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Investigation of the Factors Associated with Mortality in Catheter-Related
Bloodstream Infections: Five-Year Observation

Kateter Iliskili Kan Dolasimi Enfeksiyonlarinda Mortalite ile Iliskili Faktorlerin Arastirilmasi: Bes

Yillik Gozlem
Nevin iNCEl ABSTRACT
' 0000-0002-0129-4536 Aim: Intravenous catheter use can cause various infections ranging from infection at the site
Dilek YEKENKURUL ! of catheter entry to bacteremia and colonization. The purpose of this study was to identify the
0000'00002'4456'7‘2185 causative micro-organisms, and effects on morbidity-mortality of catheter-related bloodstream
E“Sgécgégggsﬁg% infections developing over the last five years.
Ali Riza GURBUZ2 Material and Methods: Data for 194 patients who underwent central intravenous catheter
0000-0002-0106-9582 insertion in our hospital’s intensive care unit and other departments between November 2014
Selvi YENER? and August 2019 were analyzed retrospectively. Blood samples taken from the catheter or the
0000-0001-5022-940X catheter tip, and blood samples collected simultaneously from the peripheral vein were

included in the study, and culture results were recorded. Patients’ demographic data and the

effects of the factors identified on morbidity and mortality were subjected to statistical

analysis.

Results: Ninety-two (47.4%) of the 194 patients included in the study were female and 102

(52.6%) were male, and mortality rate was 62.4% (n=121). The frequency of underlying

medical conditions such as asthma, congestive heart failure, and cerebrovascular event, and
1Duzce University Faculty of Medicine receiving treatments such as immunosuppression, transfusion, tracheostomy, nasogastric tube,
Department of Infectious Diseases and and mechanical ventilation were higher in mortal cases than non-mortal cases. A total of two
Clinical Microbiology, Duzce, Turkey hundred and forty microorganisms were detected in 194 patients, 121 (50.4%) of which were
Gram negative bacteria, while 68 (28.3%) were Gram positive bacteria, and 51 (21.3%) were
Candida species.
Conclusion: As a result, it was observed that the advanced age, underlying diseases and
presence of resistant microorganisms were higher in mortal cases.

*Duzce University Faculty of Medicine K eywords: Catheter-related bloodstream infections; mortality; advanced age.
Infection Control Committee, Duzce,

Turkey

2Duzce University Faculty of Medicine
Department of Medical Microbiology,
Duzce, Turkey

0z
Amag: Intravenoz kateter kullanim hastalarda kateter girisindeki enfeksiyondan bakteriyemi
ve kolonizasyona kadar gesitli enfeksiyonlara neden olabilir. Bu ¢alismanin amaci, son bes
yilda gelisen kateter iliskili kan dolasimi enfeksiyonlarmin etken mikroorganizmalarini
tanimlamak ve morbidite-mortalite iizerine etkisini ortaya koymaktir.
Gerec ve Yontemler: Kasim 2014 ve Agustos 2019 tarihleri arasinda hastanemizin yogun
bakim iinitesinde ve hastanemizin diger boliimlerinde santral intravendz kateter yerlestirilen
194 hastanin verileri geriye doniik olarak incelendi. Kateterden veya kateter ucundan alinan
kan ornekleri ve periferik venden ayni anda toplanan kan drnekleri ¢alismaya dahil edildi ve
alinan kan 6rneklerinin kiiltiir sonuglar1 kaydedildi. Hastalarin demografik verileri ile saptanan
faktorlerin morbidite ve mortalite izerine olan etkileri istatistiksel olarak degerlendirildi.
Corresponding Author Bulgular: Calismaya dahil edilen 194 hastanin 92’si (%47,4) kadm, 102'si (%52,6) erkek
Sorumlu Yazar cinsiyette idi ve mortalite oram1 %62,4 (n=121) idi. Astim, konjestif kalp yetmezligi ve
Nevin INCE serebrovaskiiler olay gibi altta yatan tibbi durumlarm sikligt ve immiinosupresyon,
drnevince@gmail.com transfiizyon, trakeostomi, nazogastrik tiip ve mekanik ventilator uygulanmasi gibi tedavilerin
stkligi mortal olgularda mortal olmayan olgulardan daha fazla idi. Yiiz doksan dort hastada
toplam 240 adet mikroorganizma tiremesi saptanmis olup bunlarm 121 (%50,4)'i Gram negatif
Received / Gelis Tarihi : 16.06.2020 bakteri, 68 (%28,3)'i Gram pozitif bakteri ve 51 (%21,3)'i Candida spp idi.
Accepted / Kabul Tarihi : 15.09.2020 Sonug: Sonug olarak ileri yas, altta yatan hastaliklar ve direngli mikroorganizma varliginin
Available Online / mortal olgularda daha fazla oldugu goriilmistiir.
Cevrimigi Yaym Tarihi : 25.12.2020 Anahtar kelimeler: Kateter iligkili kan dolasimi enfeksiyonu; mortalite; ileri yas.
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INTRODUCTION

In addition to raising costs, healthcare-related infections
extend hospital stays and exacerbate poor prognosis and
mortality (1). Catheter-related bloodstream infection
(CRBSI) is the third most common nosocomial infection
after ventilator-associated pneumonia and catheter-related
urinary tract infection. The incidence of CRBSI decreases
when protective bundles and infection control measures are
applied, although the rate of infection may vary depending
on the site of the catheter, the size of the hospital, and
intensive care conditions (2). More than two billion
intravenous devices are applied annually worldwide (3). In
the USA, 250,000 patients are diagnosed with CRBSI every
year, an average of 80,000 of whom are being treated in
intensive care units (4). In addition to prolonging hospital
stays and causing higher costs, CRBSI is one of the
deadliest infections, with a mortality rate of 12-25% (5-7).
Central venous catheters (CVCs) allow micro-organisms
to enter and colonize the body. These pathogenic micro-
organisms adhere to the surface of the catheter within the
first 24 hours and form a biofilm layer that prepares the
ground for infection by competing with the host cells (8,9).
This allows micro-organisms to protect themselves against
both antimicrobials and the immune system, and catheters
need to be removed in most cases (10). Micro-organisms
frequently implicated in CVC infections include
Acinetobacter baumannii, Staphylococcus epidermidis,
Enterococcus faecium, and Candida albicans (9,11).

The purpose of this study was identify the causative micro-
organisms, and the effects on morbidity-mortality of
CRBSI developing in our hospital over the last five years.

MATERIAL AND METHODS

Data for 194 patients in whom CVCs were inserted in our
hospital’s intensive care unit and other departments
between November 2014 and August 2019 were analyzed
retrospectively. Development of CRBSI was identified
from data from the laboratory and clinic-based active
surveillance system based on US Centers for Disease
Control and Prevention criteria (2). The culture results of
blood samples taken from the catheter or the catheter tip
and blood samples taken from the peripheral vein were
examined. Catheter samples were seeded using the semi-
quantitative culture method. Culture plates were incubated
at 37° C for 48 hours. Cultures from peripheral venous and
catheter blood were incubated ina BACTEC 9120 (Becton
Dickinson, USA) automated blood culture device.
Conventional methods and/or the VITEK 2 automated
system (bioMérieux, France) were used to identify the
growing bacteria. Antibiotic susceptibility tests were
performed according to "Clinical and Laboratory
Standards Institute (CLSI)" standards (12) before 2016,
and in line with "European Committee on Antimicrobial
Susceptibility Testing (EUCAST)" standards (13) after
2016. Additional diseases such as asthma, hypertension,
diabetes, and risk factors including mechanical ventilation,
transfusion and immunosuppression were investigated.
Infection Control Committee surveillance records were
used to collect all data.

This study was approved by the Clinical Research Ethics
Committee of Diizce University Medical Faculty on
15.06.2020 with decision number 130 and was conducted
according to the Helsinki Declaration principles.

Catheter-Related Bloodstream Infections

Statistical Analysis

SPSS v.22 software was used for data analysis. The data
were expressed as numbers and percentages. Relationships
between categorical variables were examined by Pearson
chi-square, Fisher’s exact and Fisher-Freeman-Halton
tests. A p value of <0.05 was considered significant.

RESULTS

One hundred ninety-four patients, 92 (47.4%) female and
102 (52.6%) male, were included in the study. One
hundred twenty-one (62.4%) patients with CRBSI died.
One hundred eleven (57.2%) patients were aged 65 and
over, and 83 (42.8%) were under 65. The mortality rate
was significantly higher in patients aged 65 and over
(p<0.001). Twenty-eight (14.4%) patients were treated on
the wards and 166 (85.6%) in intensive care units. While
the frequency of patients hospitalized in the internal
intensive care unit (IICU) was higher in mortal cases than
the non-mortal cases, the frequency of patients
hospitalized in internal ward and pediatric intensive care
unit (PICU) were lower in mortal cases than the non-
mortal cases (p<0.001). Analysis of catheter sites revealed
similar relationships between jugular, femoral, umbilical,
or subclavian catheter applications and mortality rates
(p=0.903). Analysis of comorbidities and risk factors
revealed that the presence of asthma, congestive heart
failure (CHF) and cerebrovascular event (CVE) were
associated with mortality rates (p=0.015, p=0.033 and
p=0.039, respectively). While the frequency of
immunosuppression (p=0.048), transfusion (p=0.046),
nasogastric tube (p<0.001), and mechanical ventilation
(p=0.005) in mortal cases was higher than the non-mortal
cases, the frequency of enteral nutrition (p=0.011) was
lower in mortal cases than the non-mortal cases. While
infection with single or multiple factors caused no
statistically significant difference in mortality rates
(p=0.167), the mortality rate in resistant microorganism
growth was higher than that in susceptible agent growth
(p=0.004). All these data are summarized in Table 1.

A total of 240 microorganisms were detected in 194
patients in the study. Infection occurred in 149 (76.8%)
patients with a single agent and in 45 (23.2%) of patients
with multiple agents. One hundred twenty-one (50.4%) of
the 240 micro-organisms were identified as Gram negative
bacteria, 68 (28.3%) as Gram positive bacteria, and 51
(21.3%) as Candida species. The distribution of agents is
shown in Table 2. Extended spectrum beta-lactamase
(ESBL) positivity rates were 62% in Klebsiella
pneumoniae strains and 60% in Escherichiae coli strains,
while the carbapenem resistance rate was 34% in K.
pneumoniae strains. In addition, two carbapenem-resistant
Enterobacter aerogenes and one colistin-resistant
Acetinobacter  baumannii  strain  were detected.
Vancomycin resistance was detected in three out of 17 E.
faecium strains among the enterococci.

DISCUSSION

The 2019 National Vascular Access Management Guide
lists risk factors as prolonged hospitalization before
catheter insertion, colonization of the inserted area and
lumen, long-term catheter insertion, presence of internal
jugular and femoral catheter in adults, prematurity,
neutropenia, lack of intensive care nurses, catheter care
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errors, total parenteral nutrition (TPN) support, and blood
transfusion in children (10,11). The site of CVC is
important for the risk of developing complications such as
thrombophlebitis due to the local skin flora causing the
infection (14-16). One randomized controlled study
comparing the femoral and subclavian catheter insertion
sites reported a higher colonization rate in the femoral
region (17). Another study compared the subclavian and
internal jugular veins and reported that catheters inserted
into the internal jugular vein were exposed to higher
colonization (18). A study conducted in 2017 reported
infection rates of 36% for the internal jugular vein, 35.5%
for the femoral vein, and 30% for the subclavian vein (19).

Table 1. Distribution of the features of patients and agents
in mortal and non-mortal cases, n (%)

Mortal Non-mortal
(n=121) (n=73)
Gender
Female 62 (51.2) 30 (41.1) 0170
Male 59 (48.8) 43 (58.9) '
Age
>65 82 (67.8) 29 (39.7)
<65 39(322)  44(03) <0001
Clinics
SICU 62 (51.2)*  35(47.9)
lICU 48 (39.7)* 11 (15.1)°
Internal ward 9 (7.4)?2 17 (23.3)> <0.001
PICU 1(0.8)2 9 (12.3)°
Surgical ward 1(0.8)2 1(1.4)
Catheter type
Femoral 72 (59.5) 42 (57.5)
Juguler 35 (28.9) 21 (28.8) 0.903
Subclavian 13 (10.7) 10 (13.7) '
Umbilical 1(0.8) 0(0.0)
Risk factors*
Asthma 9(7.4) 0 (0.0) 0.015
CHF 26 (21.5) 7(9.6) 0.033
CVE 16 (13.2) 3(4.1) 0.039
Hypertension 60 (49.6) 36 (49.3) 0971
Diabetes 39 (32.2) 17 (23.3) 0.183
CAD 22 (18.2) 8(11.0) 0.178
CRF 19 (15.7) 14 (19.2) 0.533
COPD 13 (10.7) 3(4.1) 0.104
Enteral feeding 109 (90.1) 56 (76.7)  0.011
TPN 53 (43.8) 29 (39.7) 0.578
Immunosuppression 52 (43.0) 21 (28.8) 0.048
Transfusion 91 (75.2) 45(61.6)  0.046
Nasogastric tube 108 (89.3) 46 (63.0) <0.001
Mechanical ventilation 93 (76.9) 42 (57.5)  0.005
Hemodialysis 43 (35.5) 21 (28.8) 0.331
Agent features
Single agent 89 (73.6) 60 (82.2) 0167
Multiple agent 32 (26.4) 13 (17.8) '
Resistancy state
Group of resistant agent 95 (78.5) 43 (58.9) 0.004
Group of sensitive agent 26 (21.5) 30 (41.1) )

SICU: Surgical intensive care unit, ICU: Internal intensive care unit, PICU: Pediatric
intensive care unit, *: more than one factors in a patient, CHF: Congestive heart
failure, CVE: Cerebrovascular event, CAD: Coronary artery disease, CRF: Chronic
renal failure, COPD: Chronic obstructive pulmonary disease, TPN: Total parenteral
nutrition, Group of resistant agent: Carbapenem resistant Gram negative bacteria,
methicillin resistant staphylococcus, vancomycin resistant enterococcus and Candida
spp., Group of sensitive agent: Vancomycin sensitive enterococcus, methicillin
sensitive staphylococcus, carbapenem sensitive Gram negative bacteria and others

Catheter-Related Bloodstream Infections

In the present study, rates of use were 58.5% in the femoral
vein, 29% in the jugular vein, 12% in the subclavian vein,
and 0.5% in the umbilical vein. Although the highest rate
of use was observed in the femoral vein, analysis of
mortality rates revealed identical values for the femoral
catheter and jugular catheter, at 63%, and a rate of 57% for
the subclavian catheter. Although mortality rates for the
subclavian catheter were relatively low, no significant
difference in mortality rates was detected among the
groups.

Age and the presence of risk factors such as
immunosuppression and malignancy are important factors
in the diagnosis of CRBSI (20). In a study by Hajjej et al.
(21), the presence of diabetes mellitus or presence of sepsis
at the time of catheter insertion, prolonged catheterization,
and the use of antibiotics before insertion, even in a single
dose, were identified as independent risk factors for the
development of infection, with a reported mortality rate of
21.8%. In Wittekamp et al. (22), the incidence of infection
was high in central venous and arterial catheters, but even
higher in arterial catheters. In a study from Turkey,
advanced age, being treated in intensive care, use of
antibiotics  during catheterization, and prolonged
catheterization were associated with the development of
infection (14). In the present study, 57.2% of patients were
over 65, 85.6% were being treated in the intensive care
unit, and 37.6% were immunosuppressive. When the
departments in which patients were hospitalized were
compared, mortality rates were higher in the 1ICU. We
attributed this to patients receiving treatment in 11CU being
hospitalized for longer periods due to advanced age and

Table 2. Distribution of causative microorganism species

Microorganism (n=240) n (%)
Gram negative bacteria species 121 (50.4)
Acinetobacter baumanni 44 (18.3)
Klebsiella pneumonia 29 (12.1)
Pseudomonas aeruginosa 18 (7.5)
Escherichiae coli 5(2.1)
Serratia marcescens 5(2.1)
Enterobacter cloacae 5(2.1)
Enterobacter aerogenes 4(1.7)
Klebsiella oxytoca 3(1.3)
Pseudomonas putida 2(0.8)
Stenotrophomonas maltophilia 2(0.8)
Burkholderia cepaciae 2(0.8)
Morganella morganii 1(0.4)
Pantoae spp 1(0.4)
Gram positive bacteria species 68 (28.3)
MRCNS 31 (12.9)
Enterococcus faecium 17 (7.1)
Enterococcus faecalis 8 (3.3)
MRSA 7(2.9)
MSSA 4 (1.7)
Corynebacterium spp. 1(0.4)
Fungal types 51 (21.3)
Candida albicans 26 (10.8)
Candida tropicalis 10 (4.2)
Candida parapsilosis 9(3.8)
Candida glabrata 3(1.3)
Candida famata 1(0.4)
Candida lipolytica 1(0.4)
Candida guilliermondi 1(0.4)

MRCNS: Methicillin-resistant coagulase negative staphylococcus, MRSA: Methicillin-
resistant Staphylococcus aureus, MSSA: Methicillin-sensitive Staphylococcus aureus
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comorbid disease, and to infections that developed with
more resistant agents.

The present study also examined the effects of comorbid
conditions, enteral nutrition, TPN, and mechanical
ventilation on mortality rates. Asthma, CHF, CVE, and
other risk factors such as transfusion, immunosuppression,
tracheostomy, nasogastric tube, mechanical ventilation,
and pulmonary artery catheter (PAC) were associated with
mortality. While enteral nutrition is associated with
mortality, it has been reported that TPN is not (10). This
may be due to enteral nutrition, tracheostomy, nasogastric
tube, PAC and mechanical ventilation being the most
frequently applied interventions or treatments, especially
in long-term hospitalizations and intensive care patients,
and to the majority of our patients being treated in the ICU.
Pichitchaipitak et al. (23) reported that long-term TPN use
increased the rate of CRBSI.

While Gram-negative bacilli or S. aureus may be an agent
in catheters inserted for a short period, Coagulase-negative
staphylococci are generally factors in extended catheter
insertion (10,24). In their study of hematology, oncology,
and intensive care patients, 78% of whom were
immunosuppressive, Demirel et al. (25) observed that half
of the factors consisted of Gram negative bacteria (50%)
and that Gram positive bacteria consisted of only 24.5%.
The rate of Candida species was 23.9%. In a study
involving hemodialysis patients, catheter infection factors
were reported to be 60% Gram positive bacteria, 38%
Gram negative bacteria, and 2% Candida spp. The authors
of that study reported that only 20% of these patients had
temporary catheters, the remaining 80% having permanent
catheters, and that the incidence of infection in the
temporary catheter group was higher than that in the
permanent catheter group (26). All patients in the present
study had temporary catheters, and the fact that
information of the numbers of days with catheters could
not be provided is a limitation of our study.

The relationship between susceptibility and mortality has
also been investigated in recent research. In one study
conducted in the hemodialysis unit, the reported
carbapenem susceptibility of Gram-negative bacteria was
87.5%, with an overall mortality rate of 10% (26).
Analysis of the effects of micro-organisms on mortality in
the present study revealed no significant difference
between infections with single or multiple factors in terms
of mortality rates. At least one resistant agent or Candida
spp. was detected in the cultures of 95 patients who died
(78.5%). When our patients were divided into two groups
based on the resistance status of microorganisms, the
mortality rate was significantly higher in the group with
resistant agents compared to the other group.

CONCLUSION

In conclusion, central catheter insertion is an invasive
procedure and may result in morbidity and mortality by
preparing the ground for infection. The purpose of this
study was to contribute to the literature for Turkey by
evaluating our own hospital’s catheter infection data in the
preceding five years. Advanced age and hospitalization in
the IICU were more common in the mortal cases than the
non-mortal cases. In addition, the frequency of resistant
microorganisms in CRBSI was higher in mortal cases than
non-mortal cases.

Catheter-Related Bloodstream Infections
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Evaluation of the Effect of Aortic Stenosis and Severity on Left Ventricular
Function by Isovolumic Myocardial Acceleration

Aort Darlig1 ve Ciddiyetinin Sol Ventrikiil Fonksiyonuna Etkisinin Isovolumik Miyokardiyal
Akselerasyon ile Degerlendirilmesi

Ertan AKBAY REETRACT
0000-0002-9146-0621 Aim: Tissue Doppler-derived isovolumic acceleration (IVA) is a parameter that evaluates the
Mehmet ERTURK systolic function of both ventricles, without being affected by pre-load and post-load. We
0000-0002-2468-2793 aimed to detect left ventricular systolic dysfunction at an early stage with IVA in patients with
595‘5&“02(@%26’\‘6818 asymptomatic aortic stenosis (AS).
Mustafa Umut SOMUNCU Material and Methods: A total of 105 patients were included in the study, 75 of which had

isolated AS and 30 were free of any valve disease. Patients with AS were divided into three
groups (mild, moderate and severe) according to their aortic valve area (AVA) and aortic peak
velocities, as determined by means of a transthoracic echocardiography. Conventional
echocardiography, systolic and diastolic Tissue Doppler parameters [peak myocardial velocity
during isovolumic contraction (1VVV), myocardial velocity during ejection phase (Sm), early
diastolic myocardial velocity (e"), late diastolic myocardial velocity (a'), and acceleration time
(AT)] were calculated in all patients. IVA was obtained by dividing the IVV flow rate by the
AT time.

Results: The systolic parameters IVV (p<0.001), Sm (p<0.001), IVA (p=0.002) and diastolic
Istanbul Mehmet Akif Ersoy Thoracic Parameters e’ wave (p<0.001), a' wave (p=0.001) were found to be significantly lower in
and Cardiovascular Surgery Training Patients with AS compared to the control group. However, this relationship observed in IVA
and Research Hospital Department of Was not different in AS subgroups (p=0.122). Sm and e’ waves were positively correlated with
Cardiology, Istanbul, Turkey AVA (p=0.001, p<0.001, respectively) and negatively correlated with aortic peak gradient
(p=0.008, p<0.001, respectively), but VA was not correlated.

Conclusion: Left ventricular function is impaired in patients with AS and this is independent
of the severity of AS.

Keywords: Aortic stenosis; isovolumic acceleration; tissue Doppler imaging.
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Amag: Doku Doppler kaynakli isovolumik akselerasyon (IVA) her iki ventrikiiliin sistolik
fonksiyonunu 6n ve ard yiikten etkilenmeden degerlendiren bir parametredir. Bu ¢aligmada
asemptomatik aort darlig1 (AD) olan hastalarda, sol ventrikiil sistolik disfonksiyonun IVA ile
erken agamada tespiti amaglanmustir.

Gerec ve Yontemler: Calismaya izole AD bulunan 75 hasta ve herhangi bir kapak hastalig:
bulunmayan 30 hasta olmak iizere toplam 105 hasta dahil edildi. AD hastalari, transtorasik
ekokardiyografi ile belirlenen aort kapak alan1 (AKA) ve aortik pik velositeye gore ii¢ gruba
(hafif, orta ve ileri) ayrildi. Konvansiyonel ekokardiyografi parametreleri, sistolik ve diyastolik
doku Doppler parametreleri [isovolumik kontraksiyon esnasinda olusan pik miyokardiyal
velosite (IVV), ejeksiyon fazinda olusan miyokardiyal velosite (Sm), erken diyastolik
miyokardiyal velosite ('), ge¢ diyastolik miyokardiyal velosite (a'), akselarasyon zamani
(AT)] tiim hastalarda hesaplandi. IVA, IVV akim hizinin AT siiresine boliinmesiyle elde

edildi.

Bulgular: Sistolik parametrelerden IVV (p<0.001), Sm (p<0.001), IVA (p=0.002) ve
Corresponding Author diyastolik parametrelerden e' dalgast (p<0.001), a' dalgasi (p=0.001) AD bulunan hastalarda
Sorumlu Yazar kontrol grubuna gore anlamli sekilde diisiik izlendi. Fakat [VA da izlenen bu iligki AD alt
Ertan AKBAY gruplarinda anlaml degildi (p=0.122). Sm ve e' dalgasinin, AKA ile pozitif yonde (sirasiyla
drertanakbay@hotmail.com p=0.001, p<0.001) aortik pik gradiyentle negatif yonde korelasyonu vardi (sirayla p=0.008,

p<0.001), ancak [VA ise korele degildi.
Sonu¢: AD olan kisilerde sol ventrikiil fonksiyonu bozulmustur ve bu AD ciddiyetinden
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INTRODUCTION

Aortic stenosis (AS) is the most common acquired heart
valve disease in the population (2-7%) over 65 years (1).
With the onset of symptoms, it shows a very rapid
progression (2,3). 50-60% of patients who are not treated
surgically are lost in approximately 2 years (4,5). Decreased
left ventricular (LV) ejection fraction (EF) and the
development of symptoms in AS are associated with poor
prognosis (6). In addition, the presence of subclinical systolic
dysfunction has been associated with mortality in patients
with asymptomatic severe AS with preserved EF (7).
Recently, tissue Doppler imaging (TDI) and/or
strain/strain-rate imaging have proven to be effective in
demonstrating both global and regional LV systolic
functions. Although LV EF is preserved in patients with AS,
subclinical systolic dysfunction in the left ventricle has been
demonstrated by both the S' wave obtained by TDI and the
strain measured using two and three-dimensional speckle-
tracking (8-16). It is known that TDI measurements are
angle-dependent, influenced by the pre-load and after-load,
and strain/strain-rate imaging requires complex programs,
requires good image quality and is time consuming.
Isovolumic acceleration (IVA), which is calculated by tissue
Doppler method, is an easily measurable parameter in
showing right ventricular (RV) and LV systolic functions. It
is unaffected by pre-load and after-load (17-20).
Experimental and clinical studies with VA have shown
strong correlation with invasive and non-invasive
measurements of LV function (18-21). Although it is so
advantageous, it is not used enough in our daily practice.
Its easy application will allow early intervention before
myocardial damage becomes apparent or symptoms begin.
There are no previous data comparing the severity of AS
with healthy people. In this study, we aimed to evaluate
the effect of asymptomatic AS on LV systolic function
using TDI-derived IVA.

MATERIAL AND METHODS

A total of 105 patients; 75 patients with isolated AS (36
male, 39 female, mean age 65.7£11.5) and 30 patients
without any valve disease (15 male, 15 female, mean age
63.9£6.0) were included in the study. All were evaluated
by transthoracic echocardiography (TTE) and TDI. Those
with AS were divided into three groups (mild, moderate
and severe) according to their aortic valve area (AVA) and
aortic peak velocities (APV) determined by TTE. Mild AS
(AVA>1.5 cm?, APV<3 m/sec) was found in 24 patients,
moderate AS (AVA=1-1.5 cm?, APV=3-4 m/sec) in 20
patient and severe AS (AVA<1.0 cm?, APV>4 m/sec) was
found in 31 patients (22).

In addition, patients with mildly more severe valve disease
other than AS, low ejection fraction (EF<50), congenital
heart disease, subvalvular and supravalvular AS, left
bundle branch block, atrial fibrillation, pacemaker rhythm,
chronic renal failure, ischemic ECG changes, and those
with angina and/or acute coronary syndrome were all
excluded from the study. Approval was sought and
obtained by the ethics committee of the Istanbul Mehmet
Akif Ersoy Thoracic and Cardiovascular Surgery Training
and Research Hospital on December 16, 2013, decision
number 16. Written informed consent was obtained from
all patients prior to enrollment and the study was
performed in the Helsinki Declaration.

Aortic Stenosis and Isovolumic Myocardial Acceleration

Conventional Echocardiography

A GE-Vivid 6 instrument (Horten, Norway) 2-4 MHz
transducer was used to perform the echocardiographic
evaluation of the patients and all images were recorded on
digital media. Patients were evaluated with the parasternal
long axis, apical four cavities, two cavities and five cavities
images according to the guidelines. Two-dimensional, M-
mode, PW, CW-Doppler and color flow Doppler
echocardiographic measurements were performed. All
images were recorded in a single-lead ECG recording and
were calculated by averaging 5 consecutive cycles.

In the parasternal long axis window, LV end diastolic
(LVEDD) and LV end systolic diameters (LVESD), LV
outflow tract (LVOT) diameter, left atrial (LA) diameter,
LV septum thickness (IVS) and posterior wall thickness
(PW) were measured. Left ventricular mass (LVM) was
calculated using the Devereux equation (23):

LVM=0.8{1.04[([LVEDD+IVST+PWT]? - LVEDD?)]}+0.6

The left ventricular mass index (LVMI) was calculated by
dividing the LVM by the body surface area. LVOT cross
sectional area (CSA) was calculated by taking the LVOT
diameter. LV end-diastolic volume (LVEDV) and LV end-
systolic volume (LVESV) were measured from the apical
four-chamber and two-chamber images and the LV EF was
calculated using the modified Simpson method (24). The
CW-Doppler was placed on the aortic valve from the apical
5-chamber image and the aortic time velocity integral (TVI),
maximal and mean aortic gradients were measured. LVOT
TVI was measured by the PW-Doppler over the LVOT.
AVA was calculated using the continuity equation (6,22):

LVOT CSA (cm?) = 0.785 x (LVOT Diameter)?

AVA = (LVOT CSA x LVOT TVI) / Aortic TVI

In addition, the PW-Doppler was used to measure the early
(E) and late (A) diastolic flow velocities and deceleration
time (DT).

Tissue Doppler Imaging (TDI)

TDI measurements were performed at a high frame rate
(>150 fps), using minimal optimal gain, with transducer
frequency between 3.5 and 4.0 MHz, with the Nyquist
limit set to 15-20 cm/sec. The monitor sweep rate was set
to 50 to 100 mm/sec in order to optimize the spectral
analysis of the myocardial velocities. Apical window
images were selected to quantify regional wall motions
simultaneously with Doppler inflow and outflow currents
and to minimize the angle between Doppler beam and wall
motion. A 5 mm pulsed Doppler sample volume was
placed in the basal portion of the LV medial and lateral
wall, at the end of the expiration on apical 4-chamber
images (25). Peak myocardial velocity during isovolumic
contraction (1VV), myocardial velocity during ejection
phase (Sm), early diastolic myocardial velocity (e"), late
diastolic myocardial velocity (a) flow rates and
acceleration time (AT), were calculated by TDI. All
measurements were calculated by averaging 5 consecutive
cycles. IVA was obtained by dividing the 1V flow rate by
the AT time (Figure 1):

IVA=IVV /AT

Global LV tissue Doppler measurements were obtained by
averaging the tissue Doppler parameters measured from
the septal and lateral walls.
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IVA = IVV/ AT

Figure 1. Tissue Doppler imaging-derived IVV and AT
obtained from left ventricular septal basal wall of patients
with aortic stenosis. 1VV; peak myocardial velocity during
isovolumic contraction; AT; isovolumic acceleration time,
Sm; myocardial velocity during ejection phase, €'; early
diastolic myocardial velocity, a'; late diastolic myocardial
velocity, IVA; isovolumic acceleration

Statistics Analysis

In all statistical analysis, we used the SPSS v.21.0
statistical package. Distribution of the variables were
tested with the Kolmogorov-Smirnov normality test.
Descriptive statistics were expressed as meantstandard
deviation (SD) or median, interquartile range (IQR) and
minimum-maximum values depending on the distribution

Aortic Stenosis and Isovolumic Myocardial Acceleration

pattern. Categorical variables were expressed as frequency
and percentages. If there was a normal distribution, the
independent samples t test was used to compare two
groups, one-way ANOV A was used when comparing more
than two groups; if there was no normal distribution, the
Mann-Whitney U test was used to compare two groups, the
Kruskal-Wallis test was used to compare more than two
groups. Tukey and Mann-Whitney U test with Bonferroni
correction were used to determine which group caused the
difference. The correlation analysis was performed using
the Spearman correlation analysis and categorical
variables were analyzed with Pearson chi-square test. The
cases where the p value was less than 0.05 were evaluated
as statistically significant.

RESULTS

Clinical Properties

There was no statistically significant difference in
traditional risk factors and drug use between AS patients
and the control group (Table 1). There was no statistically
significant difference in these parameters between the
subgroups of patients with AS (Table 1).

Two Dimensional and CW-Doppler Echocardiography
Parameters

LVEDD, LVVESD, LV EF, LVEDV and LVESV
parameters did not differ between the AS and the control
group (Table 2). Similarly, no difference was found in
these parameters between the AS subgroups (Table 2).
IVS, PW, LVMI and LA diameter were found to be
significantly higher in the AS group compared to the
control group (Table 2). LVMI and IVS thickness were
found to be significantly lower in mild AS compared

Table 1. Demographic characteristics of the patients with aortic stenosis and control group

Severity of AS
AS Total (n=75)  Control (n=30) p
Mild (n=24) Moderate (n=20)  Severe (n=31) p

Age (year) 65.711.5 63.9+6.0 0.408 61.6+11.6 68.0+10.7 67.6x11.4 0.098
Gender, n (%)

Male 36 (48.0) 15 (50.0) 0.853 11 (45.8) 9 (45.0) 16 (51.6) 0.870

Female 39 (52.0) 15 (50.0) 13 (54.2) 11 (55.0) 15 (48.4)
Body mass index (kg/m?) 28.4+4.9 28.5+£3.9 0.575 28.8+4.3 28.6+6.3 27.8+6.3 0.683
Body surface area (m?) 1.9+0.2 2.0+0.2 0.086 1.9£0.2 1.9+£0.2 1.8+£0.2 0.412
Heart rate (beats/min) 76.4£14.0 79.7£11.7 0.242 75.6£13.4 78.7£15.5 75.5+13.7 0.700
Systolic BP (mm Hg) 138 (29) [103-207] 130 (20) [110-159] 0.192 140 (45) [105-200] 140 (33) [103-183] 131 (22) [110-207] 0.332
Diastolic BP (mm Hg) 79 (20) [42-130] 70 (10) [60-90]  0.507 80 (16) [57-130] 79 (20) [57-110] 70 (23) [42-101] 0.032
Hypertension, n (%) 54 (72.0) 16 (53.3) 0.067 17 (70.8) 15 (75.0) 22 (71.0) 0.941
Diabetes mellitus, n (%) 23 (30.7) 8(26.7) 0.685 7(29.2) 7 (35.0) 9 (29.0) 0.886
Current smoking, n (%) 29 (38.7) 9 (30.0) 0.404 2(8.3) 6 (30.0) 7 (22.6) 0.181
CAD, n (%) 15 (20.0) 3(10.0) 0.219 7(29.2) 9 (45.0) 13 (41.9) 0.499
Hyperlipidemia, n (%) 25(33.3) 10 (33.3) 1.000 8(33.3) 4 (20.0) 13 (41.9) 0.268
Drug use, n (%)

ACE inhibitor 25(33.3) 12 (40.0) 0.518 9(37.5) 10 (50.0) 6(19.4) 0.067

ARB 16 (21.3) 3(10.0) 0.173 6 (25.0) 2(10.0) 8(25.8) 0.351

Statin 26 (34.7) 6 (20.0) 0.140 9(37.5) 4 (20.0) 13 (41.9) 0.258

Beta blocker 30 (40.0) 7(23.3) 0.106 8(33.3) 7(35.0) 15 (48.4) 0.458

CCB 16 (21.3) 5(16.7) 0.589 2(8.3) 5(25.0) 9 (29.0) 0.159

AS: aortic stenosis, BP: blood pressure, CAD: coronary artery disease, ACE: angiotensin converting enzyme, ARB: angiotensin receptor blockers, CCB: calcium channel
blocker, descriptive statistics were given as mean+standard deviation for normally distributed variables, otherwise median (interquartile range) [minimum-maximum] were used
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to severe AS (p<0.001, p=0.002, respectively), but there
was no statistically significant difference between the
other subgroups (p>0.017). PW thickness was
significantly lower in mild and moderate AS subgroups
than in the severe AS subgroup (p<0.001, p=0.004,
respectively), but there was no statistically significant
difference between the mild and moderate AS subgroups
(p=0.230). LA diameters increased with the degree of AS,
but this increase was not statistically significant (p=0.058).
PW-Doppler and Tissue Doppler Echocardiography
Parameters

E wave, A wave, DT, E/e' ratio, e' wave, a' wave, IVV, Sm
parameters were found to be statistically significantly
different when the AS and the control groups were
compared (Table 3). When subgroups of AS were
compared to each other, E wave, A wave, DT, E/A ratio,

Aortic Stenosis and Isovolumic Myocardial Acceleration

and a' wave parameters were not observed to be different
between the groups (Table 3).

E/e', ', IVV and Sm were found to be statistically different
among subgroups of AS (p=0.005, p<0.001, p=0.016,
p=0.029, respectively). When the groups were compared
with each other, the E/e' and Sm were significantly
different in the mild and severe AS subgroups, the e' wave
in the mild to moderate AS and mild to severe AS, the IVV
parameter was statistically different between the mild and
moderate AS subgroups (p=0.001, p=0.011, p=0.016,
p<0.001, p=0.003, respectively). There was no significant
difference in other subgroup comparisons (p>0.017).

IVA was significantly lower in the AS group than in the
control group (p=0.002). However, in the subgroup
analysis, IVA was did not differ in severity of the stenosis
(p=0.122).

