain level of participants within 0, 2, and 4 hours after
the ultrasound-guided percutaneous liver biopsy pro-

The European Research Journal   Volume 7   Issue 2   March 2021 109



Eur Res J 2021;7(2):107-115 Pain assessment of ultrasound-guided liver biopsy for diffuse parenchymal diseases

cedure with either the subcostal or the intercostal ap-
proach. 
The NRS was used to quantify pain. All patients de-
clared that they would tolerate another biopsy if it was
clinically required in the future. The median NRS
scores, just after the procedure, 2 and 4 h later are
summed up in Table 2. 
      Of the treated participants, fifteen patients in the
intercostal group and fourteen patients in the subcostal
group excluded due to more than one puncture, 16 g

fully automated tru cut, or 18 g semi-automated tru cut
needle use (because of different size and different sam-
pling methods). The detail is seen in the consort dia-
gram in Fig. 1. 
      Immediately after the biopsy (p = 0.0024), and at
the 2nd hour (p = 0.0298), NRS of the subcostal group
was significantly less than the intercostal group. No
significant difference was found in the pain level be-
tween the intercostal and subcostal groups 4 hours
after the procedure (p = 0.0787). No significant differ-
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Fig. 1. Consort diagram. 
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ence was found between male and female patients re-
garding pain level. The need for additional oral and
intramuscular analgesics after the biopsy was 28 and
15 out of 86 patients in the intercostal group, respec-
tively; 16 and 4 out of 83 patients in the subcostal
group, respectively. 
      The requirement for additional analgesics was sig-
nificantly less in the subcostal group than the inter-
costal group (oral analgesic: p = 0.0492; intramuscular
analgesic: p = 0.0094). At the evaluation of both
groups together, 55.62% of the patients had a mild and
27.22% had a moderate pain score. Median NRS de-
creased with time in each group. We did not find any
correlation between NRS scores and age neither in dif-
ferent treatment groups nor post-operative times. Be-
sides, there were no significant differences between
intracostal and subcostal groups in anxiety levels (p =
0.1617). Finally, when male and female patients were
compared, no significant differences were found in
any parameter (see Table 2). 
      Minimal external hemorrhage due to compression
failure of skin dress was observed in one patient in the
subcostal study group, but no intervention was re-
quired. No late complications were observed in any of
the patients.

DISCUSSION

      We performed a randomized study to compare the
pain level of percutaneous US-guided parenchymal

liver biopsy within 0, 2, and 4 hours after biopsy when
the intercostal or subcostal approaches were used.
From March 2016 to May 2017, 245 potential study
participants were assessed for enrollment. A total of
208 participants were randomly assigned to the sub-
costal (n = 104) or intercostal (n = 104) arm. A total
of 169 participants underwent treatment without intra-
operative exclusion (mean age, 43.83 years; age range,
19-81 years; 101 females, 68 males); subcostal (n =
83; mean age, 43.60 years; age range, 19-81 years; 45
females, 38 males) or intercostal (n = 86; mean age,
44.05 years; age range, 22-79 years; 56 females, 30
males). The results of our study showed that both in-
tercostal and subcostal biopsies were less painful sim-
ilar to previous studies [6, 10, 12, 14, 16, 17].
Moreover, pain intensity and the need for analgesics
were more in the intercostal biopsies. The probable
reasons are: (1) the intercostal approach may result in
a pleural puncture, which is a sensitive epithelial layer;
(2) the intercostal approach may traumatize the respi-
ratory muscles; (3) respiratory movement during the
intercostal approach acts in a contrary direction to the
needle movement, which can cause more damage to
the liver capsule. Conversely, in the subcostal ap-
proach, the needle versus respiratory movements is in
the same direction, and this condition can cause less
capsular damage; (4) injury of the periosteum of the
ribs, which is sensitive to pain, and (5) intercostal
nerve trauma are possible [6]. Both methods necessi-
tate peritoneal puncture. Technically, the right sub-
costal liver biopsy can be relatively difficult because
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of the oblique course of biopsy needles. However, the
complications were not found to be different in the
current study. Subcostal biopsies are technically suc-
cessful, nevertheless, this approach might not be pre-
ferred for patients with Chilaiditi syndrome, which is
a rare anomaly with a 0.025%-0.28% of incidence
[11]. In such cases, the right intercostal or the left sub-
costal approach can be used. 
      Although, the combination of sedation and anal-
gesia could have a synergistic effect on reducing the
pain during the biopsy procedure, however, result in
partial amnesia and loss of corporation [18, 19] that
could be challenging during the local anesthesia and
biopsy. In this mean, to maintain the full cooperation
of the patients during local anesthesia and biopsy, no

systemic sedation or analgesia was administered in
this study. If local anesthesia is applied well and
biopsy is performed in the same tract that is infiltrated
with lidocaine, the procedure will be almost painless
and thus eliminate premedication risks. The well-in-
nervated liver capsule is sensitive to pain sensation.
So, effective administration of local anesthetics to this
area plays an essential role in reducing pain during the
biopsy. In the current study, 55.62% of the patients had
mild and 27.22% of the patients had moderate pain
score levels following biopsy that was similar to the
previous studies (Table 3). The variables affecting pain
after biopsy remain mostly unknown. Because the
same intervention could result in different pain inten-
sities in different participants. Although a consensus
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does not exist [7], operators’ manual skills and expe-
rience play a great role in reducing pain during and
after the biopsy [4, 11, 20, 21]. Nonskilled hands could
not finish the biopsy procedure in a single deep inspi-
ration of the patient, and rebreathing of the patient dur-
ing the biopsy may cause more trauma to the liver
capsule and parenchyma, resulting in more pain. The
reduction of the biopsy needle gauge and the number
of biopsy and/or entries was reported to reduce com-
plications and pain [9], on the other hand, the needle’s
size must be regulated to obtain enough sample size
for histopathological analysis [22]. The use of Tru-cut
needles as opposed to the Menghini-style aspiration
needles was reported to be associated with higher pain
intensity, but this finding was considered controversial
[7]. In contradiction, neither number of the passes and
the size of the needle, nor subcostal/intercostals biopsy
were found to be different in Lindner et al.’s [16]
study. To ensure that this conflict does not affect the
results of the study, the cases with more than one punc-
ture and also the cases with a different type or gauge
of biopsy needles were excluded because of different
size and different sampling methods. 
      Liver biopsies are found to be more painful in pa-
tients with Hepatitis C infection, younger age, or his-
tory of intravenous drug use [14]. However, Tan et al.
[6] found no significant difference in terms of pain in
Hepatitis B/C and biopsy pass numbers. Castera et al.
[10], Eisenberg et al. [11], Riley [14], Lindner et al.
[16], and Baig and Javed [17] showed that pain scores
are related to patients’ age. It has been detected less
pain in patients older than 50 years of age as it was
previously explained as an adaptation to stress and
painful events [16]. While older patients have under-
gone liver biopsy more for focal liver lesions rather
than a diffuse parenchymal disease, younger patients
have undergone biopsy more for the parenchymal dis-
ease. Meanwhile, whether the young age or parenchy-
mal disease or both play a part in the intensity of pain
[6, 11, 13, 16] is a controversial point. Whereas, Baig
and Javed [17] found men had more intense pain after
a biopsy. However, our study, just like Pezeshki Rad
et al. [12] found no gender or age predilection. 
      The assessment of pain poses a significant prob-
lem in clinical practice and clinical research because
of the subjective nature of pain perception [23]. The
measurement of pain severity with the visual analog
scale (VAS), NRS, and verbal rating scale (VRS) are

accepted as accurate and current, but VAS has lower
rates of completion and success than NRS in older pa-
tients [24]. Similar difficulties were observed in pa-
tients having a high dose of opioids [25]. Moreover,
both VAS and NRS showed better sensitivity than
VRS, which has fewer categories for pain assessment
[26]. 
      The common conclusion reached in all studies is;
the intensity of pain felt after the percutaneous liver
biopsy may differ from mild to moderate. While it is
felt most intensely right after the biopsy, the intensity
of pain decreases in the following 2 to 4 hours [6, 12,
16]. 
      Recently, Pezeshki Rad et al. [12] compared pain
intensity in intercostal and subcostal biopsies in focal
and diffuse parenchymal liver diseases, similar to our
results, pain score was less in the subcostal group;
10% of the intercostals group, 3.33% of the subcostal
group patients required intravenous analgesics. We did
not administer intravenous analgesics but the need for
oral or intramuscular analgesics was less in the sub-
costal group. Differently, to our study, pain intensity
was similar just after the biopsy but significantly less
in the 2nd and 4th hour. Tan et al. [6] used the VAS
assessment score, compared the intercostal with the
left subcostal method, and found no significant differ-
ences between the two groups; although they subjec-
tively observed that the intercostals group seemed to
have more pain and their post-procedural analgesic re-
quirement was higher in the intercostal group (27%
vs. 36.4%), it was not statistically significant (p =
0.64). In the study by Eisenberg et al. [11], 1 mg of
intravenous midazolam and 50 mg of fentanyl was ad-
ministered to all of their patients before biopsy unless
they were contraindicated. 
      During parenchymal liver diseases, repeated biop-
sies may be needed. Severe pain and anxiety may be
the cause of the loss of the patients after the first
biopsy. From the patients’ perspective, perception and
compliance to liver biopsy are becoming a crucial
issue for clinical management. The subcostal approach
was found to be more suitable in US-guided liver
biopsy. 
      Further randomized studies will be needed to eval-
uate the effectiveness of subcostal route versus inter-
costal regarding pain assessment. Despite advances in
technology, there are potential gaps in our knowledge
about pain perception in the liver biopsy.
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Limitations 
      The subjective nature of pain and retrospective
analysis which could have caused a possible selection
bias is a limitation in our study. All the liver biopsies
were done in a single-center and by the same interven-
tional radiologist which is inferior to a multicenter ran-
domized controlled trial. 

CONCLUSION

      In conclusion, we found a statistically significant
difference in the pain score level and subsequent need
for oral or intramuscular analgesics 0 and 2 h after per-
cutaneous liver biopsy via the intercostal or subcostal
approach. Our study suggests that a subcostal ap-
proach can be effective in reducing the pain score level
and subsequent need for analgesics after a percuta-
neous needle biopsy.
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ABSTRACT
Objectives: This study aims to evaluate the level of knowledge and perception of the Turkish society about
the COVID-19 pandemic. 
Methods: This cross-sectional study whose sampling consists of 903 adults. 
Results: About half (49.6%) of the participants' information sources about COVID-19 composed of printed
and visual media tools such as television, radio, newspaper, etc. 57.5% of the participants stated that their self-
knowledge levels about COVID-19 were at a good level, whereas 19.7% of them at a very good level. 64.4%
of the participants stated that their health would be seriously damaged if they get this virus; 58.9% of them
thinks that this virus will severely damage their place of the resident; 50.9% of them stated that they trust that
this crisis will be handled effectively by the health authorities of Turkey. Participants rated themselves an
average of 8.7 points on compliance with COVID-19 measures. It was found that the participants had a 55%
confidence in the Coronavirus Scientific Advisory Board (Turkey) and the World Health Organization (WHO)
regarding COVID-19. 
Conclusions: Like all over the world, health authorities also in Turkey have taken several measures in the
context of fighting against the pandemic and they expect society to comply with these measures. The fact that
individuals in the society fulfill their individual responsibilities by confirming the accuracy of the information
took place in printed/visual and social media from reliable sources is an important factor in reducing the effects
of infectious diseases. 
Keywords: COVID-19, coronavirus, pandemic, public health, perception
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Novel coronavirus (COVID-19, SARS-CoV-2),
which was first detected at the end of December

2019 in Wuhan, China, and spread across the world in
a short time, was announced by the WHO as a public
health emergency on 30 January 2020, and as a pan-
demic on 11 March 2020 [1]. Global public health
campaigns have been launched to reduce the spread
of the virus [2]. Health authorities and governments

have begun to take serious measures to reduce the
transmission of the disease [3]. Although it varies from
country to country, domestic and international travel
has been stopped, significant changes have come off
in receiving education and manner of work, large
events and worships were banned and houses of wor-
ships and shopping malls were shuttered. 
      Since it is a never-before-seen disease that is likely
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to result in death, COVID-19 had the potential to lead
to chaos and fear among the public [4]. On the other
hand, slowing down of the transmission also required
significant behavioral changes in individuals [2]. Be-
cause it was a known fact that the knowledge and at-
titudes obtained by individuals towards a disease
greatly affect the degree of obedience to personal pro-
tective measures and, consequently, the course of the
disease [4]. Therefore, as of the occurrence of
COVID-19, health authorities and governments have
started to take an active role in printed/visual and so-
cial media to inform people correctly and to report re-
sponsibilities to individuals in the fight against the
pandemic. For example, the Ministry of Health of
Turkey established the Coronavirus Scientific Advi-
sory Board on January 10, 2020, even though there
were no cases or deaths in Turkey in that period. Sci-
entific Board members aimed to inform the public
about the course of the disease and the ways of pre-
vention, via TV channels and media transparently, and
to survive the outbreak with less damage. 
      It is known that there is a relationship between the
way people perceive disease and the reactions to the
disease and adaptation to the disease [5]. Widespread
and constant participation in health-protective behav-
iors proposed by health authorities during the pan-
demic is critical for the successful management of
COVID-19. The evidence acquired from previous con-
tagious disease outbreaks points to the role of per-
ceived risk, anxiety, media interest and information on
individuals' health-protective behavioral intentions
[6]. Getting exact information from various sources
such as public health professionals, government, and
media may raise people's awareness of risk and may
consequently enable them to adopt preventive meas-
ures [4]. Health risk perception of public plays an im-
portant role in the adoption of these actions, in the
emotions and daily habits of people [3]. It is also
known that when people realize that they are vulnera-
ble to risk, they have a higher motivation to apply to
preventive health behaviors [7]. 
      This study examines what kind of perception
COVID-19 creates in Turkish people and what kind of
an attitude it causes. At the end of the study, the level
of knowledge, risk perception, and trust levels of Turk-
ish people about COVID-19 will be revealed and in
addition, it will be determined from which information
sources they learned COVID-19. It is possible to state

that researching this subject, which is quite new as of
now, in the sample of Turkey, will both contribute to
the gap in the national and international literature and
facilitate the comparison of the reactions of the soci-
eties about this pandemic. In this context, answers to
the following questions were sought in this study: 
      i. How do the demographic characteristics of the
participants distribute?
      ii. What are the participants' COVID-19 sources
of information?
      iii. What is the level of knowledge of the partici-
pants about COVID-19?
      iv. What are the measures taken by participants
against COVID-19?
      v. What are the participants' perceptions of
COVID-19 risk?
      vi. What are the levels of trust of the participants
against individuals and institutions fighting against
COVID-19?

METHODS

Design, Population & Sample Size and Setting 

      This study was designed in a cross-sectional de-
sign. The sampling of the study consists of adults aged
over 18 years old, who agree to participate in the re-
search, who live in Turkey and speak Turkish, who
know how to use a mobile device or computer with in-
ternet access and who do not have any mental or phys-
ical disabilities. Bayesian sampling formula [8] was
used to calculate the minimum sample size to partici-
pate in the research.
In the numerator of the formula, the value of (0.5 ×
0.5 = 0.25), which has the highest (p.q) value, was

taken as the basis. The population (N) of the research
was taken as 83 million. In the denominator of the for-
mula, the tolerance level (B) was taken as 5%. The fact
that the studies conducted in the research are in a con-
fidence interval is of great importance for the reliabil-
ity of the research. The confidence interval generally
accepted by the researchers is 95% (± 2.5). Accord-
ingly, Z value was taken as 1.96. Thus, the minimum
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sample size of the study group was calculated as 384.
The data of the study were collected between the dates
of 01.05.2020-10.05.2020 by convenience sampling
method and a total of 903 participants were reached. 

Data Collection Tools

      An electronic form was prepared by researchers
through Google Forms as a data collection tool. This
form was based on the survey form of McFadden et
al. [9], whereas the survey was revised to make it more
suitable for Turkish culture. The revised survey form
includes a total of 7 chapters and 56 expressions as
follows: demographic characteristics (10 expressions);
the knowledge level of the society about COVID-19
(4 expressions); COVID-19 information sources (1 ex-
pression); the measures that can be taken against
COVID-19 (20 statements); COVID-19 risk percep-

tion (11 expressions); the level of compliance with
COVID-19 measures (1 statement); and trust (9 ex-
pressions). 

Ethical Considerations 

      Ethics committee approval was obtained from the
Social and Humanities Scientific Research and Publi-
cation Ethical Committee of the Uşak University (De-
cision no: E.15785) and Ministry of Health of Turkey,
General Directorate of Health Services. 

Statistical Analysis 

      The analysis of the data was carried out with
SPSS. Within the scope of the study, basic descriptive
statistics such as frequency, percentage, mean, stan-
dard deviation, minimum and maximum values were
used.
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RESULTS

      In terms of the socio-demographic characteristics
of the participants, the following results were ob-
tained: Of the participants, 74.3% (n = 671) were fe-
males; 61.5% (n = 555) was single; 58.0% (n = 526)
were university graduates; 40.0% were aged between
18-24 years old (n = 361, mean = 31.2 ± 11.4 years);
60.8% (n = 549)  had a balanced income-expense
level; 88.6% (n = 800) had a nuclear family type;
82.4% (n = 744) had no chronic disease; 49.4% (n =
446) live in a metropolitan; 80.6% (n = 728) live in
the western side of Turkey; and 38.4% (n = 347) were
students (Table 1). 
      In terms of participants' sources of information
about COVID-19; it was found that 49.6% (n = 448)

of them get information via printed and visual media
tools such as TV, radio, newspaper, etc.; while 30.7%
(n = 277) of them use social media tools such as Face-
book, Twitter, etc.; 19.4% (n = 175) of them use na-
tional and international official health authorities such
as the WHO and the Ministry of Health; and 0.3% (n
= 3) of them get information from their close circles
like friends/neighbors/relatives. 57.5% (n = 519) of
the participants evaluated their self-knowledge level
about COVID-19 as good and 19.7% (n = 178) as very
good. 98.9% (n = 893) of the participants correctly
knew that COVID-19 was a respiratory disease caused
by an infectious virus; while 98.2% (n = 887) of them
correctly knew that the virus was transmitted by
coughing or sneezing; and 68.4% (n = 581) of them
correctly knew that there are no proven treatments or
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vaccines for COVID-19 at the moment (Table 2). 
      In terms of the measures taken by participants
against COVID-19, the results were as follows respec-
tively: to washhands (99.8%, (f = 901); to avoid close
contact with patients with COVID-19 (99.3%, f =
897); to wear a mask (99.0%, f = 894); a balanced diet
(98.9%, f = 893); to cover the cough or sneeze with a
flexed elbow (98.8%, f = 892); to maintain the social
distance (98.0%, f = 885); to use alcohol-based hand
sanitizers (98.0%, f = 885); to ventilate home (97.9%,
f = 884); to avoid touching eyes, nose, and mouth with
unwashed hands (97.3%, f = 879); to stay home when
sick (92.2%, f = 851); to use cologne (94.1%, f = 850);
to be careful when opening a mail and cargo (93.7%,
f = 846); to touch the frequently contacted places such
as the door handle with elbows (90.2%, f = 815); to
avoid using alcohol and smoking (90.1%, f = 814); to
wear gloves (83.7%, f = 756); to do exercise regularly
(81.1%, f = 732); to use herbal supplements (55.0%, f
= 497); to wait for warmer weather (17.6%, f = 159);
and to get the flu vaccine (11.6%, f = 105) (Fig. 1). 
      It was found that 36.9% (n = 333) of the partici-

pants “agree” with the expression of “if I get COVID-
19, my health will be seriously damaged”; 63.7% (n
= 576) of them “strongly agree” with the expression
of “I think COVID-19 is more serious than influenza
in terms of risk”; 30.2% (n = 273) of them were “un-
decided” about the expression of “I wouldn’t go to the
hospital even if I got another disease due to the risk
of getting COVID-19”; 39.5% (n = 357) of them
“agree” with the expression of “COVID-19 will se-
verely damage my place of resident”; 38.9% of them
(n = 352) “agree” with the expression of “COVID-19
will spread widely in Turkey”; 43.2% of them (n =
390) “disagree” with the expression of “My risk of
getting COVID-19 is higher than others”; 51.5% of
them (n = 465) “agree” with the expression of “I be-
lieve I can protect myself better than others against
the risk of COVID-19”; 42.4% of them (n = 382)
“agree” with the expression of “I am very worried
about the possible risks of this virus to my family and
loved ones”; 50.8% of them (n = 459) “strongly dis-
agree” with the expression of “I think the government
is exaggerating this virus risk”; 33.8% of them (n =
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Fig. 1. Precautions against COVID-19. 
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305) “agree” with the expression of “I trust that this
crisis will be handled effectively by the health author-
ities of Turkey”; and 65.3% of them (n = 90) “strongly
agree” with the expression of “Against this pandemic
risk, quarantine should be imposed on people coming
into Turkey from abroad, especially from China”
(Table 3). 

      In terms of the assessment to comply with
COVID-19 measures, it was seen that 41.3% (n = 373)
of the participants gave themselves 10 points, while
24.7% of them gave 9 points (n = 223), 19.3% of them
gave 8 points (n = 174), and 7.2% of them gave 7
points (n = 65). It was determined that the mean score
of all participants was 8.7 ± 1.7 (Table 4). 
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      When the participants' level of trust in the people
and institutions making a statement about COVID-19
is analyzed, the participants were found to trust in the
health unions (32%, n = 253); in the state hospitals in
their place of residence (28.6%, n = 258); in the pri-
vate hospitals in their place of residence (30.3%, n =
274); and in family physicians (32.1%, n = 290) at a
“medium-level”; while 24% of them (n = 217) trust
in the specialist physicians on the screens, 28.1% of
them (n = 254) in the Turkish Medical Association (n
= 254), 30.2% of them in the Coronavirus Scientific
Advisory Board of the Ministry of Health of Turkey
(n = 273), 30.4% of them in the WHO (n = 275), and
30.5% of them in the university (education-research)
hospitals in their place of residence (n = 276) at a
“high level” (Fig. 2).

DISCUSSION

      In global crisis situations such as outbreaks, indi-
viduals desire to access fast and reliable information
to be aware of the state of the world and of the country
in which they live. The communication sources pre-
ferred by individuals to access information may be in-
fluenced by factors such as age, education level, and
ability to use communication tools. The literature
shows that the media can significantly affect public
perception of risk issues. It was also stated that those
who did not have any previous health hazard experi-
ence or knowledge are more likely to rely on media
tools to learn about hazards [10]. Considering the
mean age and education levels of the individuals par-
ticipating in our study, it was an expected situation that
printed/visual media and social media were used as a
source of access to information. In a study carried out
in India, similar to our research, it was found that in-
dividuals' sources of access to information in the
COVID-19 process were printed/visual (44.19%) and
social media (34.88%) [11]. In another study con-
ducted in 2015 in Saudi Arabia to examine the MERS-
CoV perceptions of 281 healthcare professionals, it
was reported that the most important first source of in-
formation was the internet and social media, and the
second was TV [12]. 
      The result concerning the fact about 20% of the
individuals participating in our study prefer national
or international public health institutions such as the

WHO and the Ministry of Health of Turkey as sources
of information can be explained by the fact that the in-
formation received from these public health institu-
tions are being broadcasted/shared quickly through
printed/visual media tools such as TV, newspaper and
social media platforms such as Twitter, and Facebook.
In recent years, social media has become an increas-
ingly important source of information for risk and cri-
sis communication. Kırık and Özkoçak [13] state that
the posts of social media users across the world ex-
ceeded 275 million in the period of 21 January-11
March 2020. In addition, the authors underline that the
top 10 countries with the most social media posts
about COVID-19 are Japan, the United States, South
Korea, Britain, France, Brazil, People's Republic of
China, Malaysia, Taiwan, and Italy, respectively; and
they emphasize the importance of the Turkey taking
the eleventh place with more than 6.5 million social
media posts. In this context, although social media
panic is known to be faster than COVID-19 spread
[14], it is possible to address the fact that social media
is an important source of information that is frequently
used in terms of risk and crisis communication espe-
cially in terms of access to information. 
      It is believed that the fact that almost all of the in-
dividuals participating in our study correctly defined
the definition of COVID-19 and the route of transmis-
sion was associated with the high access to informa-
tion sources. However, although there is no specific
antiviral treatment [15] or vaccine [16] with proven
reliability and effectiveness for COVID-19 today, it
was observed that the level of knowledge of the par-
ticipants was not at the desired extent. Yet compared
to the literature, the level of knowledge of our partic-
ipants was higher [11]. On the other hand, in their
study conducted with the participation of 240 medical
faculty students in Iran, Taghrir et al. [17] revealed
that about 87% of the participants answered the ques-
tions about COVID-19 correctly. Similarly, in another
study on healthcare personnel, Elamin et al. [12] found
this ratio as 87%. Of course, it can be mentioned that
the educational levels of the participants and the field
they were educated had an effect on attaining these re-
sults. 
      It can be said that this situation about medicines
and vaccines is related to news in social media that has
not been scientifically proven [18], like “some anti-
malarial drugs and pneumonia vaccine prevent
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COVID-19”. In this regard, it is possible to say that
the evidence-based information provided by the media
and other official sources and how this information
was conveyed will play an important role in emergen-
cies such as outbreaks. Hou et al. [19] found that the
public responded quickly to government-related an-
nouncements about COVID-19 and adopted the rec-
ommended behavior according to the directives /
guidelines provided. On the other hand, it was found
that during the pandemic, informal authorities had put
forward misinformation and rumors about some cures
and treatments, but as a result of the timely clarifica-
tion of all these myths by the competent authorities,
there was a tendency to decrease in irrational behavior. 
      In a study conducted in Hong Kong, it was re-
vealed that the most effective method of preventing
the COVID-19 outbreak was to increase personal hy-
giene practices [20]. In our study, we found that the
Turkish people have a high level of compliance with
the measures proposed by authorities such as Center
for Disease Control and Prevention (CDC), WHO, and
the Ministry of Health of Turkey to protect against
COVID-19, such as washing hands; avoiding contact
with a patient with COVID-19; using masks in
crowded areas; covering the cough/sneeze with the
flexed elbows; maintaining the social distance; using
alcohol-based hand sanitizers; and avoiding touching
eyes, nose, and mouth with unwashed hands. Besides,
they were found to act health-protective and improv-
ing behaviors such as balanced nutrition, frequent ven-
tilation of the house, avoiding alcohol-smoking, and
regular exercise. This result, on the other hand, is
thought to be associated with the high level of
printed/visual media and social media usage of the
participants in our study and the information adver-
tisements prepared by the Ministry of Health of
Turkey. Aker and Mıdık [21], in parallel with our re-
sults, reported that 87% of the participants considered
hand washing as the most effective measure to be
taken against the virus. 
      In a study carried out in Germany, it was found
that the hand washing rate of individuals was lower
compared to our study [22]. In a study conducted in
Turkey, on the other hand, it was determined that in-
dividuals had a high sensitivity to the pandemic and
were not unconcerned with the pandemic, that they at-
tach importance to the information provided by media
channels and to the implementation of the decisions

taken, and that they take measures such as hand hy-
giene seriously. Again in the same study, the rate of
those who think that COVID-19 will lose its effect
with the coming of summer months was 42.9% [23].
In another study, this rate was found to be 20.9% [11].
Warmer summertime air has not yet been proven to be
effective in reducing the spread of COVID-19 [18].
The fact that the majority of the participants in our
study did not believe in this myth can be interpreted
as a positive result. 
      When the risk perceptions gainst COVID-19 are
analyzed, it was seen that 64.4% of our participants
think that if they get COVID-19, their health will be
seriously damaged. In a study conducted in Italy, this
rate was 57.0% [24]. The reason for this difference can
be explained by the fact that the data collection dates
of this study were about 50 days before the data col-
lection dates of our study. The total number of cases
and deaths in Turkey on the dates of our study was
122392 and 3268 respectively [25], while the total
number of cases and deaths in Italy was 10149 and
631 [26] respectively during the dates of the study of
Simione and Gnagnarella [24]. In the studies carried
out by Taghrir et al. [17] in Iran and by McFadden et
al. [9] in the United States, it was reported that the
mean risk perception score of the participants was cal-
culated at a moderate level of 51% and 50%, respec-
tively. Also, in our study, it was observed that 62.5%
of the participants had concerns for their families and
their loved ones about getting the disease. These re-
sults were not similar to the study of Simione and
Gnagnarella [24]. In addition, 91.5% of our partici-
pants thought that COVID-19 was more serious than
influenza. Considering the effects of perceptions con-
cerning the disease on the behavior change of individ-
uals towards disease prevention, it is possible to
interpret this result positively, too. 
      Another point that should be examined within the
scope of the study is how much score the participants
attributed to them about complying with COVID-19
measures. In this context, it was calculated that the
mean score given by all participants in complying with
COVID-19 measures was 8.7 ± 1.7. In other words,
the level of compliance of the participants with the rel-
evant measures reflects a high level of 87%. In parallel
with our findings, Taghrir et al. [17] found this rate as
95%. 
      The fact that individuals in the community trust in
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health authorities and the government in the fight
against the pandemic and they follow these sugges-
tions is important for the course of the pandemic. To
carry out the pandemic process effectively in Turkey,
a scientific advisory board with a total of 38 specialists
in their fields such as microbiology, virology, infec-
tious diseases, internal diseases, intensive care, chest
diseases, public health, and pediatrics was established
within the Ministry of Health of Turkey on January
10, 2020. This board is effective both in fighting
against the pandemic and in informing the society with
the most accurate and up-to-date information in
printed/visual and social media. Based on the results
obtained from our study, the rate of trust in the Coro-
navirus Scientific Advisory Board of the Ministry of
Health of Turkey and the WHO was quite similar
(~%55.0). McFadden et al. [9] reported that the insti-
tution they trusted in the first place was the Director
of CDC and the second was the Director of the Na-
tional Institutes of Health. In addition, half of our par-
ticipants think that this crisis will be handled
effectively by the health authorities in Turkey, while
the vast majority of them (89.4%) think that the gov-
ernment is “not exaggerating” this virus risk. In a
study conducted in Germany, on the other hand, the
trust rate for health authorities was 71.0%, while the
trust rate for government/politicians was 54.5% [22]. 
      In our study, we found that the trust rate for private
hospitals was quite low compared to state hospitals
and university (education-research) hospitals. The rea-
son for this is thought to be related to the fact that hos-
pitals that have at least two specialist physicians in
infectious diseases and clinical microbiology, chest
diseases, internal diseases, and that hospitals with
adult intensive care beds on level three were declared
as Pandemic Hospital by the Scientific Advisory
Board, moreover to the fact that state hospitals and
university (education-research) hospitals have been
converted to Pandemic Hospital in general. On the
other hand, it can be stated that the fact that private
hospitals are rather considered as health enterprises in
the eyes of society has the potential to affect this situ-
ation. 

