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A BST R AC T   

 

Aim:  To construct a perfusion circuit for experimental open hyperthermic intraperitoneal perfusion (HIPEP) 

and to evaluate the antitumor effects of regional hyperthermia in a model of advanced syngeneic high-grade 

ovarian carcinoma in vivo. 

Method: 24 mature female Wistar rats underwent intraperitoneal transplantation of ascitic ovarian tumor 

1×107 cells per rat. 48 hours after transplantation the animals were randomized into two groups: I. NIPEP 

group (12 rats) – normothermic intraperitoneal perfusion (NIPEP) with normal saline at room temperature 

during 45 minutes; II. HIPEP group (12 rats) – open hyperthermic intraperitoneal perfusion (HIPEP) with 

normal saline (40.5-41.5 ℃) during 45 minutes. Endpoints included overall survival (OS), the total peritoneal 

cancer index (PCI), ascites weight and the grade of ascites hemorrhage. 

Results: In both groups all animals survived the procedure, in the HIPEP group one rat died due to infectious 

complications on day 32. Compared with NIPEP group HIPEP with normal saline significantly increased the 

median OS from 19 to 39 days (log-rank test, P=0.0013), reducing the risk of death by 68% (HR=0.32; 95% 

CI 0.13-0.82). The open HIPEP without a cytostatic was associated with significantly lower total PCI (14 vs 5 

points, P=0.0155). In the HIPEP group 3 of 12 animals had intrathoracic tumor spread with malignant pleural 

effusion without signs of peritoneal carcinomatosis and ascites. 

Conclusion: The transplanted syngeneic tumor is a valid model that allows to quantitatively assess antitumor 

activity of intraperitoneal perfusion therapy. Our preclinical data confirmed the role of regional hyperthermia 

in the treatment of peritoneal carcinomatosis in ovarian tumors. 

 

Key words: Ovarian cancer, peritoneal carcinomatosis, hyperthermia, peritoneal cancer index, HIPEC, 

preclinical study. 
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Introduction 

Peritoneal surface malignancy may occur as a 

primary disease or as a metastatic tumor 

originating most often from gastrointestinal 

tract and gynecological cancers. Peritoneal 

carcinomatosis (PC) is an unfavorable 

prognostic factor associated with rapid disease 

progression, significant deterioration in the 

quality of life and high mortality of patients [1]. 

Thus, the 5-year OS of patients with epithelial 

ovarian cancer (EOC) and PC is about 29% [2]. 

Unfortunately, systemic chemotherapy has low 

efficacy against tumor deposits that have spread 

along the peritoneum, due to poor blood supply 

and the low ability of cytostatics to penetrate 

into intraperitoneal tumor nodules [3]. PC 

should be considered as a local disease that 

requires special approaches to treatment. The 

well-known synergism of the action of regional 

hyperthermia (40.5-43 ℃) and 

chemotherapeutic agents has become the reason 

for a wide study and introduction into clinical 

practice of hyperthermic intraperitoneal 

chemotherapy (HIPEC) [4]. Technically 

HIPEC can be performed using an open, closed, 

semi-open, laparoscopic technique or using an 

expander. Hyperthermia not only enhances the 

antitumor activity of cytostatics, but also has 

antitumor activity itself. The direct cytostatic 

and cytotoxic effects of supranormal 

temperatures begin at 40-41 °C, while the 

synergism between hyperthermia and 

cytostatics begins at 39 °C and decreases at 

temperature above 43 °C. Temperature above 

44 °C induce apoptosis in normal cells [3,5]. 

Currently, HIPEC is widely used in the 

treatment of PC in pseudomyxoma peritonei 

and peritoneal mesothelioma, peritoneal 

metastases of colorectal cancer. At the same 

time, for primary and recurrent EOC with PC 

the use of HIPEC is not recommended outside 

clinical trials [6,7]. This is due to the lack of 

standardization of the HIPEC procedure 

(technique, antineoplastic drugs and their 

doses, carrier solutions, optimal temperature 

and duration of perfusion, flow rate of perfusate 

etc.), as well as the absence of developed 

algorithm for managing adverse events 

associated with the procedure. Moreover, 

current clinical data failed to isolate the curative 

effects of hyperthermia itself. Until more data 

are available from evidence-based studies, it is 

reasonable to conclude that a strategy of 

surgical cytoreduction and HIPEC is rational 

and interesting, though still an investigative 

approach in the management of advanced-stage 

epithelial ovarian cancer. 

A critical stage in the investigation and 

standardization of perfusion technologies for 

the treatment of PC are preclinical studies on 

valid models in vivo. Commonly two types of 

EOC models are used for PC development in 

rodents: (1) cell lines and patient-derived 

xenografts of human tumors; (2) syngeneic 

models. In order to obtain intraperitoneal 

dissemination, the tumor can be transplanted 

intraperitoneally or orthotopically (under the 

ovarian bursa membrane) [8]. The use of 

immunodeficient animals for transplantation of 

human xenografts does not allow studying the 

interaction of a tumor with microenvironment 

in the context of the development of an immune 

response, inflammation, vascularization, and 

interaction with stromal components. 

Syngeneic models, on the contrary, make it 

possible to study the development of the 

antitumor immune response, epithelial-stromal 

interactions, and tumor vascularization. The use 

of immunocompetent animals provides a low 

incidence of infectious complications in 

comparison with immunodeficient animals. It 

should be noted that the hardware used for the 

experimental HIPEC is quite diverse. Each 

perfusion circuit is in fact a unique 
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multicomponent system [9-12]. Here we used 

an original peritoneal perfusion system, 

constructed from domestic devices. 

The aim of our study is to assess the antitumor 

effect of open hyperthermic intraperitoneal 

perfusion (HIPEP) with normal saline (40.5-

41.5℃) on the development of PC and OS in 

female Wistar rats with syngeneic high-grade 

ovarian carcinoma.  

 

Materials and methods 

Experimental design 

A single intervention proceeded 48 h after 

intraperitoneal (IP) tumor transplantation. 

Animals were randomized into two groups: I. 

NIPEP group (12 rats) – normothermic 

intraperitoneal perfusion (NIPEP) with normal 

saline at room temperature during 45 minutes; 

II. HIPEP group (n = 12) - peritoneal cavity of 

the rats was perfused with heated normal saline 

according to "Coliseum" (open) technique 

(parameters are described below). 

 

Animals 

The study was approved by the local ethics 

committee (REC No 3/297-20) and carried out 

in accordance with the European Convention 

for the Protection of Vertebrate Animals used 

for Experimental and Other Scientific 

Purposes: Appendix A of the ETS 123 and 

Directive 2010/63/EU on the protection of 

animals used for scientific purposes. Twenty 

four outbred female mature Wistar rats with 

median weight 294 g (min-max 274-381 g) 

were purchased from “Rappolovo” animal 

nursery (Leningrad Region, Russia). Rats were 

housed in polypropylene cages in a 

conventional facility (temperature 20–24°C, 

relative humidity 50–60%, 12 h light/12 h dark 

cycle). Animals received standard laboratory 

crop (Moscow, Russia) and tap water ad 

libitum.  

The ovarian cancer rat model 

The tumor strain was obtained as a result of 

transplacental carcinogenesis using high doses 

of 7,12-dimethylbenzanthracene (DMBA). The 

initial histological type of tumor is metastatic 

papillary adenocarcinoma, at present it is an 

ascitic tumor [13]. Tumor strain is maintained 

in female Wistar rats. On days 7-9 after IP 

inoculation, ascitic fluid was collected and 

transplanted IP to experimental animals (1×107 

cells in 0.5 ml of normal saline per rat). 

Open intraperitoneal perfusion technique 

Scheme of the experimental perfusion circuit is 

shown in Figure 1. Thirty minutes prior to and 

then twice a day on days 0-2 postoperatively, 

meloxicam («Renewal», Novosibirsk, Russia) 

was given subcutaneously 2 mg/kg for 

analgesia. Rats were anesthetized using 

isoflurane (Abbott Laboratories Limited, 

Queenborough, UK), 5% for induction and 2% 

for maintenance. No warming mattress was 

used during HIPEP, to avoid systemic 

hyperthermia. A midline laparotomy was 

performed with a 6-8 cm incision. A 

"Coliseum" was formed by hemming the edges 

of the abdominal wall with a surgical suture to 

a metal ring on a tripod. The inflow line was 

placed in the left subdiaphragmatic space and 

the outflow line in the right paracolic gutter. 

The parameters of the perfusion system were as 

follows: volume of perfusate (normal saline, 

"Slavyanskaya Apteka" LLC, Vladimir region, 

Russia) - 210 ml, flow rate - 30 ml/min, 

abdominal cavity temperature – 40.5-41.5 ℃ 

(for HIPEP group), perfusion time - 45 minutes. 

During perfusion the abdomen was massaged 

gently to achieve a uniform heat distribution. 

After completion of the perfusion, the 

abdominal wall was closed using 3/0 

polyglactin sutures for the muscular layer and 

3/0 non-absorbable polyester sutures for the 

skin. Additionally, the wound was strengthened  



                                              Murazov et al / Exp Biomed Res. 2021; 4(3):164-174 

   
 

167 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with BF-6 glue (JSC «Werteks», Saint-

Petersburg, Russia). Immediately after wound 

closure rats were given with 10 ml saline 

subcutaneously for rehydration. Cefepime (JSC 

«Sintez», Kurgan, Russia) 60 mg/kg was 

injected intramuscularly after perfusion and 

then for next 4 days once daily. The animal was 

placed on the absorbent sheet in a plastic cage. 

A heating platform (set at 40 ℃) was placed 

under the half of the cage in order to prevent 

hypothermia. To reduce stress, medium 

enrichment agents (minks) were placed into the 

cage. The first five days the postoperative 

wound was treated with Levomekol ointment 

(JSC "Nizhfarm", Nizhny Novgorod, Russia). 

Follow-up. The animals were observed 

throughout the entire period of their life. OS 

was defined as time from the day of tumor 

transplantation to day of animal death. The total 

peritoneal cancer index (PCI),   ascites   weight  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and its grade of haemorrhagia were determined 

at autopsy. The total PCI was determined 

according to the modified method of Y.L. 

Klaver. et al. [14]. After laparotomy, the 

abdomen was carefully examined for tumor 

growth at eight different sites (see Table 1). The 

tumor load at each site was scored semi 

quantitatively: 0 – no macroscopic tumor; 1 – 

limited tumor growth (diameter 1–2 mm); 2 – 

moderate tumor growth (diameter 2–4 mm); 3 

– abundant (diameter more than 4 mm). In the 

case of multiple nodes in the organ, the node 

with the largest diameter was selected. The sum 

of scores from all sites represented the total PCI 

for that animal. The grade of ascites 

haemorrhagia was determined using a semi 

quantitative visual scale, where 0 - absence of 

hemorrhagic ascites; 1 - weak hemorrhagic 

ascites; 2- moderate hemorrhagic ascites; 3 - 

strong hemorrhagic ascites. Organs of the 

      
Figure 1. Scheme of the perfusion circuit for an experimental open NIPEP and HIPEP. 1 - position of the 

animal during the procedure: (A) – inflow line, (B) – outflow line, diameter 4 mm; 2 - perfusion roller pump 

(Russian State Scientific Center for Robotics and Technical Cybernetics, Saint-Petersburg, Russia); 3 - 

reservoir for perfusate; 4 - thermostatic water bath (Russian State Scientific Center for Robotics and Technical 

Cybernetics, Saint-Petersburg, Russia). 
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reproductive system of all animals, as well as 

organs and tissues with macroscopic signs of 

PC, were subjected to standard histological 

examination by light microscopy after 

hematoxylin and eosin staining. Cytological 

smears of ascites and pleural effusion were 

examined after Pappenheim's stain. 

 

Statistical Analysis 

Statistical analysis was performed using 

GraphPad Prism version 8.0. Based on pilot 

preclinical study (data was not published) 

required sample size was 12 animals per group 

to reject the null hypothesis that survival in the 

NIPEP group and the HIPEP group are equal 

with power (1-β)=80% and α=0.05 [15]. 

Nonparametric testing for the continuous data 

was performed using Mann-Whitney test. 

Comparison of categorical values was done 

using Fisher’s exact test. All tests were two-

sided; the level of statistical significance was 

set at a P value of <0.05. Survival outcomes 

were analyzed and expressed using Kaplan–

Meier curves and compared with the log-rank 

test. The Cox proportional-hazards model was 

used to obtain hazard ratio (HR) and its 95% 

confidence interval (95% CI). 

 

Results  

All animals in the NIPEP and HIPEP groups 

survived the procedure. On day 32 after HIPEP 

one of 12 rats died from infectious 

complications. Mean anesthesia time was 115 

minutes (min-max: 100-142). The dynamics of 

intraperitoneal and rectal temperature during 

HIPEP is shown in Figure 2. The set 

temperature in the abdominal cavity was 

reached 10-17 minutes after the installation of 

the lines and the start-up of the circuit. 

After IP transplantation tumor take rate 

achieved nearly 100% and led to haemorrhagic 

ascites formation and PC. Cancer-related 

mortality in rats was nearly 100%. The autopsy 

revealed tumor lesions in mesentery, greater 

omentum, parietal peritoneum and diaphragm. 

High volume tumor implants were observed in 

ovaries, horns and body of uterus, perigonadal 

fat pads (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The temperature course during HIPEP in 

the abdomen and in the rectal cavity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Macroscopic tumor view in rat with 

transplanted syngeneic ovarian carcinoma (NIPEP 

group). Tumor implants in mesentery, uterine horns 

and body with perigonadal fat pads, greater 

omentum and diaphragm. 

 

The development of peritoneal metastasis was 

accompanied by hemorrhagic ascites. In smears 
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of ascitic fluid extensive focuses of high-grade 

serous carcinoma discretely lying among the 

fields of cells of the monocytic series were 

determined. Cells were polymorphic, sharply 

atypical with large nuclei with nucleoli and a 

high nuclear-cytoplasmic ratio (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Smear of ascitic fluid, Pappenheim's 

stain, ×1000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is noteworthy, that 3 out of 12 rats in the 

HIPEP group had haemorrhagic malignant 

pleural effusion (confirmed by cytologic 

examination) with involvement of organs in 

thoracic cavity (lungs, pericardium, 

intrathoracic lymph nodes). Macroscopically it 

was no evidence of tumor growth in the 

peritoneal cavity and ascites. 

Histological examination of autopsy material 

revealed invasive malignant tumor of a 

papillary-solid structure, consisting of rounded 

cells with scanty eosinophilic or optically 

empty cytoplasm, with large sharply atypical 

polymorphic nuclei, with a high nuclear-

cytoplasmic ratio (Figure 5). 

 

Kaplan–Meier’s curves are shown in Figure 6. 

Median OS was 19 days in the NIPEP group, 

and 39 days in the HIPEP group. This 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Microscopic tumor view. (A) – focus of serous high-grade carcinoma, haematoxylin and eosin, 

×400; (B) – tumor nodule on the parietal peritoneum, haematoxylin and eosin, ×60; (С) – invasion of the 

tumor into the body of the uterus and uterine horns, haematoxylin and eosin, ×5; (D) – a fragment of the 

greater omentum with tumor infiltration, haematoxylin and eosin, ×40. 
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difference in survival outcome was significant,  

log-rank test P=0.0013; HR=0.32 (95% CI 

0.13-0.82). One rat from the HIPEP group was 

sacrificed on day 138 after tumor 

transplantation without any signs of tumor 

growth (confirmed on autopsy). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Kaplan–Meier analysis of survival curves 

of rats with transplanted ovarian carcinoma. NIPEP 

– normothermic intraperitoneal perfusion with 

normal saline; HIPEP – hyperthermic 

intraperitoneal perfusion with normal saline. 

 

In NIPEP group all animals developed 

extensive intraperitoneal tumor growth at 

autopsy. Rats in the HIPEP group were found 

to have a significantly lower mean of the total 

PCI than rats in NIPEP group (P=0.00155). 

There was no significant difference in the 

ascites weight between groups owing to 

massive variation of this parameter. Although 

there was a trend towards a decrease in the 

HIPEP group. At the same time, ascites from 

HIPEP group had a more pronounced degree of 

haemorrhagia. Autopsy findings are shown in 

Table 1. 

 
Discussion 

The selective effects of hyperthermia on 

malignant cells as well as its ability to 

potentiate chemotherapy agents make it a 

valuable adjunct to intraperitoneal 

chemotherapy in the management of PC [16]. It 

is supported by an increasing number of 

research data. But available clinical data failed 

to isolate the antitumor effects of hyperthermia 

itself. Currently, the role of HIPEC in the 

management of primary and recurrent EOC is 

still not clear [17]. One of the reasons for this is 

insufficient experimental data, including 

preclinical studies on adequate experimental 

models. 

The chosen model of syngeneic ovarian 

carcinoma in Wistar rats resembles the clinical 

situation of advanced EOC (stage III-IV) in 

humans with the PC and ascites. The 

histological structure corresponded to the most 

common subtype of human ovarian tumor – 

high-grade serous carcinoma. The model 

resembles the microscopic disease before the 

emergence of visible nodules [18]. 

For our study we designed and tested a new 

peritoneal perfusion system in tumor bearing 

rats. We chose to use the “Coliseum” technique 

for NIPEP and HIPEP due to its advantages 

over the closed technique. It allows to achieve 

homogeneous temperature and better control of 

perfusate distribution within the peritoneal 

cavity, make the access to the entire cavity 

easier, prevents of bubble formation in the 

circuit and organ suction, possibility of 

debulking of large tumors before perfusion, 

easier circuit blockage corrections, and 

minimal risk of thermal damage of organs and 

tissues [12,19]. 

Here, we demonstrated that open HIPEP with 

saline only significantly increased the median 

survival of the animals from 19 to 39 days (log-

rank test P=0.0013) and reduced the risk of 

death by 68% (HR for HIPEP group vs NIPEP 

group 0.32; 95% CI 0.13-0.82). 

The exact mechanism of antitumor activity of 

hyperthermia is    not    fully    understood. It is  
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known that the cytotoxic effects of 

hyperthermia are caused by damage of cell 

membranes, nuclei, protein denaturation, and 

changes in the permeability to calcium ions. It 

disrupts mitotic processes of malignant and 

non-malignant cells too. In tumor cells, after 

exposure to hyperthermia, an increase in the 

number of lysosomes and the activity of 

lysosomal enzymes is established.  

Microcirculation in tumor tissue is suppressed 

by hyperthermia, which leads to decrease in 

blood flow to the  tumor  or its  complete stasis,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

whereas in normal tissues the blood flow 

increases. These effects, along with a violation 

of cellular respiration processes, lead to the 

accumulation of lactic acid and acidification of 

the tumor microenvironment, which leads to an 

increase in the number and "fragility" of 

lysosomes, accompanied by increased death of 

tumor cells [20]. 

Noteworthy is the profile of the OS curve in the 

HIPEP group. The presence of such "tails" may 

be associated with the activation of antitumor 

immunity in immunocompetent animals with 

Table 1. Influence of HIPEP with normal saline on the spread of transplanted ovarian carcinoma and 

the ascites weight on autopsy. 
 

Tumor score per sitea 
NIPEP group 

(N=12) 

HIPEP group 

(N=12)b 
P value 

Greater omentum 3 (3-3) 1 (0-3)  

Space between the liver and 

the diaphragm 
3 (0-3) 0 (0-3) 

 

Liver hilum 3 (0-3) 0 (0-3)  

Mesentery 3 (0-3) 0 (0-3)  

Diaphragm 0 (0-3) 0 (0-3)  

Ovaries 1 (0-3) 0 (0-2)  

Parietal peritoneum 0 (0-2) 0 (0-3)  

Uterine horns and body with 

perigonadal fat pads 
2,5 (0-3) 0 (0-3) 

 

Total PCIc 14 (2) 5 (2) 
Mann Whitney test, 

P=0.0155 

Ascites weight, gb 
67.4 

(31.5-100.5) 

24.6 

(11.1-80.1) 

Mann Whitney test, 

P=0.1206 

Grade of ascites 

haemorrhagiab 
2 (2-2) 3 (2-3) 

Mann Whitney test, 

P=0.0379 

Intrathoracic tumor spread 

with malignant pleural 

effusion, n 

0 3 

Fisher's exact test, 

P=0.0932 

 

a Values are median (Q1-Q3) and c mean (SEM). b 3 animals with malignant pleural effusion and 1 

rat with infectious complications were excluded from PCI calculation.  
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transplanted syngeneic tumor. This profile 

resembles the OS curve of patients receiving 

checkpoint inhibitors with a long-term response 

to this therapy [21]. It is known that in addition 

to the direct cytotoxic effect on tumor cells, 

hyperthermia stimulates the production of heat 

shock proteins (HSPs) and their presentation in 

complex with the major histocompatibility 

complex class II, activates dendritic cells and 

natural killers, enhances the adhesive properties 

of T-cells and their traffic to peripheral tissues 

and promotes immune surveillance [22]. 

Locoregional intraperitoneal heating 

independently contributed to antitumor activity 

and reduced intraperitoneal tumor 

dissemination. In the HIPEP group the total PCI 

was significantly lower and a trend towards a 

decrease in the ascites weight was noticed. At 

the same time, ascites in animals from HIPEP 

group had a more pronounced degree of 

haemorrhagia. Probably, this was the main 

cause of death. An interesting observation from 

the study was that 3/12 rats in HIPEP group had 

haemorrhagic pleural effusion with malignant 

cells but without macroscopic evidence of 

tumor growth in peritoneal cavity and ascites. 

Such phenomenon may be due to tumor cells 

migration under conditions of high 

intraabdominal pressure and supranormal 

temperature during perfusion. 

Conclusions 

In conclusion, the model of syngeneic high-

grade ovarian carcinoma in Wistar rats and the 

original experimental perfusion circuit can be 

used for further investigation of HIPEC after 

proper equipment of the operating room by 

setting general and local ventilation, which will 

provide a special microclimate during the 

procedure. Our preclinical results 

supplemented the data about the antitumor 

activity of local hyperthermia and its role in the 

perfusion treatment of PC in ovarian tumors. 
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A BST R AC T   

 

Aim:  To evaluate the possible effects of SARS-CoV-2 infection on retinal nerve fiber layer (RNFL) and 

ganglion cell complex layer (GC-IPL) thicknesses. 

Method: Patients who had been infected by SARS-CoV-2 and hospitalized because of severe pneumonia were 

found out from the database of COVID-19 pandemic hospital and formed the patient group. The control group 

was composed of non-COVID-19 age-matched subjects. The mean and fragmented RNFL and GC-IPL 

thicknesses were measured by optical coherence tomography (OCT), and compared between two groups, 

statistically.  

Results: Patient group 34 eyes of 34 subjects (18 male, 16 female) and 31 eyes of 31 subjects (14 male, 17 

female) in the control group were enrolled. The mean age and gender were not statistically different between 

groups (p:0.56, 0,57, respectively).A statistically significant difference was not found between groups in terms 

of mean, superior, inferior, temporal, nasal RNFL thicknesses and mean superior, inferior, temporal, and nasal 

GC-IPL thicknesses. 

Conclusion: The mean and fragmented RNFL and GC-IPL thicknesses measured by OCT were not 

statistically different in patients who had moderate disease course and recovered from COVID-19 infection. 

 

Key words: COVID-19 infection, retinal nerve fiber layer thickness, ganglion cell- internal plexiform layer 

thickness, optical coherence tomography. 
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Introduction 

The novel Coronavirus disease (COVID-19) 

became a pandemic in the early months of 2020 

[1]. We have already learned plenty of 

information about coronaviruses and the 

disease. These viruses are enveloped positive-

sense RNA viruses that primarily target the 

human respiratory system and commonly cause 

fever, cough, and fatigue [2,3]. Although 

clinical features revealed by a chest computer 

tomography scan present as pneumonia, the 

disease can also be manifested by extreme 

symptoms that may lead to death [4]. 

Ophthalmic manifestations in patients infected 

by a novel coronavirus (SARS-CoV-2) have 

been reported. Follicular conjunctivitis, 

conjunctival hyperemia, tender palpable 
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preauricular lymph nodes, and watery 

discharge were found to be common ocular 

findings in patients with active COVID-19 [5-

7]. To the best of our knowledge, there are few 

studies about the possible effects of SARS-

Cov-2 virus infection on the posterior segment 

of the eye, in the literature [8-10].  

The hypothesis of this current study is the effect 

of possible microvascular changes and 

neuroinflammation on inner retinal layers. The 

current study aimed to evaluate the possible 

effects of SARS-CoV-2 infection on retinal 

nerve fiber layer (RNFL) and ganglion cell 

complex layer (GC-IPL) thicknesses measured 

by optical coherence tomography (OCT) in 

patients who recovered from COVID-19.  

 

Materials and methods 

This study was conducted at Sakarya 

University Education and Research Hospital. 

Prior approval was received from the 

Institutional Review Board (IRB number: 

71522473/050.01.04/366), and written 

informed consent was obtained from each 

subject. The study was performed in adherence 

to the Declaration of Helsinki. 

Patients who had been infected by SARS-CoV-

2 and hospitalized because of severe pneumonia 

were found out from the database of COVID-

19 pandemic hospital and these patients formed 

the patient group. The control group was 

composed of patients who applied to 

Ophthalmology polyclinic and who had no 

significant ocular disease which might affect 

OCT assessments.  

In the patient group, all patients had positive 

real‐time reverse transcription-polymerase 

chain reaction (RRT‐PCR) tests obtained from 

nasopharyngeal and oropharyngeal swabs. Oral 

hydroxychloroquine treatment (200mg/day for 

3 days) and anticoagulant therapy (enoxaparine 

40 mg/day) was given to all patients. Absence 

of symptoms and negative results of two 

consecutive nasopharangial and oropharangeal 

swab RRT-PCR tests were considered 

recovery.Two months after the recovery of 

COVID-19, ophthalmic examination including 

RNFL and GC-IPL thickness assessment was 

done. 

Exclusion criteria for both groups were: 

spherical equivalent above 3 diopter, choroidal 

atrophy, high myopia, age-related macular 

degeneration, central serous chorioretinopathy, 

any type of glaucoma, optic neuropathy, 

hereditary retinal diseases, demyelinating 

disorders, neurodegenerative disorders, and any 

other ocular disorders which might alter RNFL 

and GC-IPL thicknesses. 

Cirrus EDI-OCT (Carl Zeiss Meditec, Dublin, 

CA, USA) was used for peripapillary RNFL 

and GC-IPL thickness measurements. RNFL 

thickness analysis was done by "Optical Disc 

Cube 200 * 200" method and ganglion cell 

analysis was done according to "Macular Cube 

512 * 128" program. 

Average, superior, inferior, temporal and nasal 

quadrant RNFL and GC-IPL thicknesses were 

compared between the patient and control 

groups. 

