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ABSTRACT 

Objective: This review article aims to understand the basic airway anatomy, 

bronchoscopy in high risk patients, premedication in bronchoscopy and performing the 

procedure in patients on anticoagulation. Basic bronchoscopy is the procedure done by 

pulmonologists, intensivists, thoracic surgery, and anesthesiologists. After a literature 

search from several databases, including PubMed, Google Scholar, Medline, Science 

Direct, Cochrane Library, Update etc., I found several categories of high-risk patients 

based on clinical history, Mallampati score, and 3-3-2 Rule. These include patients with 

pulmonary hypertension, renal failure, COPD, asthma, obesity, patients on 

anticoagulation. I searched the literature to find multiple expert guidelines and 

recommendations that suggested minimizing the risk of complications in these high-risk 

patients, including premedication.  

Keywords: basic bronchoscopy, high risk, Mallampati score, guidelines, 

recommendations 
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INTRODUCTION 

Physical Status Classification 

American Society of Anesthesiologists (ASA) has classified the airway risk based on the 

physical status:  

I- A normal healthy patient, e.g. with inguinal hernia 

II- Mild systemic disease with no impact on the cardiorespiratory system. Controlled 

diseases, e.g. hypertension, diabetes without end-organ damage.  

III- Moderately severe-COPD, bronchial asthma, lung cancer. 

IV- Advanced and severe systemic disease-COPD including oxygen-dependent, advanced 

CHF, advanced Ca lung. 

Based on the classification, numerous patients fall into groups II and IV. 

Mallampati Score: 

It estimates the difficulty in intubation based on the degree of visualization of soft palate, 

uvula, fauces, and tonsillar pillars. It is classified into 4 classes depending on the severity. 

Class I is the mildest and Class IV is the most severe.  

 Scoring has been used to predict the risk of up to 13 complications. 

The most important are bronchospasm and oxygen desaturation. 

Bronchospasm risk with Mallampati I-III is between 7.5-10.8. The risk peaked at 25.5 

with Mallampati IV. (Respiration 2016; 92:158-165). 

Oxygen desaturation risk is 36.6 in Mallampati I, and 62 in Mallampati IV. 

Conscious sedation is an additional risk. 
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3-3-2 Rule 

Intubations during bronchoscopy can be difficult as it is 

likely to be swelling and spasm in the airways. As 

pulmonologists and intensivists often use fentanyl and 

midazolam for conscious sedation, no anesthesiologist 

may be present.  

The 3-3-2 rule is a simple measurement to assess the 

likelihood of difficult intubation. 

3- A measurement of 3 fingers (7 cm) between upper 

and lower teeth to assess good mouth opening. 

3- A measurement of 3 fingers from chin to the hyoid 

bone. If > 3 cm, suggests distance to the posterior 

pharynx, which will allow easy insertion of the 

laryngoscope. 

2- A measurement of 2 fingers from the base of the 

mandible to the thyroid notch will indicate the relation 

of the larynx to the base of the tongue. 

Few have been done, but it is a quick and simple 

method to evaluate the patient’s airway. 

Bronchoscopy in pulmonary hypertension (PH) 

The main issue is that we rarely know the status of 

pulmonary hypertension in most patients. 

The majority of the experts believe that bronchoscopic 

inspection of the airway is a safe procedure, but TBBx 

is not. 

An ACCP Survey was conducted in a CHEST meeting 

in 2001 to detect the comfort level of doing 

bronchoscopy in PH patients. 29% - absolute 

contraindication, 58%- relative contraindication, 13%- 

no contraindication, 40%- MPAP>40 is a 

contraindication. (1) 

It is important to be aware of the potential predisposing 

conditions related to pulmonary hypertension. 

Known autoimmune diseases, OHS/ sleep apnea, 

chronic pulmonary diseases, even COPD 

Do 2D Echocardiogram, look for RVSP. If > 40-45 mm 

Hg, be careful and follow stringent indications. (2) 

Bronchoscopy can cause bleeding, which may be minor 

or major. (3,4) 

Minor bleeding usually stops spontaneously or requires 

local epinephrine or cold saline. 