Table 2. Comparison of two-dimensional, M-mode and CW-Doppler echocardiographic parameters of aortic stenosis

patients and control group

Severity of AS
AS Total (n=75)  Control (n=30) p -
Mild (n=24) Moderate (n=20)  Severe (n=31) p
LVEDD (mm) 48.4+4.5 47.843.5 0.532 48.3+4.8 50.0+4.6 40.7+4.0 0.183
LVESD (mm) 30.3+4.5 29.8+£2.7 0.527 30.2+4.9 31.7+4.7 29.4+3.9 0.213
IVS (mm) 12.0 (3.0) [0.9-2.1] 10.0 (1.0) [0.9-1.3] <0.001 11.5 (1.0) [0.9-1.5] 12.0 (3.0) [1.0-1.6] 13.5 (3.0) [1.2-2.1]" <0.001
PW (mm) 12.0 (2.0) [0.9-1.7] 10.0 (0.5) [0.9-1.2] <0.001 11.0 (1.8) [0.9-1.3] 11.0 (2.0) [1.0-1.4] 12.0 (2.7) [1.1-1.7]¥ <0.001
LVEF (%) 61.0 (5.0) [50-70] 60.0 (3.7) [55-70] 0.980 62.0 (4.0) [52-69] 62.0 (7.0) [65-70] 60.5 (5.0) [50-70] 0.830
LV diastolic volume (ml) 112.1+24.6 104.9+24.2 0.179 109.8+£26.5 112.1£22.6 114.0+£25.1 0.822
LV systolic volume (ml) 40.0 (19.0) [23-85] 40.5 (12.5) [27-80] 0.511 37.5(26.0) [23-68] 40.0 (13.0) [27-80] 43.0 (23.2) [25-85] 0.904
LVMI (gr/m?) 123.4+33.7 91.8+17.6 <0.001 106.4+20.5 121.4429.6 137.5+38.7% 0.008
LA diameter (cm) 3.9(0.6) [2.8-5.0] 3.6 (0.3)[3.2-4.2] 0.003 3.8(0.4)[2.8-4.5] 3.9(0.9)[3.0-5.0] 4.0(0.5)[3.4-4.9] 0.058
Aortic valve area (cm?) 1.7+0.1 1.3+0.2 0.8+0.2 <0.001~
Aortic peak velocity (m/sn) 2.740.1 3.5+0.3 4.6+0.5 <0.001~
Aortic peak gradient (mm Hg)
Maximum 29.3+2.4 50.1£7.7 87.4£19.1 <0.001"™
Mean 16.1+1.7 30.4+10.8 52.8£12.6 <0.001"™

AS: aortic stenosis, LVEDD: left ventricular end-diastolic diameter, LVESD: left ventricular end-systolic diameter, IVS: left ventricular septum thickness, PW: posterior
wall thickness, LVEF: left ventricular ejection fraction, LV: left ventricle, LVMI: left ventricular mass index, LA: left atrium; *: p=0.002 vs mild, #: p<0.001 vs mild and
p=0.004 vs moderate, % p<0.001 vs mild, ~: p <0.001 between all subgroups, descriptive statistics were given as meantstandard deviation for normally distributed variables,
otherwise median (interquartile range) [minimum-maximum] were used

Table 3. Comparison of PW and tissue Doppler echocardiographic parameters of aortic stenosis patients and control group
Severity of AS

AS Total (n=75)  Control (n=30) p

Mild (n=24) Moderate (n=20)  Severe (n=31) p
E wave (cm/sn) 80.0 (40.0) [40-150]78.5 (23.0) [33-100] 0.013 78.0 (29.0) [46-135]84.0 (40.0) [50-120] 77.5 (33.0) [40-150] 0.711
A wave (cm/sn) 102.2+£29.1 78.8+17.5 <0.001 95.2+27.6 107.5€25.0 104.3+£32.3 0.334
E/A rate 0.78 (0.5) [0.4-2.1] 0.96 (0.4) [0.4-1.7] 0.147 0.78 (0.5) [0.5-1.5] 0.75 (0.5) [0.5-1.3] 0.79 (0.4) [0.4-1.5] 0.580
DT (msn) 306.2+£73.5 255.5+60.7 0.001 279.9£51.1 324.3+88.4 314.9+74.3 0.094
Ele' rate 11.7 (8.3) [4.5-37.5] 7.1 (4.7) [2.7-12.1] <0.001 9.5 (6.4) [4.5-16.2] 13.8 (9.7) [6.1-25.0]12.8 (10.7) [8-37.5]" 0.005
e' (cm/sn) 6.5 (1.2) [2.0-14] 9.7 (0.6) [6.0-15.0] <0.001 7.5 (2.0) [4.0-14.0]* 6.0 (2.0) [2.0-9.0] 5.5 (2.0) [4.0-11.0] <0.001
a' (cm/sn) 10.4+2.4 12.1£2.0 0.001 11.2+0.2 10.3+0.2 9.7+0.3 0.078
IVV (cm/sn) 7.0 (4.0) [4.0-19.0] 8.7 (5.0) [4.0-19.0] <0.001 7.5 (3.0) [4.0-16.0]% 5.0 (2.0) [4.0-9.0] 7.5 (4.0) [2.0-12.0] 0.016
Sm (cm/sn) 7.0 (2.0) [3.0-12.0] 8.2 (2.0) [7.0-12.0] <0.001 8.2 (3.0) [5.0-12.0] 6.5 (2.0) [3.0-10.0] 6.5 (2.0) [3.0-12.0] 0.029
IVA (m/sn?) 2.2 (1.4)[0.6-5.7] 2.9(1.9)[1.1-55] 0.002 23(1.1)[1.2-42] 19(0.7)[1.0-3.7] 2.7(1.7)[0.6-5.7] 0.122

AS: aortic stenosis, E: early diastolic flow velocities, A: late diastolic flow velocities, DT: deceleration time, e": peak myocardial velocity during early diastole, a": peak
myocardial velocity during atrial contraction, 1VV: peak myocardial velocity during isovolumic contraction, Sm: peak myocardial velocity during systole, IVA: myocardial
acceleration during isovolumic contraction, *: p=0.001 vs mild, *: p=0.016 vs moderate and p<0.001 vs severe, & p=0.003 vs moderate, ~: p=0.011 vs mild, descriptive
statistics were given as mean£standard deviation for normally distributed variables, otherwise median (interquartile range) [ minimum-maximum] were used

157



Akbay et al.

Correlation between TDI Velocities and Conventional
Echocardiographic Parameters

In the Spearman correlation analysis, E/e' ratio, IVS and
PW thickness were negatively correlated with AVA,
whereas LVMI, e' wave, a' wave and Sm parameters were
positively correlated with AVA. When the correlation of
echocardiographic parameters with aortic peak gradient
(APG) was examined, Sm and e' wave were negatively
correlated, whereas E/e', LVMI, IVS, PW thickness were
positively correlated. However, there were no correlations
between IVA (Table 4).

Table 4. Correlation between tissue Doppler imaging
velocities and conventional echocardiographic parameters
Aortic valve area Aortic peak gradient

r p r p
E/e' rate -0.380 0.001 0.363 0.001
LVMI 0.413 0.001 0.360 0.002
Global IVA 0.039 0.744 0.090 0.444
e' 0.531 <0.001 -0.526 <0.001
a' 0.340 0.007 -0.201 0.087
Sm 0.388 0.001 -0.305 0.008
vv 0.163 0.165 -0.017 0.889
IVS -0.495 <0.001 0.533 <0.001
PW -0.487 <0.001 0.518 <0.001

E: early diastolic flow velocities, e': peak myocardial velocity during early diastole,
LVMI: left ventricular mass index, IVA: myocardial acceleration during isovolumic
contraction, a': peak myocardial velocity during atrial contraction, Sm: peak
myocardial velocity during systole, IVV: peak myocardial velocity during isovolumic
contraction, 1VS: left ventricular septum thickness, PW: posterior wall thickness

DISCUSSION

In our study, TDI-derived LV systolic and diastolic
velocities were found to be reduced in patients with AS
compared to the control group. While we determined the
relationship between the severity of stenosis, systolic and
diastolic parameters, we were unable to determine the
relationship of IVA in the subgroups of AS. This is the first
study to compare the severity of AS with LV systolic
parameters, with the inclusion of a control group. Thus, we
understood that subclinical systolic dysfunction occurred
independently of AS severity.

LV systolic function is normal in most patients with severe
AS. Impaired myocardial contraction can be detected
using the tissue Doppler and/or the speckle tracking strain
method without EF decline (8-16,26). Detection of
subclinical systolic dysfunction often results in a poor
prognosis and has been shown to improve after aortic valve
replacement (15,27,28). Similarly, Nieh et al. (29) found
that echocardiographic parameters of patients operated for
severe AS did not change LV diameter, mass and EF, but
improvements in systolic and diastolic parameters
measured by TDI were noted at a mean follow-up of 120
days. Subclinical systolic dysfunction detected by TDI has
been shown in other valve pathologies and systemic
diseases (30-34).

In our study, LVMI, IVS and PW thickness were higher in
the AS group compared to the control group, as expected,
and this increase correlated with the severity of AS. In the
subgroup analysis, likewise Galema et al. (12), LWMI and
IVS thickness differed from mild to severe AS, and as with
Rajani et al. (35), there was no difference between

Aortic Stenosis and Isovolumic Myocardial Acceleration

moderate to severe AS in terms of LWMI. In our study,
PW thickness was different between both mild to severe
and moderate to severe AS. It is known that LV
hypertrophy occurs to compensate for the pressure burden
caused by AS (36). Post-operative mortality and morbidity
were found to be high in patients with LV hypertrophy and
undergoing aortic valve surgery (37). While only 20% of
patients with AS have impaired EF, many patients with
preserved EF have experienced increased LVMI heart
failure rates and subclinical systolic dysfunction (38).
Although LV EF is not reduced in patients with AS,
emerging symptoms such as dyspnea and fatigue have been
associated with disturbances in diastolic parameters,
measured by non-invasive methods (8,12,14). In our study,
diastolic parameters (mitral flow E, A, E/A, DT) measured
by conventional methods were different from the control
group, regardless of the severity of AS. Galema et al. (12),
in their study comparing healthy controls with patients with
symptomatic severe AS, as well as Jassal et al. (8) in their
own study, divided mild-moderate AS patients into three
groups, and similarly to our study, did not find a significant
relationship between the degree of stenosis and the
traditional diastolic function parameters. When diastolic
functions were measured by the more sensitive TDI method,
we found that AS was impaired compared to controls and
this impairment was associated with the degree of AS,
similar to what was reported in other studies (8,10-13,39).
Diastolic dysfunction in AS may be associated with
increased myocardial stiffness, decreased LV compliance,
increased LVMI, increased end-diastolic pressure and
impaired LA function. Truong et al. (40) showed that high
LV diastolic pressures before transcatheter aortic valve
replacement were associated with mortality.

In patients with severe AS, a positive correlation was
shown between end-diastolic LV pressure and E/e’ ratio,
measured by invasive method (10). In addition, E/e' >15
was associated with an elevated mean LA pressure; in our
study, the LA diameter, LVMI and E/e' ratio were found
to support LV diastolic dysfunction. Polito et al. (41),
while comparing moderate and severe AS with the control
group, found that the LVMI and E/e' ratio was similarly
high. In their study where they used LA volume instead of
LA diameter, this value was also significantly higher. In
previous studies, increased E/e’ was associated with
symptoms, surgical necessity and mortality in AS (42).

In many studies, AS patients with preserved systolic function
were evaluated for LV subclinical systolic functions by TDI
method and a significant decrease was found compared to the
control groups (10,11,13-15,39). Systolic dysfunction cannot
be detected by conventional echocardiography, but can be
detected by the TDI method, LVH and subendocardial
ischemia due to increased pressure load, and thus
longitudinal contraction is affected (43). The systolic
parameters measured by the TDI method are evaluated in the
longitudinal axis functions of the left ventricle and show loss
of function at the subclinical stage, without obvious LV
systolic dysfunction. In our study, Sm, IVV and IVA, which
showed LV subclinical systolic dysfunction, were decreased
in the AS group, and only the decrease in Sm wave was
moderately correlated with AVA and APG. Similar to our
study, Poh et al. (39) found 53 patients with AS in their study
correlated Sm and AVA index. Barthelemy et al. (34)
compared RV function in critically ill patients with invasive
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methods and non-invasive methods, while they could not
find the correlation of IVA, but they observed that Sm wave
correlated with RV EF.

In our study, although LV IVA decreased in patients with
AS, this decrease did not correlate with the severity of
stenosis like Sm; this may be due to the Sm wave being
affected more by preload and afterload. In support of our
study, Erttrk et al. (33) found that LV IVA decreased in
patients with mitral stenosis, but could not correlate this
decrease with the severity of mitral stenosis. If we consider
IVA as the time to overcome the resistance against the
stenosis in front of it, in patients with mild AS, the IVA
extends for a certain period and remains constant regardless
of resistance. This stability suggests that a solid left
ventricle is sufficient to overcome the resistance in front of
it, regardless of the valve area and gradient. Further clinical
studies suggest that IVA may become significant between
groups or in the severe AS group, which may be explained
by this difference with patients with low EF.

Study Limitations

Our study had some limitations; the number of patients was
low, the systolic function parameters were not compared
with parameters measured by invasive methods. In
addition, patients were not evaluated with strain/strain rate
imaging and the value of systolic function parameters in
predicting clinical deterioration and surgery in long-term
follow-up was not investigated. Although asymptomatic
patients were included in our study, the existing coronary
lesions and myocardial ischemia were not known. Patients
with systolic dysfunction were not included in our study.

CONCLUSION

We found that asymptomatic AS with normal EF, systolic and
diastolic function parameters measured by the TDI method
were impaired and this deterioration was associated with
degree of stenosis. We could not determine the relationship
with the degree of stenosis by IVA during LV contraction.
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ABSTRACT

Aim: The purpose of this study was to determine the clinical features of the inferior gluteal
nerve (IGN) injury due to intramuscular (IM) injection.

Material and Methods: Patients with clinical and electrodiagnostic features of the sciatic
nerve (SN) and possible IGN injuries due to IM injection were included in this retrospective
study. The presence of an IGN injury was considered in patients with weakness in the gluteus
maximus (GM) muscle or in those who demonstrated needle electromyography (EMG)
abnormality in the GM muscle.

Results: There were 44 (95.6%) patients with an SN injury only, 1 (2.2%) patient with both
an SN and an IGN injury, and 1 (2.2%) patient with an IGN injury only. The complaints of the
patient with an IGN injury only occurred within hours to days after the IM injection; this
patient had no muscle weakness. The complaints of the patient with both IGN and SN injuries
occurred minutes to hours after IM injection; this patient had mild weakness in the plantar
flexion of the foot. In 40 of the patients with only an SN injury, complaints occurred
immediately after or within a few seconds following the IM injection, while complaints
occurred within minutes to hours in the remaining 4 patients.

Conclusion: Although rare when compared to SN injury, the IGN can be injured by IM
injection. Therefore, the GM muscle should be examined with needle EMG in patients with
complaints associated with IM injection. Muscle weakness may not occur in nerve injuries due
to IM injections.

Keywords: Electromyography; inferior gluteal nerve; intramuscular injection; sciatic nerve.

0z

Amag: Bu ¢alismanin amaci intramiiskiiler (IM) enjeksiyona bagl gelisen inferior gluteal sinir
(IGS) yaralanmasmin klinik 6zelliklerinin belirlenmesidir.

Gerec ve Yontemler: Klinik ve elektrodiagnostik ozellikleri IM enjeksiyona bagl gelisen
siyatik sinir (SS) ve olasi IGS yaralanmalari ile uyumlu olan hastalar bu geriye doniik
calismaya dahil edildi. Gluteus maksimus (GM) kasinda gii¢siizliik ya da GM kasinda igne
elektromiyografi (EMG) anormalligi olan hastalarda IGS yaralanmasi oldugu kabul edildi.
Bulgular: Sadece SS yaralanmasi olan 44 (%95,6) hasta, hem SS hem IGS yaralanmasi olan
1 (%2,2) hasta ve sadece IGS yaralanmasi olan 1 (%2,2) hasta mevcuttu. Sadece IGS
yaralanmasi olan hastanm sikayetleri IM enjeksiyondan sonra saatler ile giinler iginde
olusmustu ve bu hastanin kas giigsiizliigii yoktu. Hem IGN hem SS yaralanmasi olan hastanin
sikayetleri IM enjeksiyondan sonra dakikalar ile saatler icinde olusmustu ve bu hastanm ayak
plantar fleksiyonunda hafif derecede giicsiizlik mevcuttu. Sadece SS yaralanmasi olan
hastalarm 40’mnda sikayetler IM enjeksiyonu takiben hemen ya da saniyeler i¢inde ortaya
cikarken geri kalan 4 hastada ise sikayetler IM enjeksiyonu takiben dakikalar ya da saatler
iginde olusmustu.

Sonuc: SS yaralanmasi ile karsilastirildiginda nadir olsa da, IM enjeksiyon ile 1GS
yaralanabilir. Bu nedenle IM enjeksiyon ile iliskili sikayetleri olan hastalarda GM kas1 igne
EMG ile degerlendirilmelidir. IM enjeksiyonlara bagl gelisen sinir yaralanmalarinda kas
giicslizligii olugmayabilir.

Anahtar kelimeler: Elektromiyografi; inferior gluteal sinir; intramiiskiiler enjeksiyon; siyatik
sinir.
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INTRODUCTION

The sciatic nerve (SN) injury can occur as a result of hip
surgery, intramuscular (IM) injection, or trauma (1-4). The
degree of injury can range from mild to severe and can
even result in disability (3). The SN is formed from the
ventral rami of the L4, L5, S1, S2, and S3 spinal nerves.
The SN leaves the pelvis through the greater sciatic
foramen inferior to the piriformis muscle (5,6). The
inferior gluteal nerve (IGN) originates from the ventral
rami of the spinal nerves of L5, S1, and S2 and exits the
pelvis along a similar course to that of the SN. Along this
course, the IGN runs medial and very close to the SN (6).
Because the superior gluteal, posterior femoral cutaneous,
and pudendal nerves also pass through the greater sciatic
foramen, they can be injured, along with the IGN and SN,
whether by IM injection or other conditions (2,7). There
are also reports that the IGN specifically can be injured by
conditions such as schwannoma or colorectal carcinoma
(8,9). The aim of the study was to find the clinical and
electrodiagnostic features of an SN and/or possible IGN
injury due to an IM injection.

MATERIAL AND METHODS

Subjects

Patients who applied to our neurology outpatient clinic and
laboratory of clinical neurophysiology between July 2018
and January 2020 were analyzed retrospectively. Patients
with clinical and electrodiagnostic findings of an SN
and/or an IGN injury due to IM injection were included in
the study, provided that their complaints started after an
IM injection. An SN injury due to an IM injection (SNIII)
was considered in patients with sensory abnormalities or
muscle weakness, or, alternately, in those who exhibited
electrodiagnostic findings consistent with an SN injury.
The inclusion criteria for an IGN injury were weakness in
the gluteus maximus (GM) muscle; abnormal needle
electromyography (EMG) findings in the GM muscle; or
sensory abnormality over the lower outer quadrant (the
greater trochanter) as the IGN may have sensory branches
(10). The patients with an IGN injury had to have normal
needle EMG findings in the gluteus medius, as well as in
the L3, L4, L5, and S1 paraspinal muscles. Lumbosacral
magnetic resonance imaging (MRI) findings of these
patients should not be compatible with radiculopathy.
Individuals with polyneuropathy (or a disease that may
cause polyneuropathy such as diabetes mellitus),
neurodegenerative disease, lumbosacral radiculopathy,
and low back pain were excluded from the study. Muscle
strength was analyzed using the Medical Research Council
(MRC) scale (11). The Turkish version of the Leeds
assessment of neuropathic symptoms and signs (LANSS)
was used to evaluate neuropathic complaints (12).

This study was approved by the Ethics Committee of
Adana City Training and Research Hospital (number:
45/620, date. December 4, 2019).

Electrodiagnostic Tests

The Cadwell Sierra Summit EMG unit (Cadwell
laboratories, Kennewick, Washington, USA) was used for
nerve  conduction studies and needle EMG.
Electrodiagnostic tests were performed if the temperature
of the limb was >32 °C, otherwise, cold limbs were heated.
Low-high band filters for sensory and motor nerve
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conduction were set at 20Hz-2kHz and 20Hz-10kHZ,
respectively. Stimulation and recordings were performed
with surface electrodes. Nerve stimulation was performed
supramaximally. The sweep speeds for sensory and motor
nerve conduction studies were set as 1 ms/division and 5
ms/division, respectively. Sensitivity levels for sensory
and motor nerve conduction studies were 10 pV/division
and 2 mV/division, respectively. Reference values for
nerve conduction studies were obtained from previous
studies (13-15). Peroneal, tibial, superficial peroneal,
peroneal, and sural nerve conduction studies were
performed bilaterally (1). Compound muscle action
potential (CMAP) and sensory nerve action potential
(SNAP) amplitudes were measured from peak to peak. To
exclude peroneal neuropathy, peroneal nerve points were
stimulated at the ankle, fibula head, and popliteal fossa.
The peroneal nerve CMAP was recorded from both the
extensor digitorum brevis (EDB) and the tibialis anterior
(TA) muscles. The recording electrode was placed over the
abductor hallucis muscle to obtain the tibial nerve CMAP.
Superficial peroneal and sural sensory nerve conduction
studies were performed antidromically. Sensory nerve
conduction velocity was calculated using onset latency.
The reference lower limits for the CMAP amplitudes of the
tibial nerve and the peroneal nerve recorded from the
EDB/TA muscle were 44 mV, 26 mV / 1.7 mV,
respectively. The reference lower limit for amplitudes of
both the superficial peroneal and sural nerves was 5 pV
(13-15). The amplitude of CMAP or SNAP was
considered abnormal if the CMAP or SNAP amplitude was
lower than the reference lower limit, or lower than 50% of
the CMAP or SNAP amplitude of the intact extremity
nerve. Needle EMG was performed using a concentric
needle electrode (length=50mm, diameter=0.46mm,
Bionen Medical Devices, Florence, Italy). Low-high band
filters for needle EMG were 10Hz-10kHz. The sweep
speed for active denervation and motor unit action
potential (MUAP) analysis was 10 ms/division. Sensitivity
levels for active denervation and MUAP analysis were
50-100 pV and 500-1000 pV, respectively. Needle EMG
was performed visually. Positive sharp wave (PSW) and
fibrillation potentials were carefully analyzed. The MUAP
was analyzed during mild muscle contraction. If the
MUAP amplitude was >4 mV and duration was >15 ms,
the MUAP was considered neurogenic. Needle EMG was
applied to the medial gastrocnemius, TA, peroneus longus,
biceps femoris short head, vastus lateralis and GM muscles
of the patients. To exclude lumbosacral plexopathy or
lumbosacral radiculopathy, needle EMG was also
performed on the gluteus medius and L3, L4, L5 and S1
paraspinal muscles of some patients. Further, hip and
lumbosacral MRIs were analyzed in some patients to
exclude lumbosacral radiculopathy and masses in the
gluteal region.

Statistical Analysis

The Shapiro-Wilk test was used to determine the
distribution of the data. Meantstandard deviation was
calculated for descriptive statistics. Categorical variables
were summarized as percentage and frequency. Statistical
Package for the Social Sciences (SPSS IBM Corp;
Armonk, NY, USA) v.22.0 was used to perform the
statistical analysis.
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RESULTS

Forty-six patients (34 male, 12 female) were included in
the study. Apart from these forty-six patients, three
patients had clinical findings compatible with SNIII.
However, these three patients had needle EMG
abnormality in the L4, L5, and S1 paraspinal muscles in
addition to the GM muscle, and also had lumbosacral MRI
findings compatible with lumbosacral radiculopathy. The
mean age of the patients was 39.9+14.7 (range, 19-69)
years. The mean body mass index (BMI) of the patients
was 21.8£3.4 (range, 15.6-31.9) kg/m?, respectively.
Twelve (26.1%) patients had a BMI <18.5 kg/m? while 4
(8.7%) had a BMI >25 kg/m?. The mean interval between
the time of IM injection and the time of electrodiagnostic
test was 9.7+9.8 (range, 0.7-36.1) months. The IM gluteal
injection was applied by a nurse or a paramedic to the
upper outer quadrant of the gluteal region of all patients.
The reasons for IM injections were upper respiratory tract
infection in 14 (30.4%) patients, muscle or joint pain in 8
(17.4%), generalized pain in 7 (15.2%), abdominal pain in
5 (10.9%), headache in 4 (8.7%), urinary tract infection in
4 (8.7%), toothache in 3 (6.5%), and allergy in 1 (2.2%).
IM agents were analgesics in 35 (76.1%) patients,
antibiotics in 5 (10.9%) patients, antibiotics+analgesics in
3 (6.5%) patients, and an allergy drug in 1 (2.2%) patient.
IM agents were unknown in two patients.

The mean LANSS score of the patients was 14.1+5.8
(range, 3-24). The LANSS score was >12 in 30 (65.2%)
of the patients. The right lower extremity was affected in
16 (34.8%) patients. The neurological examination
findings of the patients are shown in Table 1. Sensory
abnormality over the sole of the foot only was observed
in 3 (6.5%) patients, while sensory abnormality in the skin
area supplied by the peroneal nerve only was observed in
14 (30.4%) patients. Five patients had weakness in only
peroneal nerve innervated muscles. None of the patients
exhibited weakness in only tibial nerve innervated
muscles. Table 2 shows abnormalities of nerve
conduction studies in patients. Needle EMG
abnormalities of patients are shown in Table 3. SN injury
only was present in 44 (95.6%) patients (33 male, 11
female), both SN and IGN injuries in 1 (2.2%) patient
(male), and only an IGN injury in 1 (2.2%) patient
(female). The complaints of 40 (87.0%) patients with SN
injuries occurred immediately following IM injection,
while 5 (10.9%) patients occurred within minutes to hours
following IM injection.

The patient suffering exclusively with an IGN injury -a
thirty-year old woman- applied to our EMG laboratory
four weeks after IM injection. Diclofenac was applied to
the patient intramuscularly due to generalized pain. The
complaint of this patient started within hours to days
following IM injection, and progressed over the following
days. Within two to three weeks, the pain and paresthesia
severity of the patient increased and reached its peak. The
patient had hip pain, paresthesia (pins and needles), and
sensory loss over the lateral gluteal region, but had no
weakness. Bilateral tibial, peroneal, superficial peroneal,
and sural nerve conduction studies were normal. The
patient had PSW and fibrillation potentials in the GM
muscle, but there were no needle EMG abnormalities in
other muscles including the MG, TA, PL, biceps femoris
short head, vastus lateralis, gluteus medius, L3, L4,
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L5, and S1 paraspinal muscles. The complaints of this
patient improved within two months. She had normal hip
and lumbosacral MRIs.

The patient with both SN and IGN injuries -a fifty-eight
year old man- expressed complaints within minutes
following the IM injection. Diclofenac was given
intramuscularly due to an upper respiratory infection. This
patient was referred to our EMG laboratory thirty days
after IM injection. The MRC score of his foot plantar
flexion was four. There was sensory loss in the dorsal
region and sole of the foot. The tibial nerve CMAP and
sural SNAP amplitudes were reduced. There were PSW
and fibrillation potentials in GM and MG muscles, but no
neurogenic MUAPSs were present in these muscles. Needle
EMG was normal in the TA, PL, biceps femoris short head,
gluteus medius, vastus lateralis, and L3, L4, L5 and S1
paraspinal muscles. He had normal hip and lumbosacral
MRIs. After two months, sensory complaints of the patient
decreased, but muscle weakness persisted.

Needle EMG was applied to the L3, L4, L5 and S1
paraspinal muscles in 37 (80.4%) patients with an SN
injury only; there was no active denervation in the
paraspinal muscles of these patients. Thirty-nine (84.8%)
of the patients with an SN injury only had lumbosacral
MRIs and their findings were not compatible with
lumbosacral radiculopathy.

Table 1. Clinical features of the patients

Neurologic examination n (%)
Sensory abnormality

Dorsum of foot or lateral of foot (peroneal) 40 (87.0%)
Sole of foot (tibial) 29 (63.0%)
Posterolateral leg (sural) 28 (60.9%)
Lateral aspect of the GM muscle 1(2.2%)
None 2 (4.3%)
Weakness

Peroneal nerve innervated muscles 38 (82.6%)
Tibial nerve innervated muscles 24 (52.2%)
Knee flexors 31 (67.4%)
GM muscle 0 (0.0%)
None 3 (6.5%)

GM: Gluteus maximus

Table 2. Nerve conduction studies of the patients

CMAP and SNAP amplitude abnormality n (%)
Peroneal nerve EDB 26 (56.5%)
Peroneal nerve TA 16 (34.8%)
Peroneal nerve EDB or TA 34 (73.9%)
Tibial nerve 28 (60.9%)
Superficial peroneal nerve 30 (65.2%)
Sural nerve 35 (76.1%)
None 2 (4.3%)

CMAP: Compound muscle action potential, SNAP: Sensory nerve action potential,
EDB: Extensor digitorum brevis, TA: Tibialis anterior
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Table 3. Needle electromyography abnormalities of the patients, n (%)

Active Denervation or

Muscle Active Denervation Neurogenic MUAPs Neurogenic MUAPs
TA 24 (52.2%) 18 (39.1%) 30 (65.2%)
PL* (n=43) 16 (37.2%) 18 (41.9%) 24 (55.8%)
TAor PL 25 (54.3%) 23 (50.0%) 31 (67.4%)

MG 23 (50%) 19 (41.3%) 31 (67.4%)
Biceps femoris - short head* (n=44) 22 (50%) 19 (43.2%) 31 (70.5%)

GM 2 (4.3%) 0 (0.0%) 2 (4.3%)

None 7 (15.2%) 21 (45.7%) 1(2.2%)

MUAP: Motor unit action potential, TA: Tibialis anterior, PL: Peroneus longus, MG: Medial gastrocnemius, GM: Gluteus maximus, *: Note that the short head of the biceps
femoris and the peroneus muscles cannot be examined by needle electromyography in 3 and 2 patients, respectively

DISCUSSION

SNIII is associated with factors such as the angle of the
injector, the amount of gluteal protective tissue, and the
position of the patient (3,16-18). Thin individuals are more
likely to have less gluteal protective tissue, so these
individuals may be at risk for SNIII (3,4). The fact that 12
patients in this study had a BMI <18.5 kg/m? may support
this observation. In addition, there were only 4 (8.7%)
patients with BMI >25 kg/m?. In this study, it was found
that analgesics were among the 1M agents associated with
SNIII. This may be related to frequent use of analgesics.
Many drugs that are administered intramuscularly, such as
vitamins and antibiotics, can cause SNIII (3). Peripheral
nerve injury is associated with the neurotoxicity of the
drug. Some neurotoxic drugs such as benzylpenicillin,
chlorpromazine, and diazepam can cause peripheral nerve
injury even if they are injected extra-fascicularly (19).

It is known that the peroneal part of the SN is more affected
than the tibial part in SNIII (1,3,4). This can be explained by
the fact that the peroneal part is more lateral and has less
connective tissue than the tibial part (20,21). In this study,
weaknesses were more prominent in peroneal nerve
innervated muscles. Also, sensory abnormalities were
higher in the skin area innervated by the peroneal nerve.
Yuen etal. (1) found that only the peroneal part was affected
in approximately 10.0% of patients with an SN injury, and
there were no patients with only the tibial part affected. In
our study, five patients had weakness in peroneal innervated
muscles only and no patients had weakness in tibial
innervated muscles exclusively. Therefore, it should be
noted that while more than one branch of the SN is affected
in SNIII, the peroneal part is more severely affected (1,3,4).
Although patients often complain of muscle weakness and
pain, sensory abnormalities can be found in most patients
with a careful neurological examination. In this study, the
sensory examination of 44 (95.6%) patients was abnormal.
Neuropathic pain is an important symptom in patients with
nerve injury due to IM injection. The high number of
patients with LANSS scores >12 in our study supports this
situation.

Three (6.5%) patients had no weakness and 2 (4.3%)
patients had normal nerve conduction studies, while all
patients except one had needle EMG abnormalities. These
findings indicate that electrodiagnostic tests are important
in patients with SN and/or IGN injuries due to IM
injection, and that needle EMG should be applied to these
patients. Needle EMG also plays an important role in
differential diagnosis. Three patients who were excluded

from the study had needle EMG abnormalities compatible
with lumbosacral radiculopathy. The patient with an IGN
injury only had normal nerve conduction study results and
needle EMG of the muscles innervated by the SN and its
branches. Therefore, even if the nerve conduction studies
are normal in patients with complaints associated with IM
injection, needle EMG should be applied to the GM
muscle to exclude an IGN injury. It should be noted that
nerve conduction studies, including those of the sural
sensory nerve, may have normal results in an SN injury.
The sural SNAP amplitude abnormality found in this study
(76.1%) was close to that found in another study (1).

IGN paresis is a rare condition. It can be damaged alone or
along with other nerves. Inferior gluteal neuropathy has
been reported as a result of colorectal carcinoma,
schwannoma, IM injection or inadequate stabilization of
the back due to lumbar lordosis (2,7-9). Obach et al. (2)
reported 137 cases with nerve injuries due to gluteal IM
injection. In 2 of these patients, the IGN was injured along
with other nerves. The IGN is located very close and
medial to the SN during part of its course. This indicates
that the SN and the IGN can be injured together (2,6). In
this study, the SN and IGN were injured together in 1
patient. IM injection can damage the nerve directly or
damage the nerve through diffusion as a result of IM
injection very close to the nerve or to the epineurium.
While complaints begin immediately following IM
injection directly to the nerve, complaints begin within
minutes-hours following IM injection very close to the
nerve (3,18,20). In this study, in most patients, complaints
began immediately following IM injection, similar to
previous studies (3,18). However, the complaints of the
patient with an IGN injury only started within hours and
the complaints intensified within days. While the IGN is
more superficial in the medial part of GM muscle, it is
slightly deeper in the lateral part (5). Since the nerve is
located deeper in the region where the IM injection was
performed, the possibility of intraneural injection appears
to be difficult. However, there may still be a possibility of
an IGN injury due to IM injection. If the IM injection is
made into the fatty tissue around the nerve, complaints
may start later due to toxic swelling, vascular lesions,
necrosis, or fibrosis (2). This may be one of the reasons for
the late onset of the complaints of the patient with the IGN
injury only. To protect from the nerve injury, IM injection
should not be administered deep into the GM muscle,
especially when applied to the medial part of this muscle.
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There is a study stating that most of the IGN (75.0%) has
a sensory branch (10). It was found that these sensory
branches originate from the terminal motor branches of the
IGN, and are located mostly in the lower outer quadrant of
the GM muscle and rarely in its upper outer quadrant. In
addition to the superior and inferior cluneal nerves, the
sensory branch or branches of the IGN was thought to
supply the skin area over the posterior of the greater
trochanter (10). Paresthesia in the lateral of the hip in the
patient with the IGN injury can only be explained by the
injury of the sensory branch of the IGN. In addition, severe
hip pain in some patients may be due to the injury of the
IGN and its sensory branches.

There were some limitations of this study. It could be noted
that the only cause in patients with needle EMG
abnormality in the GM muscle is not an IGN injury.
However the hip and the lumbosacral MRIs of the patients
with IGN injuries were normal. In addition, needle EMG
was normal in the gluteus medius and paraspinal muscles
of these two patients. Electrodiagnostic tests were not
performed for the posterior femoral cutaneous and
pudendal nerves. This was another limitation. It has been
considered that further studies including electrodiagnostic
tests for these nerves in patients with symptoms after IM
injection could be important and interesting.

CONCLUSION

The IGN can be injured by IM injection. Therefore, the GM
muscle should be analyzed for an IGN injury by needle
EMG in patients with complaints following IM injection. If
there are abnormal needle EMG findings in the GM muscle,
it is useful to examine the lumbosacral paraspinal and the
gluteus medius muscles (and other additional muscles) with
needle EMG to exclude lumbosacral radiculopathy or
plexopathy, as well as nerve injuries such as to the superior
gluteal nerve. It should also be noted that muscle weakness
may not occur in nerve injuries due to IM injections.
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the Ethics Committee of Adana City Training and
Research Hospital (04.12.2019, 45/620).
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The Ultrasonographic Evaluation of Vena Cava Inferior Diameter as an
Intraabdominal Pressure Indicator

Intraabdominal Basing Géstergesi Olarak Vena Kava Inferior Capmin Ultrasonografi ile

Degerlendirilmesi
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investigate the utility of ultrasonography (US) as a non-invasive technique for evaluation of
IAH, ACS and abdominal perfusion pressure (APP).
Material and Methods: Ninety-five patients with intensive care unit requirement, who
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Ibgggégoal_%gégﬁm applied to emergency department and also received a urine catheter were included in the study.
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(CVP) were recorded by using US. Patients were divided into three groups according to their
IAP (IAP <12 mm Hg, IAP =12-20 mm Hg, IAP >20 mm Hg). Each group were evaluated
separately in terms of VCI inspirium (i) and expirium (e) diameters.
Results: Mean age of the patients was 68.6+14.5 (range, 24-91) years. Median IAP was 9.55
mm Hg and mean APP was 70.41£17.67 mm Hg. VCIi and VCle diameters were significantly
different in Group 1 with normal (<12 mm Hg) IAP (p<0.001). Correlation between VCI
Dr. Nafiz Kérez Sincan State Hospital diameter and CVP among all patients were significant (p<0.001).
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Ankara, Turkey in case of IAH presence was found in this study. We think that, recognition of IAP with non-
invasive methods via evaluating high values of VVCI diameter and CV/P is effective for reducing
morbidity and mortality providing early diagnosis and treatment.
Keywords: Vena cava inferior; intraabdominal pressure; abdominal compartment syndrome;
intraabdominal hypertension.
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anlamli morbidite ve mortalite nedenleri arasinda kabul edilmektedir. Bu ¢alismanin amaci
IAH, ACS ve abdominal perfiizyon basinci (APP) degerlendirilmesinin non-invaziv bir teknik
olarak ultrasonografi (US) ile yapilabilirliginin arastirilmasidir.

Gerec¢ ve Yontemler: Caligsmaya acil servise bagvuran ve yogun bakim ihtiyaci olan mesane
sondas1 takilan 95 hasta dahil edildi. ilk muayenede mesane ici basing 6lgiimii yontemi ile
intraabdominal basinglar1 (IAP) 6l¢iildii. Vena kava inferior (VCI) gapi, pulsed wave (PW) ve
santral ven6z basing (CVP) degerleri US ile kaydedildi. Hastalar IAP degerlerine gore 3 gruba
(IAB <12 mm Hg, IAB =12-20 mm Hg, IAB >20 mm Hg) ayrildi. Her grup kendi i¢inde VCI
inspiryum (i) ¢ap1 ve VCI ekspiryum (e) ¢api ile ayr1 ayr1 degerlendirildi.

Bulgular: Hastalarin yas ortalamasi 68,6+14,5 (aralik, 24-91) yil idi. Hastalarin ortanca IAP

Corresponding Author degerleri 9,55 mm Hg olarak saptanirken APP ortalamasi 70,41£17,67 mm Hg idi. 1AP'si
Sorumlu Yazar normal (<12 mm Hg) olan Grup 1 ile diger gruplar arasinda VCIi ve VCle ¢aplar1 agisindan
Mehmet Zeki BULDANLI istatistiksel anlamli fark saptandi (p<0,001). Tiim hastalarda, VCI ¢ap1 ile CVP arasindaki
buldanli87@hotmail.com korelasyon anlamli bulundu (p<0,001).

Sonu¢: Bu calismada, IAP varligi ile hem VCIi ve VCle caplar1 arasinda, hem de CVP
degerleri arasinda anlamli bir korelasyon saptanmistir. Yiiksek VCI ¢ap ve CVP degerlerinin
Received / Gelis Tarihi : 15.06.2020 degerlendirilerek IAP’in non-invaziv yontemlerle taninmasinin erken tani ve tedavi imkani
Accepted / Kabul Tarihi : 07.10.2020 saglayarak morbidite ve mortaliteyi azaltmada etkili olabilecegini diisiinmekteyiz.
Available Online / Anahtar kelimeler: Vena kava inferior; intraabdominal basing; abdominal kompartiman
Cevrimigi Yaym Tarihi : 25.12.2020 sendromu; intraabdominal hipertansiyon.
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INTRODUCTION

Intraabdominal hypertension (IAH) and abdominal
compartment syndrome (ACS) are accepted as a
significant cause of morbidity and mortality in both
surgical and  non-surgical  patients.  Increased
intraabdominal pressure (IAP) can lead multiorgan
dysfunction. Consequently in high risk patients, adding
IAP measurement to other vital parameters has a
significant prognostic value (1). Multiorgan dysfunction
can be a preventable entity, if IAH and ACS are recognized
in the early time period of treatment (1). Thus, decreasing
IAP whether pharmacologically or surgically for
maintaining peripheral organ perfusion becomes a
requirement (2). Including IAH, early diagnosis and
intervention reduces morbidity and mortality in surgical
patients (2-4). When urinary catheterization is the
preferred invasive method for measuring IAP, in this study
we aimed to reveal the utilization of ultrasonography (US)
as a non-invasive technique for evaluating 1AP, IAH and
abdominal perfusion pressure (APP).