Data were statistically evaluated by using IBM 

SPSS Statistics Software (Version 23.0). All 

data were reported as mean ± standard 

deviation. The normality for the distribution of 

variables was determined by the Kolmogorov-

Smirnov test. A student t-test was used for 

comparing independent samples. Any p-value 

of less than 0.05 was considered to be 

significant. 

 

Results  

Patient group 34 eyes of 34 subjects (18 male, 

16 female) and 31 eyes of 31 subjects (14male, 

17 female) in the control group were enrolled. 

The mean ages of groups were 40.0 ± 16.6 years 
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and 42.2 ± 14.0 years in the patient and the 

control groups, respectively. The mean age and 

gender were not statistically different between 

groups (P> 0.56 and P>0.57, respectively). 

Table 1 reveals characteristics of study group 

including additional systemic diseases, 

therapies, etc. 

A statistically significant difference was not 

found between groups in terms of mean, 

superior, inferior, temporal, nasal RNFL 

thicknesses and mean superior, inferior, 

temporal, and nasal GC-IPL thicknesses. Table 

2 reveals the details of these data.  

 

Table 1. Characteristics of the study group. 
 

Variables Patients (N / %)  

Systemic arterial HT 6/17 

DM 2/5 

Red eye during 

infection 
13/38 

Oxygen therapy 

requirement  
18/52 

Favipiravir 

requirement 
12/35 

Venous thrombosis 4/11 

ICU admission 2/5 

Corticosteroid 

requirement 
8/23 

HT: hypertension DM: diabetes mellitus ICU: 

intensive care unit. 

 

Discussion 

The main possible mechanism that might affect 

the posterior segment of the eye in COVID-19 

disease might be micro-thrombotic events in 

the microvascular system of the eye [8]. This 

type of damage to microvascular structures of 

the retina might cause alterations in the inner 

layers of the retina. Savastano et al. [8] 

investigated radial peripapillary capillary 

plexus (RPCP) perfusion density and flow 

index measured by OCT angiography in 

patients who recovered from COVID-19 

disease. RPCP perfusion density was found to 

be lower in patients compared to controls. 

RNFL average thickness was linearly 

correlated to RPCP flow index and RPCP 

perfusion density within post-COVID-19 

group. The RPCP perfusion density was 

previously found to be correlated to RNFL 

thickness in glaucoma patients [11,12]. The 

correlation between PRCP flow index and 

average RNFL thickness, found by Savastano et 

al. [8] is remarkable but they did not find 

statistical difference between study and control 

groups in terms of average RNFL and GC-IPL 

thicknesses. In our study, we also did not find 

any statistical difference. The percent of 

patients who required intensive care unit (ICU) 

administration was only 5% in our study and 

venous thrombosis were diagnosed in 11% of 

the patients in the study group. The low rate of 

thrombotic events might prevent micro-

thrombotic events in the microvascular system 

of the eye. Patients who need ICU treatment 

and / or survive thrombotic events can be 

investigated in the future and can enlighten us 

on this issue. Paulo M et al. evaluated the retina 

layer of 12 patients with COVID-19 infection 

by using OCT in the first month of the disease 

and found that the patients had hyperreflective 

lesions in the retinal ganglion cell and inner 

plexiform layer, especially in the 

papillomacular band. In our study, we could not 

detect any changes in the retinal ganglion 

complex and retinal nerve fiber layer [13]. No 

retinal changes were detected in the patient 

group in our study.  
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In their study, Burgos-Blasco et al. [14] found 

that patients who had COVID-19 infection with 

anosmia and headache during their disease 

period increased the thickness of the 

peripapillary RNFL and GC-IPL thicknesses in 

the early period compared to normal healthy 

individuals. They did not detect a difference 

with postcovid patients without anosmia and 

headache. They stated that anosmia and 

headache are associated with neurological 

involvement and that the early period of viral 

infection causing neuroinflammation caused an 

increase in RNFL and GCL [14]. In our study, 

we did not separate the patients into those with 

and without neurological findings. In the 

literature, there is a case    report   of  increased  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

intraocular pressure and angle-closure 

glaucoma due to change in electrolyte level 

after COVID-19 infection. Krawitz et al. [15] 

detected angle-closure glaucoma after 

hyponatremia due to chlortalidone use in a 65 

years old patient who had positive 

nasopharygeal swab test for COVID-19. 

Hyponatremia is the most common electrolyte 

disorder in COVID-19 disease and has been 

associated with high mortality. In COVID-19 

patients, serum sodium level may decrease, 

consequently, aqueous serum gradient changes. 

The higher sodium level in the humor aqueous 

than the serum creates an osmotic pressure 

difference. Consequently, fluid transition to 

humor aqueous occurs from serum. Fluid 

Table 2. Comparison of the parameters obtained from OCT between the patient and the control 

groups.  

Parameters  Patient group 

 

Control group 

 

p-value 

mean RNFL thickness (µm) 92,85±12,49  89,58±8,40  0,224 

Superior RNFL thickness (µm) 115,70±15,87  111,67±9,76  0,228 

Inferior RNFL thickness (µm) 122,79±18,18  116,03±16,70  0,125 

Temporal RNFL thickness (µm) 64,94±9,68  61,35±7,88  0,109 

Nasal RNFL thickness (µm) 71,85±14,68  70,87±13,90  0,783 

Mean GC-IPL thickness  (µm) 82,64±4,91  82,22±5,38  0,743 

Superior GC-IPL thickness (µm) 82,79±6,06  82,00±6,18  0,603 

Inferior GC-IPL thickness (µm) 81,44±6,06  82,25±8,07  0,644 

Temporal GC-IPL thickness (µm) 82,76±4,13  81,20±5,79 0,239 

Nasal GC-IPL thickness (µm) 83,02±7,68  81,64±5,53  0,412 

OCT: optical coherence tomography RNFL: retinal nerve fiber layer GC-IPL: ganglion cell-inner plexiform 

layer. 
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passage into humor aqueous causes increase in 

intraocular pressure [15]. Depending on the 

change in intraocular pressure, RNFL and GS-

IPL may also become thinner. In our study, we 

found no difference between the patient group 

and the control group in RNFL and GC-IPL. 

Hyponatremia was not detected in our study. 

The absence of RNFL and GS-IPL changes can 

be explained by the absence of changes in 

intraocular pressure. 

COVID-19 patients who are treated in intensive 

care with acute respiratory distress are given a 

prone position to regulate breathing, which can 

increase intraocular pressure. Nerlikar et al. 

[16] detected bilateral angle-closure in a 56-

year-old diabetic and hypertensive patient who 

was placed in a prone position due to 

pneumonia due to SARS-Cov-2 infection. They 

stated that angle closure occurs because of the 

narrowing of the anterior chamber angle due to 

the prone position of the patient [16]. 

As a result, COVID 19 disease may cause 

changes in RNFL and GS-IPL by mechanisms 

such as ischemia due to microvascular 

occlusion in the retina and optic disc, 

neuroinflammation, and intraocular pressure 

change.  Studies have shown that in COVID- 19 

disease, optic nerve head RNFL and GS-IPL 

can be affected by different mechanisms.  

There are a few studies about the effect of 

SARS-Cov-2 infection on inner retinal layers. 

In the current study, a statistically significant 

difference was not found in terms of RNFL and 

GC-IPL thicknesses between healthy controls 

and postcovid patients. In our opinion, more 

studies about the possible effect of SARS-Cov-

2 infection on retinal layer thicknesses should 

be performed.   

The limitations of our study were relatively 

small sample sizes in both groups and 

alterations in the therapies. On the other hand, 

the severity of COVID-19 infection was 

moderate in all patients. 

In conclusion, the mean and fragmented RNFL 

and GC-IPL thicknesses were not statistically 

different in patients who had moderate disease 

and recovered from COVID-19 infection.    
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A BST R AC T   

 

Aim: Fournier's gangrene (FG) is a rare, rapidly progressing and life-threatening disease of the genital, perianal 

and perineal regions. We aimed to evaluate etiological parameters, accompanying diseases, current treatment 

methods and factors affecting mortality in patients with FG. 

Method: The medical records of 38 patients who were operated by the same team with a diagnosis of FG from 

December 2015 to January 2021 were retrospectively reviewed. Those patients were divided into two groups: 

survivors (Group 1), and non-survivors (Group 2). Comparisons were made regarding clinical and 

demographic features; comorbid diseases; leukocyte count at first presentation; etiological factors; treatment 

outcomes; and mortality rates. 

Results: Thirty-eight patients (24 males, 14 females) were evaluated; mean age was 60.2 ± 13.2 years. While 

76.3% (n = 29) of these patients recovered with treatment, the total mortality rate was 23.7% (n = 9). The most 

common cause of the FG and comorbidity were anorectal diseases (n = 22; 57.9%) and type 2 diabetes mellitus 

(n = 21; 55.3%), respectively. Female gender, septic shock, necrosis, abdominal wall and lumbar region 

involvement, chronic renal failure, FG development secondary to postoperative complications and ostomy 

rates were higher in non-survivors. There were no significant differences between the two groups regarding 

leukocyte count at first presentation, number of debridement, dressing methods, reconstruction methods, and 

length of hospital stay. 

Conclusions: Female gender, presence of septic shock and necrosis on physical examination, involvement of 

the abdominal wall and lumbar region in addition to the perianal region, chronic renal failure, disease 

secondary to postoperative complications and the necessity of ostomy play an important role in mortality. 
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Introduction 

In 1883, Dr Jean Alfred Fournier described an 

infection with unknown origin that led to rapid 

necrosis of the scrotal skin in young healthy 

men [1]. This infection is now called Fournier’s 

gangrene (FG), although other definitions have 

been proposed, such as necrotising fasciitis, as 

suggested by Wilson in 1952 [2]. The term FG 

is now more widely implemented to genital, 

perianal, perirectal and abdominal wall 

infections. Although the initial definition does 

not contain a known etiology, trauma and 
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infection of the perianal and genital areas seem 

to play an important role in this disease [3]. FG 

can occur after colorectal and urinary system 

pathologies, perineal infections, perianal or 

genital trauma and any surgical intervention in 

the above-mentioned areas. This disease, which 

appears suddenly and progresses rapidly, is 

mostly mortal if not it is under control with 

early treatment [4, 5]. It can affect both genders 

and individuals in all ages [6].  

Predisposing factors include diabetes mellitus, 

hypertension, coronary and peripheral artery 

diseases, obesity, smoking, drug addiction, 

poor hygiene, chronic alcoholism, 

malignancies and immunosuppression [7, 8]. 

This disease, which is difficult to diagnose 

without necrosis or gangrene, can show a rapid 

course and lead to death [9]. Early diagnosis of 

FG and determining the correct treatment 

method are very important for survival. The 

emergency treatment of FG begins with 

surgical debridement and broad-spectrum 

antibiotic therapy [3]. After the initial 

comprehensive debridement, a series of 

repetitive debridement may be required. An 

effective dressing is very valuable in treatment. 

In recent years, negative pressure wound 

therapy (NPWT) has gained popularity and is 

widely used in wound management [10].  

Despite the advancement of knowledge on 

etiology, diagnosis, treatment and intensive 

care techniques, the mortality rate of FG 

patients is still high. The incidence of FG is 

increasing especially in developed countries 

aging population. Therefore, it is important to 

understand the predisposing factors, 

pathophysiology and clinical course of this 

disease. In this study, we aimed to review our 

experiences of FG treatment and to evaluate the 

etiological parameters, accompanying diseases, 

current treatment methods and factors affecting 

mortality in patients with FG. 

Materials and methods 

Ethical approval was obtained from the Local 

Ethics Committee for this study (IRB approval 

number OMU: 2020/751). The medical records 

of 38 patients who were operated by the same 

team with a diagnosis of FG from December 

2015 to January 2021 were retrospectively 

reviewed. The diagnosis of FG was established 

based on patient history, clinical symptoms, 

physical examination at presentation and 

radiological findings.  

The patients were divided into two groups as 

follows: survivors (Group 1, n = 29) and non-

survivors (Group 2, n = 9). Demographic 

characteristics of the patients, initial symptoms, 

involved areas, etiological factors, 

comorbidities, leukocyte count at first 

presentation, number of debridement, dressing 

methods (wet or negative aspiration system), 

the presence of a diverting ostomy, 

reconstruction methods, and length of hospital 

stay were recorded and compared between the 

two groups. The effect of these parameters on 

clinical results was investigated.  

All data were analyzed by using SPSS 

(Statistical Package for Social Sciences) for 

Windows 15.0 program. In the comparison of 

qualitative data, descriptive statistical methods 

(mean or median and standard deviation) and 

Pearson's chi-square test were used. The Mann-

Whitney U test and independent samples t-test 

were used for binary comparisons of 

continuous variables. A value of p< 0.05 was 

accepted as statistically significant. 

 

Results  

Thirty-eight patients who were operated by the 

same team for FG were included in this study. 

While 29 (76.3%) of these patients recovered 

with treatment, 9 (23.7%) patients were 

deceased. Data on patient age, gender, clinical 

features, leukocyte count at first presentation  
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   Table 1. Patient demographics, clinical features, leukocyte count at first presentation and comorbid diseases 

Parameters  Group I 

(n=29) 
Group II 

(n=9) 
Total 

(n=38) 

P value 

Age* (years) 59.5 (12.9) 62.5 (14.6) 60.2 (13.2) .559 

Gender      

     Female 8 (27.6%) 6 (66.7%) 14 (36.8%) 
.034 

     Male 21 (72.4%) 3 (33.3%) 24 (63.2%) 

Initial symptoms     

     Perianal swelling 22 (75.9%) 2 (22.2%) 24 (63.2%) .040 

     Perianal pain 20 (69%) 1 (11.1%) 21 (55.3%) .002 

     Necrosis 9 (31%) 8 (88.9%) 17 (44.7%) .002 

     Fever 11 (37.9%) 1 (11.1%) 12 (31.6%) .130 

     Perineal pain 9 (31%) 1 (11.1%) 10 (26.3%) .236 

     Crepitus 7 (24.1%) 3 (33.3%) 10 (26.3%) .584 

     Septic shock 1 (3.4%) 6 (66.7%) 7 (18.4%) <.001 

     Scrotal swelling 5 (17.2%) 2 (22.2%) 7 (18.4%) .736 

     Vulvar swelling 3 (10.3%) 2 (22.2%) 5 (13.2%) .689 

Involved area     

     Perianal 24 (82.8%) 4 (44.4%) 28 (73.7%) .023 

     Genital 14 (48.3%) 4 (44.4%) 18 (47.4%) .841 

     Perineal 14 (48.3%) 3 (33.3%) 17 (44.7%) .431 

     Abdominal wall 4 (13.8%) 7 (77.8%) 11 (28.9%) <.001 

     Lumbar region 4 (13.8%) 4 (44.4%) 8 (21.1%) .049 

Etiology     

     Anorectal 19 (65.5%) 3 (33.3%) 22 (57.9%) .088 

     Urogenital 3 (10.3%) 3 (33.3%) 6 (15.8%) .098 

     Cutaneous 4 (13.8%) 0 4 (10.5%) .239 

     Postoperative complication 1 (3.4%) 3 (33.3%) 4 (10.5%) .011 

     Trauma 2 (6.9%) 0 2 (5.3%) .418 

     COVID-19  1 (3.4%) 0 1 (2.6%) .572 

Leukocyte count at first 

presentation* (u/L) 17047 (7336) 16735 (8206) 16973 (7436) .914 

Comorbid disease     

     Diabetes 17 (58.6%) 4 (44.4%) 21 (55.3%) .455 

     Hypertension 7 (24.1%) 4 (44.4%) 11 (28.9%) .241 

     Coronary artery disease 7 (24.1%) 2 (22.2%) 9 (23.7%) .906 

     Malignancy 5 (17.2%) 3 (33.3%) 8 (21.1%) .301 

     Chronic renal failure 2 (6.9%) 3 (33.3%) 5 (13.2%) .040 

     Cerebrovascular disease 3 (10.3%) 2 (22.2%) 5 (13.2%) .357 

    *Data is presented as mean (standard deviation), Bold values indicate statistical significance. 
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Table 2. The etiology of Fournier’s gangrene. 

Etiology Group I Group II Total 

Anorectal 19 (50%) 3 (7.9%) 22 (57.9%) 

     Perianal abscess 10 (26.5%) 1 (2.6%) 11 (29.1%) 

     Fistula to the rectum 1 (2.6%) - 1 (2.6%) 

     Ischiorectal abscess 4 (10.5%) - 4 (10.5%) 

     Perforated appendicitis 1 (2.6%) - 1 (2.6%) 

     Rectum cancer 1 (2.6%) - 1 (2.6%) 

     Perforated cecum tumor - 1 (2.6%) 1 (2.6%) 

     Rectum perforation / foreign body 1 (2.6%) - 1 (2.6%) 

     Diverticular perforation 1 (2.6%) 1 (2.6%) 2 (5.3%) 

Urogenital 3 (7.9%) 3 (7.9%) 6 (15.8%) 

     Scrotal abscess 1 (2.6%) 1 (2.6%) 2 (5.3%) 

     Vulvar abscess 1 (2.6%) 2 (5.3%) 3 (7.9%) 

     Bartholin abscess 1 (2.6%) - 1 (2.6%) 

Cutaneous 4 (10.5%) 0 4 (10.5%) 

     Decubitus ulcer 2 (5.3%) - 2 (5.3%) 

     Perineal soft tissue infection 2 (5.3%) - 2 (5.3%) 

Postoperative complication 1 (2.6%) 3 (7.9%) 4 (10.5%) 

     Haemorrhoidal disease 1 (2.6%) - 1 (2.6%) 

     Intestinal anastomotic leak - 2 (5.3%) 2 (5.3%)  

     Colostomy complication - 1 (2.6%) 1 (2.6%) 

Trauma 2 (5.3%) 0 2 (5.3%) 

COVID-19  1 (2.6%) 0 1 (2.6%) 

 

Table 3. Treatment outcomes for Fournier’s gangrene. 

Parameters Group I (n=29) Group II (n=9) Total (n=38) P value 

Number of debridement* 3 (2-20) 3 (2-12) 3 (2-20) .927 

Dressing methods     

     Wet-dressing 

     NPWT 

4 (13.8%) 0   

.266 25 (86.2%) 9 (100%) 34 (89.5%) 

Ostomy 8 (27.6%) 6 (66.7%) 14 (36.8%) .034 

Reconstruction     

     Fasciocutaneous flap 

     Split-thickness skin graft 

4 (13.8%) 2 (22.2%) 6 (15.8%) 

.203 8 (27.6%) 0 8 (21.1%) 

Length of hospital stay (day) 23 (3-59) 20 (4-86) 22 (3-86) .447 
 

NPWT: negative pressure wound therapy, *Data is presented as median (min-max value), Bold value 

indicate statistical significance. 
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and comorbid diseases are presented in Table 1.  

The mean age was 60.2 ± 13.2 years and 63.2% 

of the population was male. Female gender was 

significantly higher in Group 2 (p<0.05).  

When the initial symptoms were compared, 

perianal swelling and perianal pain were 

significantly higher in Group 1, and septic 

shock and necrosis in Group 2 (p<0.05). 

Perianal involvement was more common in 

Group 1 and abdominal wall and lumbar region 

involvement in Group 2 (p<0.05).  

Etiological origins are shown in Table 1 and 

Table 2, and the most common cause of 

Fournier's gangrene was a perianal or perirectal 

infection spreading to the perineum, 

external urogenital organs, abdominal wall, and 

lumbar region. FG developing secondary to 

postoperative complications was significantly 

higher in Group 2 (p<0.05). There was no 

statistical difference between the groups in 

terms of leukocyte count at first presentation. 

The most common comorbid disease was 

diabetes mellitus (21 patients; 55.3%). 33% of 

the patients who died from Fournier's gangrene 

had chronic renal failure. In Group 1, Fournier's 

gangrene occurred in 1 patient during COVID 

19 treatment and in 2 patients after blunt 

perineal trauma due to falling from height 

(Table 2).  

There were no significant differences between 

the two groups regarding number of 

debridement, dressing methods, reconstruction 

methods, and length of hospital stay (p>0.05). 

Ostomy was required in 8 (27.6%) patients in 

Group 1 and 6 (66.7%) patients in Group 2 due 

to anal sphincter defect or surgical wound 

contamination. Stoma rate was higher in Group 

2 (p<0.05) (Table 3). 

 

Discussion 

Fournier's gangrene (FG) is a rare but serious 

and progressive infection that can affect the 

genital area, perineum and lower abdominal 

wall separately or together [3]. As the causative 

microorganisms multiply, the infection spreads 

to the anatomical fascial planes. The 

pathognomonic histological findings on FG are 

necrosis of the superficial and deep fascial 

planes, fibrin deposition within and around the 

arterioles [11]. FG predominantly occurs in 

individuals aged between 30 and 60 [12]. In a 

recent study, although this disease is detected at 

all ages, it has been reported mostly in 

individuals in their fifties [13]. This aggressive 

disease process is associated with a high 

mortality rate of 20-30% [14]. There are 

different results in the literature regarding age 

as a prognostic factor for death. Sorensen et al. 

[15] emphasized that the prognosis worsens 

with increasing patient age, while Yeniyol et al. 

[16] found no statistical difference in age 

between survivors and non-survivors. The 

mean age of the patients in the present study 

was 60.2 years and the mortality rate was 

23.7%. We did not observe any significant 

difference in age among groups. While FG has 

been known to be a predominantly male disease 

since scrotal involvement was used as the key 

component of the original FG definition, the 

definition has expanded with the presentation 

of this disease also in women [17]. Although 

FG was observed less frequently in women in 

our study, the mortality rate was found to be 

significantly higher. Similarly, Czymek et al. 

[18] stated that female gender is a prognostic 

factor for mortality. On the other hand, this 

result may be due to the fact that the study was 

conducted with a smaller number of patients. 

Patients usually come to the emergency service 

within a few days after the onset of complaints 

such as purulent rectal discharge, perineal 

edema or pain. Infectious sources are mostly 

anorectal diseases, urological diseases, 

intraperitoneal events or traumatic injuries, and 
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in some cases the cause may not be determined 

[19, 20]. In this study, the main patient 

complaints were perianal swelling, perianal 

pain, and necrosis around the anus. The 

mortality rate was significantly higher in 

patients who had symptoms of necrosis and 

septic shock at presentation, and accompanying 

abdominal wall and lumbar region involvement 

in addition to perianal involvement. Although 

many diseases have been reported to be 

positively associated with FG, especially 

diabetes mellitus is the most important 

predisposing factor among them [3, 21]. On the 

other hand, the relationship between diabetes 

mellitus and mortality is still controversial. 

Some studies report an association with both 

incidence and mortality, while others only show 

a relationship with incidence. In our study, 

55.3% of the patients had diabetes mellitus; 

however, there was no significant association 

between diabetes mellitus and mortality. In a 

recent study, FG with extensive soft tissue 

necrosis and pre-existing chronic kidney 

disease was associated with poor prognosis 

[22]. Similarly, chronic renal failure was 

statistically more common in non-survivors in 

this study.  

Previously, FG was generally known as a 

urological disease, but now it is mainly of 

concern to general surgeons as the most 

common etiology is colorectal-derived 

diseases. Stephens et al. found a higher 

mortality in patients with colorectal-derived FG 

compared to other etiologies [23]. Necrotizing 

soft tissue infections caused by intestinal 

perforation can occur in an atypical fashion 

with significant morbidity and mortality rates 

[24]. When anorectal etiologies and 

postoperative colorectal surgery complications 

were evaluated together, it was seen that they 

constituted 68.4% of the total etiology in our 

study. Moreover, mortality rate was high in FG 

cases developing secondary to postoperative 

colorectal surgery complications. Fournier's 

gangrene was detected in a 76-year-old female 

patient who was followed up in the intensive 

care unit due to respiratory failure secondary to 

COVID-19. COVID-19, which suppresses the 

immune system, has emerged as another 

etiological factor. The above mentioned patient, 

who underwent emergency and aggressive 

debridement along with COVID-19 treatment, 

was discharged on the 7th week of 

hospitalization. It has been reported that a high 

mean leukocyte count at first presentation is a 

prognostic factor for mortality [25]. On the 

contrary, no significant difference was found 

among the groups in terms of leukocyte count 

in our study.  

Early diagnosis, urgent debridement and 

adequate administration of broad-spectrum 

antibiotics are the most essential component of 

treatment [26]. In this study, aggressive 

debridement and broad-spectrum antibiotic 

therapy were performed to all patients. Serial 

debridement was continued until necrotic 

lesions disappeared at the wound site. The 

median amount of debridement for both groups 

was 3 and there was no statistically significant 

difference between the groups. A conventional 

wet-to-dry dressing is a well-known, popular, 

inexpensive and accepted method with many 

advantages such as keeping the wound clean. 

NPWT is a widely used another method of 

wound treatment [27]. Once the necrosis is 

eliminated, NPWT helps the wound heal 

physiologically. The negative pressure leads to 

increased blood flow and the migration of 

inflammatory cells to into the wound site [28]. 

NPWT requires less frequent change compared 

to traditional dressings and is a less painful 

procedure. This also prevents bacterial 

contamination and accelerates the formation of 

granulation tissue with the removal of exudates 
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[29,30]. NPWT treatment was used in 89.5% of 

all patients, and there was no statistically 

significant difference between the groups in 

terms of wound therapy.  

The debridement area usually carries the risk of 

faecal contamination [31]. Therefore, a faecal 

diversion is an important attempt at FG 

treatment. Loop colostomy is often used in 

patients with severe perineal involvement and 

wounds close to the anus [32]. The literature 

has shown that patients requiring ostomy has a 

poor prognosis [15]. 36.8% of the patients 

required ostomy and there was statistically 

significant association between ostomy and 

prognosis. Stoma rate was statistically higher in 

non-survivors. Early closure of tissue defects is 

an important part of treatment. Various 

reconstructive methods are available for good 

functional and cosmetic results. There is no 

consensus on the best method of reconstruction. 

The reconstructive treatment should be based 

on the patient's clinical characteristics, patient 

preference, and surgeon's judgment [33]. We 

preferred either fasciocutaneous flap or split-

thickness skin graft in wounds with large tissue 

defects that did not close with secondary 

healing after NPWT treatment. Major wounds 

caused by debridement in FG patients usually 

take a long time to heal and thus require a long 

hospital stay. Although Ersay et al. [20] have 

determined that longer hospital stay was a 

factor affecting survival, there was no 

statistically significant difference between the 

groups in terms of hospital stay in our study.  

The limitation of this study was associated with 

the disadvantages caused by the retrospective 

design. Although the data were collected in a 

five-year period, the sample size was small. 