CONCLUSION

      The COVID-19 pandemic still continues with its

globally unknown effects. Like all over the world,
health authorities also in Turkey have taken several
measures in the context of fighting against the pan-
demic and they expect society to comply with these
measures. Risk perception is an important component
of creating behavior change. To increase the risk per-
ception of society in a way that will not cause concern
and to encourage individuals to engage in health-pro-
tecting behaviors are the primary duties of govern-
ments and health authorities. Factors such as sharing
up-to-date and accurate information with the society
in all kinds of media tools in such crises and increasing
the level of trust/compliance of individuals to health
authorities will have an impact on minimizing irre-
versible conditions. The fact that individuals in the so-
ciety fulfill their individual responsibilities by
confirming the accuracy of the information took place
in printed/visual and social media from reliable
sources is an important factor in reducing the effects
of infectious diseases.
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ABSTRACT
Objectives: The use of central venous catheters as hemodialysis (HD) vascular access is associated with worse

morbidity and mortality in HD patients. This occasion is often attributed to comorbidities of the patients with

central venous catheters. Studies reveal that a biofilm layer occurs on most of the tunneled-cuffed central

venous catheters (TC-CVCs). This study aimed to determine the oxidative stress (OS) and systemic

inflammation (SI) status in patients with TC-CVCs as HD vascular access without clinical signs and symptoms

of infection. 

Methods: The study is composed of eighty-five patients with a minimum HD vintage of one year. Patients

with a history of infection or a cardiovascular event within six months, malignancy, systemic inflammatory

diseases, or malnutrition were excluded. OS indices and SI markers were studied and compared in patients

with arteriovenous fistula (AVF) and TC-CVCs. 

Results: Mean native thiol/total thiol (NT/TT) ratio was significantly higher and mean disulphide/total thiol

(DT/TT) ratio was significantly lower in AVF group comparing TC-CVC group (0.46 ± 0.17 and 0.36 ± 0.17,

p = 0.03 for NT/TT; 0.27 ± 0.08 and 0.31 ± 0.08, p = 0.04 for DS/TT; respectively). Mean OS index was

significantly lower in the AVF group comparing TC-CVC group (0.15 ± 0.14 and 0.24 ± 0.23, p = 0.04;

respectively]. Median hs-CRP levels and median IL-6 levels were significantly lower in AVF group comparing

TC-CVC group (5.8 [min: 3.0-max: 82.5] mg/L and 9.7 [min: 3.0-max: 45.4] mg/L, p = 0.004 for hs-CRP; 6.2

[min: 2.0-max:159.0] pg/mL and 12.2 [min: 2.6-max: 41.3) pg/mL, p = 0.01 for IL-6; respectively). 

Conclusions: TC-CVCs inversely affect OS and systemic inflammatory status in HD patients, presumably

due to foreign body reactions and biofilm layers.

Keywords: Arteriovenous fistula, central venous catheters, hemodialysis vascular access, oxidative stress,

systemic inflammation 

Hemodialysis (HD) is the most frequent renal re-

placement therapy (RRT) modality. HD requires

a proper functioning vascular access (VA) such as ar-

teriovenous fistula (AVF), arteriovenous graft (AVG),

or central venous catheter (CVC). The use of CVCs is

associated with worse morbidity and mortality in HD

patients, which is usually attributed to patients’ comor-

bidities, and these results are thought to be related to
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selection bias [1-4]. 

      CVCs are widely produced from polyurethane,

which is shown to induce mild foreign body reactions,

although it is one of the most biocompatible sub-

stances [5]. CVCs interact with proteins and cells in

the circulatory system and form an adherent biological

material. When microorganisms settle on this material,

it is called a biofilm layer [6]. Studies using quite sen-

sitive techniques, including electron microscopy have

reported the incidence of the biofilm layers at rates

ranging from 36% to 100% in removed catheters of

HD patients [7-9]. Thus, there is an increasing number

of attempts to make polyurethane catheters more com-

patible and lead to less bacterial colonization [10]. 

      Cardiovascular diseases (CVDs) are the most fre-

quent cause of mortality in patients under RRT [11].

The two of the most critical factors for CVDs are ox-

idative stress (OS), and systemic inflammation (SI).

The HD procedure and kidney disease itself are trig-

gers of OS and SI [12, 13]. On the other hand, in HD

patients, smoking, serum uric acid levels, fluid over-

load, dialyzer type, dialysate purity, anemia, intra-

venous iron, and diabetes have also been associated

with OS and SI [14]. However, this foreign substance

in the vessel may be contributing to morbidity and

mortality via triggering OS and SI as a potential

biofilm carrier without any signs of infection. 

      This study aimed to determine the OS and SI status

in patients with tunneled-cuffed CVCs (TC-CVCs) as

HD VA without clinical signs and symptoms of infec-

tion comparing patients with AVF. 

METHODS

Participants and Study Design 

      The study is composed of eighty-five patients with

a minimum HD vintage of one-year. Informed consent

was obtained from all patients. Patients with a history

of infection or a cardiovascular event within six

months were excluded. Patients with a history of ma-

lignancy, systemic inflammatory diseases, and malnu-

trition also excluded. Patients with AVGs, tunneled

femoral or temporary catheters, patients treated with

high-flux dialyzers or anticoagulated with citrate or

low molecular weight heparin, and patients with

catheters locked with antibiotics were also excluded

for standardization (Fig. 1). Patients undergoing he-

modialysis with TC-CVC were those with unfunc-

tional AVF/AVG (68.2 %) and those who choose

catheter use because of renal transplantation plan from

a living donor in the near future (31.8 %). 

      All of the patients were under a standard HD pro-

cedure via AVF or polyurethane TC-CVC, thrice-

weekly (12 hours/week), using bicarbonate-containing

dialysate and low-flux polysulfone membrane. All pa-

tients were anticoagulated with heparin. The blood

flow rate ranged from 300 to 350 mL/min, and the

dialysate flow rate was 500 mL/min. All tunneled-

cuffed CVCs locked with heparinized saline after HD. 

      The average of ultrafiltration rate within the last

month, cumulative intravenous iron and erythro-

poiesis-stimulating agent (ESA) doses applied within

the last six months were calculated. Doses of darbe-

poetin were converted to equivalent doses of epoetin

for standardization [15]. Patients with >100 ml/day

urine output were considered to have a residual renal

function (RRF) [16]. 

Blood Specimen Collection 

      Blood specimens were collected at the initiation

of a mid-week session. Specimens were allowed to

clot at room temperature for 30 minutes. Clot removed

by centrifuging samples at 3500 rpm for 10 minutes.

The serum immediately transferred into a polypropy-

lene tube and stored at -80oC. 

Materials and Measurements 

      The thiol measurements, OS indices, and inflam-

matory parameters were measured from freshly col-

lected serum. Laboratory parameters (within three

months for intact parathormone and two weeks for

others) and demographic features were recorded from

patients’ files. 

      Single pool Kt/V calculated by Daugirdas' second-

generation formula. Urea reduction ratio (URR) cal-

culated by taking the difference between pre- and

post-dialysis urea levels and divided by predialysis

urea levels. 

Biochemical study 

      Thiol/disulfide homeostasis measured using a

novel automatic spectrophotometric method (Rel

Assay Diagnostics, Turkey) [17]. Total oxidant status

(TOS) and total antioxidant status (TAS) levels were

measured using commercially available kits (Rel
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Assay Diagnostics, Turkey) [18]. The ratio of TOS to

TAS accepted as the OS index (OSI). For calculation,

the unit of TAS converted to µmol/L, and the OSI cal-

culated according to the following formula: OSI (ar-

bitrary unit) = TOS (µmol H2O2 equivalent/L) / TAS

(µmol Trolox equivalent/L). For regression analysis,

cases with a TOS > 5 µmol H2O2 equivalent/L were

grouped as elevated score according to the manufac-

turer's recommendation. 

      Serum hs-CRP levels determined by a nephelo-

metric technique using BNII/BN Pro-Spec (Siemens,

Marburg, Germany); serum IL-6 levels determined by

chemiluminescence immunoassay technique using Im-

mulite 2000 (Siemens Diagnostics, Gwynedd, UK). 

Ethical statements 

      The institute's committee (Kırıkkale University

Clinical Research Ethics Committee) has approved the

study protocol on human research (Decision No:

14/03, dated 27.6.2019). 

Statistical Analysis 

      Data were expressed as mean ± standard deviation

or medians with ranges. For data normally distributed;

Student’s t-test is used for comparison between two

groups. Inflammatory markers were non-normal dis-

tributed, and the Kruskal-Wallis test performed. A p-

value of less than 0.05 was considered statistically

significant. All statistical analyses were performed

using the Statistical Package for Social Science (SPSS,

Chicago, IL, USA) for personal computers, version

21.0.
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RESULTS

Baseline characteristics 

      Demographic features, frequencies of comorbid

diseases, frequency of smokers, laboratory parameters,

HD adequacy indices, mean ultrafiltration rates, and

cumulative doses of iron and ESAs were similar be-

tween groups. The frequency of patients with the RRF

was higher in the TC-CVC group (Table 1). 

Oxidative stress measurements 

      Mean TT and DS levels were significantly lower

in the AVF group comparing the TC-CVC group (Fig.

2). The mean NT/TT ratio was significantly higher,

and the mean DS/TT ratio was significantly lower in

the AVF group comparing the TC-CVC group (Table

2, Fig. 3). 

      Mean TOS levels were significantly lower in the

AVF group comparing the TC-CVC group. Mean TAS

levels were similar between groups. Mean OSI was

significantly lower in the AVF group comparing TC-

CVC group (Table 2, Figs. 3 and 4). 
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Inflammatory markers 

      Median hs-CRP levels and median IL-6 levels

were significantly lower in the AVF group comparing

the TC-CVC group (Table 2, Fig. 4). 

Logistic regression analysis of risk factors for ele-

vated total oxidative status 

      When corrected for all possible risk factors, TC-

CVC significantly increases the risk of elevated TOS

scores [OR: 6.90 (min: 1.09 – max: 43.6), p = 0.04]

(Table 3).

DISCUSSION

      CVCs are recommended to be the last choice for
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Fig. 2. Thiol measurements of the groups. AVF = Arteriovenous fistula, TC-CVC = Tunneled cuffed central venous catheter.
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HD VA by current guidelines. This approach is due to

the observed higher mortality in patients with CVCs

[1-3, 19, 20]. Most of these studies have not reported

the causes of death. A recent well-designed study re-

vealed a discordance in mortality rates and reported

acute catheter complications [21]. 

      Following the placement of the CVC, a layer of

macromolecules, cells, and fibrinogen are rapidly de-

posited on the surface [6]. Microbial contamination of

the layer can be as short as 24 hours. Intraluminal col-

onization, in particular, is reported to be detected in

49-75% of patients with chronic HD catheters [9].

Bacteriae adhered to the biofilm produces an extracel-

lular matrix that facilitates the adhesion of other

pathogens and forms resistance to antibiotics and the

host immune system [22]. The planktonic bacteriae

can spread in circulation and cause bloodstream infec-

tions. However, there are emerging suspicions that this

biofilm layer can also lead to OS and a silent SI [23]. 

      OS is a risk factor for cardiovascular mortality
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preferentially via oxidation of low-density lipoprotein

in endothelium forming plaques [24]. SI is also a

plaque trigger and a risk factor for CVDs [25]. The in-

creased OS and SI have also been demonstrated in HD

patients and associated with CVDs [26]. In our study,

considering the proven OS factors in HD patients, we

investigated the relationship between the presence of

TC-CVC and the relationship between OS and SI

using novel and sensitive markers. 

      Reactive oxygen species results in oxidation be-

tween two electrons or redox modification of radical-

based amino acid residues. In this redox reaction, the

–SH groups of organosulfur compounds (thiols) such

as cysteine oxidized and form a disulfide [27]. Thus,

the dynamic thiol/disulfide homeostasis moves to-

wards the disulfide form, which is the first sign of rad-

ical-mediated protein oxidation. This shift is the

reflection of increased OS. Together with thiol-disul-

fide equilibrium, TAS and TOS measurements were

made, and the OSI was calculated. Hs-CRP and IL-6

levels were used to determine SI. 

      The TC-CVC group had higher TT levels and DS

levels, and more importantly, had lower NT/TT ratios

that reflect superior antioxidant capability and higher

DT/TT ratios that reflect oxidant stress. TOS levels

and calculated OSI were also significantly higher in

the TC-CVC group comparing the AVF group. On the

other hand, the TC-CVC group had significantly

higher hs-CRP and IL-6 levels. 

      The study revealed a clear difference between

AVF and TC-CVC groups in terms of SI, consonant

to the literature [28]. Furthermore, this is the first study

to demonstrate the relationship between TC-CVC and

OS with novel sensitive markers. All possible factors

that may interact with these parameters such as, dia-

betes prevalence, vascular diseases, smoking, iron, and

ESA therapies were similar between the groups. Also,

TC-CVC was found to be an independent risk factor

for elevated TOS. Moreover, patients who had an in-

fectious disease and had any vascular event within the

last six months were excluded from the study. 

      A meta-analysis composed of 62 studies reported

that the proportion of access-related fatal infections in

available studies was not precise, and in one study,

only 23% of all infection-related hospitalizations were

caused by access infection, suggesting that infections

do not entirely explain the increased mortality associ-

ated with access types. In this meta-analysis, patients

with CVCs had higher risks for all-cause mortality and

cardiovascular events [29]. In a study of 4854 patients,

AVF use 90 days after dialysis initiation was found to

be associated with lower cardiovascular mortality

compared with CVC use. The authors hypothesized

that the biofilm in synthetic CVCs might increase the

risk of CVD in HD patients via systemic inflammation

[30]. 
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      Clinicians should bear in mind that OS and SI fur-

ther increased by the use of TC-CVC may be a cause

of worsening cardiovascular outcomes in HD patients.

AVGs should be applied when AVF is not possible due

to the patient's vascular structure. However, it should

be remembered that peritoneal dialysis (PD) is an

equivalent method applicable in almost all patients.

PD should be introduced to every dialysis patient and

encouraged to be used more frequently. For a small

number of patients with no AVF or AVG chance and

contraindications for PD, more biocompatible, less

biofilm-producing CVCs with added antimicrobial

properties may be used. 

CONCLUSION

      In HD patients, TC-CVCs inversely affect OS and

SI status, presumably due to foreign body reactions

and biofilm layers. However, VA through AVF is as-

sociated with a less oxidant state, and it is practically

predictable that these more favorable effects will have

ameliorating effects on adverse cardiovascular out-

comes in these patients.
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Comparison of ultrasonography-guided pectoral nerve block
with patient-controlled analgesia for breast surgery patients
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ABSTRACT
Objectives: Pectoral nerve block is an effective method that can be applied for analgesic purposes in breast
surgery. In this prospective study we aimed to compare the postoperative analgesic efficacy of pectoral nerve
block for postoperative analgesia and patient-controlled analgesia (PCA) for patients undergoing breast surgery
in terms of the incidence of nausea and vomiting. 
Methods: The study included 93 patients who underwent ASA I-II anesthesia and breast surgery. Group 1 was
PCA group, group 2 was PECS (Pectoral Nerves) block group. PECS block was administered as PECS-1 and
PECS-2 block under the guidance of ultrasonography. Patients investigated in the study had postoperative
monitoring forms examined for vital signs and visual analog scale (VAS) scores in the 1st, 6th and 24th hours. 
Results: When the pectoral nerve block with bupivacaine under ultrasound guidance was compared with PCA
device, there were significant reductions in VAS score at 24 hours.(1.53 vs 4.27, 1.10 vs 3.27 and 0.90 vs 1.93,
respectively; p = 0.0001). Although there was no significant difference in terms of vomiting, there was a
difference in favor of pectoral nerve block especially at the postoperative 6th hour in terms of nausea. 
Conclusions: Pectoral nerve block can be used in the patients undergoing breast surgery due to the lower
visual analog score and nausea incidence in the postoperative period.
Keywords: Breast surgery, pectoral nerve block, ultrasonography, patient-controlled analgesia

Breast cancer is the most common cancer type
among women. In the United States of America,

1 out of every 8 women will be diagnosed with breast
cancer [1]. All breast surgeries, led by modified radical
mastectomy, are limited by severe acute postoperative
pain and painful shoulder movements [2]. 
      Thoracic paravertebral block is the most com-
monly used block to ensure analgesia among patients
operated for breast cancer. However, patients admin-
istered thoracic paravertebral block feel pain after sur-
gery in both the axilla and upper extremities. This is
because this block does not effectively block the me-
dial and lateral pectoral nerves [3-10]. Pectoral nerve

block enters the scenario to solve these problems. Pec-
toral nerve block administers local anesthetic between
the muscles of the anterior wall of the chest; the pec-
toralis major, pectoralis minor and serratus anterior
muscles; and provides very effective analgesia for
breast surgery. 
      In the postoperative period vomiting may cause
many unwanted results such as fluid electrolyte loss,
aspiration of vomited material in the airway, straining
of suture lines and increased intraocular and intraab-
dominal pressure [11]. All of these results disrupt the
patient’s comfort and may increase the duration of
hospital stay and involve serious costs. After these sur-
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geries the use of high-dose opioids for analgesic pur-
poses increases the incidence of nausea and vomiting.
When pectoral nerve block is correctly administered,
it reduces opioid requirements to a minimum due to
strong analgesic effect and reduces the incidence of
nausea-vomiting. In this prospective study we aimed
to compare the postoperative analgesic efficacy of
pectoral nerve block for postoperative analgesia and
patient-controlled analgesia (PCA) for patients under-
going breast surgery in terms of the incidence of nau-
sea and vomiting. 

METHODS

      After this study received permission from Univer-
sity of Health Sciences, Bakırköy Dr. Sadi Konuk
Traning and Research Hospital Local Ethics Commit-
tee numbered 2016-02-06, the records of a total of 93
patients who underwent modified radical mastectomy
with general anesthesia at Bakırköy Dr. Sadi Konuk
Education and Research Hospital General Surgery
Clinic from 01.03.2016 to 01.07.2016 were investi-
gated. After the approval of the ethics committee, the
study was applied prospectively. The patients investi-
gated had general 3 anesthesia induction with fentanyl
2 mcg/kg (according to ideal body weight [IBW]) and
propofol 2-3 mg/kg with muscle relaxant of rocuro-
nium 0.6 mg/kg (according to true body weight
[TBW]). Anesthesia maintenance used 40% O2 + 60%
air with 2% sevoflurane and remifentanil (0.1-0.3
mcg/kg/min) infusion. All patients were administered
1 g paracetamol + 100 mg tramadol and 8 mg on-
dansetron before the start of the surgical procedure. 
      We included ASA I and II female patients between
the ages of 18 and 65 years undergoing modified rad-
ical mastectomy for carcinoma breast after obtaining
of participants. Patients with local anesthetic allergy,
locally advanced breast malignancies with skin ulcer-
ation or infiltration of chest wall, patients on antico-
agulants, bleeding dyscrasias and anormaly liver
function tests were excluded from the study. 
      Accidental numbers were produced in order to
prevent selection bias. Group 1 was PCA group, group
2 was PECS group. Random numbers made MedCalc
18.2.1. Breast surgery team consists of 3 surgical spe-
cialists and 1 anesthesiologist. Patients who underwent
only radical mastectomy were included in this study. 

      The pectoral nerve block was performed both as
PECS-1 and PECS-2 blocks between the 3rd and 4th in-
tercostal spaces, in the midclavicular line, accompa-
nied by ultrasonography. It was performed before
incision, after intubation. For PECS-1 block, 10 ml of
0.25% bupivacaine was administered between the pec-
toralis major and pectoralis minor muscles. For PECS-
2 block, in the same plane, 20 ml 0.25% bupivacaine
was administered between the serratus anterior and
pectoralis minor muscles. A LOGIQE GE Healthcare
brand (GE Medical Systems, Phoenix – USA) USG
device and USG probe (12 MHz, Linear) were used
with a Pajunk brand 50 mm blunt-tipped peripheral
nerve block needle (Stimuplex A®B. Braun 82 Mel-
sungen AG, JAPAN). 
      Patients using a patient-controlled analgesia
(PCA) device for postoperative analgesia had the de-
vice set up after extubation at the end of the operation
with IV. The medication solution used in the PCA de-
vice is standard for our clinic and is set with tramadol
300 mg/100 ml, bolus 5 mg, lock time 15 minutes and
basal infusion 10 mg/hour. When the VAS score was
above 4, 0,1 mg/kg of morphine IV was administered. 
      Patients investigated in the study had postopera-
tive monitoring forms examined for vital signs [sys-
tolic arterial pressure (SAP), diastolic arterial pressure
(DAP), mean arterial pressure (MAP)], vomiting pres-
ence/absence, nouse presence/absence and visual ana-
log scale 4 (VAS) scores in the 1st, 6th and 24th hours.
Clinical nurses were evaluated for nausea and vomit-
ing and the presence / absence of nausea and vomiting
was recorded. VAS scores of the patients were evalu-
ated by the anesthesiologist and the checked by the au-
thors. PCA use of the patients was evaluated by the
anesthesiologist. 

Statistical Analysis 
      Statistical analysis of data used the SSPS 23 pro-
gram. Normal distribution of data was tested with the
Kolmogorov-Smirnov test. Mean, standard deviation,
median, minimum and maximum values were used for
descriptive statistics. Frequency and percentage values
were calculated for categorical variables. The Mann
Whitney U test was used to compared to groups with
non-normal distribution, while the chi-square or Fisher
exact probability test was used to compare categorical
variables. The Cochran Q test and the Friedman test
for variation over time was used. P < 0.05 was ac-

137 The European Research Journal   Volume 7   Issue 2   March 2021



Eur Res J 2021;7(2):136-141 Serçe and Kucur Tülübaş

cepted as statistically significant. For the analysis re-
sults with 80% power and moderate effect levels, the
necessary sample number for each group was identi-
fied as 30, for a total of 60 people (PECS and PCA
groups). Power analysis used the PASS 15 (Power
Analysis and Sample Size Software, 2017) program.

RESULTS

      The study included 93 patients operated modified
radical mastectomy the General Surgery Clinic of
Bakırköy Dr. Sadi Konuk Education and Research
Hospital. The 93 patients determined by screening
were all women. Five patients in ASA III risk group
and 5 patients above the age of 65 years were excluded
from the study. Our prostective study investigated the
pectoral nerve block (PECS) and patient-controlled
analgesia (PCA) methods for postoperative analgesia
in terms of analgesic efficacy and postoperative nau-
sea-vomiting. Of the 43 patients with pectoral nerve
block administered, 10 had insufficient monitoring
and 3 patients were transferred to the intensive care
unit and were excluded from the study. Of the 40 pa-
tients with patient-controlled analgesia device, 6 pa-
tients had the device removed due to severe nausea
and vomiting in the early postoperative period, and 4
had insufficient postoperative monitoring and were ex-
cluded from the study. Finally, patient data of 30 cases
in the PECS group and 30 cases in the PCA group for
a total of 60 patients were investigated statistically. 
      The mean age in the PCA group was 48 years,

while it was 53 years in the PECS group. The PCA
comprised 11 patients in ASA I and 19 patients in ASA
II. The PECS group comprised 8 patients in ASA I and
22 patients in ASA II. There was a statistically signif-
icant difference identified between the groups in terms
of mean SAP in the 1st hour (p < 0.05). In the PCA
group the systolic blood pressure in the 1st hour was
significantly higher compared to the PECS group.
There was no statistically significant difference be-
tween the groups for mean SAP in the 6th and 24th

hours (p > 0.05). There was no statistically significant
difference identified between the groups in terms of
mean DAP in the 1st, 6th and 24th hours (p > 0.05)
(Table 1). 
      PCA group received 30 mg of the first hour, 110
mg at 6 hours and 315 mg of tramadol at 24 hours. 
      There was no significant difference identified be-
tween the nausea rates in the block and PCA groups
in the 1st hour (p = 1.000). The nausea rates all patients
were similar in the first hour. In the 6th hour there was
no nausea among the block patients. Among 30 pa-
tients with PCA, 18 (60% of patients) had nausea.
When examined in terms of nausea in the 6th hour,
pectoral nerve block effectively prevented nausea after
breast surgery. PCA administration was understood to
be deficient in this regard. There was no nausea in both
the PECS group and PCA group in the 24th hour. P
value could not be calculated as there was no patient
with nausea in either group (Table 2). There was no
significant difference identified between the PECS and
PCA groups in terms of vomiting in the 1st hour (p =
1.000). The vomiting rates in the patient and PCA
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groups were similar in the 1st hour. There was no vom-
iting in the PECS and PCA groups in the 6th and 24th

hours. As a result p values could not be calculated. Ac-
cording to analysis to identify differences in the VAS
scores for the PECS and PCA groups in the 1st, 6th and
24th hours, there were significant differences identified
in the 1st hour (p = 0.0001), 6th hour (p = 0.0001) and
24th hour (p = 0.0001). For all measurements the PECS
group were observed to have lower VAS scores (Table
2).