MATERIAL AND METHODS

Patients with urinary catheterization and intensive care
unit (ICU) need that checked into emergency department
between October 2012 and October 2013 were included in
the study. Exclusion criteria were as followed; pregnancy,
present nephrostomy, bladder surgery history, right
ventricle deficiency, right ventricle hypertrophy, tricuspid
valve dysfunction and pericardial tamponade. Same
medical professionals measured blood pressure by using a
sphygmomanometer, arterial pulse and central venous
pressure (CVP). Ninety-five patients with surgical, non-
surgical and/or traumatic etiologies were included. 1AP
values were recorded for the first evaluation in emergency
room or ICU. Vena cava inferior (VCI) diameters were
measured with US. Demographic features of the patients,
their mechanic ventilator requirements and first laboratory
findings were recorded. 1AP values were taken daily and
simultaneous VCI diameters were measured during
inspirium and expirium (VCli, VCle). US evaluation was
made in supine position while convex probe was in
epigastric region aiming for right shoulder. VCI diameter
were measured at the site of right before it enters right
atrium. Philips M2540A EnVisor C model© US was used.
Highest and lowest pulsed wave (PW) Doppler values
were recorded. Bladder pressure was measured for IAP.
After inserting urinary catheter, 25 mL serum were
injected into bladder and a CVP manometer was connected
to the catheter. In supine position during expirium AP was
measured accepting the symphysis pubis as zero-reference
point. Patients were divided into 3 groups according to |AP
values in line with diagnostic options and general
acceptance (5). Group 1; IAP <12 mm Hg, Group 2; IAP
=12-20 mm Hg, Group 3; IAP >20 mm Hg. Ethics
committee approval was received for this study from
Ethical Comittee of Necmettin Erbakan University Meram
Medical Faculty. The registration identification number is
2012/60. All included patients and/or their relatives signed
an informed consent form.

Statistical Analysis

Descriptive statistics were presented as frequency and
percentages for categorical variables. Distribution of the
numerical data were examined by Kolmogorov-Simirnov
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test. Mean and standard deviation were given for variables
distributed normally, while median, 1% and 3" quartile and
minimum-maximum values were given for variables not
distributed normally. Normally distributed variables were
compared between groups by ANOVA and post hoc
analysis was done with Tukey method. Kruskal-Wallis test
was used for comparison of groups in terms of variables
not distributed normally, and post hoc analyses were
performed with the Mann Whitney U test with Bonferroni
correction. Spearman correlation coefficient was used for
the correlation analysis. SPSS v.16 was used for statistical
analyses, and a p value of 0.05 was accepted as significant.

RESULTS

During the 12 months of study period, a total of 95 patients
that were admitted to emergency department were
included in the study. There were 54 (56.8%) males
and 41 (43.2%) females, with a mean age of 68.6+14.5
(range, 24-91) years. Mean systolic and diastolic pressure
were 111.74£22.5 (range, 50-176) mm Hg and 65.6+16.1
(range, 40-140) mm Hg respectively.

Fifty-eight (61.1%) patients had abdominal distention,
14 (14.7%) patients had abdominal defense and rebound
findings on physical examination. Seventeen (17.9%)
patients had abdominal defense without rebound. Of these
58 patients with abdominal distention, |AH was identified
in 29 (50.0%) patients. Five (5.3%) patients had IAH
without abdominal distention. Distribution of patients’
complaints and symptoms are revealed in Table 1.

In Table 2, IAP, mean arterial pressures (MAP), PW, CVP,
APP, VCli and VVCle values are shown.

Table 1. Distribution of complaints and symptoms during
first emergency department evaluation, n (%)

Deterioration of general condition 48 (50.5)
Abdominal pain 16 (16.8)
Shortness of breath 15 (15.8)
Gastrointestinal bleeding 5(5.3)
Syncope 4(4.2)
Fever 3.2
Low urinary output 2(21)
Toxic exposure 2(21)

Table 2. IAP, MAP, PW, CVP, APP, VCIi and VCle
values of the patients

Median Q:1-Qs  Min-Max
IAP (mm Hg) 9.55 51-139 22-352
MAP (mm Hg) 80 70-90  43.3-150
PW (highest) 45 37-48 25-80
PW (lowest) 29 25-35 11-48
CVP (cm) 9 7-11 0-28
Mean=SD Min-Max
APP* (mm Hg) 70.41+17.67 18.0-141.9
VCIi* (mm) 1.74+0.44 0.90-3.00
VCle* (mm) 1.89+0.46 0.98-3.14

IAP: Intraabdominal pressure, MAP: Mean arterial pressure, PW: Pulsed wave,
CVP: Central venous pressure, APP: Abdominal perfusion pressure, VCli: Vena
cava inferior during inspirium, VCle: Vena cava inferior during expirium, Qu: 1%
quartile, Qs: 3" quartile, Min: Minimum, Max: Maximum, SD: Standard deviation
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Mean VCIi diameter and mean VCle were 1.74+0.44
(range, 0.90-3.00) mm and 1.89+0.46 (range, 0.98-3.14)
mm, respectively. Median highest PW value was 45
(range, 25-80) cm/sec and median lowest PW value was
29 (range, 11-48) cm/sec. Median CVP value was 9 (range,
0-28) cm H2O. There is a positive correlation between
CVP and VCIi (r=0.499, p<0.001), and CVP and VCle
(r=0.444, p<0.001) values. Correlation between IAP and
VCIli (r=0.596, p<0.001), and VCle (r=0.581, p<0.001)
diameters were found significant. IAP and PW (both high
and low) values did not correlate statistically (p=0.318 and
p=0.669, respectively).

APP (mean arterial pressure-intraabdominal pressure)
upper limit is accepted as 60 mm Hg. In our study 30% of
patients had less than 60 mm Hg of APP value.

There were 59 (62.1%), 25 (26.3%) and 11 (11.6%)
patients in Group 1, Group 2, and Group 3 respectively
(Table 3). Among all groups there were a significant
difference between mean values of VCIli and VCle
(p<0.001). Patients in Group 1 with normal (<12 mm Hg)
IAP values had statistically different VCli and VCle
diameters when compared to other groups (p<0.001).
CVP values differ between all groups (p=0.003). When
CVP values were compared, there was significant
difference between Group 1 and Group 3 (p=0.006), but
no significance was found between Group 1 and Group 2
(p=0.093), and Group 2 and Group 3 (p=0.496).

DISCUSSION

Intraabdominal hypertension is a sustained or repeated
IAP more than 12 mm Hg. Increased IAH may lead
splanchnic hypoperfusion and/or multiorgan dysfunction
if left untreated. After abdominal surgery IAP varies
approximately from 3 to 15 mm Hg. IAH can occur during
endotracheal entubation for short term. Also patients with
burns, pancreatitis, traumatic injury or shock status may
develop IAH. Excessive intravenous fluid administration
can cause 1AH. Prevalence of IAH in ICU patients is 18-
58.8% (6). In our study we calculated the incidence of IAH
as 37.9%. Another study conducted by Malbrain et al. (7)
revealed that the incidence is 59% in critically ill patients.
In ICU patients, evaluating IAH should be considered
because of its high incidence rates. Simonson et al. (8)
reported that higher survival rates may be possible with
early interventions via education of health professionals in
related departments about measuring and evaluation of
IAP. Arabadzhiev et al. (9) reported in their study with
ICU patients that early decompression decreases mortality
rates. Therefore, routine AP evaluation in ICU population
can reduce both mortality rates and length of hospital stay.
Ravishankar et al. (10) reported that physicians usually
evaluate 1AH of their patients only if necessary under

Table 3. Comparison of VCIi, VCle and CVP values
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certain clinical conditions and in this study, only 27% of
clinicians took measurement of IAH 4 to 8 hours intervals.
Although it is the most accurate method to measure 1AH
directly with a catheter placed inside the abdomen, it is not
practicable to be an invasive method and because of the
risk of infection. Indirect measurements can be
accomplished by other several methods (11). The most
commonly used method of indirect measurement is the
transvesical measurement method described by Kron et al
(12). This method is an impractical method because it
requires an invasive procedure such as bladder
catheterization. The World Society of the Abdominal
Compartment Syndrome (WSACS), an international
multidisciplinary consensus to study the causes and
consequences of abdominal hypertension, has not yet
found a consensus on the amount of fluid to be delivered
to the bladder in its studies (13). In addition, various
manometers have been developed for continuous
measurement and monitoring, but have not found
sufficient use. Urinary infection which may occur in
intensive care patients with infection tendency with a
minor intervention may adversely affect the prognosis of
these patients. Another indirect method of measurement
was the measurement of catheter insertion into the VCI and
was not favored by the presence of continuous catheter in
the groin and complications related to catheter.
Transgastric measurement method is difficult to use in
practice due to the insertion of an intragastric balloon.
Especially in ICU patients, continuous monitoring is not
preferred because of complications caused by reflux and
aspiration. In our study, technical difficulties can be
eliminated by indirect measurement of IAP with US, and
the presence of IAH can be determined with a standard
approach.

In our study, IAP measurement was performed with the
help of a manometer after giving 25 ml of saline into the
bladder via bladder catheter. The measurement of VCIi
and VCle diameters of the patients was non-invasive and
provided faster results. A significant relationship was
found between the patients’ IAP and VCIli and VCle
diameters. In Group 1, an increase in the VCI diameter was
observed in parallel with the increase in |AP; however, this
increase did not change as the IAP stages increased and no
difference was found. The reason for this is that the
increase in advanced intraabdominal pressure has not been
able to extend VCI more further. IAH benefits from
medical treatment and early decompression surgeries
when early recognition. Therefore, it is thought that the
VCI measurements to be applied in patients will be useful
in the diagnosis of 1AP and increase in early period and
this will give the chance of an early intervention in patients
with 1AP.

Group 1 (n=59)

Group 2 (n=25)

Group 3 (n=11)

(IAP <12 mm Hg) (1AP =12-20 mm Hg) (1AP >20 mm Hg) P
VCIi (mm) 1.58+0.40 1.90+0.39 2.19+0.33 <0.001
VCle (mm) 1.75+0.44 2.02+0.39 2.35+0.36 <0.001
CVP (cm) 8 (5) [0 - 20] 10 (3) [4 - 22] 12 (4) [9 - 28] 0.003

VCli: Vena cava inferior during inspirium, VCle: Vena cava inferior during expirium, CVP: central venous pressure, IAP: Intraabdominal pressure, descriptive statistics
were given as meantstandard deviation or median (interquartile range) [minimum-maximum]
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When an acute or chronic increase in IAP occurs, the
diaphragm becomes elevated, leading to a progressive
reduction in lung and chest wall compliance by increasing
intrathoracic and pleural pressures. As a result, increased
ventilation/perfusion  mismatch leads to hypoxia,
hypercapnia and mechanical ventilator requirement (14).
The VCI diameter can alter by changes in respiration
movements and total body fluid. During inspiration,
intrapleural pressure becomes negative and causes
increased venous return to the right side of the heart,
leading to a reduction in intraluminal pressure. VCI was
first shown as enlarged by Weil in patients with right heart
failure. To date, VCI has been visualized to assess volume
status in patients with heart failure and dialysis requirement
(15). In a study conducted by Tetsuka et al. (16), it has been
reported that VVCle is a marker of circulating blood volume.
In particular, the correlation between VCI end-expiratory
diameter and circulating blood volume is noteworthy. In
our study, we found a significant relationship between VCli
and VCle diameter and CVP.

Lyon et al. (15) demonstrated that the collapse of VCI
diameter correlates with CVP in the supine position of a
lying patient. Marcelino et al. (17) investigated whether
the VCI was correlated with CVP in patients who were
followed up in surgical or non-surgical ICUs and
ultimately found that the VCI index (VCle-VCli / VCle)
correlated with CVP.

Wachsberg et al. (18) reported in their study of seven
patients with 1AH, intrahepatic VCI diameter was
examined with computed tomography (CT) and US and
the diameter of intrahepatic VCI was found increased in
these patients. In our study, both inspiratory and expiratory
diameters were measured where extrahepatic VCI enters
to the right atrium of the heart. Also, CVP values of
patients were measured and a significant correlation was
found between CVP values and VCI diameters for each
group. These results show us that both CVI diameter and
CVP value are related and possible abnormal CVP
increment may be warning for IAP elevation.

CONCLUSION

The significance of the correlation between the early
stages of the elevated IAP and the increase in VCI
diameters will allow early diagnosis and treatment of IAH.
It should be kept in mind that high CVP measurements,
like VCI diameter measurement, are also a warning to
demonstrate 1AP increase. Especially in the follow-up of
ICU patients, the fact that IAP measurements should not
be neglected, because 1AP increase can be detected non-
invasively in the early period. Thus, it can be concluded
that the decrease in morbidity and mortality resulting from
IAH can be achieved.
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Serum Uric Acid Level and Cardiovascular Disease Development Risk in Stage
3-5 Chronic Kidney Disease Patients

Evre 3-5 Kronik Bébrek Hastalarinda Serum Urik Asit Seviyesi ve Kardiyovaskiiler Hastalik
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Gelisim Riski

ABSTRACT

Aim: The patients with chronic kidney disease (CKD) have higher risk of cardiovascular
disease (CVD) than the general population and this risk increases in advanced CKD stages.
The data about the association between CVD and uric acid level in stage 3-5 CKD patients are
limited in the literature. The aim of this study is to investigate whether uric acid levels are
associated with cardiovascular events and mortality in the CKD patients.

Material and Methods: Patients who were followed up with the diagnosis of stage 3-5 CKD
between June 2014 and December 2019 were evaluated retrospectively. A hundred stage 3-5
CKD cases above the age of eighteen were included in the study. The patients were divided
into two groups according to average serum uric acid levels; <7 mg/dL and >7 mg/dL. Any
confirmed diagnosis of stroke, myocardial infarction, coronary heart disease or heart failure
was accepted positive for the history of CVD.

Results: Cardiovascular event development was observed in 15 patients and mortality in 1
patient. CVD were seen in 10 (21.3%) patients in group 1 while 5 (9.4%) patients in group 2.
Although the cardiovascular events were seen more in the group 1, this difference was not

Konya Training and Research Hospital statistically significant (p=0.098).
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Conclusion: Although CVD is seen higher in the low uric acid (<7 mg/dL) group, no
significant association was found between serum uric acid level and development of CVD in
stage 3-5 CKD patients, in this study. Prospective studies with larger sample sizes may provide
better evidence regarding possible relationship.

Keywords: Hyperuricemia; chronic kidney disease; cardiovascular disease.

0z

Amagc: Kronik bobrek hastaligi (KBH) olanlarda kardiyovaskiiler hastalik (KVH) riski genel
popiilasyondan daha yiiksektir ve bu risk ileri KBH evrelerinde artmaktadir. Evre 3-5 KBH
hastalarinda KVH ve iirik asit seviyesi arasindaki iliski hakkindaki veriler literatiirde sinirlidir.
Bu caligmanin amaci, KBH hastalarinda iirik asit diizeyinin kardiyovaskiiler olaylar ve
mortalite ile iligkili olup olmadiginin incelenmesidir.

Gerec ve Yontemler: Haziran 2014 ve Aralik 2019 tarihleri arasinda evre 3-5 KBH tanisi ile
takip edilen hastalar geriye doniik olarak degerlendirildi. On sekiz yas iistii 100 evre 3-5 KBH
olgusu ¢alismaya dahil edildi. Hastalar ortalama serum tirik asit diizeylerine gore <7 mg/dL ve
>7 mg/dL olmak tizere iki gruba ayrildi. Dogrulanmig inme, miyokard enfarktiisii, koroner kalp
hastalig1 veya kalp yetmezligi tanis1 olmas1 KVH 6ykiisii i¢in pozitif kabul edildi.

Bulgular: On bes hastada kardiyovaskiiler olay gelisimi, 1 hastada mortalite izlendi. Grup
1'deki 10 (%21,3) hastada ve grup 2'deki 5 (%9,4) hastada KVH goriildii. Grup 1°de
kardiyovaskiiler olaylar daha fazla gériilmesine ragmen, bu fark istatistiksel olarak anlamli
degildi (p=0.098).

Sonug: Bu calismada, diisiik iirik asit (<7 mg/dL) grubunda KVH daha yiiksek goriilmekle
birlikte, evre 3-5 KBH hastalarinda serum {irik asit diizeyi ile KVH gelisimi arasinda anlaml
bir iligki bulunamamustir. Daha fazla 6rneklem biiyiiklikleri ile ileriye doniik ¢alismalar, olasi
iliski hakkinda daha iyi kanit saglayabilir.

Anahtar kelimeler: Hiperiirisemi; kronik bobrek hastaligi; kardiyovaskiiler hastalik.
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INTRODUCTION

Chronic kidney disease (CKD) is an important health
problem all over the world (1). The patients with CKD have
higher risk of cardiovascular disease (CVD) than the general
population and this risk increases in advanced CKD stages
(2). Hypertension, smoking, diabetes, hyperlipidemia and
high serum uric acid levels are the examples of traditional
risk factors for CVD. The end product of purine metabolism
is uric acid. Uric acid have some roles in formation of free
radicals (3), platelet adhesiveness (4,5), and oxidative stress
(6). A relationship between uric acid and CVD in the general
population have been reported by a few studies (7-10) but
not by other studies (11-14). And also there are studies
reporting that lower uric acid levels were associated with
mortality (15,16). Therefore, there are conflicting results
about the association between serum uric acid levels and
cardiovascular disease or all-cause mortality.

Urinary excretion of uric acid is decreased in chronic renal
disease and as a result of this, serum uric acid levels are
generally higher in CKD patients than the general
population (17). The data about the association between
CVD and uric acid level in stage 3-5 CKD patients are
limited in the literature. Weiner et al. (18) reported that
uric acid was not an independent predictor of a composite
outcome of myocardial infarction, stroke, and all-cause
mortality in stage 3-5 CKD patients. On the other hand, a
relationship between uric acid and cardiovascular
mortality has been shown by two studies (19,20). There are
conflicting data in the literature about hyperuricemia and
cardiovascular events in CKD patients. We therefore
aimed to investigate whether uric acid levels are associated
with adverse CVVD and mortality in the CKD patients.

MATERIAL AND METHODS

The files of patients who were followed up with the
diagnosis of stage 3-5 CKD between June 2014 and
December 2019 were evaluated retrospectively. The ethics
committee of Necmettin Erbakan University, Faculty of
Medicine approved the study protocol (2020/2788,
21.08.2020). A hundred stage 3-5 CKD cases above the
age of eighteen were included in the study. The patients
who needed renal replacement treatment were excluded
from the study. Patients with hyperuricemia-related
disease such as gout, malignancy and at the beginning
using a uric acid lowering therapy were excluded from the
study. The Modification of Diet in Renal Disease (MDRD)
formula, eGFR = 175 x creatinine>% x age02% x 1.212
(if black) x 0.742 (if female), was used to calculate the
eGFR (21). Early morning spot urine protein-creatinine
ratio was used to detect the daily protein loss. Any
confirmed diagnosis of stroke, myocardial infarction,
coronary heart disease or heart failure was accepted
positive for the history of CVD. The average of three
separate serum uric acid value (at least 6 months between
the samples) of patients during the follow-up period was
taken. The patients were divided into two groups according
to the average serum uric acid levels; first group consists
of the patients who had average serum uric acid below 7
mg/dl and second group consists of the patients who had
higher than 7 mg/dl average serum uric acid (22). We
investigated whether there was any difference in terms of
cardiovascular event and mortality according to uric acid
level during the follow-up period.

Uric Acid and Cardiovascular Risk in CKD

Statistical Analysis

Statistical analysis was performed with the SPSS v.22
statistical software. The normality of the variables was
determined with Kolmogorov-Smirnov test. Descriptive
statistics for were given as meantstandard deviation, and
median, minimum-maximum with interquartile range
according to the distribution of the variable. The groups
were compared with the independent samples t test or
Mann-Whitney U test, as appropriate. Categorical
variables were analyzed by Pearson chi-square test or
Fisher's exact test, and given as frequency and percentage.
A p value of <0.05 was considered statistically significant.

RESULTS

The study included 100 stage 3-5 CKD patients (53
females, 47 males) with a mean age of 59.7+14.3 years.
The mean follow-up was 33.1+8.4 (median=31.5, range,
18-49) months. Baseline characteristics of patients are
summarized in Table 1. The number of patients with a
history of hypertension was 92, diabetes mellitus was 38,
glomerulonephritis was 15, polycystic kidney disease was
5 and amyloidosis was 3. Twenty six patients had previous
cardiovascular disease history. CVD development was
observed in 15 patients and mortality in 1 patient in follow
up period. Out of 100 patients, 83 were using ACE
inhibitors or ARBs and 55 were using diuretics.

Patients were divided into two groups according to uric
acid levels (group 1: uric acid <7 mg/dL and group 2: uric
acid >7 mg/dL). The mean age of group 1 was 59.9+15.3,
the mean age of group 2 was 59.9+13.5 years. Gender
distribution of groups were as follows; in group 1 there
were 23 (48.9%) male and 24 (51.1%) female, and in group
2 there were 24 (45.3%) male and 29 (54.7%) female. The
mean follow-up time of group 1 was 33.9+8.2 months, and
group 2 was 32.448.6 months. There were no difference
between the two groups in terms of gender, age, and follow
up time (p=0.715, p=0.916, p=0.381, respectively).
Demographic and laboratory parameters by groups
according to the uric acid levels were shown in Table 2.
There were no difference between groups in terms of
comorbidities and frequency of use of ACE inhibitors,
ARBs and diuretics (Table 3). CVD were seen in 10
(21.3%) patients in group 1 while in 5 (9.4%) patients in
group 2. Although the cardiovascular events were seen
more in the group with low uric acid, this difference was
not statistically significant (p=0.098).

Table 1. Baseline characteristics of patients (n=100)

Age (years) 59.7+14.3
BMI (kg/m?) 28.1+3.4
Uric acid (mg/dL) 7.1£1.4
Creatinine (mg/dL) 2.1+0.9
eGFR (mL/min/1.73 m2) 33.3x£14.2
Albumin (g/dL) 4.2+0.5
Hemoglobin (g/dL) 12.9+1.6
Calcium (mg/dL) 9.3+0.7
Phosphorus (mg/dL) 4.6+0.6
PTH (pg/mL) 132.4+89.1

Spot urine protein/creatinine” 594 (1496) [1.49-15078]

BMI: body mass index, eGFR: estimated glomerular filtration rate, PTH:
parathyroid hormone, *: median (interquartile range) [minimum-maximum]
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Table 2. Demographic and laboratory parameters of patients by uric acid groups

Group 1 (n=47) Group 2 (n=53) p
Age (years) 59.9+15.3 59.9+13.5 0.916
BMI (kg/m?) 27.9+3.4 28.1£3.5 0.753
Follow-up time (months) 33.9+8.2 32.4+8.6 0.381
Uric acid, (mg/dL) 6.0+0.8 8.1+0.9 <0.001
Creatinine (mg/dL) 2.0+0.8 2.1+0.9 0.448
eGFR (mL/min/1.73 m2) 35.5+14.8 31.7+13.4 0.157
Albumin (g/dL) 4.2+0.5 4.1+£0.5 0.373
Hemoglobin (g/dL) 13.1£1.5 12.8+1.7 0.298
Calcium (mg/dL) 9.2+0.8 9.4+0.7 0.292
Phosphorus (mg/dL) 4.6+0.6 4.7+0.6 0.282
PTH (pg/mL) 86 (90) [21-385] 123 (100) [39-457] 0.003
Spot urine protein/creatinine 524 (1251) [1.49-6836] 620 (1657) [22-15078] 0.236

BMI: body mass index, eGFR: estimated glomerular filtration rate, PTH: parathyroid hormone, descriptive statistics were given as mean+standard deviation or median (interquartile range) [minimum-maximum]

Table 3. Characteristics of patients by uric acid groups

Group 1 Group 2
(n=47) (n=53)

Comorbidities

Hypertension 45 (95.7) 47 (88.7) 0.276

Diabetes mellitus 20 (42.6) 18(34.0) 0.377

Glomerulonephritis 5 (10.6) 10 (18.9) 0.250

Polycystic kidney disease 0(0.0) 5(9.4) 0.058

Amyloidosis 0(0.0) 3(5.7) 0.245
Medications

ACE inhibitors and ARBs 38 (80.9)  45(84.9) 0.590

Diuretics 29(61.7) 26(49.1) 0.205
Cardiovascular Event 10 (21.3) 5(9.4) 0.098

ACE: angiotensin-converting enzyme, ARBs: angiotensin 11 receptor blockers

DISCUSSION

Based on our study results there is no meaningful
relationship between serum wuric acid levels and
cardiovascular event in CKD patients. There are

prospective studies reporting that there is a relationship
between basal hyperuricemia and the development of
cardiovascular event and mortality (16,23). Although there
are data reported in this direction in the literature but uric
acid has not been identified as a causal risk factor for CVD.
On the other hand it’s reported that there are important
links between uric acid and diseases which are known to
be associated with the development of cardiovascular
events, such as hypertension, impaired glucose
metabolism and dyslipidemia (13,15). Therefore, it may be
a more correct approach to evaluate uric acid as a risk
marker for the development of CVD.

Although it is not statistically significant level, we found
that the cardiovascular events development risk was higher
in those with low uric acid levels. Gerber et al. (15)
reported that the development of cardiovascular events
was higher in those with low uric acid levels. Li et al. (24)
and Dong et al. (25) reported in their study that
hemodialysis patients with low uric acid levels were
associated with high risk for cardiovascular mortality and
all-cause mortality. Aker Karagoz et al. (26) reported that
there was no relationship between uric acid level and the
development of CVD in hypertensive patients. In another
study conducted by Shao et al. (27), there was no

significant relationship between uric acid level and
coronary heart disease in type 2 diabetes patients.

Some researchers reported the combined results for female
and male patients after correction for sex while others
preferred sex specific investigation in uric acid studies
(13,16). Since serum uric acid level in males is higher than
females, we think that gender-specific analyzes are
required in studies related to uric acid. In our study, there
were 23 (48.9%) males and 24 (51.1%) females in the low
uric acid group whereas 24 (45.3%) males and 29 (54.7%)
females in the high uric acid group. There was no
difference in terms of gender distribution between the two
groups. When we included all cases (53 females, 47 males)
the uric acid averages of females and males were found
similar (7.1+1.4 vs 7.1£1.3). Cardiovascular event
development rate was similar in males and females.

The fact that studies have very different results might
depend on differences in patient populations, different
follow-up times and statistical regulations. While other
studies examined the development of cardiovascular
events over a single basal uric acid value, but we evaluated
the cardiovascular event development rate with the
average of three uric acid samples taken at different times
during the follow-up period. In this way, we think that we
made a more accurate assessment for the patients with a
low serum uric acid level at the beginning and raised later,
and also for the patients that had a high level of uric acid
at the beginning and fall down later. We think that
examinations based on a single value could be misleading.
In conclusion, although CVD is seen higher in stage 3-5
CKD patients with low uric acid levels, no significant
association was found between serum uric acid level and
development of CVD. Detailed prospective studies with
huge number of patients and longer follow up time are
required to comment the possible relationship.
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Enzim Diizeylerine Etkisi

ABSTRACT

Aim: Multiple sclerosis (MS) is a chronic inflammatory pathology affecting the central
nervous system. Many therapeutic options have been approved against MS until today. In this
study, it was aimed to investigate the effect of fingolimod treatment (FT) on the liver enzyme
levels of relapsing-remitting multiple sclerosis (RRMS) patients.

Material and Methods: Body mass index, FT (0.5 mg/day) duration, and liver enzyme
(alanine aminotransferase, ALT; gamma glutamyl transferase, GGT) levels of 102 RRMS
patients (66 female, 36 male, mean age was 40.9+10.9 years) were gathered from polyclinic
records retrospectively.

Results: The FT duration of MS patients was between 0.5 and 6 years. Increased ALT and
GGT levels were detected in RRMS patients after >3 month-long FT. After FT, ALT and GGT
levels elevated in males almost 2 times higher than in females. It was observed that ALT and
GGT levels increased by 1.3 and 1.5 times in females, while 1.6 and 1.9 times in males,
respectively. Of the MS patients with increased transaminases post-FT, 7 (23.3%) males and
8 (17.4%) females were at upper limit of normal for ALT whereas 9 (34.6%) males and 14
(32.6%) females as for GGT. Age and FT duration did not affect ALT and GGT levels.
Conclusion: Overall, FT elevated ALT and GGT levels of RRMS patients. Thus, it is of high
importance to monitor MS patients throughout FT. So that, we suggest tracking ALT and GGT
levels during and after FT to prevent possible liver damage or the occurrence of other systemic
diseases.

Keywords: Relapsing-remitting multiple sclerosis; fingolimod,; liver enzyme; ALT; GGT.

0z

Amac: Multipl skleroz (MS) merkezi sinir sistemini etkileyen kronik inflamatuvar bir
patolojidir. Giiniimiize kadar MS’e kars1 birgok tedavi segenegi onaylanmistir. Bu ¢alismada,
fingolimod tedavisinin (FT) relapsing-remitting multipl skleroz (RRMS) hastalarinin karaciger
enzim diizeylerine etkisinin aragtirilmas: amaglanmigtir.

Gerec ve Yontemler: Yiiz iki RRMS hastasimin (66 kadin, 36 erkek, ortalama yas 40,9+10,9
yil) viicut kitle indeksi, FT (0,5 mg/giin) siireleri ve karaciger enzim (alanin aminotransferaz,
ALT; gama glutamil transferaz, GGT) seviyeleri poliklinik kayitlarindan geriye doniik olarak
incelendi.

Bulgular: MS hastalarmin FT siiresi 0,5 ile 6 yil arasindaydi. Ug ay ve daha fazla FT siiresi
olan RRMS hastalarinda ALT ve GGT seviyelerinin arttig1 tespit edildi. FT sonrasi, ALT ve
GGT seviyeleri erkeklerde kadinlara kiyasla yaklasik olarak 2 kat daha yiiksekti. Kadinlarda
ALT ve GGT seviyelerinin sirasiyla 1,3 ve 1,5 kat, erkeklerde ise bu seviyelerin 1,6 ve 1,9 kat
arttig1 goriildi. FT sonrasi transaminaz seviyesi artan MS hastalarindan 9 (%34,6) erkek ve 14
(%32,6) kadin GGT i¢in normalin iist seviyesindeyken, 7 (%23,3) erkek ve 8 (%17,4) kadmn
ALT i¢in normalin ist seviyesindeydi. Yas ve FT siiresi, ALT ve GGT seviyelerini
etkilemiyordu.

Sonug: Sonug olarak, FT RRMS hastalarinin ALT ve GGT seviyelerini yiikseltmistir. Bundan
dolay1, MS hastalarinin FT siiresince takibi olduk¢a dnemlidir. Bu yiizden, MS hastalarinda
olast karaciger hasari ya da diger sistemik hastaliklarin 6nlenmesi i¢in FT sirasinda ve
sonrasinda ALT ve GGT seviyelerinin takip edilmesini 6neriyoruz.

Anahtar kelimeler: Relapsing-remitting multipl skleroz; fingolimod, karaciger enzimi; ALT;
GGT.
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INTRODUCTION

Multiple sclerosis (MS) is a central nervous system (CNS)
disease characterized by inflammation, demyelination, and
neurodegeneration (1). Several medications that change the
course of MS have been identified since the discovery of the
disease. But today, despite great advances in MS therapy,
we are still not at the desired point regarding a long-lasting
cure. Fingolimod is the first oral medication approved by the
United States Food and Drug Administration to attenuate
seizures and disability rates in relapsing-remitting multiple
sclerosis (RRMS) type (2). Fingolimod acts as a modulator
of sphingosine-1-phosphate (S1P) that is found in immune
system cells (3). S1P is involved in several biological
processes via interacting with G-protein-coupled S1P
receptor. In the immune system, S1P activates lymphocytes
by binding to their S1P receptors and also blocks their
release from lymph nodes (4-6). Eventually, autoreactive B
and T lymphocytes are blocked to reach to CNS and cause
inflammation (7).

Although the effectiveness and reliability of fingolimod
treatment (FT) against MS have been shown previously
(8,9), there are also side effects of this immunomodulatory
drug such as altered liver enzyme levels (10). In previous
studies comparing the effect of fingolimod with placebo,
0.5 mg/day FT caused asymptomatic increases in liver
transaminase levels of the patients with 7-8% of MS
patients having 3-fold and 2-4% having 5-fold higher
levels than the upper limits of normal (ULN). These
increments in liver enzyme levels were observed ~3-4
months after the start of FT and reduced to within
normal limits (WNL) ~2-3 months after the cessation of
FT (11-13).

It is of pivotal importance to know and monitor the side
effects of fingolimod as an immunosuppressive drug in
MS therapy. It has been previously well documented by
“Central and East European (CEE) MS Expert Group” that
3 to 4 months of FT caused asymptomatic elevations in
liver enzyme levels (14). On the other hand, the
asymptomatic elevations in liver transaminases can highly
vary depending on the studied population (15,16). In this
context, the aim of this retrospective study was to analyze
alanine aminotransferase (ALT) and gamma-glutamyl
transferase (GGT) liver enzyme levels before and after FT
in RRMS patients.

MATERIAL AND METHODS

Patients

Permission for this study was obtained from Non-invasive
Clinical Studies Ethical Committee in Hatay Mustafa
Kemal University (02/18, 17/01/2019). 102 patients, who
were 18-65 year-old, diagnosed with RRMS based on the
McDonald 2017 criteria (17), and started their first FT in
Hatay Mustafa Kemal University Medical Faculty
Research Hospital Neurology Polyclinic between 2013-
2019 were included in this retrospective study. MS
patients medicated with anti-inflammatory drugs or who
had any disease or disease history affecting liver
enzyme levels such as chronic liver disease, chronic
inflammatory disease, and cancer were excluded from the
study (Figure 1).

Data Collection

We collected the medical records of RRMS patients
including age, sex, FT (0.5 mg/day) duration, body mass

Fingolimod Affects ALT/GGT Levels in RRMS

index (BMI), and ALT and GGT levels before and at least
3 months after FT (the first measurements post-FT) by
retrospective inquiry of the clinical patient database of the
Neurology Polyclinic in the Research Hospital of Hatay
Mustafa Kemal University. The following reference
ranges of Hatay Mustafa Kemal University Research
Hospital were used for liver enzyme parameters in this
study: For ALT levels, 10-49 U/L WNL and >49 U/L ULN
in males and females; for GGT levels, 9-36 U/L WNL and
>36 U/L ULN in females and 12-64 U/L WNL and >64
U/L ULN in males.

Statistical Analysis

The normal distribution of the variables was assessed
using Kolmogorov-Smirnov test. We used non-parametric
tests since our data did not exhibit normal distribution. The
data were expressed as meanzstandard deviation (SD) and
median (with interquartile range and minimum-maximum
values) for continuous variables, and as percentage for
categorical variables. Wilcoxon signed-rank test was used
to compare the liver enzyme levels before and after FT.
Spearman’s correlation test was used to analyze any
association of liver enzyme levels with age and FT
duration. A p value of less than 0.05 was accepted as
statistically significant. All statistical analyses were
performed using SPSS v.22.0 statistical package.

RESULTS

The baseline characteristics of the RRMS patients are
shown in Table 1. Of the 102 RRMS patients included in
the present study, 66 (64.7%) were female and 36 (35.3%)
were male. The mean age of MS patients, who were
between 18 and 63 years old, was 40.9+10.9, 42.4+10.8 for
female and 38.1+10.8 for male patients. There was no
significant difference between the mean ages of males and
females (p=0.054). The FT duration of MS patients in our
study was between 0.5 and 6 years, and the mean FT
duration was 1.5+1.2 years.

We observed that the ALT and GGT levels of MS patients
increased significantly after FT compared to before FT
(p<0.001, Figure 2, Table 2).

Assessed RRMS patients
for eligibility (n=205)

Excluded (n=103)
v Not meeting inclusion criteria (n=103)
« Chronic liver disorders (n=8)
+ Other autoimmune disorders (n=46)
» Thyroid disorders (n=22)

» Myastenia Gravis (n=7)

A 4

» Rheumatological disorders (n=17)
+ Presence of malignancy (n=7)
+ Onanti-inflammatory drugs (n=42)

\ 4

Analyzed RRMS patients
(n=102)

Figure 1. CONSORT flow diagram indicating the
inclusion/exclusion criteria of RRMS patients
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Table 1. Baseline characteristics of RRMS patients
Gender, n (%)

Female 66 (64.7)

Male 36 (35.3)
Age (year), mean+SD

General 40.9+10.9

Female 42.4+10.8

Male 38.1£10.8
BMI (kg/m?), mean+SD

General 26.8+3.3

Female 27.4+£2.6

Male 23.1£1.8
FT period (year), mean+SD 1.5+1.2

RRMS: relapsing-remitting multiple sclerosis, SD: standard deviation, BMI: body
mass index, FT: fingolimod treatment

Fingolimod Affects ALT/GGT Levels in RRMS

Of the MS patients with increased ALT levels, 38 (82.6%)
of females were WNL and 8 (17.4%) of them exceeded
ULN, while 23 (76.7%) of males were WNL and 7 (23.3%)
of them exceeded ULN. From the MS patients with
increased GGT levels, 29 (67.4%) of females were WNL
and 14 (32.6%) of them exceeded ULN while 17 (65.4%)
of males were WNL and 9 (34.6%) of them exceeded
ULN.

There was no significant correlation of increased liver
ALT and GGT levels with the age (r=-0.068, p=0.559 for
ALT, and r=-0.020, p=0.869 for GGT) or with the FT
duration (r=-0.129, p=0.268 for ALT, and r=0.122,
p=0.316 for GGT).