Another limitation was that when the patient 

data were analyzed retrospectively, we could 

not reach all the necessary laboratory values to 

calculate the FGSI score. Therefore, we could 

not use this parameter to compare between 

groups. FG with diffuse soft tissue necrosis is 

associated with poor prognosis and complex 

patient management. Rapid recognition of 

disease spread and patient's poor prognostic 

factors is essential to reduce mortality and 

establish a management plan for this disease. In 

spite of development in medical treatment and 

intensive care procedures, FG is still a mortal 

disease. 

 

Conclusion 

Fournier’s gangrene is a serious surgical 

emergency with a high mortality rate. Female 

gender, presence of septic shock and necrosis 

on physical examination, involvement of the 

abdominal wall and lumbar region in addition 

to the perianal region, chronic renal failure, 

disease secondary to postoperative 

complications and the necessity of ostomy play 

an important role in mortality. 

 

Funding: The author(s) received no financial 

support for the research, authorship, and/or 

publication of this article. 

Conflict of Interest: The authors declare that 

they have no conflict of interest. 

Ethical statement: The study was approved by 

the Local Ethics Committee of Ondokuz Mayis 

University (IRB approval number OMU: 

2020/751), and written informed consent was 

obtained from each subject. 

 

Open Access Statement 

This is an open access journal which means that 

all content is freely available without charge to 

the user or his/her institution under the terms of 

the Creative Commons Attribution Non-

Commercial License 

(http://creativecommons.org/licenses/by-

nc/4.0). Users are allowed to read, download, 

copy, distribute, print, search, or link to the full 

http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0


                                              Derebey et al / Exp Biomed Res. 2021; 4(3):181-189 

   
 

188 
 

texts of the articles, without asking prior 

permission from the publisher or the author. 

 

References 

[1] Fournier JA. Jean-Alfred Fournier 1832-

1914. Gangrène foudroyante de la verge 

(overwhelming gangrene). Sem Med 1883. 

Diseases of the colon and rectum. 

1988;31(12):984-88. 

[2] Wilson B. Necrotizing fasciitis. The 

American surgeon. 1952;18(4):416-31. 

[3] Morpurgo E, Galandiuk S. Fournier's 

gangrene. The Surgical clinics of North 

America. 2002;82(6):1213-24. 

[4] Korhonen K. Hyperbaric oxygen therapy in 

acute necrotizing infections with a special 

reference to the effects on tissue gas 

tensions. Annales chirurgiae et 

gynaecologiae Supplementum. 

2000(214):7-36. 

[5] Eke N, Echem RC, Elenwo SN. Fournier's 

gangrene in Nigeria: a review of 21 

consecutive patients. International surgery. 

2000;85(1):77-81. 

[6] Oguz A, Gümüş M, Turkoglu A, et al. 

Fournier's Gangrene: A Summary of 10 

Years of Clinical Experience. International 

surgery. 2015;100(5):934-41. 

[7] Hejase MJ, Simonin JE, Bihrle R, et al. 

Genital Fournier's gangrene: experience 

with 38 patients. Urology. 1996;47(5):734-

39. 

[8] Benizri E, Fabiani P, Migliori G, et al. 

Gangrene of the perineum. Urology. 

1996;47(6):935-39. 

[9] Jeong HJ, Park SC, Seo IY, et al. Prognostic 

factors in Fournier gangrene. International 

journal of urology : official journal of the 

Japanese Urological Association. 

2005;12(12):1041-44. 

[10] Pour SM. Use of negative pressure wound 

therapy with silver base dressing for 

necrotizing fasciitis. Journal of wound, 

ostomy, and continence nursing : official 

publication of The Wound, Ostomy and 

Continence Nurses Society. 2011;38(4):449-

52. 

[11] Vick R, Carson CC, 3rd. Fournier's disease. 

The Urologic clinics of North America. 

1999;26(4):841-49. 

[12] Sockkalingam VS, Subburayan E, Velu E, et 

al. Fournier's gangrene: prospective study of 

34 patients in South Indian population and 

treatment strategies. Pan African medical 

journal. 2018;12(31):110. 

[13] Bilton BD, Zibari GB, McMillan RW, et al. 

Aggressive surgical management of 

necrotizing fasciitis serves to decrease 

mortality: a retrospective study. The 

American surgeon. 1998;64(5):397-400. 

[14] Singh A, Ahmed K, Aydin A, et al. 

Fournier's gangrene. A clinical review. 

Archivio italiano di urologia, andrologia : 

organo ufficiale [di] Societa italiana di 

ecografia urologica e nefrologica. 

2016;88(3):157-64. 

[15] Sorensen MD, Krieger JN, Rivara FP, et al. 

Fournier's gangrene: management and 

mortality predictors in a population based 

study. The Journal of urology. 

2009;182(6):2742-47. 

[16] Yeniyol CO, Suelozgen T, Arslan M, et al. 

Fournier's gangrene: experience with 25 

patients and use of Fournier's gangrene 

severity index score. Urology. 

2004;64(2):218-22. 

[17] Smith GL, Bunker CB, Dinneen MD. 

Fournier's gangrene. British journal of 

urology. 1998;81(3):347-55. 

[18] Czymek R, Frank P, Limmer S, et al. 

Fournier's gangrene: is the female gender a 

risk factor? Langenbecks Arch Surg. 

2010;395(2):173-80. 



                                              Derebey et al / Exp Biomed Res. 2021; 4(3):181-189 

   
 

189 
 

[19] Shyam DC, Rapsang AG. Fournier's 

gangrene. The surgeon : journal of the Royal 

Colleges of Surgeons of Edinburgh and 

Ireland. 2013;11(4):222-32. 

[20] Ersay A, Yilmaz G, Akgun Y, et al. Factors 

affecting mortality of Fournier's gangrene: 

review of 70 patients. ANZ journal of 

surgery. 2007;77(1-2):43-48. 

[21] Taviloglu K, Yanar H. Necrotizing fasciitis: 

strategies for diagnosis and management. 

World Journal of Emergency Surgery. 

2007;2(1):19. 

[22] Hahn HM, Jeong KS, Park DH, et al. 

Analysis of prognostic factors affecting poor 

outcomes in 41 cases of Fournier gangrene. 

Annals of surgical treatment and research. 

2018;95(6):324-32. 

[23] Enriquez JM, Moreno S, Devesa M, et al. 

Fournier's syndrome of urogenital and 

anorectal origin. A retrospective, 

comparative study. Diseases of the colon and 

rectum. 1987;30(1):33-37. 

[24] Kumar D, Cortés-Penfield NW, El-Haddad 

H, et al. Bowel Perforation Resulting in 

Necrotizing Soft-Tissue Infection of the 

Abdomen, Flank, and Lower Extremities. 

Surgical infections. 2018;19(5):467-72. 

[25] Villanueva-Sáenz E, Martínez Hernández-

Magro P, Valdés Ovalle M, et al. Experience 

in management of Fournier's gangrene. 

Techniques in coloproctology. 2002;6(1):5-

10. 

[26] Norton KS, Johnson LW, Perry T, et al. 

Management of Fournier's gangrene: an 

eleven year retrospective analysis of early 

recognition, diagnosis, and treatment. The 

American surgeon. 2002;68(8):709-13. 

[27] Ozturk E, Ozguc H, Yilmazlar T. The use of 

vacuum assisted closure therapy in the 

management of Fournier's Gangrene. 

American journal of surgery. 

2009;197(5):660-65. 

[28] Arslan E, Ozturk OG, Aksoy A, et al. 

Vacuum-assisted closure therapy leads to an 

increase in plasma fibronectin level. 

International wound journal. 2011;8(3):224-

28. 

[29] Assenza M, Cozza V, Sacco E, et al. VAC 

(Vacuum Assisted Closure) treatment in 

Fournier's gangrene: personal experience 

and literature review. La Clinica terapeutica. 

2011;162(1):e1-5. 

[30] Czymek R, Schmidt A, Eckmann C, et al. 

Fournier's gangrene: vacuum-assisted 

closure versus conventional dressings. 

American journal of surgery. 

2009;197(2):168-76. 

[31] Ozkan OF, Altýnlý E, Koksal N, et al. 

Combining Flexi-Seal and negative pressure 

wound therapy for wound management in 

Fournier's gangrene. International wound 

journal. 2015;12(3):364-5. 

[32] Ozkan OF, Koksal N, Altinli E, et al. 

Fournier's gangrene current approaches. 

International wound journal. 

2016;13(5):713-16. 

[33] Insua-Pereira I, Ferreira PC, Teixeira S, et al. 

Fournier's gangrene: a review of 

reconstructive options. Central European 

journal of urology. 2020;73(1):74-79. 

 

 



  

 

Exp Biomed Res 2021; 4(3): 190-197                                  

Doi: 10.30714/j-ebr.2021370073 
                                          

 

 

 

Dual effect of epigallocatechine gallate on the pathology of Alzheimer’s: Cholinesterases 

and amyloidogenesis 
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Aim: To evaluate the dual inhibitory effect of epigallocatechin gallate on Alzheimer’s pathogenesis. 

Methods: Cholinesterase inhibition studies were performed by kinetic Ellman methods and also the inhibitory 

effect of molecule on amyloid fibrillation is determined by dye binding thioflavin T method. 

Results: Epigallocatechin gallate inhibited both types of cholinesterases and amyloid fibrillation. The 

inhibition of acetylcholinesterase indicated an uncompetitive inhibition whereas butyrylcholinesterase 

inhibition had an unique pattern. Compound inhibited butyrylcholinesterase with two types of inhibition in a 

dose related manner. Fibrillation destabilization is also observed by the compound. 

Conclusion: Our results indicated that epigallocatechin gallate may be accepted as a candidate molecule as 

the dual effective drugs for neurodegenerative diseases. 
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Introduction 

Catechins are polyphenols that belong to plant-

derived flavonoid family. Antioxidant effects 

are the well-known effects and their prooxidant 

behavior is also reported depending on the dose 

and route of administration [1,2]. Dietary 

sources, tea and especially green tea is a 

fundamental source of catechins for human. 

The major active component   of the 

polyphenolic content of green tea is 

epigallocatechin gallate (EGCG).  Besides 

antioxidant effects, some other beneficial roles 

of EGCG are reported as antiatherogenic, 

anticarcinogenic, antiapoptotic and its 

importance in neurodegenerative diseases is 

widely emphasized in experimental in vivo 

studies [3,4]. Many studies of human clinical 

trials showed to have an augmented healing 

effect on the cognitive dysfunction by the use 

of flavanol compounds. 

Alzheimer’s disease (AD) is a deteriorative 

neurological disorder characterized by loss of 

memory and mental functions, behavioral 

disorders and also impairment of cholinergic 

neurotransmission. Although the etiology of 

AD is not clarified definitely yet, there are some 

well accepted features about the basis of 

disease. Aggregation of amyloid peptides is 

reported as the most common reason in the 

onset and progression. Amyloid peptides are 

the proteolytic cleavage products of amyloid 

precursor protein (APP). Although this 

cleavage is a physiological process, the activity 

of specific enzymes results with the formation 
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of fragments (amyloid beta 1-40, amyloid beta 

1-42) that form toxic aggregates (amyloid 

plaques) in the brain. The inhibition of 

aggregation is accepted as the main strategy for 

the treatment of the disease and there are 

several in vitro reports dealing with this 

approach [5-9]. 

Another well-known fact about the pathology 

and progress of the AD is the attenuation of 

cholinergic response. Whether it is caused by 

the apoptosis of cholinergic neurons or the 

decreased activity of acetylcholinesterase; it is 

mainly reported that the diminished 

acetylcholine levels has an important role in the 

severe symptoms of AD. Cholinesterase 

inhibitors are widely used medications to 

overcome this problem on the symptomatic 

treatment of the disease for an improved quality 

of lifetime. Cholinesterases are the serine 

hydrolases responsible for the cholinergic 

metabolism. Acetylcholinesterase (AChE; 

E.C.3.1.1.7) and butyrylcholinesterase (BChE; 

E.C.3.1.1.8) may use acetylcholine as the 

substrate with different affinities and both 

known to have roles in the maintanance of 

acetylcholine levels. Besides the enzymatic 

activity, many in vitro studies report another 

function of AChE in the molecular pathology of 

AD. Experiments show that, the peripheral 

anionic site (PAS) of the AChE interacts with 

amyloid peptides behaving as a core for   

promoting fibril aggregation [10].  

Upon these observations experiments mainly 

focus on the generation and development of the 

dual effective cholinesterase inhibitors that 

target both the enzymatic activity and self-

fibrillation [11,12].   

There are several reports dealing with the 

inhibitory effects of flavonoids on the 

cholinesterases [13]. Our study is aimed to 

determine the inhibitory parameters of EGCG 

on cholinesterases and to evaluate the possible 

destabilization of amyloidogenesis within the 

determined pharmacological concentrations 

obtained by kinetic analysis. Based on our 

hypothesis EGCG may be nominated as a 

member of dual effective drugs family for 

Alzheimer’s treatment.   

 

Materials and methods 

 

Chemicals 

Human recombinant AChE, Equine serum 

BChE, amyloid peptides 1-40/1-42, 

epigallocatechin-3-gallate (EGCG), 

acetylthiocholineiodide (ATCh), 

butyrylthiocholineiodide (BTCh) and 

Thioflavin T (ThT) were purchased from 

Sigma–Aldrich (MO, USA).  All biochemical 

studies were performed in triplicate and data 

were expressed as mean ± SEM. 

 

Enzymatic Analysis 

Enzyme activities (AChE and BChE) were 

assayed by the Ellman Method with/without 

various concentrations of inhibitor (EGCG). 

The tubes having zero concentrations of EGCG 

are used as the control.  The activity medium 

was containing 100 mM MOPS pH 8.0, 0.05–

0.5 mM ATCh or BTCh   as the substrate, 0.125 

mM dithiobisnitrobenzoic acid (DTNB) and 

inhibitor. Reactions were initiated by the 

addition of enzyme(s) (0.02 U/mL) and the 

absorbance change at 412 nm was monitored 

spectrophotometrically against the sample 

blank (Shimadzu-1601, Japan) at 25 °C [14]. 

 

Amyloid peptide fibrillation  

The inhibitory effect of EGCG on the amyloid 

aggregation is tested by Thioflavin T 

fluorescence method.  ThT is a dye giving a 

characteristic fluorescence upon binding to 

peptides/polypeptides and also aggregates [15]. 

Due to characteristics of the binding, the 
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increase in the fluorescence with respect to 

control, is accepted as the increase of 

fibrillation (aggregation). Commercially 

available peptides were dissolved in 100 mM 

potassium phosphate buffer pH 7.2 and 

incubated with/without 50 µM of EGCG for 24 

hours. The flouresence intensities were 

recorded and expressed as arbitrary unit (A.U.) 

at the time intervals given on the figure. ThT 

fluorescences were obtained using 8 μM ThT in 

100 mM sodium phosphate buffer, pH 7.4, by 

spectrofluorometer (Shimadzu RF-5301, 

Japan) at wavelengths Ex: 442 and Em: 482. 

Rifampicin was used as the standard for fibril 

destabilization [16]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results  

Kinetic Analysis 

In order to estimate the probable inhibitory 

effect of EGCG on cholinesterase activities and 

perform further kinetic evaluation, IC50 values 

were determined as 55 ± 1,3 µM for AChE and 

63 ± 1,1 µM for BChE.  Inhibitor types and 

kinetic properties for both enzymes were 

determined by Lineweaver-Burk plots with 

secondary reciprocals. As shown in Figure 1 the 

inhibition of AChE by EGCG was 

uncompetitive (Figure 1).   

EGCG inhibited BChE in a dose related 

manner.  The inhibition type was uncompetitive 

at low    inhibitor    concentrations   (25,50 µM) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

Figure 1. The Lineweaver-Burke (A) and reciprocal (B) plot of AChE inhibition by EGCG. Each point is the 

average of three determinations. 
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Figure 2. The Lineweaver-Burke plot of BChE inhibition by EGCG. Each point is the average of three 

determinations. 
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whereas at high inhibitor concentrations 

(75,100 µM) inhibition was   noncompetitive 

(Figure 2). The reciprocal plots for each are 

given respectively in Figure 3 A and B. 

The types of inhibitions and inhibitor-enzyme 

dissociation constant (Ki) values were given in 

Table 1.  

Amyloid Destabilization 

The inhibitory effect of EGCG on three forms  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of fibrillation (1-40-140, 1-42-1-42 and 1-40-

42) was tested with the Tht fluorescence 

method.  As shown in Figure 4 EGCG inhibited 

the formation of all types of fibril aggregation 

from the fourth hour of experiment. Rifampicin 

which is a well-known standard destabilizing 

agent was used in our experiment for the same 

purpose [16]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
Figure 3. The reciprocal plots for (A) uncompetetive (B) noncompetetive inhbition of BChE   inhibition by 

EGCG. Each point is the average of three determinations. 
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Table 1. The kinetic data of inhibitory parameters of EGCG on cholinesterases. Values are expressed 

as mean ± SEM. 

Enzyme  Inhibition type Ki (mM) 

AChE Uncompetitive 222.3 ±1.25 

BChE  

25-50 mM EGCG   

75-100 mM EGCG 

   

 

Uncompetitive 

Noncompetitive 

 

28.1 ±0.33 

32.3 ± 0.46 

 

 

 
Figure 4. Inhibitory effect of EGCG on amyloid peptide aggregation. Each point is the average of three 

determinations. 
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Discussion 

In our study EGCG is found to inhibit both 

types of cholinesterases and also amyloid 

aggregation. Although the calculated IC50’s 

were not promising when compared to the 

values of donepezil (23.1 nM for human 

recombinant AChE and and 7.4 nM for BChE) 

the discovery of dual inhibiory effect was 

satisfactory [17]. 

The plots indicated an uncompetetive inhibition 

of AChE and a dose related inhibition pattern 

for BChE. 

Due to its physiological importance, AChE is 

one of the most investigated enzymes for the in 

vivo and in vitro effects of herbal medicines. 

There are several reports indicating the roles of 

ginsenosides [18], flavanoids [19], and other 

types of plant-based sources on the activity of 

cholinesterases. 

The active site of cholinesterases (active gorge) 

has five different regions for proper catalysis. 

The amino acid content of these sites differ for 

AChE and BChE and contribute to the 

differences in catalytic activites and their 

behavior against the inhibitors. It is mainly 

known that the gorge of AChE is smaller than 

the active gorge of BChE by the replacement of 

14 aromatic amino acids with the aliphatic ones. 

The common catalytic site is a catalytic triad 

having Ser-His-Glu residues [20].   

In our model, the uncompetitive inhibition of 

AChE indicates an interaction of EGCG with a 

site other than the catalytic triad of the enzyme. 

The smaller gorge of AChE may block the 

entrance of EGCG to active site and EGCG is 

captured by the PAS. The peripheral anionic 

site (PAS) which is placed on the entry of active 

gorge has Asp and Tyr amino acids. EGCG is a 

polyphenolic substance having free hydroxyl 

residues in its structure. Due to the probable 

hydrogen bond formation between Asp/Tyr 

amino acids with these polyhydroxyls an 

uncompetitive inhibition is caused by EGCG 

[21]. 

The inhibition of BChE with EGCG showed an 

interesting pattern. At concentrations below 

IC50 values the inhibition was uncompetitive 

whereas noncompetitive inhibition was 

observed at concentrations greater than 50 µM. 

These results implied a multi-site interaction of 

molecule with the enzyme. In order to prove our 

assumption Hill plot was constructed [22]. By 

the plot, inhibitor binding sites were calculated 

as 1.9 and 2.4 at low and high concentrations 

respectively having an average 2.15. The n 

values greater than 1 obtained by Hill plot 

indicates more than one binding sites for 

inhibitor – enzyme relationship and this data 

clarified dose related inhibition pattern. Also 

findings were in accordance with the previous 

studies dealing with this type of inhibitions 

[17,23]. This observation is generally reported 

due to   conformational change at the active site 

of BChE by increasing concentrations of 

inhibitor. Several reports mention the 

importance of Leu and Val residues of acyl 

bonding pocket of BChE for the binding of 

large molecules [24,25]. We postulate that this 

change of inhibition type is caused by the 

binding of EGCG to PAS at low concentrations 

and the increased concentrations predominating 

interaction with the second site, acyl pocket.  

EGCG also inhibited the amyloid fibril 

aggregation in a time course manner. Previous 

studies report [26] the destabilizing effect of 

EGCG on Ab42 fibrillation but we investigated 

all types of fibrillation processes. All types of 

fibril formations was observed to increase by 

the two hours of experiment and EGCG 

destabilized the fibrillation from fourth hours. 

Rifampicin which is a well- accepted 

fibrillation destabilizer inhibited fibril 

formation by 90.9% in 24 h and EGCG is 

inhibited only by 7%. The selected 
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concentration of EGCG was only 50 µM in 

order to sustain and mimic IC50 levels and we 

conclude that the fibrillation inhibitions may be 

repeated in dose dependent manner. 

 

Conclusion 

The dual inhibitory effect on both 

cholinesterases and amyloidogenesis is a well 

investigated effect of molecules for the 

treatment of AD and depending on this 

approach our findings add a new insight to 

known beneficial effects of EGCG on 

neurodegenerative diseases.  
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A BST R AC T   

 

Aim: To evaluate the predictive roles of biochemical and complete blood count parameters in the 

diagnosis of febrile seizures by comparing these between patients with simple febrile seizures and 

febrile patients without seizures.  

Methods: One hundred fifty-two children (66 girls and 86 boys), aged 6-60 months presenting with 

fever symptoms presenting to our hospital’s pediatric emergency department between January 2015 

and January 2020 were included in the study. Demographic data, complete blood count parameters 

and biochemical parameter levels were compared between the two groups. These were divided into a 

patient group with simple febrile seizures (n = 74) and a febrile control group without seizures (n = 

78).  

Results: Comparison of biochemical parameters revealed significantly higher glucose, CRP, and 

ALT levels in the febrile seizure group, while Ca and Na were significantly lower. Comparison of 

complete blood count parameters revealed significantly higher white blood cell (WBC), neutrophil, 

red cell distribution width, neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio 

(PLR) values in the febrile seizure group, while hemoglobin, hematocrit, mean corpuscular volume, 

lymphocytes, and mean platelet volume were significantly lower.  

Conclusions: We think that in addition to markers such as WBC, leukocytes, and CRP for evaluating 

inflammation in patients with febrile seizures, simple, easily available, and inexpensive tests such as 

NLR and PLR can also be useful for assessing inflammation.  
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Introduction 

Febrile seizure (FS) is seen in 2-5% of infants 

and children, and is the most common 

convulsive event in the pediatric age group. The 

American Academy of Pediatrics (AAP) 

defines febrile seizures as those accompanied 

by fever (>38° using any measurement 

technique) in neurologically healthy infants and 

children (aged between six and 60 months) with 

no signs of intracranial infection or metabolic 

disturbance, or history of afebrile seizures. 

Febrile seizure, the most common form of 
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seizure in the pediatric age group, was defined 

as a seizure associated with febrile illness with 

no known other cause of acute symptomatic 

seizure, including such as central nervous 

system infection or acute electrolyte imbalance 

[1].  

Febrile seizures are also classified as either 

simple or complex. Complex febrile seizure 

was defined as either focal or multiple seizures, 

or seizures with a duration exceeding 15 min, 

or both. Simple febrile seizure was defined as a 

single generalized episode occurring within 24 

h and seizures with a duration less than 15 min. 

Although the etiology of these seizures is still 

not fully understood, studies have shown the 

involvement of inflammation [2,3].  

Complete blood count parameters currently 

used in studies for evaluating several 

conditions, such as acute and chronic 

inflammatory states, infectious diseases, and 

malignancies are simple and popular 

parameters in differential diagnosis. Systemic 

inflammation and febrile seizure are closely 

related entities. Various inexpensive and easily 

accessible laboratory parameters are available 

for evaluating the severity of systemic 

inflammation, including the neutrophil: 

lymphocyte ratio (NLR) and platelet: 

lymphocyte ratio (PLR). Changes in the 

proportions of white blood cells (neutrophilia 

and lymphopenia) represent the immune 

system’s physiological response to an 

inflammatory process, injury or stress[4], also 

reflected by NLR and PLR. Some complete 

blood count parameters have been reported as 

novel inflammatory markers in Guillain-Barre 

syndrome and venous thrombosis [5,6].  

Studies in recent years have shown that 

inflammation and hypoxia affect some 

complete blood count parameters and are 

associated with seizures [7]. The purpose of this 

study was to evaluate the predictive roles of 

biochemical and complete blood count 

parameters in the diagnosis of febrile seizures 

by comparing these between patients with 

simple febrile seizures and febrile patients 

without seizures. 

  

Materials and methods 

One hundred fifty-two children aged 6-60 

months presenting with fever symptoms to our 

hospital’s pediatric emergency department 

between January 2015 and January 2020 were 

included in the study. Patients aged between six 

months and sixty months and meeting the 

definition of simple febrile seizure were 

included in the study. Patient data were 

analyzed retrospectively.  

Patients meeting AAP diagnostic criteria were 

divided into a patient group (=Group 1) with 

simple febrile seizures (n = 74) and Group 2 

with fever but no seizures (n = 78). Patients 

with previous histories of epilepsy or cerebral 

palsy, neuromotor retardation, chronic illness, 

head trauma, or diagnosed with meningitis or 

encephalitis within the previous month or 

concurrently, were excluded from the study. 

The data collected included demographics (date 

of birth, sex), and complete blood count 

parameters and blood biochemistry values were 

also compared between the groups.  

Complete blood count parameters in blood 

collected at time of initial presentation included 

white blood cell (WBC) count, red blood cell 

(RBC) count, hemoglobin (Hb), mean 

erythrocyte volume (MCV), hematocrit (HCT), 

erythrocyte distribution width (RDW), platelet 

count (PLT), mean platelet volume (MPV), the 

neutrophil:lymphocyte ratio (NLR), and the 

platelet:lymphocyte ratio (PLR). NLR was 

calculated as the ration of lymphocytes to 

neutrophils, and PLR as that of platelets to 

lymphocytes (XN-1000-Hematology-

Analyzer, Sysmex Corporation, Kobe, Japan).  
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Blood biochemistry parameters included 

sodium (Na), potassium (K), calcium (Ca), 

aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and C-reactive protein 

(CRP) Automatic Biochemistry Analyzer 

Abbott Architect c8000, Abbott Laboratories, 

Abbott Park, IL, USA). The study protocol was 

approved by the local human research 

committee (protocol number 2905 2020/179), 

and the study was conducted in compliance 

with the Declaration of Helsinki. 

 

Statistical analysis 

Continuous data were expressed as mean ± SD 

(min-max) in both study groups, and 

categorical variables as frequency and 

percentage. The Kolmogorov-Smirnov test was 

first applied to assess normality of distribution 

of the study variables. Normally distributed 

variables were analyzed using the independent 

samples t-test, while categorical variables were 

analyzed using Pearson’s chi-square test and 

Fisher’s exact test. The results were assessed 

within 95% reliance, with p <0.05 being 

considered statistically significant. All analyses 

were performed on Statistical Package for 

Social Sciences 25.0 for Windows software 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

(SPSS Inc., Chicago, IL, USA). 