Major bleeding is one that may require balloon 

tamponade, embolization, surgical intervention, and 

blood transfusion. 

No significant major bleeding occurs with mild to 

moderate pulmonary hypertension. There is, however, 

an increased risk of post-procedure prolonged intubation 

in these patients. There is no consensus in these patients 

and data is limited.  

If PH is > 40-45, one should be very careful, especially 

when doing transbronchial lung biopsy (TBLBx). 

Bronchoscopy in Renal Insufficiency 

A study done in 2012 showed procedure-related 

hemorrhage most commonly occurred in patients with 

renal insufficiency with an unadjusted odds ratio of 

2.94, adjusted odds ratio of 2.85, and P < 0.0001. (5) 

It is recommended that if blood urea nitrogen(BUN) 

>30 mm/dl or serum creatinine > 2mm/dl, then 

desmopressin (DDAVP) should be given 30 minutes 

before the biopsy or needle aspiration.  

Bronchoscopy in COPD 

A study was published in 2017, which showed minor 

and major complications when bronchoscopy was done 

in COPD patients. (6) 

Minor complications included transient desaturation, 

bronchospasm, epistaxis, and transient hypotension. 

Major complications included respiratory failure, 

pneumothorax, and hemoptysis. 

The most significant complication was respiratory 

failure, which was 4 times more common. 

No cut-off for FEV1 or amount of inhaled oxygen has 

been shown in studies regarding when to do or not to do 

a bronchoscopy. It depends on individual comfort level. 

However, if a patient is on 6-10 liters of oxygen, one 

should be very careful and have all the preparations. 

The presence of anesthesia can also be helpful. 

A study published in CHEST showed that 

premedication with inhaled short-acting beta-agonist is 

not recommended. (7)    

Bronchoscopy in Bronchial Asthma 

Bronchoscopy in severe asthma is usually well tolerated 

with proper precautions. (8,9,10) 

Beta 2 agonists are recommended pre-procedure with or 

without anticholinergics.  

No cut-off for FEV1 has been recommended.  

Bronchoscopy in Obesity 

A study in 2016 looked at the percentages of 

complications according to various indices of obesity. 

(11) 

Early termination of the procedure is seen more in obese 

patients than in non-obese, 6.41 vs 2.78 

There are a lot of other issues in these patients. A higher 

Mallampati score in obese patients has a significantly 

higher percentage of transient oxygen desaturation and 

bronchospasm. 
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If these patients have a triple syndrome with obesity, 

obstructive sleep apnea (OSA), and COPD, one should 

be well prepared and ideally, anesthesia should be 

available immediately if a need arises to intubate these 

patients.  

Obese patients with OSA have a much higher 

percentage of termination of procedure as compared to 

obese patients without OSA. 2.5 vs 15.8, p=0.0002. 

They also have a higher percentage of pneumothorax 

0.4 vs 5.3.  

Based on the current literature, the following is 

recommended: 

Pre-procedure assessment of hypercapnia, anticipate the 

difficult airway, consider CPAP during bronchoscopy, 

consider anesthesia support, and consider pre-emptive 

awake intubation. 

Premedication in Bronchoscopy 

Routine use of anticholinergics like atropine and 

glycopyrrolate is not recommended anymore. (12) They 

may reduce secretions but no reduction in cough, 

discomfort, desaturation, and procedure time. They have 

even been shown to be harmful and may contribute to 

hemodynamic instability. 

Topical lidocaine may decrease the cough and the total 

dose of sedation. Either 1% or 2% should be used. Both 

have similar efficacy. A 4% concentration is not 

recommended as it may get absorbed and cause toxicity, 

including methemoglobinemia. ACCP and Thorax 

guidelines recommend 7mg/kg body weight to minimize 

the risk of complications. (13,14,15) 

Nebulized lidocaine, in addition to topical lidocaine, has 

no benefit. 