DISCUSSION

      In the present study, when the PECS and PCA
were compared, the VAS score in the PECS group was
statistically significantly lower at the 1st, 6th and 24th
hours. In this case, the use of PECS for postoperative
analgesia seems to be effective. Another result is that
the nausea is significantly higher in the PCA group
than the PECS group at the 6th hour. There 6 was no
significant difference in term of vomiting in the 1 st,
6th and 24th hours between the groups. 
      Postoperative pain is an acute pain beginning with
surgical trauma, and ideally will gradually reduce to
end with wound healing. If postoperative pain is not

treated, it may cause serious systemic side effects like
atelectasis, hypoxemia and pneumonia in the pul-
monary system; tachycardia, mainly, along with car-
diac arrhythmia, hypertension, myocardial ischemia
and thromboembolic events in the cardiovascular sys-
tem; gastric stasis, paralytic ileus, nausea and vomiting
in the gastrointestinal system; urinary retention in the
genitourinary system; increased catabolism and hyper-
glycemia in the endocrine system; immunosuppres-
sion and tendency for infections in the immune
system; delayed wound healing and muscle spasms
[12-14]. The occurrence of these negative effects of
postoperative pain mentioned above have led to ap-
proaches to postoperative pain treatment becoming
important in anesthesia practice. 
      However, in spite of the latest developments in
analgesia administration methods and production of
analgesic mediations with new pharmacokinetic pro-
files, current evidence shows that postoperative pain
is not sufficiently treated [13]. 
      Together with a variety of conservative methods
for analgesia management for breast cancer opera-
tions, thoracic paravertebral block used to be ensure
analgesia. However, as thoracic paravertebral block
does not effectively block the medial and lateral pec-
toral nerves, its use for analgesic aims in breast sur-
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gery is limited. Additionally, thoracic paravertebral
block administration includes the risk of serious pneu-
mothorax, spinal cord trauma, sympathetic block and
linked hypotension [3-8]. Due to these complications
and insufficient analgesic power, paravertebral block
administration is avoided. Pectoral nerve block began
as an alternative. 
      Similar to the present study, the study by
Bashandy et al. [14], in which PECS block was com-
pared with the PCA group, it was reported that, in the
post-anesthesia care unit, nausea and vomiting as well
as sedation scores were lower in the PECS group when
compared to the control group and the VAS score sig-
nificantly decreased in the PECS group. In addition,
the combined Pecs I and II block is a simple, easy-to-
learn technique that produces good analgesia for rad-
ical breast surgery. Unfortunately, even if nausea and
vomiting decreased in the PECS group also in the
present study, not to evaluate them with PONV, which
is more specific, remains as a limitation in this study. 
In another publication, Neeth et al. [17] compared
PECS block with general anesthesia and reported that
PECS block reduced the need for postoperative anal-
gesia and led to a decrease in the VAS score. However,
unlike the present study, they did not find any differ-
ence in terms of nausea and vomiting in the postoper-
ative evaluation performed with PONV. Another study
that supports the results obtained in this study and re-
ported no difference in nausea and vomiting, but re-
ported a decrease in VAS value, is the study by
Morioka et al. [16]. In the present study, however, nau-
sea was significantly higher in the PCA group at 6th
hour. Kulhari et al. [17] compared the PECS block
with thoracic vertebral block. Although it does not
have the same characteristics with the present study,
given the evaluation in terms of PONV, the vomit and
nausea incidence was found to be low in both groups
for block suitability and the decrease in the use of opi-
oids was seen to be directly associated with the low
incidence of vomit and nausea. 
      Contrary to the results obtained in the present
study, Cros et al. [18] reported that PECS I was not
better than a saline placebo in the presence of multi-
modal analgesia for breast cancer surgery in the breast
surgery group that underwent only in the PEC 1 block.
However, in addition to PECS 1 block, PEC 2 block
was also implemented in the patient group in the pres-
ent study. Since the PECS 1 block is insufficient in

mastectomies where axillary dissection is imple-
mented alone, the block of thoracicus longus nerve
was described as the added PECS 2 block [19, 20]. 

Limitations
      There are some limitations when evaluating these
results. The most important of these is that the results
are not prospective. In others, however, we did not
measure the total amount of tramadol consumed by
patients in PCA, we should have used PONV score for
vomiting and nausea. The high systolic arterial pres-
sure in the PCA group at the first hour depended on
the VAS score being above 4. In this case, we could
not give enough analgesia within 1 hour. Therefore,
we administered the rescue dose.

CONCLUSION

      In conclusion, we believe pectoral nerve block
within a multimodal approach especially using USG
guidance provides reliable and effective postoperative
analgesia for patients undergoing breast surgery. 
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ABSTRACT
Objectives: Surgeries can trigger stress responses including metabolic and hormonal changes. It is important
to suppress stress response during surgery. We compared the effects of isoflurane and sevoflurane on surgical
stress in intracranial tumor surgery. 
Methods: Thirty ASA physical status I, II, III patients, scheduled for elective craniotomies, were enrolled in
this prospective, randomized study. Anesthesia was induced with sodium thiopental fentanyl and vecuronium
bromide and maintained with a 50% oxygen-air mixture along with isoflurane or sevoflurane. Venous blood
was sampled to measure cortisol, ACTH and prolactin levels 24 hours before surgery, 1 min before anesthesia
induction, during tumor removal, 1 min after extubation, at 3, 6, 12, 24, 48 hours. 
Results: There was no statistically significant difference between two groups regarding demographic
characteristics of patients. In group I, ACTH levels were significantly higher 1 min after extubation, at 3 and
6 hours. In Group S, significant increases were observed during tumor removal, 1 min after extubation, at 3
and 6 hours. Cortisol levels were significantly higher in both group after tumor removal, 1 min after extubation,
at 3, 6, 12 and 24 hours. Prolactin levels were significantly higher in Group I during tumor removal, after
extubation, at 3 and 6 hours. In group S, significant increase in prolactin level was observed only during tumor
removal and 1 min after extubation. There were no significant differences in ACTH, cortisol and prolactin
values between the two groups. 
Conclusions: Using isoflurane or sevoflurane for anesthesia during intracranial tumor surgery are not superior
to each other regarding hemodynamic and hormonal stress response.
Keywords: surgical stress, isoflurane, sevoflurane, catecholamines, ACTH, cortisol

General anesthetic agents, opioids, local anesthet-
ics and various regional anesthesia techniques

have been tried to suppress the excessive stress re-
sponse which may be caused by surgical intervention
[1, 2]. One of the important aims of the search for new
anesthetic agents is to find the ideal anesthetic agent
that suppresses stress response and limits the neuroen-

docrine, inflammatory and immune response [3]. It is
stated that an anesthetic agent with these properties
may contribute to the improvement of the postopera-
tive period and the shortening of hospital stay [3]. 
      The potent volatile anesthetics all induce myocar-
dial depression with dose-dependent reductions in
blood pressure and cardiac output, although the mech-
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anisms for decline in blood pressure and the degree of
myocardial depression [4]. 
      Isoflurane is suppress the excessive stress response
mechanisms include metabolic suppression, inhibition
of sympathetic activity, reduction of glutamate recep-
tors which are prevent calcium flow and suppression
of excitotoxicity of calcium cascade [5]. Isoflurane
and sevoflurane have primary vasodilatory properties,
thereby reducing systemic vascular resistance with rel-
atively little initial effect on cardiac inotropy [4]. 
      Most elective neurosurgical interventions are per-
formed because of intracranial mass lesions. Although
pathological reasons for these lesions are different,
anesthesia applications are similar [6]. 
      In this study, we aimed to assess the effects of
isoflurane and sevoflurane on hemodynamics and hor-
monal responses to elective intracranial tumor surgery.
The secondary objective was the investigate suppres-
sion of the adrenergic response by monitoring hemo-
dynamic parameters: systolic and diastolic arterial
pressure and heart rate. 

METHODS

      After the approval of the Ethics Committee of
Uludag University School of Medicine (Decision
number: 04.04.2003-2783); thirty American Society
of Anesthesiologists (ASA) classification I-II-III, pa-
tients were enrolled, for an intracranial intracranial
tumor surgery under elective conditions. Written in-
formed consents were obtained from all patients. 
      The exclusion criteria were as follows: Patients
who were previously had an operation for the same
tumor, whom had pituitary adenomas, have allergies
to anesthetic drugs, developed an air embolism during
the operation, were taken into the surgery within 48
hours after the operation and pregnancy. 
      The patients were randomly divided into two
groups. Isoflurane (Group I; n = 15) and sevoflurane
(Group S; n = 15) group by sealed envelope (Fig. 1).
Prior to induction arterial catheter was inserted for
continuous blood pressure monitoring and blood sam-
pling. Three-lead electrocardiogram (ECG), peripheral
oxygen saturation (SpO2), the end-tidal concentrations
of the volatile anesthetics and the ETCO2 were moni-
tored continuously. 
      Before the induction of anesthesia, 1 mg. kg-1 li-

docaine was given intravenously to reduce hemody-
namic response to the intubation. All patients were in-
duced with sodium thiopental according to ideal body
weight (3-5 mg. kg-1), fentanyl (2 μg. kg-1) and vecuro-
nium bromide (0.1 mg. kg-1). In the maintenance, the
volatile anaesthetic (0.8-1.2 MAC) was given in a
mixture of 50% oxygen-air according to the study
group. Ventilation was controlled mechanically in
order to achieve an end-tidal CO2 between 30-35
mmHg. 
      Each patient was treated with fentanyl 2μg. kg-1 5
min prior to placement of the skull clamp. The vecuro-
nium bromide (0.02 mg. kg-1) was administered as the
neuromuscular blocking drug according to train -of -
four monitoring. Hemodynamic response of at least
one minute in duration were defined as hypertension
(mean arterial pressure > 20% from the baseline meas-
urement), tachycardia (heart rate > 20% from the base
line measurement), and bradycardia (heart rate <
45/minute). Hypertension and tachycardia were
treated with bolus fentanyl (1μg. kg-1 ) as arescue drug
to prevent pain and increased hemodynamic response.
Hypotension was treated fluid bolus. Hypotension un-
responsive to a fluid bolus was treated by ephedrine
sulfate 5-10 mg intravenous bolus injection. For
bradycardia, anticholinergic drugs were administered.
After the operation, patients were extubated and trans-
ferred to Neurosurgical Intensive Care Unit.Pain re-
quiring rescue medication (Visual Analog Scale above
5) were treated with non-steroidal anti-inflammatory
agent. 
      Hemodynamic data were monitored throughout
the operation. Heart rate (HR), systolic arterial pres-
sure (SAP), diastolic arterial pressure (DAP) and mean
arterial pressure (MAP) were recorded in 12 different
times: one minute before anesthesia induction (T1),
one minute after intubation (T2), during skull clamp-
ing (T3), skin incision (T4), craniotomy (T5), dura in-
cision (T6), tumor removal (T7), dural closure (T8),
bone closure (T9), skin closure (T10), one minute be-
fore extubation (T11) and one minute after extubation
(T12). Peripheral blood samples were collected 24
hours before surgery (P1), one min before anesthesia
induction (P2), during tumor removal (P3), one minute
after extubation (P4), at 3 hours (P5), at 6 hours (P6),
at 12 hours (P7), at 24 hours (P8), and at 48 hours (P9)
(Fig. 1). 
      Five cc peripheral blood samples were taken and
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placed into 2.5 cc. dry tubes and 2.5 cc. citrated tubes.
Samples were centrifuged at 5000 rpm for 10 minutes
and separated from their shaped components as
plasma and serum. Plasma and serum samples were
taken with an automatic pipette and placed in separate
plastic ependymoma tubes and coded. It was frozen at
– 500 oC for further processing. 
      After all samples were collected, serum samples
were brought to room temperature to measure Pro-
lactin, Cortisol and ACTH levels. The measurements
were made at the Uludag University School of Medi-
cine Central Laboratory. For ACTH measurements,
IMMULITE®ACTH (Siemens, Germany) measure-
ment kit was used. Quantitative ACTH measurements
were performed on plasma samples with this kit. The
ADVIA®CentaurTM (Siemens, Germany) system was
used to measure the prolactin levels. In this system,
prolactin levels in serum samples were detected by
two-stage immuno analysis technique. For cortisol

measurement, COAT-A-COUNT® (Siemens, Ger-
many) Cortizol measurement kit was used. Using this
kit, radioimmune analysis technique was used for the
quantitative determination of cortisol level in serum.
COAT-A-COUNT®Cortisol measurement kit is 98%
sensitive and highly specific. 

Statistical Analysis 

      A power analysis was performed prior to the study.
According to the power analysis 15 patient per group
should be enrolled to detect at least 20% difference in
MAP measurement among the groups. The 𝛼 error was
set a 0.05 and the type II error was set at 0.20. All data
was coded and evaluated on a computer and statistical
analyzes were obtained from the SPSS for Windows
Version 22.0 Statistics module. Continuous values
were presented in the form of mean and standard de-
viation or median (minimum - maximum). Categorical
data were presented as frequency (n, %). The normal
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Fig. 1. Flow diagram and peripheral blood samples. P = period, min = minute, I = isoflurane, S = sevoflurane
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distribution of continuous data was primarily tested
using the Kolmogorov-Smirnov test. Kruskal-Wallis
test was used for comparisons not normal distribution.
Bonferroni test was used for pairwise comparisons
when their significance. Pearson chi- square test was
used to compare the ratios in the groups. The t-test was
used to compare group ratios and the Mann-Whitney
U test was used to compare group percent changes.
The measurement averages over time in the drug
groups were compared with the Variance Analysis in
Repeated Measurements. The significance of the
changes over time was investigated by paired t-test
and Wilcoxon rank sum tests. In all statistical ana-
lyzes, p < 0.05 significance level was accepted. 

RESULTS

      There was no significant difference between two
groups in terms of age, sex, weight, height. Duration
of operation in isoflurane group was 352.6 ± 92 min-
utes and operation time in sevoflurane group was
300.0 ± 87.6 minutes. There was no significant differ-
ences in operation time between two groups (p =
0.642) (Table 1). 
      There was no significant differences regarding
MAP between the two groups. However, in within
groups comparison, MAP were statistically lower one
minute after intubation, during skin incision, cran-
iotomy, dural incision, tumor removal, dural closure,
bone closure and skin closure (p - values are p < 0.05,
p < 0.01, p < 0.01, p < 0.01, p < 0.01, p < 0.01, p <
0.01, p < 0.01) (Fig. 2). 
      Heart rates were significantly lower one minute
after intubation, during skin incision, craniotomy,
dural incision, tumor removal, dural closure, and skin

closure. (p - values are p < 0.05, p < 0.01, p < 0.01, p
< 0.01, p < 0.01, p < 0.01, p < 0.01, p < 0.05) (Fig. 3). 
      ACTH levels were significantly increased one
minute after extubation, at 3 and 6 hours in group I (p
< 0.01). In Group S, significant increases were ob-
served during tumor removal, one minute after extu-
bation, at 3 and 6 hours. (p < 0.05, p < 0.01, p < 0.01,
p < 0.01) (Fig. 4). 
      Cortisol levels were significantly higher in both
groups during tumor removal, one minute after extu-
bation, at 3, 6, 12 and 24 hours. (Group I: p < 0.01, p
< 0.01, p < 0.01, p < 0.01, p < 0.01, p < 0.01; Group
S: p < 0.01, p < 0.01, p < 0.01, p < 0.01, p < 0.01, p <
0.05) (Fig. 5). 
      Prolactin levels significantly increased in Group I
during tumor removal, one minute after extubation, at
3 and 6 hours. (p < 0.01, p < 0.01, p <0.05, p < 0.05).
In group S, significant increases in prolactin level were
observed only during tumor removal and one minute
after extubation (p < 0.01, p < 0.01) (Fig. 6). No sig-
nificant differences were found between the two
groups in ACTH, cortisol and prolactin levels. 

DISCUSSION

      It has been reported that response to surgical
stress, increased metabolism, catabolism, and other
physiological changes predispose to severe post-oper-
ative complications such as myocardial infarction, pul-
monary infection, thromboembolism [7]. Suppression
of surgical stress responses can lead to shorter healing
duration, shorter hospitalization duration after the sur-
gery and reduce the hospital costs especially for pa-
tients with malnutrition, suppressed immune system,
elderly patients and ASA III-IV patients. For these rea-
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Fig. 3. Heart rate (HR) (mean±SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods: T1 = one minute

before induction, T2 = one minute after intubation, T3 = during skull clamping, T4 = skin insicion, T5 = craniotomy, T6 =

dural incision, T7 = tumor removal, T8= dural closure, T9= bone closure, T10 = skin closure, T11 = one minute before extu-

bation, T12 = one minute after extubation. 

 Fig. 2. Mean arterial pressure (MAP) (mean ± SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods:

T1 = one minute before induction, T2 = one minute after intubation, T3 = during skull clamping, T4 = skin insicion, T5 =

craniotomy, T6 = dural incision, T7 = tumor removal, T8= dural closure, T9= bone closure, T10 = skin closure, T11 = one

minute before extubation, T12 = one minute after extubation. 
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 Fig. 4. ACTH levels (mean ± SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods: P1 = 24 hours before

surgery, P2 = one minute before induction, P3 = during tumor removal, P4 = one minute after extubation, P5 = at 3 hours,

P6 = at 6 hour, P12 = at 12 hours, P24 = at 24 hours. P48 = at 48 hours.

 
Fig. 5. Cortizol levels (mean±SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods: P1 = 24 hours before

surgery, P2 = one minute before induction, P3 = during tumor removal, P4 = one minute after extubation, P5 = at 3 hours,

P6 = at 6 hour, P12 = at 12 hours, P24 = at 24 hours. P48 = at 48 hours.
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sons, suppression of stress responses has critical im-
portance [8]. 
      It has been shown that the hypothalamic–pitu-
itary–adrenal axis can be depressed with high dose
opioids during the surgical procedure and the stress re-
sponse can be partially controlled [9-11]. There are
also other studies that show that regional anesthesia
techniques and local anesthetics are successful in sup-
pressing stress response [9, 12-17]. 
      In the post-surgical period, the stress responses
can be controlled with a good pain therapy. It has also
been suggested that β-blocker, 𝛼-2 agonist, Ca+2 chan-
nel blockers may be used to reduce stress hormone se-
cretion and the effects of these hormones on target
organs in some cases [1, 18, 19]. 
      A few experimental studies have investigated the
effects of volatile anesthetic agents such as isoflurane
and sevoflurane on the hormonal and immunological
responses [20, 21]. The effects of usage of isoflurane
and sevoflurane during anesthesia on the hormonal
stress responses which develop as a result of surgical
traumas are still unclear [12]. 
      Sympathetic adrenergic response to surgical stim-
uli clinically manifests itself as hypertension, in-
creased heart rate and body temperature [1]. Opioids
suppress sympathetic adrenergic response [1, 10].
However, intravenous or volatile anesthetic agents

have not been able to suppress this response [22].
Segawa et al. [22] investigated the effects of sevoflu-
rane and isoflurane at different concentrations on
adrenaline and noradrenalin levels in blood during
liver transplantations. The reduction of blood pressure
increase due to surgical stimulation with volatile anes-
thetic agents was reported to be the result of suppres-
sion of the effects of catecholamines on vascular
smooth muscles and myocardium [22]. 
      Ura et al. [23] studied serum noradrenalin levels
in patients who received sevoflurane anesthesia at dif-
ferent concentrations to determine the concentration
of sevoflurane that could prevent the adrenergic re-
sponse to surgical incision and the increase in mean
arterial pressure. 
      Stress hormone levels in blood have been reported
to suddenly increase up to 10 to 100 times of normal
levels due to endotracheal intubation and surgical
stimulation and gradually decrease to baseline levels
within hours or days [24, 25]. Murakawa et al. [26]
investigated the effects of sevoflurane anesthesiaon
serum cortisol levels in gastrointestinal and gynecol-
ogical surgeries. They found that there was no change
in serum cortisol levels after anesthesia induction with
sevoflurane, but cortisol levels increased 2-3 times of
the pre- anesthetic levels during and after surgery [26].
We also found a rapid increase in ACTH, cortisol, and
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Fig. 6. Prolactin levels (mean±SD). Within group *p < 0.05, **p < 0.01. SD = Standard deviation. Periods: P1 = 24 hours

before surgery, P2 = one minute before induction, P3 = during tumor removal, P4 = one minute after extubation, P5 = at 3

hours, P6 = at 6 hour, P12 = at 12 hours, P24 = at 24 hours. P48 = at 48 hours. 
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prolactin levels during surgery, reaching 6-7 times of
pre-anesthetic levels in both groups in our study. 
      Roth-Isigkeit et al. [27] reported that plasma
ACTH and cortisol levels increased during the study
in patients who underwent coronary artery bypass
graft surgery. They found that while ACTH levels de-
creased to baseline levels after 24 to 48 hours postop-
eratively, cortisol levels remained significantly higher
at 72 hours in postoperative period compared to pre-
operative period. In our study, we also found that cor-
tisol levels were significantly higher at the 24th post-
operative hour compared to baseline levels in both
groups. However, ACTH levels were returned to their
baseline levels at the 12th postoperative hour in both
groups. 
      Hase et al. [25] studied the effects of isoflurane
and sevoflurane, with combination of epidural anes-
thesia during the gastric surgery in elderly patients.
They looked at the ACHT, cortisol, adrenaline and no-
radrenaline levels during and after surgery. They found
that there was no statistically significant difference be-
tween the two groups. Marana et al. [28] compared
TIVA with propofol versus sevoflurane anesthesia.
TIVA inhibited ACTH-cortisol axis and reduced NE,
E and GH levels but it enhanced prolactin as compared
with sevoflurane. 
      Marane et al. [29] compared the effects of desflu-
rane versus sevoflurane anesthesia on intra and post-
operative release of the stress hormones and
inflammatory cytokines in laparoscopic surgery. Al-
though a decrease in cortisol concentration level was
observed in both groups, only in the DES group there
was a significant difference in intraoperative cortisol
levels as compared to the baseline levels. The conse-
quent increase of ACTH level was significantly higher
in the SEVO group at 30 minutes after the beginning
of surgery and at 4 hours after the end of surgery. They
concluded that desflurane and sevoflurane produced a
different stress response in the setting of laparoscopic
surgery [29]. In our study, there was no statistical dif-
ferencebetween isoflurane and sevoflurane group in
terms of hormone levels. The surgical stress levels are
known to be relatively lower in laparoscopic surgeries
compared to intracranial tumor surgeries. 
      Krog’s study [30] showed that Cortisol and ACTH
levels are statistically lower in laparoscopic aorta-
bifemoral bypass group than open aorta-bifemoral by-
pass group. The patients operated with a laparoscopic

aorta-bifemoral bypass achieved earlier hormonal
homeostasis after surgery compared to open group
[30]. Minimally invasive surgery seems to reduce hor-
monal stress response to surgery. 
      There are few comparative studies of stress hor-
mone changes during long surgeries under general
anesthesia. Nishiyama et al. [31] showed that isoflu-
rane-nitrous oxide and sevoflurane-nitrous oxide had
the same effects on stress hormone changes except for
epinephrine, norepinephrine, and ADH levelsduring
inhalation anesthesia with the duration of more than
10 hours. We also found that there were no statistically
significant differences in ACTH, cortisol and prolactin
levels in blood; before, during and after the surgery
between the two groups. We think that our results
might have been affected because intracranial tumor
surgery are longer and highly stressful operations. 
      Miura et al. [24] administered isoflurane, keta-
mine and fentanyl - N2O anesthesia to the rats with in-
complete cerebral ischemia and looked at noradrenalin
levels in the carotid and hippocampus. They found that
the noradrenalin levels in blood and brain were
changed independently of each other and the anesthe-
sia method [24]. Partial ischemia may occur during in-
tracranial mass surgery. Depending on the localization
of the tumor, this can lead to changes in the secretion
of the hypophyseal hormones. In our study, we found
a very high ACTH level in one patient during tumor
removal in sevoflurane group (Fig. 4). We attributed
this to the tumor localization and therefore the surgical
field’s closeness to the pituitary gland. 
      Mustolo et al. [32] compared the effects of
sevoflurane-fentanyl and isoflurane-fentanyl on the
surgical stress index. They found that surgical stress
index was higher in sevoflurane-fentanyl group. 

Limitations 

      The limitation of our study was relatively small
number of patients the power analyze. In our study we
used special laboratory kit. Because of our limited fi-
nancial resource we could not Increase the number of
patients. Thus more patients needed in future studies
to confirm our results. 

CONCLUSION

      As a result, isoflurane or sevoflurane anesthesia
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has similar effects in terms of hemodynamic and hor-
monal stress response during intracranial tumor sur-
gery. 
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Optimization of culture conditions for antibacterial substance

production from newly isolated Brevibacillus laterosporus

EA62

Elif Demirkan , Aynur Aybey , Alev Usta Ak

Department of Biology, Bursa Uludağ University, Faculty of Arts and Sciences, Bursa, Turkey 

ABSTRACT
Objectives: In the present study, it was reported the effects of some nutritional (amino acid, carbon, nitrogen

and metal sources) and physical factors (pH and temperature) on antibacterial substance activity of

Brevibacillus laterosporus EA62. 

Methods: The agar well diffusion assay was performed to evaluate the antibacterial activity of the substance.

The antibacterial activity of the new substance was examined against four pathogenic bacteria under different

nutritional and physical conditions. 

Results: The best antibacterial activity was obtained in modified medium consists of the 5% glucose, 0.1%

tryptone, 0.05% MgSO4 + CaCO3 and 0.5% glutamic acid. For physical parameters, maximal activity was

observed after 72 h when incubated at 37°C, pH 7.0. 

Conclusions: This study indicates that Brevibacillus laterosporus EA62 could be an important source of

antibacterial substances under this medium optimization.

Keywords: This study indicates that Brevibacillus laterosporus EA62 could be an important source of

antibacterial substances under this medium optimization. 

Antibiotics are chemicals which kill or inhibit the

growth of bacteria or fungi, and can be used to

treat infections by these organisms. Antibiotics are the

one of the most important commercially exploited sec-

ondary metabolites produced by bacteria, fungi and

Streptomyces and employed in a wide range. In recent

years, soil bacteria have been investigated in terms of

antibiotic production potential. The soil is a natural

source for microorganisms and their antimicrobial

products [1]. Soil bacteria and fungi have played a sig-

nificant and an important role in antimicrobial product

discovery. The selection of natural antimicrobial prod-

ucts from soil microorganisms is considered as anal-

ternative method for the disease control and plant

protection. Considerable research is being done in

order to find new antimicrobial producing bacteria iso-

lated from soil and their active substances [2, 3]. Sev-

eral classes of antimicrobial substances that inhibit the

growth of fungi and bacteria in vitro assays have been

identified in the last decades [4]. 