 

Results  

One hundred fifty-two patients were included 

in the study. Mean ages (months) in group 1 

with febrile seizures were 42 months (56.8) 

among boys and 32 months (43.2) in girls, 

compared to 44 months (56.4) in boys and 34 

months (43.6) in girls in the group 2 (p=0.96). 

Boys constituted 42 (56.8%) of the group 1, 

while 34 (43.6%) of the group 2 were girls. No 

statistically significant difference was 

determined between the groups in terms of 

demographic data (Table 1). 

In terms of biochemical parameters, CRP, 

glucose and ALT values were significantly 

higher in the group 1 than in the group 2, while 

Na and Ca were lower in the group 1 (Table 2). 

No significant difference was observed 

between the groups’ serum AST and serum K 

levels. 

Comparison of complete blood count 

parameters revealed significantly higher WBC, 

neutrophil, RDW, NLR and PLR values in the 

group 1 compared to the group 2, while MCV, 

HB, HCT, and MPV were lower (p<0.05) 

(Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Demographic characteristics of the study groups. 

 

Parameters Group 1 (n=74) 

 

Group 2 ( n=78) 

 

p value 

Age (months), mean ± SD 41,64±18 36.2±19,9 0.078a 

Gender, n (%) 

        Male 

        Female 

 

42(56.8) 

 

44(56.4) 0.96b 

32(43.2) 34(43.6) 

SD: Standard deviation.  Data expressed as n (%). p values indicate statistical significance at 0.05.   

a Independent samples t-test,  b Pearson’s chi-square test.  
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Discussion 

The laboratory parameters of CRP, ALT, and 

glucose values were significantly higher in the 

febrile seizure group in the present study, while 

Na and Ca values    were    lower.   In  terms of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

complete blood count parameters, WBC, 

neutrophil, RDW, NLR and PLR values were 

significantly higher in the simple febrile seizure 

group, while lymphocytes, MCV, HB, HCT, 

and MPV were lower. Inflammatory cells and 

Table 2. Biochemical parameters of the study groups 

Parameters 

 

Group 1 (n=74) 

 

 

Group 2  ( n=78) 

 
p value 

CRP, mg/L    10.8 (0.1-68.7) 4.5 (0.1-49.6) 0.003a 

Calcium, mg/L    9.5 (8.3-10.8) 9.8 (8.8-10.8) 0.01a 

AST, U/L 37.5 (11-160) 32.7 (19-58) 0.1a 

ALT, U/L 20.3 (7-100) 16.4 (10-33) 0.006a 

Serum glucose, mg/L    92.9 (38-174) 85.8 (63-127) 0.007a 

Sodium, mmol/L 137.1 (131-145) 138.8 (134-144) 0.011a 

Potassium, mmol/L 4.47 (3.5-5.5) 4.49 (3.8-5.5) 0.78a 

AST aspartate aminotransferase, ALT alanine aminotransferase, CRP C-reactive protein, SD 

standard deviation. Data expressed as mean (min-max). Bold p values indicate statistical 

significance at 0.05. a Independent samples t-test. 

Table 3. Comparison of hematological parameters in the two groups. 

Parameters 
  

Group 1 (n=74) 

 

Group 2  ( n=78) 

 
p value 

WBC,× 10⁹/L 9.9(4-27.3) 8.6(4.2-16.9) 0.022a 

Neutrophil, × 10⁹/L 6.7(0.7-7.8) 2.8(0.4-7.8) 0.003a 

Lymphocyte, × 10⁹/L    3.7(0.7-11.3) 4.7(0.8-10.8) 0.007a 

PLT, × 10⁹/L  323.3(171-578) 349.2(291-575) 0.08a 

Hemoglobin, , g/L 11.7(8.5-14.9) 12.4(10.2-14.7) 0.045a 

Hematocrit 35.2±3.38 37.5±2.5 0.02a 

MCV 76.9±6.6 78.9±5.5 0.047a 

RDW 16.8±2.02 13.4±1.7 0.04a 

MPV 7.16±3.6 9.3±1.2 0.039a 

NLR 3.35±8.1 0.77±0.67 0.008a 

PLR 119.9±83.8 88.1±45.9 0.005a 

WBC white blood cell, NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, SD standard 

deviation, MPV mean platelet volume, PLT platelet count, RDW red cell distribution width, MCV mean 

corpuscular volume, MPV mean platelet volume, Data expressed as mean(min-max) or mean±𝑆𝐷. Bold p 

values indicate statistical significance at 0.05. a Independent samples t-test. 
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proinflammatory cytokines are known to play 

an important role in the etiopathogenesis of 

febrile seizure. Inflammation is thought to 

lower the seizure threshold and to increase 

stimulability in the brain [8].  

CRP is an acute phase reactant and a highly 

important marker associated with inflammation 

levels independently of age, sex, and physical 

factors [9]. Yiğit et al. compared CRP levels in 

children with simple and complex febrile 

seizures and reported higher levels in patients 

with complex seizures [8]. Additionally, 

Romanowska et al. reported higher CRP levels 

in a febrile patient group without seizures 

compared with a group with febrile seizures 

[10]. CRP levels were also significantly higher 

in the simple febrile seizure group in the present 

study. The higher CRP in the febrile seizure 

group in the present research may indicate a 

role of inflammation in the etiopathogenesis of 

febrile seizure. 

Na and Ca electrolyte and blood sugar level 

irregularities are known to play an important 

role in the etiology of seizures. Acute 

symptomatic seizures may be seen in children 

in case of Na levels lower than 115 to 120 

mmol/L or higher than 145 mmol/L. It has been 

suggested that hyponatremia can lower the 

seizure threshold in febrile seizures [11]. In 

their comparison between children with febrile 

and afebrile acute gastroenteritis-related 

seizures, Wu YZ et al. reported lower Na levels 

in the afebrile group [12]. Zifman et al. reported 

lower Na values in a febrile patient group in 

children with acute gastroenteritis-related 

seizures [13]. In the present study, serum Na 

levels were significantly lower in the febrile 

seizure group. However, the focus of infection 

in our groups was upper respiratory tract 

infection. 

Ca levels are also important in the seizure 

etiopathogenesis. Paresthesia and muscle 

cramps can be seen in mild hypocalcemia, 

while a Ca level below 5 mg/dl is reported to 

cause seizures [14]. Yousefichaijan P et al. 

examined 549 cases of simple febrile seizure 

and observed low Ca levels in a small number 

of patients [15]. Serum Ca levels in the present 

study were significantly lower in the simple 

febrile seizure group compared to the febrile 

illness without seizure group.  

AST is abundantly expressed in non-hepatic 

tissue, while ALT concentrations in non-

hepatic tissues are low. High hepatic 

transaminase levels may represent not only 

liver damage, but also inflammation, fever, or 

non-specific tissue damage. Wu YZ et al. 

reported higher AST and ALT in a patient 

group with febrile seizure [12]. No significant 

difference was observed in AST levels in the 

present study, but ALT levels were 

significantly higher in the febrile seizure group. 

In contrast, blood sugar levels below 40 mg/dl 

or above 400 mg/dl are thought to cause 

neuronal over-stimulation and to trigger 

seizures [14].  Costea et al. compared serum 

glucose levels in patients with febrile seizure, 

and reported four-fold higher levels in patients 

with complex febrile seizure [16]. Similarly in 

the present study, glucose levels were higher in 

the simple febrile seizure group compared to 

the febrile illness without seizure group. Febrile 

seizures may be one of the risk factors for stress 

hyperglycemia in children, and further studies 

are now needed on this subject. 

Iron deficiency is known to play a role in the 

development of febrile seizures [17]. The 

relationship between iron deficiency anemia 

and febrile seizure is still the subject of 

investigation. A Sherjil et al. reported that iron 

deficiency anemia increased the risk of febrile 

seizure two-fold [18]. Iron concentrations in 

blood could not be analyzed in the present study 

since the test was not routinely requested. One 
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previous study comparing types of febrile 

seizure determined statistically significantly 

lower Hb, Htc and MCV values in patients with 

complex febrile seizure [19]. Similarly in the 

present study, we also observed significantly 

lower Hb, Htc and MCV values in the febrile 

convulsion group. In addition, RDW is 

employed for evaluating the etiology of anemia, 

exhibits positive correlation with inflammation 

in some diseases, and is thought to be a 

potential inflammatory marker [20]. Türay et al 

observed significantly higher RDW in febrile 

seizure recurrence [21].  Örnek et al. observed 

higher mean RDW in their complex febrile 

seizure group, but the difference was not 

statistically significant [19]. RDW was 

significantly higher in the simple febrile seizure 

group in the present study. 

Previous studies have investigated the 

relationship between MPV, reflecting the 

proportion and size of platelets produced from 

bone marrow, and severity of inflammation in 

various diseases [22]. One study comparing 

children with febrile seizures reported 

significantly increased MPV values in a 

complex febrile seizure group [23], while 

another study observed no significant 

difference [24]. MPV values in the present 

study were lower in the simple febrile seizure 

group. 

Leukocyte, neutrophil, and lymphocyte counts, 

and the ratios thereof, are an important 

parameter that can be easily used to show the 

severity of disease in systemic inflammatory 

conditions [25].  Gontko-Romanowska et al. 

compared patients with febrile seizures and 

febrile patients without seizures and reported 

significantly higher neutrophil levels and 

significantly lower lymphocyte levels in their 

febrile seizure group [10]. Similarly in the 

present study, neutrophil levels were 

significantly higher in the febrile seizure group, 

while lymphocyte rates were significantly 

lower. Yousefichaijan et al. reported 

significantly higher leukocyte counts in febrile 

children compared to children with febrile 

seizures [15]. Leukocyte counts were also 

significantly higher in the febrile seizure group 

in the present study.  

NLR and PLR have recently been recognized as 

markers of systemic inflammation, and are used 

as predictive indicators in some diseases [4]. 

Studies have reported significantly higher NLR 

values in complex febrile seizure groups among 

patients with febrile seizures [8,26]. Another 

study reported significantly elevated NLR and 

PLR values [19]. NLR and PLR values were 

also significantly higher in the simple febrile 

seizure group in the present study. 

The principal limitations of the present study 

are its retrospective nature, the low patient 

number, and the fact that only patients with 

upper respiratory tract infections were 

included. Further prospective studies with 

larger patient numbers are now needed.  

Conclusion 

Inflammation marker elevation must be 

carefully considered in patients with febrile 

seizures. We think that markers such as 

leukocyte count and CRP are simple, readily 

available and inexpensive tests. NLR and PLR 

values can also be employed as predictive 

indicators. 

 

Funding: The author(s) received no financial 

support for the research, authorship, and/or 

publication of this article. 

Conflict of Interest: The authors declare that 

they have no conflict of interest. 

Ethical statement: The study was approved by 

the Local Ethics Committee of Bolu Abant Izzet 

Baysal University (Date and Decision no: 

2020-05-12/112), and written informed consent 

was obtained from each subject. 



                                              Yoldas et al  / Exp Biomed Res. 2021; 4(3):198-205 

   
 

204 
 

Open Access Statement 

This is an open access journal which means that 

all content is freely available without charge to 

the user or his/her institution under the terms of 

the Creative Commons Attribution Non-

Commercial License 

(http://creativecommons.org/licenses/by-

nc/4.0). Users are allowed to read, download, 

copy, distribute, print, search, or link to the full 

texts of the articles, without asking prior 

permission from the publisher or the author. 

 

References 

[1] Subcommittee on Febrile Seizures; 

American Academy of Pediatrics. 

Neurodiagnostic evaluation of the child with 

a simple febrile seizure. Pediatrics. 

2011;127(2):389-94.  

[2] Güneş M, Büyükgöl H. Relationship 

between generalized epileptic seizure and 

neutrophil/lymphocyte ratio, 

platelet/lymphocyte ratio, and neutrophil 

mediated inflammation. Int J Neurosci. 

2020; 130(11): 1095-100.  

[3] Aronica E, Bauer S, Bozzi Y, et al. 

Neuroinflammatory targets and treatments 

for epilepsy validated in experimental 

models. Epilepsia. 2017; 58 (Suppl 3): 27-

38.  

[4] Zahorec R. Ratio of neutrophil to 

lymphocyte counts--rapid and simple 

parameter of systemic inflammation and 

stress in critically ill. Bratisl Lek Listy. 

2001; 102(1): 5-14. 

[5] Ozdemir HH. Analysis of the albumin level, 

neutrophil-lymphocyte ratio, and platelet-

lymphocyte ratio in Guillain-Barré 

syndrome. Arq Neuropsiquiatr. 2016; 74(9): 

718-22.  

[6] Artoni A, Abbattista M, Bucciarelli P, et al. 

Platelet to Lymphocyte Ratio and Neutrophil 

to Lymphocyte Ratio as Risk Factors for 

Venous Thrombosis. Clin Appl Thromb 

Hemost. 2018; 24(5): 808-14.  

[7] Eroglu T, Aydin Turkoglu S, Bolac ES, et al. 

Hemogram parameters in epilepsy may be 

indicators of chronic inflammation and 

hypoxemia. J Neurol Clin Neurosci. 2017; 

1(1): 17–20. 

[8] Yigit Y, Yılmaz S, Akdoğan A, et al. The 

role of neutrophil-lymphocyte ratio and red 

blood cell distribution width in the 

classification of febrile seizures. Eur Rev 

Med Pharmacol Sci. 2017; 21(3): 554-59.    

[9] Bilgir O, Bilgir F, Calan M, et al. 

Comparison of pre- and post-levothyroxine 

high-sensitivity c-reactive protein and 

fetuin-a levels in subclinical 

hypothyroidism. Clinics (Sao Paulo). 2015; 

70(2): 97-101. 

[10] Gontko-Romanowska K, Żaba Z, Panieński 

P, et al. The assessment of laboratory 

parameters in children with fever and febrile 

seizures. Brain Behav. 2017; 7(7): e00720. 

[11] Kiviranta T, Airaksinen EM. Low sodium 

levels in serum are associated with 

subsequent febrile seizures. Acta Paediatr. 

1995; 84(12): 1372-74.  

[12] Wu YZ, Liu YH, Tseng CM, et al. 

Comparison of Clinical Characteristics 

Between Febrile and Afebrile Seizures 

Associated With Acute Gastroenteritis in 

Childhood. Front Pediatr. 2020; 8: 167.  

[13] Zifman E, Alehan F, Menascu S, et al. 

Clinical characterization of gastroenteritis-

related seizures in children: impact of fever 

and serum sodium levels. J Child Neurol. 

2011; 26(11): 1397-1400.  

[14] Karceski S. Acute symptomatic seizures and 

systemic illness. Continuum (Minneap 

Minn). Neurology of Systemic Disease. 

2014; 20(3 ): 614-23.  

[15] Yousefichaijan P, Dorreh F, Abbasian L, et 

al. Assessing the prevalence distribution of 

http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0


                                              Yoldas et al  / Exp Biomed Res. 2021; 4(3):198-205 

   
 

205 
 

abnormal laboratory tests in patients with 

simple febrile seizure. J Pediatr Neurosci. 

2015; 10(2): 93-97.  

[16] Costea RM, Maniu I, Dobrota L, et al. Stress 

Hyperglycemia as Predictive Factor of 

Recurrence in Children with Febrile 

Seizures. Brain Sci. 2020; 10(3): 131. 

[17] Akbayram S, Cemek M, Büyükben A, et al. 

Major and minor bio-element status in 

children with febrile seizure [published 

correction appears in Bratisl Lek Listy. 

2012; 113(9): 572.  

[18] Sherjil A, Saeed Z, Shehzad S, et al. Iron 

deficiency anaemia-a risk factor for febrile 

seizures in children. J Ayub Med Coll 

Abbottabad. 2010; 22(3): 71-73. 

[19] Örnek Z, Kardeş H, Pişkin İE, et al. 

Comparison of hemogram parameters in 

febrile seizures types. Duzce Med J. 2020; 

22(1): 1-6. 

[20] Lippi G, Targher G, Montagnana M, et al. 

Relation between red blood cell distribution 

width and inflammatory biomarkers in a 

large cohort of unselected outpatients. Arch 

Pathol Lab Med. 2009; 133(4): 628-32.  

[21] Turay, S., Hanci, F., & Ozde, S. (2021). An 

overview of vitamin B12 and iron 

deficiencies as a risk factors in children with 

febrile seizure etiology. Exp Biomed Res. 

2021; 4(2): 154-63. 

[22] Yıldız Y, Cakmak S, Calapoğlu T, et al. 

Mean platelet volume can be used as a 

hospitalization criteria in pediatric patients 

diagnosed with acute bronchiolitis. Acta 

Medica Mediterranea. 2018; 34(6): 1997-

2000. 

[23] Özkale M, Erol İ, Özkale Y, et al. 

Association between platelet indices and 

febrile seizures in children. Cukurova Med 

J. 2016; 41(4): 695-701.  

[24] Nikkhah A, Salehiomran MR, Asefi SS. 

Differences in mean platelet volume and 

platelet count between children with simple 

and complex febrile seizures. Iran J Child 

Neurol. 2017; 11(2): 44-47. 

[25] Zahorec R. Ratio of neutrophil to 

lymphocyte counts-- rapid and simple 

parameter of systemic inflammation and 

stress in critically ill. Bratisl Lek Listy. 

2001; 102(1): 5-14. 

[26] Liu Z, Li X, Zhang M, et al. The role of 

Mean Platelet Volume/platelet count Ratio 

and     Neutrophil to Lymphocyte Ratio on 

the risk of Febrile Seizure. Sci Rep. 2018; 

8(1): 15123.  

 



  

 

Exp Biomed Res 2021; 4(3): 206-215                                

Doi: 10.30714/j-ebr.2021370075 
                                          

 

 

 

Comparison of 18F FDG PET / CT, MRI (DWI + DCE) and MRI + 18F FDG PET/CT in the 

detection of axillary metastatic lymph nodes in patients with newly diagnosed breast cancer 

 

Hasan Gundogdu1,       Osman Kupik2 
1Department of Radiology, Recep Tayyip Erdoğan University, Faculty of Medicine, Rize, Turkey   
2Department of Nuclear Medicine, Sıtkı Koçman University, Faculty of Medicine, Muğla, Turkey 

 

A BST R AC T   

 

Aim: We visually and quantitatively investigated the success of using 2-deoxy-2-[fluorine-18] fluoro-D-

glucose integrated with computed tomography (18F-FDG PET/CT) and magnetic resonance imaging (MRI) 

[Dynamic contrast enhancement (DCE) and diffusion weighted imaging (DWI)] separately and together in 

detecting axillary lymph node metastasis in patients with newly diagnosed breast cancer. 

Methods: One hundred and thirteen patients who underwent 18F FDG PET/CT were evaluated, 102 patients 

of these patients had also MRI (DEC + DWI). Primary tumour size (Tsize), SUVmax of primary tumour 

(SUVmaxT), short diameter of largest axillary lymph node on PET/CT (LnDPET/CT), SUVmax of axillary 

lymph node (SUVmaxLn), metabolic tumour volume of the primary tumour (MTV), short diameter of largest 

axillary lymph node on MRI (LnDMRI), the presence of fatty hilum absence and apparent diffusion coefficient 

(ADC) were evaluated.  

Results: In visual analysis, sensitivity and specificity values of 18F FDG PET/CT, MRI and MRI+18F FDG 

PET/CT were 78.85, 94% – 72.27%, 96.15 – 83.87%, 98.04%, respectively. In the quantitative evaluation, 

ADC≤1.2 x 10-3 mm2/sec (OR = 6.665, p = 0.001, 95CI%: 2.181–20.370) and LnSUVmax> 2 (OR = 15.2, 

p<0.001, 95CI%: 4.587–50.376) were independent predictors in detecting axillary lymph node metastasis.  

Conclusion: LnSUVmax >2 and ADC ≤ 1.2 x 10-3 mm2/sec can be used as independent predictors of detecting 

axillary lymph node metastasis in patients with newly diagnosed breast cancer. 
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Introduction 

The presence of axillary lymph node metastasis 

(ALNM) is important for the prognosis of 

breast cancer and has an impact on treatment 

management [1]. Sentinel lymph node biopsy 

(SLNB) has become the standard axilla staging 

procedure in patients with early stage breast 

cancer due to its lower morbidity rate and 

similar accuracy compared to axillary lymph 

node dissection (ALND) [2]. However, SLNB 

requires preoperative lymphoscintigraphy and a 

detailed pathological examination. In addition, 

it is a time-consuming complicated process [3]. 

Although SLNB has high sensitivity and 

specificity values in detecting axillary 

metastatic lymph node in breast cancer patients 

[4], it has also been reported to give false 

negative results [5-7]. It is an invasive 

procedure with complications such as infection, 

lymphedema and seroma [8]. For these reasons, 
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it is important to evaluate the axillary lymph 

node metastasis status by non-invasive imaging 

methods before surgery in patients with breast 

cancer [9, 10].  

In addition to detecting the presence of distant 

organ metastasis in patients with breast cancer, 

2-deoxy-2-[fluorine-18] fluoro-D-glucose 

integrated with computed tomography (18F 

FDG PET/CT), which shows the glucose 

metabolism of the tissue, provides valuable 

information in detecting axillary lymph node 

metastasis.  High sensitivity and specificity 

values have been reported for the success of 18F 

FDG PET/CT in detecting metastatic lymph 

nodes in the axilla in patients with breast cancer 

[9, 11, 12].  

Another non-invasive imaging method, 

magnetic resonance imaging (MRI), which is 

applied with dynamic contrast enhancement 

(DCE) and the diffusion-weighted imaging 

(DWI) technique, is used to evaluate the 

presence of axilla lymph node metastasis in 

patients with breast cancer [13, 14]. High 

sensitivity and specificity values of MRI 

applied with these two techniques have been 

reported in detecting axillary metastatic lymph 

nodes in breast cancer patients [15-17]. 

In this study, we investigated the success of 

each and their combined use of 18F FDG 

PET/CT and DCE/DWI-MRI in detecting 

axillary metastatic lymph nodes in patients with 

newly diagnosed breast cancer  

 

Materials and methods 

The Clinical Research Ethics Committee of our 

institute reviewed and approved this 

retrospective study (2019/136). As this was a 

retrospective study, it was exempt by the 

institutional review board from the need for 

informed consent. All procedures performed in 

studies involving human participants were in 

accordance with the Helsinki declaration.  

Patient selection: We retrospectively reviewed 

the data of patients diagnosed with breast 

cancer between March 2017 and January 2019 

and who underwent 18F FDG PET/CT and MRI 

before treatment. We included 113 patients who 

underwent 18F FDG PET/CT, 102 of these 

patients also had MRI. We did not include 

patients who received neoadjuvant therapy. All 

patients had undergone SLNB or ALND. We 

included patients with invasive ductal 

carcinoma. 

Surgical method: SLNB was applied to 60 

patients who were clinically and radiologically 

axillary lymph node metastasis free; ALND 

was applied to 79 patients. Axillary dissection 

was performed in 53 of these patients whose 

axilla was clinically and radiologically 

metastatic. In 9 of these patients, the frozen 

result was positive for metastasis, while the 

frozen result was suspicious in terms of 

metastasis in 3 of them. In 3 patients, ALND 

was performed due to the detection of 

suspicious lymph nodes intraoperatively and in 

11 patients due to the absence of sentinel lymph 

nodes (N = 26). 

Nuclear medicine method 

(lymphoscintigraphy) was not used for SLNB. 

After the injection of "isosulfan blue" 

into/around the tumour or around the nipple, the 

lymph nodes which were stained blue in the 

axilla were excised. 
18F‐FDG PET/CT procedures: A PET/CT 

scanner Biograph mCT (Siemens Healthcare, 

Erlangen, Germany) was used. After at least 4 

hours of fasting, patients with a blood glucose 

level of < 200 mg/dl were administered a FDG 

injection at an approximate dose of 3.7 

MBq/kg. After median 61 minutes [min-max 

52-81 minutes], imaging was performed in the 

supine position with arms up. The PET imaging 

was adjusted to 2 minutes per bed position. 

Low-dose CT parameters were as follows: 
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voltage, 120 kV, CARE Dose 4D mA tube 

current and slice thickness 5.00 mm. 
18F‐FDG PET/CT parameters: We evaluated 

the long diameter of the primary tumour 

(Tsize), the maximum standardised uptake 

value of the primary tumour normalised to body 

weight (SUVmaxT), the short diameter of the 

axillary lymph node (LnDPET/CT), the 

maximum standardised uptake value of the 

axillary lymph node normalised to body weight 

(SUVmaxLn), the metabolic tumour volume of 

the primary tumour according to the 40% 

threshold of the SUVmaxT (MTV) and the 

presence of multifocality of the primary 

tumour. 
18F FDG PET/CT image analyses: The 

Siemens Healthhineers Syngo.via VB30 

workstation, MM Oncology, post-processing 

unit was used for analyses. All analyses were 

performed by a Nuclear Medicine Specialist 

(O.K.) with 9 years of PET/CT experience. 

MRI procedure: Magnetic Resonance imaging 

was performed on a 3 Tesla MR (Discovery 

w750, GE Healthcare, United States) device 

with an 8-channel breast coil in the prone 

position. Following conventional images, 

diffusion-weighted images and pre-contrast 

images, dynamic images were obtained by 

intravenous injection of contrast material 

through the antecubital vein.  

For all patients, T2-weighted (FSE-IDEAL) 

axial section (time to repetition (TR)/TE: 

7127/85 ms; section thickness 3.5 mm; field of 

view (FOV) 400 mm), T1-weighted (FSE) axial 

section (TR/TE: 838 ms/12 ms; slice thickness 

3.5 mm; FOV: 400 mm), STIR axial section 

(TR/TE: 7673 ms/32 ms; TI: 180 ms; slice 

thickness 3.5 mm; FOV: 400 mm) were 

obtained. 

The DWI was obtained at two different b values 

(50 s/mm², 800 s/mm²) with the echo-planar SE 

T2 weighted sequence (TR/TE: 6193 ms/18 ms; 

cross sectional area 4 mm; FOV: 400 mm) in 

the axial plane. For DCE, gadobutrol 

(Gadovist; Bayer Schering Pharma, Berlin, 

Germany) was administered intravenously at a 

dose of 0.1 mmol/kg with an automatic injector 

at a speed of 3 ml/sec, and high-resolution T1-

weighted oil-suppressed TSE axial and sagittal 

section (TR/TE: 5 ms /2.3 ms; slice thickness 

0.8 mm; FOV: 360 mm, flip angle: 10) images 

were obtained. The DCE sequence was 

performed by axial imaging obtained at 70, 130, 

190, 250 and 310 seconds in pre-contrast and 

post-contrast dynamic series. 