Bronchoscopy in Anticoagulated Patients (16,17,18) 

Discontinue clopidogrel (Plavix) 5-7 days before the 

procedure, especially if a transbronchial biopsy is 

planned. 

Aspirin should be continued. 

Warfarin should be stopped 5 days prior to the 

procedure or based on current INR if < 1.5 and resume 

in 12-24 h. 

LMWH should be held for 24 h (prophylactic for 12 h). 

Unfractionated heparin should be held 4-6 h before the 

procedure. 

In DOACs, stop 1-2 days before the procedure. If they 

have renal insufficiency with GFR < 50, then as a 

general principle, it should be 2-3 days. If renal failure 

is end-stage, it may be longer than 3 days. 

 

 

CONCLUSION 

Basic bronchoscopy is a safe procedure. However, in 

high-risk patients, several guidelines and 

recommendations have been proposed to minimize the 

complications. The majority of the patients are in ASA 

Class 3 or 4. MPAP > 40 is high-risk for bleeding, 

especially with TBBx. BUN > 30 mg/dl and creatinine 

> 2 mg/dl is high risk of bleeding. Consider DDAVP. 

No benefit of short-acting beta agonist in COPD 

premedication. Short-acting beta-agonist nebulization 

can be used in bronchial asthma. In Obese patients with 

BMI. 30, anesthesia support should be considered 

especially if they have sleep apnea. Lidocaine dose for 

bronchoscopy is 7 mg/kg. No benefit to adding 

nebulization. 

Abbreviations: 

COPD: Chronic Obstructive Pulmonary Disease 

TBBx: Trans-bronchial Biopsy 

CPAP: Continuous Positive Airway Pressure 

MPAP: Mean Pulmonary Artery Pressure 

BUN: Blood Urea Nitrogen 

GFR: Glomerular Filtration Rate 

FEV1: Forced Expiratory Volume in 1 second 

DOAC: Direct Acting Oral Anticoagulants 
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ABSTRACT 

Objective: There is still no bibliometric study on Cholecystitis, although the literature 

has an increasing number of global studies. This study aims to analyse the scientific 

articles published on Cholecystitis between 1980 and 2020 using statistical methods. 

Material and Methods: Articles on Cholecystitis published between 1980 and 2020 

were downloaded using the Web of Science (WoS) database and analysed using 

statistical and bibliometric methods.  Spearman correlation coefficient was used for 

correlation analyses. Non-linear (exponential model) regression analysis was used to 

predict the number of publications in the coming years. Keyword network visualisation 

maps were used to identify trend topics. 

Results: A total of 5052 publications were found. 3174 (62.8%) of these publications, 

were articles. The top 2 countries that contributed most to the literature were the USA 

(788, 24.8%) and Japan (303, 9.5%). The most active top 3 institutions were Teikyo 

University (n=35), Washington University (35), and Seoul National University (27). The 

top 3 journals with the highest number of publications were Khirurgiya (n=124), 

American Surgeon (71), and Vestnik Khirurgii Imeni II Grekova (69). According to the 

average number of citations per article, the most influential journals were Annals of 

Surgery (Citation: 87), Radiology (61.6), and Journal of Hepato-Biliary-Pancreatic 

Surgery (56.9), respectively. 

Conclusion: This comprehensive study on Cholecystitis, which has increased the number 

of articles in recent years, presented summary information of 3174 articles. Results can 

be said that the trend topics in cholecystitis studies in recent years are Tokyo guidelines, 

C-reactive protein, gallbladder drainage, emergency surgery, emergency 

cholecystectomy, cystic duct, choledocholithiasis, inflammation, acute cholecystitis, 

delayed laparoscopic cholecystectomy, and percutaneous transhepatic gallbladder 

drainage/aspiration. This article may be a useful resource for clinicians and scientists on 

global outputs of cholecystitis.  