      Brevibacillus is omnipresent in agricultural soils,

and it can secrete structurally diverse secondary

metabolites with broad antibiotic spectra. Some of

these metabolites, such as chitinaseand gramicidin S,

have been extensively studied, and numerous Bre-

vibacillus species, which have the potential as antimi-

crobial agents, have become research hotspots in the

recent years [5]. Brevibacillus laterosporus can pro-
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duce different virulence factors: parasporal crystalline

[6], extracellular protease [7] and lipopeptide antibi-

otics [8]. Additionally, B. laterosporus also secretes

short sequencepeptides with broad antibiotic spectra,

such as loloatin A [9]; however, these metabolites have

not been extensively studied. 

      The number of multi-drug resistant bacterial

strains has increased, partly due to the misuse of an-

tibiotics, resulting in serious health challenges in hos-

pital settings. Thus, the discovery of new potential

antibacterial substance producing microorganisms has

become an important goal. Many species, such as

Streptomyces, Bacillus and Penicillium have been

studied continuously for their ability to produce an-

tibiotics [10]. Environmental factors such as pH, tem-

perature and medium composition can influence the

production of antagonistic substances from bacteria.

Several reports have been discussed regarding anti-

bacterial components, its optimizing by altering sev-

eral physical factors and medium composition [11-13].

In the present study, it has been optimized nutritional

and physical parameters to produce for antibacterial

substance of B. laterosporus EA62.

METHODS

Bacterial Strains and Growth Conditions 

      B. laterosporus EA62 which was isolated and

identified by 16S rRNA gene analysis in the previous

study, was used in the current study [14]. Basal growth

medium was consisted of 15 g/L glucose, 1 g/L yeast

extract, 0.5 g/L MgSO4, 3 g/L CaCO3 and 0.5 g/L

(NH4)2HPO4 at pH 7.0. The overnight cultures ad-

justed 108 CFU/ml were inoculated at 10% in 150 mL

of basal media and incubated at 37 °C at 150 rpm for

72 h [14]. After incubation, samples were filtered

through a 0.22 µm filter, and the filtrate as antibacterial

substance was subsequently used to determine the ef-

fects of nutritional and physical parameters on anti-

bacterial substance activity against some pathogenic

Gram-negative Yersinia enterocolitica (ATCC 9610)

and Salmonella typhimurium (ATCC 14028) the

Gram-positive bacteria, Staphylococcus aureus

(ATCC 25923) and Enterococcus faecalis (ATCC

29212) by using agar well diffusion assay [15]. 

Effects of Different Nutritional and Physical Pa-

rameters on Production of Antibacterial Substance 

      Carbon sources including sucrose, maltose, potato

starch and wheat bran (1.5% w/v), nitrogen sources

including organic (corn step liquor, tryptone and skim

milk at 0.1% w/v) and inorganic sources ((NH4)2NO3

and (NH4)2SO3 at 0.05% w/v) were evaluated for

their effect of antibacterial substance activityin basal

medium. In addition, amino acids including alanine,

phenylalanine, valine, tyrosine, lysine, histidine, cys-

tine, arginine, glutamic acid (0.5% w/v) were tested to

obtain the best amino acid. The culture medium was

supplemented with metal ions such as CaCl2, FeSO4,

LiSO4, NaCl, CaCO3, MgSO4, and MnSO4 (0.05%

w/v)in basal medium. 

      Antibacterial substance (grown in basal medium

for 72 h) was exposed to various temperatures. Sterile

filtered antibacterial substances were incubated for 15-

30 min at 30, 40, 45, 50 and 55 °C at the optimal pH

of 7.0 and then immediately cooled in ice water. A

control was maintained by incubating antibacterial

substances at 37 oC. For optimizing pH, different pH

was estimated by adjusting pH of antibacterial sub-

stances to the 4.0 to 9.0. After incubation for 1 h and

before plating for antibacterial activity, pH treated

samples were neutralized pH 6.5-7 to determine the

antibacterial substance activity. 

Statistical Analysis 

      For statistical analysis, the standard deviation for

each experimental result and student’s t-test were cal-

culated using Microsoft Excel. All of the assays were

carried out in triplicate. The bars correspond to stan-

dard deviation [16].

RESULTS

      In this study, it was carried out to determine the

antibacterial substance activity of B. laterosporus

EA62 by assessing the effect of nutritional and phys-

ical conditions. The isolate was inoculated in basal

medium and incubated at 37oC for 72 h; the filtered

supernatant as antibacterial substance wasused to de-

termine the antibacterialactivity against Y. enterocol-

itica, S. typhimurium, S. aureus and E. faecalis under

various nutritional and physical conditions. 

The basal medium was optimized with different car-

bon and nitrogen sources, metal ions and amino acids.
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Among the different carbon and nitrogen sources stud-

ied, addition of glucose (Fig.1) and tryptone (Fig. 2)

to the basal medium showed highest antibacterial ac-

tivity against E. faecalis. Our data showed that glucose

(19 mm) followed maltose (17 mm) against E. faecalis

and glucose (16 mm) followed maltose (15 mm)

against S. aureus enhanced the antimicrobial activity.

No antibacterial activity was observed using wheat

bran (Fig. 1). The production of antibacterial sub-

stance was repressed by wheat bran. 

      Among nitrogen sources, higher antibacterial ac-

tivity was achieved when tryptone (20 mm) and yeast

extract (19 mm) against E. faecalis used as a nitrogen

source followed tryptone (17 mm) and yeast extract

(17 mm) against S. typhimurium. In this study, yeast

extract and tryptone alone appeared more efficient at

the activity of the antibacterial substance and antibac-

terial activity was not observed in the presence of skim

milk as organic nitrogen source. 

      Some amino acids were tested in the basal

medium to determined inhibitory effects of the anti-

bacterial substance in this study. Glutamic acid has the

most effective amino acid on antibacterial substance

activity against all bacteria tested, while valine and

arginine has the least, phenylalanine and cysteine re-

sulted in no antibacterial substance activity (Fig. 3).

Maximum zone of inhibition in basal medium contain-

ing glutamic acid was observed against S. aureus (19

mm) followed bylisine (17 mm) and alanine (17 mm)

against E. faecalis.

      In this study, a small effect was only observed for

MgSO4 and MgSO4+CaCO3 combination among the

metal ions, no antibacterial activity was obtained in

the presence of the others (Fig. 4). Results showed that

a synergistic effect of MgSO4 and CaCO3 on the an-

tibacterial substance activity occurred and antibacter-
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Fig. 1. Effect of different carbon sources on the production of antibacterial substance against pathogens. 1-Glucose, 2-Sucrose,

3-Starch, 4-Maltose, 5-Wheat bran on petri dish.
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Fig. 2. Effect of different nitrogen sources on the production of antibacterial substance against pathogens. 1-Corn steep

Liquor, 2-Tryptone, 3-Yeast extract, 4-Skim milk, 5-(NH4)2NO3, 6-(NH4)2SO3on petri dish.



Eur Res J 2021;7(2):152-158 Isolated Brevibacillus laterosporus EA62

ial activity was considerably decreased when metal ion

sources alone were used. Maximal inhibitory zones

were determined in presence of MgSO4 (15 mm)

against E. faecalis and combination with CaCO3 (19

mm) was increased the antibacterial activity against

all tested pathogens while CaCO3 alone had no effect. 

      The effect of different temperature and pH on an-

tibacterial substance activity have been outlined in

Figure 5. Treatment of antibacterial substance at 30,

37, 40, 50, 55°C did not show significant from the

control. The maximum antibacterial substance activity

was obtained at 37 °C as control against Y. enterocol-

itica (17 mm), although 40 °C was also effective at

promoting antibacterial activity, as the observed inhi-

bition zone was 15 mm against S. typhimurium.

      Generally, the maximum activity was obtained at

an initial pH of 7.0. At lower and higher pH values

were reduced the antibacterial substance activity. The

highest zone of inhibition was obtained for Y. entero-

colitica (17 mm) at pH 7.0 and the lowest E. faecalis

and Y. enterocolitica (11 mm) at pH 4.0, E. faecalis

and Y. enterocolitica (10 mm) at pH 9.0. No zone of

inhibition was recorded below pH 4.0 and above pH

9.0. 

      Modified medium determined for each bacterial

strainswas found different. But the best results for each

parameters were selected to determine modified

medium. According to these results, the maximum

production of antibacterial substance was obtained in-

optimized medium (consisted of 1.5% glucose, 0.1%

of tryptone, 0.05% of MgSO4 +CaCO3 and 0.5% glu-

tamic acid at pH 7.0). 

      The production of antimicrobial substance in the

modified medium showed a slight increase compared

to each test bacteria according to the control medium

(Table 1). An increase of 17% for S. typhimurium, 5%
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Fig. 3. Effect of different amino acid sources on the production of antibacterial substance against pathogens. 1-Alanine, 2-

Phenylalanine, 3-Valine, 4-Tyrosine, 5-Lysine, 6-Histidine, 7-Cystine, 8-Arginine, 9-Glutamic acid on petri dish. 

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !

! !

!

Fig. 4. Effect of different metal ions on the production of antibacterial substance against pathogens. 1-CaCl2, 2-FeSO4,

3.LiSO4, 4-NaCl, 5-KCl,6.MnSO4, 7-MgSO4 on petri dish.
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for Y. enterocolitica, 6% for S. aureus, and 7% for E.

faecalis was found. 

DISCUSSION

      Prior knowledge and experience in developing a

suitable basal medium play a significant role in the

further media optimization [17]. The optimization of

various physical and nutritional growth parameters

caused an increase in the antibacterial substance ac-

tivity; the important physical factors that determine

the bioprocess are temperature, pH, agitation, inocu-

lum size and inoculum age [18]. In a previous study,
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it was observed that the antibacterial substance

showed inhibitory activity against the test pathogens

(Gram-negative Y. enterocolitica (ATCC 9610) and S.

typhimurium (ATCC 14028) the Gram-positive bacte-

ria, S. aureus (ATCC 25923) and E. faecalis (ATCC

29212). Maximum zone of inhibition was observed

against S. aureus (19 mm) followed by Y. enterocolit-

ica (17 mm) [14]. Therefore, in this study, the effects

of nutritional and physical parameters were investi-

gated for the production of antibacterial substance

from B. laterosporus EA62. 

      Different carbon sources, such as maltose [19],

dextrose [20], arabinose [21], fructose [22], and man-

nitol [23] have been reported to be suitable for the ac-

tivity of antibiotic substances in different

microorganisms. In this study, among the different car-

bon sources studied, addition of glucose to the basal

medium showed highest antibacterial activity against

all bacteria tested. In addition, the antagonistic activity

of bacteriocinas an antimicrobial substance was also

increased when glucose was added to the medium in

a previous studies [24, 25]. Some studies have re-

ported that organic or inorganic nitrogen sources in-

fluence enzyme activity. It was previously reported

that antimicrobial activity was considerably decreased

when nitrogen sources alone were used in the fermen-

tation media [22]. In present study, higher antibacterial

substance activity was achieved when tryptone and

yeast extract against all bacteria tested used as a nitro-

gen source. Similar results were observed for antibi-

otic activity in batch cultures of Bacillus laterosporus

ST-1 when grown in the presence of yeast extract in

glucose broth [26]. In addition, inhibitory effect of an-

tibacterial substance was only observed for MgSO4

and MgSO4 + CaCO3 combination among the metal

ions, no antibacterial activity was obtained in the pres-

ence of the others. The addition of MgSO4increased

iturin A activity by Bacillus amyloliquefaciens B128

[27, 28], indicating that that rare earth metals and trace

metals, notably manganese, zinc and iron, may trigger

the activity of various secondary metabolic path-

ways.The use of amino acids as nitrogen sources can

inhibit the synthesis of secondary metabolites [29].

Therefore, some amino acids were tested in the basal

medium to determined inhibitory effects of the anti-

bacterial substance in this study and glutamic acid has

found as the most effective amino acid on antibacterial

substance activity against all bacteria tested while

phenylalanine and cysteine showed no inhibitory ef-

fects on antibacterial substance production. 

      The effect of different temperature and pH on an-

tibacterial substance activity was also determined and

maximum antibacterial substance activity was found

at 37 °C and pH 7.0 against all bacteria tested. A sim-

ilar result for temperature was previously reported, but

the antibiotic showed maximum activity at pH 8.0

[30]. Although the maximum antibiotic activity oc-

curred at a low temperature (30 °C) and at pH 7.0 [26],

antibiotic activity was achieved at temperatures as

high as 40 °C and at pH 7.0 [31]. 

CONCLUSION

      In summary, this is a novel antibacterial substance

from the soil microorganism, Brevibacillus lat-

erosporus EA62, and it is active against some impor-

tant gram negative and positive pathogens. The effects

of nutritional and physical parameters on antibacterial

substance activity were examined. The amtibacterial

substance produced by EA62 may be potential appli-

cations for the pharmaceutical industry and could be

a promising candidate for infection diseases after pu-

rified and characterized in the near future.
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ABSTRACT
Objectives: In patients who do not respond to medical treatment with idiopathic premature ventricular complex
(PVC), catheter ablation is performed using the electroanatomic mapping (3D EAM) system for ablation. The
aim of this study is to evaluate the acute and long-term success of patients and the procedural features and
complication results associated with PVC localization in patients who underwent catheter ablation in our center. 
Methods: Two hundred seventeen patients who underwent activation mapping and ablation using 3D EAM
for PVC were included in the study. Patients were followed up for acute procedure success, periprocedural
complications, and six-month long-term recurrence. In addition, these parameters, PVC’s were evaluated in
three groups as right ventricular outflow tract (RVOT), coronary cusp and rare localized origin, and clinical
outcomes and interventional variables related to the success of the PVC’s location were compared. 
Results: In our study, the mean age of the patients was 43 ± 12.1 years and the female gender ratio was 37.8%.
When catheter ablated PVC foci were evaluated, it is seen that 81 (37.3%) were from RVOT and 56 (25.8%)
were from coronary cusp. In addition, 6 (2.8%) were aortomitral continuity, 22 (10.1%) were left ventricular
summit/epicardial, 17 (7.8%) were parahisian, and total 80 (36.8%) were rare localized PVCs. Acute procedure
success was 92.6% and long-term procedure success was 83% in all cases. When the patients in our study
were analyzed according to their PVC locations and procedure successes, those with rare localization compared
to those with RVOT and coronary cusp origin were 66 (87.5%), 79 (96.3%), and 53 (94.6%); respectively (p
= 0.03) and long-term successes were 58 (72.5%), 73 (90.1%), and 49 (87.5%); respectively (p <0.05). Long-
term transaction success was lower. 
Conclusions: Frequent PVCs can be treated with electroanatomic mapping and radiofrequency ablation with
high success rate and low complication rate. Patients with RVOT and coronary cusp-derived PVC had a high
acute and long-term success rate, while success rates were lower in rare localized PVCs from epicardial/summit,
papillary muscle, parahisian and tricuspid-mitral anulus. 
Keywords: premature ventricular complexes, catheter ablation, electroanatomic mapping

Ventricular ectopic beats or premature ventricular
complexes (PVCs) are caused by early depolar-

izations originating from ventricular myocardial cells.
While most PVC originates from the ventricular my-

ocardium, the bifurcation distal conduction tissue of
the His bundle, such as bundle branches, fascicles or
Purkinje fibers, are also potential source sites for these
arrhythmias. 
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      PVCs are common in clinical practiceIt is mainly
seen in structural heart diseases such as ischemic heart
disease (IHD) [1], heart valve disease [2], cardiomy-
opathy [3] and ventricular hypertrophy [4]. In patients
with a normal heart angiographically and echocardio-
graphically, more than 100 PVCs are seen daily in 4%
[5]. 
      PVCs are associated with poor prognosis in those
with structural heart disease.  The presence of frequent
or complex PVCs after myocardial infarction in-
creases cardiovascular mortality of 3-5 years [1]. Sim-
ilarly, in those with left ventricular hypertrophy, PVCs
are associated with an increase in all-cause mortality
[4]. 
      Current studies have shown that the possible neg-
ative effects of frequent PVCs and the development
and reversibility of PVC-induced cardiomyopathy
(CMP) in patients with a structurally normal heart [6,
7]. It has been suggested that the highest sensitivity
and specificity (100% and 87%, area under the curve
0.96 respectively) in predicting PVC-induced CMP
formation is more than 16% PVC load [7]. However,
there are patients who have high PVC load but do not
develop CMPOther situations that cause the develop-
ment of PVC-related CMP; PVC QRS duration is over
140 ms, presence of interpolated PVC, PVC coupling
interval < 300 ms, being asymptomatic and being epi-
cardial origin PVC [8-10]. Singh et al. [9] stated that
frequent PVC is one of the reversible causes of dilated
cardiomyopathy (DCM) and showed an improvement
in left ventricular (LV) function after suppression of
PVCs with idiopathic DCM patients. 
      Today, catheter ablation is considered as a first-
line treatment for patients with PVC-induced CPM.
Recent publications have shown that catheter ablation
of outflow-induced PVC is more effective than phar-
macotherapy, in addition, catheter ablation provides a
higher LVEF normalization compared to antiarrhyth-
mic drug (AAD) [9, 11]. Indications for catheter abla-
tion are PVCs that cause ventricular dysfunction [12]
and the presence of serious symptoms and AADs are
not desired by the patient, have side effects, or are not
effective [13]. In PVC ablation, the complication rate
is acceptable and the major complication rate is ap-
proximately 2.4% [14]. The success rate in experi-
enced centers is more than 90%, and the complication
rate is 1%. 
      The aim of this study is to report the baseline de-

mographic and echocardiographic features of 217 pa-
tients with frequent PVC, in which we performed
catheter ablation in our 3-year period, clinical results
related to the success of the ventricular extra beats,
and complication rates with interventional variables.

METHODS

Patient Selection 

      In our study; 217 patients who were successfully
treated with PVC ablation between January 2016 and
January 2019 at Bursa Yüksek İhtisas Training and
Research Hospital were examined. Informed consent
form was obtained from all patients before the proce-
dure. At least once 24-hour ECG Holter monitoring
was performed before catheter ablation. Patients with
low (< 50%) LVEF were evaluated as PVC-CMP. Ac-
cording to Framingham coronary artery risk classifi-
cation, coronary angiography was performed through
femoral artery in addition to patients who were found
to be moderate and high. Whether patients were dia-
betic, hypertensive or hyperlipidemic was recorded.
The results from the routine blood sample taken from
the antecubital vein were recorded. In routine echocar-
diographic evaluation (Vivid-7, GE Wingmed sound
Horten, Norway); left atrial diameter (LAD), left ven-
tricular systolic and diastolic diameters, left ventricu-
lar wall thickness and ejection fraction were
calculated. Interventional variables such as the clinical
results and complication rates, and the duration of the
procedure and fluoroscopy were recorded according
to the PVC locations. 
      The study was approved by the Bursa Yüksek İhti-
sas Training and Research Hospital Ethics Committee.
Written consent was obtained from all patients before
participating in the study, and this study was con-
ducted according to the Helsinki Declaration. 

Electrophysiological Study and Catheter Ablation 

      Patients were allowed to stop AADs five half-lives
before planned ablation procedures. Electrophysiolog-
ical study was performed under local anesthesia in a
fasted state. Sedation was not applied to the patients
before the procedure to avoid the risk of suppressing
automaticity. If clinical PVCs were not initially avail-
able, isoproterenol infusion and electrical stimulation
techniques were used to induce arrhythmia. Intra-
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venous isoproterenol 1-5 μg/min infusion was given
to provide at least 20% heart rate increase. Electrical
stimulation was performed using the right ventricular
apex or right ventricular outflow tract (RVOT) using
burst pacing and triple extra stimuli pacing. 
      Electroanatomical mapping was done with En-
siteTM Precision (Abbott, Chicago, IL, USA) or
CARTO3 (Biosense Webster, USA) (Fig. 1). Using
fluoroscopic guidance, a decapolar diagnostic catheter
was inserted through the right femoral vein into the
coronary sinus. Ablation catheter 8F quadripolar irri-

gation ablation catheters used for mapping and abla-
tion Thermocool Smarttouch CF (Biosense Webster
Inc., Diamond Bar, California, USA) and FlexAbility
(Endosense / Abbott, St) with 3.5 mm tip and 2-5-2
mm electrode range. Paul, MN, USA) was used. For
left-sided access, a transaortic retrograde pathway or
trans-septal puncture was performed, and an additional
intravenous unfractionated heparin intravenously was
given to provide an active clotting time of 300-350
seconds. 
      Firstly, an activation map was applied using the
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Fig. 1. 3D Electro anatomical mapping (EAM) and catheter ablation of Parahisian PVC with Carto system. (A) The earliest

activation in the mapping is seen in the interventricular septum and the parahisian region. The red dot is a successful ablation

site. Blue dots his sensation zone. (B-C) Fluoroscopic images of ablated areas. (D-E-F) Respectively, unipolar and bipolar

recordings of RVOT, coronary cusp and interventricular septum. The earliest recording is seen in IVS, which received a

signal 65 ms ahead. (G) Carto 3D EAM image. RVOT = Right ventricular outflow tract, LCC = left coronary cusp, RCC =

right coronary cusp, IVS = interventricular septum.
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mapping catheter. The PVC focus was evaluated by
bipolar recordings, with the earliest local activation
timing detected, and the presence of the QS complex
formed in the case of radial spreading away from the
PVC focus with unipolar electrograms. The purpose
of the activation mapping was to identify the region
that was recorded 30 ms or earlier from the start of the
reference surface PVC QRS. In addition, the pace
mapping technique was used to determine the source
of the PVCs and the most suitable ablation site. The
aim of pace mapping was to provide similarity in at
least 11 of the 12 ECG morphologies. Irrigation abla-
tion was performed in a 30-35 W power controlled
mode in the appropriate ablation zone and a 10 Ω im-
pedance drop was targeted.  After ablation, electro-
physiological study with or without isoproterenol was
repeated and programmed electrical stimulation (PES)
was performed. When tachycardia or PVCs with the
same morphology were not induced after 30 minutes
of waiting time after ablation, ablation was considered
successful. 

Statistical Analysis 

      Statistical study was done using SPSS 17 (SPSS
Inc., Chicago, IL, United States) package computer
program. Variables with normal distribution were ex-
pressed as mean ± standard deviation, and variables
without normal distribution were expressed as median
(interquartile range: IQR). Categorical variables were
given as frequency and percentage (%). Student's t test
was used to compare normally distributed numeric
variables in two different groups, while Mann Whit-
ney U test was used for non-normally distributed nu-
meric variables. Chi-square or Fisher's exact tests were
used to compare nominal data. In our study, Bonfer-
roni multiple comparison test was used to determine
the difference between the three groups. A p value <
0.05 was considered significant.

RESULTS

      In our study, the mean age of the patients was 43
± 12.1 yeras and the female gender ratio was 37.8%.
The study population was found to have hypertension
(n = 45, 20.7%), hyperlipidemia (n = 45, 20.7%), dia-
betes mellitus (n = 31, 14.3.7%) and smoking ( n = 60,
27.6%). In echocardiographic evaluation of patients,

LVEF was 45.9 % ± 8.2%. VEB load was determined
as 22.4% in 24-hour Holter monitoring. Demographic,
laboratory, electrocardiographic and echocardio-
graphic features of the study population are shown in
Table 1. 
      Considering the characteristics of the catheter ab-
lation procedure of the patients included in the study
population; When catheter ablated PVC foci were
evaluated, it was seen that 81 (37.3%) originated from
right ventricular outlet (RVOT), 56 (25.8%) originated
from coronary cusp. In addition, a total of 80 (36.8%),
6 (2.8%) aortomitral continuity, 22 (10.1%) left ven-
tricular summit/epicardial, 17 (7.8%) parahisian, are
of rare localization. In addition, 6 (2.8%) of the cases
were due to multiple foci. 
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      Radiofrequency (RF) catheter ablation procedure
time, scope duration and RF application time of the
patients included in the study population are 81 ± 31
minutes, 19 ± 8.7 minutes and 466 ± 117 seconds, re-
spectively. It was observed that procedure success was
92.6% in the acute period and 83% of long-term pro-
cedure success. Coronary angiography was performed
in 36.9% of the patients in the study. In addition, when
the complication rates were examined, the most com-
mon complication site was hematoma 9 (4.1%). In ad-
dition, AV block was observed in 1 (0.4%) patient with
Parahisian origin and tamponade was observed in 2
(0.9%) patients, but no procedure-related death oc-
curred. Considering the PVC localizations of patients
with tamponade, the first was RVOT free wall and the
second was LV summit-induced and was observed
during the ablation procedure through the coronary
sinus. The procedural features and complications of
the study population are shown in Table 2. 
      When the patients in our study were analyzed ac-
cording to their PVC locations and procedure suc-
cesses, those with rare localization compared to those
with RVOT and coronary cusp origin were 66
(87.5%), 79 (96.3%), and 53 (94.6%); respectively (p
= 0.03) and long-term successes were 58 (72.5%), 73
(90.1%), and 49 (87.5%); respectively (p <0.05).
Long-term transaction success was lower. In addition,
it was observed that the procedure, fluoroscopy and

RF ablation times (101 ± 32.7 minutes, 27.2 ± 7.9 min-
utes, and 812 ± 96 seconds, respectively) were longer
in those with rare localization. Interventional variables
according to the clinical results related to ventricular
extra beat locations and process successes of the study
population are shown in Table 3.