MRI parameters: We evaluated the short 

diameter of axillary lymph nodes and the 

presence of fatty hilum absence. The ADC 

values were measured. 

MRI image analysis: The MRI images of the 

patients were evaluated without knowing the 

pathology results and PET/CT findings. All 

analyses were performed by a Radiologist 

(H.G.) with 8 years of MRI experience. 

ADC measurement technique: Lymph nodes 

with contrast enhancement in DCE and higher 

signal intensity in DWI were detected in the 

axilla. We then manually drew ROIs from 3 

sections with a standard area of 0.25-0.35 mm2 

on the relevant region on the ADC map and 

obtained the mean ADC values.  

The median time between 18F FDG PET/CT 

and MRI was 3 days [min: 0, max: 10]. There 

was a median of 11 days (minimum: 2, 

maximum: 29) between MRI and axillary 

surgery and a median of 9 days (min: 3, max: 

22) between 18F FDG PET/CT and axillary 

surgery. 

Statistical analysis: Continuous demographic 

data were analysed according to normality tests. 

Parametric data were reported as mean ± 

standard deviation and non-parametric data as 

median (min-max). Differences between 

groups were analysed using Student's t-test in 
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parametric data and Mann-Whitney U tests in 

non-parametric data. Discontinuous variables 

were shown as frequency. We used receiver 

operating characteristic (ROC) curve analysis 

to evaluate the diagnostic performance of the 

methods and to determine the threshold value. 

Univariate and multivariate logistic regression 

analyses were used to determine the 

relationship of test parameters of the patients at 

risk for axillary lymph node metastasis. 

Statistical significance value was accepted as 

0.05. The software package SPSS v. 25 

(Chicago, USA) was used for statistical 

analysis. 

 

Results  

In total, 113 female patients (mean age: 55.6 

standard deviation (SD): 13.36) who were 

diagnosed with breast cancer and underwent 18F 

FDG PET/CT were evaluated. One hundred and 

two of theese patients also had MRI Of these, 

97 patients were luminal, 6 patients were Her2-

positive, and 10 patients were in the triple 

negative (TN) receptor subgroup. The presence 

of axillary lymph node metastasis was 

confirmed histopathologically in 58 patients. 

Axillary lymph node metastasis was not 

detected in 55 patients. Patient and tumour 

characteristics are given in Tables 1 and 2. 

Visual analysis: We performed visual analysis 

in 102 patients who underwent both 18F FDG 

PET/CT and MRI. Histopathological metastasis 

was detected in 52 of these patients; metastasis 

was not detected in 50 patients. The 18F FDG 

PET/CT detected 41 (79%) of 52 patients with 

axillary lymph node metastasis and failed to 

detect axillary lymph node metastasis in 11 

patients (21%). The mean value of the short 

diameter in the lymph nodes of 11 patients in 

whom 18F FDG PET/CT could not detect 

axillary lymph node metastasis was 5.14 ± 0.9 

mm [min: 4 mm, max: 7 mm]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Mean-median values of parameters 

evaluated by MRI and 18F FDG PET/CT. 

Parameters Mean ± SD    Median  

 [Min-Max] 

ADC (mm2/sec) 1.18 ± 0.27 1.21 (0.65-2.1) 

LnDMRI (mm) 9 ± 5 8 (4-32) 

LnDPET/CT 

(mm) 
8 ± 5 7 (3-32) 

LnSUVmax 3.63 ± 4.46 1.40 (0.50-19.3) 

MTV (cm3) 6.07 ± 7.63 3.70 (0.40-55) 

SUVmaxT 9.49 ± 9.11 6.95 (1.30-73.5) 

Tsize (mm) 23 ± 11 21 (8-60) 

 

ADC, apparent diffusion coefficient; MTV, metabolic 

tumour volume; LnDMRI, short diameter of the 

largest axillary lymph node measured by MRI; 

LnDPET/CT, short diameter of the largest axillary 

lymph node measured by PET/CT; LnSUVmax, 

SUVmax of the axillary lymph node; SUVmaxT, 

SUVmax of the primary tumour; Tsize, long diameter 

of the primary tumour. 

 

Table 2. Tumour characteristics. 

Parameters N / % 

ALNM 

 No 55/49 

Yes 58/51 

Multifocality 

No 83/73 

Yes 30/27 

Receptor Subtype 

Luminal 97/86 

HER2+ 6/5 

Triple 

negative 
10/9 

Fatty Hilum 

Absence 

No 33/32 

Yes 69/68 

 

ALNM, Axillary lymph node metastasis status 
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The 18F FDG PET/CT was false positive in 3 of 

50 patients (6%) without axilla lymph node 

metastasis. In 47 patients (94%), 18F FDG 

PET/CT was able to detect no axillary lymph 

node metastasis. For the axillary lymph node 

short diameter > 6 mm, we found a 79% 

sensitivity of 18F FDG PET/CT to detect the 

presence of metastasis, with a specificity of 

70.9% (AUC = 0.821, p < 0.001) (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Magnetic resonance imaging (DCE + DWI) 

was performed in 102 patients and detected 30 

(57.7%) of 52 patients with lymph node 

metastasis. The short-diameter mean value of 

lymph nodes of 22 patients in whom MRI could 

not detect lymph node metastasis was 7.1mm ± 

1.16 [min: 5 mm, max: 9 mm]. The MRI 

detected 48 (96%) of 50 patients without 

axillary lymph node metastasis and was false 

positive in only 2 patients (4%). 

When 18F FDG PET/CT and MRI results were 

evaluated together (n = 102), 18F FDG PET/CT 

+ MRI detected 42 (81%) of 52 patients with 

axillary lymph node metastasis, but could not 

detect 10 patients (19%). Short-diameter mean 

values of lymph nodes in these 10 patients were 

5 ± 0.9 mm and 6.5 ± 0.85 mm for 18F FDG 

PET/CT and MRI, respectively. The MRI + 18F 

FDG PET/CT detected 49 (98%) of 50 patients 

without axillary lymph node metastasis, with a 

false positive result in only 1 patient. The 

efficiency of the ROC curve of 18F FDG 

PET/CT, MRI and MRI + 18F FDG PET/CT in 

detecting axillary metastatic lymph nodes is 

given in Figure 2. The sensitivity, specificity, 

accuracy, positive predictive values and 

negative predictive values of each of the 18F 

FDG PET/CT, MRI, 18F FDG PET/CT + MRI 

in detecting axillary metastatic lymph nodes are 

given in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quantitative analysis: We evaluated the MRI 

parameters [ADC, LnDMRI, fatty hilum 

absence] of 102 patients in univariate logistic 

regression analysis. In detecting lymph node 

metastasis, we performed ROC analysis and set  

      

 

Figure 1. ROC curve showing the success of 18F 

FDG PET/CT in detecting axillary metastatic lymph 

nodes when adopting a 6-mm threshold value for 

lymph node short diameter. 

 

 

Figure 2. ROC curve demonstrating the success of 
18F FDG PET/CT, MRI and MRI + 18F FDG PET/CT 

in detecting axillary metastatic lymph nodes. 
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a threshold value of 1.2 x 10-3 mm2/sec to obtain 

optimal sensitivity and specificity values for 

ADC. In univariate analysis, LnDMRI (Odds 

Ratio (OR) = 1.254, p = 0.01, 95% CI: 1.056-

1.489), ADC ≤ 1.2 x 10-3 mm2/sec (OR = 

10.815, p < 0.001, 95CI%: 4.223-27.701) and 

lymph node fatty hilum absence (OR: 18, p < 

0.001, 95CI%: 4.937-65.623) were statistically 

significant predictors for detecting axillary 

lymph node metastasis (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multivariate logistic regression analysis 

showed that, ADC ≤ 1.2 x 10-3 mm2/sec (OR = 

4.472, p = 0.008, 95CI%: 1.484-13.479) and 

fatty hilum absence (OR = 6.703, p = 0.011, 

95CI: 1.537-29.228%) were independent 

predictors for detecting axillary lymph node 

metastasis. 

We found a statistically significant difference 

between the mean ADC values of metastatic 

and benign lymph nodes (benign group mean 

ADC value: 1.31 ± 0.17, metastatic group mean 

ADC value: 1.05 ± 0.27, p < 0.001) (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Sensitivity, specificity, accuracy, positive predictive value, negative predictive values of 18F FDG 

PET/CT, MRI and 18F FDG PET/CT + MRI. 

Parameters 18F FDG PET/CT MRI 18F FDG PET/CT + MRI 

Sensitivity (%) 
78.85 

(65.3-88.94) 

70.27 

(58.52-80.34) 

83.87 

(72.33-91.98) 

Specificity (%) 
94 

(83.45-98.74) 

96.15 

(86.79-99.53) 

98.04 

(89.55-99.95) 

Positive predictive value 

(%) 

93.18 

(81.89-97.64) 

96.3 

(86.89-99.03) 

98.11 

(88.16-99.73) 

Negative predictive value 

(%) 

81.03 

(71.56-87.89) 

69.44 

(61.46-76.41) 

83.33 

(73.89-89.93) 

Accuracy (%) 
86.27 

(78.04-92.29) 

80.95 

(73-87.4) 

90.27 

(83.25-95.04) 

 

 

Figure 3. ROC curve demonstrating the success of 

MRI parameters in detecting axillary metastatic 

lymph nodes.  

 

 

Figure 4. Boxplot graph showing ADC values in 

metastatic and non-metastatic lymph nodes. 
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We evaluated the success of 18F FDG PET/CT 

in detecting axillary lymph nodes in113 

patients with univariate logistic regression 

analysis. The parameters, Tsize (OR = 1.068 p  

= 0.002, 95CI 1.025-1.113%), MTV (OR = 

1.082, p = 0.034, 95CI 1.006-1.163%), 18F 

FDG PET/CT-multifocality (OR = 2.625, p = 

0.036, 95CI 1.063-6.478%), LnDPET/CT (OR 

= 1.520, p < 0.001, 95CI%: 1.269-1.820), 

SUVmaxLn (OR = 2.213, p < 0.001, 95CI 

1.533-3.193) were statistically significant 

predictors in detecting axillary metastatic 

lymph nodes, whereas SUVmaxT (OR = 1.011, 

p = 0.608, 95 CI 0.969-1.055) was not a reliable 

indicator in univariate analysis. We performed 

ROC analysis to obtain optimal sensitivity and 

specificity values of SUVmaxLn in detecting 

axillary lymph node metastasis and determined 

the threshold value 2 for SUVmaxLn. We 

created the model with the Backward LR 

method for multivariate logistic regression by 

including the parameters at p < 0.2 as a result 

of univariate analysis. In the multivariate 

logistic regression analysis, among the 18F FDG 

PET/CT parameters, only SUVmaxLn>2 (OR = 

33.077, p < 0.001, 95CI%: 10.911-100.270) 

was an independent predictor in detecting 

axillary metastatic lymph nodes. 

We included DCE-DWI MRI and 18F FDG 

PET/CT parameters with p <0.2 in the 

multivariate analysis as a result of univariate 

analysis. Multivariate logistic regression 

analysis showed that, ADC ≤ 1.2 x 10-3 mm2/sec 

(OR = 6.665, p = 0.001, 95CI%: 2.181-20.370) 

and LnSUVmax > 2 (OR = 15.2, p < 0.001, 

95CI%: 4.587-50.376) were independent 

predictors in detecting axillary metastatic 

lymph nodes. The sensitivity of SUVmaxLn > 

2 was 73.7%, with a specificity of 92.7 (AUC = 

0.845, p < 0.001). For ADC ≤ 1.21.2 x 10-3 

mm2/sec, sensitivity was 74% and specificity 

was 79.2 (AUC: 0.814, p < 0.001) (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We performed Cohen’s kappa analysis between 

visual analysis results of 18F FDG PET/CT and 

MRI. We observed a satisfactory value of 

agreement between the modalities (kappa: 

0.669, p < 0.001). We also found a good 

agreement between the total result of MRI + 18F 

FDG PET/CT visual evaluation and 

histopathological results (kappa: 0.785, p < 

0.001). 

 

Discussion 

In this study, we visually and quantitatively 

evaluated the success of using 18F FDG 

PET/CT, (DCE+DWI) MRI and a combination 

of them in detecting axillary lymph node 

metastasis in patients with newly diagnosed 

breast cancer. 

In the visual analysis, we found a sensitivity of 

78% and a specificity of 94% for 18F FDG 

PET/CT; a sensitivity of 70% and a specificity 

of 96% for MRI. In the meta-analysis of 21 

studies in 1,905 patients, the sensitivity of 18F 

FDG PET/CT was 40 to 89% (pooled 64%), 

 

Figure 5. ROC curve showing success in detecting 

the presence of axillary lymph node metastasis for 

SUVmaxLn > 2 and ADC ≤ 1.2 x 10-3mm2/sec. 
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with a specificity of 84 to 94% (pooled 93%). 

The sensitivity of MRI was 40 to100% (pooled: 

82%), with a specificity of 44 to100% (pooled 

94%) [18]. We observed an increase in 

sensitivity and specificity values when MRI 

and 18F FDG PET/CT were used together 

(sensitivity: 83.8%, specificity: 98%). In 

another study in which 215 patients were 

evaluated, the total sensitivity of MRI and 18F 

FDG PET/CT used together was 72.3, with a 

specificity of 92.4. Higher sensitivity and 

specificity values were obtained when used 

together than when used separately (sensitivity 

and specificity for MRI: 67.5 and 78%, for 18F 

FDG PET/CT: 62.7 and 88.6%) [19]. 

Primary tumour MTV, Tsize, multifocality, 

LnDPET/CT, SUVmaxLn were statistically 

significant 18F FDG PET/CT parameters for the 

presence of axillary lymph node metastasis in 

the univariate analysis. In the multivariate 

analysis, only SUVmaxLn was an independent 

parameter for the presence of axillary lymph 

node metastasis. In a study with 173 patients, 

only MTV was associated with the presence of 

axillary lymph node metastasis in T2 and T3 

tumours, while MTV in T1 tumours was not 

associated with axillary lymph node metastasis 

[20]. In another study, only total lesion 

glycolysis (TLG) was an independent marker 

for the presence of axillary lymph node 

metastasis among primary tumour parameters 

[21]. In a study with 671 patients who were 

classified according to receptor subtypes as ER-

positive/HER2-negative and HER2-positive, 

primary tumour SUVmax (> 4.25) and tumour 

size was associated with the presence of 

axillary lymph node metastasis. In patients of 

the triple negative (TN) receptor subgroup, 

primary tumour characteristics were not 

associated with the presence of axillary lymph 

node metastasis [22]. When we determined a 

threshold value of 2 for SUVmaxLn, we found 

a sensitivity of 73.7%, and a specificity of 

92.7%. In a study that included 196 patients, 

axillary lymph node SUVmax was associated 

with metastasis; when the authors took 

SUVmax threshold value as “1”, they found a 

sensitivity of 53.8% and a specificity of 93.9% 

[23]. 

In this study, ADC values of metastatic axillary 

lymph nodes were lower than those of non-

metastatic lymph nodes, similar to previous 

findings [16, 24]. For an ADC value of 1.2 x 10-

3 mm2/sec, we found satisfactory values of 

sensitivity and specificity in detecting axillary 

lymph node metastasis. In a study involving 

110 patients, the authors found a threshold 

value of 0.90 x 10-3 mm2/sec for ADC, with a 

sensitivity of 100% and a specificity of 83.3%. 

We assumed that one of the reason for this 

difference may be the fact that not all of the 

patients’ imaging was performed with 3T MRI 

[24]. In another study performed with 3Tesla 

MRI in 52 patients, the sensitivity was 72.4% 

and the specificity was 79.6% for the ADC 

value of 0.812 x 10-3 mm2/sec. [25]. 

We found a significant relationship between the 

absence of fatty hilum in lymph nodes and the 

presence of axillary lymph node metastasis. In 

a study with 56 patients, the authors found a 

significant relationship between the absence of 

fatty hilum in lymph nodes and metastasis [26]. 

The main limitation of our study is that it is 

single-centred and retrospective. Although all 

our patients had IDC, we the patient group was 

not enough to analyse according to the hormone 

receptor status. We could not assess the cortical 

thickness parameter of the lymph nodes 

although it was an important criterion for 

axillary lymph node metastasis. 

In conclusion, LnSUVmax>2 and ADC≤1.2 x 

10-3 mm2/sec were independent predictors in 

detecting axillary lymph node metastasis in 

patients with newly diagnosed breast cancer. 
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A BST R AC T   

 

Aim: To investigate the position of the heart after pneumonectomy and, also to find out how the changes in 

the electrical axis of the heart contribute for the possible electrocardiographic and echocardiographic changes. 

Methods: Ninety-eight patients with pneumonectomy were included to this observational study. To calculate 

the rotation of the heart and angle measurement two perpendicular lines, one septal and another 

atrioventricular, were drawn on the images acquired from thoracic computed tomography. Thoracic CT were 

taken at every 3 months for the first two years. On electrocardiograms net QRS vectors, amplitudes of p waves, 

findings of right and left ventricular hypertrophy, and other possible changes were recorded. 

Results: The mean age of all patients was 55.51 ± 8.9. Right pneumectomy was performed in 40 (57%) and 

left pneumonectomy in 30 cases (43%) cases. There was no significant change regarding both the angle of 

rotation and the amount of pleural effusion between the findings of the second and first year after the operation. 

The QRS shift was significantly more pronounced in patients with left pneumonectomies than right 

pneumonectomies. On echocardiography these cases showed right ventricular hypertrophy and increased 

pulmonary artery pressures in the second year when compared to the preoperative period. 

Conclusions: The current study showed that many significant changes occurred in the electrocardiographic 

and echocardiographic parameters of the heart after pneumonectomy.  

 

Key words: Pneumonectomy, heart, anatomy, electrical axis, computed tomography, electrocardiography, and 

echocardiography. 
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Introduction 

Pneumonectomy is the removal of the whole 

lung in the ipsilateral hemithorax due to any 

cause such as malignancy, tuberculous or non-

specific infections, and trauma [1,2]. It was first 

performed by Graham and Singer in 1933 and 

has been the routine procedure until 1950 for 

the treatment of lung cancer [3]. A lot of 

changes occur after pneumonectomy including 

mediastinal shift and elevation of the 

hemidiaphragm in the ipsilateral hemithorax 

that lead to change of the heart, great vessels, 

liver, spleen, and stomach [4]. The process 

takes months to years to occur due to1the 

production1of fibrotic tissue in the1empty 

pleural space, intrathoracic1pressure changes, 

with elevation1of the diaphragm and 
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overdistension1of the remaining lung, the heart 

and mediastinum1shift to the side that1was 

operated on [5,6]. 

The effects of pneumonectomy on the 

anatomical and the electrical axis of the heart 

have not been studied much. The current study 

aims to investigate the position of the heart after 

right or left pneumonectomy and, also to find 

out how the changes in the electrical axis of the 

heart contribute for the possible 

electrocardiographic and echocardiographic 

changes. 

 

Materials and methods 

The study was conducted at Istanbul Training 

and Research Hospital, Turkey. The current 

study was approved by the Hospital Ethical 

Committee (Date and decision no: 2019/1660). 

Written consent of the participants was 

obtained. 

 

Study population 

In this observational study, 98 consecutive 

patients who had pneumonectomy due to lung 

cancer, bronchiectasis, aspergillosis or trauma 

were analyzed. All cases had thorough physical 

examinations and routine laboratory tests. Lung 

spirometry tests were performed in all cases to 

document forced expiratory volume in 1 second 

(FEV1), vital capacity (VC) and maximum 

oxygen uptake during exercise (VO2max) was 

calculated.  After double lumen endotracheal 

intubation standard posterolateral thoracotomy 

was performed and routine right or left 

pneumonectomy was achieved.   

Computerized tomography of thorax (CTT) 

was performed for all cases preoperatively. All 

CTT were evaluated by a specialized chest 

radiologist. Patients were routinely examined 

by a staff cardiologist, and electrocardiograms 

and echocardiography were analyzed. At the 

follow-up visits (every 3 months for the first  

two years) physical examinations and routine 

blood tests were performed, and thoracic CT 

(every 3 or 6 months for the first two years, on 

the basis of the etiology) were taken routinely.  

 

Computerized Tomography Evaluation 

All CTT both before and after the operation 

were taken by the same 64-slice CT scanner 

(Aquilion 64, Toshiba Medical Systems 

Europe, The Netherlands). The characteristics 

of the pictures were 0.5/0.3 collimation, 120 kv, 

150 mA, pitch 0.75, 240 mm FOV, and 512 

matrices.  Tera-Recon Aquarius (San Mateo, 

California) processed the acquired data and 

calculated the axis angles, shift and rotation of 

the heart, and the amount of epicardial fat tissue 

and pleural effusion. 

To calculate the rotation and angle 

measurement two perpendicular lines, one 

septal and another atrioventricular, were drawn 

on the images acquired from thoracic CT 

without contrast medium. The intercept of the 

two lines was accepted as the middle point 

(Figure 1A). Another line was drawn from the 

middle of the sternum to the spinous processes 

posteriorly (sterno-spinous line). The angle 

between the sterno-spinous line and septal line 

was the rotation line (Figure 1B). The distance 

between sterno-spinous line and the middle 

point was considered as the amount of shift 

(Figure 1C). All calculations were performed 

by RadiAnt Dicom Viewer application 

(Poznan, Poland). The measurements of a 

patient are presented in figure 2 as an example. 

 

Electrocardiographic and echocardiographic 

evaluation 

The preoperative and postoperative 

electrocardiographs (ECG) were recorded and 

evaluated by an experienced cardiologist. On 

ECG’s net QRS vectors, amplitudes of p waves, 

findings of right and left ventricular  
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hypertrophy, and other possible changes were 

recorded. Net QRS electrical vectors were 

calculated based on the findings on D1 and D3 

derivations. All patients underwent 

echocardiographic examination (Philips IE33 F 

Cart Echocardiography System) by the same 

cardiologist. 

 

Statistical analysis 

The continuous variables were expressed as 

mean and standard deviation and categorical  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

variables as frequencies and percentages. 

Repeated measures of ANOVA test (post-hoc: 

Bonferroni test) was used for comparison of the 

means of the groups before and after the 

procedure when the data were normally 

distributed, and otherwise Friedman test (post-

hoc: Dunn’s test) was used. The proportional 

differences of categorical variables between 

follow-ups were analyzed using the Cochran's 

Q test. The test was considered significant when 

 
Figure 1. A) Drawing of two perpendicular lines, one septal and another atrioventricular. The intercept of the 

two lines was accepted as the middle point. B) Sterno-spinous line drawn from the middle of the sternum to 

the spinous processes posteriorly. The angle between the sterno-spinous line and septal line was the rotation 

line. C) The distance between sterno-spinous line and the middle point was considered as the amount of 

migration. 

 
Figure 2. In a 60-year-old male patient who was operated due to left upper consolidated lung carcinoma, 

preoperative heart shift was 4.44 mm (A) to the right, while it was measured as 12.6 mm (B) to the left in the 

postoperative 2-year follow-up. 
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calculated p value is less than 0.05. IBM SPSS 

Statistics, version 23 for Windows (IBM 

Corporation, Armonk, NY, USA) was used for 

calculations. 

 

Results  

During the follow-up four patients in the first 

year and 24 others in the second year after the 

operation died and excluded from the study. 

The remaining seventy cases formed the study 

population. Male patients dominated the study 

group (64 cases, 91%) and the mean age of all 

patients was 55.51 ± 8.9. Right pneumectomy 

was performed in 40 (57%) and left 

pneumonectomy in 30 cases (43%) cases. All 

cases were followed for an average of 2 years. 

The angle of rotation did not change 

significantly in the first year after the operation 

when compared to the preoperative findings. In 

patients with right pneumonectomy the amount 

of anatomical migration was statistically higher 

in the second year after the operation than the 

amount after the first year (17.73 ± 18.47 vs 

24.73 ± 18.19; P=0.001).     There     was     no 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

significant change regarding both the angle of 

rotation and the amount of pleural effusion 

between the findings of the second and first 

year after the operation (Table 1).  

On ECG, the net QRS shift was tended to 

towards the same side in patients with 

pneumonectomy, but this trend did not show 

statistical significance (Table 2). The QRS shift 

was significantly more pronounced in patients 

with left pneumonectomies than right 

pneumonectomies (p=0.001). However, in both 

groups the QRS shift showed a tendency 

towards normal in the late period. In the late 

period on ECG right pneumonectomy patients 

showed findings of right ventricular 

hypertrophy. When examined with 

echocardiography these cases showed right 

ventricular hypertrophy and increased 

pulmonary artery pressures in the second year 

when compared to the preoperative period. Left 

ventricle ejection fraction showed no 

differences in either groups when compared to 

the preoperative findings (Table 2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Table 1. Chest CT findings before and after right and left pneumonectomy. 

Parameters Preoperative  

Postoperative 
P value 

 

1st year 

 

2nd year 

 

Preoperative 

vs 1st year 

1st year vs 2nd 

year 

Angle of rotation      

                R 

                L 

69.80 ± 9.05 71.02 ± 9.82 70.45 ± 12.66 0.391 
0.822 

 

67.31 ± 7.07 74.47 ± 18.18 73.32 ± 19.41 0.072 
0.710 

 

Migration (mm)         

                R 

                L 

5.22 ± 13.40 17.73 ± 18.47 24.73 ± 18.19 0.012 
0.001 

 

7.41 ± 16.71 25.99 ± 13.41 31.96 ± 13.13 0.001 
0.086 

 

Pleural effusion (ml) 

                R  

                L 

1.61 ± 5.08 50.32 ± 35.09 42.40 ± 24.85 0.001 
0.247 

 

5.78 ± 14.40 47.34 ± 27.13 34.15 ± 22.40 0.001 
0.044 
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Discussion 

In this study showed that [1] at the first year of 

visit thorax CT showed that the heart shifted to 

the site pneumonectomy. But interestingly at 

the second year instead of further shift, the heart 

moved slightly backwards possibly due to the 

collection of pleural effusion [2]. The rotational 

changes of the heart detected on the chest CT 

did not differ after the first year and second year 

compared to the preoperative findings. At the 

first postoperative year,   the    net   QRS vector  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

which was dependent on the left ventricle 

shifted to the left and right after left and right 

pneumonectomy, respectively. However, at the 

second postoperative year there was no 

statistical difference in the net QRS vector 

between first and second year.     

The anatomical and functional changes of the 

heart, and the subsequent changes on the ECG 

after pneumonectomies due to various reasons 

were studied extensively in the literature. 

Decrease of pulmonary capacity and cardiac 

  Table 2. Heart rate and QRS vector shift parameters before and after right and left pneumonectomy.  
 