Keywords: Bibliometric analysis, Cholecystitis, cholecystectomy, gallbladder drainage, 

trends 
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INTRODUCTION 

Acute Cholecystitis is an acute inflammatory disease of the gallbladder. It can often be 

attributed to gallstones; however, many associated factors including ischemia, motility 

disorders, direct chemical injury, infections with microorganisms, protozoa, and parasites, 

collagen disease, and allergic reaction (1). One of the important conditions causing 

abdominal pain complaints is acute Cholecystitis, accounting for 3-10% of all patients 

with abdominal pain. In most cases, gallstones are the cause of acute Cholecystitis. While, 

Cholecystolithiasis accounts for 90-95% of all causes of acute Cholecystitis, acalculous 

Cholecystitis accounts for the remaining 5-10% (1). 

An International Consensus Meeting on the Management of Acute Cholecystitis and 

Cholangitis was held, and the first guideline TG07 was published in 2007 (1,2). 

Afterward, TG07 was revised, and Tokyo 2013 (TG13) and Tokyo 2018 (TG18) 

guidelines were published in order to use a common language for the diagnosis and 

treatment of Cholecystitis (3,5).   
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The TG18/TG13 guideline defined 3 main titles of 

diagnostic criteria for acute Cholecystitis as follows: 

local signs of inflammation (Murphy's sign, Right upper 

quadrant mass/pain/tenderness), systemic signs of 

inflammation (Fever, elevated CRP, elevated WBC 

count), and imaging findings (3,5). The generally 

accepted imaging findings of acute Cholecystitis include 

increased gallbladder wall thickness (≥4 mm), 

gallbladder enlargement (long axis ≥8 cm, short axis ≥4 

cm), gallstones or biliary sludge (debris), fluid 

accumulation around the gallbladder, and linear 

shadows in the adipose tissue around the gallbladder 

(6). One item in the local signs of inflammation and one 

item in the systemic signs of inflammation indicate a 

suspicious diagnosis, while one item in the local signs 

of inflammation, systemic signs of inflammation, and 

imaging findings indicate the definitive diagnosis (3,5). 

While the mortality rate is 0-10% in patients with acute 

Cholecystitis, it is as high as 23-40% in patients with 

postoperative Cholecystitis and Cholecystitis without 

stones (1). Elderly patients (75 years and older) tend to 

have a higher mortality rate than younger patients, and 

the presence of a comorbid disease such as diabetes 

mellitus may increase the risk of death (7,8).  

Bibliometric analysis is the analysis of scientific outputs 

using statistical methods (9). In parallel with the 

increasing number of publications in the literature, 

studies on many important medical subjects have been 

carried out based on statistical and bibliometric 

analyses, especially in recent years (9-14). Thanks to 

bibliometric research, researchers can dominate the 

literature by reading the abstract results obtained as a 

result of the analysis of many studies on a subject in a 

short time (10,11). Moreover, these studies, which were 

revealed using comprehensive statistical methods, also 

offer researchers ideas about new studies that they can 

design by showing past and current trends (12,13). 

Bibliometric studies can also demonstrate the general 

research trend of a subject in the world by revealing 

international collaborations. Thanks to bibliometric 

research, the most active authors, institutions, journals, 

and the most cited influential studies on a subject are 

revealed (9-14). Although the number of global studies 

on Cholecystitis, which has an important place among 

patients presenting to the emergency department, has 

increased in recent years, there is still no bibliometric 

study in the literature. The aim of this study was to 

analyse scientific articles published on Cholecystitis 

between 1980 and 2020 using statistical and 

bibliometric methods. As a result of the analyses, it was 

aimed to identify the most influential studies, authors, 

journals, institutions, and countries on Cholecystitis, to 

reveal cooperation between countries, to reveal past and 

current trend issues, and to summarise Cholecystitis in a 

holistic manner. 