Table 2. ALT/GGT levels in general and in female and male RRMS patients pre- and post-FT

Pre-FT Post-FT
MeantSD  Median (IQR) [Min-Max] = MeantSD  Median (IQR) [Min-Max] P
General (n=102)  23.02+12.13 20 (12) [7-73] 32.75421.36 25.5 (22) [10-276] <0.001
ﬁj;[) Female (n=66) 21.61411.10 19 (12) [9-73] 28.18417.77 235 (16)[10-90]  <0.001
Male (n=36) 25.61+13.62 20 (13) [7-66] 41.11424.87 34 (27) [13-127] <0.001
General (n=102) 23.46+22.39 16.5 (17) [4-150] 39.48+45.10 23 (32) [3-235] <0.001
EfJ(/SI_T) Female (n=66) 20.98+23.31 14 (10) [4-150] 31.48+38.15 18 (23) [3-227] <0.001
Male (n=36) 28.00+20.12 23.5 (21) [8-93] 54.14+53.15 30.5 (46) [9-235] <0.001

ALT: alanine aminotransferase, GGT: gamma-glutamyl transferase, RRMS: relapsing-remitting multiple sclerosis, FT: fingolimod treatment, SD: standard deviation, IQR: interquartile range
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Figure 2. Liver enzyme levels before and after FT in RRMS
patients, @) ALT, b) GGT, *: p<0.001, FT: fingolimod treatment,
RRMS: relapsing-remitting multiple sclerosis, ALT: alanine
aminotransferase, GGT: gamma-glutamyl transferase
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DISCUSSION
FT, despite well-tolerated in MS patients, has several side
effects including macular edema, lymphopenia,

hypertension and more commonly increased liver enzymes
(6,18,19). In the present study, we retrospectively
evaluated the effect of FT on liver enzyme levels (ALT and
GGT) in RRMS patients and observed that both ALT and
GGT were increased in the patients.

The effects of FT on liver enzyme levels of MS patients
have been shown in previous studies. In a study conducted
with Japanese RRMS patients, the increase in enzyme
levels was the most common side effect of 0.5 mg/day FT
for 12 months (20). In the same study, it was also observed
that ALT and AST levels of MS patients reached peak
levels at 3 months of FT while GGT levels peaked after 6.5
months of FT and in the patients with persistently high
enzyme levels FT was withdrawn. In another study with
122 RRMS patients that evaluated the effectiveness and
reliability of FT, ALT and GGT levels in ~25% of MS

patients increased significantly (21). In the present study,
we also compared the liver enzyme levels of RRMS
patients before and after FT and observed, as consistent
with the previous studies, that ALT and GGT levels
elevated significantly with FT compared to the baseline.

It has been reported that ALT and AST levels can change
significantly among different populations (15,16). Despite
limited studies concerning confounder effects of
demographic features on liver enzyme levels after FT, in
general, increased ALT levels were observed 15% more
frequently in male patients than in females (22,23).
Besides, other studies investigating the effect of
fingolimod on MS patients reported that the patients with
increased liver enzymes mostly consisted of males (24,25).
Similarly, we also observed that ALT levels after FT
increased significantly in 80.5% of males while this ratio
was 68.1% in females. As to GGT levels, FT led to
elevations in ~64% of both males and females. We also
detected that ALT and GGT levels after FT in males were
~1.4 and 1.7 times higher respectively than in females.
Among female MS patients, the mean ALT and GGT
levels after FT were ~1.3 and 1.5 times higher respectively
than before FT, while among male MS patients, the mean
ALT and GGT levels after FT were ~1.6 and 1.9 times
higher respectively than before FT. In a controlled study
conducted in 358 RRMS patients, ALT levels showed a
dose-dependent elevation after FT and increased in 29
patients, exceeded ULN in 25 patients by 3-fold and 5-fold
in 8 patients (12). In a similar study conducted in Latin
American RRMS patients, ALT levels after FT reached 3-
, 5-, and 10-times of ULN (26). In parallel with previous
studies, we noticed that 23.4% and 34.6% of male MS
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patients exceeded ULN of ALT and GGT levels
respectively, whereas 17.9% and 32.6% of female MS
patients exceeded ULN of ALT and GGT levels
respectively. A previous report underlined that monitoring
liver enzymes during/after FT is important to sustain a
functional liver. Based on this report by the CEE MS
Expert Group, liver transaminases should be screened
periodically (i.e. at moth 1, 3, 6 post-FT) and FT should be
discontinued if the liver enzyme levels exceed five times
ULN, which should normally return to baseline levels
within two months, to prevent hepatic failure (14).
Furthermore, owing to its prominent anti-inflammatory
and neuroprotective effects, FT was also utilized as a
treatment option in other neurodegenerative and/or
neuroinflammatory disease models such as schizophrenia,
optic neuritis, Alzheimer’s disease, Parkinson’s disease,
epilepsy, etc. (6,27). In a phase-Il trial study testing the
safety and efficacy of FT on amyotrophic lateral sclerosis
(ALS) patients, fingolimod was reported to be well-
tolerated in ALS patients and caused no similar side effects
like in MS patients (28).

As to our knowledge, there is no study in the literature
analyzing the correlation of increased levels of liver
enzymes with the age of MS patients and FT duration. In
the present study, there was no significant correlation of
increased ALT and GGT levels with the age of RRMS
patients or FT duration.

CONCLUSION

The present study confirmed that FT caused significant
elevations in ALT and GGT levels of RRMS patients. For
this reason, we suggest that ALT and GGT levels should
be followed routinely during and after FT to prevent
probable liver failures.

Study Limitations

In the present study, we included routinely analyzed liver
enzyme levels in our polyclinic, i.e. ALT and GGT but not
AST.
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ABSTRACT

Aim: BK virus (BKV)-associated hemorrhagic cystitis (HC) is a common complication in
patients after hematopoietic stem cell transplantation (HSCT). The aim of this study was to
investigate the incidence of BKV infection in pediatric patients receiving HSCT.

Material and Methods: Total of 51 patients aged between 16 months and 16 years old and
followed up between October 2015 and September 2017 were included in the study. The
patients were monitored by quantitative real-time polymerase chain reaction (Anatolia
Geneworks, Turkey) test for the detection of BKV DNA in urine and blood.

Results: Of patients, 46 received allogeneic HSCT and 5 autologous HSCT. BKV DNA
positivity was detected in urine and/or blood of total 27 (52.9%) patients in whom 26 (56.5%)
of 46 patients with allogeneic transplantation, and 1 (20.0%) of 5 patients with autologous
transplantation. BKV viral load in urine >107 copies/ml required for preemptive treatment was
detected in 12 (26.1%) of 46 patients received allogeneic HSCT. The development of HC was
prevented in 9 (75.0%) of the 12 patients given preemptive treatment, while 3 (25.0%) cases
developed HC and cured by treatment. BKV viruria was detected >10° copies/ml in two weeks
before the onset of HC and was accepted as a prognostic indicator for predictive diagnosis of
HC. BKV viremia was found >10* copies/ml in 1 patient within two weeks before the onset of
cystitis.

Conclusion: Screening for BKV infection, especially BKV viruria in HSCT patients, is
recommended for the predictive diagnosis of HC in patients at high risk.

Keywords: BK virus; hematopoietic stem cell transplantation; hemorrhagic cystitis;
polymerase chain reaction.

0z

Amag¢: BK virus (BKV) ile iliskili hemorajik sistit (HS), hematopoetik kok hiicre
transplantasyonu (HKHT) yapilan hastalarda yaygin goriilen bir komplikasyondur. Bu
calismanin amaci, HKHT yapilan cocuk hastalarda BKV enfeksiyonu insidansinin
aragtirilmasidir.

Gerec ve Yontemler: Calismaya Ekim 2015 ile Eyliil 2017 tarihleri arasinda izlenen, yaslari
16 ay ile 16 yi1l arasinda olan toplam 51 hasta dahil edilmistir. Hastalar BKV DNA'nin idrar ve
kanda tespiti icin kantitatif gercek-zamanli polimeraz zincir reaksiyonu (Anaolia Geneworks,
Tiirkiye) testiyle monitorize edilmistir.

Bulgular: Hastalarin 46'sia allojenik HKHT ve 5'ine otolog HKHT yapilmustir. Allojenik
nakil yapilan 46 hastanin 26'sinda (%56,5) ve otolog nakil yapilan 5 hastanin 1'inde (%20,0)
olmak tizere toplam 27 (%52,9) hastanin idrar ve/veya kaninda BKV DNA pozitifligi
saptanmustir. Allojenik HKHT yapilan 46 hastanin 12 (%26,1)'sinde preemptif tedavi i¢in
gereken idrarda >107 kopya/ml BKV viral yiik diizeyi tespit edilmistir. Preemptif tedavi
uygulanan 12 hastanin 9'unda (%75,0) HS gelismesi 6nlenirken 3'iinde (%25,0) HS gelismis
ve tedaviyle iyilesmistir. HS gelismeden 6nceki iki hafta iginde BKV virurisi >10° kopya/ml
olarak tespit edilmis ve HS prediktif tanisi igin prognostik bir gosterge olarak kabul edilmistir.
BKYV viremisi 1 hastada sistit gelismesinden énceki iki hafta iginde >10* kopya/ml olarak tespit
edilmistir.

Sonug: Yiiksek riskli hastalarda HS prediktif tanis1 icin BKV enfeksiyonu, 6zellikle HKHT
hastalarinda BKV viriiri taramasi dnerilir.

Anahtar kelimeler: BK viriis; hematopoietik kok hiicre transplantasyonu; hemorajik sistit;
polimeraz zincir reaksiyonu.
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INTRODUCTION

Hemorrhagic cystitis (HC) associated with BK virus
(BKV) is a common complication in patients with
hematopoietic stem cell transplantation (HSCT). BKV is a
small (40-45 nm), non-enveloped DNA virus with
icosahedral capsid and circular double-stranded genome,
belonging to the Polyomaviridae family. BKV was first
isolated by Gardner in 1971 from the urine sample of a
renal transplant patient who developed ureteral stenosis
and acute renal failure and it was named BKYV according
to the patient's initials. BKV infections are very common
worldwide and more than 90% of adults are seropositive.
BKV primer infection typically occurs during early
childhood, before 10 years, often at age 4-5 years. Primary
BKYV infections are usually asymptomatic or mild upper
respiratory tract infections. BKV is transmitted mainly by
the respiratory route. After primary infection, viremia
develops and BKV spreads to (infects) many different
organs and enters latent phase. BKV remains latent
especially in the uroepithelial cells of the kidney and
urinary tract. BKV does not cause disease in
immunocompetent healthy individuals in the latent phase
but occasionally reactivates and manifests itself as
asymptomatic viruria. However, the disease will develop
in the case of immunodeficiency or in transplant recipients
who undergo immunosuppressive treatment, primarily in
kidney or bone marrow transplant patients. Serious
complications of BKV reactivation are HC in allogeneic
HSCT recipients and nephropathy that develops most
commonly in renal transplant recipients. BKV may also
lead to asymptomatic hematuria, ureteral stenosis and
nephropathy in patients with HSCT. BKV infection is
common in patients after allogeneic HSCT, but rarely seen
in autologous HSCT patients. HC is an important
complication after HSCT. HC is divided into two types
based on the onset time of cystitis in patients with
allogeneic HSCT. Early onset HC develops in the pre-
engraftment period during the conditioning regimen,
especially within 48-72 hours after the initiation of
conditioning regimen or within 1 week of transplantation.
It is caused by the direct toxicity of chemotherapeutic
drugs such as cyclophosphamide and busulfan used in the
conditioning regimen or of the pelvic radiation to the
urothelial mucosa. In the post-engraftment period, factors
such as viral infections and acute graft versus host disease
(GVHD) are responsible for late-onset HC occurring.
BKV is the major cause of late-onset HC after
allogeneic transplantation. BKV-associated HC occurs
between 2 and 8 weeks (1 week to 6 months) after
transplantation. The incidence of BKV-associated HC
after allogeneic HSCT is 13% on average. The rate of
BKV-associated HC is 18% (8-25%) in children with
allogeneic HSCT, and 16% (7-54%) in adults (1). The aim
of this study was to investigate the incidence of BKV
infection in children with HSCT.

MATERIAL AND METHODS

A total of 51 pediatric patients aged between 16 months
and 16 years, who underwent HSCT (46 allogeneic and 5
autologous,) between October 2015 and September 2017,
were prospectively studied. Patients were informed for
consent. The study protocol was approved by the
Institutional Ethics Committee of Cukurova University

BKYV Infections in Children with HSCT

(dated 13.05.2016 and numbered 53/7). Thirty-one male
and 20 female patients, aged between 16 months and 16
years, were included in the study. The patients were
randomly divided into 5 groups according to their age
(Table 1). Other demographic and clinical characteristics
of the patients are also shown in Table 1 and, information
about donor gender and type, transplant type, stem cell
source and complications are shown in Table 2.
Conditioning regimen was applied to patients for
approximately 10 days before HSCT. Of the 51 patients,
36 (70.6%) received myeloablative treatment (29
cyclophosphamide and busulfan, 4 cyclophosphamide,
ATG, fludarabine and busulfan, and 3 cyclophosphamide,
fludarabine and busulfan), and 15 (29.4%) received low-
density treatment (13 of the patients received
cyclophosphamide, ATG and fludarabine, and 2
cyclophosphamide). Patients were followed up one week
prior to transplantation, one per week for first 3 months
after transplantation, and one every month up to 1 year
after transplantation for BKV viruria and viremia. The
extraction of viral DNA from urine and plasma samples
was performed with Magnesia Viral Nucleic Acid
Extraction Kit EP (Geneworks Anatolia, Turkey). The
Bosphorus BKYV quantification kit vl (Anatolia
Geneworks, Turkey) was used for detection of BKV DNA
in urine and blood samples. For each patient sample, 10 pl
of the sample DNA extract was added to the mixture
consisting of 14.9 ul BKV master mix and 0.1 pl internal
control (IC). Positive and negative controls were included
in each study. Amplification was performed in a Qiagen
Montania 4896 real-time polymerase chain reaction
(PCR) instrument according to the manufacturer's protocol
as 1 cycle of 14:30 min at 95 °C (first denaturation), and
50 cycles of 30 seconds at 97 °C (denaturation) and 90
seconds at 53 °C (annealing and synthesis), following the
manufacturer's protocol.

All patients with allogeneic HSCT received cyclosporin
and methotrexate for GVHD prophylaxis. Prophylactic
acyclovir treatment was given to all transplant patients for
90 days. In addition Prophylactic intravenous
immunoglobulin (IVIG) was used (0.5 gr/kg) on the day
before transplantation and on day 5 after transplantation in
23 of 46 patients with allogeneic HSCT. Preemptive
reduction of immunosuppression was started in patients
with high-level BKV viruria (viral load >107 copies/ml)
HC was treated with cidofovir, oral levofloxacin, platelet
transfusion and bladder irrigation according to the clinical
condition of the patient.

Statistical Analysis

Descriptive statistics were given as meantstandard
deviation for numerical variables. Categorical variables
were summarized with frequencies and percentages.

RESULTS

The ages of 51 patients included in the study were between
16 months and 16 years. The mean age of the patients was
6.9+4 .4 years. 31 (60.8%) of the patients were male and 20
(39.2%) were female. Twenty-seven (52.9%) of 51
patients had BKV DNA positivity in their urine and/or
blood. Twelve patients (23.5%), with urine BKV DNA
levels above >107 copies/ml who required for preemptive
treatment, were in allogeneic HSCT group (26.1%, 12/46).
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In addition, BKV viremia was detected in 6 (13.0%, 6/46)
of these 12 patients, and 4 of these 6 patients (8.7%) has a
viral load >10* copies/ml. In 27 patients with BKV DNA
positivity, the mean initiation time of viruria was 9.449.7
weeks (1% week to 12 months) while in 12 patients with
a viral load of more than 107 copies/ml, the mean time to
onset of high-level BKV viruria was 6.1+£8.4 weeks (1%
week to 71" months).

Three of 51 patients had HC median 56 (55-61) days after
transplantation and all were in the allogeneic HSCT group
(6.5%, 3/46). HC developed in 1 (7.1%, 1/14) of 5 patients
who received a low-density treatment regimen and had a
viral load >107 copies/ml. HC developed in 2 (6.2%) of 7
patients with high-level viruria who underwent
myeloablative regimen. Data about the treatment regimens
are given in Table 3.

The presence of BKV DNA in urine and/or blood was
investigated before transplantation. It was found positive
in 4 (7.8%) patients and only in urine (<107 copies/ml). In
2 (50.0%) of these patients, the viral load of urine BKV
DNA was >107 copies/ml and preemptive treatment was
applied to these patients. During the follow-up, viremia
developed once in these 2 patients and the blood viral load
of BKV DNA was determined as 2.8x10° copies/ml and
6.0x10? copies/ml, but HC was not developed. On the
other hand, in 10 (21.3%) of 47 patients with BKV DNA
negativity in urine and/or blood before transplantation, had
BKV DNA viral load >107 copies/ml after transplantation.
Twelve (26.1%) of 46 patients who receipt allogeneic
transplantation developed GVHD, 8 (17.4%) of them were
acute and 4 (8.7%) were chronic GVHD. In 5 (62.5%) of
8 patients who developed acute GVHD, the viral load of
urine BKV DNA was >107 copies/ml. High-level viremia
was detected in only 7 (18.4%) of 38 allogeneic HSCT
patients who did not develop acute GVHD, and acute
GVHD is seen as a risk factor for BKV infection.
Prophylactic 1VIG was given to 23 patients who
underwent allogeneic stem cell transplantation. Five
(21.7%) of these patients had high-level viruri and only 1
(4.3%, 1/23) had HC. In 7 (30.4%) of 23 patients who were
not given IVIG, the viral load in urine was >107 copies/ml
and HC was observed in 2 (8.7%) patients.

HC was seen in 3 (25.0%) of 12 patients who received
preemptive therapy and all of these patients had urinary
BKYV DNA viral load >10°-10%* copies/ml in 2 weeks prior
to the development of HC, whereas only 1 patient had >10*
copies/ml BKV viremia. With preemptive therapy, the
development of HC was prevented in 9 (75.0%) of 12
patients.

Eight patients died in the study group, 1 of them died by
GVHD and pneumonia, 3 of them by GVHD and 4 of them
had died by other reasons. As a result, none of the patients
who was underwent HSCT died due to BKV infection.

DISCUSSION

After primary infection, viremia develops and BKV passes
into latent phase by spreading into many organs. BKV
remains latent in the kidney and uroepithelial cells in
particular. In healthy individuals, asymptomatic BKV
viruria can be seen in the latent phase. In the other hand,
BKYV causes severe complications such as nephropathy in
patients with bone marrow and kidney transplantation and
receiving immunosuppressive therapy. Approximately

BKYV Infections in Children with HSCT

90% of the general population is infected with BKV. BKV
infections are usually seen in early (<10 years) childhood (2).
BKV infections in transplant recipients commonly are

Table 1. Demographic and clinical features of patients, n (%)
Gender, n (%)

Male 31 (60.8)
Female 20 (39.2)
Age, n (%)
0-2 years 9 (17.6)
3-5 years 15 (29.4)
6-10 years 15 (29.4)
11-15 years 9 (17.6)
16-18 years 3(5.9)
Preparation regimen, n (%)
Myeloablative regimen 36 (70.6)
Low-density regimen 15 (29.4)
Diagnosis, n (%)
Fanconi aplastic anemia 9 (17.6)
Thalassemia major 18 (35.3)
Acute myeloid leukemia 2 (3.9
Acute lymphoblastic leukemia 3(5.9
Hodgkin lymphoma 1(2.0)
Chronic granulomatous disease 1(2.0)
Severe combined immunodeficiency 3(5.9
Non-Hodgkin's lymphoma 2(3.9
Neuroblastoma 4(7.8)
Diamond Blackfan anemia 1(2.0)
T-cell lymphoma 1(2.0)
Sickle cell anemia 2(3.9)
Ewing sarcoma 1(2.0)
Myelodysplastic syndrome 1(2.0)
Aplastic anemia 1(2.0)
Hemophagocytic lymphohistiocytosis 1(2.0)

Table 2. Donor gender and type, transplant type, stem cell
source and complications, n (%)
Transplant type

Allogeneic 46 (90.2)
Autologous 5(9.8)
Donor gender (n=46)
Male 24 (52.2)
Female 22 (47.8)
Donor type (n=46)
HLA compatible relative 44 (95.7)
HLA compatible unrelated 2(43)
GVHD (n=46)
Absent 34 (73.9)
Acute GVHD 11 (23.9)
Chronic GVHD 1(2.2)
Stem cell source
Bone marrow 39 (76.5)
Peripheral blood stem cells 11 (21.6)
Cord blood and bone marrow 1(2.0)
Complications
Fever 30 (58.8)
Gastroenteritis 20 (39.2)
Skin rash 16 (31.4)
Oral mucositis 14 (27.5)
Renal dysfunction 1(2.0)
Hemorrhagic diathesis 3(5.9)
Cystitis 3(5.9)
Liver dysfunction 6 (11.8)
Pneumonia 1(2.0)
Hematuria 3(5.9)
Organomegaly 8 (15.7)

GVHD: Graft versus host disease
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Table 3. Transplant type, treatment regimen and viral load distribution of urine BKV DNA of patients, n (%)

Myeloablative Regimen (n=36)

Low-Density Regimen (n=15)

<10’ copyiml__ >10 copyiml_ BKYONAG)  Jorcodumi  s10copyimi BV ONA)
Allogeneic 10 (27.7) 7(19.4) 17 (47.2) 4 (26.7) 5(33.3) 9 (60.0)
Autologous - - 1(6.7) 0(0.0) 1(6.7)
Total 10 (27.7) 7(19.4) 17 (47.2) 5(33.3) 5(33.3) 10 (66.7)

seen in genitourinary tract in consequence of BKV's
genitourinary epithelium tropism. In bone marrow
transplant patients, BKV viruria is associated with various
clinical manifestations such as asymptomatic hematuria,
HC, ureteral stenosis and interstitial nephritis. In the case
of immunosuppression, BKV reactivation is observed and
according to the studies, BKV viruria is 40-87% and its
viremia is 17-67% (3,4). In patients undergoing
chemotherapy treatment after HSCT and solid organ
transplantation, the immune system is suppressed and as a
result, the virus reactivates and may cause HC (5,6). HC is
characterized by hematuria due to inflammation of the
bladder mucosa. Accompanying symptoms are dysuria,
frequent urination and suprapubic pain (2). HC has been
reported as 6.5-25% in patients who underwent HSCT and
it is associated with high morbidity and mortality. BKV
viruri is usually seen in 2 to 8 weeks after HSCT and
continues for 1 week to 2 months. In many studies, it has
been reported that high viral load in urine is a sign of HC.
In particular, the viral load >9.0x108 copies/ml in the urine
and >10* copies/ml in the blood are risk indicators for the
development of HC. Deaths also have been reported
because of BKV associated HC.

Other important risk factors associated with the
development of HC except BKV infection; incompatible
donor, high intensity preparation regimen (anti-thymocyte
globulin, cyclophosphamide, busulfan), acute GVHD, age
and radiotherapy (7,8).

In our study; high-level viruri (>107 copies/ml) were
detected in 12 (26.1%) of 46 patients who underwent
allogeneic transplantation. BKV DNA positivity in urine
before transplantation urinary and acute GVHD were seen
as risk factors for the development of high-level BKV
viruri. BKV viruria with >107 copies/ml levels in patients
with and without acute GVHD were 62.5% and 18.4%,
respectively. The presence of acute GVHD was identified
as a risk factor for the increase of BKV DNA viral load to
the level requiring preemptive therapy.

BKV DNA was positive (<107 copies/ml) before
transplantation in 4 of 51 patients who underwent HSCT.
Viruria (BKV DNA viral load >107 copies/ml) and viremia
(<10* copies/ml) were detected in 2 (50.0%) of 4 patients.
Of 47 patients with BKV DNA negativity before
transplantation, 10 (21.3%) patients had BKV DNA viral
load >107 copies/ml after transplantation, with a lower rate.
Pre-transplant BKV viruri positivity is considered to be a
risk factor for increased levels of viral load requiring
preemptive treatment and for the development of high-level
BKYV viruri. The rate of viruri in 51 patients who underwent
HSCT was 52.9% and is close to 50% rate of Bogdanovic
et al. (9). The BKV viruri rate in allogeneic HSCT patients
was 56.5% and was close to other studies (8,10-13).

Urinary viral load was >107 copies/ml and preemptive
treatment was applied in 12 (26.1%) of allogeneic HSCT
patients. HC developed in 3 of the patients who had
preemptive therapy. Two weeks before the occurrence of
HC, >10° copies/ml of the BKV virus was a risk indicator.
Hayden et al. (7) similarly found the BKV viruri as >10°
copies/ml at the time of 13 days before HC. Other studies
have also detected BKV viruri at >108-10'° copies/ml in
the 2-13 days before HC (9,11,14-16).

In our study, only 1 of 3 HC cases was found to be BKV
viremia >10* copies/ml in 2 weeks prior to the development
of cystitis and it is same with the results of Oshrine et al.
(11) and Lee et al. (17) On the other hand, other studies
reported levels of >10%6 copies/ml (13,14,16).

The rates of BKV viruri (>107 copies/ml) according to our
study were lower in the myeloablative group (19.4%) than
low-density regimen group (33.3%), while Giraud et al.
(13) found it higher in the myeloablative group (30%) than
low-density regimen group (19%). In addition, in our
study, HC in patients with myeloablative and low-density
treatment regimen was similar with 5.5% and 6.7%,
respectively, while Giraud et al. (16) detected the
incidence of HC as higher in the myeloablative group
(78%) than the low-density regimen group (22%).

In this study, 62.5% of patients with acute GVHD had a
viral load >107 copies/ml and this rate was 18.4% in
patients without acute GVHD. This rate was 67% and 50%
in the studies of Bogdanovic et al. (9) and Hayden et al.
(7), respectively. They declared acute GVHD as a risk
factor for BKV infection.

The rate of HC was 6.5% in allogeneic HSCT patients and
it is close to 9% rate of Kwon et al. (15) and 8.9% rate of
Lee et al. (17), and similar with 6% rate of Mori et al. (18),
but lower than the other studies (7,10,11,19,20).
According to our results, HC occurred median 56 days
after HSCT and it is close to result of Lee et al. (18, 69
days). But the many other studies reported that HC
developed in a shorter time (12,14,15,19-21).

CONCLUSION

In conclusion, in all 3 cases with HC, the viral load in the
urine was 10° copies/ml in the 2 weeks prior to the
development of HC, and this finding was a prognostic
marker for the development of HC. Early detection of viral
infections will be effective in preventing the progression
of the disease by providing timely initiation of preemptive
therapy with the monitoring of BKV viral load in patients
with HSCT. More prospective studies in the future for
predictive diagnosis and preemptive therapy of BKV-
associated HC may help to reduce the complications and
mortality associated with transplantation in HSCT
recipients.
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ABSTRACT

Aim: This study was aimed to determine the relationship between serum 25-hydroxyvitamin
D [25(CH)D] levels and the pulmonary functions in adult asthma patients.

Material and Methods: A total of 131 asthmatic patients’ general characteristics, asthma
symptoms, pulmonary function test, asthma control test (ACT) scores, serum 25(OH)D levels,
body weight, and height were recorded. Body mass indexes (BMIs) of the patients were
calculated and World Health Organization criteria were used for the classification. Patients
with serum 25(OH)D levels below 20 ng/mL were classified as having a deficiency, those with
21-29 ng/mL as having an insufficiency, and those with 30 ng/mL and above as having normal
serum vitamin D levels.

Results: The serum 25(OH)D levels of patients in the uncontrolled asthma group, according
to the ACT score, were found to be lower than those of patients in the controlled group
(p=0.002). It was determined that as the serum 25(OH)D levels of the patients increased, the
ACT scores also increased significantly (r=0.280, p=0.001). Additionally it was found that
each 1 ng/mL increase in 25(OH)D level was associated with an increase of 0.176 L in forced
vital capacity (FVC). In addition it was determined that as the serum 25(OH)D levels
increased, the patients” FVCs also increased (OR=1.056, 95% CI=1.003-1.113, p=0.038).
Although the change was not statistically significant (p=0.081), as serum 25(OH)D levels
increased, the ACT scores also increased.

Conclusion: Vitamin D insufficiency and deficiency were frequently found in adults with
asthma and there was a relationship between vitamin D deficiency and pulmonary function.
Keywords: Asthma; pulmonary function; vitamin D deficiency.

0z

Amac¢: Bu calismanmn amaci, yetigkin astim hastalarinda serum 25-hidroksivitamin D
[25(OH)D] diizeyleri ile pulmoner fonksiyonlar arasindaki iliskiyi saptamaktir.

Gerec ve Yontemler: Toplam 131 astim hastasinin genel zellikleri, astim semptomlari,
solunum fonksiyon testi, astim kontrol testi (AKT) skorlari, serum 25(OH)D seviyeleri, viicut
agirlig1 ve boy uzunlugu verileri kayit altina alinmistir. Hastalarin beden kiitle indeksleri (BKT)
hesaplanmis ve smiflandirma igin Diinya Saghk Orgiitii kriterleri kullamlmistir. Serum
25(0OH)D seviyesi 20 ng/mL'nin altinda olan bireyler D vitamini eksikligi, 21-29 ng/mL
olanlar D vitamini yetersizligi ve 30 ng/mL ve tistii olanlar ise normal serum D vitamini diizeyi
olarak siniflandirilmstir.

Bulgular: AKT skoruna gore kontrolsiiz astim grubundaki bireylerin serum 25(OH)D
diizeyleri, kontrollii gruptaki bireylerden daha diisiik bulunmustur (p=0,002). Bireylerin serum
25(0OH)D diizeyleri arttikga AKT skorlarinin da anlamli sekilde arttigi saptanmistir (r=0,280;
p=0,001). Buna ek olarak serum 25(OH)D seviyesindeki her 1 ng/mL'lik artisin zorlu vital
kapasite (forced vital capacity, FVC)’de 0.176 L'lik bir artis ile iligkili oldugu bulunmustur.
Ayrica serum 25(OH)D seviyeleri arttik¢a, bireylerin FVC diizeylerinin de arttigi tespit
edilmistir (OR=1,056; %95 GA=1,003-1,113; p=0,038). Istatistiksel olarak 6nemli olmamakla
birlikte (p=0,081), serum 25(OH)D seviyeleri arttikca AKT skorlarmm da arttig
belirlenmistir.

Sonug: Astim hastas1 olan yetiskinlerde D vitamini yetersizligi ve eksikliginin sik goriildiigii
ve D vitamini eksikligi ile solunum fonksiyonu arasinda bir iligki oldugu belirlenmistir.
Anahtar kelimeler: Astim; pulmoner fonksiyon; D vitamini eksikligi.
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INTRODUCTION

Asthma is a heterogeneous disease characterized by
oversensitivity of the airway and chronic airway
inflammation, which develops in response direct or indirect
stimuli (1). The World Health Organization (WHO) has
reported that 339 million people have asthma worldwide
(2). According to WHO estimates, there were 4484.8 deaths
(95% ClI: 2414.1-7593.1) due to asthma at the global level
in the year 2016 (3). Although the presence of atopy,
exposure to environmental allergens and smoking are well
known to be important risk factors associated with the onset
of asthma, in recent years vitamin D insufficiency has been
noticed to be a risk factor for asthma (4).

Vitamin D is indicated to be much more than a
micronutrient. Vitamin D 1,25-dihydroxy, the active
metabolite of vitamin D [1,25(0OH).D] is considered to be
a hormone, as it is structurally and functionally similar to
steroid hormones (4). Studies have shown that vitamin D
reduces proinflammatory markers (interleukin-6 and
tumour necrosis factor-o) levels, reduces the antigen
delivery of monocyte-macrophage to T cells, prevents the
maturation ~ of  dendritic  cells and  shows
immunomodulatory effect in addition to the endocrine role
as a result of the anti-proliferative effect on lymphocytes
(4,5). The effect of vitamin D on the pathogenesis of
asthma can also be described as its inhibitory effect on the
antigen-providing cells that are essential for the onset and
substitution of the cellular immune response. Vitamin D
has been shown to inhibit dose-dependent Thl cells and
inflammatory cytokines (such as interleukin-1 alpha-beta,
interleukin-12,  interferon-gamma), increasing the
expression of Th2-dependent cytokines. Vitamin D has also
been reported to have anti-proliferative effects on T cells
and to suppress antibody production directly or indirectly
in B cells; it also reduces the risk of asthma by activating
Treg cells and suppressing peripheral autoreactive T cells.
Due to these properties, vitamin D is believed to have a role
in the reduction of asthma-related morbidity as well as
prevention of asthma (6,7). Studies have shown a positive
correlation between vitamin D deficiency and severity of
asthma in asthma patients, longer hospitalizations and an
increased usage of emergency services due to shortness of
breath, and a deficiency of vitamin D in asthma patients (8-
11). However, these studies have generally been conducted
in the pediatric population, and the studies examining the
effect of vitamin D insufficiency on asthma are limited.
Therefore, this study was aimed to determine the
relationship between serum vitamin D levels and the
pulmonary functions in adult asthma patients.

MATERIAL AND METHODS

This retrospective study included 131 patients over the age
of 18 who had received an asthma diagnosis between 1
March 2019 and 1 June 2019 at the Chest Diseases
Polyclinic of the Training and Research Hospital at the
University of Health Sciences Antalya. Since serum
vitamin D levels may be affected by the time of year, all
the patients were selected from patients admitted in the
same season (spring). Pregnant, diabetic or cancer patients,
vitamin D supplement users and smokers who smoked
more than 10 packs/year were not included in the study.
The patient examination information filled in by the chest
disease specialist was accessed from the hospital information

Asthma and Vitamin D

system: age, gender, underlying chronic diseases, smoking
status, asthma symptoms, asthma control test (ACT)
scores, serum vitamin D and serum IgE levels and body
mass indexes (BMIs) [body weight (kg)/height (m)?] were
calculated. The WHO criteria were used for the
classification of BMI (12). Patients with serum 25-
hydroxyvitamin D [25(OH)D] levels below 20 ng/mL
were classified as having a deficiency, those with 21-29
ng/mL as having an insufficiency, and those with 30
ng/mL and above as having normal serum vitamin D levels
(13). A Spiro Zan respiratory function test device was used
for spirometry evaluations. Forced expiratory volume
(FEV1), forced vital capacity (FVC), peak expiratory flow
(PEF), forced expiratory volume/forced vital capacity
(FEV1/FVC) and forced medium expiratory flow
(MEF2575) values were used in the study.

ACT results recorded during the examination were utilized
to evaluate the control of asthma-related symptoms. The
ACT is a questionnaire that evaluates how well asthma has
been controlled, and its Turkish version has been tested for
validity and reliability. A score of 20 or more points
indicates that the asthma is “controlled” while 19 or fewer
points indicates that it is “uncontrolled” (14).

Ethical Committee (Training and Research Hospital,
University of Health Sciences Antalya) approval was
obtained on 7 November 2019 (Decision no. 24/4).
Statistical Analysis

The descriptive statistics are presented as frequencies,
percentage, mean, standard deviation, median, interquartile
range, and minimum-maximum values. The relationships
between serum vitamin D levels and ACT scores,
respiratory function parameters, serum IgE and eosinophil
levels were evaluated using the Pearson or Spearman
correlation test. The patients were divided into tertile
according to serum vitamin D levels. The Shapiro-Wilk
test was used in the normality test. The Kruskal-Wallis test
was used for non-parametric comparison of numerical
variables according to the tertiles, and the Dunn Bonferroni
post-hoc test was used for significant cases. The ANOVA
test was used to compare the tertiles where there was an
assumption of normal distribution. The independent
effects of vitamin D on different respiratory function
parameters were evaluated using the multiple linear
regression model. The effect of insufficient/deficiency
vitamin D level on respiratory function parameters and
ACT score was examined by logistic regression analysis.
The Hosmer-Lemeshow test was used to test the model’s
goodness of fit. The SPSS v.22.0 package program was
used in all statistical analyses and p<0.05 was considered
statistically significant.

RESULTS

The general characteristics of patients are shown in Table
1. It was determined that the majority of the patients
participating in the study (n=79, 60.3%) were female and
approximately half of all patients (n=56, 42.7%) were
between the ages of 18 and 33. 92 (70.2%) of the patients
had had asthma for 1-5 years and more than half of them
did not have any other chronic disease. In patients with
chronic diseases, hypertension (n=24, 18.3%), psychiatric
diseases (n=19, 14.5%) and gastritis/ulcer (n=10, 7.6%)
were the most common diseases. More than half of the

186



Keskin and Seremet Kiirklii

patients were found to be overweight (n=49, 37.4%) or
obese (n=31, 23.7%). According to the ACT score, the
majority of the patients were in the uncontrolled asthma
group (n=83, 63.4%) and serum vitamin D levels of 73.3%
(n=96) were deficient (<20 ng/mL). It was determined that
as the serum 25(OH)D levels of the patients increased, the
ACT scores (p=0.008), FVC (p=0.004) and PEF (p=0.051)
levels also increased. Although the BMI values of the
patients in the first tertile were the highest (28.1+£5.38
kg/m?) and those of the patients in the third tertile were the
lowest (26.6+4.81 kg/m?), this difference was not
statistically significant (p=0.291, Table 2).

Table 3 shows a positive, significant correlation between
serum vitamin D level and ACT scores (r=0.295, p=0.001),
FVC (r=0.294, p=0.001), FEV1 (r=0.217, p=0.022) and
PEF (r=0.180, p=0.040). In the multiple linear regression
analysis, it was found that each 1 ng/mL increase in vitamin
D level was associated with an increase of 0.176 units in
FVC (p=0.005), 0.158 L in FEV1 (p=0.028) and 0.544
point in ACT score (p=0.024, Table 4). Table 5 shows the
association of the vitamin D insufficiency with the
respiratory function parameters and the ACT score.
Accordingly, it was determined that as the serum vitamin
D levels increased, the patients’ FVCs also increased
(OR=1.056, 95% CI=1.003-1.113, p=0.038). Although the
change was not statistically significant (p=0.081), as serum
vitamin D levels increased, the ACT scores also increased.

Asthma and Vitamin D

Table 1. General characteristics of patients, n (%)
Sex

Male 52 (39.7)

Female 79 (60.3)
Age (year)

18-33 56 (42.7)

34-49 41 (31.3)

50-65 34 (26.0)
Asthma Year

1-5 years 92 (70.2)

> 6 years 39 (29.8)
Asthma treatment

Receiving ICS treatment 107 (81.7)

Not receiving ICS treatment 24 (18.3)
Chronic disease status

None 78 (59.5)

Hypertension 24 (18.3)

Psychiatric 19 (14.5)

Gastritis/ulcer 10 (7.6)
Body mass index (kg/m?)