Parameters Preoperative 

 Postoperative P value 

 

1st year 

 

2nd year 

 

Preoperative 

vs 1st year 

1st year vs 2nd 

year 

HR                 

          R       

          L            

49.80 ± 9.05 51.02 ± 9.82 50.45 ± 12.66 0.391 0.180 

 

47.31 ± 7.07 54.47 ± 18.18 53.32 ± 19.41 0.072 0.219 

 

QRS shift       

          R    

          L                            

11.8±26.6 15.7±29.9 14.9±31.2 0.793 0.826 

 

5.22 ± 13.40 17.73 ± 18.47 14.73 ± 18.19 0.012 0.001 

 

PAP (mmHg)  

          R   

          L                        

19.31±2.3 35.78±15 38±14 0.001 0.001 

 

18.26±3.1 29.43±9 32.25±11 0.001 0.001 

 

LV EF             

          R       

          L             

61±9 57±11 56±14 0.070 0.060 

 

63±8 59±10 58±12 0.090 0.060 

 

R/S                 

          R 

          L       

5 (12.5%) 13 (32.5%) 16 (40.0%) 0.030 0.010 

 

4 (13.3%) 9/ (30.0%) 11 (36.7%) 0.200 0.090 

 

AF                  

          R       

          L             

0 2 (5.0%) 0 0.500 0.500 

 

0 1 (3.3%) 1 (3.3%) 0.990 0.999 

 

P pulmonale  

          R        

          L       

0 2 (5.0%) 1 (2.5%) 0.500 0.910 

 

0 2 (6.7%) 1 (3.3%) 0.614 0.987 

 
R: Patients with right pneumonectomy, L: Patients with left pneumonectomy, HR: Heart rate, PAP: Pulmonary 

artery pressure, LVEF: Left ventricular ejection fraction, AF: Atrial fibrillation 
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derangements cause some signs and symptoms 

to occur after lung resections and it is 

sometimes difficult to understand the source 

whether cardiac or pulmonary. Routine 

outpatient visits after the operation with the use 

of accessible tools like chest CT, 

electrocardiogram, and echocardiography can 

make it possible to perceive the possible 

complications early [7-9].  

There are only a few studies addressing the 

changes on ECG occurring due to shift of the 

heart and rotation of the heart around its axis 

after pneumonectomy [10]. In the current study 

four patients developed atrial fibrillation. The 

possible reason for atrial fibrillation could be 

the inflammation of the pulmonary veins and 

atrium developing during the early 

postoperative period. The increase in P wave 

dispersion which was reported on the literature 

could explain the situation [11]. Two 

limitations of our study were lack of P wave 

dispersion and atrial pressure measurements.  

Atrial fibrillation was the most frequent cardiac 

arrhythmia after pneumonectomy in the 

literature, and in 98% of the cases the situation 

resolves spontaneously or with medical therapy 

[12]. However, there might be some cases with 

atrial fibrillation that could not be detected or 

paroxysmal which could account for the 

unexplained symptoms. Holter monitoring or 

electrophysiological studies are required to 

detect the paroxysmal atrial fibrillation.  

In the current study the height of p wave on 

ECG was increased significantly after the right 

pneumonectomy but the increase was not 

significant after the left pneumonectomy. The 

increase of the atrial pressure after right 

pneumonectomy could explain the increased 

height of p waves after right pneumonectomy. 

Another finding supporting this situation was 

the detection of the findings of right ventricular 

hypertrophy after the first and years of right 

pneumonectomy. The systolic pulmonary 

pressures of these cases were recorded higher 

on preoperative echocardiography than 

postoperative echocardiography. The most 

likely explanation for this increase could be 

decrease in pulmonary vascular bed and 

subsequent increase of vascular resistance. 

However, the study could not validate this 

theory because either hemodynamic studies or 

cardiac magnetic resonance imaging was not 

performed. In contrast to the findings of 

patients with right pneumonectomy there was 

no statistical difference in systolic pulmonary 

artery pressures or right ventricular dimensions 

before and after the operation.  These findings 

were consistent with the results of Foruolis et 

al. [13] but neither study had the hemodynamic 

data that could account for the differences of 

pulmonary artery pressures before and after 

pneumonectomy.  

Several strengths and limitations of this study 

need to be acknowledged. First strength is the 

wide number of sample population. Moreover, 

in this study the changes of the heart after 

pneumonectomy were analyzed by 

combination of thorax CT, ECG, and 

echocardiography. However, there were some 

significant restrictions. First, this study was 

observational in design. Second limitation was 

that the follow-up duration was limited by two 

years. At the end, the authors hope that this 

study will be a call for future randomized 

controlled studies. 

Conclusions 

The current study showed that many significant 

changes occurred in the electrocardiographic 

and echocardiographic parameters of the heart 

after pneumonectomy. A clinician should be 

aware of these changes and their possible 

consequences. Possible cardiac arrhythmias 

could be the reason for the unexplained resting 

and exertional dyspnea besides decreased 
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pulmonary capacity. Pulmonary hypertension 

and increased workload of the right heart 

especially after right pneumonectomy may 

cause right heart failure. Multidisciplinary 

approach is necessary to provide best 

diagnostic and therapeutic strategy to these 

patients. 
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A BST R AC T   

 

Aim: The triglyceride / HDL cholesterol (TG/HDL-c) ratio is increased in a variety of diseases including, 

coronary heart disease and type 2 diabetes mellitus. However, its role in non-alcoholic hepatosteatosis is not 

well understood. In present study, we aimed to compare the TG/HDL-c levels of the patients with non-

alcoholic hepatosteatosis to those of the healthy subjects. 

Methods: Medical data of the patients with non-alcoholic hepatosteatosis whom presented to the outpatient 

internal medicine clinics of our institution were retrospectively analyzed. Healthy subjects whom admissions 

to our clinics were due to check up were enrolled to the study as control group. TG/HDL-c of the groups 

compared. 

Results: TG/HDL-c level of the liver steatosis group (5 (2-22) %) was higher than the control group (2.7 (1-

8) %), (p<0.001). TG/HDL-c was significantly and positively correlated with fasting blood glucose (r=0.31, 

p<0.001), C - reactive protein (r=0.25, p<0.001) and LDL-cholesterol (r=0.3, p<0.001) levels. A TG/HDL-c 

value greater than 3.1% has 91% sensitivity and 77% specificity in detecting hepatosteatosis.  

Conclusions: We suggest that TG/HDL-c ratio could be a useful marker of non-alcoholic hepatosteatosis due 

to its inexpensive and easy to assess nature.  
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Introduction 

Liver steatosis, as known as hepatosteatosis, is 

defined as abnormal lipid accumulation in liver 

cells. The pathogenesis of the hepatosteatosis 

includes inflammation, metabolic disorder and 

hyperlipidemia. Possible contributing factors to 

non-alcoholic hepatosteatosis are metabolic 

syndrome, dyslipidemia, obesity, type 2 

diabetes mellitus and insulin resistance.  

Recent researches studied numerous 

inflammatory and metabolic indices in patients 

with non-alcoholic hepatosteatosis. These 

include; C - reactive protein, mean platelet 

volume, platelet distribution width, mean 

platelet volume to platelet count ratio and 

neutrophil/lymphocyte ratio [1-5]. Novel 

studies pointed out the relationship between 

triglyceride/ HDL cholesterol (TG/HDL-c) 

ratio in various conditions. Elevated TG/HDL-

c level was considered as a risk factor for 

coronary heart disease in male population [6]. 
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In a study from Japan, authors introduced 

TG/HDL-c ratio as a useful tool in predicting 

small LDL particles [7]. Moreover, it has been 

suggested that increased TG/HDL-c levels in 

young adults may serve as a predictor of insulin 

resistance and higher cardiometabolic risk [8].  

In present study, we aimed to compare the 

TG/HDL-c levels of the patients with non-

alcoholic hepatosteatosis to those of the healthy 

subjects.  

 

Materials and methods 

After receiving ethical approval from the local 

ethics committee (Date and decision no: 

2020/311), medical data of the patients with 

non-alcoholic hepatosteatosis whom presented 

to the outpatient internal medicine clinics of our 

institution between October 2018 and October 

2020 were retrospectively analyzed. Healthy 

subjects whom admissions to our clinics were 

due to check up within the same time period 

were enrolled to the study as control group. 

Exclusion criteria were as follows: hepatitis, 

alcohol consumption, active inflammatory 

diseases, hyperlipidemic syndromes, recent 

infection and those with a history of lipid 

lowering drug use. Hepatosteatosis was 

determined by ultrasound scan.  

Age, gender, body weight, height, fasting blood 

glucose (FBG), serum creatinine, LDL 

cholesterol, HDL cholesterol, triglyceride, 

aspartate and alanine transaminases (AST and 

ALT) and c-reactive protein (CRP) levels were 

obtained and recorded from the institutional 

database and patients’ files. Biochemical 

analyses were held with Architect c8000 

analyzer (Abbott Inc. Lake Forest, IL, USA). 

White blood cell count (WBC), hemoglobin 

(Hb), hematocrit (Htc) and platelet count (plt) 

were also recorded. Automatic analyzer of LH 

780 model of Beckman Coulter device 

(Beckman Coulter Inc.; Bre CA) was used for 

complete blood count analyses. A TG/HDL-c 

level was obtained by the ratio of 

triglyceride/HDL-cholesterol. Body mass index 

is calculated by the division of weight by the 

square of height.  Data of the patients with liver 

steatosis and the control subjects were 

compared.  

 

Statistical analysis 

Data were analyzed with SPSS software (SPSS 

15.0; SPSS Inc., Chicago, IL, USA). 

Kolmogorov-Smirnov test was used in 

observing the distribution (normal or not) of the 

variables in study and control groups in terms 

of normal analyzed with. Variables with normal 

distribution were compared with independent 

samples t test and expressed as mean ± standard 

deviation (SD). Mann- Whitney U test is used 

in comparison of the variables without normal 

distribution and these variables were expressed 

as median (min.-max.). Chi-square test is used 

in comparison of categorical variables between 

study and control subjects. Correlation between 

studies variables were conducted with 

Pearson’s correlation analysis. Receiver 

Operative Characteristics (ROC) analyze used 

in determination of cut-off values of study 

variables in predicting NAFLD. Statistical 

significance was set when the p value was lower 

than 0.05.  
 

Results  

A total of 496 subjects, 267 in liver steatosis 

and 229 in control group, were enrolled to the 

study.  Mean ages of the liver steatosis and 

control groups were 45.5 ± 12 years and 44 ± 

10 years, respectively (p=0.09). 131 (49%) 

were women and 136 (51%) were men in the 

liver steatosis group whereas 96 (42%) were 

women and 133 (58%) were men in control 

group. Gender of the liver steatosis and control 

groups were not statistically different (p=0.11).  
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Figure 1. ROC curves of ALT, fasting glucose, triglyceride, CRP, and THR in determination of liver 

steatosis 

 

Figure 2. Correlations of THR with fasting glucose, LDL- cholesterol and CRP level. 
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The WBC (p=0.11), Hb (p=0.26), Htc  

(p=0.08), PLT (p=0.19), serum creatinine 

(p=0.1) and AST (p=0.54) levels of the liver 

steatosis and control groups were not 

statistically different.   

The ALT (p<0.001), FPG (p<0.001), 

triglyceride (p<0.001), LDL-cholesterol 

(p<0.001) and CRP (p<0.001) levels were 

significantly increased and HDL-cholesterol 

(p<0.001) was significantly decreased in liver 

steatosis group compared to the control 

subjects. TG/HDL-c level of the liver steatosis 

group [5 (2-22) %] was higher than the 

TG/HDL-c level of the control group [2.7 (1-8) 

%], and this difference was statistically 

significant (p<0.001).  

In Roc analysis test, a TG/HDL-c value greater 

than 3.1% have 91% sensitivity and 77% 

specificity in detecting hepatosteatosis, which 

is better than other variables, i.e., ALT, FPG, 

triglyceride and CRP (Figure 1). 

In Pearson’s correlation analysis test, TG/HDL-

c was significantly and positively correlated 

with FPG (r=0.31, p<0.001), CRP (r=0.25, 

p<0.001) and LDL-cholesterol (r=0.3, 

p<0.001) levels (Figure 2).  

 

Discussion 

Main finding of present retrospective study is 

that TG/HDL-c ratio could be a promising 

indicator of liver steatosis in general 

population. Since it has significant correlation 

with inflammatory (CRP) and metabolic (FPG 

and LDL-cholesterol) markers of 

hepatosteatosis, and has stunning sensitivity 

and specificity in determination of the disease, 

it may have substantial utility in clinical 

practice.  

Recent studies in literature focused on the 

usefulness of TG/HDL-c ratio in various 

clinical conditions. Authors suggested the 

TG/HDL-c ratio as a novel prognostic marker 

in patients receiving peritoneal dialysis 

treatment since elevated THR was correlated 

with worse survival in this population [9]. 

Chronic renal insufficiency, like liver steatosis, 

is a condition characterized with increased 

inflammatory burden. Therefore, increased 

levels of TG/HDL-c were noted in patients with 

liver steatosis compared to controls in present 

work.  

The role of TG/HDL-c ratio has been studied in 

gestational diabetes mellitus, too. A Chinese 

study reported that elevated first trimester 

TG/HDL-c levels could predict the 

development of gestational diabetes mellitus 

[10]. Both pregnancy, and gestational diabetes 

mellitus are characterized with insulin 

resistance and increased inflammation. Liver 

steatosis is also associated with insulin 

resistance and increased inflammatory burden. 

Therefore, elevated TG/HDL-c levels which 

reported in our study is a compatible finding 

with current medical literature.  

Increased level of TG/HDL-c has been found to 

be a risk factor for inflammatory breast cancer 

in Schairer et al’s study, which reported a 1.7 

odds ratio for the THR level greater than 2.5% 

[11]. Cancer is also promoted by inflammatory 

reactions and cause chronic, low grade, 

continuous inflammatory load. Therefore, as an 

inflammatory condition, liver steatosis caused 

an elevation in TG/HDL-c levels in our study.  

The TG/HDL-c ratio has been proposed as a 

prognostic tool in coronary artery disease 

[6,12].               Moreover, high TG/HDL-c 

levels were associated with abnormal heart rate 

recovery, which is a marker of decreased 

parasympathetic activity and a predictor of all-

cause mortality [13].  

High TG/HDL-c ratio is associated with 

deteriorated insulin sensitivity [14]. Elevated 

TG/HDL-c is suggested to be a predictor of 

incident type 2 diabetes mellitus in male 
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subjects [15]. A similar association between 

diabetes mellitus and increased TG/HDL-c has 

been reported in obese postmenopausal women 

[16]. Since liver steatosis is associated with 

insulin resistance and inflammation, as diabetes 

mellitus do, increased levels of TG/HDL-c in 

patients with liver steatosis is not a coincidental 

finding.  

Retrospective design and moderately large 

study population are two possible limitations of 

our work. However, to the best of our 

knowledge, this is the first study reported high 

sensitivity and specificity of TG/HDL-c ratio in 

detecting liver steatosis.  

In conclusion, we suggest that TG/HDL-c ratio 

could be a useful marker of liver steatosis due 

to its inexpensive and easy to assess nature.  
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A BST R AC T   

 

Aim: In this study, the serological values of our patients followed up with a diagnosis of migraine were 

compared with the results of healthy controls in terms of possible association with intracellular pathogens, 

Toxoplasma gondii and Borrelia burgdorferi. 

Methods: Fifty patients with migraine, randomly selected among migraine patients without any additional 

disease, who applied to Bolu Abant Izzet Baysal Training and Research Hospital between January 1, 2015 and 

August 31, 2019 were included in the study. Fifty subjects without headache were included as control group. 

The history of infectious diseases of the patient and control groups (Toxoplasma gondii, Borrelia burgdorferi- 

causing Lyme disease) was determined by serological diagnostic methods. 

Results: The study group consisted of 64 women with a mean age of 45.5±13.1 (15-76) years. Migraine and 

control groups were found to be similar in terms of age (p=0.059) and gender (p=0.211) distributions. The 

frequency of Toxoplasma gondii positivity in the migraine group was 28% (n=14) and 10% (n=5) in the control 

group. The frequency of Lyme was 19.6% (n=11) in the migraine group and 14.3% (n=8) in the control group. 

The frequency of Toxoplasma gondii positivity was statistically significantly higher in the migraine group 

(p=0.022), while the frequency of Lyme was found to be similar in the migraine and control groups (p=0.450). 

Conclusion: The results of our study suggest that there are statistically significant differences between 

migraine and control groups only in terms of Toxoplasma gondii positivity rates, not Lyme. However, we 

believe that larger sample studies are needed to determine the detailed relationship between migraine and 

Toxoplasma gondii infection. 
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Introduction 

Migraine is a form of recurrent headache 

experienced by approximately 10% of the 

population, with a 3:1 female-to-male ratio [1]. 

It is renowned for severely disabling headache 

attacks which last 4–72 hours, are often 

unilateral, and are exacerbated by routine 

physical activity. These attacks can also be 

associated with nausea, photophobia or 

phonophobia [2]. 

Many factors, like foods, psychosocial stress, 

lifestyle factors and smoking have been 

suggested to trigger migraine [3]. More 

interestingly, it has been emphasized that some 
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infections, such as Toxoplasma gondii (causing 

Toxoplasmosis), can be associated with 

migraine and it has also been reported that some 

infections can mimic the clinical features of 

migraine [4-6]. Therefore, screening patients 

diagnosed with migraine in terms of these 

infections may be beneficial for diagnosis and 

treatment in migraine. Although the 

relationship between Toxoplasma gondii and 

migraine has been studied relatively more 

frequently, there are very few studies 

examining the relationship between migraine 

and other diseases caused by intracellular 

pathogens, such as Lyme [5,6]. Lyme disease, 

usually caused by infection with the spirochete 

Borrelia burgdorferi, is a multisystem disease 

caused by the body's immune response to 

infection [7]. These patients may present with 

physical findings such as headache, 

meningismus and cranioneuropathy as a sign of 

aseptic meningitis [7,8]. 

In this study, the serological values of our 

patients followed up with a diagnosis of 

migraine were compared with the results of 

healthy controls in terms of possible association 

with intracellular pathogens, Toxoplasma 

gondii and Borrelia burgdorferi. 

 

Materials and methods 

Patient and control groups 

In this study, patients with migraine who had 

applied to the Neurology Clinic of Bolu Abant 

Izzet Baysal Training and Research Hospital, 

between January 1, 2015 and August 31, 2019 

were included. A healthy control group 

comprised of patients who had applied to the 

clinic in the study period were also included. 

Between the specified dates, a total of 50 

patients with migraine attended follow-up or 

were newly diagnosed. Additionally, patients 

without migraine who had been admitted for 

other symptoms but were not diagnosed with 

any neurological condition were included as 

healthy controls. Among these, patients with 

any other chronic diseases, history of surgery or 

malignancy, those with other neurological or 

psychiatric diagnoses, and individuals who 

refused to participate in the study were 

excluded from the analyses. A final total of 50 

patients with migraine and 50 controls had 

undergone serological analyses for 

Toxoplasmosis and Lyme. 

Necessary permissions were obtained from the 

Clinical Research Ethics Committee of Bolu 

Abant Izzet Baysal University to conduct the 

study. (Approval number: 2020/245, Approval 

date: 13/10/2020) and all the patients were 

informed about the study and their written 

informed consents were obtained. 

 

Serological method 

The infectious disease history of the patient and 

control groups (Toxoplasma gondii, Lyme) was 

determined by serological diagnostic methods. 

A commercial ELISA kit (Bio-Rad, France) 

was used for the detection of Toxoplasma 

gondii IgG and IgM antibodies. The presence of 

Lyme disease serology was assessed via ELISA 

(Anti-Borrelia IgG and IgM Generic Assay, 

Germany) in serum samples. All detection 

procedures were performed according to the 

manufacturer’s instructions. Presence of either 

or both IgG and IGM antibodies was accepted 

seropositive 

Sample size and statistical analysis 

For the sample size, it was determined that at 

least 50 subjects should be included in each 

group according to power analysis performed 

with the following parameters: 5% error 

margin, 80% power, an expected odds ratio of 

3 with a 50% frequency distribution of 

infection. 

The SPSS version 20 program was used for the 

analysis of all data. The Shapiro-Wilk test was 
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used to evaluate compliance with normal 

distribution. For continuous data, median, 

lowest and highest values (min-max) and/or 

mean ± standard deviation were preferred for 

the description of data, with respect to 

normality of distribution. The Mann Whitney U 

or Student's t-test was used for the comparison 

of continuous data between groups in the 

presence of non-normal and normal 

distribution, respectively. Pearson Chi-Square 

test was used for the comparison of categorical 

data. The p<0.05 threshold was defined as the 

level of significance. 

 

Results 

The study group consisted of 64 females and 

mean age was 45.5±13.1 (min-max: 15–76) 

years. The migraine and control groups were 

similar in terms of age (p=0.059) and gender 

distribution (p=0.211). 

Toxoplasma gondii positivity was detected in 

14 (28%) patients in the migraine group and in 

5 (%10) subjects in the control group. The 

frequency of Toxoplasma gondii positivity was 

statistically significantly higher in the migraine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

group compared to the control group 

(p=0.022). 

Lyme positivity was detected in 11 (19.6%) 

patients in the migraine group and in 8 (14.3%) 

subjects in the control group. There was again 

no significant difference between the groups 

(p=0.450) (Table 1). 

  

Discussion 

The present study, in which we aimed to 

determine whether there were relationships 

between migraine presence and intracellular 

pathogens, demonstrated that there was no 

difference between the migraine and control 

groups in terms of Lyme positivity frequency. 

However, of note, the frequency of Toxoplasma 

gondii positivity was higher in the migraine 

group compared to controls. 

In previous studies, Toxoplasma gondii has 

been shown to be a neurotrophic pathogen and 

is associated with neurological and 

neuropsychiatric symptoms [9-11]. In addition, 

the relationship between migraine, headache 

and Toxoplasma gondii has also received 

relatively high interest [5,8,12].     It   has  been 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Age and gender characteristics and infection positivity frequencies of the study. 

Parameters Control group 

n=50 

Migraine group 

n=50 

p-value 

Age, years, mean ± SD 44.3±15.23 47.5 ± 10.8    0.059 

Gender, n (%) 

         Female 

         Male  

 

29 (58.0%) 

 

35 (70.0%)    0.211 

21 (42.0%) 15 (30.0%) 

Toxoplasma gondii, n (%) 

        Negative  

        Positive  

 

45 (90.0%) 

 

36 (72.0%) 
   0.022 

5 (10.0%) 14 (28.0%) 

Lyme (Borrelia burgdorferi), n (%) 

        Negative  

        Positive  

 

44 (88.0%) 

 

40 (80.0%) 
    0.275 

6 (12.0%) 10 (20.0%) 
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reported that this infection affects the levels of 

specific cytokines, causing edema in the brain, 

which may manifest as headaches [13,14]. In 

addition, in a study by Koseoglu et al., it was 

reported that Toxoplasma gondii was associated 

with migraine and was concluded that this 

infection may cause a neuroinflammatory 

process in the brain, thereby triggering 

migraine [8]. In a study comparing 105 patients 

with headache and 105 non-headache subjects, 

it was reported that the case and control group 

were similar in terms of Toxoplasma 

seropositivity [15]; however, interestingly, the 

level of IgG for Toxoplasma gondii was 

suggested to be associated with headache –even 

when the patient group included other types of 

headaches in addition to migraine (39 patients 

with migraine in the 105 subjects). Since this 

infection is very prevalent among humans, has 

a chronic characteristic in an estimated 30% of 

individuals [16] and the fact that the infection 

may persist in the brain [17], have supported the 

rationale of studies aiming to determine a 

relationship (if any) between headache and 

Toxoplasma gondii infection. One such study 

even suggested the introduction of serological 

testing for Toxoplasma gondii, after 

demonstrating that 11% of children with 

recurrent headaches had IgG positivity [12]. In 

a study from Brazil, wherein 261 cases with 

acute toxoplasmosis were investigated, 

headache frequency was reported to be the 

second most frequent symptom (after fever), 

and perhaps more interestingly, the distribution 

among sexes demonstrated a female-to-male 

ratio of 2.1 to 1 [18]. In the current study, to 

support the information in the literature, the 

frequency of Toxoplasma gondii positivity was 

significantly higher in patients with a diagnosis 

of migraine. We believe that these results 

indicate that the relationship between migraine 

and toxoplasmosis warrants further 

investigation, preferably in population-based 

studies. 

When Borrelia burgdorferi, the cause of Lyme 

disease, reaches the cerebral or spinal vessels, it 

attaches to endothelial cells. It has been 

reported that the direct and indirect effects of 

B.burgdorferi on the nervous system play a role 

in the formation of neuroborreliosis [19]. In a 

previous study, it was reported that B. 

burgdorferi invaded human neuronal and glial 

cells, remained alive and had no cytopathic 

effect on the host cell for up to seven days. It 

has been reported that this situation can lead to 

the escape of bacteria from the immune system 

and to long-term infections [20]. Various 

mechanisms have been reported in the literature 

regarding the transmission and action 

mechanisms of bacteria to the nervous system. 

Grab et al. reported that with the in vitro blood 

brain barrier model containing microvascular 

endothelial cells of the human brain, the 

passage of bacteria through the barrier depends 

on the ability of the bacteria to affect the Ca ++ 

signaling system in endothelial cells [21]. 

Cepok et al. reported that the early stage of B. 

burgdorferi meningoradiculitis is characterized 

by a well-coordinated immune response 

involving specific cytokine release and plasma 

cell uptake, followed by a prolonged, antigen-

specific B cell response in the central nervous 

system [22]. In the study of Rupprecht et al, it 

has been reported that chemokines (CXCL13) 

play a key role in attracting other immune cells 

to the inflammatory focus in Lyme 

neuroborreliosis, B cell migration to infection 

sites [23]. In the animal study of Pachner et al., 

Cytokines such as IL-6 have been reported to be 

important amplification molecules for 

cerebrospinal fluid inflammation in Lyme 

neuroborreliosis [24]. In Lyme disease, as a 

result of these changes in the central nervous 

system, it is expected that Lyme positivity in 
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migraine patients is higher than in the control 

group. It has been reported that Lyme disease 

causes various neurological symptoms such as 

headache and 15% of patients have 

neurological involvement [25,26]. Chronic 

headache associated with Lyme disease is 

difficult to diagnose and can be confused with 

primary or analgesic overuse headaches. 

However, it is important to make the correct 

diagnosis because when this symptom is 

associated with borreliosis, it tends to regress 

with antibiotic therapy [27-30]. In the study of 

Scelsa et al., it was reported that the incidence 

of new-onset headache was 53.06% and the 

incidence of migraine was 18.37% among 

patients hospitalized for recurrent neurological 

Lyme disease. In addition, it has been reported 

that all patients with meningitis or encephalitis 

requiring intravenous antibiotics have not only 

headache but also focal neurological findings or 

cognitive abnormalities [28]. In the current 

study, the migraine and control groups were 

similar in terms of Lyme disease frequency. 