MATERIAL and METHODS 

Web of Science (WoS) database (by Clarivate 

Analytics) was used for literature review. In WoS, 

Cholecystitis was used as the search keyword. The 

publication search was done only in the "title" section of 

the studies. All articles with Cholecystitis in the title 

were obtained by this search method and these articles 

were downloaded from the WoS database. The search 

process was determined as 1980-2020 (access date: 

15.05.2021). Reproducibility codes for researchers to 

access similar documents (search findings may vary 

depending on different access dates): (title: 

(Cholecystitis) Timespan: 1980-2020. Indexes: SCI-

Expanded, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-

S, BKCI-SSH, ESCI).  

VOSviewer (Version 1.6.16, Leiden University's Center 

for Science and Technology Studies) package program 

was used for bibliometric network visualisations (15). 

The website (https://app.datawrapper.de) was used for 

world map drawing. 

Statistical analyses were performed with the SPSS 

(Version 22.0, SPSS Inc., Chicago, IL, USA, License: 

Hitit University) program. The normal distribution of 

data was tested with the Kolmogorov-Smirnov and 

Shapiro-Wilk tests. In order to determine whether there 

is an effect of economic power on world publication 

productivity on Cholecystitis, the Spearman correlation 

coefficient was calculated in accordance with the data 

normal distribution between the number of articles 

produced by world countries and some economic 

development indicators (Gross Domestic Product 

(GDP), Gross Domestic Product per capita (GDP per 

capita)) of world countries (data obtained from the 

world bank: 16). Nonlinear regression analysis 

(exponential model) was used to estimate the number of 

publications in the coming years. R2 value was used to 

evaluate model success in regression analysis. The 

statistically significant difference limit was accepted as 

P<0.05. 

RESULTS 

As a result of the literature review, total 5052 

publications on Cholecystitis were published between 

1980 and 2020 (WoS database). The distribution of 

publications; article (3174, 62.8%), meeting abstract 

(815, 16.1%), letter (372, 7.3%), editorial material (277, 

5.4%), review (180, 3.5%), note (137, 2.7%), 

proceedings paper (131, 2.5%), and the remaining were 

in other publication types (discussion, correction, early 

access, book chapter, news item, correction addition, 

reprint, retraction). Bibliometric analyses were carried 

out with 3174 articles out of a total of 5052 

publications. Of these articles, 79.8% (2534) were 

English, 10% (349) were Russian, 3.2% (104) were 

German, 2.9% (95) were French, 2.1% (67) were 
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Spanish, and the remaining were published in other 

languages (Turkish Italian, Korean, Portuguese, 

Hungarian, Chinese, Dutch, Icelandic, Japanese, 

Slovenian, and Ukrainian). The h-index of the 3174 

articles was 83, with an average citation per article of 

13.66 and a sum of times cited of 43362 (without self-

citations: 26587).  

Evolution and Future Trend of Publications 

The distribution of the number of published articles by 

years is shown in Figure 1 together with a line chart. 

The results of nonlinear exponential model regression 

analysis used to estimate the number of articles that can 

be published in 2021 and later are also shown in Figure 

1. The compatibility of the exponential model with the 

data (R2=99.7) was quite successful with 99.7%. Based 

on the exponential model results, it was estimated that 

191 (Confidence Interval%: 164-217) articles would be 

published in 2021 and 244 (CI%: 189-300) articles 

would be published in 2025 (Figure 1).    

Active Countries on Cholecystitis 

The distribution of the number of articles by world 

countries is shown in Figure 2. According to the 

number of articles, the first 20 countries with the highest 

number of articles were the USA (788, 24.8%), Japan 

(303, 9.5%), Russia+USSR (292, 9.2%), South Korea 

(142, 4.4%), Germany+German Federal Republic (142, 

4.4%), UK (140, 4.4%), China (134, 4.2%), France 

(124, 3.9%), Turkey (115, 3.6%), Spain (105, 3.3%), 

Italy (94, 2.9%), India (91, 2.8%), Taiwan (90, 2.8%), 

Australia (70, 2.2%), Israel (70, 2.2%), Canada (54, 

1.7%), Sweden (54, 1.7%), Netherlands (47, 1.4%), 

Greece (40, 1.2%), and Belgium (38, 1.1%).  