DISCUSSION

      With this study, we determined the demographic
characteristics of the patients undergoing PVC abla-
tion and the success and complication rates of the
catheter ablation procedure in a high-volume center
where catheter ablation was performed. Most of our
patients were under 50 years old and 37.8% were fe-
males. This rate is Nakagawa et al. [15] compared to
his study, it is seen that he has similar age and gender
ratios. In addition, 85.2% of our patients were non-di-
abetic and 72.4% were non-smokers. When analyzed
by PVC foci, most of the study population was non-
RVOT (62.7%) originated group. Acute and long-term
success rates of patients with PVC ablation were
92.6% and 83%, respectively. When the PVC foci
were examined in detail, it was seen that the patients
with rare localized PVC had low acute and long-term
success rates, and longer procedure, fluoroscopy and
RF ablation times. 
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      The incidence of PVC in healthy subjects was ex-
amined by various researchers and PVC was detected
in 1-4% of healthy people without asymptomatic and
structural heart disease in standard twelve-lead ECG
recordings. This rate increased to 39-67% when sub-
jects were monitored for 24 hours with Holter moni-
toring [16]. The first step in the treatment of patients
with PVC with mild symptoms without structural
heart disease is the education of the benign nature of
this arrhythmia. Beta-blockers or non-dihydropyridine
calcium channel blockers may be considered in pa-
tients whose symptoms cannot be managed effec-
tively, but these agents are effective only in a very
limited proportion of 10-15% of patients [17, 18]. Al-
though membrane active anti-arrhythmic drugs are
more effective in PVC suppression, risk-benefit rates
have not been carefully evaluated in those without
structural heart disease. In patients with severe struc-
tural heart disease, these drugs (except amiodarone)
should be used carefully in PVC suppression due to
increasing mortality [17-19]. Although suppression
can be achieved with pharmacological agents, a
prospective study has shown that the effectiveness of
drugs alone is poor in PVC suppression.  Although the
goal of medical therapy is to improve symptoms with
a decrease in PVC load, catheter ablation is potentially
curative by directly targeting abnormal cells where
clinical PVCs appear. In a randomized study involving
330 patients with RVOT PVC, the 1-year recurrence
rate of PVCs (defined as > 300 beats/day) was signif-
icantly lower in patients undergoing radiofrequency
ablation (RFA) than medically treated with
propafenone or metoprolol (19.4 vs 88.6%, p < 0.001)
[20]. Similarly, in a retrospective study of 510 patients
by Zhong et al. [21], catheter ablation showed a
greater reduction in PVC load compared to class I/III
antiarrhythmic drugs (93% vs 82%, p = 0.04). As a re-
sult, catheter ablation is an important option in the
management of these patients. 
      Premature ventricular complexes are considered
benign when there is no structural heart disease. There
is a clear relationship between frequent premature ven-
tricular contractions and cardiomyopathy and is re-
versible with catheter ablation in selected patients
[22-24]. In our study, we evaluated those with LVEF
< 50% as PVC related cardiomyopathy. The number
of patients with PVC-related cardiomyopathy in our

study was 77 (35.5%). The number of PVCs /24h as-
sociated with impaired LV function is usually reported
at loads above 15-25% of total cardiac beats, but this
rate may even be below 10% [6, 25, 26]. Many studies
have reported PVC burden as an important predictor
of the development of left ventricular (LV) systolic
dysfunction. However, no exact cut-off value related
to this load was found [27, 28]. Baman et al. [25]
showed that more than 24% PVC load was associated
with PVC-induced cardiomyopathy in 24-hour Holter
monitoring. When the results of our study are evalu-
ated, it is seen that the PVC load is 22.4% and the rate
of PVC-related cardiomyopathy is 35.5%. In addition,
PVC morphology, origin and PVC duration are other
factors associated with cardiomyopathy [29]. 
      Idiopathic PVCs generally originate from the exit
path of the right and left ventricles, mitral and tricus-
pid annulus, His-Purkinje system, left ventricular sum-
mit and papillary muscles [30]. In our study, the
majority of PVC localizations constitute 81 (37.3%)
PVCs originating from RVOT. In addition, as a rare
localized source of PVC, aorta-mitral continuity 6
(2.8%), parahisian 17 (7.8%), left ventricular
summit/epicardial 22 (10.1%), papillary muscle 10
(4.6%), tricuspid 7 (3.2%) and mitral. annulus 8
(3.7%), fascicular 4 (1.8%) and multiple focus 6
(2.8%) were detected. In addition, the rate of PVC
from coronary cusp is 56 (25.8%). In Lee et al.’s study
[31], catheter ablation was performed in 152 patients,
54 of whom had CMP. In this study, those with and
without CMP were 6 (11%) - 15 (15%) and those with
papillary muscle were 9 (17%) -7 (7%), respectively.
In a study by Tada et al. [32], catheter ablation was
applied to 454 patients in total. According to this
study, the majority of the patients were 223 (49%) pa-
tients with RVOT. Again, in this study, the rare local-
izations of PVC are mitral 24 (5%) and tricuspid 38
(8%) annulus and LV epicardial 93 (21%) origin [35].
Latchamsetty et al. [14] were included 1185 idiopathic
PVC patients who underwent ablation therapy in their
study, and 45% of the cases were shown to be RVOT,
15% were coronary cube and 40% were other rare ori-
gin PVCs. When the single central case series we have
published is compared with other studies, it is seen that
the rate of RVOT-induced PVC is lower and the rate
of PVC with coronary cuspis is higher. 
      In our study, we compared the acute and long-term
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success rates of RF ablation applied to rare localized
foci with RVOT and coronary cusp-derived foci. Ac-
cording to this, acute procedure and long-term success
rates of rare localized foci were found to be lower than
other foci. Acute procedure success in our study was
92.6%. When evaluated as RVOT, coronary cusp and
rare localizations according to PVC origins, this rate
was 96.3%, 94.6% and 87.5%, respectively. The de-
tection of PVC load lower than 80% in holter moni-
toring of the 6th month and 24 hours after catheter
ablation treatment was evaluated as a long-term suc-
cess. In our study, the long-term process success was
83%, when it was evaluated as RVOT, coronary cusp
and rare localizations according to PVC origins, this
rate was found to be 87.5%, 90.1%, and 72.5%, re-
spectively. It has been observed that these rates over-
lap with many studies in the literature. In a study by
Wang et al. [33], when RF ablation success rates were
examined, it was seen that the highest rate was RVOT
and the lowest rate was epicardially sourced PVCs.
Latchamsetty et al. [14], in their study, it was observed
that the focal points in which RF ablation applied was
the highest and the lowest in terms of acute procedure
success were RVOT and epicardial, respectively (93%
and 67%, respectively). When long term procedure
successes were examined, it was determined that the
highest and lowest foci were RVOT and papillary
muscle. (82% and 60%, respectively). 
      In another case series evaluating 815 patients who
underwent idiopathic PVC/VT ablation, the success of
acute procedure ranged from 76% to 100% and the re-
currence rate was 0 - 23%. Acute procedure successes
vary between 85% and 100% in fascicular and RVOT-
induced VTs, and recurrence rates have been shown
to range from 0 to 25% in this group of patients. In ad-
dition, acute period success was observed in 89 pa-
tients in the intracavitary PVC/VT group (96 patients).
High recurrence rates such as 0-58% and 40% were
found after a single ablation in papillary muscle and
moderator band VT, respectively. In PVC / VT (81 pa-
tients) originating from tricuspid and mitral rings, the
acute success of catheter ablation varies between 66%
and 100%, and the lowest success rate in those origi-
nating from septal tricuspid rings has been observed
[32]. 
      Acute treatment success was achieved in 17 of 22
PVCs with epicardial and summit origin, and 6 of

these patients were subxiphoid. Previous studies have
reported similar success rates for epicardial regions of
PVC origin (via the coronary sinus) even without
using an epicardial subxiphoid approach [34, 35]. The
subxiphoid approach was further questioned when the
additional complication deficit and higher complica-
tion rate were considered when compared with the ab-
lation approach of the coronary venous system and
surrounding structures (coronary cusp or subcuspus).
Unless medical treatment is desired or if there is no
cardiomyopathy caused by PVC, medical treatment
may be preferred as the first treatment in patients with
epicardial PVC [36]. 
      Acute treatment success was achieved in 8 of 10
PVCs of papillary muscle origin in our single center
case series, and this number decreased to 7 in the long
term. PVCs from papillary muscles also tend to be as-
sociated with a lower ablation success rate. Papillary
muscle PVCs have a high recurrence rate and require
longer procedure times and greater radiofrequency en-
ergy delivery [37]. For these arrhythmias, intracardiac
echocardiography (ICE) has been shown to assist in
guiding the procedure [38]. However, it was per-
formed without using ICE in our cases. 
      In addition, we found in our study that rare local-
ized PVC foci have longer RF ablation, fluoroscopy
and processing times compared to other foci. These
relatively long periods of time, Latchamsetty et al.
[14], in their study, it was observed that rare localized
PVC foci overlapped with the length of the procedural
duration. 
      Complications of catheter ablation procedures of
idiopathic PVC are rare, and the reported complication
rate is 3-5%. The most common is the site of vascular
complications. Less common complications include
cardiac tamponade/hemopericardium, thromboem-
bolic events, AV block and coronary artery injury [39].
When the complication rates in our study were evalu-
ated, vascular complications were the most common
intervention site and percutaneous intervention due to
pseudo aneurysm was performed in one patient. Car-
diac tamponade was observed in 2 patients and evac-
uated without surgical need. In addition, in 1 patient
with parahisian PVC, AV block was observed 2 days
after the procedure. No mortality was observed after
the procedure. Comparing the complication rates in all
three groups, this rate was higher in those with rare lo-
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calization and was not statistically significant. These
rates are observed to be compatible with the data of
other studies. 

Limitations

      The primary limitation of our study is that the pa-
tients included in our study are from our clinic, a ter-
tiary referral center, and may not reflect other patient
populations. Second, the PVC load before and after
ablation was assessed by 24-hour rhythm Holter mon-
itoring. Since the frequency of PVCs is variable, one-
time rhythm Holter follow-up may not accurately
show the true load of PVCs, but in similar studies, the
PVC load was also evaluated by a 24-hour Holter [40].
Third, in this study, the sample size was relatively
small. Larger sampling sizes are needed to obtain
more precise results regarding the parameters we ex-
amine after PVC ablation.

CONCLUSION

      Frequent PVCs can be treated with elec-
troanatomic mapping and radiofrequency ablation
with high success rate and low complication rate. Pa-
tients with RVOT and coronary cusp-derived PVC had
a high acute and long-term success rate, while success
rates were lower in rare localized PVCs from epicar-
dial / summit, papillary muscle, parahisian and tricus-
pid-mitral anulus. In addition, process, fluoroscopy
and RF ablation times were determined longer in rare
localized PVCs. 
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ABSTRACT
Objectives: The aim of this study was to determine the relationship between septum deviation and anatomic
variations of the paranasal sinus. 
Methods: A total of 157 (79 males, 78 females) patients between the ages of 17 and 77 years (mean age: 33.7
± 14.9 years) were included in the study. Using paranasal sinus computed tomography imaging, anatomical
variations including nasal septal deviation, Agger nasi cells, Haller cells, Onodi Cells, sphenoid sinus
pneumatisation, paradoxical middle turbinates, middle turbinate pneumatisation, maxillary sinus septa,vertical
septa in the sphenoid sinus, optic nerve dehiscenceand cribriform plate lamina lateralis height were evaluated. 
Results: Agger nasi cells were present in 47.1% of cases, Haller cells were seen in 5% of cases and Onodi
cells were observed in 23.6% of cases. In 70.1% of cases, one vertical septa in the sphenoid sinus was observed.
Maxillary sinus septa was observed in 16.5% of cases. There was a significant negative correlation between
the female gender and increased sphenoid sinus pneumatisation (p = 0.035). There was a positive correlation
between maxillary sinus septa and the presence of Onodi cells (pright = 0.045, pleft = 0.017). There was also a
negative correlation between maxillary sinus septa and sphenoid sinus pneumatisation (pright = 0.001, pleft =
0.005). 
Conclusions: In our study, we found that maxillary sinus septa, Agger nasi, Haller cells, cribriform plate lamina
lateralis height, sphenoid sinus septation and Onodi cells were interrelated. We recommend that surgeons
evaluate patients with these variations to prevent complications. 
Keywords: Agger nasi, Haller cells, Onodi cells, sinus surgery, maxillary sinus septa

Functional endoscopic sinus surgery (FESS), com-
monly used in the surgical treatment of patholo-

gies of the sinuses, is often performed to improve the
patient's comfort. To avoid complications during this
procedure, all anatomic variations in the patient must
be known and well described [1]. The anatomical lay-
out of paranasal sinuses has been well established
since the 19th and early 20th centuries [2]. Variations
of anatomical structures within the ostiomeatal region
can predispose individuals to paranasal sinus patholo-

gies. Several sinonasal anatomical variations can be
observed via paranasal sinus computed tomography
(PSCT) [3]. The introduction of computed tomogra-
phy (CT) as a diagnostic tool has improved the defi-
nition of these anatomical variations [1], and advances
in FESS and imaging technology have increased the
importance of understanding the anatomical structure
of the paranasal sinus [2]. Multiplanar high resolution
CT of the paranasal sinuses provides a precise and re-
liable preoperative roadmap for endoscopic sinus sur-
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geons[2]. CT is an imaging modality recognised as the
gold standard for evaluating patients before FESS. The
evaluation of anatomic variations using CT is impor-
tant in both preoperative and intraoperative periods to
avoid complications and improve operative success
[1]. 
      Anatomical variations in the anterior ethmoid
sinus that result in a narrowing of the middle meatus
include the presence of a large ethmoid bulla, a large
concha bullosa, a paradoxical middle turbinate, an un-
cinate process bulla and a nasal septal deviation. Lat-
eral deviation ofHaller cells and the uncinate process
narrow the infundibulum. Septal pneumatisation in the
form of an anterior extension of the sphenoid sinus can
narrow the sphenoethmoid recess, which may con-
tribute to the occurrence of posterior ethmoid and
sphenoid sinus diseases and increase the chances of
future surgical complications at these sites [4]. CT is
the preferred method of examination for chronic si-
nusitis cases, as it enhances the surgeon's vision of the
sinonasal cavity and provides a roadmap for surgery.
It can enhancelocalisation of the sinus pathology when
taken coronally or axially at 3-5 mm intervals. CT im-
aging performed in the coronal plane provides the
most information for an endoscopic sinus surgery [5]. 
      The aim of this study was to determine the rela-
tionship between septum deviation and anatomic vari-
ations of the paranasal sinus.

METHODS

      This retrospective study was conducted at the De-
partment of Otorhinolaryngology of Health Sciences
University Bursa Yüksek Ihtisas Training and Re-

search Hospital. The study was approved by the ethics
committee of the same hospital with number 2011-
KAEK-25 2019/02-12. 
      PSCT scans were examined retrospectively and
evaluated by otorhinolaryngologists at the Department
of Otorhinolaryngology of our hospital. A total of 157
(79 males, 78 females) patients aged between 17 and
77 years old (mean age: 33.7 ± 14.9 years) were in-
cluded in the study. Exclusion criteria for this study
were previous history of skull base or paranasal sinus
surgery and congenital facial anomaly. In PSCT im-
ages, variations such as Agger nasi, Haller cells, Onodi
Cells, (Fig. 1a-c) sphenoid sinus pneumatisation types,
middle turbinate pneumatisation, cribriform plate lam-
ina lateralis height (Fig. 2), paradoxical middle
turbinate (Fig. 3), maxillary sinus septa (Fig. 4),verti-
cal septa in sphenoid sinus, optic nerve dehissance and
nasal septal deviation,were evaluated. 
      We classified sphenoid sinus pneumatisation in the
coronal plane into three types, based on the classifica-
tion described by Vaezi et al. [6]. In the coronal type
1 or previdian, the pneumatisation extends from the
midline to the medial edge of vidian canal. In the coro-
nal type 2 or prerotundum, pneumatisation extends to
the lateral edge of foramen rotundum; and in the coro-
nal type 3 or postrotundum, the pneumatisation ex-
tends laterally to the foramen rotundum [6]. 
      Cribriform plate lamina lateralis height was eval-
uated and classified into three types. Measurements
between 1 and 3 mm were classified as type 1, be-
tween 4 and 7 mm as type 2 and between 8 and 16 mm
as type 3 [7]. 
      The location of any deviation was classified as an-
terior, posterior or anteroposterior. The deviation side
was either right or left. Septal deviation was divided
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Fig. 1. (a) In coronal section of the PSCT, Agger nasi cell (arrow). (b) In coronal section of the PSCT, Haller cells (arrow) and

(c) In coronal section of the PSCT, Onodi cell (arrow). PSCT = paranasal sinus computed tomography 
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into seven types according to the Mladina classifica-
tion [8]. 

Statistical Analysis 

      The SPSS software (ver. 23.0) was used for statis-
tical calculations. Both Pearson’scorrelation test and
the Kruskal–Wallis test were used. A p value of < 0.05
was considered to indicate statistical significance. 

RESULTS

      The deviation was located on the right side in 72
(45.9%) patients and on the left side in 83 (52.9%) pa-
tients. There was deviation on both sides in 1 (0.6%)
patient. The deviation was located in the anterior part
in 35 (22.3%) patients, in the posterior part in 46
(29.3%) patients and the anteroposterior part in 73
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Fig. 2. In coronal section of the PSCT, Concha bullosa (yellow

arrows) and measurement of crybriform plate lamina later-

alis depth (white arrows). PSCT = paranasal sinus computed

tomography 
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Fig. 3. In coronal section of the PSCT, right paradoxical mid-

dle turbinate (arrow). PSCT = paranasal sinus computed to-

mography tomography 
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Fig. 4. In coronal section of the PSCT, maxillary sinus septa (arrows). PSCT = paranasal sinus computed tomography 
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(46.5%) patients. The Mladina classification results
were as follows: Type 1 in 61 (38.9%) patients, type 2
in 62 (39.5%) patients, type 3 in17 (10.8%) patients,
type 4 in3 (1.9%) patients, type 5 in 8 (5.1%) patients
and type 6 in 5 (3.2%) patients. 
      Agger nasi cells were found on the right side in 80
(51%) patients, on the left side in 80 (51%) patients
and on both sides in 74 (47.1%) patients. Haller cells
were found on the right side in 13 (8.1%) patients, on
the left side in 15 (9.6%) patients and on both sides in
8 (5%) patients. Onodi cells were found in 37 (23.6%)
patients. There was no sphenoid sinus septum in 6
(3.8%) patients, 1 vertical septum in the sphenoid
sinus in 110 (70.1%) patients, 2 vertical septa found
in the sphenoid sinus of 30 (19.1%) patients and 3 ver-
tical septa found in the sphenoid sinus of 11 (7%) pa-
tients. Sphenoid sinus pneumatisation classification
results were as follows: Type 1 in 74 (47.1%) patients,
type 2 in 58 (36.9%) patients and type 3 in 25 (15.9%)
patients. There was optic nerve protrusion in to sphe-
noid sinus in 42 (26.8%) patients. Maxillary sinus
septa was located on the right side in 30 (19.1%) pa-
tients, on the left side in 34 (21.7%) patients and on
both sides in 26 (16.5%) patients. Paradoxical middle
turbinate was present on the right side in 19 (12.1%)
patients, on the left side in 13(8.3%) patients and on
both sides in 9(5.7%) patients. A secondary middle
turbinate was found in 1 (0.6%) patient. 
      Concha bullosa was found on the right side in 88
(56.1%) patients, on the left side in 84 (53.5%) pa-
tients and on both sides in 69 (43.9%) patients. Concha
bullosa found on the right side was lamellar in 46
(26.3%) patients, bullous in 7 (4.5%) patients and bul-
lolamellar in 35 (22.3%) patients. Concha bullosa
found on the left side was lamellar in 47 (29.9%) pa-
tients, bullous in 4 (2.5%) patients and bullolamellar
in 35 (22.3%) patients. 
      Cribriform plate lamina lateralis height was 6.1 ±
2.18 mm on the right side and 5.88 ± 2.39 mm on the
left side. Keros classification results on the right side
were type 0 in 1 (0.6%) patient, type 1in 19 (12.1%)
patients, type 2 in 92 (58.6%) patients and type 3 in
45 (28.7%) patients. Keros classification results on the
left side were type 0 in 3 (1.9%) patients, type 1 in 23
(14.6%) patients, type 2 in 82 (52.2%) patients and
type 3 in 49 (31.2%) patients. 
      There was a significant negative correlation be-
tween the female gender and increased sphenoid sinus

pneumatisation (p = 0.035). There was a positive cor-
relation between maxillary sinus septa and the pres-
ence of Onodi cells (pright = 0.045, pleft= 0.017). There
was also a negative correlation between presence of
maxillary sinus septa and sphenoid pneumatisation
classification (pright = 0.001, pleft =0.005). There was a
positive correlation between the presence of maxillary
sinus septa on the right side with presence of right (p
= 0.007) and left sided Haller cells (p < 0.001). How-
ever, presence of maxillary sinus septa on the left side
was positively correlated with the presence of only left
Haller cells (p = 0.010). The presence of right sided
bullous turbinate was positively correlated with right
sided maxillary septation (p = 0.020), as well as with
left sided maxillary septation (p = 0.004). Likewise,
there was a positive correlation between the presence
of maxillary septa and bullolamellar type concha bul-
losa on the right side (pright = 0.024, pleft = 0.046). 
      There was a positive correlation between the pres-
ence of Agger nasi cell on the right side and the pres-
ence of right sided and left sided maxillary septa (pright

= 0.010, pleft = 0.014). Similarly, there was a positive
correlation between the presence of Agger nasi cells
on the right side and the presence of Haller cells (pright

= 0.002, pleft = 0.018) on both sides. There was a cor-
relation between the presence of Agger nasi cells on
the left side and the presence of Haller cells on the
right side (p = 0.002). There was a significant correla-
tion between an increase in septation within the sphe-
noid sinus and increase in lateral lamellar height (p =
0.004). The presence of concha bullosa on both sides
was positively correlated with the presence of Haller
cells on the left side (pright = 0.050, pleft = 0.007). 
There was no significant relationship between septal
deviation and the presence or type of concha bullosa,
Agger nasi, Haller cells, Onodi Cells, sphenoid sinus
pneumatisation, paradoxical middle turbinate, maxil-
lary sinus septa,vertical septa in the sphenoid sinus,
optic nerve dehiscence and cribriform plate lamina lat-
eralis height (p > 0.05).

DISCUSSION

      The development of minimally invasive surgical
techniques has made it essential to understand the
anatomy of the paranasal sinus. Anatomic variations
must be well understood to ensure patient safety and
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prevent surgical complications. Prior to performing
FESS, PSCT is the gold standard imaging modality
for the evaluation of patients [9]. Anatomical varia-
tions of the paranasal sinuses can cause various sinus
pathologies and complicate surgeries. These variations
include nasal septum deviations, concha bullosa,
Agger nasi cells and Haller cells [10, 11]. 
      Nasal septum deviationsare found in 20%-79% of
the population [2, 4]. Nasal septum deviations are usu-
ally observed in the lower part of the septum, near the
chondrovomeral region. Severe septal deviations may
lateralise the middle turbinate and make it difficult to
access pathologies within the middle meatus during
surgery. Septal deviations should be carefully evalu-
ated to improve surgical vision in FESS [2]. 
      Koo et al. [3] found that deviations towards the
left side were slightly more common than deviations
towards the right side (43.9% and 36.4%, respec-
tively). At 52.9% of cases, deviation towards the left
side was also more common in our study.In addition,
according to the Mladina classification, class 5 devia-
tions were the most common class of deviations with
55.1% of cases. At 46.5% of observed cases, antero-
posterior deviations constituted the most common of
the three locations for deviations. In our study, the
chondrovemoral region was the most common site for
deviations. 
      Agger nasi cells are the most anterior ethmoid air
cells. Anterior ethmoid cells, particularly Agger nasi
cells, can cause constriction or obstruction of the na-
sofrontal canal [12]. In several studies, the prevalence
of Agger nasi cells varied between 61.4% and 98.5%.
However, in 90.6% of cases, the presence of agger nasi
cells was bilateral [4, 13]. Unlike other studies, agger
nasi cells were found on the right side in 51% patients,
on the left side in 51% of patients and on both sides in
47.1% of patients.In addition, patients with agger nasi
cell had a higher incidence of Haller cells and maxil-
lary septa. 
      Haller cells, first identified by Albrecht Von Haller
in 1756 and named after him, are infraorbital ethmoid
cells [10, 14]. Zinreich and Kennedy described Haller
cells as ethmoid air cells that adhere to the maxillary
sinus ceiling and form part of the lateral wall of the
infundibulum, inferior to the ethmoid bulla [4]. Kho-
jastepour et al. [13] found a significant relationship
between maxillary sinusitis and the presence of Haller
cells. The presence of Haller cells may increase the

risk of orbital injury during ethmoidectomy [10, 15].
Bolger et al. [16] reported that they found Haller cells
in 45% of cases examined via CT. Yücel et al. [4]
found Haller cells in 18.5%of cases in their studies.
The incidence of Haller cells reported in different
studies range between 5.5% and 45.9% [10, 14]. In our
study, Haller cells were found on the right side in 8.1%
of patients, on the left side in 9.6% of patients and on
both sides in 5% of patients. In addition, patients with
maxillary sinus septa and agger nasi cell had a higher
incidence of Haller cells. 
      The presence of Onodi cells reported in previous
studies range between 0.4% and 14% [2, 17]. Onodi
cells may predispose the optic nerve and the internal
carotid artery to injury during surgery [1]. In our study,
Onodi cell was observed in 23.6% of patients. While
septation was not observed in the sphenoid sinus in
3.8% of patients, 70.1% of patients had 1 vertical sep-
tum, 19.1% of patients had 2 vertical septa and 7% of
patients had 3 vertical septa.Type 1 sphenoid sinus
pneumatisation was found in 47.1% of patients, 36.9%
of patients had type 2 and 15.9% of patients had type
3 sphenoid sinus pneumatisation. Sphenoid sinus age-
nesis was not detected in our study. Female patients
and patients with maxillary sinus septa had less sphe-
noid sinus pneumatisation. Onodi cells were found
more frequently in patients with maxillary sinus septa.
Both Onodi cells and septation in the sphenoid sinus
occurred frequently in our study. We concluded that
especially in FESS, caution should be taken to prevent
complications due to regional proportional differ-
ences.In addition, we concluded that caution should
be taken in patients with maxillary sinus septation, as
there is a high rate probability of Onodi cells within
the low pneumatised sphenoid sinus. 
      The optic nerve can be exposed on the roof of the
sphenoid sinus up to 24% [2]. The optic nerve is often
exposed in the superior-lateral wall of the sphenoid
sinus between 8 to 100% rate [14]. In our study, optic
nerve protrusion was detected in the sphenoid sinus at
a rate of 26.8%, comparable to figures in literature.Vi-
sual loss due to optic nerve injury is one of the most
feared complications of endoscopic sinus surgery.
Therefore, it is important to fully evaluate the radio-
logical anatomy of the optic nerve before FESS [15]. 
      Concha bullosa refers to the pneumatisation of the
lower bulbous part of the middle turbinate. Concha
bullosa occurs due to changes in the development of
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ethmoid air cell system. Concha bullosa can be unilat-
eral or bilateral and can be classified into three types
based on the site of pneumatisation. They are the
lamellar type; pneumatised vertical lamellae of the
middle turbinate, the bulbous type; pneumatised lower
part of the middle turbinate and thetrue type; vertical
lamella and pneumatised bottom of middle turbinate
[18]. Concha bullosa occurs in approximately 13%-
55% of the population and is usually bilateral [2, 3,
19]. The incidence of bilateral concha bullosa has been
reported between 36.4% and 54.7% [3, 18]. It is a pos-
sible aetiological factor in recurrent chronic sinusitis
[3]. In our study, the incidence of concha bullosa was
56.1% on the right side, 53.5% on the left side and
43.9% on both sides. In patients with right sided con-
cha bullosa, 26.3% of them were lamellar, 4.5% of
them were bullous and 22.3% of them were true. In
patients with left-sided concha bullosa, 29.9% of them
were lamellar, 2.5% were bullous and 22.3% of them
were true. 
      The paradoxical middle turbinate is the convex
side of the middle turbinate facing the lateral direction
[4]. In the literature, the frequency of paradoxical mid-
dle turbinates ranges between 2.8% and 32% [1, 4,
17]. The paradoxical middle turbinate is thought to
cause recurrent rhinosinusitis and prevent access to the
ostiomeatal unit during surgery [2]. Paradoxical mid-
dle turbinate can cause recurrent infundibular disease
and sometimes headache [13, 20]. In our study, the
paradoxical middle turbinate occurred on the right side
12.1% of the time, on the left side 8.3% of the time
and on both sides 5.7% of the time. 
      Secondary middle turbinate is an extra turbinate
between the upper turbinate and the middle turbinate,
with a projection between the lateral nasal wall and
the middle meatus [5]. In their studies, Kaplan et al.
[5] found that secondary middle turbinate occurred at
a rate of about 6%. Secondary middle turbinate was
observed in 0.6% of patients in our study. 
      Septa in the maxillary sinus occur commonly and
may be fibrous or bony. They usually extend from the
infraorbital nerve canal to the lateral wall and may af-
fect drainage of the maxillary sinuses [2]. In our study,
maxillary sinus septation was seen on the right side
19.1% of the time, on the left side 21.7% of the time
and in both sides 16.5% of the time. In addition, we
found that the incidence of Agger nasi cells, Onodi
cells, Haller cells and true type concha bullosa were

higher in the presence of maxillary sinus septa. We
also found that sphenoid sinus pneumatisation de-
creased in the presence of maxillary sinus septa. Ab-
normalities that may cause chronic sinusitis are more
common in cases with maxillary sinus septa. 
      As described by Keros [7], there are three types of
olfactory fossa, depending on the height of the lateral
lamella of the cribriform plate. Type 1 refers to the
shallow or flat olfactory fossa seen in 30% of cases
and ranges between 1 mm and 3 mm. Type 2, which
indicates a moderate deep olfactory fossa and occurs
in 49% of cases,ranges between 4 mm and 7 mm. Type
3 ranges between 8 mm and 16 mm and is observed
in 21% of cases [2]. Nouraei et al. [10] found Keros
type 1 in 3.5%, Keros 2 in 74% and Keros 3 in 22.5%
of their cases. In our study, the mean height of the crib-
riform plate lamina lateralis was 6.1 ± 2.18 mm on the
right side and 5.88 ± 2.39 mm on the left side. Given
that the lateral lamella of the cribriform plate is the
thinnest bone in the anterior skull base and is dehis-
cenced in 14% of patients, the risk of intraoperative
injury and iatrogenic cerebrospinal fluid leakage is
higher in this region [2]. Anterior skull base examina-
tion using CT should be performed by every surgeon
before FESS to reduce risk ofcomplications [21]. In
our study, we found that an increase in the height of
the olfactory fossa was positively correlated within-
creases in sphenoid septation. Both of these factors are
risky anomalies during the FESS procedure. We
though that these relationships should be considered
during CT evaluation before FESS. 