However, few studies have investigated the 

possible relationship between Lyme disease 

and migraine. We believe it is very important to 

point out that the initial design and strength of 

the study may not be sufficient for such a post-

hoc analysis, and therefore we suggest that 

future studies should consider this possibility. 

The research has several limitations. One of its 

limitations is that the research is not 

community-based and has a single center. On 

the other hand, questioning the chronology of 

the onset of migraine and the positivity of these 

pathogens (Toxoplasma gondii, Borrelia 

burgdorferi) could enable us to see the 

relationship between migraine and the 

positivity of these pathogens more clearly. 

Despite these, this study is valuable because it 

is one of the few studies evaluating the 

relationship between migraine and Lyme 

disease and it shares results that support the 

relationship between Toxoplasma gondii and 

migraine. 

 

Conclusion 

In terms of the infections studied in the study 

group, there was statistically significant 

difference was found between patients with 

migraine and controls. However, further studies 

that enable comparisons by ensuring an 

infection distribution similar to that of the 

population are required. 
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A BST R AC T   

 

Aim:  Couple of pneumonia cases were reported in a short period in Wuhan, China. The cases were revealed 

to be associated with a different coronavirus type was named SARS-CoV-2 and the disease was identified as 

Covid-19.  It is known that the disease occurs in all age groups. We aimed to evaluate the differences in clinical 

and laboratory features between adult and pediatric patients. 

Method: The study is a retrospective cross-sectional study and consists of 206 patients with a definitive 

diagnosis of Covid-19 confirmed by a positive real-time reverse-transcriptase polymerase chain reaction (RT-

PCR) testing for SARS-CoV-2. They hospitalized in health institutions connected to City Health 

Administrative of Bolu, Turkey between 11.03.2020 and 19.04.2020. The number of the pediatric patients (0-

17 age group) was 106, that of the adult patients (18 and above age group) was 100. Data concerning the 

patients consisted of age, symptoms, laboratory parameters such as hemogram, biochemistry, coagulation. 

Results: The mean values of platelet (PLT), platocrit (PCT), percentage of monocytes (MONO %) and MONO 

in the “0-17” age group were found to be significantly higher than the mean values in the “18 and above” age 

group. The hemoglobin (HGB) mean value of the “0-17” age group was significantly lower than that of the 

“18 and above” age group. The mean C - reactive protein (CRP) value of the “0-17” age group (4.55; min: 

1.20 – max: 11.80) was significantly lower than that of the “18 and above” age group (5.35; min 1.25- max: 

19.77) with no statistically significance. In pediatric group, the most common symptoms were other symptoms 

like diarrhea, vomiting and joint pain whereas the adult patients had fever and cough often with statistically 

significant. 

Conclusion: Clinical findings and laboratory abnormalities in Covid-19 are less common in children. 

Although it seems that Covid-19 is less symptomatic in children, they are also affected by the disease. 

Performing RT-PCR test based on the contact history of the children may help to minimize morbidity with an 

early diagnosis. Multicenter studies with more numbers of patients should be performed. 

 

Key words: COVID – 19, SARS-CoV-2, adolescent, adult, child. 
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Introduction 

In December 2019, a couple of pneumonia 

cases were reported in a short period in Wuhan, 

China [1]. The cases were revealed to be 

associated with a different coronavirus type 

was named SARS-CoV-2 and the disease it 

caused was identified as Covid-19 [2]. While 
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other types of coronavirus such as SARS-CoV 

and MERS-CoV do not lead to severe diseases, 

SARS-CoV-2 have caused millions of deaths 

[3,4].  

It is known that Covid-19 occurs not only in 

adults but also in children [5]. However, 

children represent a very small proportion of 

cases and prior studies have shown that the 

mortality rate is much lower in them [6,7]. 

Moreover, it has been determined that the 

clinical picture in children is considerably 

milder than in adults [8]. The disease is 

diagnosed mostly with fever, cough, sneezing, 

sore throat, myalgia, pharyngeal erythema and 

runny nose. However, symptoms such as 

diarrhea, nausea, vomiting and malaise can also 

be seen [9]. Compared to adults, frequent 

laboratory abnormalities such as elevated CRP 

and procalcitonin levels and lymphopenia were 

found to be quite low in children diagnosed 

with Covid-19 [10]. In this study, we aimed to 

evaluate the differences in clinical and 

laboratory features between adult and pediatric 

patients to diagnose more effectively. 

 

Materials and methods 

The study is a retrospective cross-sectional 

study and consists of 206 patients with a 

definitive diagnosis of Covid-19 confirmed by 

a positive RT-PCR test after hospitalized in 

health institutions connected to City Health 

Administrative of Bolu, Turkey between 

11.03.2020 and 19.04.2020. Ethical approval of 

the study was obtained from Bolu Abant İzzet 

Baysal University Clinical Research Ethics 

Committee (Date: 12.05.2020, Number: 

2020/92). Data was obtained by scanning the 

patients from the Public Health Management 

System of City Health Administrative and 

Hospital Information Management System. 

Information about the patients consisted of age, 

symptoms, results of laboratory parameters 

such as white  blood  cell  count (WBC), 

hemoglobin (HGB),   hematocrit (Htc), 

lymphocyte count (LYM), platelet count (PLT), 

red blood cell (RBC), basophil (BASO), 

platocrit (PCT), neutrophil (NEU),monocyte 

(MONO), D-DIMER, C-Reactive protein 

(CRP) and lactate dehydrogenase (LDH). 

Clinical findings categorized as fever, cough 

and other symptoms like diarrhea, vomiting, 

anosmia, headache, joint pain and sore throat. 

Patients who didn’t apply during the mentioned 

dates were not included the study. Also 

pregnant women and patients with 

immunosuppressions, diabetes mellitus, 

chronic lung and kidney diseases, and 

hypertension were excluded. 

Statistical analyses 

For all statistical analyses, the 20.0 version of 

SPSS  (Statistical  Package  for  the  Social 

Sciences)  for  Windows,  (Chicago,  Illinois, 

USA)  was  used.  The numerical data were 

expressed as mean ± standard deviation. The 

difference between the study and the control 

groups was evaluated by Student t-test for data 

which were normally distributed. For the data 

which were not normally distributed Mann-

Whitney’s   U-test   was   used.  Chi-Square test 

was used in the analysis of categorical data.  

The correlation between EFT and MS was 

evaluated using Spearman’s correlation 

analysis.  A p-value < 0.05 was considered as 

significant. 

 

Results  

There were 206 patients in the study; 106 

patients between 0-17 years, 100 patients aged 

18 and above. The mean age was 13.52 (min: 1-

max: 17) in the “0-17” age group and 45.43 

(min: 18-max: 85) in the “18 and above” age 

group (p=0,000). 

The mean values of PLT, PCT, MONO% and 

MONO in the “0-17” age group were found to 
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be significantly higher than the mean values in 

the “18 and above” age group (p<0.05). The 

HGB mean value of the “0-17” age group was 

significantly lower than that of the “18 and 

above” age group (p<0.05) (Table 1).The mean 

CRP value of the “0-17” age group (4.55; min: 

1.20 – max: 11.80) was significantly lower than 

that of the “18 and above” age group (5.35; min 

1.25- max: 19.77) with no statistically 

significance (p = 0.461) (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The percentages of the clinical findings were 

calculated for both age groups. In the ‘’0- 17’’ 

age group, the most common symptoms were 

other symptoms (54.8%) like diarrhea, 

vomiting, anosmia, sore throat and joint pain. 

(p=1.153)  The presence of fever (69%) and 

cough (69.9%) symptoms was significantly 

higher in the 18 and above age group (p=0.000) 

(Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Laboratory results of age groups. 
 

Comparison of laboratory results between age groups 

Parameters  

“0-17” age 

group 

(n=106;%51.5) 

‘’18 and above’’ age 

group 

(n=100; 48.5) 

All Patients 
p-value 

Median (Q1-Q3)** 

WBC 5.83 (4.77-7.39) 5.50 (4.50-6.59) 5.76 (4.57-7.03) 0.062 

LYM 1.49 (1.01-2.00) 1.45 (1.15-1.93) 1.45 (1.1-1.96) 0.931 

HGB 13.50 (13.00-14.40) 14.25 (12.80-15.40) 13.70 (13-14.90) 0.024* 

BASO 0.02 (0.01-0.03) 0.034 (0-0.06) 0.03 (0.01-0.05) 0.390 

PLT 253.5 (216-293) 207.5 (172.5-247.0) 228.5 (196-273) 0.000* 

PCT 0.25 (0.22-0.29) 0.17 (0.14-0.21) 0.21 (0.17-0.26) 0.000* 

NEU 3.44 (2.40-5.00) 3.46 (2.41-4.60) 3.44 (2.4-4.76) 0.514 

D-DİMER 0.29 (0.21-0.58) 0.37 (0.22-0.59) 0.32 (0.21-0.58) 0.566 

LDH 234 (207-283) 222.5 (185-273.5) 230 (196-276) 0.073 

CRP 4.55 (1.20-11.80) 5.35 (1.25-19.77) 4.84 (1.2-14.7) 0.461 

𝑿 ± 𝒔𝒔*** 

Age 13.52±3.15 45.43±17.26 29.01±20.11 0.000* 

RBC 4.88±0.45 4.86±0.55 4.87±0.49 0.728 

LYM% 27.09±13.41 28.47±10.98 27.76±12.28 0.419 

MONO% 11.31±3.85 8.75±3.50 10.07±3.89 0.000* 

NEU% 59.98±14.56 61.39±12.02 60.66±13.37 0.447 

MONO 0.70±0.28 0.50±0.25 0.61±0.28 0.000* 

*a value of p<0.05 was taken statistically significant  

** Mann-Whitney U test               ***Independent Sample t test 
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Discussion 

In this study, we aimed to reveal the differences 

in clinical and laboratory features between adult 

and pediatric patients and tried to emphasize 

that children are also at risk for Covid-19 as 

different manifestations. 

It was observed that only 1.7% of the cases 

reported in United States of America (USA)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

until April 2020 were children. Despite the low 

incidence compared to adult patients, SARS-

CoV-2 is also seen in children and has been 

shown to be associated with milder clinical 

symptoms [11-13]. Of 206 patients in our study, 

106 (%51.5) were children, and the proportion 

was found to be quite higher according to USA 

data. We attributed this to the fact that children 

  Table 2. Chi-Square analysis of clinical findings according to age groups. 

Parameters 
“0-17” age group 

(n:106; %51.5) 

‘’18 and above’’ age 

group  

(n:100; %48.5) 

All Patients 

(n:206) p-value ꭓ2 value 

Fever 

positive 

negative 

        

48 (%39.3) 74 (%69.0) 122 (%59.2) 
0.000* 

 

58 (%60.7) 26 (%31.0) 84 (%40.8) 
17.572 

Cough 

positive 

negative 

 

27 (%29.0) 

 

79 (%69.9) 

 

93 (%45.1) 0.000* 

 

34.129 

66 (%71.0) 34 (%30.1)  113 (%54.9)  

Other 

symptoms 

positive 

negative 

 

63 (%54.8) 

43 (%45.2) 

 

52 (%47.3) 

48 (%52.7) 

 

   115 (%55.8) 

     91 (%44.2) 

0.326 

 

1.153 

a value of p<0.05 was taken statistically significant * Chi-Square test 

 

 
Figure 1. Relationship between age groups and fever. 
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were scanned and caught at the stage without 

symptoms. While none of pediatric patients 

needed intensive care, 3 of the adult patients 

were followed up in intensive care unit. Among 

100 adult patients 1 (1%) death occurred, but no 

death was seen in children. 

A study in China revealed that children had 

mild clinical symptoms and less need for 

intensive care compared to adults. In this study, 

the most common symptoms were cough 

(48.5%), pharyngeal erythema (46.2%) and 

fever (41.5%). It was reported that only 3 of 171 

patients needed intensive care and all of them 

had underlying diseases.[14] In our study, fever 

(39.3%), cough (29.0%) and other symptoms 

(54.8%) like diarrhea, vomiting, anosmia , joint 

pain and sore throat were recorded in children 

(Figure 1) On the other hand, major symptoms 

of adults were fever (69%) and cough (69.9%) 

while other symptoms (47.3%) noticed lower 

than children (Figure 2) In a Chinese study, 8 of 

10 pediatric patients had fever and 6 of them 

had cough confirming most common symptoms 

in children were similar to those in adults [15]. 

In a study performed by Yang et al. [16] with 

134 pediatric patients, the fever was found to be 

the most common symptom with 76.1%. 

In a study conducted by Chen et al. [17] with 

505 patients of whom 12 were children, it has 

been shown that lymphopenia seen in only 2 

patients was less common than adults. In our 

study, lymphopenia was similar in children as 

adults (mean LYM value in children: 1.49 – 

mean LYM value in adults 1.45). (Table 1) 

Moreover, it has been shown that the mean 

LYM value was lower in adults compared to 

pediatric patients. Xia et al. [18] researched 

that; 70% of pediatric patients had normal 

WBC count, 20% had leukopenia and 10% had 

leukocytosis. Additionally, lymphopenia 

(35%), elevated alanine aminotransferase 

(ALT) (25%), elevated CRP (45%) and 

elevated procalcitonin (80%) were the other 

laboratory abnormalities. In our pediatric 

patients; WBC, RBC, MONO, PLT, PCT and 

LDH were higher than adults whereas Hb, 

BASO, NEU, D DIMER and CRP were lower 

than adults. Among these findings, while the 

increase of PLT, PCT, MONO% and MONO 

and the decrease of Hb in the “0-17” age group 

were statistically significant. (p<0.05) (Table 

1). 

There may some explanations for the reasons 

between the differences in clinical features 

between adults and children. One of the study 

has been suggested that the virus in children is 

the second, third and sometimes fourth 

generation because of the transmission of the 

disease from adults, and compared to the first 

generation one it is more difficult for the virus 

to replicate, mutate and survive before it is 

recognized by the immune system [19]. 

Furthermore, it has been argued that natural 

immunity in children is more ready against such 

pathogens and immune system functions 

decrease with aging [19,20].  Considering that 

there is a curfew for people under 20 years of 

age since the beginning of the outbreak in 

Turkey, it can be concluded that children get the 

disease from adult members of the family. In 

addition to this, the children had a history of 

indirect contact and the disease in children was 

less symptomatic, the above-mentioned 

opinions seem to be reasonable. 

 

Conclusion 

Clinical findings and laboratory abnormalities 

in Covid-19 are less common in children. 

Although it seems that Covid-19 is less 

symptomatic in children, they are also affected 

by the disease. Performing RT-PCR test based 

on the contact history of the children may help 

to minimize morbidity with an early diagnosis. 

Multicenter studies with more numbers of 
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patients should be performed for more accurate 

outcomes. 
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The evaluation of the effect of vitamin D replacement on the symptoms of carpal tunnel 

syndrome in patients with low vitamin D levels 
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A BST R AC T   

 

Aim: To evaluate the effect of vitamin D replacement on carpal tunnel syndrome (CTS) symptoms and signs 

in CTS patients with low vitamin D levels. 

Methods: This study was designed prospective observably. The patient population was admitted to the EMG 

(electromyography) laboratory in a tertiary hospital’s Physical Medicine and Rehabilitation Department 

between 1 January and 31 July 2018.  Initially, 55 patients were included in the study. The patients were 

categorized into two groups as group 1 (<10 ng / ml) and group 2 (10-20 ng / ml) according to the vitamin D 

levels. A total of 39 patients and 63 wrists, 17 patients in group 1 (28 wrists) and 22 patients in group 2 (35 

wrists), were included in the analysis. 

Results: There was a statistically significant decrease in visual analogue scale and quick arm-shoulder-hand 

disability score in two groups when compared before treatment. In two groups, there was a significant 

improvement in grip and pinch strength after treatment.  At the same time, after treatment we showed that 

there was a statistically significant increase in median nerve sensory amplitude in two groups. The increase in 

median nerve sensory velocity was significant in group 2 whereas it was not statistically significant between 

group 1 vs group 2.  

Conclusions: Vitamin D replacement can improve symptoms, functional status and electrophysiological 

findings in CTS patients with low vitamin D levels. 

 

Key words: Carpal tunnel syndrome, vitamin D, median nerve, neuropathy, visual analog scale, 

electrophysiology. 
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Introduction 

Carpal tunnel syndrome (CTS) is characterized 

by chronic compression of the median nerve 

through the carpal tunnel at the wrist. Most of 

the causes are idiopathic but diabetes mellitus 

(DM), thyroid disease, gout and pregnancy are 

known as the risk factors [1].  

Conservative treatment options for CTS include 

avoiding repetitive hand activities; splinting; 

local corticosteroid injections, oral 

corticosteroid treatment; physical therapy 

modalities; nerve gliding exercises [2]. Carpal 

tunnel release surgery is recommended for 

patients with severe CTS whose symptoms 
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have not improved with conservative treatment 

[3].  

Vitamin D (Vit D) is a steroid-like compound 

that can have hormone-like effects. Despite 

being known as a vitamin, it is distinguished 

from other vitamins as it can be synthesized in 

the body. Serum 25 hydroxyvitamin D 

(25(OH)D) levels indicate the adequate Vit D 

levels[4].  

In recent years, the neuroprotective effects of 

Vit D have been emphasized in the literature. 

Although the mechanism of this 

neuroprotective effect has not been fully 

elucidated yet, Vit D has been shown to have an 

antioxidant effect and this effect may play a role 

in preventing neuronal necrosis, and increasing 

myelinization by reducing the release of free 

radicals and blocking calcium channels  [5]. 

Animal studies have reported that Vit D has 

protective effects on neurons and decreases 

neuronal toxicity and damage [6]. Low level of 

Vit D levels in CTS are reported in small 

number of studies however, studies in which 

evaluating whether CTS symptoms and signs 

improve after Vit D replacement is limited[1]. 

In this study it is aimed to evaluate the 

symptoms and signs of CTS after Vit D 

replacement in mild-to-moderate CTS patients 

with low Vit D levels. The study hypothesizes 

that both the clinical and electrophysiological 

findings in CTS cases with low Vit D levels will 

improve in the third month following the 

initiation of Vit D replacement therapy. 

 

Materials and methods 

This research was designed as a single-center 

prospective observational study. An informed 

consent form was signed by and obtained from 

all patients who volunteered to participate in the 

study. The study was approved by the Ethics 

Committee of Health Sciences University, 

Clinics of Physical Medicine and Rehabilitation 

with the decision number 5/1, date 08/03/2018, 

and research number 2018-030.  

Vitamin D level < 20 ng/mL was considered to 

be low vitamin D level.  Patients aged 18–65 

years with a VitD level of <20 ng/mL, who 

were admitted to the outpatient clinic with CTS 

symptoms and signs within the period from 

January 2018 to July 2018, were evaluated in 

terms of eligibility for the study.  

The diagnosis of CTS was clarified based on 

clinical and electrodiagnostic criteria published 

jointly by the American Association of 

Electrodiagnostic Medicine (AAEM), 

American Academy of Neurology (AAN), and 

American Academy of Physical Medicine and 

Rehabilitation (AAPMR) in 2002 [7].  

Patients, who met all clinical criteria and had 

electrophysiological findings supporting 

median neuropathy at the wrist, were accepted 

as definite CTS. Among patients, who received 

the definite CTS diagnosis and were evaluated 

to be mild-to-moderate CTS based on their 

electrophysiological findings, were included in 

the study. Both wrists were considered as 

separate patients.  

Inclusion criteria of the study were being 18–65 

years of age, and having mild-to-moderate CTS 

with a VitD level below 20 ng/mL.  

Patients who were <18 and >65 years old; 

patients with normal VitD levels;  severe or 

very severe CTS; comorbidities including DM, 

chronic renal failure, chronic liver disease, 

thyroid disease, rheumatoid arthritis, systemic 

lupus erythematosus, scleroderma, gout, 

polymyositis, dermatomyositis, 

polyneuropathy, cervical radiculopathy, 

brachial plexopathy, and thoracic outlet 

syndrome;  vitamin B12 or folic acid deficiency 

a history of trauma; and previous carpal tunnel 

surgery were excluded (Figure 1).  

The patients were divided into two groups 

according to their VitD level. In Group 1  
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patients with a VitD level of <10 ng/mL 

(Critical VitD deficiency) and in Group 2 

patients with a VitD level of 10–20 ng/mL 

(VitD deficiency) were included. Splinting is 

recommended for all patients and VitD 

replacement therapy were applied in both 

groups. Cholecalciferol (vitamin D3) were 

given orally at a loading dose of 50,000 

IU/week for eight weeks as VitD replacement 

therapy. Afterward, the maintenance dose was 

given as 3000–6000 IU/day.  

During the 3-month follow up period, patients 

did not receive any physical therapy or median 

nerve injection therapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biochemical analysis 

Laboratory examinations, including a screening 

analysis of 25(OH)D levels, were performed 

using venous blood specimens. All serum 

25(OH)D (ng/mL) concentrations were 

analyzed using electrochemiluminescence 

immunoassay (ECLIA) technique with 

LIAISON analyzer (DiaSorin, Stillwater, MN). 

 

Evaluation of peripheral neuropathy and pain 

At baseline sociodemographic characteristics 

(age, gender, weight, height, occupation, hand 

dominance, disease duration) of the patients 

were recorded. (Table 1). The quick disabilities 

                        

                                                                                          

                                                                                      Figure 1. Patient flow chart. 
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of the arm, shoulder, and hand questionnaire 

(QuickDASH) was used to assess symptom 

severity, pain, and functional capability in the 

hand, while the pain intensity was assessed by 

visual analog scale (VAS). Patients completed 

these questionnaires at the beginning of the 

study and in the third month following the 

initiation of replacement therapy. 

 

Visual analogue scale (VAS) 

Patients were asked to rate their severity of 

hand or wrist pain on a 10-cm-long straight line 

with numbers, ranging from 0 to 10. Before the 

application, it was explained that the value 0 

represented no pain and the value 10 

represented the most severe pain they had ever 

felt.  

 

Quick disabilities of the arm, shoulder, and 

hand questionnaire (QuickDASH) 

This self-reported questionnaire was developed 

by the American Academy of Orthopaedic 

Surgeons (AAOS) in 1994 based on the model 

developed by the World Health Organization 

(WHO). It measures physical function and 

symptoms of patients suffering from upper 

extremity problems. The questionnaire contains 

disability/symptom scale (11 items) and 2 

optional scales (work (4 items) and 

sports/performing arts (4 items)). Each question 

is scored between 1 and 5. Each subscales 

ranged between 0 (no disability) and 100 (most 

severe disability). The reliability and validity of 

the Turkish version of the questionnaire in 

patients with CTS was conducted by Koldaş 

Doğan Ş et al.[8] among patients with CTS. It 

is completed in about five to seven minutes, 

with moderate ease of scoring [9].  

 

Measurement of grip and pinch strength                                                         

Grip and pinch strengths were measured at the 

beginning of the study and at the third month of 

treatment. An electronic hand dynamometer 

[Electronic Hand Dynamometer (HS-005), 

China] was used to measure grip strength 

whereas finger grip strength was measured 

using a manual pinchmeter (Sammons Preston, 

Inc. Bolingbrook, IL 60440-4989). The results 

were recorded in kilograms (kg). Handgrip 

strength measurements were performed while 

the patient was in the sitting position, the arm 

was in adduction, the forearm was in 90° 

flexion and neutral position, and the wrist was 

in 0–30° extension and 0–15° ulnar abduction 

position. Patients were asked to give full 

maximum voluntary effort grip [10]. In the test 

procedure, a total of three measurements were 

made by taking a break between each 

measurement for grip and pinch strengths and 

their averages were recorded [11, 12]. 

 

Electrophysiological evaluation 

All electrophysiological evaluations were 

performed using Nihon Kohden Neuropack S1 

MEB-9400K EMG Device (Tokyo, Japan). All 

patients were evaluated electrophysiologically 

at the beginning of the treatment and at the third 

month of treatment. All nerve conduction 

studies were performed by the same physician 

using bipolar superficial electrodes, the same 

device, and standard technique, in accordance 

with the relevant guidelines. Median and ulnar 

sensory nerve conduction and distal (wrist) and 

proximal (elbow) motor nerve conduction were 

studied on the one hand, and median sensory 

nerve conduction and distal and proximal motor 

nerve conduction were studied on the other 

hand [13, 14]. 

 

Statistical analysis 

Statistical analysis was performed using SPSS 

version 20.0 software (IBM Corporation, 

Armonk, NY, USA). Using the G-Power 

analysis, the sample size was calculated by 
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taking the power as 90%, alpha value as 0.05,  

and effect value as 0.2. To the best of our 

knowledge, there were no studies evaluating 

Vit D replacement therapy in line with the 

purpose of this study. Therefore, studies 

comparing the VAS score and CTS severity of 

mild-to-moderate CTS patients with low and 

normal Vit D levels were utilized to calculate 

the effect value. The Shapiro–Wilk test was 

used to determine whether the groups followed 

a normal distribution.    Descriptive  data  were 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

expressed as mean, standard deviation, median, 

highest and lowest values, frequency, and ratio. 

The means of variables following normal 

distribution were compared using Student's t-

test. In variables not following a normal 

distribution, the Wilcoxon signed-rank test was 

used for dependent groups whereas the Mann–

Whitney U test test was used for independent 

groups. Chi-Square and McNemar tests were 

used in categorical variables. A p value of 

<0.05 was considered statistically significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tablo  1. Demographic status of the patients. 

 

Parameters  

Group 1 Critical Vit D 

deficiency 

(n=17) 

Group 2 

Vit D deficiency 

(n=22) 

 

P 

Wrist  28 35  

Age (years) (mean±SD) 47.82±8,47 46.14±8,46 0.541a 

Gender (n, %)  

      Female  

      Male 

17 (100) 20 (90.9) 
 

0.202b 
0 ( 0.0) 2 (9.1) 

Working status  (n, %)  

      Work  

      Not working  

      Retired 

5 (29.4) 7 (31.8) 
 

0.907b 
11 (64.7) 13 (59.1) 

1 (5.9) 2 (9.1) 

Length (cm) (mean±SD) 
158.59±6.12 159.18±6,58 

0.775 a 

Weight (kg) (mean±SD) 
72.12±12.22 70.59±14.23 

0.460 c 

BMI (kg/m2) (mean±SD) 
28.49±5.63 27.62±4.07 

0.580 a 

Symptom time (month) 

(mean±SD) 5.65±2.89 4.59±2.44 

0.177 c 

Dominant  hand (n, %)  

       Right  

       Left 

13 (76.5) 19 (86.4) 
 

0.425b 
4 (23.5) 3 (1.6) 

Symptomatic hand (n, %)  

       Right  

       Left  

       Bilaterally 

6 (35.3) 5 (22.7) 
 

0.159b 
0 (0.0) 4 (18.2) 

11 (64.7) 13 (59.1) 

a; Student T test was used.   Mean±Standart deviation (SD) was showen. b; Chi-square test was used.    

c; Mann-Whitney U was used.   Mean±Standart deviation (SD) was showen. 
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Results  

At the initial phase of the study, a total of 55 

patients meeting the inclusion criteria were 

included. Nine patients were excluded due to 

the presence of exclusion criteria and seven 

patients were excluded from the study because 

they did not come for post-treatment controls.  