Cluster analysis was performed among 38 countries that 

produced at least 5 articles from 96 countries that 

produced publications on Cholecystitis and had 

international cooperation among their authors, and 7 

different clusters related to international cooperation 

were created based on the results of the analysis 

(Cluster 1: Canada, Denmark, England, Germany, 

Ireland, Italy, Portugal, Romania, Spain, Switzerland, 

Cluster 2: Argentina, New Zealand, China, Philippines, 

Singapore, South Korea, Thailand, Cluster 3: Brazil, 

Chile, Finland, Israel, Pakistan, Turkey, USA, Cluster 4: 

Egypt, India, Japan, Saudi Arabia, Scotland, Cluster 5: 

Greece, Malaysia, South Africa, Taiwan, Cluster 6: 

Belgium, France, Netherlands, Cluster 7: Australia, 

Jordan). 

Correlation Analysis on Cholecystitis 

There was a statistically positive and highly significant 

correlation between the number of articles produced by 

countries on Cholecystitis and GDP, and GDP per 

capita (r=0.735, p<0.001; r=0.703, p0.001). 

 

Active Authors on Cholecystitis 

The 13 most active authors who produced more than 15 

articles on Cholecystitis were Yoshida M. (34), Takada 

T. (33), Miura F. (29), Mayumi T. (27), Pitt HA. (23), 

Strasberg SM. (23), Gouma DJ. (19), Itoi T. (19), 

Yamashita Y. (19), Fan ST. (18), Gomi H. (18), Yokoe 

M. (17), and Higuchi R. (16), respectively.  

Active Institutions on Cholecystitis 

The 20 most active universities that produced more than 

15 articles on Cholecystitis were Teikyo University 

(35), Washington University (35), Seoul National 

University (27), University Ulsan (26), Harvard 

University (23), University Texas (23), Tokyo Womens 

Medical University (22), University California San 

Francisco (22), University of Southern California (22), 

Tel Aviv University (19), University Hong Kong (19), 

Yonsei University (19), Chinese University Hong Kong 

(18), International University of Health and Welfare 

(18), Massachusetts Gen Hospital (18), University of 

Occupational & Environmental Health (18), Sechenov 

First Moscow State Medical University (17), Toho 

University (17), Ogaki Municipal Hospital (16), and 

University Tokyo (16). 

Active Journals on Cholecystitis 

A total of 3174 articles on Cholecystitis were published 

in 787 different journals. Among these journals, the first 

66 most active journals producing 10 or more articles, 

the total number of citations received by the journals, 

and the average number of citations per article are 

presented in Table 1. The citation network visualisation 

map for these journals is presented in Figure 3.  

Citation Analysis on Cholecystitis 

Among the 3174 articles published between 1980 and 

2020, the top 20 most cited articles (articles with more 

than 160 citations) according to the total number of 

citations are presented in Table 2. The last column of 

Table 2 shows the average number of citations per year.  

Co-citation Analysis on Cholecystitis 

There were 25015 studies cited in the references section 

of all 3174 articles analysed. Among these studies, the 

top 8 studies that received the highest number of co-

citations (more than 100 citations) were the studies of 

Lo et al. (1998) (Number of co-citations, NC: 185), Lai 

et al. (1998) (NC: 145), Hirota et al. (2007) (NC: 140), 

Yokoe et al. (2013) (NC: 125), Kiviluoto et al. (1998) 

(NC: 117), Rattner et al. (1993) (NC: 115), Gurusamy et 

al. (2010) (NC: 111), and Strasberg et al. (2008) (NC: 

104) (2,4,17-22). 
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Trend topics on Cholecystitis 

In all 3174 articles published on Cholecystitis, 2497 

different keywords were used. Among these keywords, 

83 different keywords used in at least 8 different articles 

are shown in Table 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The trend visualisation network map performed to 

reveal trend topics among these keywords is shown in 

Figure 4.a and the keyword citation network 

visualisation map performed to reveal the most cited 

topics is shown in Figure 4.b. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. 66 most active journals with more than 10 articles on cholecystitis 