Normal 51 (38.9)

Overweight 49 (37.4)

Obese 31 (23.7)
Asthma severity

Controlled (ACT >20) 48 (36.6)

Uncontrolled (ACT <19) 83 (63.4)
Serum 25(OH)D (ng/mL)

Deficient (<20 ng/mL) 96 (73.3)

Insufficient (20.1-29.9 ng/mL) 35 (26.7)

ICS: inhaled corticosteroids, ACT: asthma control test, 25(OH)D: 25-hydroxyvitamin D

Table 2. The asthma control test score, pulmonary function parameters, IgE, eosinophils and body mass index of patients

according to serum vitamin D levels

Tertile 1 (n=43) Tertile 2 (n=43) Tertile 3 (n=45) p
ACT score 19.542.8 20.943.1 21.5+2.8 0.008
FvC 85 (19) [57-107] 89 (26) [59-125] 94 (13) [56-138] 0.004
FEV1 82.6+14.3 87.5+17.0 89.5+11.9 0.104
FEV1/FVC 103.4+12.9 103.4+11.1 101.249.3 0.553
PEF 66.8+17.9 73.3£19.9 75.6+£16.4 0.051
MEF2575 71.0+£25.5 78.3+£26.5 75.4£22.6 0.397
IgE 99 (113) [17-694] 110 (152) [17-603] 141 (130) [17-1660] 0.573
Eosinophils 200 (200) [0-600] 100 (200) [0-1000] 200 (300) [0-1000] 0.285
BMI (kg/m?) 28.1+£5.4 26.7+4.9 26.6+4.8 0.291

Tertile ranges are as follows: Tertile 1: <13.89 ng/mL, Tertile 2: 13.9-19.3 ng/mL, Tertile 3: 19.31-29.9 ng/mL, normally distributed variables are presented as mean+standard
deviation while not-normally distributed variables are presented as median, interquartile range, and minimum-maximum, ACT: asthma control test, FVC: forced vital
capacity, FEV1: forced expiratory volume, PEF: peak expiratory flow, MEF2575: forced medium expiratory flow, BMI: body mass index

Table 3. Correlation between serum vitamin D level and

Table 4. Multiple linear regression analysis of the

asthma control test score, respiratory function parameters, relationship between serum vitamin D levels and
serum IgE, eosinophils and body mass index pulmonary function parameters
r p B SE Beta t p 95% ClI

ACT score 0.295 0.001
FVC 0.294 0.001 Constant  6.680 3.110 2.148 0.034 0.525 12.835
FEV1 0.217 0.022 ACT score 0544 0.239 0.275 2.278 0.024 0.071 1.016
FEV1/FVC -0.143 0.140
PEF 0.180 0.040 FVC 0.176 0.062 0.432 2.844 0.005 0.053 0.298
MEF2575 0.090 0.309

FEV1 0.158 0.071 0.417 2.222 0.028 0.300 0.017
IgE 0.068 0.440
Eosinophils 0.080 0.364 PEF 0.029 0.034 0.090 0.840 0.403 -0.039 0.097
BMI (kg/m?) -0.109 0.217 F=2.403, p=0.010, p: coefficient of regression, SE: standard error, Cl: confidence

FVC: forced vital capacity, FEV1: forced expiratory volume, PEF: peak expiratory
flow, MEF2575: forced medium expiratory flow, BMI: body mass index

interval, ACT: asthma control test, FVC: forced vital capacity, FEV1: forced
expiratory volume, PEF: peak expiratory flow
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Table 5. Logistic regression analysis of the relationship
between vitamin D insufficiency and deficiency between
pulmonary function parameters and asthma control test score

OR 95% ClI p
FVvC 1.056 1.003 1.113 0.038
FEV1 0.955 0.899 1.015 0.138
PEF 1.001 0.973 1.030 0.960
ACT score 1.202 0.977 1.477 0.081

OR: odds ratio, FVC: forced vital capacity, FEV1: forced expiratory volume, PEF:
peak expiratory flow, ACT: asthma control test

DISCUSSION

This study found that the prevalence of vitamin D
insufficiency in the adult asthmatic population in Turkey
(Antalya) was quite high. At the same time, there was a
significant relationship between serum vitamin D level and
FVC, FEV1 and PEF.

The prevalence of asthma and the rates of vitamin D
insufficiency are increasing worldwide. Vitamin D is
thought to have a role in asthma pathogenesis because it
has immunomodulatory effects such as improving immune
system tolerance and maintaining epithelial barrier
integrity (15). In Turkey, vitamin D deficiency and
insufficiency were found in 76.4% in children with asthma
between the ages of 1-4, and in 90.6% of children in
another similar study (16,17). Although the number of
studies of asthmatic adults is quite limited, the prevalence
of vitamin D deficiency found in asthma patients in other
research is similar to that observed in our study (18-21). In
a study conducted on 435 adult asthma patients in China to
determine the relationship between serum vitamin D level
and pulmonary function, a significant relationship was
found between vitamin D deficiency (50 nmol/L) and
FEV1/FVC ratio and FEV1 (18). Similarly, Beyhan-
Sagmen et al. (19) suggested that the FEV1 levels of
asthmatic patients with serum vitamin D insufficiency in
Turkey were low and that there was a significant linear
relationship between vitamin D and FEV1. In one study,
every 22.7 mL increase in FEV1 was found to cause a 1
ng/mL increase in serum vitamin D (20). Despite this, 91%
of adult asthmatic patients in Costa Rica had serum
vitamin D levels below 30 nmol/L, and although there was
a linear relationship between serum vitamin D levels and
FEV1, this relationship was not statistically significant
(21). In a study involving 760 asthmatic patients in
Norway, a significant correlation between serum vitamin
D levels and FEV1 was observed only in males because
the males participating had a lower level of lung function
than the females (22). In this study, it was determined that
as the serum vitamin D levels of the asthma patients
increased, the FVC and PEF levels increased, and in
multiple linear regression analysis, each 1 ng/mL increase
in vitamin D level was associated with an increase of 0.176
Lin FVC, 0.158 L in FEV1 and 0.544 point in ACT score.
Obesity causes the emergence of asthma as a result of its
mechanical and inflammatory effects and increases the
severity of asthma over time. Patients with a BMI of 35 or
more are reported to be approximately twice as much at
risk of asthma (23). There is evidence that the active form
of vitamin D modulates intracellular ionized calcium
signaling in adipocytes, inhibits uncoupling protein-2

Asthma and Vitamin D

(UCP-2), decreases lipolysis, and increases lipogenesis.
Accordingly, vitamin D deficiency is thought to play an
important role in the development of obesity (24). In our
study, more than half of the patients with asthma were
found to be overweight (n=49, 37.4%) or obese (n=31,
23.7%). In addition, although it was determined that
patients' BMIs increased as their serum vitamin D levels
decreased, this difference was not found to be statistically
significant. Sutherland et al. (20) stated that each unit
increase in BMI in adult asthmatic patients caused a
decrease in serum vitamin D level of 0.71 ng/ml and that
there was a strong inverse correlation between serum
vitamin D levels and BMI, especially in asthmatic patients
not receiving inhaled corticosteroid (ICS) therapy. This
was associated with higher obesity rates in asthmatic
patients not receiving ICS treatment compared to other
groups. Despite this, similarly to our study, Li et al. (18)
observed lower serum vitamin D levels in asthmatic
patients who were obese, but reported that this relationship
was not significant. The fact that the sample of our study
was small and that more than one-third of the patients had
a normal BMI may explain why this relationship was not
significant.

The ACT is the most commonly used test today, is easily
understood by patients and their families and shows the
severity of the asthma (25). It has been stated that there is
a relationship between serum vitamin D levels and clinical
parameters such as asthma severity, exacerbation,
admission to an emergency department and number of
hospitalizations (16,26,27). Studies in children have
shown that serum vitamin D deficiency exacerbates
asthma by 2.6 times (26) and hospital or emergency
department admission by 1.5 times (9) compared to the
previous year. Few studies have determined the
relationship between asthma control and serum vitamin D
levels in adults. While there was no relationship between
serum vitamin D level and ACT scores in one study, when
classified according to serum 25(OH)D levels, ACT scores
were reported to be lower in the group with severe vitamin
D deficiency (19). In one study conducted with the elderly,
the serum vitamin D levels of patients in the uncontrolled
asthmatic group were shown to be lower than those of
patients in the controlled group (28). In this study, it was
determined that as the serum 25(OH)D levels of the
patients increased, the ACT scores also increased, and that
there was a low-level, positive and significant relationship
between the ACT scores and serum vitamin D level.

In randomized controlled studies, vitamin D supplements
at different doses were found to increase serum 25(OH)D
levels (29,30), decrease exacerbation rates of asthma and
increase ACT scores (28,30,31), and positively affect
FEV1 (31,32).

However, some limitations should be noted. First, since
the study is retrospective, there was no record of the
nutrient consumption of patients and the amount of
vitamin D taken in orally could not be calculated. In
addition, the patients were not asked about the amount of
time they had spent in the sun. Nevertheless, the fact that
patients constituting the sample of the study were admitted
in the same season (spring) is one of the strengths of the
study. Another limitation of the study was the low number
of samples and the fact that it was a cross-sectional
retrospective study.
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CONCLUSION

This study tried to explain the role of vitamin D in adult
asthma patients. It was determined that vitamin D
deficiency was frequently found in adults with asthma and
there was a relationship between vitamin D deficiency and
pulmonary function. In addition, it was determined that
patients with high serum vitamin D levels have a better
asthma course. Since the results of this study are thought
to have been affected by factors such as diet, exposure to
sun, etc., further studies are recommended that consider
multiple factors that may affect the relationship between
asthma and vitamin D.

Ethics Committee Approval: The study was approved by
the Ethics Committee of Antalya Training and Research
Hospital (07.11.2019, 24/4).
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Mliskisinin Degerlendirilmesi

ABSTRACT

Aim: Triglyceride/high-density lipoprotein cholesterol (TG/HDL-C) ratio is defined as the
serum atherogenicity index. High TG/HDL-C ratio is related with vascular diseases, insulin
resistance and metabolic syndrome. The TG/HDL-C ratio in cerebrovascular diseases,
especially in silent cerebral lesions hasn’t been well studied. The aim of this study was to
evaluate the frequency of silent cerebral ischemia (SCI) and leukoaraiosis (LA), and its
relationship with TG/HDL-C ratio in patients admitted with the first ischemic stroke attack.
Material and Methods: We retrospectively evaluated 200 patients who admitted to Bulent
Ecevit University Faculty of Medicine, Department of Neurology with the diagnosis of acute
first ischemic stroke. Silent cerebral lesions were defined as LA and SCI with magnetic
resonance imaging. TG/HDL-C ratio was calculated by dividing TG levels by HDL-C levels.
Results: Silent cerebral lesions were detected 124 (83.2%) of 149 patients. LA severity was
evaluated according to Fazekas score, 22 (14.8%) of patients were grade 0, 49 (32.9%) of them
were grade 1, and 78 (52.3%) of them were advanced periventricular white matter
hyperintensity (adv-PWMH) group. TG/HDL-C ratio in SCI group was higher than the group
without SCI, but it wasn’t statistically significant (p=0.091). A significant increase was
observed in the TG/HDL-C ratio, as LA severity increased. TG/HDL-C ratio was significantly
higher in adv-PWMH group (p=0.050).

Conclusion: High serum atherogenicity index is associated with atherosclerosis and vascular
endothelial dysfunction. With this simple, inexpensive and effective test method, high-risk
group of LA and SCI could be identified.

Keywords: Silent cerebral ischemia; leukoaraiosis; TG/HDL-C ratio; serum atherogenic index.

0z

Amagc: Trigliserid/yiiksek yogunluklu lipoprotein kolesterol (TG/HDL-K) orani serum
aterojenite indeksi olarak tanimlanmistir. Yiiksek TG/HDL-K orani vaskiiler hastaliklar,
insiilin direnci ve metabolik sendrom ile iligkilidir. Serebrovaskiiler olaylarda 6zellikle sessiz
serebral lezyonlarda TG/HDL-K orani ile ilgili ¢aligmalar azdir. Bu ¢alismanin amaci, ilk
iskemik inme ata1 ile bagvuran hastalarda sessiz serebral iskemi (SSI) ve 16koariozis (LA)
sikligini ve TG/HDL-K orani ile iligkisini degerlendirmektir.

Gerec ve Yontemler: Biilent Ecevit Universitesi Tip Fakiiltesi Noroloji boliimiine akut ilk
iskemik inme tanisi ile bagvuran 200 hasta geriye doniik olarak degerlendirildi. Manyetik
rezonans goriintiileme ile sessiz serebral lezyonlar SSI ve LA olarak tanimlandi. TG/HDL-K
orant TG degerinin HDL-K degerine béliinmesi ile hesaplandi.

Bulgular: Yiiz kirk dokuz hastanin 124 (%83,2)’tinde sessiz serebral lezyon saptandi. LA
siddeti Fazekas skorlamasma gore degerlendirildi, hastalarm 22 (%14,8)’si grade 0, 49
(%32,9)’u grade 1 ve 78 (%52,3)1 ileri diizey periventrikiiler beyaz cevher lezyonu (advanced
periventricular white matter hyperintensity, adv-PWMH) grubundaydi. SSI grubunda
TG/HDL-K oram SSi olmayan gruba gére daha yiiksek bulundu, ancak istatistiksel olarak
anlamli degildi (p=0,091). LA siddeti arttikca TG/HDL-K oraninda anlaml: bir artis oldugu
izlendi. TG/HDL-K orani, adv-PWMH grubunda anlamli derecede yiiksek idi (p=0,050).
Sonug: Yiiksek serum aterojenite indeksi ateroskleroz ve vaskiiler endotelyal disfonksiyon ile
iligkilidir. Bu basit, ucuz ve etkili test yontemi ile LA ve SSI yiiksek risk grubu belirlenebilir.
Anahtar kelimeler: Sessiz serebral iskemi; 16koariozis; TG/HDL-K orani; serum aterojenite
indeksi.

Cevrimigi Yayin Tarihi : 25.12.2020

Presented as a poster at 55th National Neurology Congress, (November 15-21, 2019, Antalya, Turkey)
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INTRODUCTION

Stroke is a common, serious, and disabling health-care
problem. Stroke is the second leading cause of death and a
major cause of disability worldwide. World Health
Organization has defined stroke as a clinical signs of focal
or global disturbance of cerebral function, with symptoms
lasting 24 hours or longer, or leading to death, with no
apparent cause other than of vascular origin (1).

Stroke is associated with high mortality, morbidity,
hospitalization rate and serious economic burden in
developing countries. Knowing and preventing risk factors
for stroke is important for a new direction to treatment
approaches and take early measures (1,2).

Silent cerebral lesions have been defined as leukoaraiosis
(LA) and silent cerebral ischemia (SCI). SCI has been
defined as ischemic lesions in patients without
neurological symptoms and a history of stroke (3,4). LA is
cerebral white matter abnormalities which is characterized
by demyelination and ischemic injury (5,6).

Studies have shown that SCI and LA increase the risk of
stroke, mortality and morbidity after stroke (3,4,7). Thus,
detecting and preventing risk factors of SCI and LA have
gained prominence. It has been shown that various risk
factors and pathophysiological mechanisms for SCI and
LA. Lipohyalinosis, atherosclerosis and endothelial
dysfunction are among these (8,9). The well-known risk
factor is serum cholesterol level. According to
international guidelines, it is recommended to control lipid
profile, especially low density lipoprotein (LDL) levels
(10). Recent studies have shown that LDL particle types
are more important than their total amount for vascular
complications (9,11). It has been determined that small
dense low density lipoprotein (LDL) and small high
density lipoprotein (HDL) particles are more effective for
the development of atherosclerosis. According to studies,
there is a strong relationship between high
triglyceride/high  density  lipoprotein  cholesterol
(TG/HDL-C) ratio and plasma small dense LDL ratio (12).
Atherogenic index of plasma (AIP) is calculated as the
ratio between the TG value and HDL-C value (mg/dL).
(TG/HDL-C) AIP is a major risk factor for metabolic
syndrome, cardiovascular diseases and insulin resistance
(9,13-15). Total cholesterol/triglyceride (TC/TG) ratio is
another index which reflects LDL particle size (9). There
are few studies about the role of TG/HDL-C ratio in silent
cerebral lesions in cerebrovascular diseases (16).

In this study, we aimed to evaluate the relationship
between TG/HDL-C ratio and silent cerebral lesions in
patients with first ischemic stroke.

MATERIAL AND THE METHODS

Participants

Two hundred patients, who admitted to Zonguldak Bulent
Ecevit University Faculty of Medicine, Department of
Neurology, with first-ever ischemic stroke between 2016
and 2019 were recorded retrospectively. Patients with
cerebral or subarachnoid hemorrhage, symptomatic stroke
history and under 35 years of age were excluded.
Demographic data of the patients (age, gender, body mass
index, diabetes mellitus, hypertension, ischemic heart
disease, hyperlipidemia, smoking, alcohol and drug use)
was recorded retrospectively. Fifty-one patients with
diabetes mellitus, hypertension, ischemic heart disease,

Silent Cerebral Lesions and TG/HDL-C Ratio

hyperlipidemia, atrial fibrillation, smoking, alcohol use,
use of antiplatelet, anticoagulant, antihypertensive or
antilipidemic medication and subjects with missing
covariate data were excluded the study. Lipid profiles
included total cholesterol (TC), LDL cholesterol, HDL-C
and TG were recorded in 149 patients. The TG/HDL-C
ratio was calculated after dividing absolute TG levels by
absolute HDL-C levels in peripheral blood. TG/HDL-C
ratio (AIP) and TC/TG ratios were calculated. Our study
was approved by Bulent Ecevit University Clinical
Research Ethics Committee (29.04.2020, 09/6).
Magnetic Resonance Imaging Protocol
Magnetic resonance imaging (MRI) findings of the
patients were recorded. 1.5 Tesla MRI (PHILIPS,
INTERA) was used to identify silent cerebral lesions. It is
scanned in 22 sections and 5 millimeters thickness. T1
(TR/TE: 582/15), T2 (TR/TE: 5835/110), T2 FLAIR
(TR/TE: 6000/120), Diffusion (TR/TEd: 4832/81) and
ADC (TR/TEd: 4832/81) sections were analyzed.
SCI was defined as focal hyperintensity on FLAIR and T2-
weighted images, hypointensity on T1-weighted image,
lesions of 3-20 mmin size. Under 3mm lesions seen
hyperintensity on T2-weighted image, hypointesity on T1-
weighted and FLAIR, were described as Virchow-Robin
Space (3,4).
LA severity was evaluated by Fazekas scale (17,18):

Grade 0: No white matter lesions.

Grade 1: Small-sized white matter lesion adjacent to

the ventricle (punctate)

Grade 2: White matter lesion that holds 1/3 of

ventricular cerebral cortex distance

Grade 3: White matter lesion that holds 2/3 of

ventricular cerebral cortex distance
Grade 2-3 lesions were considered as advanced
periventricular white matter hyperintensity (adv-PWMH).
MRI results of the patients were examined by two different
neurologists and a common decision was reached.
Statistical Analysis
Statistical analysis was performed using the SPSS v.18.0
program. The suitability of the normal distribution was
assessed by Kolmogorov-Smirnov test. When the
parametric test assumptions were provided Independent
Samples t test was used to compare two groups in terms of
numerical variables, and the Mann-Whitney U test was
used when parametric test assumptions were not provided.
One-way analysis of variance (ANOVA) was used to
compare three groups when the parametric test
assumptions were provided, and the Kruskal-Wallis test
was used when not provided. Categorical variables were
analyzed by Pearson Chi-square test. Descriptive statistics
were given as meantstandard deviation or median with
interquartile range and minimum maximum depending on
the distribution of the continuous variables, while
categorical variables were summarized as numbers and
percentages. A p value of 0.05 was considered significant.

RESULTS

One hundred forty nine patients included in our study.
Seventy nine (53.0%) patients were female, seventy
(47.0%) patients were male, and the mean age was
66.5+12.6 years. SCI was detected in 83.2% (n=124) of the
patients. 12.9% of the lesions were single and 87.1% of the
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lesions were multiple. According to the Fazekas scoring,
22 (14.8%) of the patients were in the grade 0, 49 (32.9%)
of the patients were in the grade 1, and 78 (52.3%) of the
patients in adv-PWMH group. The prevalence of LA and
SCI was high in patients with the first ischemic stroke
attack. The demographic features of the groups with and
without SCI were summarized in Table 1. When the
groups with SCI (n=124) and without SCI (n=25) were
compared, no statistically significant difference was
observed with TC, TG, LDL-C, HDL-C. Although
TG/HDL-C ratio was high in patients with SCI, it wasn’t
statistically significant (p=0.091). TC/TG ratio was low in
patients with SCI but it wasn’t statistically significant
(p=0.084, Table 2).

The comparison of the patients’ demographic features
according to Fazekas scores were summarized in Table 3.
There was an increase in LA severity with age (p<0,001),
but no relation was found between gender and LA severity
(p=0.458).

No statistically significant difference was observed in LA
severity with HDL-C, LDL-C, TC, TG values. However,
LA severity was significantly associated with high
TG/HDL-C ratio (p=0.050). TG/HDL-C ratio was
significantly higher in the adv-PWMH group (Table 4). In
the adv-PWMH group, TC/TG ratio was lower, but it was
not statistically significant (p=0.089).

DISCUSSION

Leukoaraiosis is associated with dementia, cognitive
impairment, stroke risk, and small vessel diseases that
increase infarct progression (19). Studies have shown that;
a history of stroke, hypertension, diabetes mellitus, age,
cerebral vessel atherosclerosis are known as risk factors
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for LA (7,19,20). The cause of LA is not known exactly,
but the precise mechanisms and prognostic significance in
LA are still actively investigated.

Although many studies have shown that hyperlipidemia is
associated with the severity of LA (7,19,21), this
relationship has not been shown in others (22). The
relationship between TG and LA severity is conflicting in
recent studies. While some studies have shown that low
TG level was associated with LA (19,21), some studies
have shown that high TG level was associated with LA
(23). The mechanisms of the relationship between LA and
TG level are not clearly known.

Table 1. Comparison of demographic characteristics of the
patients with and without SCI

With SCI Without SCI
(n=124) (n=25)
Age (year), mean+SD  67.4+13.8 64.8+11.2  0.282
Gender, n (%)
Female 65 (52.5) 14 (56.0) 0.553
Male 59 (47.5) 11 (44.0) '

SCI: silent cerebral ischemia, SD: standard deviation

Table 3. Comparison of demographic characteristics of the
patients according to Fazekas scoring
Grade 0 Gradel adv-PWMH
(n=22) (n=49)  (n=78)
Age (year), mean+SD 56.1£11.2 63.3£11.7 71.5+8.9 0.001
Gender, n (%)
Female 11(50.0) 28(57.1) 3L(39.7) ( eq
Male 11 (50.0) 21(42.9) 47(60.3)

adv-PWMH: advanced periventricular white matter hyperintensity, SD: standard deviation

Table 2. Comparison of serum lipid values of the patients with and without SCI

With SCI (n=124)

Without SCI (n=25)

Median Q1-Qs Min-Max Median Q1-Qs Min-Max P
TC (mg/dl) 181 151-204 84-309 174 149-205 70-304 0.755
LDL-C (mg/dl) 1115 89-130 28-229 104 93-137 23-232 0.729
HDL-C (mg/dl) 379 30.6-42.1 15.2-76.2 37 32.7-47.5 25-91 0.593
TG (mg/dl) 139.5 96-190 55-617 120 87-163 37-407 0.152
TG/HDL-C 3.7 2.4-6.2 0.8-22.9 3.1 2.1-4.7 0.9-16.3 0.091
TCITG 1.3 0.9-1.7 0.3-3.3 1.4 1.2-1.9 0.5-34 0.084

SCI: silent cerebral ischemia, TC: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, TG: triglyceride, Q1-Qs: 1%

quartile - 3 quartile, Min-Max: minimum - maximum

Table 4. Comparison of serum lipid values of the patients according to Fazekas scoring

Grade 0 (n=22)

Grade 1 (n=49)

adv-PWMH (n=78)

Median  Q1-Qs  Min-Max Median  Qi1-Q3 Min-Max Median  Q:1-Qs  Min-Max
TC (mg/dl) 160 150-201 89-271 178 134-196 84-249 188 149-211 70-309 0.670
LDL-C (mg/dl) 100 88-120 43-168 114 88-136 23-232 117 102-137 52-186 0.490
HDL-C (mg/dl) 39.8 28.4-39.8  19.2-59 36.1 29.3-41 17-76.2 34.3 29.2-40 15.2-50.1 0.280
TG (mg/dl) 119 87-141 68-421 145 87-203 37-479 1435 106-186 50-617 0.317
TG/HDL-C 3.3 2.0-4.8 1.3-15.1 4.2 1.9-6.5 0.8-22.9 4.5 3.2-6.6 1.2-16.3  0.050
TCITG 14 1.0-1.9 0.6-2.6 1.2 0.9-1.9 0.3-3.3 11 0.8-1.5 0.3-24  0.089

adv-PWMH: advanced periventricular white matter hyperintensity, TC: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein

cholesterol, TG: triglyceride, Q1-Qs: 1% quartile - 3" quartile, Min-Max: minimum - maximum
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More than half of the white matter is made up of myelin,
and the myelin contains about 70% lipids. The decrease in
TG level and the increase in severity of LA can be
explained in this way. Genetic reasons should also be kept
in mind (19). Studies are needed to reveal new clues in this
area.

Recent studies have shown that LDL particle types are
more important than their total amount for vascular
complications (11). Small-dense LDL and small HDL
particles have been found to be particularly effective for
the development of atherosclerosis. Small and dense LDL
particles are more sensitive to oxidation. It is more
atherogenic than large and cholesterol-rich LDL particles
by increasing vascular permeability and reducing interest
in LDL receptors. A relationship was observed between
increased TG/HDL-C ratio, that is, hypertriglyceridemia
and low HDL levels, and increased small and dense LDL
rates (12). The TG/HDL-C ratio was shown for the first
time by Gaziano et al. (24) as the AIP. It is considered to
be important risk factor especially for coroner artery
disease. TG/HDL-C ratio is accepted as an indicator of
harmful LDL particles. A significant relationship was
observed between high TG/HDL-C ratio and recurrent
stroke in a study conducted by Park et al (25).

The size of the LDL particles and circulating very low
density lipoprotein (VLDL) levels and TG levels are
inversely proportional (9,11). Therefore, it defined that
LDL phenotypes based on TG/HDL-C ratios. Dense and
small LDL particles, high TG/HDL-C ratio have been
associated with coroner artery disease, cerebrovascular
disease, metabolic syndrome and insulin resistance (9,13-
15). Vascular endothelial dysfunction is associated with an
increase in TG/HDL-C ratio and vascular endothelial
dysfunction has been demonstrated in LA formation (22).
The changes in brain microvascular endothelial activity
causing cerebral small vessel disease, which is primarily
responsible for the pathogenesis of LA. Dysfunction of
vascular endothelial cells causes increased permeability of
the blood brain barrier (26). Blood brain barrier disorder,
disruption of cerebrovascular autoregulation, and chronic
hypoperfusion are important mechanisms for the
development of LA. Vascular endothelial dysfunction is a
potential risk factor for the development of white matter
lesions (27). In this study, we observed that the
relationship between high TG/HDL-C ratio with severity
of LA, especially in the advanced LA group. This
strengthens the relationship between LA and vascular
endothelial dysfunction. This is the first study to show the
relationship between serum atherogenicity index and LA.
SCI is a common subclinical pathophysiology before
ischemic stroke (3,4,7,9). Many risk factors and
pathophysiological mechanisms have been identified for
SCI development. Lipohyalinosis, atherosclerosis and
endothelial dysfunction are among these (8,9). It has been
shown in many studies that hyperlipidemia is a risk factor
for SCI (3,4,7). Patients with multiple SCI had higher LDL
and TC levels than the patients with single SCI (7). In the
study investigating the relationship between the high
TG/HDL-C ratio and the presence of SCI in healthy
individuals with silent cerebral ischemia, a significant
relationship was found between the high TG/HDL-C ratio
and the presence of SCI. It was concluded that the high
TG/HDL-C ratio is responsible for atherogenicity, small
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and dense LDL is more sensitive to oxidation and
accelerates atherosclerosis (9). Atherosclerosis also causes
extravasation of toxic substances into neuronal tissues,
blockage of small arterioles and hypoperfusion (28).

The relationship between high TG/HDL-C ratio and SCI
prevalence can be thought to be related to atherosclerosis.
In our study, when the groups with and without SCI were
compared, the TG/HDL-C ratio was high in the groups
with SCI, but it was not statistically significant. TC/TG
ratio was found to be low in the patients with SCI but it
was not statistically significant.

CONCLUSION

Leukoaraiosis and SCI increase the risk of stroke and
affect mortality and morbidity after stroke. Therefore,
determination and prevention of risk factors of SCl and LA
has gained prominence. High serum atherogenicity index
is associated with atherosclerosis and vascular endothelial
dysfunction. With this simple, inexpensive and effective
test method could identify high-risk group of LA and SCI.
Development of LA and SCI can be prevented by this
method. There is a need for new prospective studies on this
subject.
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the Ethics Committee of Bulent Ecevit University Faculty
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Serum Zonulin Levels and Social Cognition in Children with Attention Deficit
Hyperactivity Disorder

Dikkat Eksikligi Hiperaktivite Bozuklugu olan Cocuklarda Serum Zonulin Diizeyleri ve Sosyal

Bilis
Nihal YURTERT! ABSTRACT
- 0000-0002-4681-2210 5 Aim: Alterations in gut-brain axis of patients with attention deficit hyperactivity disorder
Ibrahim Ethem SAHIN (ADHD) have been indicated in recent studies. The aim of this study was to determine whether

0000-0003-3745-7015 serum level of zonulin, considered to be a regulator of permeability in both gut-blood and

blood-brain barriers, was associated with ADHD symptoms, and to evaluate the relationship
between zonulin and social cognition in children with ADHD.
Material and Methods: Serum level of zonulin was analyzed by enzyme-linked
immunosorbent assay (ELISA) in 40 treatment-naive children with ADHD, and age and gender
matched 40 healthy children as control group. DuPaul ADHD Rating Scale was used for
ADHD symptoms and reading the mind in the eyes test (RMET) was administered by the
clinician to examine the social cognitive abilities.
Results: We found that serum zonulin levels were significantly higher in ADHD group
compared to control group (p=0.010). Also, children with ADHD have significantly lower
RMET scores (p=0.007). Furthermore, we found statistically significant positive correlations
between serum zonulin levels and ADHD symptoms (p<0.001) and a negative correlation
Dijzce University Medical Faculty ~ between serum zonulin levels and RMET scores (p=0.001) in ADHD group.
Department of Child and Adolescent ~ Conclusion: The present study is the first to evaluate whether there is a relationship between
Psychiatry, Diizce, Turkey serum zonulin levels and social cognition in children with ADHD. The results of our study
indicate that zonulin may be associated with ADHD and social cognition. Further studies with
larger samples are required to determine the role of zonulin in ADHD.
Keywords: Attention deficit hyperactivity disorder; zonulin; social cognition; gut-brain axis.

2Diizce University Medical Faculty
Department of Clinical Biochemistry,
Diizce, Turkey

0z

Amagc: Son cgalismalarda dikkat eksikligi hiperaktivite bozuklugu (DEHB) tanili hastalarin
bagirsak-beyin eksenindeki degisiklikler belirtilmistir. Bu galigmanin amaci, hem bagirsak-
kan hem de kan-beyin bariyerlerinde gecirgenligi diizenlemek i¢in bir modiilator olarak kabul
edilen zonulinin serum diizeyinin DEHB tanili ¢ocuklarda DEHB belirtileriyle iligkili olup
olmadigimi belirlemek ve zonulin ile sosyal bilis arasinda bir iliski olup olmadigini
degerlendirmektir.

Gereg ve Yontemler: Zonulinin serum diizeyi, tedavi gérmemis 40 DEHB tanili ¢ocukta ve
kontrol grubu olarak yas ve cinsiyet yoniinden eslestirilmis 40 saglikli cocukta enzime bagl
immiinosorbent testi (enzyme-linked immunosorbent assay, ELISA) kullanilarak analiz
edilmistir. DEHB belirtileri, DuPaul DEHB Derecelendirme Olgegi ile puanlanmis ve sosyal
biligsel becerileri incelemek igin ise klinisyen tarafindan gézlerden zihin okuma testi (reading
the mind in the eyes test, RMET) uygulanmustir.

Bulgular: DEHB grubunda serum zonulin diizeyleri kontrol grubuna gore anlamli olarak

Corresponding Author yiiksek olarak bulunmustur (p=0.010). Ayrica, DEHB tanili gocuklarin RMET puanlart 6nemli
Sorumlu Yazar ol¢tide disiik bulunmustur (p=0.007). Ek olarak, DEHB grubunda serum zonulin diizeyleri ile
Nihal YURTERI DEHB semptomlar1 arasinda istatistiksel olarak anlamli pozitif korelasyon (p<0.001) ve serum
yurterinihal @gmail.com zonulin diizeyleri ile RMET skorlar1 arasinda ise negatif korelasyon (p=0.001) bulunmustur.

Sonug¢: Bu ¢alisma, DEHB tanili ¢ocuklarda serum zonulin diizeyleri ile sosyal bilis arasinda
bir iligki olup olmadigini degerlendiren ilk ¢aligmadir. Caligmamizin sonuglari, zonulinin
Received / Gelis Tarihi : 12.08.2020 DEHB ve sosyal bilis ile iligkili olabilecegini gostermektedir. Zonulinin DEHB'deki roliinil
Accepted / Kabul Tarihi : 18.11.2020 belirlemek i¢in daha biiyiik rneklemlerle yapilacak ileri ¢alismalara ihtiyag vardir.
Available Online / Anahtar kelimeler: Dikkat eksikligi hiperaktivite bozuklugu; zonulin; sosyal bilis; bagirsak-
Cevrimici Yaym Tarihi : 25.12.2020 beyin ekseni.

196



Yurteri and Sahin

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is the
most prevalent neurodevelopmental disorder (1-3) and
characterized by developmentally inappropriate symptoms
of inattention, hyperactivity and impulsivity (4).

Social cognition is considered to be essential for successful
social interaction and defined as the ability to understand
other’s mind and feelings (5,6). In addition to core
symptoms of ADHD, it has been indicated that children
with ADHD have difficulty in social cognitive abilities
which is supposed to be mostly interpreted in the contex of
fronto-striatal dysfunction (6-9). In a recent meta-analysis,
performance of individuals with ADHD on social
cognition was described to lie intermediate between
autistic spectrum disorders (ASD) and healthy controls (7).
Interestingly, indicating another overlapping aspect in
ASD and ADHD, the gut microbiota and gut-brain axis has
also been identified to be altered in patients with both ASD
(10,11) and ADHD (12,13). Gut-brain axis is considered
to involve the bi-directional communication between the
gastrointestinal and central nervous systems (14). Zonulin
(pre-haptoglobin 2) is known to be a modulator for
regulator of permeability in gut-blood and blood-brain
barriers via intercellular tight-junctions (15,16). Zonulin is
considered to increase permeability of the small intestine
and to contribute to the intestinal immunity (17).
Furthermore, zonulin has been described to be associated
with inflammation and autoimmunity (18,19), ASD (20)
and ADHD (21). In addition, serum zonulin has been
found to be related to social responsiveness (21).

We aimed to examine serum levels of zonulin and to
explore whether there is an association between serum
levels of zonulin and social cognition in treatment-naive
children with ADHD. We have encountered no study
investigating serum levels of zonulin and social cognition
in children with ADHD.

MATERIAL AND METHODS

Participants

This research was carried out at the child and adolescent
psychiatry outpatient clinic of Diizce University Medical
Faculty. Based on zonulin levels found in a similar study
in literature (20), the minimum sample size was calculated
as 32, with 95% confidence level and 80% power. Simple
random sampling method was used in sample selection.
The research group consisted of 40 treatment-naive
children aged between 8-12 years old diagnosed with
ADHD, and age-gender matched 40 healthy children
admitted to the child psychiatry outpatient clinic without
any psychopathology. Diagnoses and comorbidities were
determined through clinical examination based on
“Diagnostic and Statistical Manual of Mental Disorders
(DSM 5)” and the Interview Schedule for “Affective
Disorders and Schizophrenia for School-Age Children-
Present and Lifetime Version (Kiddie-SADS-PL)”, and
children with exclusion criteria were excluded from the
study. Exclusion criteria for the case group were clinically
mental retardation, autism, medical comorbidities,
comorbid psychopathologies except oppositional defiant
disorder (ODD), taking medication, having an infection
history for the last month. Exclusion criteria for the control
group were psychiatric diseases, chronic physical diseases
and having an infection history for the last month. BMI of
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all subjects, calculated according to BMI percentiles of
World Health Organization, were found to be within
normal range. All of the children gave verbal assent and
parents provided informed consent. The study was
performed in accordance with the ethical standards
established in the Declaration of Helsinki. Medical Ethics
Committee of Diizce University approved the study
(approval date: 04.03.2019, number: 2019/38).

Measures

1. Kiddie Schedule for Affective Disorders and
Schizophrenia for School Age Children-Present and
Lifetime Version (K-SADS-PL) Turkish: This interview
was developed (22) to evaluate present and lifetime
psychopathology in children and adolescents and Turkish
translation was also conducted (23,24).

2. Attention Deficit/Hyperactivity Disorder-Rating Scale-
DuPaul (ADHD-RS): This scale evaluates ADHD
symptoms according to DSM-IV criteria and contains 4-
point Likert type 18-item (25). The scale had been used in
Turkish children with ADHD (26-28).

3. Reading the Mind in the Eyes Test (RMET): RMET is
designed to test comprehension of other's mental states by
looking at eye expression (29-32). It was created by Baron-
Cohenetal. (29) in 1997, and a revised form was published
in 2001 (30). Turkish translation for children was
performed by Girli (31).

Blood Sampling and Analysis

Blood samples of all participants were drawn from
antecubital vein between 8:00 and 10:00 a.m. after an
overnight fasting. Blood samples were centrifuged at
4,000 rpm for 5 min and the serum was stored in -80 °C
until analysis time. Serum levels of zonulin were measured
using commercial enzyme-linked immunosorbent assay
(ELISA) kits according to the protocols of the
manufacturers (Elabscience, USA, cat. No: E-EL- H5560).
Analysis results were expressed in ng/mL.

Statistical Analyses

SPSS v.21 was used for the analyses. Relationships
between dichotomous variables were assessed with
Pearson chi-square test. The distribution of numerical
variables was examined by Shapiro-Wilk normality test.
Differences of continuous variables between groups, were
analyzed using Mann-Whitney U test. The correlation
between serum zonulin levels and the psychometric test
scores was evaluated by Spearman's correlation analyses.
Descriptive statistics were given as frequency, percentage,
and median, interquartile range and minimum-maximum.
A p value of 0.05 was accepted as significance level.