CONCLUSION

      Several studies have shown a relationship between
chronic sinusitis and paranasal sinus anomalies. Be-
fore endoscopic sinus surgery, evaluation of patients
for anomaliesusing CT can reduce the intraoperative
complications and increase procedural success. In our
study, we found that maxillary sinus septa, Agger nasi
cells, Haller cells, Onodi cells, cribriform plate lamina
lateralis height and sphenoid sinus septation were in-
terrelated. However, nasal septum deviation was not
related to the aforementioned anomalies. We recom-
mend that surgeons evaluate patients for these varia-
tions to prevent procedural complications.
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ABSTRACT
Objectives: To determine the effects of age on preoperative findings and on outcomes of thyroid surgeries. 
Methods: In this retrospective study, we analyzed the demographics, surgical and pathological data,
postoperative complications and biochemical results including calcium, phosphorus and parathyroid hormone
(PTH) levels of patients who undertaken thyroid operations. 
Results: Totally 288 consecutive patients operated for thyroid diseases were included in the study. The patients
were grouped regarding their ages as patients in the 3rd decade (n = 26), 4th decade (n = 60), 5th decade (n =
81), 6th decade (n = 77) and 7th decade (n = 44). There was not any significant difference between groups
regarding the preoperative diagnoses (p = 0.09). With an advance in age, the presence of multiple nodules in
preoperative period was increasing (p = 0.015). On postoperative period, the pathological diagnosis was
malignant in 46 (15.9%) patients. There was not any significant difference between groups regarding the tumor
type (p = 0.80). The most common tumor type was papillary carcinoma in all age groups. Postoperative
complications were determined in 68 (23.6%) patients and there was not any significant difference regarding
the presence of postoperative complications in all age groups (p = 0.26). 
Conclusions: In conclusion, there was not any significant difference regarding postoperative outcomes in
patients operated for thyroid diseases who were in the different decades of their lives. We can suggest that,
thyroid surgeries are as safe in elderly patients as in younger patients.
Keywords: thyroid surgery, age, complications 

The incidence of thyroid diseases, especially can-
cers requiring surgery is increasing every day,

most probably with the advances in diagnostic meth-
ods [1, 2]. Thyroidectomy is the most commonly per-
formed endocrine surgery and for that reason, the
patients requiring surgical treatment for thyroid dis-
eases at different age groups are also augmenting [3]. 
      Although thyroid surgeries are reported to have
low rates of mortality and morbidity with advances in
surgical techniques; in clinical practice, it was reported
that, especially elderly patients with some thyroid dis-

eases are less likely to receive specified therapies [4-
6]. 
      In this study, we aimed to determine the effects of
age on preoperative findings and on outcomes of thy-
roid surgeries. 

METHODS

      In this retrospective study, we analyzed the demo-
graphics, surgical and pathological data, postoperative
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complications and biochemical results including cal-
cium, phosphorus and parathyroid hormone (PTH)
levels of patients who undertaken thyroid operations
between 2010 and 2017 in the University of Health
Sciences, Kocaeli Derince Training and Research Hos-
pital. The hospital records of patients operated for any
thyroid diseases were retrospectively investigated and
patients with missing records were not included in the
study. The patients were grouped into decades regard-
ing their ages to determine the effects of age on out-
comes of thyroid operations. The indications for
thyroid surgeries, preoperative ultrasonographic find-
ings, the results of fine needle aspiration biopsy
(FNAB) in preoperative period if present; histological
findings, complications and laboratory data after op-
eration were recorded. All surgeries were performed
by the same operation team. Ethical committee ap-
proval was not obtained because the study was done
retrospectively by evaluation of patients’ data’s. 

Statistical Analysis 
      The data analysis was performed using the Statis-
tical Package for the Social Sciences for Windows ver-
sion 21.0 (SPSS Inc.; Chicago, IL, USA). Regarding
descriptive statistics, the categorical variables were ex-
pressed as number and percentage and the numerical
variables were expressed as mean, and standard devi-
ation. In comparison of categorical variables, Chi-
square test was performed. The numerical data were
compared with the one way ANOVA. A p < 0.05 was
considered statistically significant.

RESULTS

      In this study, we analyzed the general characteris-
tics and outcomes of 288 consecutive patients operated
for thyroid diseases regarding their ages (Table 1).
Concurrent parathyroid operations were performed in
13 (4.5%) patients. Among study participants, 247
(85.7%) were female but there was not any significant
difference regarding gender between patients at differ-
ent decades during operation (p = 0.77). Preoperative
indication was analyzed in all decades. There was not
any significant difference between groups regarding
the preoperative diagnoses (p = 0.09). Number of nod-
ules in preoperative period was significantly different
between groups (p = 0.015). With an advance in age,

the presence of multiple nodules was increasing. 
      In preoperative period, the suspicion of neoplasm
was present in 42 patients while in postoperative pe-
riod, the pathological diagnosis was malignant in 46
(15.9%) patients. There was not any significant differ-
ence between groups regarding the tumor type (p =
0.80). The most common tumor type was papillary
carcinoma in all age groups. Substernal goiter was sig-
nificantly more common in the 6th decade (p = 0.01).
Location of tumor was significantly more commonly
right lobe in patients in the 5th decade while it was sig-
nificantly more commonly left lobe in patients in the
7th decade (p = 0.009). There was not any significant
difference regarding the presence of postoperative
complications in all age groups (p = 0.26). 
      In preoperative period, 14 patients were diagnosed
with atypia with undefined significance and the post-
operative diagnosis of these patients were papillary
carcinoma (n = 3), follicular adenoma (n = 2), nodular
goutier (n = 7), hurtle cell carcinoma (n = 1) and gran-
ulomatous thyroiditis (n = 1). On the other hand, fine
needle aspiration biopsy (FNAB) was performed to
the 34 of the patients diagnosed with any type of car-
cinomas in postoperative period. The results of those
FNAB were as follows; adenomatous hyperplasia (n
= 9), follicular neoplasm (n = 1), hyperplastic colloid
nodule (n = 2), papillary carcinoma (n = 10), atypia
with undefined significance (n = 3), hurtle cell carci-
noma (n = 3), degenerated nodule (n = 1) in papillary
carcinoma group; follicular neoplasia (n = 2) in follic-
ular carcinoma group; and hurtle cell neoplasm (n =
2) in hurtle cell carcinoma group. 
      Bilateral total thyroidectomy was the most com-
monly performed operation in all age groups (Table
2). Right lobectomy + isthmectomy was significantly
more commonly performed in patients in the 3rd

decade compared with other age groups. Neck dissec-
tion was performed in 15 patients and there was not
any significant difference between groups regarding
the requirement of neck dissection. 
      There was not any significant difference regarding
the presence of postoperative complications between
groups. Transient hypocalcaemia was more common
in patients in the 5th decade. (Table 3). 
      In postoperative period, calcium, phosphorus and
parathyroid hormone levels were compared between
groups (Table 4) and PTH levels were determined to
be significantly higher in patients in the 6th and 7th
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decade compared with the younger patients while
there was not any significant difference in postopera-
tive calcium or phosphorus levels.

DISCUSSION

      In this study, we analyzed the general characteris-
tics of patients who were operated for any type of thy-
roid diseases and determined that most of the patients
were female at all age groups; there was not any sig-
nificant difference regarding the preoperative diag-
noses between different age groups; with an advance
in age, presence of multiple nodules was increasing.
The pathological diagnosis was malignant in 46
(15.9%) patients and there was not any significant dif-

ference regarding the tumor type between patients at
different age groups. The most common tumor type
was papillary carcinoma in all age groups. Interest-
ingly, substernal goiter was significantly more com-
monly determined in patients in the 6th decade. There
was not any significant difference regarding the pres-
ence of postoperative complications in different age
groups. 
      The data about the thyroid surgeries is accumulat-
ing in recent literature with an increase in the inci-
dence of thyroid diseases [7-9]. In a retrospective
study Grubey et al. [10] reported that, among 1207
outpatient thyroidectomy operations; 85.2% of the pa-
tients were female. They reported that there was not
any significant difference between patients aged be-
tween 21 and 40 years, patients > 65 years and patients
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> 80 years regarding the complication and re-admis-
sion rates. Kovacic and Kovacic [11] investigated the
outcomes of thyroid surgeries in 183 elderly patients
and reported that patients ≥ 70 years of age were hav-
ing higher rates of malignant diseases. However they
also reported that the complication rates were not high
after thyroid surgeries in those patients with ≥ 65 years
of age. Similarly, Diaconescu et al. [12] also reported
that despite some additional risks related to comor-
bidities in patients over 65 years, patients may benefit
of all types of conservative or radical thyroidectomies.
Canonico et al. [13] also reported that age did not in-
crease the incidence of worse outcomes in patients
who underwent thyroid surgery. On the other hand, in
a population-based study on patients who underwent
surgery for thyroid neoplasms, the rate of general post-
operative complications was 6.5% and the rate of thy-
roid surgery-specific complications was 12.3%. In that
study, the authors determined that older age and more
comorbidities were risk factors for postoperative com-
plications [14]. Caulley et al. [15] reported that the 30-
day complication rate for total thyroidectomies was
7.74% and age ≥7 0 was a risk factor for postoperative
complications. Similarly Liu et al. [16] also deter-
mined that older age was a risk factor for post-thy-
roidectomy bleeding in their meta-analysis. In our
study, we did not determine any significant difference
regarding postoperative complication rates in patients
at different age groups. Postoperative hematoma was
determined in only one patient and she was 26 years
old. 
      The most common complication reported after
thyroid surgeries is transient hypocalcaemia which
may be seen in as much as 70% of patients, while per-
manent hypocalcaemia is exceedingly rare [17].  In
our study, the most common complication was also
transient hypocalcaemia determined in 40 (13.9%) pa-
tients while permanent hypocalcaemia was determined

in only 8 (2.7%) patients. 
      The most common indications for thyroid surger-
ies include goitre, Grave’s disease, toxic nodules and
thyroid neoplasms [9, 18, 19]. In this study the most
common indications for thyroid surgeries were also
toxic and non-toxic multi-nodular goiter followed by
thyroid neoplasms and there was not any significant
difference regarding the preoperative indications in
patients at different age groups. 
      In recent years, with an advance in diagnostic
methods, the incidence of thyroid nodules is increas-
ing and FNAB is the main initial diagnostic test in
evaluation of thyroid nodules [20, 21]. However, the
diagnostic accuracy of FNAB in malignant thyroid
nodules is controversial. Recently, Kavanagh et al.
[22] reported that, although FNAB is a safe and reli-
able method for cytological assessment of thyroid nod-
ules, older patients were more likely to have
non-diagnostic samples. However, we did not deter-
mine any significant differences regarding the cyto-
logical diagnoses of FNAB in patients at different age
groups. Chiu et al. [23] retrospectively reviewed 1040
consecutive primary thyroid operations and reported
that 380 of those patients were having cytologically
indeterminate thyroid nodules. Among those 66% had
follicular neoplasm, 12% had Hurthle cell neoplasm,
12% had papillary carcinoma and 7% had neoplasms
with cellular atypia. In our study, although the number
of patients with FNAB diagnosis of atypia with unde-
fined significance was low (4.8%), among those pa-
tients the most common postoperative diagnoses were
nodular goutier, papillary carcinoma, and follicular
adenoma. 
      In a recent study, Liu et al. [24] investigated the
characteristics of thyroid carcinoma in time and re-
ported that papillary thyroid carcinoma was the most
common type counting 86.4% of all thyroid carcino-
mas. In our study we also determined that papillary
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carcinomas were the most common type accounting
for 84.5% of all thyroid carcinomas in all decades.
Nieman et al. [25] reported that patients with papillary
thyroid cancer aged younger than 25 years of age or
older than 75 years, exhibit higher rates of aggressive
histopathologic features compared to patients aged be-
tween 25-75 years. However, we did not determine
any significant differences between groups regarding
outcomes of thyroid operations including patients with
papillary carcinomas. 
      Substernal goiter may be regarded as a challeng-
ing indication for thyroid surgeons. In a recent study
it was reported that among 1145 patients who under-
went thyroid surgery, 60 (5.2%) patients were having
substernal goiter. In that study also, similar with our
results, 88% of patients were female [26]. Moten et al.
[27] reported that Substernal thyroidectomy patients
were older compared with the non-substernal cases. In
our study the ratio of substernal goiter was 7.9% and
we determined that substernal goiter was significantly
more common in patients in the 6th decade of their
life. 

Limitations
      There are some limitations of this study that
should be mentioned. This is a retrospective study
based on hospital records and performed in a single
center. The number of patients with complications was
low and follow-up data was not present in all patients.

CONCLUSION

      In conclusion, we determined that, there was not
any significant difference regarding postoperative out-
comes in patients operated for thyroid diseases who
were in the different decades of their lives. We can
suggest that, thyroid surgeries are as safe in elderly pa-
tients as in younger patients. Larger prospective stud-
ies are required to determine the effects of age on
outcomes of thyroid surgeries. 
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Is the neutrophil/lymphocyte rate as effective as CURB-65 in
the patient management of the community-acquired
pneumonia patients admitted to the Emergency Medicine?
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ABSTRACT
Objectives: The aim of this study was to identify the patients with community-acquired pneumonia (CAP) in
emergency departments, and to compare CURB-65 scoring system and Netrofil/Lymphocyte Ratio (NLO)
which are some of the commonly used blood parameters to make an inpatient or outpatient decision quickly
and effectively. 
Methods: This study was performed retrospectively by examining the files of 442 patients who were admitted
to the adult emergency department of Bursa Yüksek İhtisas Training and Research Hospital between September
1, 2017 and October 31, 2018. The demographic characteristics, physical examination findings, laboratory
results, hospitalizations, and CURB-65 scores of the patients included in the study were recorded on a pre-
prepared paper and electronic form and statistical analyzes of these data were conducted. 
Results: Two hundred and fifty-five (57.69%) patients were male and the mean age was 70.93 years. The mean
NLO value was 9.85, the mean MPV value was 8.62, the mean eosinophil value was 0.15 and the mean CURB-
65 score was 1.85. When the post hoc paired group comparison was conducted for the mean NLR, it was found
that the other groups differed from each other except the groups admitted to the intensive care unit and the
service. Glasgow Coma Scale score and CURB-65 score were found to be significant predictors for
hospitalization to service and intensive care unit (p < 0.05). 
Conclusions: We think that NLR may be useful in decision-making process, especially in prospective studies,
although the use of NLR in patients with CAP is not statistically significant. In this study, we also examined
that CURB-65 is an effective scoring system in the management of this patient group. 
Keywords: Emergency department, community-acquired pneumonia, CURB-65, Netrofil/lymphocyte ratio

Pneumonia is an acute infection of the lung
parenchyma and is one of the major causes of

morbidity and mortality [1]. According to World
Health Organization data, it is the 4th most common
cause of death worldwide [2]. Pneumonia is the third
most common cause of hospitalization in the USA and
causes an average of 544,000 hospitalizations from

the emergency departmentper year [3]. Community-
acquired pneumonia (CAP) is defined as an acute lung
infection involving alveoli in patients who have not
recently received medical care [4]. CAP causes signif-
icant morbidity and mortality, especially in the elderly
patients and patients with significant comorbidity.
CAP is affected by the patient's comorbidities and
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may alter the course of existing diseases and decom-
pensate them. Therefore, the main problem for CAP
in the emergency department is to define the patient
who will experience acute respiratory failure or mul-
tiple organ failure [5-7]. 
      Various decision support systems are being devel-
oped to evaluate the pneumonia clinic. Pneumonia
Severity Index (PSI), which emerged in 1997, and
CURB-65, a scale of confusion, uremia, respiratory
rate, blood pressure and parameters above 65 years of
age,proposed in 2003, are two current and frequently
used examples [8, 9]. 
      Neutrophil/lymphocyte Ratio (NLR) is a simple
parameter used to easily assess a person's inflamma-
tory state. NLR has been recognized not only as an
indicator of acute viral or bacterial infection but also
as a marker of the systemic inflammatory response in
some studies [10]. It has been shown to be used as a
risk factor in determining the prognosis and mortality
of sepsis, pulmonary embolism, cardiovascular system
and neurovascular diseases [11-14]. 
      The aim of this study was to define the patients
with CAP in the emergency department and to com-
pare NLR and CURB-65 scoring system, which
aresome of the commonly used blood parameters to
decide the inpatient or outpatient treatment quickly
and effectively. 

METHODS

      Patients who were admitted to the adult emer-
gency department of Bursa Higher Specialization
Training and Research Hospitalbetween September
2017 and October 2018 and diagnosed as CAP were
included in this retrospective single-center study. A
total of 2,000 patients were diagnosed as CAP and 442
patients were included in the study with the exclusion
of patients who could not provide data adequacy, who
had recently received major trauma, malignancy treat-
ment or subsequent malignancy diagnosis.
Demographic characteristics, comorbidities, blood
pressure, pulse rate, peripheral saturation, electrocar-
diogram (ECG) findings, CURB-65 scores, Glasgow
Coma Scale (GCS), white cell count, neutrophil, lym-
phocyte, NLR and eosinophil values, mean platelet
volume (MPV), emergency room discharge, service
and intensive care unit hospitalization were examined. 

Statistical Analysis 
      Data were analyzed via SPSS 21.0 (SPSS Inc.,
Chicago, IL, USA) software. Results were expressed
as number, percentage, mean, median, minimum-max-
imum values, and standard deviation. The “Outcome”
variable (Discharge / Admission to the service /
Admission to the Intensive Care unit) was used in the
analyzes. The suitability of the numerical variables to

185 The European Research Journal   Volume 7   Issue 2   March 2021

#
#

!

!

"#$%&!'(!)&*+,-./-0&!*/#/-*/-+*!,&1#,2-31!/4&!356&,-+#%!0#,-#$%&*!
! 7&#3! 8)! 7&2-#3! 9:;&*/! <-14&*/!
"#$! %&'()! *+'),! %-'&&! *.'&&! *&-'&&!
/0123456!74338!9:$11;:$!<==>#?! *,(')+! ,('-,! *,+'-&! -&'&&! ,@,'&&!
A5B123456!74338!9:$11;:$!<==>#?! %%'.,! *%'&&! %.'-&! ,('&&! *+)'&&!
C;41$D=5E! *&*'%(! ,*'&@! *&&'&&! @*'&&! *%&'&&!
C$:59F$:B4!3G0#$E!1B2;:B253E!<H?! (&'-,! %',+! (,'&&! -@'&&! *&&'&&!
IJ/!163:$! *)'.(! ,'&&! *-'&&! -'&&! *-'&&!
JKLM!+-!163:$! *'.-! *'*&! ,'&&! &'&&! @'&&!
NF52$!74338!6$44! *,'.@! +'-.! **'+&! ,')-! -@'(&!
O$;2:39F54! ('.(! +'*%! .')&! &'@&! -&'-&!
P0=9F3602$! *'(*! ,'*.! *'@&! &',&! *('(&!
OPQ! ('-.! *&'%+! -'+-! &'&+! %)'&&!
RCS! .'+,! *',(! .'+&! -'%&! *@'*&!
T315E39F54! &'*-! &'.,! &'&*! &'&&! *@'%&!
/A!U!/2BE8B:8!8$V5B253EW!IJ/!U!I4B1#3X!J3=B!/6B4$W!OPQ!U!O$;2:39F54DP0=9F3602$!LB253!

!



Eur Res J 2021;7(2):184-191 Barut et al

normal distribution was examined by the Kol-
mogorov-Smirnov test. The Chi-square test, Spearman
correlation analysis and Kruskal-Wallis analysis were
used in pairwise comparisons. Tamhane T2 test was
used as post hoc analysis. Multinomial logistic regres-
sion analysis was used to answer the question “Can
the clinical judgment be measured during hospitaliza-
tion decision-making?”.The statistical significance
level was considered as p < 0.05. 

RESULTS

      A total of 442 patients were included in the study.
Two hundred and fifty-five (57.69%) of the patients
were male and 187 (42.31%) were female. The mean
age of the patients was 70.93, the mean GCS score
was 13.89, the mean CURB-65 score was 1.85 and the
mean NLR rate was 9.58 (Table 1). When the outcome
of the patients was examined, it was found that 43.9%
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were discharged, 31.0% were hospitalized in the serv-
ice and 25.1% were hospitalized in the intensive care
unit. On the other hand, when the outcome of the
patients and numerical variables were compared, it
was seen that all variables except MPV differed
between the groups (Table 2). 
      When post hoc paired group comparisons were
conducted for CURB 65 mean scores, it was found
that all groups differed from each other (Table 3).
When the post hoc paired group comparison was con-
ducted for the mean NLR, it was found that the other
groups differed from each other except the groups that
were admitted to the intensive care unit and the serv-
ice (Table 4). 
      When the pairwise correlations between numeri-
cal variables are examined, it is considered that many
variables are related to each other (Table 5). 
      A multinomial logistic regression analysis was
performed to investigate the independent factors
affecting the outcome of the emergency department of
the patients, which is the main outcome measure of
the study. Among the variables that were found signif-
icant in pairwise comparisons, age, systolic blood
pressure, diastolic blood pressure, pulse, peripheral
oxygen saturation, GCS score, CURB-65 score, BK,
NLR and Eosinophil were taken ascovarianceto the
regression model. Discharge status was taken as the
reference category. In the regression analysis, a

Nagelkerke R square value of 82.0% was obtained.
GCS score and CURB-65 score were found to be sig-
nificant predictors for hospitalization and intensive
care unit admission (Table 6). 

DISCUSSION

      CAP increases the number of hospital admissions
and treatment costs worldwide. It is also responsible
for a significant portion of labor losses and mortality
[15, 16]. Annual incidence in Europe is reported to be
0.5-1.1% [17]. In a study conducted in Finland, the
frequency of pneumonia was11.6 / 1000 persons annu-
ally, and hospitalization rates werefound to be
2.67/1,000 for males and 1.10/1,000 for females [18].
In the USA, there were 107-370 cases per 100,000
between the ages of 18-64, whereas there were 630-
5,697 cases per 100,000 over 65 years [19]. In our
country, according to the results of a project carried
out by the Ministry of Health, RefikSaydam National
Public Health Agency and Baskent University, pneu-
monia was the 15th with a frequency of 1.15% among
the first 20 acute and chronic diseases diagnosed by
physicians [20]. In our study, the incidence of CAP
was 0.4%, which is contrary to the literature. This may
be due to the presence of a Chest Diseases Hospital in
a location that is very close to our hospital, and thus,
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the majority of patients go to this center. 
      According to insurance companiesdata in Ger-
many, 46.5% of 660,000 CAP cases were hospitalized
per year and the majority of these patients are over 60
years of age [21, 22]. In another study conducted in
Germany, the mean age was 76 for hospitalized
patients [23]. Another study conducted in Australia
found the rate of hospitalizations as 563 per 100,000
in the 65 to 74 age group [24]. In our study, the mean
age of the patients who were discharged was 67.17,
the mean age of the patients who were hospitalized in
the service was 70.85 and the mean age of the patients
who were admitted to the intensive care unit was
77.68. The mean age of the hospitalized patients in our
study was consistent with other studies in the litera-
ture. 
      In a study conducted in the UK, approximately 1/3
of CAP patients were treated as inpatient and 2/3 of
them were treated as outpatients. In that study, hospi-

tal-acquired pneumonia and aspiration pneumonia
were excluded [25]. In another study, the incidence of
pneumonia was 567/100,000 per year, and 48% of
patients with pneumonia were hospitalized [26]. In a
study conducted in the United States, the rate of hos-
pitalization was identified as 24.8 per 10,000 adults
[19]. In our study, 56% of the patients were hospital-
ized. Correlation with mean and median age increase
in patients with intensive care and service hospitaliza-
tion is a general result that was found in our study and
consistent with the literature. As the age increases, the
physical capacity decreases and the decompensation
rates due to the comorbidities also increase, which has
a negative effect on recovery times and the intensity
of the health services [27]. 
      While CURB -65 is recommended in European
countries such as England and Sweden, PSI is mostly
used in the US and Australia. It is observed that
CURB-65 and PSI scoring systems have negative pre-
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dictive values but relatively low positive predictive
values [28]. The increase in hospitalization rates with
CURB-65 is an expected result since it is the standard
criterion in the study. In our study, CURB-65 score
was found to be significant predictors for both hospi-
talizations to service and intensive care unit. 
      NLR, MPV and eosinophil values that we usedas
blood parameters have been investigated in various
studies to confirm the presence of infection and to
evaluate clinical progression [29, 30]. In a previous
study in our country, the NLR value in healthy popu-
lation was found to be 1.7. In other studies, values
were determined as 1.68 to 1.9 [31]. The NLR value
gradually increases until the age of 20, a plateau
period is reached and the NLR value increasesover the
age of 60. This increase, especially over the age of 60,
can be due to physiological conditions such as
menopause and andropause. The mean NLR was
found to be 2.96 in males and 2.49 in females over the
age of 70 years [31]. It was reported that the NLR val-
ues in CAP were over 13 in inpatients and 18in the

patients who were followed up in the intensive care
unit. The mortality rate was higher in patients with
NLR values of 23 and over [32]. NLR has been pre-
viously described as a predictor of bacteremia [33]. A
value of < 3.0 for NLR may be used to prove the
absence of infection, while a value of > 10, when
taken as a cut off value, is efficient enough to be con-
sidered equivalent to other infection predictors such
as CRP, PCT [29, 34]. The decrease in lymphocyte
value was found to be determinant in the decision of
hospitalization in the intensive care unit. 
      Even though there are favorable or unfavorable
studies regarding the effectiveness of their individual
use, it was stated even in th eunfavorable studies that
they should be considered when deciding discharge /
outpatient treatment or hospitalization [32]. In our
study, the mean NLR value was found to be 10.76 in
the inpatients and 13.61 in the intensive care unit
patients. Although NLR value was significantly dif-
ferent in pairwise comparisons, it did not become
statistically significant when evaluated as a whole. 
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Limitations 
      As the study was performed retrospectively, his-
tory, some of the vital signs and comorbidities were
not examined sufficiently. In addition, short, medium
and long-term morbidity and mortality rates could not
be determined in this study, which is a limitation of
the study. A prospective study may investigate this
issue. 