A total of 63 wrists were included in the 

analyses. All of these patients were given Vit D 

replacement. The patient flow chart is shown in 

Figure 1. The mean age of the patients was 

46.87±8.39 years. The symptom duration of the 

patients was 5.65±2.89 and 4.59±2.44 months 

in Group 1 and Group 2, respectively. 

Demographic characteristics of the patients 

were given in Table 1 

In both groups, Vit D levels were observed to 

be statistically significantly increased in 

posttreatment compared to baseline (p=0.000 

and p=0000 for Group 1 and Group 2, 

respectively). Similarly, there were statistically 

significant decreases in VAS scores in both 

groups after treatment (VAS day/night 

p=0.021, p=0.012, p=0.000, and p=0.000 for 

Group 1 and Group 2, respectively).   In    both 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

groups, statistically significant decreases were 

found in the QuickDASH symptom and job 

subscores measured after treatment compared 

to pre-treatment (p=0.000 and p=0.002; 

p=0.000 and p=0.000 for Group 1 and Group 

2, respectively). There were also statistically 

significant differences between groups in terms 

of grip and pinch strengths after treatment 

compared to pre-treatment (p=0.026 and 

p=0.030). At Post-treatment grip strengths of 

both groups were increased compared to pre-

treatment values (p=0.003 and p=0.000 for 

Group 1 and Group 2, respectively). There was 

no statistically significant difference in the 

pinch strengths (p=0.892 and p=0.079 for 

Group 1 and Group 2, respectively) between the 

groups. The rate of patients whose VitD levels 

returned to normal after treatment was 10.7% in 

Group 1 and 22.7% in Group 2. This 

improvement rate was found to be statistically 

significant (p=0.012 and p=0.039 for Group 1 

and Group 2, respectively). The pre and 

posttreatment values of the pain severity and 

functional status of the patients were given in 

Table 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Comparison between the patients of functional and pain scores before and after vitamin D replacement. 

Parameters  

Group 1 

Critical Vit D deficiency 

(n=17) 

Group 2 

Vit D deficiency 

(n=22) 

P1 P2 P3 P4 

Variable 

(mean ± SD) 

Before 
Treatment 

(BT) 

After, 
Treatment 

(AT) 

Before 
Treatment 

(BT) 

After, 
Treatment 

(AT) 

Group1 BT 

vs AT 

Group2 
BT vs 

AT 

Group 1vs 
Group 2 for 

BT 

Group 1 
vs Group 2 

for AT 

Vit. D 

Level 

(ng/mL) 

7.29±1.96 19.52±4.72 17.09±3.11 25.62±5.35 0.000 b 0.000 b 0.000a 0.001 a 

Quick Dash  Score 55.86±9.12 48.77±8.95 51.55±8.93 44.70±10.41 0.000 b 0.002 b 0.148a 0.207 a 

Quick Dash work 

model 
46.69±11.92 42.77±9.80 43.58±12.50 36.65±12.98 0.000 b 0.000 b 0.438a 0.114 a 

Grip strengths 

(kg) 
20.36±5.72 22.50±4.76 22.86±5.58 25.63±5.84 0.003b 0.000b 0.086a 0.026a 

Pinch strengths 

(kg) 
5.48±1.52 5.43±1.50 5.71±1.99 6.26±1.45 0.892b 0.079 b 0.613a 0.030a 

VAS (morning) 2.88±0.99 2.35±0.77 2.95±1.09 1.91±1.31 0.021d 0.000 d 0.906c 0.930c 

VAS (Night) 5.35±1.06 4.59±0.80 5.41±1.14 4.05±1.53 0.012 d 0.000 d 0.342c 0.325c 

Mild CTS 

(n, %) 
12(42.9) 3 (10.7) 16(45.7) 8 (22.7) 

0.012e 0.039e 0.821e 0.354e Moderate CTS 

(n, %) 
16(57.1) 7 (25.0) 19(54.3) 10 (28.6) 

İmproved CTS 

(n, %) 
 18 (64.3)  17 (48.6) 

a; Student T test was used.   b;T test was used at  the dependet groups.  c;Mann-Whitney U was used.  d;Wilcoxon Test was used.          

e: Chi-square and Mc Nemar test test was used. CTS: Carpal Tunnel Syndrome    Mean±Standart deviation (SD) was showen. 
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There was no statistically significant difference 

between the two groups in terms of pre-

treatment and post-treatment 

electrophysiological findings. Only median 

nerve sensory amplitude (SA) and sensory 

conduction velocity (SCV) were increased in 

both groups. A statistically significant increase 

was found in the median nerve SA after 

treatment compared to before treatment in both 

groups (p=0.043 and p=0.017 for Group 1 and 

Group 2, respectively). The increase in median 

nerve SCV was significant in Group 2 whereas 

it was not statistically significant in Group 1 

(p=0.168 and p=0.036 for Group 1 and Group 

2, respectively). Table 3 shows the changes in 

electrophysiological findings before and after 

treatment. 

 

Discussion 

Several studies have shown that patients with 

CTS have lower Vit D levels. While Vit D 

deficiency has been reported to increase the 

severity of pain in CTS cases in a study, low Vit 

D levels have been suggested to trigger CTS 

signs and symptoms in another study [15-17].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In a study by Nageeb et al. [18] involving 50 

patients with CTS and 50 healthy individuals, 

in which the effects of Vit D level on CTS was 

investigated, the authors compared the Vit D 

levels of patients with severe CTS and patients 

with mild-to-moderate CTS and found that Vit 

D levels were significantly lower in those with 

severe CTS. There are studies indicating that 

Vit D has  protective effects on neurons and 

decreases neuronal toxicity and damage by 

suppressing the cytokine pathway [19]. In a 

study by Shebab et al. [20] in 2015 

investigating the effects of Vit D on peripheral 

neuropathy, 112 patients with type II DM 

accompanied by peripheral neuropathy were 

given 50,000 IU cholecalciferol once a week for 

eight weeks and the authors reported a 

significant increase in Vit D levels and a 

significant improvement in neuropathy 

symptom scores in the treatment group 

compared to the placebo group at the end of 

eight weeks.  

In a recent study by Sacmaci et al. [21], Vit D 

values of patients with moderate CTS were 

reported to    improve    at    the end of the third 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Comparison between the patients of the electrophsical evaluations before and after vitamin D replacement. 

Parameters 

Group 1 

Critical vit.D deficiency 

(n=17) 

Group 2 

vit.D deficiency 

(n=22) 

P1 P2 P3 P4 

Variable 

(mean±SD) 

Before 

Treatment 

(BT) 

After, 

Treatment 

(AT) 

Before 

Treatment 

(BT) 

After, 

Treatment 

(AT) 

Group1 BT 

vs AT 

Group 2 

BT vs AT 

Group 1vs 

Group 2 for 

BT 

Group 1 

vs Group 2 

for AT 

Median Nerve 

DML (ms) 
4.03±0.80 4.17±0.72 37.72±4.49 39.14±6.02 0.061c 0.277c 0.857b 0.323b 

Median nerve 

MA (m/s) 
13.06±4.93 12.88±4.13 14.72±4.63 14.50±3.73 0.001d 0.000d 0.719a 0.851a 

Median 

Nerve MCV 

(ms) 

60.24±6.15 57.50±6.08 58.63±6.51 57.77±5.07 0.750d 0.373d 0.175a 0.605a 

Median Nerve 

DSOL (ms) 
3.20±0.42 3.24±0.47 3.27±0.47 3.30±0.51 0.707c 0.353c 0.538b 0.771b 

Median Nerve 

SA(mV) 
17.16±6.88 18.30±6.59 18.44±8.96 19.34±8.91 0.043d 0.017d 0.643b 0.606 

Median Nerve 

SCV (m/s) 
38.18±3.89 39.03±3.78 3.96±0.70 4.03±0.75 0.168c 0.036c 0.841b 0.934b 

a; Student T test was used.  b; Mann-Whitney U was used. c; Wilcoxon Test was used. d; T test was used at  the dependet groups.        Mean ±Standart 

deviation (SD) was showen. DSOL: Distal Sensory Onset Latency. DML: Distal motor latency.  MCV: Motor Conduction velocity. SCV:  Sensory 

Conduction Velocity    SA: sensory amplitude. MA: motor Amplitude. 
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month after replacement therapy compared to 

pre-treatment. Similar to this study, we found a 

statistically significant increase in post-

treatment Vit D levels of both groups. Akyuz et 

al. [22] reported a significant improvement in 

pain and quality of life after eight-weeks of Vit 

D treatment in patients with chronic widespread 

pain; however, they further examined the 

patients electrophysiologically and did not 

identify any significant changes in nerve 

conduction studies following the Vit D 

supplementation. In a study by Sacmaci et al. 

[21] involving 50 female patients (45 wrists 

with mild CTS and 37 wrists with moderate 

CTS), an improvement was observed in both 

groups after treatment compared to pre-

treatment. Consistent with these findings, in the 

present study, a statistically significant 

improvement was observed in both day and 

night VAS scores of both groups after the 

treatment.  

Measuring the grip strength in CTS cases is 

important for the evaluation of the patients. 

Gumieiro et al. [23] showed that individuals 

suffering from Vit D insufficiency had 

insufficient grip strength. In the present study, 

the grip strength of patients in both groups was 

increased after treatment and increase in Group 

2 is significantly greater than in Group 1 which 

can be interpreted as less muscle strength loss 

since patients in Group 2 have higher Vit D 

levels. Post-treatment pinch strength was 

observed to decrease in Group 1, whereas it 

increased in Group 2; however, this increase in 

Group 2 was not statistically significant. While 

the pre-treatment QuickDASH scores were 

similar in both groups, there were statistically 

significant decreases after treatment in both 

groups, and there was no significant difference 

between the groups.  

In a study investigating the effect of Vit D on 

peripheral neuropathy, the authors divided 

patients with DM accompanied by 

polyneuropathy into treatment and placebo 

groups and evaluated them 

electrophysiologically after eight weeks of Vit 

D treatment. The treatment group was observed 

to have lower values in median nerve motor and 

sensory distal latencies, higher values in 

median nerve SCV and median nerve motor and 

SAs, and lower values in the median nerve 

motor conduction velocity (MCV) compared to 

the placebo group. None of these differences 

were found to be statistically significant [20].In 

a study examining Vit D levels of CTS patients, 

Vit D levels were found to have a positive 

correlation with MCV and a negative 

correlation with distal motor latency (DML). In 

the same study, CTS patients were classified as 

mild, moderate, and severe, and patients with 

severe CTS were observed to have the lowest 

Vit D levels [18]. A similar study was 

conducted by Tanik et al. [24], in which the 

authors found a positive correlation between 

the severity of Vit D deficiency and the severity 

of CTS. In a study by Sacmaci et al. [21], 

involving 50 female patients (45 wrists with 

mild CTS and 37 wrists with moderate CTS), 

an improvement in nerve conduction values 

was reported in both groups. Shortening in 

median nerve distal sensory onset latency 

(DSOL) and an increase in SCV were found to 

be statistically significant in the mild CTS 

group. In the moderate CTS group, an increase 

in SA and SCV and a shortening in DML were 

found to be significant. In the present study, an 

increase was found only in the median nerve SA 

and SCV in both groups. A statistically 

significant increase was found in the post-

treatment median nerve SA in both groups. It 

was observed that SCV showed a statistically 

significant increase only in Group 2. The 

positive effect of Vit D on both myelinization 

and axonogenesis, which has been shown in 
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animal studies, is compatible with the results 

presented here [6, 25]. However, we attribute 

the presence of a more significant increase in 

SCV only in Group 2 to the fact that the patients 

in this group have higher Vit D levels. In Group 

1 with lower Vit D levels, mild and moderate 

CTS rates were 42.9% and 57.1%, respectively, 

whereas these rates were found to be 45.7% and 

54.3% in Group 2, respectively. This difference 

between the two groups was not statistically 

significant. Post-treatment findings were found 

to be normal in 10.7% of Group 1 and 22.7% of 

Group 2. Similarly, the reason for the higher 

rate of normal findings in Group 2 may be that 

the patients in this group have higher Vit D 

levels.   

One of the important limitations of this study is 

that as required by routine treatment, all 

patients were given hand-wrist splint in 

addition to Vit D replacement therapy. The 

absence of a control group that obtained either 

a hand-wrist splint or a placebo group makes 

evaluating the efficacy of Vit D difficult. 

Furthermore, the inclusion of a small number of 

patients and a short follow-up period are other 

limitations. There is a need for studies with 

longer follow-up periods, particularly for 

electrophysiological evaluations. 

Conclusions 

In CTS patients with low Vit D levels, Vit D 

replacement therapy can reduce symptoms and 

improve functional status, as well as 

electrophysiological findings. When the 

subgroups are evaluated according to the 

severity of Vit D deficiency, those with higher 

Vit D levels show more improvement in terms 

of pain, functional status, and 

electrophysiological findings. Prospective 

randomized-controlled trials with longer 

treatment and follow-up periods, in which the 

efficacy of Vit D in CTS patients is evaluated 

are needed. 
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Relationship between osteoarthritis findings in knee radiography and meniscus lesion 

in magnetic resonance imaging in symptomatic knee pain cases 
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A BST R AC T   

 

Aim: Knee osteoarthritis is a very common joint disease in the community. However, some meniscus lesions 

are asymptomatic. Studies show that a significant number of individuals with knee pain without radiographic 

osteoarthritis findings show meniscus injury on magnetic resonance imaging (MRI). Our study aimed to 

evaluate the relationship between meniscus lesions and the presence of radiographic knee osteoarthritis in 

individuals over 50 years of age with knee pain complaints. 

Methods: Radiographic and MRI results of two hundred and forty patients who applied to our hospital with 

the complaint of knee pain between August 2018 and January 2020 were analyzed. Radiographic grading for 

knee osteoarthritis was performed using the Kellgren Lawrence scale. Classification of meniscus lesions in 

MRI was made as per the criteria defined by the British Knee Meniscus Surgery Association. Intergroup results 

were evaluated statistically. 

Results: Osteoarthritis was detected in 110 (45.8%) of 240 knee radiographs. In 78.3% of all cases, meniscus 

lesions were detected in 96.4% of those with osteoarthritis and 63% of those without osteoarthritis. In patients 

with osteoarthritis, the prevalence of surgically targeted and possible target lesions was found to be 

significantly higher than those with no arthritis findings.  

Conclusions: According to our study results, meniscus lesions were found quite common in individuals with 

knee pain, especially those with osteoarthritis. Particularly in patients with radiographic osteoarthritis findings, 

surgical targets and possible target meniscus lesions were more common than those without osteoarthritis 

findings. Therefore, MRI, in addition to direct radiography, should not be overlooked when determining 

treatment.  
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Introduction 

Osteoarthritis (OA) is very common in the 

population. It is a significant cause of 

morbidity, especially in the elderly population, 

and the knee is one of the most commonly 

affected joints. Osteoarthritis causes loss of 

working time by making it difficult to do many 

daily activities and is among the top ten causes 

of disability [1,2]. Approximately 25% of 

people over the age of 50 suffer from knee pain 

due to degenerative knee disease [3]. In daily 

practice, non-traumatic knee pain of a middle-

aged or elderly patient is often associated with 

knee OA. However, some meniscus lesions 

have been reported asymptomatic in this age 

group  [4]. 
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Extensive scientific research performed in 

recent years has revealed the anatomical, 

biomechanical, and functional importance of 

the meniscus in the knee joint. As a vital part of 

the joint, it acts to prevent the disruption and 

degeneration of articular cartilage and the onset 

and development of OA [6]. Studies show that 

an Magnetic resonance imaging (MRI) reveals 

meniscus injury in a significant number of 

individuals with knee pain without radiographic 

OA findings [6,7]. Menisci are rarely normal in 

patients with knee OA, and there is a strong 

relationship between knee OA and meniscus 

pathologies. The relationship between 

meniscus damage and knee OA is complex. 

Meniscus lesions developing in a healthy knee 

may eventually lead to OA. Meniscus lesions 

may result from knee OA or might be the cause 

[8,9]. The distinctive structural feature of OA is 

the loss of joint cartilage. Although there is a 

weak correlation between the findings and 

clinical symptoms, direct radiographs are the 

first choice for OA imaging, including follow-

up. However, since the narrowing of the joint 

distance is an indirect indicator of the state of 

the articular cartilage and radiographs are two-

dimensional, they provide limited information 

in evaluating three-dimensional joint structures 

[10,11]. Studies have shown that OA is a 

disorder involving other knee joint tissues, such 

as subchondral bone, ligaments, synovial 

membrane, muscle, and meniscus. Therefore, 

with its cross-sectional imaging, high spatial 

resolution, high tissue contrast, and multiplanar 

imaging features, MRI allows the evaluation of 

all pathologies belonging to the structures that 

make up the knee joint [12,13]. 

Our study aimed to evaluate the relationship 

between OA findings in knee radiography and 

meniscus lesions in MRI in symptomatic knee 

pain cases. 

 

Materials and methods 

The Abant Izzet Baysal University, Clinical 

Research Local Ethics Committee (27.10.2020: 

2020/253) provided ethical approval. The 

examinations of 318 patients between the ages 

of 50 and 79 who had knee radiography and 

knee MRI and were admitted to our hospital 

between August 2018 and January 2020 with 

pain complaints were examined.  

The study included 240 cases and excluded 

seventy-eight cases with a history of knee 

trauma (n=26), Body mass index (BMI) of >30 

(n=19), anterior cruciate ligament tear (n=16), 

and previous knee surgery (n=17). The 

demographic data of the patients were 

evaluated retrospectively using the PACS 

system (picture archiving and communication 

system) of our hospital. A radiologist with ten 

years of experience interpreted antero-posterior 

knee radiographs and knee MRIs obtained in 

standing positions.  

Radiographic grading for knee OA was 

performed using the Kellgren Lawrence scale 

(KL) [14]. The levels were Grade 0: Normal; 

Grade 1: Suspected joint narrowing, possible 

osteophytic sharpening; Grade 2: Possible joint 

narrowing, marked osteophytes; Grade 3: 

Definite joint distance narrowing, mild 

sclerosis, small pseudocystic areas, multiple 

osteophytes; and Grade 4: Severe narrowing of 

the joint distance, intense sclerosis and 

irregularity in the joint surface, and large 

osteophytes.  

Cases with a degree of ≥ 2 according to KL 

were considered positive for OA. All MRI 

examinations were performed with a 1.5 T MRI 

device (Symphony; Siemens, Erlangen, 

Germany). Section thickness was 4 mm. 

Images were obtained as T1-weighted images 

(repeat time (TR)/echo time (TE) = 473/14 ms), 

T2-weighted images (TR/TE = 3760/68 ms), 
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and PD-weighted images (TR/TE=2760/23 

ms). 

Classification of meniscus lesions in MRI was 

made as per the criteria defined by the British 

Knee Meniscus Surgery Association. 

Accordingly, meniscus lesions were classified 

as:  1) target lesion (surgically treatable): 

bucket handle tear, displaced meniscus tear, 

meniscus root insufficiency;  

2) possible target lesion (unclear; may require 

surgical treatment): radial tear, horizontal tear ± 

cyst, complex tear, short longitudinal tear; and 

3) non-target lesion (possibly untreatable, 

meniscus surgery is not necessary): contour 

abnormality, isolated meniscus extrusion. 

Statistical analysis 

Data were analyzed using the SPSS 15.0 

program. The Mann-Whitney U test compared 

the numerical data of the two independent 

groups, and the Pearson chi-square test 

evaluated the relationship between categorical 

variables. A p-value of <0.05 was considered 

statistically significant. 

Results  

A total of 240 patients were involved in the 

study. One hundred forty-nine of the patients 

were female, and 91 were male. The mean age 

of those with radiographic findings of OA was 

60±6.7 years, and the mean age of those without 

OA findings was 54±5.4 years.  

 

 

 

 

 

 

 

 

 

 

 

 

Osteoarthritis was detected in 110 (45.8%) of 

240 knee radiographs. We detected meniscus 

lesions in 96.4% (n=106) of those with OA and 

63% (n=82) of those without OA, in 78.3% of 

all cases (Table 1). In patients with knee OA, 

the prevalence of surgically targeted and 

possible target lesions was significantly higher 

than those with no OA findings (Figure 1). 

Target and possible target lesions were detected 

in approximately 49% of the cases without 

radiographically discovered OA. The most 

common lesions observed were horizontal and 

complex meniscus tears, respectively (Figure 2 

and 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The distribution of the meniscal lesions according to whether there is radiographic evidence of the 

knee osteoarthritis or not. 
 

MRI meniscus 

lesion types 

Patients with Radiographic 

evidence of osteoarthritis 

(n=110) 

Patients without Radiographic 

evidence of osteoarthritis 

(n=130) 

P Value 

Target lesion 23 (20.9) 6 (4.6) 0.001 

Possible target lesion 74 (67.3) 58 (44.6) 0.001 

Non-target lesion 9 (8.2) 18 (13.8) 0.166 

Total 106 (96.4) 82 (63.07) 0.001 

 

 

Figure 1. The prevalence of the meniscus lesion 

types according to the presence or absence of 

radiographic evidence of the knee osteoarthritis. 
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Discussion 

Our study found the prevalence of surgical 

target and possible target lesions to be higher in 

patients over 50 years of age with radiographic 

knee OA compared to those without OA. The 

most common target lesion observed in patients 

with and without OA was meniscus root 

insufficiency, and possible target lesions were  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

horizontal and complex meniscus tears, 

respectively. The rate of meniscus tears was 

high in both groups. These findings show us 

that MRI should be performed in addition to 

direct radiography when determining treatment. 

Root tear was the most common lesion we 

found, with 13.6% of those having radiographic 

OA findings. Root tears have been shown to 

 

Figure 2. Anteroposterior radiograph of the right knee of a 54-year-old woman with knee pain shows Kellgren 

Lawrence grade 3 changes (a). A displaced medial meniscus tear (open arrow) is seen on the coronal T2 

weighted magnetic resonance image of the same patient (b). 

 

 
Figure 3. Anteroposterior radiograph of the right knee of a 52-year-old woman with knee pain shows Kellgren 

Lawrence grade 1 changes (a). A Horizontal tear and meniscus cyst (open arrow) are seen on the coronal T2 

weighted magnetic resonance image of the same patient (b). 
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disrupt knee joint dynamics by causing 

meniscus extrusion and OA [16]. The low 

incidence of root tears in our group without 

radiographic OA supports this finding. 

Meniscus tears are asymptomatic in elderly 

individuals and quite common in those with 

knee OA and correlated with the degree of OA. 

Studies have shown that meniscus tears do not 

significantly affect pain and function in patients 

with OA. Meniscus tears have been reported in 

up to 65% of asymptomatic individuals 

evaluated by MRI [17]. Controversial results 

have been obtained regarding whether knee 

pain is secondary to OA or meniscus tear. 

Englund et al. showed that meniscus lesions are 

quite common in individuals with knee pain, 

especially those with OA, increasing with age 

[4,17]. Our study detected meniscus lesions in 

63% of those without OA and 96% of those 

with OA. According to the literature, the reason 

for our higher meniscus lesion rates may be our 

higher mean age. These results suggest that 

knee OA increases meniscus injury.  

The frequency of meniscus injuries in the 

general population is approximately 12-14%. 

Although traumatic meniscus tears are 

associated with sports injuries in younger age 

groups, age-related degenerative tears 

constitute 30% of meniscus tears and, unlike 

acute tears, may be unrelated to trauma [18]. 

Meniscus tears can be treated with conservative 

treatment, surgical repair, or partial or complete 

meniscectomy [19]. The general tendency is to 

apply physical therapy/rehabilitation and non-

surgical treatment, especially in the OA group. 

It is essential to define the morphology of the 

tear well with MRI as it will affect the decision 

regarding surgical treatment. 

While surgical repair is possible in horizontal 

tears, meniscus root tears—which are relatively 

rare in the general population—are lesions that 

constitute approximately 10.1% of arthroscopic 

meniscectomies. An MRI is usually required to 

identify root tears. In our study, the most 

common target lesion we detected in patients 

with radiographic OA was meniscus root tear, 

and it was observed in 13.6% of the patients. 

Root tears may cause extrusion of the meniscus 

body relative to the joint and also significantly 

weaken the ability of the meniscus to dissipate 

circumferential stress. As a result, it increases 

contact forces along the joint, causing OA and 

predisposing the patient to the development of 

cartilage damage [16]. In our study, statistically 

more root tears were observed in patients with 

OA, which is consistent with the literature's 

information. 

The literature reports that meniscus extrusion is 

associated with the development and 

progression of OA [20]. 

Studies show that meniscus extrusion is evident 

in middle-aged individuals without knee OA 

[21]. These results suggest that meniscus 

extrusion is common not only in individuals 

with knee OA but also in those without OA 

findings. In line with these data, we found that 

meniscus extrusion was the most common non-

target lesion in our patient population, both in 

the group with and without knee OA. 

The most important limitation of this study is 

that the imaging findings were not evaluated 

together with clinical findings, and the imaging 

findings were evaluated by a single radiologist. 

Therefore, more comprehensive studies that 

evaluate clinical and radiological findings 

together are needed to support the findings of 

the present study. 

 

Conclusions 

The menisci play a critical role in the knee joint. 

Meniscus tears can cause knee OA, and knee 

OA can also cause a meniscus tear. Although 

radiographs are the first imaging methods used 

to evaluate knee OA, MRI is required for 
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evaluating meniscus lesions and defining tear 

morphology. A meniscus lesion detected in a 

middle-aged or elderly patient may be an 

indication of early-stage OA. There are 

different approaches in the treatment of 

meniscus tears depending on the type of tear. 

Detection of meniscus lesions on MRI and a 

good definition of the tear type constitute 

critical parameters in determining conservative 

or surgical treatment. 

Magnetic resonance imaging of the knee is 

widely used to diagnose meniscus injury, and 

clinicians often use MRI findings as a factor in 

determining whether a person should undergo 

an arthroscopic meniscectomy. However, there 

is a lack of epidemiological data on the 

prevalence of meniscus tears in the general 

population. 
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