RESULTS

The mean age was 115.28+15.47 and 120.38+15.49 months,
for ADHD group and the control group, respectively.
Majority of the subjects were male, 80% (n=32) in ADHD
and 75% (n=30) in control groups. Because we matched
ADHD and control groups according to gender and age,
ADHD and control groups did not differ significantly
according to gender (p=0.592) and age (p=0.124).
Children in ADHD group had significantly higher scores
in terms of Du Paul ADHD-RS (p<0.001) and lower scores
in terms of RMET (p=0.007) compared to children in the
control group. Zonulin levels were found to be
significantly higher in ADHD group (p=0.010, Table 1).
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Table 1. Comparison of clinical parameters in ADHD and control groups

ADHD (n=40) Control (n=40) P
DuPaul ADHD-RS Inattentive score 16 (2) [13-19] 3(2)[1-4] <0.001
DuPaul ADHD-RS Hyperactivity score 13.5 (4) [12-18] 2 (2)[0-3] <0.001
DuPaul ADHD-RS Total score 29 (6) [26-35] 5(2) [2-7] <0.001

RMET

Zonulin

15 (2) [13-18]
97.62 (58.92) [1.71-340.71]

16 (2) [13-20]
68.27 (56.41) [1.81-199.88]

0.007
0.010

ADHD: attention deficit hyperactivity disorder, DuPaul ADHD-RS: attention deficit/hyperactivity disorder-rating scale, RMET: reading the mind in the eyes test, descriptive

statistics were given as median (interquartile range) [minimum-maximum]

In ADHD group, the correlations between zonulin levels
and age, RMET and DuPaul ADHD-RS (inattentive,
hyperactivity, total) scores were examined by Spearman's
correlation analyses. Although there was no correlation
between zonulin level and age (p=0.937), zonulin level
was found to be significantly negatively correlated with
RMET score (r=-0.498, p=0.001) and positively correlated
with inattentive (r=0.558, p<0.001), hyperactivity
(r=0.704, p<0.001), and total (r=0.697, p<0.001) scores of
DuPaul ADHD-RS (Table 2).

Table 2. Correlations between clinical parameters and
serum zonulin levels in ADHD group

Zonulin RMET
r p r p
Zonulin -0.498 0.001
RMET -0.498 0.001
DuPaul-IA 0.558 <0.001 -0.467 0.002
DuPaul-HA 0.704 <0.001 -0.643 <0.001
DuPaul-Total 0.697 <0.001 -0.611 <0.001

ADHD: attention deficit hyperactivity disorder, DuPaul ADHD-RS: attention
deficit/hyperactivity disorder-rating scale, RMET: reading the mind in the eyes test,
1A: inattentive, HA: hyperactivity

DISCUSSION

We evaluated serum level of zonulin in treatment-naive
children with ADHD with respect to ADHD
symptomatology and social cognition. We found increased
serum zonulin levels in treatment-naive children with
ADHD compared to healthy controls. Furthermore, we
found positive correlations between serum zonulin levels
and ADHD symptoms and negative correlations between
zonulin levels and RMET scores.

In literature, there are two studies examining zonulin levels
in ADHD (21,32). In one of those studies, conducted in
children with ADHD, no significant difference was found
between serum zonulin levels of ADHD and control
groups (32). However, consistent with our findings,
Ozyurt et al. (21) reported that zonulin was associated with
hyperactivity and social responsiveness in children with
ADHD. Our results are also in the same line with the study
reporting an association between social communication
problems and serum zonulin levels in children with ASD
(20). In detail, zonulin expression is considered to be
regulated by systemic inflammation in addition to local
enteric inflammation (33). Interestingly, biomarkers of
subclinical inflammation, especially interleukin-6 (IL-6),
have been proposed to regulate the gene expression of
haptoglobulin-2 encoding zonulin protein (34,35). IL-6

was reported to increase in individuals with both ASD (36)
and ADHD (37). Considering all the results of the studies
reporting zonulin increase in ASD (20) and ADHD (21),
reported association between serum zonulin levels and
social responsiveness (21) and mentioned findings in
biomarker level together, we suggest that coinciding
inflammatory processes might explain our finding of the
association between serum zonulin levels and social
cognition deficits in ADHD.

On the other hand, Ozyurt et al. (21) posited that the
relationship between zonulin and social problems in
children with ADHD might be moderated by oxytocin
functioning. This hypothesis was developed by authors
based on preclinical studies showing changes in intestinal
permeability with oxytocin (38) which was found to be
correlated with social communication skills in ASD (39),
and a clinical study reporting alterations in oxytocin
functioning in children with ADHD and social deficits
(40). Given the fact that social cognition is the
fundamental step for social communication, altered
oxytocin functioning might also be another mechanism
explaining our finding of the relationship between serum
zonulin levels and social cognition deficits in ADHD.
Alterations in zonulin levels have also been reported in
autoimmune diseases (41), obesity (42), insulin resistance
(34), type 1 and 2 diabetes (43-45), central nervous system
diseases, chronic inflammatory diseases, cancers (46,47)
and psychiatric conditions such as anxiety, depression,
acute stress provocation (48,49). Furthermore, zonulin was
also reported to be related to gut microbiota and dietary
factors (50-52). We did not examine gut microbiota or
dietary habits, however we excluded patients with medical
comorbidities  such as  chronic  inflammatory,
immunological, endocrinological, allergic diseases and
psychiatric comorbidities other than ODD, matched the
groups according to age, gender and BMI and included
only treatment- naive patients. We intended to increase the
reliability of our results with this method.

Including only treatment-naive patients, excluding
comorbidities with the K-SADS-PL, matching the groups
in terms of age, gender and BMI are the strengths of this
study. However, there are some limitations of this study.
Firstly, the sample is consisted of relatively small number
of patients. Secondly, we did not examine other factors
such as gut microbiota and dietary habits. To evaluate
social cognition in our study, we utilized one of the most
frequently used tasks in social cognition research, known
as RMET. RMET is known as an improved mind reading
test that measures mentalization skills (29). However, an
important limitation of this study is the lack of different
measures reflecting social cognition skills in ADHD.
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CONCLUSION

In conclusion, the results of our study indicate that zonulin
may be associated with ADHD and social cognition
deficits in children with ADHD. Further comprehensive
studies with larger samples are required to determine the
role of zonulin in ADHD.
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ABSTRACT

Aim: Silent brain ischemia (SBI), defined as ischemic changes and infarcts without neurologic
signs, is an established marker of poor survival. Magnetic resonance imaging (MRI) is useful
to define SBI and white matter hyperintensities that correspond to microangipathic ischemic
disease. This study aimed to investigate the relationship among SBI, white matter lesions and
the extent of coronary artery disease (CAD), and to determine possible predictors of SBI.
Material and Methods: A total 10640 patients who underwent coronary angiography were
retrospectively screened to reveal 312 patients who had been evaluated with a subsequent
cranial MRI within 6 months. CAD severity was established with Gensini score and MRIs
were evaluated to determine presence of SBI and white matter hyperintensities scored by
Fazekas. Finally, 58 patients with SBI and 254 without SBI consisted SBI and non-SBI groups.
Results: Patients with SBI were significantly older with higher prevalence of male gender than
the non-SBI patients. Both Gensini and Fazekas scores were higher in SBI-group (p<0.001).
Fazekas score was positively correlated with Gensini score (r=0.219, p<0.001) and age
(r=0.465, p<0.001). In the logistic regression analysis; age, male gender and Gensini score
were identified as the independent predictors of SBI.

Conclusion: Although SBIs don’t present neurological symptoms they are associated with
poor survival and future stroke. Our data suggest that cranial MRI may be a screening tool in
risk stratification, particularly in elderly male patients with multivessel CAD. Our study also
depicted that age, male gender and high Gensini scores are the independent predictors of SBI.
Keywords: Brain ischemia; coronary angiography; coronary artery disease; magnetic
resonance imaging; stroke.

0z

Amag: Norolojik bulgu gostermeyen iskemik degisiklikler ve enfarktlar olarak tanimlanan
sessiz beyin iskemisi (SBI), kotii sag kalimin bilinen bir gostergesidir. Manyetik rezonans
goriintiileme (MRG), SBI ve mikroanjiopatik iskemik hastaliga karsilik gelen beyaz madde
hiperintensitelerini gostermede yararli bir yontemdir. Bu ¢aligmada SBI, beyaz madde
lezyonlart ile koroner arter hastaligi (KAH) arasindaki iliskiyi arastirmak ve SBI'nin olast
belirleyicilerini belirlemek amaglanmstir.

Gere¢ ve Yontemler: Koroner anjiyografi yapilan toplam 10640 hasta retrospektif olarak
taranarak 6 ay igerisinde miiteakip olarak kranial MRG ile degerlendirilmis 312 hasta
belirlendi. KAH ciddiyeti Gensini skoru ile tespit edildi ve MRG’ler SBI varlig ile Fazekas
skoru ile 6lgiilen beyaz madde hiperintensiteleri agisindan degerlendirildi. Bunun sonucunda
SBI olan 58 ve SBI olmayan 254 hasta, SBI ve SBI olmayan hasta gruplarimi olusturdu.
Bulgular: SBI olan hastalar, SBI olmayan hastalardan anlamli sekilde daha yasli ve daha
yiiksek prevalansta erkek cinsiyette idi. SBI grubunda hem Gensini hem de Fazekas skorlari
daha yiiksekti (p<0.001). Fazekas skoru, Gensini skoru (r=0,219; p<0,001) ve yas (r=0,465;
p<0,001) ile pozitif korelasyonlu idi. Lojistik regresyon analizinde; yas, erkek cinsiyet ve
Gensini skoru, SBI’nin bagimsiz belirtegleri olarak belirlendi.

Sonug: SBI nérolojik semptom gostermese de, kotii sag kalim ve ileride yasanacak inme ile
iliskilidir. Bulgularimiz, kranial MRG’nin 6zellikle ¢oklu damar KAH olan yash erkeklerde risk
degerlendirmesi i¢in bir tarama araci olabilecegini gostermektedir. Calismamiz ayrica yas,
erkek cinsiyet ve yiiksek Gensini skorunun SBI’nin bagimsiz belirtecleri oldugunu gostermistir.
Anahtar kelimeler: Beyin iskemisi; koroner anjiyografi; koroner arter hastaligi; manyetik
rezonans goriintiileme; inme.

Presented as an abstract at 29" Annual Meeting of Turkish Society of Neuroradiology on
Neuroradiology and Head and Neck Radiology, (February 14-16, 2020, Istanbul, Turkey)
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INTRODUCTION

Silent brain ischemia (SBI) refers to brain disorders that
are incidentally found in imaging modalities but do not
cause significant neurological deficits (1,2). It is one of the
manifestations of silent cerebrovascular disease which is a
common finding in brain scans and calls attention to future
stroke or dementia. Among other manifestations of silent
cerebrovascular disease in neuroimaging is white matter
hyperintensities that correspond to microangiopathic
ischemic disease. SBI, on the other hand, is described as
“a cerebral infarction that is evident by brain imaging but
that is without a clinical syndrome characterized by rapidly
developing clinical symptoms and signs of focal and at
times a global loss of brain function” (3). It is not a rare
entity with an estimated prevalence of 10-20% (4).
Although SBIs do not cause clinical symptoms, they are
known to be closely associated with impending stroke (5).
In addition, while SBIs do not result in focal neurological
deficits, they have been shown to be related with
neurocognitive and neuropsychiatric impairment and
increase mortality (6,7). Nevertheless, the
pathophysiology of SBIs remains unclear and various
causes, such as small vessel disease, disorders of blood
brain barrier, embolism or hypo perfusion have been
suggested. Associated predisposing factors such as carotid
atherosclerosis, heart failure or coronary artery disease
(CAD) could have been identified.

SBIs present as hyperintense lesions on T2-weighted
Magnetic resonance imaging (MRI), hyperintense gliotic
rims on the fluid-attenuated inversion recovery (FLAIR)
sequence, and diffusion-restricted acute lesions on
diffusion-weighted imaging (DWI) (8). Although some
studies have used computed tomography (CT) in their
analyses (9), MRI has been shown to be more specific and
sensitive in its ability to distinguish SBIs from enlarged
perivascular spaces (6).

While prior studies have assessed the relationship between
CAD and symptomatic cerebrovascular disease, the
relationship of SBI with presence and extent of coronary
atherosclerosis scored by Gensini scoring or brain deep
white matter microangiopatic disease graded using
Fazekas classification has not been evaluated yet. As such,
the current study aimed to evaluate the possible
associations of silent cerebrovascular disease in the form
of SBI and brain white matter microangiopathic lesions
with severity and extent of CAD. It also sought to
investigate the distribution of localizations of such lesions
within brain as well as to define the predictors of SBI.

MATERIAL AND METHODS

This study was approved by ethics committee of Namik
Kemal University Faculty of Medicine in 30/11/2017 with
2017/94/10/09 approval number. Following ethics
approval, coronary angiographic examinations that had
been performed at the cardiology department between
November 2015 and November 2018 were retrospectively
evaluated. Of 10640 coronary artery examinations found
in the hospital database, patients who had undergone
subsequent brain MRI for evaluation of neurological
disorders such as headache, migraine (without
neurological  deficit), vertigo, tinnitus, memory
difficulties, paresthesias and syncope performed within 6
months following coronary angiography were identified.

MRI to detect SBI in Severe CAD

Patients with any neurological deficit, patients under 40
years of age or those already with the diagnosis of
cerebrovascular disease, neurodegenerative diseases,
demyelinating diseases, neoplastic diseases and vasculitis
were excluded. At the end of selection procedure, 335
patients who had undergone both coronary angiography
for differential diagnosis of CAD and brain MRI were
identified. Of 335 patients, 8 patients who were under 40,
13 patients with diagnosis of stroke, 1 patient with lacunar
infarct and 1 patient with motion artifact at the imaging
were excluded from the study.

Finally, this study examined 312 patients with lesions that
were detected with MRI, and the study group was
categorized into two groups with regard to the presence of
SBI; patients with SBI and patients without SBI (non-SBI)
groups (Figure 1).

Coronary Angiography Protocol

Coronary angiography was performed as described earlier.
Coronary arteries were identified as left anterior
descending (LAD), circumflex (Cx), and right coronary
artery (RCA), and coronary artery lesions were evaluated
quantitatively by Gensini score. CAD was also classified
as 0-vD for no vessel involvement, 1-VD for the
involvement of 1 vessel, 2-VD for the involvement of 2
vessels, and 3-VD for the involvement of 3 vessels,
respectively. Gensini scoring was calculated by a
cardiologist who was blinded to the study groups as
described previously (10).

Magnetic Resonance Imaging Protocol

The cranial MRI examination was performed with the GE
Healthcare ™ Optima ™ MR360 1.5T (Marlborough,
USA). Diffusion Weigthed Imaging (DWI), T2 Weighted
(T2W) images, and Fluid Attenuated Inversion Recovery
(FLAIR) sequences were evaluated during the cranial MRI
examination. The parameters for the T2W images were
Time of Repetition (TR): 4561 msec, Time of Echo (TE):
101.9 msec, Field of View (FOV): 24 cm x 19.2 cm,
Matrix: 352 x 224, Bandwidht (BW): 1.25 KHz, thickness:
5.8 mm, gap: 1.5 mm, and Number of Excitation (NEX):
2. The parameters for the FLAIR sequences were T1: 2070

10640 CAD

procedures

335 patients
with
subsequent
cranial MRI

Patients excluded from
the study

- Motion artifact
Lmlmarmfamt] l P
n=1
n=1

Patients included to
the study

n=312

——

SBI non-SBI
n=58 n=254

Figure 1. Flow chart of the study design. CAD: coronary
artery disease, MRI: magnetic resonance imaging, SBI:
silent brain ischemia
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msec, TR: 8800 msec, TE: 86.3 msec, FOV: 24 cm x 24
cm, Matrix: 352 x 224, BW: 1.25 KHz , thickness: 5.8 mm,
gap: 1.5 mm, and NEX: 2. Finally, the parameters for DWI
were TR: 5200 msec, TE: 106.8 msec, BW: 1.25 KHz,
FOV: 24 cm x 24 cm, Matrix: 128 x 128, and NEX: 2.
The cranial MRI examination was evaluated by an
experienced neuroradiologist in a blind fashion to
determine the presence of SBI and microangiopathic
ischemic gliosis in the deep white matter. MRI
examinations of all patients were performed during their
initial  evaluation.  Upon the evaluation of
microangiopathic ischemic gliosis, Fazekas scoring of
lesions were used. In patients without any stroke
symptoms, lesions larger than 3 mm in diameter were
found to be compatible with SBI lesions, which are
hyperintense on T2W images (Figure 2a) and suppressed
with gliotic rim in the white matter on FLAIR sequences
(Figure 2b). Lesions smaller than 3 mm in diameter were
not identified as SBI lesions. As such, they were not
included in the SBI group (11). Lesions larger than 3 mm
in diameter but without peripheral gliotic rim were also
excluded from the SBI group, receiving differential
diagnoses as enlarged perivascular spaces or cystic lesions
caused by brain parenchyma. In addition, the restricted
diffusion of these lesions was evaluated with DWI (Figure
2¢) and Apparent Diffusion Coefficient (ADC) map
(Figure2d). Lesions with restricted diffusion were defined
as acute lesions and were excluded from the study.
Evidence of leukoaraiosis (microangiopatic ischemic
gliosis) was noted during some of the cranial MRI
examinations and staged according to the Fazekas scale.
Lesions were evaluated according to the presence of
periventricular and deep white matter lesions in T2W
images and FLAIR sequences (12, Table 1).

Statistical Analysis

Statistical analyses were performed by SPSS v.17.0. The
distribution of the data was determined using the
Kolmogorov-Smirnov test. Normally distributed variables
were presented as mean+standard deviation, non-normally
distributed variables were presented as median,
interquartile range, minimum-maximum, and categorical
variables as number and percentage. The categorical
variables were analyzed using the Chi-square test. The
difference between numerical variables and SBI groups
were assessed with Independent Samples t test or Mann-
Whitney U test. Spearman rank correlation analysis was
used to determine the relationship between Gensini score,
Fazekas score and the age. Receiver operating
characteristics (ROC) curve analysis was performed to
find cut-off values of Gensini score for prediction of the
presence of SBI lesions. Logistic regression analyses were
performed to identify the predictors of SBI. By using enter
method for logistic regression analysis, age, gender,
Gensini score were added to the hypothesis to reveal the
determinants that independently associate to SBI. A p
value of <0.05 was accepted to be statistically significant.

RESULTS

This study provided assessments on the cranial MRIs of
312 patients. The demographic, angiographic and MRI
characteristics of the study population are presented in
Table 2. The mean age of the patients was 62.95+9.67
years (range, 41-94 years). Classification of the lesions as
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periventricular, deep white matter or basal ganglion
lesions and the dimensions of lesions are also provided in
Table 3. In the SBI group, the mean size of the SBI lesions
evaluated by MRI was 6.234£2.52 mm and these lesions
were mostly localized in the frontal lobes.

There was no significant difference between the SBI and
non-SBI groups in terms of cardiovascular risk factors
such as hypertension, diabetes mellitus, hyperlipidemia or
smoking. Nevertheless, patients with SBI were
significantly older than the non-SBI patients (mean age
was 69.17£10.11 vs 61.54+9.00, p<0.001). It was also
revealed that the male gender was more common in the
SBI group (77.6% vs 54.3%, p=0.001).

Figure 2. Axial T2W image (a) shows the hyperintense
lesions with in the deep white matter (white arrows). T2W
image also shows the enlarged perivascular spaces in the
basal ganglia and Fazekas grade Il lesions in white matter.
On axial FLAIR image (b), these lesions suppressed and had
gliotic rim (black arrows). Enlarged perivascular spaces have
not periferic gliotic rim compared to the SBI. DWI (c) and
ADC map (d) depicts that the lesions (white tailed arrows)
do not show restriction of diffusion. ADC: apparent diffusion
coefficient, DWI: diffusion weighted imaging, FLAIR: fluid
attenuated inversion recovery, SBI: silent brain ischemia

Table 1. Fazekas classification of white matter
hyperintensities on T2W and FLAIR images

Deep White Matter Lesions

0 Absent

1 Punctate foci

2 Beginning confluence

3 Large confluent areas

Periventricular White Matter Lesions

0 Absent

1 “caps” or pencil thin lining

2 Smooth “halo”

3 Irregular periventicular signal extending into the deep white matter

FLAIR: fluid attenuated inversion recovery
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A significant relation was observed between the SBI and
the number of VD (1 vs 0, p<0.001). While normal
coronaries were more prevalent in non-SBI group (0 VD,
p<0.001), 3 VD was more prevalent in SBI patients
(p<0.001). The median Gensini scores of the SBI and non-
SBI groups were 17 (0-128) and 5 (0-160), respectively.
There was a statistically difference between the Gensini
scores for the SBI and non-SBI groups, which were higher
in the SBI group (p=0.001). The SBI group also showed a
significant statistical relationship in terms of Fazekas
score, with higher grade 2 and 3 Fazekas scores (p<0.001).
Spearman correlation analysis demonstrated a weak positive
correlation between age and both Fazekas and Gensini
scores (r=0.465, p<0.001; r=0.213, p<0.001, respectively).
A weak positive correlation was also observed between
Gensini score and Fazekas score (r=0.219, p<0.001). With
ROC analysis, the area under curve (AUC) for performance
of Gensini score to diagnose SBI lesions was measured as
0.640 (95% CIl= 0.560-0.719, p=0.001, Figure 3). Cut off
value for Gensini score was 6.25. In the logistic regression
analysis conducted to determine the predictors of SBI, age,
male gender and Gensini score were identified as the
independent predictors of SBI (p<0.001, Table 4).

Table 2. Comparison of SBI and non-SBI groups
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DISCUSSION

In this study we examined the relationship between
atherosclerotic  coronary artery involvement and
asymptomatic cerebrovascular processes, namely SBI and
ischemic microangiopathic changes in white matter. It was
demonstrated that extend of CAD expressed by Gensini
score was associated both with SBI and microangiopathic
involvement in brain expressed by Fazekas scores. It was
also revealed that coronary atherosclerosis was closely
associated with SBI that was located mainly in frontal area.
In clinical terms, clinicians need to take into account that
the brain parenchyma has higher risks for development of
silent white matter vascular injury and SBI in CAD
patients with high Gensini scores.

This study clearly depicted the clinical importance of
detecting the SBI lesions with cranial MRI in the
multivessel CAD even if they have no symptoms of stroke.
The association between brain parenchyma and ischemic
diseases in the coronary arteries is indisputable. In patients
with both symptomatic cardiac disease and CAD, the brain
parenchyma is at risk of embolic or occlusive processes.
CAD is an important predictive factor of SBI and stroke.
Like in the current study, existing research has determined
that with age, CAD is an important risk factor in the

Table 3. Localizations and incidence of SBI lesions in MRI

SBI non-SBI
(n=58) (n=254) P

Demographic characteristics

Age (years) 69.17+10.11  61.54+9.00 <0.001f
Male Gender, n (%) 45 (77.6) 138 (54.3) 0.001%
Hypertension, n (%) 41 (70.7) 189 (74.4) 0.561%
Diabetes mellitus,n (%) 30 (51.7) 126 (49.6) 0.7718
Hyperlipidemia, n (%) 32 (55.2) 138 (54.3) 0.908%
Smoking, n (%) 17 (29.3) 75(29.5) 0.974%

Angiographic characteristics
Gensini Score 17 (57) [0-128] 5 (26) [0-160] 0.001#

Number of vessels 1(2)[0-3] 0 (1) [0-3] <0.001*
Number of vessels, n (%)
0 18 (31.0) 141 (55.5)"
1 18 (31.0 52 (20.5 g
2 8 ((13.8)) 41 §16.1§ <0.001%
3 14 (24.1)" 20(7.9)
MRI characteristics
Fazekas Score 2 (1) [1-3] 1(1)[0-3] <0.001%
Fazekas Score, n (%)
0 0(0.0) 84 (33.1)"
1 11 (19.0 134 (52.8)" ;
2 22 ((37.9))* 28 ((11.0)) <0.001%
3 25 (43.1)" 8(3.1)

SBI:silent brain ischemia, MRI: magnetic resonance imaging, f: Student t test,
#: Mann-Whitney U test, §: Chi-square test, *: statistical difference in subgroups,
values are presented as n (%) for categorical variables, and mean+standard deviation
or median (interquartile range) [minimum-maximum] for numerical variables

Table 4. Possible predictors of SBI

Localization n (%) Dimension (mm)
Deep White Matter
Frontal 23 (39.7) 6.24+2.01
Parietal 6 (10.3) 4.36+1.07
Occipital 3(5.2) 6.86+2.83
Periventricular
Frontal 15 (25.9) 6.82+3.02
Occipital 5 (8.6) 6.80+4.57
Basal Ganglia
Putamen 3(5.2) 5.40+1.32
External capsule 2 (3.4) 3.36+2.88
Internal capsule 1(1.7) 6.80

Predictor OR 95% CI p

Age 0.922 0.88-0.95 <0.001
Male gender 0.436 0.21-0.89 0.023
Gensini score 0.989 0.98 - 1.00 0.014

SBI: silent brain ischemia, OR: odds ratio, Cl: confidence interval, data in the table
shows the logistic regression analysis in which possible predictors are presented

SBI: silent brain ischemia, MRI: magnetic resonance imaging, values are presented as
n (%) for categorical variables, and mean+standard deviation for numerical variables

ROC Curve
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Figure 3. ROC analysis shows the diagnostic performance
of Gensini score for predicting SBI lesions. ROC: receiver
operating characteristic, SBI: silent brain ischemia
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formation of SBI in the brain (13,14). Coronary
atherosclerotic calcifications are also known to be an
independent variable in the etiopathogenesis of stroke
(15). It was also shown that there is a close relationship
between impaired glucose intolerance and CAD (16).

In the literature epidemiological studies have shown that
the prevalence of SBI is approximately 10-20% and that it
has an annual incidence of approximately 3% (17). No
study has determined the exact reason explaining why the
SBIs develop or why they remain. It is also an argument
whether they are silent or not, some of the authors have
suggested that the disorder’s silence may be due to its
chronic impact or appearance in non-strategic areas (18).
While evaluating the localization of lesions, it was shown
here in that the deep white matter was the most affected
area in the brain. The most frequent localizations of SBI
lesions were presented in the deep white matter and
periventricular white matter of frontal lobes. This supports
the reported findings that deep white matter and frontal
lobes are more prone to develop SBI lesions. It also might
be explained by the locations of lesions why the
neurocognitive and neurophysciatric symptoms are more
frequent in patients with SBI lesions (19).

In addition to the studies in the literature, the current study
revealed the obvious relationship between the SBI lesions
and high grade Fazekas white matter lesions. Previous
studies have defined leukoaraiosis (or microangiopathic
ischemic gliosis) as incomplete ischemia that is caused by
small vessel stenosis and led to microangiopathic ischemic
disease. This is thought to be due to age-related chronic
arteriolosclerosis resulting from long-term hypertension
and ischemia caused by arterial stenosis (20,21). The
relationship between microvascular disease in brain and
deep white matter lesions is also expressed in the Fazekas
classification. As an example, the present study
demonstrated the increased risk of SBI in deep white matter
lesions, especially in those that received ratings of 2 or 3 on
the Fazekas scale. This suggests that microvascular disease
of brain tend to coexist with SBI lesions. Thus, in their
studies Zhang et al. (22) showed that white matter lesions
in the brain with high grade Fazekas scale is an independent
factor for SBI lesions. As such, intracranial
arteriolosclerosis, which can be defined as small vascular
disease, can indirectly reveal the presence of CAD (23).
The current study also indicated that CAD should be
considered to be a strong predictor of SBI, especially in
patients with 3-VD or with high Gensini scores. In
addition, Hermann et al.’s (15) work determined that CAD
was an independent variable for stroke. Lee et al. (24) also
showed that hypertension is an independent predictor of
SBI. As in the current study, Hoshide et al. (25) also noted
that the likelihood of SBI in CAD was significantly higher
in patients with 3-VD. However, unlike Hoshide et al.’s
work, the present study also used Gensini scoring to assess
CAD. Gensini scoring is a method that demonstrates CAD,
stenosis occlusion, and the burden of CAD. By applying
this method, the current study revealed a significant
statistical relationship between SBI and Gensini scoring.
As a result, it would be accurate to suggest that high
Gensini score can be predictive of SBI lesions in
asymptomatic patients.

MRI is the essential modality for diagnosis of the SBI’s.
FLAIR is the main sequence of the MRI which can
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differentiate SBI from the enlarged perivascular spaces
which constitute the primary differential diagnosis. SBI’s
have peripheral hyperintense gliotic rim conversely to
perivascular spaces on the FLAIR images. Although SBIs
do not have any predictable anatomic localization,
enlarged perivascular spaces have well defined anatomic
locations and these lesions can be divided into three main
types due to their localizations (26).

The current study determined that age, male gender and
Gensini score were independent predictors of SBI.
Existing literature has also shown that the development of
SBI is powerfully linked to age (13,17). In accordance with
previous studies, the current study determined a strong
association between SBIs and age. As with a previous
work (27), the present study revealed a statistically higher
incidence of high-risk cases in males. In their meta-
analysis, Fanning et al. (4) identified several strong
predictors of SBI, such as age, hypertension, carotid artery
disease, and metabolic syndrome. While this study found
CAD to be a likely predictor of SBI, it identified gender,
smoking, and alcohol as poor predictors of SBI.

The current study found no statistical significant
differences in hypertension between the SBI and the non-
SBI groups. While it is clear that there is a significant
statistical difference in hypertension between SBI patients
when compared to the normal population, the current study
group consisted of patients with worse cardiovascular risk
profile. For this possible reason, there was no statistically
significant difference in hypertension between the present
study’s SBI group and normal non-SBI groups.
Retrospective study design was the main limitation of the
study.

CONCLUSION

In conclusion, although SBI lesions are asymptomatic,
they potentially may led to brain deterioration and future
loss in neurological function. For these reasons, diagnosis
is vital. In patients with CAD, it is necessary to evaluate
the presence of SBI with cranial MRI examinations,
especially in elderly male patients with multivessel (3-VD)
involvement and high Gensini scores, regardless of
presence of any stroke symptoms.
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ABSTRACT

Aim: The aim of this study was to compare single incision laparoscopic gastrostomy (SILG)
with open surgery in children.

Material and Methods: Children who underwent laparoscopic and open gastrostomy
surgeries between January 2016 and March 2020 were retrospectively evaluated. The data
were arranged according to the patient's demographics, duration of surgery and anesthesia,
time to start enteral feeding, and complications. For Stamm procedure, the abdomen was
explored with an upper midline incision and a gastric tube was passed through a second
incision. In the SILG method, only one incision was made. After inserting a camera was placed
into a trocar, then a grasper was placed just next to the trocar. A part of stomach was removed
through the incision. A foley catheter was placed visually into the lumen.

Results: There was no statistically significant difference between operation times for both
surgical groups (p=0.844); the same was true for anesthesia times (p=0.919). The time taken
to initiate and reach full enteral nutrition differed significantly between two groups (p=0.005).
In general, when all complications were evaluated, more complications were found in the open
surgery group (p=0.077). A remarkable number of maintenance problems (65.6%) were
observed in both groups.

Conclusion: SILG is a technique that is not technically demanding and can be performed by
any pediatric surgeon with experience in laparoscopy. Primary laparoscopic gastrostomy at the
trocar insertion site can be performed easily and safely in all children with malnutrition due to
low postoperative complication rates and applicable for all ages of children.

Keywords: Single incision laparoscopic gastrostomy; Stamm gastrostomy; children.

0z

Amac: Bu calismanin amaci ¢ocuklarda tek insizyonlu laparoskopik gastrostomi (single
incision laparoscopic gastrostomy, SILG) ile agik cerrahinin karsilastirilmasidir.

Gere¢ ve Yontemler: Ocak 2016 ve Mart 2020 tarihleri arasinda laparoskopik ve agik
gastrostomi ameliyat1 geciren ¢ocuklar geriye doniik olarak degerlendirildi. Veriler hastanin
demografik 6zelliklerine, ameliyat ve anestezi siiresine, enteral beslenmeye baslama zamanina
ve komplikasyonlara gore diizenlendi. Stamm prosediirii i¢in, iist orta hat kesigi ile karmn
eksplore edildi ve ikinci bir kesiden mide tiipii gegirildi. SILG yonteminde sadece bir kesi
yapildi. Bir trokar igine bir kamera yerlestirildikten sonra, trokarin hemen yanina bir yakalayici
yerlestirildi. Kesiden midenin bir kismu ¢ikarildi. Liimen igerisine gorsel olarak bir foley
kateter yerlestirildi.

Bulgular: Her iki cerrahi grup i¢in ameliyat siireleri arasinda istatistiksel olarak anlamli fark
yoktu (p=0,844); ayn1 durum anestezi siireleri i¢in de gecerliydi (p=0,919). Tam enteral
beslenmeye baglama ve ulagma siiresi iki grup arasinda 6nemli 6lgiide farklilik gdsterdi
(p=0,005). Genel olarak tiim komplikasyonlar degerlendirildiginde agik cerrahi grubunda daha
fazla komplikasyon saptand1 (p=0,077) Her iki grupta da dikkat cekici sayida (%65,6) idame
problemi goriildii.

Sonug: SILG, teknik olarak zorlayic1 olmayan ve laparoskopi deneyimi olan herhangi bir
cocuk cerrahi tarafindan uygulanabilen bir tekniktir. Trokar giris yerinde primer laparoskopik
gastrostomi, diisilk postoperatif komplikasyon oranlari nedeniyle malniitrisyonlu tiim
cocuklarda kolay ve giivenli bir sekilde yapilabilir ve her yastaki ¢cocuklara uygulanabilir.
Anahtar kelimeler: Tek kesi laparoskopik gastrostomi; Stamm gastrostomi; ¢ocuk.
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INTRODUCTION

If adequate nutritional intake within 2-3 weeks is not
sufficient in children whose energy and nutritional needs
cannot be fully met with only oral nutrition, enteral feeding
via a gastrostomy tube (GT) should be considered in
children (1). Nowadays, gastrostomy methods are one of
the most commonly performed surgical processes in the
pediatric patients, and the diseases associated with
gastrostomy indications are extensive with the inclusion of
neurological, metabolic, cardiopulmonary and urology
disorders (2). Since it was first described in 1894, the main
approach to gastrostomy has been open gastrostomy,
usually using the Stamm technique (3). Percutaneous
endoscopic gastrostomy (PEG) tube placement, which was
introduced for the first time in 1980 and is a less invasive
technique, is still frequently performed in pediatric and
adult patients (4). On the other hand, the reporting of
serious complications associated with the PEG technique
in children led to new searches in pediatric patients and
laparoscopic  gastrostomy (LG) application gained
popularity in the 1990s with the increasing usage of
laparoscopy and other video-assisted techniques (5). Since
the first time it was applied, LG has undergone different
modifications in order to reduce complication rates and
facilitate the operation technique (6). Minimally invasive
surgery (MIS) has developed rapidly in recent years and
has become the gold standard for the correction of many
surgical pathologies. Less size of scars, minimum pain
(preferentially in a small location), shorter healing time
and the desire to seek perfection for an earlier retrieval of
daily life quality have led to laparoscopic procedures being
performed through a single little incision (7). Various
methods such as classical PEG application, fluoroscopy-
guided gastrostomy opening, and laparoscopic assisted
PEG application are used today (8). In our research, we
aimed to compare single incision laparoscopic
gastrostomy (SILG) with open surgery in children.

MATERIAL AND METHODS

With the approval of the institutional review board
numbered 2020/208, babies and children who had
laparoscopic and open surgical gastrostomy surgeries
performed in Diizce University Pediatric Surgery Clinic
between January 2016 and March 2020 were
retrospectively evaluated. The data were arranged
according to the patient's age, gender, weight, duration of
surgery, duration of anesthesia, time to start enteral feeding,
and complications. Complications were considered as
intraoperative, major postoperative, and tube care
problems. Patients who underwent Nissen fundoplication
during the first tube insertion were excluded from the study,
and only plain gastrostomy cases were included in the
study. Patients who initially had sufficient GT alone but
later needed fundoplication were also included in the
analysis. Within these criteria, a total of 32 GT placements
were evaluated in the analysis. For a long time, an informed
consent form, including information that the patient's data
can be used, has been routinely obtained from the parents
of the patients in all operations.

Operative Technique

For the open surgery of Stamm procedure, the abdomen
was explored with a midline incision above the umbilicus
and then the stomach was identified. A second much
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smaller cut was performed 2 cm under left costal angle at
the anterior abdominal wall, and a gastric tube was passed
through it. Gastrostomy was performed by placing a foley
catheter in the lumen of the stomach at a suitable place on
the anterior surface of the stomach, and closed with a 3-0
polyglactin purse string suture.

In the SILG method, only the second small incision in the
classical gastrostomy method was used to reach the
peritoneum. The incision was lowered into the peritoneum,
opening directly under visualization. After inserting a 5
mm trocar, abdominal pressures were inflated with carbon
dioxide to 6-12 mm Hg according to the patient's
dimensions and comorbidities. With 5 mm 30 degree
camera placed through the port, laparoscopic confirmation
of the stomach position and the location of the
gastrostomy, a 3-mm grasper was placed just next to the
trocar (Figure 1A). A veinless part of greater curvature of
stomach was retained (Figure 1B) and, after the trocar
pulled out, removed through the incision (Figure 1C). The
part of the stomach that was taken out was fixed to the
fascia margins of the incision with polyglactin sutures.
After the gastrostomy had been opened with cautery, a
foley catheter was placed visually into the lumen and the
stomach was closed with cerclage suture (Figure 1D). The
proper position of the GT was confirmed by intraoperative
administration of methylene blue to the stomach and the
visualization of the dye from the nasogastric tube.
Statistical Analysis

Shapiro-Wilk test was used to examine normality
assumption, and Independent samples t test was used to
analyze numerical variables with normal distribution while
Mann-Whitney U test was used for numerical variables not
showing normal distribution. Categorical variables were
analyzed with Pearson chi-square or Fisher’s exact test.
Descriptive statistics were given as meantstandard
deviation or median, interquartile range, minimum,
maximum, and categorical variables were summarized
with frequency and percentage. Statistical analyses were
done by SPSS v.22 statistical package and 0.05 level was
considered as statistical significance level.

Figure 1. A) A grasper inserted from the side of the trocar
in the same incision, B) Easy handling of the stomach
from the appropriate non-vascular area with the grasper
and, C) after the trocar pulled out, removed through the
incision, D) Final state of gastrostomy
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RESULTS

Study Group

A total of 32 GTs were placed between January 2016 and
March 2020 using the open surgical approach or the SILG
placement method. Of these, 17 were open Stamm
gastrostomy (53.1%) and 15 were SILG (46.9%). The mean
age for all patients was 6.4+5.5 years and the mean weight
was 18.3+14.8 kg. The age (p=0.018) and weight (p=0.044)
of the open Stamm gastrostomy patients were found to be
higher than the SILG technique. The demographic
properties of cases are summarized in Table 1.
Gastrostomy indications were mostly related to growth
retardation (n=26, 81.3%) and nutritional difficulties
(n=22, 68.8%) associated with neurological deficits. Other
indications include mental disturbances due to traffic
accidents and malignancies. No meaningful differences
were found between the surgery groups in terms of
procedure indication, gender, and the ratio of patients with
neurological disorders or related diagnoses.