CONCLUSION

      In conclusion, we think that NLR may be useful
in decision-making process, especially in prospective
studies, although the use of NLR in patients with CAP
is not statistically significant. In this study, we also
examined that CURB-65 is an effective scoring sys-
tem in the management of this patient group. 
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ABSTRACT
Objectives: Malnutrition is a common problem in chronic renal disease patients during pre-dialysis and
dialysis, leading to increased cardiovascular diseases and mortality. This study aimed to evaluate the efficacy
of supplemental protein supplementation on malnutrition in peritoneal dialysis patients. 
Methods: Eighty-four stable adult peritoneal dialysis patients included in this study. In addition to the standard
diets, oral nutritional product (372 calories, 61 g protein, 30 g glutamine, and 30 g arginine/100 g powder
sachet twice a day) gave to patients. Before the study and after three months from the supportive therapy;
anthropometric measurements with serum urea, creatinine, total protein, albumin, cholesterol, KtV, body mass
index was analyzed. 
Results: The mean age of peritoneal dialysis patients was 60 (46-78) years. Serum urea levels from 96 ± 44
to 109 ± 42 mg/dL (p = 0.007), total protein levels from 5.85 ± 0.68 to 6.18 ± 0.66 g/dL (7.8%, p = 0.007),
albumin levels increased from 3.02 ± 0.27 to 3.32 ± 0.34 g/dL (11.7%, p = 0.003) increased significantly after
an average of 0.43 g/kg protein and 178 cal/day energy support. 
Conclusions: Albumin is an indicator of malnutrition related mortality. Therefore, using of protein nutritional
products in addition to standard treatment may be beneficial for malnourished peritoneal dialysis patients. 
Keywords: Peritoneal dialysis, malnutrition, albumin, protein supplementation

Nutrition plays an important role in chronic kidney
diseases (CKD). The most important reason of

protein- energy malnutrition is nutritional deficiency.
It is directly related to mortality and morbidity. Inad-
equate oral intake, metabolic acidosis, chronic inflam-
mation, hormonal and enzymatic changes (such as
leptin, parathyroid hormone [PTH], insulin), dietary
restriction, gastrointestinal diseases are the main
causes of protein energy malnutrition in CKD
(Table1). In addition, peritoneal dialysis (PD) patients
with abdominal distention and reflux due to the pres-

sure of intraabdominal fluid are the most important
causes of nutritional disorders. Insulin resistance,
metabolic acidosis, vitamin D deficiency, hypercal-
cemia-hypocalcemia, secondary hyperparathyroidism,
hyperphosphatemia, renal anemia, uremic bone dis-
eases, chronic inflammation, intermittent acute dis-
eases should be taken into consideration to prevent
malnutrition that affects mortality and morbidity [1-
9]. 
      Therefore, nutritional status and disorders in dial-
ysis patients should be followed carefully and closely.
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In this study, we investigated the presence of protein
energy malnutrition in peritoneal dialysis patients and
detect it early and correct with short term supportive
therapy.

METHODS

Patients 
      Eighty-four stable adult peritoneal dialysis pa-
tients evaluated. Patients with malignancy, acute-
chronic infection or inflammatory disease and patients
with normal serum albumin values (over 3.5 g/dL) ex-
cluded from the study. Malnutrition detected in 17 pa-
tients. Malnutrition assessed by serum albumin and
creatinine levels, dietary protein and energy intake and
obtained from interviews and follow-up. Serum albu-
min value below 3.5 g/dL or patients with insufficient
of oral intake considered to be malnourished. Protein
nitrogen appearance, subjective general evaluation and
anthropometric measurements used to evaluate nutri-
tional status in patients receiving PD treatment. Oral
nutritional product (372 calories, 61 g protein, 30 g
glutamine, and 30 g arginine/100 g powder sachet
twice a day) gave to patients who detected malnutri-
tion in addition to the standard diets. Before the study
and after three months from the supportive therapy;
anthropometric measurements with serum urea, crea-
tinine, total protein, albumin, periton equilibrium test
(PET), cholesterol, peritoneal dialysis adequacy test
(Kt/V) and body mass index (BMI) evaluated. 

Statistical Analysis 
      Data analyzed using Statistical Package for the
Social Sciences (SPSS) version 21 (IBM Acquires
SPSS Inc., Somers, NY, USA). Descriptive statistical
methods (mean, median, frequency, standard devia-
tion, ratio) compared with Pearson Chi-square, paired
t and Mann Whitney U test used to compare two
groups of variables that did not show normal distribu-
tion. Differences considered significant if p < 0.05.

RESULTS

      Mean age of peritoneal dialysis patients was 60
years (46-78). Patients with malnutrition were exam-

ined for urea, creatinine, Kt/V, PET, total protein, al-
bumin, cholesterol, phosphorus, transferrin saturation,
BMI, thickness of triceps skin before and after 3
months of supportive therapy. As a result of the PET,
19 patients had high permeability, 25 patients were
near high medium permeability, 27 patients were near
low medium permeability, and 13 patients were low
permeability. In malnourished patients, 11 had low
permeability, 4 had near low medium and 1 patient had
near high medium and high permeability. In addition
to the standard dietary intake, patients evaluated and
tested 3 months after supplementation. On average of
0.43 g/kg protein and 178 cal/day energy supplemen-
tation which results were significant recorded after the
support. Serum urea levels from 96 ± 44 to 109 ± 42
mg/dL (p = 0.007), total protein levels from 5.85 ±
0.68 to 6.18 ± 0.66 g/dL (7.8%, p = 0.007), albumin
levels from 3.02 ± 0.27 to 3.32 ± 0.34 g/dL (11.7%, p
= 0.003) increased significantly. There was no signif-
icant change in other parameters. The clinical and lab-
oratory results are summarized in Table 2. 

DISCUSSION

      PD, HD and renal transplantation are the renal re-
placement therapies used for end-stage renal disease
patients. The incidence of malnutrition in PD is high
[2]. In a study, the prevalence of malnutrition was 42%
in patients receiving with PD treatment, while the
prevalence in HD patients was 32% [3]. In this study,
serum total protein and albumin levels were low. Neg-
ative nutritional parameters in PD patients are directly
related to increased morbidity and mortality as well as
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HD. These include low serum albumin, creatinine,
body mass index, blood urea nitrogen, subjective
global evaluation and nutritional scores. Allow value
of serum albumin is considered to be 3.5-4.0 g/dl,
which may increase the relative risk of death as com-
pared to 4.0 g/dl or higher. On the other hand, decline
in creatinine (an indicator of muscle mass) and ideal
weight have also associated with increased risk of
death in the patient population [8, 10, 11]. However,
it is not clear whether nutritional support is beneficial
for PD patients with improvement in these parameters.
There are no multicenter and large studies on this sub-
ject. In our single-center study, we detected 17 mal-
nutrition patients in total of 84 PD patients (19.5%).
In particular, the main causes of malnutrition in PD
patients are malnutrition, insufficient dialysis, hor-
mone abnormalities and inflammation [12]. Nutri-
tional education should be given to the patients.
Treatment of abnormal hormone levels, inflammation
and effective dialysis are important in PD patients.
When we analyze the daily protein loss in PD, it is
about 10 g. Thirty percent of this protein loss is essen-
tial amino acids [13-16]. In severe cases of peritonitis,
protein loss may increase up to 100 g per day. Espe-
cially infection, inflammation and fluid overload de-
tected in cases with low albumin as a biochemical
predictor for malnutrition. These results progress to
mortality [17-21]. Similarly, in a study evaluating peri-
toneal dialysis patients who received protein supple-
ments for six months, malnutrition decreased between
6% and 28%. In another study, protein catabolism rate
was lower and albumin level was higher in malnour-

ished patients receiving oral protein supplementation
for three months [20, 21]. Therefore, as in our study,
PD patients should be closely monitored for malnutri-
tion and supportive treatment. Total protein and albu-
min increased significantly with supportive treatment
in our patients. We did not detect any peritonitis at-
tacks during the study period. Data on oral nutritional
support in PD patients are limited. Patient compliance
observed important in oral nutrition therapy. Non-
compliance and intolerance found to adversely effect
on supportive therapy. In our study, we detected three
non-compliance of 17 patients (17.6%). This data was
equivalent to current studies. 

CONCLUSION

      Finally; malnutrition is common in peritoneal dial-
ysis patients. PD patients should be followed up fre-
quently and regularly for malnutrition. Particularly at
high risk patients with low food intake, infection or
inflammation, cardiac overload and anuric status
should be monitored more frequently and carefully. In
our study, we found significant increase in nutritional
indicators, especially albumin, directly related to mor-
tality when supportive therapy was given in addition
to patients with malnutrition. But we need more large-
scale studies.
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An investigation of the eating attitudes and coping ways
with stress among medical students
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ABSTRACT
Objectives: The purpose of the current study is to investigate the eating attitudes, coping ways and their
relationships among medical students. 
Methods: A total of 100 medical students from all class levels of the medical school (except first and final
year undergraduates) consisted of the research sample. Demographic Information Form, Eating Attitude Test
and Coping with Stress Scale were filled by participants. SPSS 21.0 was used to analyze the data obtained. 
Results: Findings of the study showed no significant differences between abnormal and normal eating attitude
groups in terms of demographic variables (gender, age and body mass index, class levels). In addition, there
was no significant difference between the groups with regard to avoidance coping score and problem focused
coping score. However, there was a significant difference between eating attitude groups in terms of seeking
social support score. The mean of social support score is higher in the abnormal eating attitude group. 
Conclusions: According to our results, abnormal eating attitude group uses more seeking social support coping
than normal eating attitude group. 
Keywords: Eating attitude, coping ways with stress, medical students

Eating is one of the most important needs for the
continuity of life in both humans and animals. En-

ergy needs, social setting, time of day and stress can
be counted as an answer of why animals and humans
eat [1]. External and internal factors which influence
appetite determine what types of food and how much
amount of food is consumed by people. Internal fac-
tors contain physiological mechanisms of humans af-
fecting appetite and they also include hormones.
While food intake is stimulated by neuropeptide-Y, it
is reduced by leptin. In addition, various external fac-
tors can affect food intake such as social factors (e.g.,
presence of others) and environmental factors (e.g.,
food prices) [2]. 
      Alvarenga et al. [3] described eating attitudes as

"beliefs, thoughts, feelings, behaviors and relationship
with food". Various factors play a role in eating atti-
tudes and also in disturbed eating attitudes which are
seen as pioneer of eating disorders [4]. Eating disor-
ders are one of the quite common psychiatric disorders
in both Turkey and all around the world [5]. 
      Stress is ineluctable phenomena in modern life [6].
It is prevalently believed that stress can have an impact
on eating patterns [7]. Even though the nature of the
association between eating disorders and stress is not
obviously explained, several empirical researches and
clinical observations show the relationship between
stress and abnormal eating behavior [8, 9]. Moreover,
findings about the impact of severity of stress on the
eating behavior are controversial. The severity of
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stress can be related with both decreased and increased
eating behavior. The researchers have conducted a ret-
rospective survey in United States Marines during
combat in order to examine eating attitude of marines
in this highly stressful situation. The results showed
that when they experienced particularly their initial
combat, their food intake decreased [10]. On the other
hand, the influence of school examination which is a
highly stressful event on eating attitude was investi-
gated [8]. The results have indicated that there was a
significant difference between examination day and
stress-free day in terms of students' total energy intake.
This study revealed that the energy intake increases in
the major stressful circumstance. 
      Studies from different samples have reported that
some certain groups of people are at higher risk for
eating disorders, such as young adults [11]. Previous
studies have suggested that eating disorders among
college students in Western countries increase [12, 13].
A research conducted in Turkish sample has also re-
vealed that eating disorders are quite prevalent in uni-
versity students [14]. 
      Coping is defined as “the cognitive and behavioral
efforts made to master, tolerate, or reduce external and
internal demands and conflicts among them” by Folk-
man and Lazarus [15]. Indeed, it is a factor determin-
ing the effect of stress on health [16]. Thus, it is crucial
to apprehend individual’s coping ways when under
stressful life situation. Folkman and Lazarus [15] sug-
gested two ways of coping: problem-focused coping
which refers to focusing on managing and changing
what the stressor is in person-environment relation-
ship, and emotion-focused coping which refers to fo-
cusing on regulating emotional state regarding some
stressful circumstance. Additionally, avoidance coping
(getting away from stressor) and approach coping
(going towards stressor) is another categorization in
the literature [17, 18]. 
      Although there are a lot of studies examining eat-
ing disorders, there have been a few studies investi-
gating the relationship between eating attitude and
coping ways with stress so far, especially on medical
students whose education is pretty stressful. Several
stress such as inability to cope were revealed among
medical students in the earlier study [19]. Moreover,
the transitional period from pre-clinical training to
clinical training was also reported as critical phase cre-
ating stress among medical students [20]. This paper

attempts to investigate eating attitudes which are in-
dicative factor for eating disorders instead of diagnos-
ing participants with a particular disorder and also to
examine coping ways with stress. Additionally, the re-
lationship between eating attitudes and coping ways
with stress is examined. 

METHODS

Participants 
      The participants were undergraduate medical
students in Bursa Uludag University in the 2018-2019
academic year. Participation was based on voluntary.
Research inclusion criteria were the absence of any
psychiatric disorder and not being international
students due to probable cultural differences in eating
attitudes. In addition, first year and final year students
were excluded from the study. It was considered that
first year undergraduates could be stressful because of
difficulties in adjustment to the university life such as
being away from the home for the first time and final
year undergraduates also could be stressful due to
preparing Specialty Exam in Medicine (TUS) at the
end of the year. 
      Initially, data was collected from a total of 200
students (110 females and 90 males). The number of
participants from each class taking part in the study
was determined according to the number of students
in the classes. Among these participants, 49 of them
were 2nd year, 44 of them were 3rd year, 56 of them
were 4th year and 51 of them were 5th year. Thereafter,
because the sample was nonclinical and cut off point
is not determined for Turkish sample, the students who
got 25% highest score in Eating Attitude Test
(comparatively abnormal eating attitudes) and who got
25% lowest score in Eating Attitude Test
(comparatively normal eating attitudes) were
determined as research participants as it was done in
the past studies [21-23]. Thus, the certain sample size
included 100 students (27 of them were from 2nd year,
21 of them were from 3rd year, 26 of them were from
4th year and 26 of them were from 5th year) in the
current study. Their age range was between 18 and 27
years.

Measures and Procedure 
      The researcher gave a brief introduction about the

197 The European Research Journal   Volume 7   Issue 2   March 2021



Eur Res J 2021;7(2):196-202 Doğruel and Kırlı

present study to the participants and ensured
confidentiality to them. Besides the Demographic
Information Form, two questionnaires were
administered, respectively: Eating Attitude Test and
Coping with Stress Scale. Participants were asked to
fill all items of these questionnaires and they were
encouraged to feel free to ask any question. The tests
were lasted approximately 15 minutes by each
participant. The study was approved by Bursa Uludag
University Faculty of Medicine Clinical Research
Ethics Committee. 

Demographic Information Form 
      The researchers developed the form to collect the
data describing participants (e.g. sex, age, class level,
and so on). 

Eating Attitude Test (EAT-40) 
      It was developed by Garner and Garfinkel [24]. In
the present study, it was used to assess eating attitudes
and behaviors of participants. It is a self administered
scale consisting of 40 items. Validity and reliability
study in Turkey was run by Savaşır and Erol [25]. The
cut off score was 30 in the original form, whereas it
was not calculated for Turkish sample. 

Coping with Stress Scale (CSS) 
      This scale was developed based on Folkman and
Lazarus’ model by Türküm [26]. It is a 5-point Likert
type scale and comprises 23 items. Additionally to a
single score which is minimum 23 and maximum 115,
there are three subscales: Seeking social support,
Problem focused coping and Avoidance. The score
obtained from the subscales reflects which coping way
is mostly used by individual. 

Statistical Analysis 
      SPSS (IBM Corp. Released 2012. IBM SPSS
Statistics for Windows, Version21.0. Armonk, NY:
IBM Corp.) was used to analyze data statistically and
p <0.05 was considered statistically significant.
Shapiro Wilk test was used to determine the
conformity of the variables to normal distribution.
Continuous variables were expressed with median
(minimum: maximum) and mean ± standard deviation
or mean ± standard deviation (minimum: maximum)
values. In order to express categorical variables, n (%)
was used. According to the outcomes of normality test,

Mann Whitney U test and Independent samples t test
were used to compare two groups. Also, Pearson chi-
square test was used to compare categorical variables
among groups. The relationship between EAT score
and CSS subscale scores were examined by
correlation and also Spearman correlation coefficient
(rs) was calculated. 

RESULTS

      Table 1 shows the distribution of participants in
terms of EAT cut off score and Table 2 indicates the
distribution of eating attitudes divided into two groups
as normal and abnormal eating attitude groups. 
      Table 3 describes the comparisons of normal and
abnormal eating attitude groups in terms of some
demographic characteristics. There was no significant
difference in terms of gender (p = 0.062), age (p =
0.950) and BMI (p = 0.877). 
      Table 4 shows that no significant differences in
eating groups in terms of class level (p = 0.782) and
whether to be in the period of pre-clinical and clinical
trainig (p = 0.423). 
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      Table 5 shows that there was not a significant
difference between eating attitude groups in terms of
avoidance coping score (p = 0.279) and problem
focused coping score (p = 0.155). However, there was
a significant difference between eating attitude groups
in terms of seeking social support score. The mean of
social support score is higher in the abnormal eating
attitude group (p = 0.016). 
      Table 6 indicates that no relationship between CSS
subscales’ scores and EAT score. 

DISCUSSION

      Eating attitude is one of the common topics
studied by contemporary clinical psychology and
psychiatry. In the current study, the objectives were to
examine the eating attitudes, to determine coping ways
with stress and to reveal the associations between
these variables among medical students. 
      Results of the study indicated no significant
differences with regard to demographic variables
between abnormal and normal eating attitude groups. 
Our findings did not offer differences between eating
attitude groups in terms of gender and age. Similar to
our findings, Khalid et al. [27] reported that there was
no significant difference between male and female in
terms of the prevalence of disturbed eating attitudes
and age. On the other hand, contrary to our findings,
there exist some studies suggesting that female
students have higher risk of eating disorders than male
students [28]. 
      In the current study, no significant difference was
found in BMI. This finding is consistent with previous
study that has suggested that BMI may be a more
significant predictor for risk of eating disorder in

younger adolescents compared to young adult women
[29]. Also, symptomatic behavior might not be a direct
indicator of pathology, especially bulimia nervosa
[30], it might explain why abnormal and normal eating
attitude groups did not differ from one another in
terms of BMI. In addition, abnormal and normal
eating attitude groups did not differ from one another
according to their class levels and whether to be
clinical or pre-clinical training. 
      Finding from our study suggests that there is
significant difference between abnormal eating
attitude group and normal eating attitude group in
terms of coping ways used under stressful
circumstances. Abnormal eating attitude group use
more seeking social support than normal eating
attitude group. Contrary to our finding, Ball and Lee
[31] revealed that eating disordered individuals use
less active coping ways including seeking social
support. On the other hand, Odacı and Çıkrıkçı [32]
found that medical students got the highest score for
the seeking social support in the all faculties included
in their study. They suggested that it might be due to
the fact that their practical classes and more intense
curricula can contribute to improve one to one sharing
with others among medical students. In this sense,
when we consider these two studies’ results together,
our finding may be interpreted as because abnormal
eating attitude group in medical students have
difficulties to cope with stress, they try to get benefit
from their improved skills during education process
and they seek social support. 
      Results showed that abnormal eating attitude
group did not differ from normal eating attitude group
in terms of problem-focused coping. Similar to our
findings, early study revealed no significant difference
in problem-focused coping between eating disorder
patients and control subjects [33]. As an alternative
explanation for these findings, Odacı and Çıkrıkçı [32]
have reported that medical students use more the
problem-focused coping way than students in other
faculties. They suggested that this may be due to
medical students are more resistant than other faculty
members. 
      In the present study, no significant difference was
found in avoidant coping between the groups. Odacı
and Çıkrıkçı [32] indicated that medical and dental
students use more avoidance strategy compared to the
students in other faculties. In this sense, because
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medical students use more avoidance strategy and our
research groups comprised of medical students,
abnormal and normal eating attitude groups did not
differ from one another. In addition, although our
finding did not accord with those of Mayhew and
Edelmann [34] who reported that avoidant coping is
found associated with eating pathology in nonclinical
sample; similar to our findings, a study carried out 149
undergraduate students [35] did not reveal association
between binge eating and avoidance coping. 
      After medical students complete their education,
they will work to improve human health. Therefore,
they should protect primarily their own mental and
physical health. Stress is inevitable part of life, but
stress management can be improved. Hence, we
recommend that stress management workshops can be
carried out medical students. 

Limitations
      There are also several certain limitations in the
current study. Since nonclinical sample was used and
EAT scores' range was relatively narrow, findings
should be interpreted with these potential limitations
in mind. Another limitation was that the research
sample consisted of medical students from one
university. This makes difficult to generalize the
findings to all medical student population. In future
study, it will be important to acquire data from
different medical faculty students. 
      Further research should replicate the findings with
increased sample size. In addition, students may be
rewarded in an effective way to increase their
motivation to participate study. For instance, extra
credits for their courses can be given. 

CONCLUSION

      We concluded that individuals with normal eating
attitude group and individuals with abnormal eating
attitude do not differentiate in terms of demographic
characteristics. Also, abnormal eating attitude group
uses more seeking social support coping than normal
eating attitude group. Because our research sample
involved medical students who are in cooperation
regarding to their practical classes, they seek social
support to cope with stressors. 
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The use of vacuum-assisted closure in Fournier’s gangrene
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ABSTRACT
Objectives: Fournier’s gangrene is an emergency surgical disease which develops and progresses rapidly and
there is high risk of mortality with a delay in diagnosis and treatment. The objective of this study is to
investigate the impact of vacuum-assisted closure on the clinical outcome in the treatment of Fournier’s
gangrene. 
Methods: A total of 28 patients diagnosed as Fournier’s gangrene and admitted to our hospital from January
2010 to December 2018 are included in this retrospective study. The diagnosis was established on the basis of
physical examination. Epidemiological data including gender, age, and presence of diabetes mellitus, clinical
outcomes including use of vacuum-assisted closure, length of admittance, the number of debridement and
other surgical procedures were evaluated retrospectively from the medical records and the hospital treatment
registry. 
Results: There were 16 (57.1%) male and 12 (42.9%) female patients and the mean age of the patients was
59.54 ± 16.76 years. The mean number of debridement was 3.67 ± 1.5 times and the total hospital stay was
26.67 ± 7.7 days for vacuum-assisted closure group (n = 9). The average number of debridement was 4.11 ±
0.94 times and the total hospital stay was 31.58 ± 6.33 days for the rest of the patients (n = 19). 
Conclusions: The average number of debridement and hospital stay were lower in patients treated with
vacuum-assisted closure. We also observed an increase in patient comfort and the workload of the stuff is
decreased as there was less exudate in the vacuum-assisted closure group.
Keywords: Fournier’s gangrene, vacuum-assisted closure, diabetes, hospital stay

Fournier’s gangrene (FG) is an emergency surgical
disease that quickly develops and progresses.

There is high risk of mortality with a delay in diagno-
sis and treatment. FG is an obliterating endarteritis of
the subcutaneous arteries resulting with gangrene and
fasciitis of the external genitalia. Although FG often
involves genital and perianal region, it can also be
seen in lower extremities and other parts of the body.
The disease was named after Jean Alfred Fournier who
was the first to describe it [1]. However several

sources state that the disease was first described by
Bauriene in 1764 [2, 3]. Fournier’s disease is defined
as a gangrene that has a fulminant course in specific
focus of scrotum. Most of these infections were ini-
tially divided into subgroups such as necrotizing fasci-
itis, clostridial gangrene, and streptococcal gangrene.
FG was then defined as scrotal gangrene, periurethral
flegman, or synergistic necrotizing cellulitis [3, 4]. 
      The disease affects mostly men. However, it is also
observed in women and children. FG often occurs in
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colorectal (30-50%) or urogenital (20-40%) regions
and other areas of skin (20%) [3]. FG is more often
seen with several systematic diseases. 20-70% of pa-
tients have diabetes mellitus (DM) [5]. The primary
cause for development of disease is the reduced cel-
lular immunity. Any condition reducing cellular im-
munity may lead to development of FG. The bacterial
infections observed in anorectal, perianal and geni-
tourinary regions thrombose small subcutaneous
veins, resulting in development of gangrene in the
skin. The bacteria found in those regions usually
causes rapid and severe tissue damage. In case of local
trauma or infection the high virulence causes the dis-
ease to develop. FG is a polymicrobial disease that
often develops with aerobic and anaerobic microor-
ganisms [4]. 
      The treatment of disease includes aggressive sur-
gical debridement in combination with the use of
broad spectrum antibiotics [6]. Despite advances in
treatment, the mortality and morbidity of the disease
remains still high [7]. There are different methods at-
tempted to reduce morbidity and mortality of this dis-
ease. The Vacuum-Assisted Closure (VAC) is one of
these methods. The objective of this study is to review
the efficacy of VAC on the clinical outcomes of pa-
tients with FG. VAC covers the wound with a foam
dressing and mechanically brings the skin edges closer
by applying negative pressure to the wound bed. The
formation of micro-deformation in the tissue and the
increase in the capillary flow stimulates the formation
of granulation tissue. The removal of wound exudate
and its enzymes prevents further tissue damage and
reduces the wound dressing changes by keeping the
surrounding skin dry [8].

METHODS

Study Design and Participants 
      The data of 28 patients diagnosed as Fournier’s
gangrene and admitted to our hospital between Janu-
ary 2010 and December 2018 were reviewed retro-
spectively. This study was approved by the local
Clinical Research Ethical Committee of the Training
and Research Hospital in our city (Decision no:
490/2019). Written informed consent was obtained
from a patient for imaging the lesions. 

Treatment 
      The diagnosis was established based on physical
examination (Fig. 1a). Surgical debridement was per-
formed as soon as possible. The patients received dou-
ble parenteral antibiotics until the culture and
sensitivity results were available. The wound dressings
were changed daily and the surgical debridement was
performed depending on the nature of the wound and
necrosis as the standard procedure. After the acute
phase VAC was used in some patients mainly depend-
ing on extension of the necrosis and presence of DM.
The use of VAC device (Renasys EZ Max, Smith and
Nephew Inc., St. Petersburg, Florida, USA) starts with
placing foam-based sponges with small pores on the
wound. Suction tubing is then placed on top of the
sponge and the area is sealed with adhesive tapes (Fig.
1b). The tube is connected to the vacuum pump and a
pressure between 80-120 mm is applied [9]. The dress-
ing was changed every 48-72 hours depending on the
amount of exudate. The closure of the wound or the
continuation of VAC therapy was decided by the for-
mation of granulation tissue, the presence of exudate
or necrotic tissue in the wound (Fig. 1c). 
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Data collection 
      Epidemiological data including gender, age and
presence of diabetes mellitus, clinical outcomes in-
cluding use of vacuum-assisted closure, length of ad-
mittance, the number of debridement and other
surgical procedures were evaluated from the medical
records and the hospital treatment registry. 