Surgical Outcome

There was no statistically significant difference between
operation times for both surgical groups (p=0.844); the
same was true for anesthesia times (p=0.919). It took an
average of 53.87+3.52 hours for the patients in the SILG
group, and 59.59+6.72 hours for the patients in the open
surgery group to reach full enteral nutrition. The time
taken to initiate and reach full enteral nutrition differed
significantly between these two groups (p=0.005, Table 2).
The launch time of enteral feeding was also different
between the groups in favor of SILG (p=0.002, Table 2).
The GT of a total of 32 patients was replaced with a "low
profile" button gastrostomy, and the time elapsed between
the operation date and the conversion date did not differ
for the two groups. The mean GT replacement time to a
button gastrostomy for both groups was 86.4+6.9 days. In
almost all children, this change was performed in the
outpatient clinic with only topical anesthesia or no pain
relief. About 76% of the patients were examined in the
follow-up and mean follow-up time was 24.13+£9.68
(range, 10-38) months for SILG group, and 37.94+16.39
(range, 1-60) months for open surgery group.
Complications

There was no postoperative death due to the operations in
either groups. In general, when all complications were
evaluated, more complications were found in the open
surgery group (p=0.077, Table 3). Complications were
divided into two as intraoperative complications and
postoperative complications according to the literature (9).
Intraoperative complications were not seen in both the
SILG group and the open surgery group. Postoperative
complications were also divided into care problems and
other complications leading to returning to the operating
room. Postoperative complications include intraperitoneal
leakage, bleeding, gastric detachment, early separation of
the tube, exit from the tube canal, pyloric occlusion and
gastrocolic fistula (10). There were exactly 16
postoperative complications were encountered among all
gastrostomy patients, 5 (33.3%) of which were in the SILG
group and 11 (64.7%) in the other group (p=0.077). The
most important complications in the open surgery group:
leakage and pneumoperitoneum were detected in one
patient and re-operated in the early period due to gastric
separation. In another patient in the same group, the GT
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was dislodged in the canal, which could not be replaced
and required surgery for repair. Just one tube associated
with the SILG procedure had this complication and was
changed without surgery.

A remarkable figure of maintenance issues (n=21, 65.6%)
was observed in both surgical groups such as tube
leakages, impairment in the function of the tube, local
infections, skin granulomas, and late dislocations. When
operative techniques were compared, there was no
difference between the groups in terms of the frequency of
these care issues (Table 3). All such complications and
care problems were treated with nonsurgical procedures
and conservative maintenance.

DISCUSSION

Nasogastric (NG) tube can be used in a short period in
children who cannot be fed orally. Although the NG
catheter provides complete enteral nutrition for nutritional
purposes, it also has some disadvantages. These
disadvantages may arise due to complications experienced
during the NG probe insertion phase or long-term use.
Complications such as pharyngeal discomfort, nasogastric
syndrome, sinusitis, nasotracheal intubation, esophagitis,
gastritis, and gastric bleeding may be encountered during
the NG catheter insertion phase and in the short period
after insertion. More serious complications in children fed

Table 1. Comparison of the demographic properties

SILG Open Surgery
(n=15) (n=17)
Gender, n (%)
Male 11 (73.3) 9 (52.9) 0.234
Female 4 (26.7) 8 (47.1) '
Age (month) 12 (104) [3-180] 108 (120) [6-180] 0.018
Weight (kg)  9.5(16.1) [3.5-66] 21 (16.8) [5.3-45] 0.044

SILG: single incision laparoscopic gastrostomy, descriptive statistics were given as
median (interquartile range) [minimum-maximum]

Table 2. Comparison of surgical outcomes

SILG Open Surgery
(n=15) (n=17)
Operation time (min) 32.60+8.23 33.1246.56  0.844
Anesthesia time (min)  47.00+8.43 47.29+7.88  0.919
Starting time of
Enteral Nutrition () 21.334+2.09 29.06+8.25  0.002
Starting time of Total 53 ¢7,35) 59504672 0.005

Enteral Nutrition (h)

SILG: single incision laparoscopic gastrostomy, descriptive statistics were given as
meantstandard deviation

Table 3. Comparison of complications, n (%)

SILG Open Surgery
(n=15) (n=17)
Intraoperative ) ) )
complications
Postoperative 5(333)  11(647) 0.077
complications
Return to operating room 0 (0.0) 2 (11.8) 0.486
Maintenance issues 10 (66.6) 11 (64.7) 0.907

SILG: single incision laparoscopic gastrostomy
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with NG catheter for a long time; erosion of the nasal
wings, knotting of the catheter in the esophagus or
stomach, GER, pneumothorax, tracheoesophageal fistula
may develop (11). For these reasons, gastrostomy
techniques have been developed and started to be used as
the gold standard in patients with chronic diseases where
NG cannot be used for a long time. Open Stamm
gastrostomy was the most widely used method until the
invention of the PEG technique which has been found after
long years usage of open surgery. However, with the
reporting of major problems associated with the PEG
procedure in children, it has increased anxiety about the
reliability and usefulness of this approach in the pediatric
population. Because it requires the PEG tube to be blindly
inserted from the peritoneal cavity into the stomach,
creating a harmful potential to the surrounding viscera.
After the discovery of laparoscopy and with the
improvement of smaller devices, a large variety of surgical
disorders in children, including gastrostomy, have been
corrected with this surgical technique (12).

In the last 20 years, studies including laparoscopy-assisted
gastrostomy experiences have been published. After these
methods involving 2-3 ports, as technology and innovation
continue to advance the field of MIS, single incision
laparoscopic surgery (SILS) for a variety of general,
bariatric, urological and pediatric surgical procedures is
gaining popularity as a method to achieve a less "scar-free"
abdomen. Compared to the traditional laparoscopic
procedure, the single-site technique can be considered less
invasive as it uses only one incision instead of 2 or 3. A
number of reports have been published in the literature
regarding the feasibility of SILS in various techniques in
adults. However, there are very few studies on the usage
of this new technique in children (13).

Before the procedure was decided, abdominal USG was
absolutely performed in patients, and if anomalies such as
hepatomegaly or splenomegaly were present, open surgery
was preferred to avoid laparoscopy complications. Open
surgery was also preferred in patients who had previously
undergone intra-abdominal surgery or in the presence of
conditions that prevent gastric mobilization, such as
previous TEF operation, and in patients with lung
problems that limit laparoscopy. In such patients with
suspected adhesion, single port surgery is risky and 2, 3 or
even 4 ports may be required (14), which prolongs the
operation time and decreases the feasibility compared to
open surgery. That's why we preferred the open approach
in such cases.

Previously published studies comparing laparoscopic and
open GT implantation but involving mostly adult patients
could not show a statistically important difference in the
rate of postoperative complications or tube revising (15).
In our study, we did not encounter intraoperative
complications in either group. However, the rate of
postoperative complications was surprisingly higher in the
open surgery group (33.3% and 64.7%, respectively). The
two patients who were re-operated were in the open
surgery group. On the other hand, this has been attributed
to other patient-related situations rather than the methods
employed. The patient, who was re-operated due to gastric
detachment, had severe scoliosis. In the other patient
whose catheter could not be inserted under polyclinic
conditions, her parents applied to the hospital too late and
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the tract was closed. In any case, the laparoscopic
procedure may have prevented such complications as it
provides better visualization of the whole intraabdominal
space and reduces the risk of wound dehiscence.

One more advantage of working under direct visualization
is the opportunity to select a sensitive site for the
appropriate gastric hole for tensionless connection to the
abdominal wall. Thus, one of the major advantages of the
SILG technique is the avoidance of critical complications
such as unwanted injury to abdominal organs, like the
insertion of the gastrostomy into the colon or liver and
unforeseeable hemorrhages. So, the technique can replace
other gastrostomy techniques, especially in young babies
and toddlers. Compared to PEG, the simplicity and
practicability of this single-site laparoscopic technique
could potentially become the first choice technic for GT
installment in young children. In our patient series, the
SILG method was applied to patients between 3 months
and 15 years old patients, there is no difficulty in choosing
the age, and it can be easily applied to children of all ages.
When compared in terms of tube maintenance problems,
there was no difference between the two surgical groups.
Similar problems were encountered in both groups and
similar maintenance intervals were required. However, we
experienced that tube changes can be done more easily in
the SILG group. We think that this is because the stomach
is fixed to the fascia in the SILG method. Likewise, the
inability to reattach in case of involuntary tube dislocation
was not observed in the SILG group, while one patient had
to be re-operated because of this reason in the open surgery
group.

On the other hand, the SILG technique is not applicable to
every child and the risks associated with each surgical
procedure vary depending on the characteristics of the
patients and accompanying health situations. For instance,
the pressure of the gas given during laparoscopy can be
dangerous in any children with lung diseases.
Furthermore, records of previous intraabdominal surgery
especially the upper region could challenge the surgeon
during laparoscopic surgery (16).

There were no statistically significant differences between
the two surgical groups according to operation times and
anesthesia durations. In the comparisons in the literature,
generally laparoscopic methods were found to be longer in
both times. We believe that the use of a single port in the
SILG method, unlike other laparoscopic methods, has an
effect on finding these times shorter. In addition, there was
no difference between the open surgery group and the
SILG group in terms of feasibility due to the use of a single
trocar, single telescope and single grasper during the
procedure, all of which are reusable.

Pain-related discomfort has been the subject of discussion
when discussing laparoscopic techniques with a single
incision. The hypothesis is that the larger the facial
incision, the more pain the patient will experience.
However, when we scan the patient files regarding the use
of painkillers, we found no significant distinction between
the two gastrostomy groups in terms of narcotic drugs or
anti-inflammatory medication.

CONCLUSION

SILG is a technique that is not technically demanding and
can be performed by any pediatric surgeon with experience
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in laparoscopy. Primary LG at the trocar insertion site can
be performed easily and safely in all children with
malnutrition due to low postoperative complication rates
and applicable for all ages of children.
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ABSTRACT

Aim: The aim of this study was to evaluate the association of neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) with acute rejection after kidney
transplantation.

Material and Methods: A total of 36 adult renal transplant recipients (33 males, 3 females)
with a median age of 41 (range, 19-64) years were included in this retrospective study
conducted between January 2016 and January 2019. Data on patient demographics and
laboratory findings (neutrophil, lymphocyte, platelet, creatinine, eGFR, serum uric acid and
C-reactive protein) were recorded. Acute rejection was defined via renal biopsy in accordance
with Banff criteria.

Results: Acute rejection occurred in 16 (44.4%) patients. NLR (median 3.75 vs. 1.99, p=0.001)
and PLR (median 125.59 vs. 99.23, p=0.008) values were significantly higher in the acute
rejection group than in the control group. Area under the curve was calculated to be 0.822 for
NLR and to be 0.759 for PLR. Cut-off values were determined to be >2.5 (75% sensitivity and
75% specificity) for NLR and to be >108 (81% sensitivity and 65% specificity) for PLR.
Univariate analysis revealed a strong correlation of acute rejection both with NLR >2.5 (Odds
Ratio (OR)=0.267, 95% Confidence Interval (C1)=0.089-0.803, p=0.019) and PLR >108
(OR=0.231, 95% CI=0.066-0.810, p=0.022).

Conclusion: In kidney transplant patients, there is a strong relationship between high NLR
and PLR values and the development of acute rejection. As simple, easy-to-access, inexpensive
and non-invasive methods, PLR, and particularly NLR, may be potential tests to diagnose post-
transplant acute rejection.

Keywords: Kidney transplantation; neutrophil-to-lymphocyte ratio; platelet-to-lymphocyte
ratio; acute rejection.

0z

Amag: Bu calismanin amaci notrofil-lenfosit orani (NLO) ve trombosit-lenfosit orani (TLO)
ile bobrek nakli sonrasi akut rejeksiyon arasindaki iliskiyi degerlendirmektir.

Gerec ve Yontemler: Ocak 2016 ile Ocak 2019 tarihleri arasinda yiiriitiilen bu geriye doniik
caligmaya ortanca yasi 41 (aralik, 19-64) y1l olan toplam 36 yetiskin (33 erkek, 3 kadm) bobrek
nakli alicis1 dahil edildi. Hastalarin demografik 6zellikleri ve laboratuvar bulgulari (ndtrofil,
lenfosit, trombosit, kreatinin, eGFR, serum iirik asit, C-reaktif protein) kaydedildi. Akut
rejeksiyon Banff kriterlerine gore renal biyopsi ile tanimlandi.

Bulgular: On alt1 (%44,4) hastada akut rejeksiyon gelisti. NLO (ortanca 3,75’e kars1 1,99;
p=0,001) ve TLO (ortanca 125,59’a kars1 99,23; p=0,008) degerleri akut rejeksiyon grubunda
kontrol grubuna gore anlamli olarak daha yiiksekti. Egri altindaki alan, NLO i¢in 0,822 ve
TLO i¢in 0,759 olarak hesaplandi. Cut-off deger NLO igin >2,5 (%75 duyarliik ve %75
ozgiillik) ve TLO igin >108 (%81 duyarlilik ve %65 o6zgiillik) olarak belirlendi. Tek
degiskenli analiz, NLO >2,5 (Odds Ratio (OR)=0,267; %95 Giiven Aralig1 (GA)=0,089-0,803;
p=0,019) ve TLO >108 (OR=0,231; %95 GA=0,066-0,810; p=0,022) ile akut rejeksiyon
arasinda giiclii bir korelasyon oldugunu ortaya koydu.

Sonug: Bobrek nakli hastalarinda, yiiksek NLO ve TLO degerleri ile akut rejeksiyon gelisimi
arasinda giiclii bir iligki vardir. Basit, erisimi kolay, ucuz ve invaziv olmayan yontemler olarak
TLO ve 6zellikle NLO, transplant sonrasi akut rejeksiyonu teshis etmek i¢in potansiyel testler
olabilirler.

Anahtar kelimeler: Bobrek nakli; notrofil-lenfosit orani; trombosit-lenfosit orani; akut
rejeksiyon.
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INTRODUCTION

Although kidney transplantation is the most effective
treatment option in the management of end-stage renal
disease, the graft function loss and acute rejection (AR) are
the major complications in the post-transplant period (1).
Donor type, tissue adaptation, age, gender, primary
diagnosis, delayed graft function, infections and vascular
complications are amongst the several factors considered
to be related to AR. Despite the improved success of
immunosuppressive therapy in recent years, graft loss
becomes inevitable in some patients (2,3).

While the needle biopsy is considered the standard
approach in diagnosis of acute allograft rejection, it is an
invasive method with potential complications such as
hemorrhage, infection and graft loss.

Non-invasive methods in diagnosing AR have become
increasingly used such as serum and urine biomarkers
along with cytometric and PCR analyses. However, due to
limitations of the currently available methods in terms of
sensitivity, specificity, predictive value, accessibility and cost
issues, the search for ideal test and methods continues (2).
The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) are considered strong predictors
of inflammation and to be associated with worse prognosis
in a variety of conditions that include chronic Kkidney
disease (3), cancer (4), coronary artery disease (5),
rheumatic diseases (6), heart transplantation (7) and
kidney transplantation (8-10). Given the inflammatory
nature of the rejection process, we have hypothesized that
NLR and PLR may alter during the rejection process and
in this way; they may serve as easily accessed, inexpensive
and non-invasive methods of detecting AR.

Therefore, the objective of this study was to investigate
post-transplant NLR and PLR in relation to acute graft
rejection in renal transplants recipients.

MATERIAL AND METHODS

This retrospective single-center study enrolled 54
consecutive patients over 18 years of age who underwent
kidney transplantation between January 2016 and January
2019 and were followed up in the transplantation clinic.
Written informed consent was obtained from each subject
following a detailed explanation of the objectives and
protocol of the study which was conducted in accordance
with the ethical principles stated in the “Declaration of
Helsinki” and approved by the Ufuk University Faculty of
Medicine Ethics Committee (25.02.2020, 4). Data on
patient demographics, clinical and laboratory findings and
follow-up records were retrieved from the hospital database.
Patients receiving ABO-compatible kidney transplantation
for the first time were included in the study. Age of <18
years, prior history of transplantation, presence of
postoperative vascular complications, administration of a
steroid-free  immunosuppressive  treatment  protocol
(steroids increase neutrophils and decrease lymphocytes,
thus modifying both NLR and PLR), any proven history of
acute coronary syndrome, cancer, primary bone marrow
disorder, thrombocytopenia, thrombocytosis, active
autoimmune disease, active chronic inflammation due to
untreated chronic infections, any diagnosis of BK
nephropathy or CMV positivity, and systemic, urinary or
local documented infection proven by a culture at any
evaluation period were the exclusion criteria of the study.

NLR and PLR in Relation to Graft Function

Routine laboratory tests included complete blood count
(neutrophil, lymphocyte, and platelet), creatinine, serum
uric acid, C-reactive protein (CRP) and tacrolimus levels
as well as estimated glomerular filtration rate (eGFR)
measurement. The patients were not evaluated in the early
post-transplant period to rule out the potential impact of
surgery or high dose immunosuppression on white blood
cells.

When indicated, anti-thymocyte globulin (ATG, Grafalon
Neovii) was administered at 100 mg/g dose for 3 days.
Following total 1500 mg intravenous methyl-
prednisolone, all patients received oral prednisolone (0.8
mg/kg/day). Prednisolone dose was tapered to 30 mg/day
at 1 month, to 20 mg/day at 2 months and to 5 mg/day after
3 months. In the maintenance treatment phase, calcineurin
inhibitor (tacrolimus (Tac); 0.1 mg/kg/day, 2 doses per
day) and antiproliferative agent (mycophenolate mofetil;
maximum 2 g/day or mycophenolate sodium; maximum
1440 mg/g) were used along with the prednisolone. Tac
doses were titrated as needed to achieve target blood
levels. AR was defined as the increase in creatinine levels
by 30% above the baseline values that was not attributable
to any other causes, and in case of AR, renal biopsy was
performed and treatment (pulse methyl-prednisolone,
ATG, plasmapheresis, and intravenous immunoglobulin
treatments alone or in combination) were administered
according to Banff criteria (11).

Age- and median follow-up time-matched Kidney
transplant patients who had no rejection episode served as
the control group. The blood samples collected on the day
of the admission to the clinic were used for the analyses in
the AR group, while blood samples collected on the last
outpatient clinic visit day were used for the analyses in the
control group.

NLR was calculated by dividing the absolute neutrophil
count by the absolute lymphocyte count. PLR was
calculated by dividing the absolute platelet count by the
absolute lymphocyte count. Varying levels of NLR have
been considered to be prognostic in different disease
settings, including NLR >5 in cancer patients and NLR
>3.5 in cardiovascular and acute surgical patients (10). In
general, a normal NLR is considered to be <3. A NLR
value of 2.5 or greater was therefore considered as elevated
in this study.

Statistical Analysis

Statistical analysis was made using IBM SPSS Statistics
for Windows, version 22.0 (IBM Corp., Armonk, NY)
package. We could not say that probability distributions of
the all variables are normally distributed with
Kolmogorov-Smirnov test, therefore Mann-Whitney U
test was used for those variables. To estimate the
predictive value of NLR and PLR for the AR, receiver
operating characteristic (ROC) curve was plotted, and the
area under the curve (AUC) was calculated to compare the
discriminatory performance of NLR or PLR in prediction
of the AR, with 95% confidence interval (Cl). After
determining the appropriate cut-off points, with univariate
binary logistic regression we further examine the
relationship from a categorical perspective. Data were
expressed as median, 1% and 3 quartiles, minimum-
maximum, and percent where appropriate. A p value of
<0.05 was considered statistically significant.
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RESULTS

The final study group subjected to analysis included 36
patients since 18 patients were excluded due to active
infection. Majority of patients (n=33, 91.7%) were males,
the median age was 41 (range, 19-64) years and the follow-
up period was 34.4 (range, 21.3-53.4) months. The primary
etiology of end-stage renal disease included chronic
glomerulonephritis in 14 (38.9%) patients, hypertension in
7 (19.4%) patients, secondary amyloidosis in 6 (16.7%)
patients, type 2 diabetes mellitus in 3 (8.3%) patients,
nephrolithiasis in 2 (5.6%) patients and polycystic kidney
disease in 2 (5.6%) patients, while no detectable cause was
evident in 2 (5.6%) patients.

Data on type of dialysis, tissue adaptation, type of
transplantation and type of induction treatments of patients
are provided in Table 1.

The median values for neutrophil, lymphocyte and
platelets were 5130 (range, 1490-9940), 1890 (range,
1100-3500) and 227450 (range, 124000-308400) cell/mm?3,
respectively. The median NLR was 2.40 (range, 1.05-8.02)
and PLR was 113.99 (range, 65.26-237.90).

Acute allograft rejection occurred in 16 (44.4%) patients.
In microscopic examination of kidney biopsies of patients
with AR; tubulitis in 9 patients, peritubular capillaritis in 7
patients, endarteritis in 8 patients, with different densities,
were observed. Thrombotic microangiopathy was
observed in 2 patients. Amyloid was negative in all
patients. In immunohistochemical examination; T cell
infiltrates of different densities were observed with CD3 in
12 patients. While linear staining was observed in
peritubular capillaries diffuse with CD4 in 10 patients, no
specific staining was observed in peritubular capillaries
with CD4 in 6 patients. SV40 was negative in all patients.
In terms of histopathological diagnosis, borderline
changes in terms of cellular rejection in 5 patients, acute
T-cell mediated rejection in 9 patients (4 patients Banff
grade IA, 3 patients Banff Grade IB, 2 patients Banff grade
[1A), acute antibody-mediated and acute T-cell mediated
rejection (Banff grade 11A) was observed in 2 patients. In
addition, findings consistent with calcineurin inhibitor
toxicity were observed in 4 patients.

Comparisons of the demographics and clinical features
between the AR and control groups are summarized in
Table 2. The median duration of follow up was 39.26
(range, 21.47-53.10) months in the AR group and 33.30
(range, 21.33-53.40) months in the control group. In the
AR group, the median time from renal transplantation to

NLR and PLR in Relation to Graft Function

AR was 1.72 (range, 0.03-26.30) months. The patients in
the AR and control groups were similar in terms of
duration of follow-up (p=0.924), age (p=0.975) and uric
acid levels (p=0.823). When compared to control group,
patients in the AR group had significantly higher baseline
serum creatinine (p<0.001) and CRP levels (p<0.001)
whereas significantly lower eGFR (p<0.001).

Table 1. Demographic and clinical characteristics in the
overall study group (n=36)

n (%)

Gender

Male 33 (91.7)

Female 3(8.3)
Dialysis type

Preemptive 22 (61.1)

Hemodialysis 13 (36.1)

Peritoneal dialysis 1(2.8)
Transplantation type

Live 36 (100)

Cadaveric 0 (0.0)
Mismatch

0 MM 3(8.3)

1 MM 1(2.8)

2MM 8 (22.2)

3 MM 14 (38.9)

4 MM 4(11.1)

5MM 5(13.9)

6 MM 1(2.8)
Induction treatment

ATG 10 (27.8)

Non-inducted 26 (72.2)

Median (Q1-Qs) [Min-Max]
41 (30-53) [19-64]
34.4 (28.6-47.2) [21.33-53.40]
1.37 (1.25-1.78) [0.82-6.49]
58 (45-68.5) [8.00-108.00]
5.65 (5.15-6.45) [3.60-8.00]
1.05 (0.25-4) [0.11-90.06]
5130 (3930-5980) [1490-9940]
1890 (1710-2340) [1100-3500]
227450 (201600-254450) [124000-308400]
NLR 2.40 (1.82-3.29) [1.05-8.02]

PLR 113.99 (88.44-142.75) [65.26-237.90]

ATG: anti-thymocyte globulin, eGFR: estimated glomerular filtration rate, CRP: C-
reactive protein, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-
lymphocyte ratio, Q1-Q3: 1% quartile - 3" quartile, Min-Max: minimum-maximum

Age (year)

Transplant time (month)
Creatinine (mg/dL)
eGFR

Uric acid (mg/dL)

CRP (mg/dL)
Neutrophil (cell/mm3)
Lymphocyte (cell/mm3)
Platelet (cell/mm3)

Table 2. Comparison of demographical characteristic and biochemical parameters in study groups

Acute Rejection (n=16)

Control (n=20)

Median Q1-Qs Min-Max Median Q1-Qs Min-Max P
Duration follow-up (month) 39.26 27.86-48.80 21.47-53.10 33.30 29.64-44.99 21.33-53.40 0.924
Age (year) 44.00 26.75-54.25 19-61 38.50 30.00-49.75 24-64 0.975
Creatinine (mg/dL) 1.76 1.53-3.15 1.34-6.49 1.27 1.12-1.37 0.82-1.70  <0.001
eGFR 44.00 23.75-53.02 8.0-66.00 66.71 62.25-77.00 43.00-108.00 <0.001
Uric acid (mg/dL) 5.55 5.20-6.52 3.70-8.00 5.70 5.05-6.40 3.60-7.70 0.823
CRP (mg/L) 1.70 1.10-7.97 0.50-9.06 0.35 0.08-1.62 0.01-8.50  <0.001
NLR 3.75 2.49-5.07 1.31-8.02 1.99 1.60-2.47 1.05-3.08 <0.001
PLR 125.59 112.97-162.79 71.88-237.90 99.23 83.09-120.31 65.26-146.93 0.008

eGFR: estimated glomerular filtration rate, CRP: C-reactive protein, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, Q1-Q3: 1st quartile - 3rd quartile, Min-Max: minimum-maximum
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Both NLR (median 3.75 vs. 1.99, p<0.001) and PLR
(median 125.59 wvs. 99.23, p=0.008) values were
significantly higher in the AR group compared to control
group (Table 2, Figure 1, Figure 2).

ROC analysis revealed NLR cut-off value >2.5
(AUC=0.822, 95% CI=0.677-0.967, standard error
(SE)=0.074, p=0.019) to be a potential marker of AR with
a sensitivity of 75% and specificity of 75%, while PLR cut-
off value >108 (AUC=0.759, 95% CI=0.597-0.922,
SE=0.083, p=0.022) was also a potential marker of AR
with a sensitivity of 81% and specificity of 65%. In this
regard, values of NLR>2.5 and PLR>108 were considered
as elevated (Figure 3).

Univariate binary logistic regression analysis was
performed to analyze the association of both NLR and PLR
with AR. The NLR >2.5 (Odds Ratio (OR)=0.267,
95%C1=0.089-0.803, p=0.019) and PLR >108 (OR=0.231,
95% CI=0.066-0.810, p=0.022) were determined to be
significantly associated with AR.

DISCUSSION

Our findings revealed significantly higher NLR and PLR
values in the AR group when compared to control group,
as well as the association of higher NLR and PLR values
with an increased risk of AR in renal transplant recipients.
NLR and PLR are inflammatory markers that are
inexpensive and readily available in routine clinical
practice. Growing evidence exists regarding the predictive
value of these markers in several conditions such as
cancer, cardiovascular disease, rheumatic diseases,
infections and transplantations (7,12-17). Additionally
there are studies showing that NLR and PLR levels are
positively correlated with inflammatory cytokines in
patients with end-stage renal disease (15). Turkmen et al.
(14) reported that kidney transplant patients had a higher
NLR than healthy subjects and concluded that the higher
values were due to the ongoing inflammation in these
patients (14).

AR is the major cause of graft dysfunction in kidney
transplantation. Given that most of the patients who
developed AR are initially asymptomatic, the diagnosis
can often be delayed. Therefore, availability of an easily
applicable marker for both prediction and early detection
of AR is important for kidney transplant patients. The most
frequently used parameter for AR prediction is the increase
in serum creatinine, but the increase in creatinine is a
reflection of the histological damage in the kidney in the
late period of the rejection episode.

The mechanisms underlying the association of elevated
NLR and PLR with the development of AR are considered
complex and unclear. Inflammation-related disruptions in
hematologic cell lines including neutrophilia and
thrombocytosis lead to elevations of NLR and PLR.
However, most of immunosuppressive treatments
selectively inhibit the activation and proliferation of
lymphocytes. In this regard, the combination of either
neutrophilia or thrombocytosis with lymphopenia may
contribute to development of AR. Several experimental
studies in mice have indicated the possible role of
neutrophils after transplantation, mainly via neutrophil
activated B2-integrin, while the association of neutrophil
penetration and gathering in the allograft tissue with AR
has been reported to occur through B2-integrin in rodents.

NLR and PLR in Relation to Graft Function

Neutrophils are known to induce the progression of AR of
allografts and thus the inhibition of neutrophil infiltration
into the allograft has been associated with lower likelihood
of rejection and an improved survival of the allograft. In
this regard, NLR is considered amongst the independent
predictors of the risk of AR (18-20).

NLR(Neutrophil-to-Lymphocyte Ratio)

=

AR Control

Group

Figure 1. Comparison of NLR values between acute kidney
rejection and control groups: the median NLR level was
significantly higher in AR group (3.75 vs 1.99, p<0.001).

250,00
20000
150,00

10000

PLR (Platelet-to-lymphocyte ratio)

s000

AR Control
Group

Figure 2. Comparison of PLR values between acute kidney
rejection and control groups: the median PLR level was
significantly higher in AR group (125.59 vs 99.23, p=0.008).
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Figure 3. ROC curve analysis of the role of NLR and PLR
in prediction of acute rejection. ROC: receiver operating
characteristic, NLR: neutrophil-to-lymphocyte ratio,
PLR: platelet-to-lymphocyte ratio
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Ergin et al. (16) reported that NLR values >2.5 were
associated with AR (median NLR 4.06 vs. 1.24) in kidney
transplant patients. In a study investigating early allograft
rejection and NLR rate in 1531 liver transplant patients,
the NLR rate was found to be significantly higher in
patients with rejection (median 3.49 vs. 2.07) and NLR
>2,85 (OR=1.89) was an independent predictor of early
allograft rejection (21). Similar results were obtained in
our study (median NLR 3.75 vs 1.99). In addition, we
believe that the increase in NLR in AR patients was
unrelated to corticosteroid dosage, because all the patients
were using the same maintenance dosage.

In our study, the risk of developing AR in patients with an
NLR value below 2.5 was 0.267 times lower than in
patients with an NLR value above 2.5. Interestingly,
Naranjo et al. (1) indicated 7-fold higher NLR in patients
without evidence of acute cellular rejection than in patients
with findings of acute cellular rejection, and similar trend
(5.5-fold higher levels in the absence of rejection) was also
reported for PLR and they explained this different result
with the relative increase of lymphocyte count in patients
who developed rejection (1).

Halazun et al. (10) reported the association of elevated
preoperative NLR levels with a higher risk of developing
graft function along with role of NLR over 3.5 in
predicting (AUC=0.751) the delayed graft function.
However in our study, patients with NLR over 2.5 were
more likely to develop AR (AUC=0.822).

Turkmen et al. (22) reported that PLR can be used to
predict inflammation in patients with end stage renal
disease and it is superior to NLR when used as a marker of
inflammation. Seropian et al. (7) reported that in heart
transplant patients, NLR was a more useful marker than
PLR at ROC analysis (AUC, 0.644 vs. 0.599) in prediction
of 1-year mortality after transplantation. In the current
head-to-head comparison of NLR and PLR, our findings
revealed that NLR was more useful marker at ROC curve
for predicting AR.

The main limitation of this study is that it was a retrospective
single center study. In addition, the sample size was
relatively small, and a single measurement of NLR and PLR
may not accurately reflect the changes over time. Future
studies that obtain serial changes of NLR and PLR would be
useful to clarify to role of these ratios in the follow up of AR.

CONCLUSION

In conclusion, our findings indicate that PLR and specially
NLR are non-invasive, useful, low-cost, widely available
markers for AR in renal transplant patients. Further
validation from prospective larger-scale controlled and
multicenter cohorts seems to be helpful to determine the
predictability of these tests in the early diagnosis of AR.
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ABSTRACT

Aim: The aim of this study is to investigate the ocular pathologies in mentally retarded
pediatric patients without Down syndrome or any certain chromosomal-genetic anomaly.
Material and Methods: A total of 189 patients, including 79 mental retarded and 110 healthy
children, were included in this study between 2010 and 2011. Demographic factors (age,
gender) of the patients, and affected side, visual acuity, esotropia, exotropia, anterior segment
pathologies and posterior segment pathologies were evaluated. All pediatric patients in study
group were divided as 1Q level <34, 35-49, 50-69, and >70 according to Wechsler Intelligence
Scale for Children-Revised Form.

Results: The mean age of the children with mental retardation was 11.85+6.19 (3-17) years,
while the mean age of healthy children was 10.73£3.35 (3-15) years. While visual impairment
was present in 8 of the 74 patients whose vision was evaluated, there was no impairment in the
healthy group (p=0.001 and p=0.004 for right and left, respectively). Anterior segment
pathology was detected in 2 (2.5%) cases, and posterior segment pathology in 3 (3.8%) cases
in children with low 1Q. While strabismus was detected in 7 (8.9%) patients with low 1Q, no
strabismus was found in healthy children. Five (6.3%) of the cases with mental retardation had
exotropia and 2 (2.5%) had esotropia. Exotropia was found significantly higher in children
with mental retardation compared to the control group (p=0.012).

Conclusion: Visual impairment, anterior-posterior segment pathology, exotropia had a high
prevalence in children with mental retardation, and all ocular pathologies were related to low
intellectual disability.

Keywords: Children; mentally retarded; vision disorders.

0z

Amac¢: Bu calismanin amact Down sendromu veya herhangi bir kromozomal-genetik
anomalisi olmayan zihinsel engelli pediatrik hastalarda okiiler patolojilerin arastirilmasidir.
Gerec ve Yontemler: Bu galismaya 2010 ve 2011 yillari arasinda 79 zeka geriligi olan ve 110
saglikli cocuk olmak iizere toplam 189 hasta dahil edildi. Hastalarin demografik faktorleri (yas,
cinsiyet) ile etkilenen taraf, gérme keskinligi, ezotropya, ekzotropya, 6n segment patolojileri
ve arka segment patolojileri degerlendirildi. Calisgma grubundaki tiim pediatrik hastalar
Wechsler Cocuklar icin Zeka Olgegi-Yenilenmis Formu’na gore IQ diizeyi <34, 35-49, 50-69
ve >70 olarak ayrildi.

Bulgular: Zeka geriligi olan ¢ocuklarin yas ortalamasi 11,85+6,19 (3-17) yil iken saglikli
cocuklarin yas ortalamasi 10,7343,35 (3-15) yil idi. Gormesi degerlendirilen 74 hastanin 8'inde
gorme bozuklugu varken, saglikli grupta ise hi¢ gérme bozuklugu yoktu (sag ve sol i¢in
sirastyla p=0,001 ve p=0,004). Diisiik IQ'lu ¢ocuklarda, 2 (%2,5) olguda 6n segment patolojisi
ve 3 (%3,8) olguda ise arka segment patolojisi saptandi. Diisiik IQ'lu hastalarin 7 (%8,9)'sinde
sagilik saptanirken saglikli cocuklarda ise hig sasilik saptanmadi. Zeka geriligi olan olgularin
5 (%6,3)'inde ekzotropya, 2 (%2,5)'sinde ise ezotropya vardi. Ekzotropya zeka geriligi olan
cocuklarda kontrol grubuna gore anlamli derecede daha yiiksek olarak bulundu (p=0,012).
Sonug: Zihinsel engelli ¢ocuklarda gorme bozuklugu, 6n-arka segment patolojisi, ekzotropya
yiiksek prevalansa sahipti ve tiim okiiler patolojiler diisiik zihinsel engelle iligkiliydi.
Anahtar kelimeler: Cocuk; zihinsel 6ziirlii; gorme bozukluklari.
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INTRODUCTION

Mental retardation is defined by low intellectual
(intelligence quotient, 1Q <75) functioning and is
accompanied by many ocular findings, including
pathologies of the anterior and posterior ocular segments,
as strabismus, refractive errors, visual acuity (1-4). The
incidence of each ocular abnormality varies in different
studies (5-7). Sauer et al. (7) examined the refractive errors
and ocular pathologies between newborn and children with
severe behavioral pathologies and developmental
disabilities. The authors studied a retrospective review of
ocular examinations that 222 children between the ages of
0 and 4 (mean 2.2+0.9) years were performed and 100
(45.0%) had an ocular abnormality. They resulted that the
frequency of ocular abnormality was 33.3%, strabismus
was 10.9%, and nystagmus was 12.2%. In addition, they
demonstrated that ophthalmic pathologies are most
frequent even at a young age in children with behavioral
pathologies and developmental disorders (8). And also,
most visual pathologies in children with retarded
intellectual development can be treated; early diagnosis
and intervention can have a lifelong positive effect on
neurodevelopment (9,10). Adults with mental retardation
have a significantly higher rate of pathological ocular
findings compared to the healthy population (11,12).
Similarly, children with mental retardation are twice more
likely to have abnormal eye findings than healthy
children (13). Causes of mental retardation can be
examined in two main groups; first, chromosomal
disorders, genetic syndromes and second ones whose
causes are not fully determined (4). In Turkey, the
mentally retarded in 60% of patients in a study conducted
in patients with a genetic-chromosomal disorder was
detected, in 40%, no specific cause could be determined
(2,3). The aim of this study was to investigate the ocular
findings in mentally retarded patients without Down
syndrome or any certain chromosomal-genetic anomaly.
In this current study, we studied ocular findings in children
with mentally retardation and compared the results with
healthy children.

MATERIAL AND METHODS

Between October 2010 and December 2011, 189 patients
who met the inclusion criteria out of 200 patients (90
mentally retarded, 110 healthy) aged 0-18 years who
applied to Duzce University Faculty of Medicine
ophthalmology clinic with the diagnosis of motor or
mental developmental retardation or for special education
were included in the study. A prospective comparative
evaluation was made in terms of routine ocular
examination and strabismus.

This study was approved by the Duzce University Faculty
of Medicine non-invasive health research ethics committee
(2010/66), and all patients were informed about the study,
informed consent form and ethical approval were obtained.
Patients with 1Q level of 75 and below were included in
the study group, while patients with Down syndrome (n=4)
and diagnosed chromosomal genetic anomaly (n=7) were
excluded from the study. Patients with normal intelligence
(1Q >80) who applied to a healthy pediatric outpatient
clinic were included in the control group. In this study, a
total of 189 patients, including 79 mental retarded and 110
healthy children were included.

Ocular Pathologies in Children with Mental Retardation

The results of a complete ocular examination by a
strabismus specialist including pattern and size of eye
deviation, visual acuity, refractive errors and presence or
absence of amblyopia was evaluated. Age and gender as
the demographic factors of the patients, and affected side,
visual acuity, esotropia, exotropia, anterior segment
pathologies and posterior segment pathologies were
evaluated. An autorefractor (Nikon Retinomax K-plus;
Nikon, Melville, NY, USA) was used for refractive errors
with in cycloplegia (30 mins after cyclopentolate 1%), in
addition esotrophia and exotropia was evaluated using
Hirschberg's test. All pediatric patients in study group
were divided as 1Q <34 (n=4), 1Q 35-49 (n=20), I1Q 50-69
(n=54), 1Q >70 (n=1) according to Wechsler Intelligence
Scale for Children-Revised Form (WISC-R).

Statistical Analysis

Statistical analyzes were performed using the number
cruncher statistical system (NCSS) 2007 statistical
software. In the evaluation of the data, in addition to
descriptive statistical methods (mean, standard deviation),
the distribution of variables was examined with the
Kolmogorov-Smirnov  normality  test. Independent
samples t test for comparison of groups in terms of
normally distributed variables and also Chi-square and
Fisher's exact tests were used for comparisons of
qualitative data. The results were evaluated at the
significance level of <0.05.

RESULTS

Seventy nine children (44 male, 35 female) with mental
retardation (IQ <75) and 110 healthy children (62 males,
48 female) were included in this study. The mean age of
children with mental retardation was 11.85+6.19 (3-17)
years, while the mean age of healthy children was
10.73+3.35 (3-15) years. No statistically significant
difference was observed between the mean age and gender
distribution of both groups (p=0.111, p=0.927). When
mental retardation was examined by 1Q level, 1 patient had
mild (1Q >70), 54 patients had moderate (1Q =50-69), 20
patients had severe (1Q =35-49), and 4 patients had very
severe (1Q <34) 1Q level.

In 5 patients with low 1Q, the visual level could not be
determined because they could not be cooperated. While
visual impairment was present in 8 of the 74 patients
whose vision was evaluated, there was no impairment in
the healthy group (p=0.001 and p=0.004 for right and left,
respectively). While anterior segment pathology was
detected in 2 (2.5%) cases in children with low 1Q,
cataracts and other anterior segment pathologies were not
found in the healthy group (p=0.173). In cases with low
1Q, 1 patient had advanced myopia, 1 patient had optic
atrophy and 1 patient had chorioretinal degeneration, while
no posterior segment pathology was found in the healthy
group (p=0.071 both right and left). While strabismus was
detected in 7 (8.9%) patients with low 1Q, no strabismus
was found in healthy children. Five (6.3%) of the cases
with mental retardation had exotropia and 2 (2.5%) had
esotropia. Exotropia was found significantly higher in
children with mental retardation compared to the control
group (p=0.012). In terms of esotropia, no significant
difference was found between children with mental
retardation and the control group (p=0.173, Table 1, 2).
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Table 1. Comparison of MR and control groups

Control MR
(n=110) (n=79) P
Age (years), mean+SD  10.73+3.35 11.85+6.19 0.1117
Gender, n (%)
Male 62 (56.4) 44 (55.7)  0.927*
Female 48 (43.6) 35 (44.3)
Exotropia 0 (0.0 5(6.3) 0.012'
Esotropia 0(0.0) 2(2.5) 0.173
Visual Acuity (R) 0(0.0) 8 (10.1) 0.001'
Visual Acuity (L) 0(0.0) 6 (7.6) 0.004'
Anterior segment (R) 0 (0.0) 2(2.5) 0.173
Anterior segment (L) 0(0.0) 2(2.5) 0.173
Posterior segment (R) 0 (0.0 3(3.8) 0.071!
Posterior segment (L) 0(0.0) 3(3.8) 0.071!

MR: mental retardation, SD: standard deviation, R: right, L: left, *: Independent
samples t test, * Chi square test, : Fisher's exact test

Table 2. Ocular pathologies by 1Q level in children with
mental retardation

<34 35-49
(n=4) (n=20)

50-69 >70
(n=54) (n=1)

Gender, n (%)

Male 4 (100) 11 (55.0) 29 (53.7) 0(0.0)

Female 0(0.0) 9(45.0) 25 (46.3) 1(100)
Exotropia 0(.00 1(.0) 474 0(0.0)
Esotropia 1(25.00 0(0.0) 1(1.9) 0(0.0)
Visual Acuity (R) 1(25.0) 1(5.00 5(9.3) 1(100)
Visual Acuity (L) 1(25.0) 1(5.00 3(5.6) 1(100)
Anterior segment (R) 1(25.0) 1(5.00 0(0.0) 0(0.0)
Anterior segment (L) 1(25.0) 1(5.0)0 0(0.0) 0(0.0)
Posterior segment (R) 1(25.0) 1(5.0) 1(1.9) 0(0.0)
Posterior segment (L) 1(25.0) 1(5.0) 1(1.9) 0(0.0)

1Q: intelligence quotient, MR: mental retardation, R: right, L: left

DISCUSSION

We present ocular pathology in children with mentally
retardation and compared the results with healthy children
in this current prospective study. We resulted that
refractive errors, anterior-posterior segment pathology and
strabismus (especially exotropia) were most frequently
seen in mentally retarded children than healthy.

In mental retardation, there is a slow growing development
of intelligence, affecting all cognitive abilities (14).
Accordingly, children with mental retardation experience
deficiencies in social activities such as communication,
self-management, social skills, self-care, using social
resources and ensuring their personal safety (15).
Behavioral research has shown that the impact of visual
impairment on early development is profound, and early in
life, visually impaired children begin to lag behind
children who see developmentally similar (2). Adults with
mental retardation have a higher rate of refractive errors
and ocular pathologies compared to the general population
(13,16). Similarly, children with mental retardation are
twice as likely to have ocular pathology than healthy
children (17,18). Akinci et al. (17) evaluated the
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ophthalmological findings in children with intellectual
disability and in controls of mean intellectual
development. The authors compared 724 cases with
intellectual disability and 151 control children in their
study. They demonstrated that increasing severity of
intellectual disability was related to higher prevalence of
nystagmus, strabismus, astigmatism, hypermetropia, and
anisometropia. In addition they resulted that in children
with moderate, severe and syndromic mental retardation,
evaluation and treatment of eye findings are important in
reducing future health and social care costs and improving
their productive lives. In another study, Aslan et al. (18)
examined 215 children with mental disabilities (90 Down
syndrome, 125 nonprofound ID) and 116 healthy cases for
causeless preventable visual impairment in mentally
retarded children. The authors resulted that the children
with intellectual disability has a high prevalence of
preventable visual impairments, refractive errors,
strabismus, and cataracts.

In cases of mental retardation not related to a prominent
chromosomal genetic disorder such as Down syndrome in
etiology, the incidence of strabismus was found to be
significantly higher than in healthy children (19). In terms
of the direction of strabismus, exotropia is more common
than esotropia. Our study and some other series show that
strabismus can be seen more in mental retardation than in
the normal population (20,21). Sandfeld Nielsen et al. (20)
studied that prevalence of refractive errors and strabismus
in children with developmental delay. The authors
examined 923 children with 1Q <80, aged between 4-15
years in their study. They showed that strabismus was
found in 26.8% of subjects (esotropia in 14.9%, exotropia
in 10.3%, and other forms, including mixed types, in
1.6%). As a result, strabismus was significantly correlated
with low 1Q. In addition, there are case series reporting the
incidence of strabismus of 40% or more in mentally
retarded cases (15,16).

Exotropia was significantly more common in cases with
mental retardation in our study. Similarly, there are studies
emphasizing that exotropia is more common in mentally
disabled people (21), as well as publications reporting that
esotropia is more common (20,22). Gogate et al. (21)
examined that results of horizontal strabismus surgery.
The authors studied 529 children 9 years in their study.
They showed that exotropia was most often than esotropia
in children. On the other hand, Donnelly et al. (22) studied
that the prevalence of childhood visual disorders:
amblyopia (strabismus, refractive errors) and organic
disease. The authors studied 1582 children aged 8-9 years
in their study. They resulted that 198 children (12.5%) had
a significant visual disorder: strabismus (3.98%), eso:exo
rate 5:1, anisometropia (2.34%), ametropia (5.82%),
organic defects (0.38%). It is noteworthy that esotropia is
more common in Down syndrome cases (19,23).
Exclusion of Down syndrome and cases with other
chromosomal anomalies in our study may play a role in the
detection of exotropia more frequently.

There are a few limitations in this current study. First, the
number of patients was relatively small. Children with
syndromic mental retardation could be included in our
study and compared with non-syndromic and healthy
children. Further prospective-multicenter studies with
large number of patients are needed.
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CONCLUSION

There is already a difficulty in communicative and social
skills in children with mental retardation. Strabismus can
complicate the social adaptation of the child, as it can
increase negative social pressure on the child. Removing
cosmetic or visual ocular problems can facilitate social
adaptation by reducing social pressure in children with
mental retardation.
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ABSTRACT

Aim: Nicolau syndrome (NS) is the necrosis of skin and subcuticular tissue, following
injection of many drugs, which covers nearly a perforasome. This study aims to unveil our
clinical approach and treatment alternatives against this rare pathology subsequent to
diclofenac sodium.

Material and Methods: In this retrospective study, our approach to 16 patients who developed
NS at the injection site after diclofenac sodium injection was evaluated. Patients’ demographic
data, concomitant diseases, location and size of necrosis, and surgical techniques were
collected. Post-operative complications, hospitalization period and results were evaluated.
Results: There were total of 16 patients, 2 of which were male and 14 were female. The mean
age was 60+14.4 years, and the mean body mass index (BMI) was 33+1.4 kg/m?. The major
concomitant comorbidity was diabetes mellitus, followed by primary hypertension. The mean
defect size was 8x8x5 cm. Surgical debridement was applied to all 16 necrosis. Following the
surgical debridement of necrosis, 8 patients were reconstructed with primary closure, 6 patients
with fasciocutaneous flaps and 2 patients with delayed primary closure after a week. All
patients heal completely without complications.

Conclusion: Utmost care must be given when performing diclofenac sodium injections to the
patients with comorbidities, such as high BMI, diabetes mellitus, and primary hypertension.
The caregiver must be certain that the needle is in the muscular plane and no perforator vessel
to be harmed during this procedure. In case of a post-injection necrosis, an early intervention
with surgical debridement and reconstruction is an efficient treatment.

Keywords: Diclofenac sodium; injection; intramuscular; Nicolau syndrome.

0z

Amag: Nicolau sendromu (NS), baz1 ilaglarin enjeksiyonlarini takiben gelisen ve yaklagik bir
perforazomu kaplayan boyutlara ulasan yumusak doku ve ciltte nekroz gelismesi durumudur.
Bu ¢alismada klinikte sik karsilagilmayan diklofenak sodyum enjeksiyonu sonrasi gelismis bu
nadir patolojiye yonelik klinik yaklasimimiz ve tedavi alternatiflerinin  sunulmasi
amaglanmustir.

Gerec ve Yontemler: Bu geriye doniik ¢alismada diklofenak sodyum enjeksiyonu sonrasi
enjeksiyon yerinde NS gelisen 16 hastaya yaklagimimiz degerlendirildi. Hastalarin demografik
verileri, eslik eden hastaliklari, nekrozun yerlesimi ve boyutlari ve cerrahi teknikler tarandi.
Postoperatif komplikasyonlar, hastanede kalis siiresi ve sonuglar degerlendirildi.

Bulgular: Toplam 16 hasta mevcut olup bunlarm 144 kadin 2'si erkek idi. Ortalama yas
60+14,4 yil ve ortalama viicut kitle indeksi (VKI) 33£1,4 kg/m? idi. En sik eslik eden hastalik
diyabetes mellitus, daha sonra primer hipertansiyon olarak gozlendi. Ortalama nekroz boyutu
8x8x5 cm olarak saptandi. Tiim 16 nekroza da cerrahi debridman uygulandi. Nekrozun cerrahi
debridmani sonrasi 8 hastanin defekti primer kapatilirken 6 hastada fasyokutan flep yapildi ve
2 hasta ise bir hafta sonra gecikmis primer olarak onarildi. Hastalarin tiimii sorunsuz olarak
tamamen iyilesti.

Sonug: Yiiksek VKI, diyabetes mellitus ve primer hipertansiyon gibi komorbid &zellikler
tasiyan hastalara diklofenak sodyum enjeksiyonu yapilirken ¢ok dikkatli olunmalidir. Islem
sirasinda, ignenin kas tabakasma kadar ulastigindan ve perforator bir damara denk
gelmediginden emin olunmalidir. Enjeksiyon sonrasi nekroz gelismesi durumunda erken
donemde cerrahi debridmani takiben rekonstriiksiyon etkili bir tedavidir.

Anahtar kelimeler: Diklofenak sodyum; enjeksiyon; intramiiskiiler; Nicolau sendromu.
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INTRODUCTION

Although it usually occurs after intramuscular injections,
the Nicolau syndrome (NS) is a rare reaction, which may
end up with the formation of a livedoid dermatitis-like
necrotic defect rarely emerging after subcutaneous or
intravenous injections (1). This pathologic state which was
initially recorded upon injection of bismuth salts, ends up
with a necrosis of the skin, the subcutaneous tissues, and
even sometimes within the musculature. It is often
attributed to the injection of NSAIDs, but it may also
happen with local anesthesia, penicillin, and vitamin K (2).
Although the mechanism behind this pathology is not
clear, fat necrosis and local cyclooxygenase (COX)
inhibition are believed to be the reason behind it (3).
According to the literature, the common surgical approach
towards NS cases comprises reconstruction of the harmed
tissue following an adequate debridement. In this study we
aimed to present our plastic surgery approach towards NS,
based on 16 cases who treated in our clinic.

MATERIAL AND METHODS

Upon approval of the Istanbul Medeniyet University
Clinical Research Ethics Committee (2020/0406), 16 NS
cases had been detected which have been treated at our
institution and retrospectively analyzed between the years
of 2016 and 2020. All cases were patients who received
intramuscular diclofenac sodium injections at different
parts of the body. The demographics, body mass indexes
(BMIs), pre-injection medical conditions, comorbidities,
defect areas, preoperative-intraoperative and postoperative
photographs of patients and their follow-up data were
examined.

Surgical Technique

All patients except one patient (general anesthesia) was
operated under spinal anesthesia and 1 gr of cephazoline
sodium (intravenous) was prophylactically given to each
one, an hour prior to the operation. Necrotic tissues were
debrided above muscular fascia until yellow colored
healthy fat tissue was observed. Deep tissue biopsy
samples were also taken. Upon completion of debridement
and irrigation, the depth and the surface area of the defect
was measured and photographed. After debridement, if the
defect is suitable for primary closure, the defect was
sutured primarily (Figure 1). Defects that cannot be closed
primarily were reconstructed with fasciocutaneous flaps
(Figure 2). Two patients, who had an infected wound area
that was not suitable for an immediate surgical closure,
were treated with negative pressure wound therapy
(NPWT). No limitations were applied for patient
mobilization after surgery. All patients were monitored
with hemovac drains and changed dressing every two days
in the post-operative period. The drains were held until the
drainage amount less than 25 cc/day. The patients were
discharged from the hospital after drainage tubes had been
expelled. The patients received 3x1 gr intravenous
cephazoline sodium within the day of operation, followed
by oral amoxicillin-clavulanic acid 2x1 gr for a week.

RESULTS

Sixteen patients with NS were treated at our clinic between
2016 and 2020, 14 of which were female and 2 were male.
The mean patient age was 60+14.4 (range, 35-78) years.
All of the patients, except the one (who was 35 years old),

Surgical Management of Nicolau Syndrome

had comorbidities. Diabetes mellitus was one of the most
common (n=10) comorbidities in the group, and primary
hypertension (n=6) was the second. The average BMI was
33+1.4 (range, 31.4-35.2) kg/m? (Table 1).

J = ~
Figure 1. The necrosis on the left gluteal region 2 weeks
after diclofenac sodium injection (a). The necrosis was
debrided (b). The fat thickness was evaluated 5 cm after
debridement (c). Postoperative 1% week of the gluteal
region after primary closure (d).

Figure 2. The necrosis on the left gluteal region 3 weeks
after diclofenac sodium injection (a). The necrosis was
debrided (b). The defect was reconstructed with a
fasciocutaneous rotation flap (c). Patient at postoperative
6™ month (d).
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Intramuscular diclofenac sodium injection was the sole
reason for the necrosis in our patient group. The location
of necrosis varied by patient; 5 patient at the right gluteal,
6 patient at the left gluteal, 4 patient at the left thigh lateral
border and 1 patient, who ignorantly self-injected herself,
at the periumbilical region. The patients were operated at
an average of 5 (2-9) weeks after the injection. As the
necrosis depths were examined intraoperatively, it was
observed that necrosis had reached to the deep fascia but
the musculature was not harmed. The largest area of
necrosis was 10x20x4 ¢cm, and the smallest was 2x2x4 cm
(average 8x8x5 cm). The defects of 8 patients were treated
with primary closure. Six patients were reconstructed with
rotational fasciocutaneous flaps. Two patients, who had an
infected defect base and also had a pouche larger than the
necrosis area, was treated with a NPWT device for two
sessions (3 days for each session). After a week, an
effective contraction had occurred at the defect, thus it was
reconstructed with delayed primary closure. The average
operation time was 64 (range, 30-95) minutes. No
postoperative complications observed. The patients were
hospitalized at an average of 5.1 (range, 2-10) days. The
mean follow up period was 11.7 (range, 6-14) months.
According to the wound cultures that were sampled in the
operation, 2 patients had E. coli, 4 patients had normal skin
flora, and the rest showed negative results. The culture
positive cases were all amoxicillin susceptive, thus no
antibiotic therapy changes had occurred.

DISCUSSION

Nicolau Syndrome is an acute and destructive condition
after injections. It was first described and named by Dr.
Stefan Nicolau in 1925. Although he described this
syndrome as a result of arterial damage in his study, there
have been many theories on the pathophysiological
pathway (4). This pathology seems to occur most
frequently after NSAID injections (3), however that the
necrosis may also be seen after penicillin, vitamin K,

Table 1. Patient demographics and clinical progression
Gender, n (%)

Male

Female
Age (years), mean+SD
Body mass index (kg/m?), mean+SD
Comorbidities, n (%)

2 (12.5)
14 (87.5)
60+14.4 (35-78)

33+1.4 (31.4-35.2)

Primary Hypertension 6 (37.5)

Diabetes Mellitus 10 (62.5)

Hypothyroidism 2 (12.5)
Necrosis Localization, n (%)

Gluteal region 11 (68.8)

Tight 4 (25.0)

Periumbilical 1(6.2)
Defect size (cm)

Minimum 2x2x4

Maximum 10x20x4

Mean 8x8x5
Surgical Treatment, n (%)

Debridement + Primary repair 8 (50.0)

Debridement + Fasciocutaneous

rotation flap 6 (37.5)

Primary reconstruction + NPWT +

Delayed primary repair 2(125)

SD: standard deviation, NPWT: negative pressure wound therapy

Surgical Management of Nicolau Syndrome

thiocolchicosid, lidocaine, naltrexone, DPT vaccine and
mesotherapy injections (5-7). Ezzedine et al. (8) suggest
diclofenac, as a potent cox inhibitor - thus inhibiting
prostaglandin synthesis, increases the formation of
necrosis. Another theory suggests that perineural, intra-
arterial, and periarterial injections cause local pain, and
vasospasm secondary to the local pain leads to sympathetic
nerve stimulation followed by necrosis (6,9). NS rises to
the occasion with pain and erythema and they are followed
by the bullous lesions and tissue necrosis (10). Necrosis
may not be limited to subcutaneous adipose tissue. In the
literature, extensive damage to deep muscle tissue and
even limb losses due to ischemia of the whole limb have
been reported (4,11). Saputo and Bruni (12) reported that
80 of their 102 cases were under the age 12. They
suggested that any small arterial diameter has a tendency
to build up thrombosis, which leads to the tissue necrosis.
Nonetheless, our study group composed of only adults (a
mean of 60 years), making their suggestion contradictory.
Furthermore, the irritative features of the injection
materials are thought to cause abscess and necrosis (13).
Some medical treatments have been defined to treat NS,
such as heparin, topical betamethazone, and vasoactive
agents (14). We have our reasons to believe that early
surgical intervention is more advantageous for these
patients, since the etiology is not clear, patients' appeal for
medical attention is late, and most importantly the general
medical condition of these patients is not suitable for a
long-lasting hospitalization.

As one can see from all of the cases, our clinical approach
to NS was surgical, that is, debridement and reconstruction
of the wound according to the plastic surgery basic
principles. The basic difference between primary versus
flap reconstruction was the size of the necrosis. In the
primary reconstruction group the mean defect size was
4.25x3.5x4.25 cm. This mean size was calculated as
11.25x12.25x5.25 cm in the flap reconstruction group.
Kocman et al. (15) put forward the free style perforator
flaps for reconstruction of the gluteal region. They believe
their technique offers better aesthetic results. However, a
perforator flap requires meticulous dissection of the
pedicle, thus extending the operation time. Owing to the
fact that we reconstructed our patients either primary
closure or with fasciocutaneous flaps, our average
operation time was 64 minutes, making our intervention
significantly shorter. When we consider the patients with
multiple comorbidities, this result gains importance.
Furthermore, none of our patients experienced
postoperative complications. In addition to its safety, long
term aesthetic results were pretty satisfactory, which takes
our technique one step ahead.

When the defects were observed, the average depth was
4.75 cm (4-6 cm), being deeper than an ordinary green 21
Gauge needle, which is 3.8 cm long. The basic problem
here might be the injection into a superficial plane rather
than muscle, such as the fat tissue, which has a scarce
vascular support. Our group was constituted by obese
patients, supporting the latter proposition. Dadact et al.
(16) did find similar results in their own research. NSAIDs,
such as diclofenac sodium, may cause cytotoxic effects by
altering local pH levels and activating the preapoptotic
pathways. Therefore, even a proper injection inside the
musculature may cause local destruction (6,17,18). On the
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other hand, the necrosis mimics a perforasome as its
demarcation line passes over the injection area. The basic
pathology here might be the injury of the arterial plexus at
the hypodermal level by the injected agent, causing
embolization of the perforators nourishing the skin,
leading a perforasome-like necrosis area.

There is still no preventive method against NS
development. The Lesser technique that is used for IM
injections seems inadequate (19). This technique
emphasizes to aspirate first when the needle is at the
desired plane, then to inject in order not to damage any
vasculature. In order to prevent NS, a modified version of
the above explained technique can be used, the "Z-shaped
Injection”. In this technique the skin and subdermal
contents are pushed downwards with the nondominant
hand, thus reducing the distance between the skin and the
muscular plane, thereupon increasing the possibility to
inject the drug into the muscle. The needle is inserted at
angle of 90 degrees and aspirated for at least 5 seconds
before injecting the drug. A maximum of 5 ml is injected
at a single time. The needle exits all tissues at an angle of
90 degrees. By this way, the drug leakage to subcutaneous
tissues is prevented (20).

CONCLUSION

There is still no proven method to prevent NS
development, however, injecting with the Z-shaped
technique, using a longer needle in obese patients, and
choosing different injection locations (deltoid, thigh, etc.)
in selected patients possibly lessen the frequency of tissue
necrosis. Another option is to be aware of this pathology
and prescribe drugs per oral in suitable patients. There isn't
any unique way to cure NS when it is developed, but early
recognition, aggressive surgical debridement and
reconstruction offers an efficient treatment and a rapid
recovery.
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ABSTRACT

Gender dysphoria is a condition caused by a mismatch between the gender assigned at birth
and gender identity. Gender development disorders include situations where congenital
chromosomal, gonadal, or anatomically gender-related physical features are atypical. In the
studies conducted mostly by karyotype analysis, it is reported that the rate of chromosomal
abnormality is very low in people with gender dysphoria. In Turner mosaicism, gender
dysphoria is not a common finding. In this case series, we examined the phenotype and
genotype characteristics of the three cases identified as Turner mosaicism, who applied with
gender dysphoria. The patients’ complaints were feeling like a male, negative thoughts about
being a female, being uncomfortable with feminine body image, wanting to have a male body.
None of our 3 cases had Turner stigmata however their chromosomal or FISH analyses showed
that one of them was 45,X/46 XX/47,XXX and two of them were 45 X/46 XX karyotype.
Keywords: Turner's syndrome; gender dysphoria; karyotype; FISH.

0z

Cinsiyet disforisi, dogumda belirlenen cinsiyet ile cinsiyet kimligi arasindaki uyumsuzlugun
neden oldugu bir durumdur. Cinsiyet gelisim bozukluklari, konjenital kromozomal, gonadal
veya anatomik olarak cinsiyetle iliskili fiziksel 6zelliklerin atipik oldugu durumlar igerir.
Cogunlukla karyotip analizi ile yapilan caligmalarda cinsiyet disforisi olan kisilerde
kromozomal anormallik oraninin ¢ok diisiik oldugu bildirilmektedir. Turner mozaisizminde
cinsiyet disforisi yaygin bir bulgu degildir. Bu olgu serisinde, cinsiyet disforisi ile bagvuran
Turner mozaisizmi olarak tanimlanan ii¢ olgunun fenotip ve genotip 6zelliklerini inceledik.
Hastalarin sikayetleri erkek gibi hissetmek, kadin olmakla ilgili olumsuz diisiinceler, kadin
beden imajindan rahatsiz olmak, erkek bedene sahip olmak istemek seklindeydi. 3 olgumuzun
higbirinde Turner stigmatasi yoktu ancak kromozomal veya FISH analizleri, birinde 45,X/46
XX/47,XXX ve ikisinde 45 X/46 XX olarak tespit edildi.

Anahtar kelimeler: Turner sendromu; cinsiyet disforisi; karyotip; FISH.

INTRODUCTION

Gender dysphoria (GD) can be described as a conflict between a person’s assigned
gender and gender identity (1). People with GD may be very uncomfortable with their
assigned gender, sometimes the reason is their body (particularly developments during
puberty) and sometimes it is the expected roles of their assigned gender (2). Contrarily,
disorders of sexual development (DSD) refer to a range of congenital conditions
including the chromosomal anomalies, gonads, and/or genitalia (3). It is reported that
5% of people diagnosed with gender development disorders have GD. Although GD
and DSD are distinct entities, they can coexist. Thus, when evaluating an individual
with suspected GD, it is crucial to know whether he/she also has a DSD (2).
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To make a diagnose of "Gender Identity Disorder",
according to DSM IV-TR, and "Transsexualism" (F64.0)
according to 1CD-10, GD should not be related with an
abnormality of gender chromosomes, or another disorder
of sex development. DSM-5, removed accompanying
DSD in GD diagnosis category from exclusion criterion
for the diagnosis, and suggested that if they are present,
should be indicated (1,4). However, some DSD types such
as complete androgen insensitivity syndrome (CAIS), XY
gonadal dysgenesis and Klinefelter syndrome may remain
undiagnosed since clinical symptoms do not manifest until
adolescence. In these cases, the diagnosis of GD may
therefore forego doubt of a DSD, particularly in persons
who’s gender identity concerns appear in early period of
life (2,5).

Turner syndrome (TS), one of the most frequent
chromosomal disorder in female live births, is
characterized by partial or complete lack of one X
chromosome and its estimated incidence is 1/2500. Even
though classic TS karyotype is 45,X, 30-40% of the
remaining have a mosaic type with a second cell line
(45,X/46,XX, 45,X/47, XYY, 45,X/46,XY, 45X/47, XXX
and 46,X,delXq) (6,7).

Some patients may be diagnosed at birth because of
dysmorphic findings but the diagnosis may be delayed
until childhood, adolescence or later (6,7). Clinical
features of TS are short stature, characteristic stigmata,
primary amenorrhea and infertility. The characteristic
phenotypic findings of the disease are, low-set ears, low
nuchal hair line, cubitus valgus, high palate, small
mandibula, nail hypoplasia, short 4" metacarpal bone,
swelling of the hands and feet in the neonatal period,
discrete nipples and wide thoracic cage. Also system
anomalies including cardiac and renal anomalies,
gastrointestinal and dermatological problems, neoplasms,
hypothyroidism, vision disorders, hearing loss (6)
neurodevelopmental and behavioral problems are also
general findings in patients with TS (8).

In the literature, very few mosaic TS in chromosome
analysis of broad GD series have been reported. In this
case series, we examined the phenotype and genotype
characteristics of the three cases identified as Turner
mosaicism, who applied with GD.

CASE REPORT

Routine hemogram, biochemistry, thyroid functions as
well as antibodies and hormone profile were normal in all
cases. Pelvic ultrasonography (USG) showed multiple
anechoic follicles in bilateral ovaries in all cases.

CASE 1: 15 years and 9 months old girl patient applied
with complaints of liking people of her own sex and gender
dissatisfaction which are present for 2-3 years. During
childhood period, the patient behaved in accordance with
her gender, played with her girlfriends and girls' toys.
During puberty, the patient started to like girls more and
more. Desire to have a male body arose. She attempted
suicide by taking drugs at the age of 15. The patient had
spontaneous pubarche, thelarche, and menarche at 12
years with irregular menses. She had a gynecoid
waist/pelvis ratio and big breasts but mild hirsutism. She
had no Turner stigmata. Results of an echocardiogram and
renal USG were normal. MTHFR C677T homozygous
mutation and PAI-1:4G-5G mutation were detected in the

Gender Dysphoria in Turner Mosaicism

thrombopbhilia panel. Other physical and laboratory values
are given at Table 1. Karyotype analysis was performed
from the peripheral blood and low percentage of a
mosaicism was detected (46, XX[63] / 45, X[2]) (Figure
laand 1b). FISH (X,Y) analysis was performed using CEP
X (DXZ1), CEP Y (DYZ3) (Cytocell) probe and revealed
nuc ish(CEP X x 1)[8]/(CEP X x 2)[490]/(CEP X x 3)[2]
chromosomal composition.

CASE 2: 12 years and 4 months old girl admitted with
negative thoughts about being a female, and being
uncomfortable with feminine body shape and feeling like
a male with increasing qualifications characteristics for the
last 6 months. She had spontaneous pubarche, thelarche
and menarche at 11 years with irregular menses.
Karyotype analysis was performed from the peripheral
blood and 46,XX karyotype was detected (Figure 1c).
Because of the case’s masculine self-perception FISH
(X,Y) analysis was performed using CEP X (DXZ1), CEP
Y (DYZ3) (Cytocell) probe and nuc ish(CEP X x 1)[4]/
(CEP X x 2)[146] chromosomal composition was detected.
CASE 3: 17 years old girl applied with complaints that
started in adolescence such as being sexually interested in
girls, feeling uncomfortable with breasts and menstruation,
and wanting to have a male body. She had spontaneous
pubarche, thelarche and menarche at 13 years with regular
menses. She had no Turner stigmata and hirsutism.
Karyotype analysis was performed from the peripheral
blood and 46,XX karyotype was detected (Figure 1d). Due
to her masculine feelings, FISH (X,Y) analysis was
performed using CEP X (DXZ1), CEP Y (DYZ3)
(Cytocell) probe and nuc ish(CEP X x 1)[6]/(CEP X x
2)[294] chromosomal composition was detected in
interphase nuclei.
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Figure 1. Karyotype analysis of cases using conventional
G banding techniques, a-b) Case 1, c) Case 2, d) Case 3

DISCUSSION

Considering the studies conducted with GD and
transgender patients using conventional G banding
techniques, an overall rate of chromosomal abnormalities
in 11/481 trans females (2.3%) was reported (5,9-12). (One
of these, about mosaic TS with
45,X[10]/47,XXX[6]/46,XX[98] karyotype and without
pubertal or hormonal disturbance (5).) Bagcaz et al. (13)
performed G banding from 154 female-to-male
transsexualism cases and TS was not represented in their
sample. Pang et al. (14) have performed molecular
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Table 1. Physical and laboratory values of cases

Gender Dysphoria in Turner Mosaicism

Case 1 Case 2 Case 3
Age 15 year 9 month 12 year 4 month 17 year 3 month
Height (SDS) 1.8 0.13 1.6
Weight (SDS) 2.78 0.47 1.08
BMI (SDS) 2.26 0.57 0.23
Tanner stage 5 4 5
Menarche start 12 11 13
FSH (mIU/mL) 6.65 4.86 7.58
LH (mIU/mL) 10.16 6.34 5.18
E2 (pg/mL) 55.5 84 58
Testosterone 0.64 0.32 0.01
Karyotype 46 XX 45,X(4)/46 XX (146) 46 XX
FISH 45,X(8)/ 46 XX(490)/47, XXX (2) 45X0(6)/46XX(294)
Turner stigmata absent absent absent
Hirsutism mild absent absent
Irregular menses yes yes no

MTHFR C677T homozygous

Additional findings mutation and PAI-1:4G-5G mutation

Bicuspid Aorta

BMI: body mass index, FSH: follicle stimulating hormone, LH: luteinizing hormone, E2: estradiol, FISH: fluorescence in situ hybridization, SDS: standard deviation score

karyotyping from 128 Australians with GD and reported in
a normal karyotype 117/128 (92.1%) of the patients, TS
was not represented in their sample. So they suggested that
molecular karyotyping has minimal clinical benefit in the
routine management of GD. In another study, performed
between 2000 and 2016 years in the Barcelona and Malaga
(Spain); the G-banding techniques and high-resolution
microarrays were performed from 444 male-to-females
and 273 female-to-males and significantly higher
Klinefelter syndrome frequency (1.13%) was detected but
TS was not represented (15).

In another study, 80 adult women with TS were evaluated
for the psychosocial and sexual function and it was
concluded that most affected women report being
heterosexual despite they are less likely than their peers to
have sexual relationships and to be at an older age (16).
Regarding these studies, Turner mosaicism has been
reported to a neglectable extent in the wide range of sex
dysphoria. Due to the absence of karyotyping and FISH
analyses in most studies, patients who are low mosaic
Turner’s are missed. Although karyotype analysis were
normal in our 2" and 3™ patients, low mosaicism was
detected in FISH analyses of these cases. Our case had a
low percentage of a cases mosaicism on peripheral blood,
they had clinical findings related with this karyotype. May
this situation be explained by the ratio of mosaicism being
different in other tissues? To obtain more certain
knowledge additional studies in large series should be
performed. The most interesting observation of us is that
despite this sparsity of relationship between GD and TS,
the cases reported in these series are the 3 GD cases who
applied consequently during the last year to our pediatric
endocrinology outpatient clinic and our 13 years
experience about GD comprises of less than 10 cases!
Many of the mosaic patients may not have Turner stigmata
and their heights may be normal. Patients may have normal
puberty, menarche timing and even normal fertility (6,7).
There are some correlations between karyotype and
phenotype. TS patients with 45,X/46,XX or 45,X/47, XXX

mosaic karyotype are presumably to have spontaneous
menarche and fertility. TS patients with 45,X/46,XX
karyotype are marginally taller than other patients with TS
(17). Our patient’s heights were all (although one of them
slightly) above mean. All 3 patients had normal menarche
time, and our patients 1 and 2 had menstrual irregularities.
Polycystic ovary (PCO) image was available in pelvic
USG. Few cases have been reported with mosaicism and
polycystic ovary syndrome (PCOS) comorbidity (18).
Approximately 22-33% of the general population show
PCOs on pelvic ultrasound. Classic PCOS, on the other
hand, is found in approximately 5-10% of the general
population with its clinical and biochemical properties
(19). In a study of patients with GD including 69 female-
to-male transsexualism cases, 40 (58%) were found to
have PCOS. Female-to-male transsexual patients have a
high prevalence of PCOS and hyperandrogenaemia (20).
In our patients, testosterone levels were slightly high. In
another study, a significantly higher prevalence of PCO
and PCOS in lesbians compared with heterosexual women
was reported. Leshian women with either PCO or PCOS
had more prominent hyperandrogenism than heterosexual
women with either PCO or PCOS (21). It was reported that
women with PCOS have psychological gender
identification problems. Severity and duration of PCOS
can negatively affect the self-image of cases, cause a
disturbed recognition with the female-gender scheme and
related with it, social roles (22).

It was reported that due to the high frequency of
chromosomal mosaicism in TS, this syndrome is an
interesting model for evaluation the relation between
nondisjunction and MTHFR gene polymorphisms. Santos
et al. (23) reported increasing frequency of the MTHFR
677C > T homozygote alteration in patients with TS.
According to our result, the case with
45,X/46,XX/47, XXX genotype had homozygote both
MTHFR 677C > T and PAI variation. Importance of
pericentromeric  DNA methylation for chromosomal
stabilization and segregation. They announced that the
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MTHFR 677C > T homozygote alteration may be a
contributing risk factor to somatic chromosomal non-
disjunction (23). Also in our case 1, homozygous
MTHFRC677T and 4G/5G variation in PAI were detected.
Does the mosaic Turner karyotyping might have caused
the homozygous MTHFRC677T variation that may be
contributing risk factor to somatic chromosomal non-
disjunction. To obtain more certain knowledge, additional
studies including large series should be performed.

We offer interesting cases in this regard and we have
mentioned in detail the patient’s clinical profile. Even if
these patients have normal phenotype, low percentage of
Turner mosaicism should be considered. Early karyotype
and FISH analysis in children with such cases can provide
early detection of the mosaicism, thus more effective
treatment strategy for the management of the disease can
be performed. In clinically suspected cases, karyotype
analysis should be confirmed with the FISH method even
if it is normal.

Informed Consent: Written informed consent was
obtained from the patient’s parents for publication of this
case report and the accompanying images.
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ERRATUM
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Yalgm A, Keles H, Kahraman T, Bozkurt MF, Aydin H. Protective effects of ellagic acid against chemotherapy-induced
hepatotoxicity. Duzce Med J. 2020;22(2):124-30.

The material and methods section of the abstract for the article has been corrected as following:

Material and Methods: Twenty-four Sprague-Dawley rats (180-220 gr) were separated into four equal groups. A single
dose of 150 mg/kg CP was given intraperitoneally to generate hepatotoxicity. Different doses (50 and 75 mg/kg) of EA
were administered orally 20 minutes before, 4 and 8 hours after CP administration. The histopathological evaluation of
liver tissues and immunohistochemical evaluation for caspase-3 were conducted as well as the serum biochemical
analyses.

Gerec ve Yontemler: Yirmi dort adet Sprague-Dawley tiirii sican (180-220 gr) dort esit gruba ayrildi. Hepatotoksisite
olusturmak i¢in intraperitonal olarak tek doz 150 mg/kg CP verildi. CP uygulamasindan 20 dakika 6nce ve 4 ila § saat
sonra oral yolla farkli dozlarda (50 ve 75 mg/kg) EA uygulandi. Serumun biyokimyasal analizlerinin yani sira karaciger
dokularinin histopatolojik degerlendirmesi ve kaspaz-3 i¢in immiinohistokimyasal degerlendirme yapildi.
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