Statistical Analysis 
      The data were analyzed using SPSS (Statistical
Package for Social Sciences) 20.0 for Windows. The
distribution of the variables was checked with normal-
ity tests. The t-test was used for normally distributed
continuous variables, and Mann-Whitney U Test was
used for non-normally distributed variables. The re-
sults were expressed in ± standard deviation, n, and
percent (%). A p value of < 0.05 was considered sta-
tistically significant.

RESULTS

      A total of 28 patients were included in the study.
Sixteen (57.1%) patients were males and 12 (42.9%)
patients were females. The mean age of the patients
was 59.54 ± 16.76 years (27-78 years). There were 14

(50%) patients with DM and 8 (57.15%) of them were
females and 6 (42.85%) of them were males. The
mean number of debridement was 3.96 ± 1.14 (2-7)
and the total hospital stay was 30.0 ± 7.05 (15-39)
days. 
      Further analyses were performed according to
groups based on treatment as; group 1 = VAC group,
group 2 = conservative treatment group. In group 1
55.55% of patients were male (n = 5) and 44.44% (n
= 4) were female. The mean number of debridement
was 3.67 ± 1.5 and the total hospital stay was 26.67 ±
7.7 days for group 1 (n = 9). The average number of
debridement was 4.11 ± 0.94 and the total hospital stay
was 31.58 ± 6.33 days for group 2 (n = 19). The dif-
ference between these groups was not statistically sig-
nificant. The demographic and clinical data of
treatment groups are summarized in Table 1. 
      Half of the patients (n = 14) had DM. For the pa-
tients with DM the mean number of debridement and
the duration of hospital stay were higher than the pa-
tients who did not have DM but the difference between
the groups was not statistically significant. The data
concerning DM is summarized in Table 2. 
      In group 1 secondary wound healing was achieved
in 7 patients. Whereas one patient healed with a flap
and the other one with skin grafting. In group 1 there
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was no mortality and none of the patients underwent
colostomy. Whereas in group 2 two patients under-
went colostomy and one patient died due to sepsis and
multiple organ failure. The kind of healing and the
clinical outcomes are summarized in Table 3. 
      There was no problem with the flap and graft per-
formed in group 1 but in group 2 local necrosis was
developed in one flap. The necrotic area was healed
after the debridement and the wound is closed with fi-
brosis.

DISCUSSION

      The earlier the diagnosis of FG is established and
treated, the better the prognosis is. The radiological
methods, such as ultrasonography, computed tomog-
raphy, and magnetic resonance imaging can be used
for diagnosis. However, the primary diagnosis of FG
is based on the findings of physical examination [7,
10]. The signs of inflammation, presence of edema,
necrosis, subcutaneous crepitation and pain are impor-
tant for diagnosis. We also established the diagnosis
on the basis of physical examination findings. Al-
though the FG is seen in both genders and at any age,
it mostly affects elderly men [11-13]. Most of the pa-
tients in our study were also elderly men. The reason
for high incidence of FG in elderly is that a number of
chronic diseases are common at older ages. Other than
older age, obesity, DM, alcoholism, respiratory system
diseases, diseases of liver, malnutrition, and other im-
munosuppressive diseases play a role in development
of FG [14, 15]. DM is the most critical and common
disease among these conditions with an incidence of
70% in the literature [16, 17]. In our study 50% of the
patients had diabetes mellitus. 
      FG is more common in the perineal, urogenital

and anorectal regions. However, it can be seen in other
parts of the body including abdomen and lower ex-
tremities. It can also be observed in perineum of
women during postpartum period [5, 13]. All of our
patients had FG at the perineal, urogenital or anorectal
regions. The treatment of FG includes broad aggres-
sive surgical debridement and use of appropriate broad
spectrum antibiotics [7, 18]. During the debridement,
the entire necrotic tissue must be removed until the
living tissue is reached. The debridement must be re-
peated until the infection is controlled. The mean num-
ber of debridement ranges from 3 to 7 for each patient
in the literature [19]. The mean number of debride-
ment was 2-7 (3.96 ± 1.14) and the total hospital stay
was 30.0 ± 7.05 (15-39) days in our study. The dura-
tion of hospital stay was 31.07 ± 7.93 days for patients
with DM and 28.93 ± 6.16 days for rest of the patients
and the difference between the groups was not statis-
tically significant. The mean number of debridement
and the total hospital stay was less in group 1 com-
pared to group 2 and the difference between the groups
was also not statistically significant. There were more
patients with DM in group 1 (88.9% to 31.6%) and the
difference between the groups was statistically signif-
icant (p = 0.01). The patients in group 1 were also
older and the lesion size was bigger. In a randomized
study a significant difference could be observed con-
sidering above mentioned conditions. 
      The Negative Pressure Wound Treatment (NPWT)
is based on continuous or intermittent application of
negative pressure on the wound surface to remove the
fluid material from the wound site and we know that
NPWT has been used for decades. Today, advanced
systems have been developed for NPWT with the use
of technology. Recently, the VAC has been widely
used for the pressure sores in particular and its use for
patients with chronic wound increased as well. The
need for debridement of patients is reduced with the
use of VAC [20]. This also improves the comfort of
patients and decreases the work load of healthcare
provider.  Shorter duration of hospital stay is also re-
ported [21, 22]. The patients become more eligible for
flap or grafting sooner [23, 24]. The costs are lower
considering the number of debridement and the dura-
tion of hospital stay [25]. When VAC is used for eli-
gible patients, the need for opening stoma is also
reduced [26]. This has positive effects on the psy-
chosocial condition of patients [20, 21, 27]. The inci-
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dence for development of infections will be reduced
as a confined environment is created with VAC. How-
ever, there are no relevant randomized studies in the
literature. 
      VAC is supplementary in treatment of FG and the
gold standard for its treatment is broad aggressive sur-
gical wound debridement in combination with appro-
priate antibiotics. The treatment of FG is a process that
requires multidisciplinary approach. The use of VAC
creates granulation tissue earlier in the wound [28].
Therefore, the closure of the wounds of the patients
occurs faster and can be healed easily with flap or skin
graft operations. Appropriately secondary wound heal-
ing was provided in 77.8% of patients in the VAC
group. However 57.9% of the patients in group 2 had
secondary wound healing. Flap and graft necrosis was
observed in group 2 while no complication was ob-
served in the VAC group. 

Limitations 
      Our limitations are the retrospective nature of the
study and the relatively small number of patients.
Prospective randomized controlled trials are needed
with more patients.

CONCLUSION

      Vacuum-Assisted Closure is a negative pressure
treatment method based on the removal of liquid ma-
terial from the wound by applying negative pressure
to the wound surface intermittently or continuously.
The number of debridement and hospital stay were
lower in FG patients who were treated with applying
VAC in our study. Also secondary wound healing was
better and there was no loss of flap and skin grafts. We
observed that using VAC is effective in diabetic pa-
tients with FG. In addition we observed an increase in
patient comfort and the workload of the health care
stuff is decreased. 
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ABSTRACT
It has been observed that patients with COVID-19 infection may develop acute pulmonary embolism, acute
myocardial infarction, limb thrombosis, and venous and/or arterial thrombosis, including central nervous
system. Thrombosis formation in COVID-19 patients can be explained by the virchow triad. Severe Acute
Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) can directly attack vascular endothelial cells, causing
excessive activation of the immune system and cytokine storm, causing thrombosis. Increased prothrombotic
factors such as antiphospholipid antibodies, elevated factor VIII, high fibrinogen, circulating prothrombotic
microparticles, neutrophil extracellular traps have been reported in COVID-19 infection. It has been argued
that complement-mediated endothelial damage, increase in pro-inflammatory cytokines such as interleukin
(IL)-1, IL-6, IL-8 and interferon-γ may be the cause of thrombosis. Autopsies of patients with COVID-19
revealed that the causes of death were pneumonia and pulmonary embolism. When monitoring COVID-19
patients, platelet, prothrombin time (PT) and activated partial thromboplastin time (aPTT), fibrinogen and D-
dimer monitoring should be initiated every 1-2 days, especially in critically ill patients. High D-dimer levels
are associated with high mortality; may indicate infection/sepsis, cytokine storm, and impending organ failure.
Disseminated intravascular coagulation (DIC) may be seen in COVID-19 patients, but unlike DIC, fibrinogen
is usually high. Clotting times and platelet counts are usually normal. Therefore, it is appropriate to use sepsis-
induced coagulopathy (SIC) criteria in the follow-up of COVID-19 patients. Infected areas related to pulmonary
embolism can be seen as radiological appearance. Some patients may have enlarged subsegmental pulmonary
vessels. Treatment of the underlying disease is the most important treatment for all coagulopathies. Patients
with venous thromboembolism, inpatient medical, surgical, and COVID-19 therapy should receive
anticoagulant therapy unless there is a contraindication to anticoagulation (for example, active bleeding or
severe bleeding within the previous 24 to 48 hours). 
Keywords: COVID-19, hypercoagulability, severe acute respiratory syndrome

Coronavirus disease-19 (COVID-19) caused by
Severe Acute Respiratory Syndrome-Coron-

avirus-2 (SARS-CoV-2) is a potentially fatal disease.
Many mechanisms can be involved in mortality. One
of them is disseminated intravascular coagulation
(DIC) caused by coagulopathy caused by SARS-CoV-

2 [1-3]. This condition has been called thromboinflam-
mation or COVID-19-associated coagulopathy by
some experts [4, 5]. 
      There are few studies on the state of hypercoagu-
lability caused by COVID-19. Experience comes
mostly from research on SARS, Middle East respira-
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tory syndrome (MERS), and the influenza virus. Stud-
ies have shown that severe COVID-19 patients are
usually complicated with coagulopathy and most of
the deaths have DIC [1]. It has been observed that pa-
tients with COVID-19 infection may develop venous
and/or arterial thrombosis, including acute pulmonary
embolism (PE), acute myocardial infarction, extremity
thrombosis, and central nervous system [6].

PHYSIOPATHOLOGY

      It has been suggested that the pathophysiology of
akut PE is different from classical pulmonary throm-
boembolism and that thrombosis occurs locally in the
lung vessels due to a local inflammatory process in-
stead of the classical embolism from another part of
the body [7]. Since the pathophysiology of thrombotic
disease is different, it may be questioned whether the
akut PE standard therapy (prophylactic or therapeutic)
with low-molecular-weight heparin (LMWH), direct
oral anticoagulants or vitamin K antagonist is suffi-
cient. Thrombosis formation in COVID-19 patients
can be explained by the virchow triad. SARS-CoV-2
protein, which causes viral pneumonia and inflamma-
tory storm (cytokine storm) and DIC, infects human
cells through angiotensin-converting enzyme 2
(ACE2). ACE2 is found in alveolar epithelial cells, ar-
terial endothelial cells, small intestine epithelial cells,
and immune tissues [8]. SARS-CoV-2 can activate the
coagulation system by directly attacking vascular en-
dothelial cells. SARS-CoV-2 can also activate the nat-
ural immune system after it enters the body.
Overactivation of the immune system can cause cy-
tokine storms, damage the microvascular system, ac-
tivate the coagulation system while inhibiting
fibrinolysis and anticoagulation systems. The RAAS
pathway is activated by binding the virus to ACE2 and
causing a decrease in enzyme expression. RAAS acti-
vation; With thrombocyte adhesion and aggregation,
there is a theoretical risk of pulmonary embolism, pul-
monary hypertension and fibrosis. It is known that the
coagulation pathway can be activated by the contact
system and the kallikrein/kinin system (KKS) [9].
Since KKS SARS-CoV-2 is dysregulated by the bind-
ing of type II pneumocytes to the ACE2 receptor, this
may be a reasonable mechanism for the stated inter-
action between COVID-19 and pulmonary vessel

thrombosis [10]. Prothrombotic factors such as circu-
lating antiphospholipid antibodies and elevated factor
VIII, high fibrinogen, circulating prothrombotic mi-
croparticles, neutrophil extracellular traps (NETs)
have been reported in patients with severe COVID-19
[11, 12]. 
      Antiphospholipid antibodies that can prolong ac-
tivated partial thromboplastin time are common in
viral infections. However, it is usually temporary and
does not always mean that the risk of thrombosis in-
creases [13, 14]. The induction of antiphospholipid
syndrome (APS) by viral infection can be explained
by a series of endothelial damage, platelet activation
and thrombosis formation mediated by antiphospho-
lipid antibodies. APS can present as catastrophic APS
in many patients. Catastrophic APS and DIC are clin-
ically similar and differential diagnosis can be diffi-
cult. APS manifests itself with more
hypercoagulability tendency. Diagnosis depends
mainly on the measurement of antiphospholipid anti-
bodies. 
      Interleukin (IL)-6 is an important factor involved
in the cytokine storm induced by SARS-CoV-2. IL-6
stimulates the liver to produce more thrombopoetin
and fibrinogen [15]. Complement-mediated endothe-
lial damage may also contribute to hypercoagulability
[16]. Most cases of sepsis COVID-19 pneumonia meet
the Sepsis Third International Consensus Criteria (sep-
sis-3) [17]. Besides endothelial damage with comple-
ment activation seen in sepsis, inflammatory and
microthrombotic pathway activation predisposes to
thrombosis and leads to DIC. The dysfunction of en-
dothelial cells induced by infection results in excessive
thrombin production and inhibition of fibrinolysis.
This causes hypercoagulability in the infected patient,
such as COVID-19 [18, 19]. Complement activation
not only causes direct endothelial damage, but also in-
volves leukocytes with the formation of C3a and C5a,
which are responsible for the local release of pro-in-
flammatory cytokines such as interleukin IL-1, IL-6,
IL-8 and interferon [20]. The resulting excessive host
immune response lymphocytes, resident macrophages,
monocytes and neutrophils cause strong pro-inflam-
matory response, causing severe collateral tissue dam-
age, excessive vascular endothelial and alveolar
epithelial cell damage. In addition, they cause mi-
crovascular thrombosis [21, 22]. In the late stages of
acute respiratory distress syndrome (ARDS), the pro-
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gression of endothelial damage with microvascular
thrombosis may spread from the lung and affect the
microvascular bed of the kidneys, brain, and other
vital organs [23]. This progressive state may involve
alveolar macrophage, complement activation lectin,
the brain and other vital organs, and may contribute to
multiple organ failure. This condition is called En-
dothelial Thromboinflammatory Syndrome. In addi-
tion, this excessive inflammatory response causes
progressive worsening of ventilation / perfusion im-
balances, loss of hypoxic vasoconstriction reflexes,
and microvascular pulmonary thrombosis, in addition
to the functional effects of ARDS pathogenesis [24].
In addition, hypoxia observed in severe cases of
COVID-19 not only increases blood viscosity, but also
stimulates thrombosis through a signaling pathway de-
pendent on hypoxia-induced transcription factors
(HIF) [25].

COVID-19 AUTOPSY CASES 

      Autopsy studies of patients with COVID-19 re-
vealed that the common causes of death were pneu-
monia and PE [16, 26]. In another recently published
autopsy study, vascular congestion and edema in the
alveolar septum, mononuclear and lymphocyte infil-
tration, thrombus in small vessels and capillaries, vas-
cular endothelial and intimal damage in the
cardiovascular system, and microthrombus in the liver
portal region have been demonstrated, which causes
COVID-19 to thrombosis in many organs. show that
it can cause [27, 28]. In 18 postmortem patients with
COVID-19, all cases with deep vein thrombosis
(DVT) were reported to have bilateral leg involvement
and none of them were suspected before they died.
These patients were older, obese male patients with
diabetes mellitus and/or cardiovascular disease.

LABORATORY 

      While monitoring COVID-19 patients, platelet,
prothrombin time (PT) and activated partial thrombo-
plastin time (aPTT), Fibrinogen and D-dimer moni-
toring should be initiated every 1-2 days with
diagnosis in critically ill patients. Table 1 and Table 2
show the laboratory parameters to be monitored in

COVID-19 infection [29]. 
      In a study, it was observed that acute extremity is-
chemia can develop in patients with COVID-19, es-
pecially when D-dimer levels are high [30]. High
D-dimer levels at admission are associated with high
mortality; may be a marker of infection/sepsis, cy-
tokine storm and impending organ failure [31]. There-
fore, hospital admission of patients with significantly
higher D-dimer levels should be considered even in
the absence of other signs of violence [32]. Schisto-
cytes can be seen in peripheral smears of patients with
COVID-19 infection. Increases in lactate dehydroge-
nase, ferritin, C-reactive protein, D-dimer and Inter-
leukin seen in COVID-19 disease indicate that the
disease is pro-inflammatory and prone to hypercoag-
ulability [3]. Other diagnostic tests commonly per-
formed in patients are prothrombin time and platelet
count. Thrombocytopenia is generally considered an
indicator of sepsis mortality. An increase in thrombo-
cytopenia greater than five times has been associated
with an increased risk of severe COVID-19 disease.
In addition to the platelet count, PT and D-dimer lev-
els, it may be useful to determine the serum fibrinogen
level as recommended in the DIC guidelines of the In-
ternational Society for Thrombosis and Hemostasis
(ISTH). The significant increase in D-dimer, fibrin
degradation products in patients in the state of is-
chemia supported the prediction that multiple mi-
crothrombosis occurs in the body. Experience with
monitoring PT, D-dimer, platelet count, and fibrinogen
levels for septic coagulopathy suggests that it can be
helpful in determining the prognosis in patients with
hospitalized COVID-19. If these parameters deterio-
rate, more aggressive critical care support may be re-
quired [33-35]. Coagulopathy in COVID-19 patients
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emerges on an average of 7 days. Decreased an-
tithrombin-3 levels have been observed in patients, but
this is very rare and routine monitoring is not recom-
mended. Plasma tissue factor and plasminogen activa-
tor inhibitor-1 was found to be higher in patients with
ARDS than in patients with no development [36]. The
hypercoagulant status associated with COVID-19
meets the DIC criteria published by ISTH in 2009
(Table 3) [29, 33]. However, the most important clin-
ical finding in COVID-19 is thrombosis, and the most
important finding in acute decompensated DIC is
bleeding. There are many laboratory findings similar
to COVID-19 DIC. D-Dimer is significantly in-
creased, mild thrombocytopenia may be seen. How-
ever, other coagulation parameters in COVID-19 are
different from DIC. Unlike DIC in many COVID-19
patients, fibrinogen is usually elevated and clotting
times and platelet counts are generally normal. PT and
aPTT are normal or slightly prolonged in patients with

COVID-19 infection, normal or increased platelet
count, increased fibrinogen, increased D-Dimer val-
ues, Factor VIII activity increased, VWF antigen
greatly increased, antithrombin and free protein S low
protein C was found to be slightly increased. It sug-
gests that the consumption of coagulation factors does
not occur in COVID-19 [11]. In contrast, acutely de-
compensated DIC is associated with low fibrinogen
due to consumption of coagulation factors. In one of
the large series in which thromboembolic events were
reported, none of the patients developed DIC [6]. 
      Typically, bleeding is predominant in acute de-
compensated DIC. Thrombosis is predominant in
chronic compensated DIC. Sometimes both situations
can happen together. Therefore, the development of
hypercoagulable in patients with COVID-19 is more
similar to compensated DIC. However, in COVID-19,
the platelet count and aPTT are usually normal. DIC
definition of ISTH scoring system is based on labora-
tory findings and is designed for use only in patients
with an underlying condition known to be associated
with DIC [33]. A score of 5 or more indicates that DIC
is possible. Despite this, DIC is diagnosed clinically.
There is no gold standard or specific test in the diag-
nosis of DIC [33]. ISTH proposed a new category of
sepsis-associated DIC, called sepsis-induced coagu-
lopathy (SIC), which defines a stage earlier than DIC
(Table 4) [29, 37]. Since the decrease in platelet count
and PT prolongation are associated with increased
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mortality, and hypofibrinogenemia is not common in
sepsis, ISTH has previously confirmed the usefulness
of this simple score, as it has developed SIC criteria
to guide anticoagulant therapy [35]. In a study con-
ducted by Tang et al. [38], it was shown that routine
prophylactic use of heparin in patients with SIC score
> 4 and D-Dimer > 3.0 mg/L decreased mortality. 

RADIOLOGY

      In patients with COVID-19 infection, atypical
findings were observed along with typical findings
such as peripheral ground glass, consolidation in tho-
rax CT [39, 40]. Infected areas related to PE can be
seen in thorax CT. In some patients, enlarged subseg-
mental pulmonary vessels can be seen [41, 42]. Dual
energy CT imaging can be used to detect lung perfu-
sion defects. Although PE has not been observed in
many COVID-19 infections, striking perfusion abnor-
malities that have not been previously identified have
been recorded [39]. 
      In patients with COVID-19 pneumonia, increased
perfusion in the areas of lung opacity and proximal
lung areas and decreased perfusion in the peripheral
lung areas were observed. This may be due to the rel-
ative insufficiency of physiological hypoxic pul-
monary vasoconstriction and pulmonary vascular
dilatation due to excessive activation of inflammation.
Perfusion abnormalities suggest an intrapulmonary
shunt towards regions where gas exchange is impaired

with pulmonary vascular dilatation. As a result, venti-
lation-perfusion mismatch worsens and hypoxia de-
velops. 

TREATMENT 

Treatment Indications
      The most important treatment for all coagu-
lopathies is the treatment of the underlying condition.
Patients with VTE, inpatient medical, surgical, and
COVID-19 therapy should receive anticoagulant ther-
apy unless there is a contraindication to anticoagula-
tion (active bleeding or severe bleeding within the
previous 24 to 48 hours). All patients with COVID-19
should receive thromboprophylaxis, especially in the
intensive care unit. Even in the absence of VTE, it
would be appropriate to use moderate or therapeutic
dose anticoagulation in severely ill patients. Some
people without VTE should also receive prolonged
thromboprophylaxis after discharge from the hospital.
People with other risk factors such as immobilization,
surgery, or trauma should use prophylactic anticoagu-
lation after discharge. The risk of bleeding needs to be
included in the decision-making process. In patients
with COVID-19 who do not require hospitalization,
thromboprophylaxis treatment may also be appropri-
ate, especially for those with previous VTE or other
thrombotic risk factors such as recent surgery, trauma
or immobilization. It will be more correct for the cli-
nician to make this decision. There is no study ad-
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dressing thromboprophylaxis for patients in this cate-
gory with COVID-19. Anticoagulant treatment in
COVID-19 patients is summarized in Table 5 and
Table 6 [43]. LMWH is the basis of treatment. How-
ever, heparin treatment should be avoided in cases
where there are contraindications such as active bleed-
ing, thrombocytopenia, HIT and heparin-induced al-
lergy. In these cases, an alternative agent such as
fondaparinux can be used. 

Treatment Time 
      The duration of heparin prophylaxis should be de-
cided based on the patient's thrombosis risk, mobiliza-
tion, and returning of inflammation markers to normal
levels. Individuals with documented VTE should re-
ceive anticoagulation therapy for at least three months.
Among the post-discharge prophylaxis options, there
are studies suggesting the use of 10 mg rivaroxaban
daily for 31-39 days [4].

Treatment Success 
      In evaluating the effectiveness of heparin therapy,
aPTT, ACT, AntiFXa, AT-3 and platelet levels should
be monitored. A significantly better prognosis was ob-
served with LMWH and anticoagulant therapy in
COVID-19 patients [44]. In a retrospective study of
449 individuals with severe COVID-19, enoxaparin
(40-60 mg once a day) was found to be associated with
improved survival, especially in those with high D-
Dimer [38]. In addition to its anticoagulant effect, it is
thought that heparin binds inflammatory cytokines, in-

hibits neutrophil chemotaxis and leukocyte migration,
neutralizes positively charged peptide C5a and se-
questers acute phase proteins [2, 44, 45]. 

Treatment Failure 
      The prevalence of venous thromboembolism
(VTE) is increasing, especially in critically ill individ-
uals, despite prophylactic anticoagulation. The study
by Klok et al. [6] showed that the use of LMWH pro-
phylactic at low doses did not prevent thrombotic
complications. In addition, it has been shown that the
cumulative incidence of thrombotic complications in
COVID-19 patients admitted to the intensive care unit
is extremely high (> 30%) [6]. Despite the use of pro-
phylactic anticoagulation, VTE, DVT and APE can be
seen in one third of patients in the intensive care unit
with COVID-19. In a study conducted, it was ob-
served that DVT developed in 14% of 184 patients
who received standard dose thromboprophylaxis in the
intensive care unit due to COVID-19 infection [6].
Some experts have recommended more aggressive
thromboprophylaxis dosage for the risk of VTE [43]. 

Plasminogen Activator (tPA) 
      Tissue plasminogen activator (tPA) is appropriate
unless there is contraindication in cases of extremity-
threatening DVT, massive APE, acute stroke and acute
myocardial infarction. 

Dipyridamole 
      Dipyridamole use may have anti-inflammatory,
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antiaggregant and possible antiviral efficacy. How-
ever, there is no definitive recommendation for
COVID-19 disease. Thrombosis prophylaxis should
be administered to all COVID-19 patients and antiag-
gregant patients should be administered to those ap-
proved by the physician [36]. 

Mechanical Thrombosis Prophylaxis 
      In patients for whom pharmacological prophylaxis
is contraindicated, mechanical thrombosis prophylaxis
with intermittent pneumatic compression devices or
compression stockings is recommended. Mechanical
prophylaxis can be applied in addition to standard
pharmacological prophylaxis in immobile patients. 

Bleeding
      Bleeding is less common in patients with COVID-
19. However, it may occur especially in patients re-
ceiving anticoagulation or due to trauma. The bleeding
approach is similar to people without COVID-19.
Withdrawal of anticoagulant therapy may include spe-
cific treatments such as transfusions or factor replace-
ment for thrombocytopenia or hypofibrinogenemia.
Antifibrinolytic agents (tranexamic acid, epsilon
aminocaproic acid) are generally not used in patients
with DIC due to the concern that they may disrupt the
balance against thrombosis. Fibrinogen is frequently
increased in COVID-19. If there is no bleeding attrib-
utable to hypofibrinogenemia or dysfibrinogenemia
(fibrinogen activity level < 150-200 mg/dL), fibrino-
gen supplementation is not required. Platelet suspen-
sion in a patient with major bleeding coagulopathy or
DIC if the platelet count is <50×109/L; If PT and / or
aPTT prolongation, INR > 1.8, fresh frozen plasma
and fibrinogen concentrate or cryoprecipitate can be
replaced if fibrinogen level is < 1.5 g/L. Protein com-
plex concentrate is not recommended as recombinant
FVIIa is unknown. 

CONCLUSION

      Coronavirus disease-19 (COVID-19) is a poten-
tially fatal disease. SARS-COV2 can cause DIC. In
addition, COVID-19 infection can also cause venous
and / or arterial thrombosis, including APE, AMI, limb
thrombosis, and central nervous system. When moni-
toring COVID-19 patients, platelet, PT and aPTT, fib-

rinogen and D-dimer monitoring should be initiated
every 1-2 days, especially in critically ill patients.
High D-Dimer levels are associated with high mortal-
ity; may be a marker of infection / sepsis, cytokine
storm, and impending organ failure. DIC can be seen
in COVID-19 patients. However, unlike DIC, fibrino-
gen is usually high. Clotting times and platelet counts
are usually normal. Therefore, it is appropriate to use
SIC criteria in the follow-up of COVID-19 patients.
Treatment of the underlying disease is the most im-
portant treatment for all coagulopathies. A signifi-
cantly better prognosis was observed in patients
treated with LMWH anticoagulants. Bleeding is less
common than clotting in patients with COVID-19.
However, it may occur in patients receiving anticoag-
ulation or due to trauma. The bleeding approach is
similar to people without COVID-19. 
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