Journals RC C AC Journals RC C AC 

Khirurgiya 124 77 0.6 Journal of Clinical Ultrasound 17 282 16.6 

American Surgeon 71 1450 20.4 
Scandinavian Journal Of 

Gastroenterology 
17 296 17.4 

Vestnik Khirurgii Imeni II Grekova 69 7 0.1 Surgery Today 17 241 14.2 

Surgical Endoscopy and Other 

Interventional Techniques 
65 1793 27.6 Zentralblatt Fur Chirurgie 17 41 2.4 

American Journal of Surgery 62 2428 39.2 Journal of Surgical Case Reports 16 11 0.7 

American Journal of Roentgenology 52 1893 36.4 Medicine 16 72 4.5 

Hepato-Gastroenterology 49 764 15.6 Acta Chirurgica Belgica 15 79 5.3 

Journal of Hepato-Biliary-Pancreatic 

Sciences 
48 2057 42.9 Clinical Radiology 15 198 13.2 

Vrachebnoe Delo 47 10 0.2 Digestive Surgery 15 146 9.7 

World Journal of Surgery 38 1214 31.9 HPB 15 262 17.5 

Journal of Gastrointestinal Surgery 36 688 19.1 Abdominal Imaging 14 234 16.7 

Surgical Laparoscopy Endoscopy & 

Percutaneous Techniques 
35 478 13.7 ANZ Journal of Surgery 14 170 12.1 

Klinicheskaya Meditsina 34 2 0.1 
Revista Espanola De Las 

Enfermedades Del Aparato Digestivo 
14 10 0.7 

World Journal of Gastroenterology 32 514 16.1 
Surgical Endoscopy-Ultrasound and 

Interventional Techniques 
13 469 36.1 

British Journal of Surgery 31 1647 53.1 Internal Medicine 13 47 3.6 

Clinical Nuclear Medicine 30 202 6.7 Acta Chirurgica Scandinavica 12 142 11.8 

Sovetskaya Meditsina 30 10 0.3 
Australian and New Zealand Journal 

of Surgery 
12 101 8.4 

Terapevticheskii Arkhiv 30 7 0.2 BMC Gastroenterology 12 134 11.2 

Radiology 29 1786 61.6 Clinical Imaging 12 100 8.3 

American Journal of 

Gastroenterology 
25 504 20.2 Endoscopy 12 454 37.8 

Gastrointestinal Endoscopy 24 625 26.0 Gastrointestinal Radiology 12 202 16.8 

Cureus 23 20 0.9 Southern Medical Journal 12 159 13.3 

Annals of Surgery 22 1915 87.0 Surgery Gynecology & Obstetrics 12 383 31.9 

Archives of Surgery 22 1093 49.7 
American Journal of Emergency 

Medicine 
11 112 10.2 

Revista Espanola de Enfermedades 

Digestivas 
22 48 2.2 Journal de Chirurgie 11 29 2.6 

International Surgery 22 218 9.9 
Journal of Laparoendoscopic & 

Advanced Surgical Techniques 
11 63 5.7 

Chirurg 21 121 5.8 
Journal of the American College of 

Surgeons 
11 477 43.4 

Journal of Surgical Research 21 280 13.3 International Journal of Surgery 11 229 20.8 

Surgery 21 763 36.3 Asian Journal of Endoscopic Surgery 10 24 2.4 

Digestive Diseases and Sciences 18 330 18.3 Journal of Clinical Gastroenterology 10 285 28.5 

Journal of Evolution of Medical and 

Dental Sciences-JEMDS 
18 1 0.1 Journal of Nuclear Medicine 10 273 27.3 

Journal of Hepato-Biliary-Pancreatic 

Surgery 
18 1025 56.9 

Journal of Trauma and Acute Care 

Surgery 
10 143 14.3 

International Journal of Surgery Case 

Reports 
18 26 1.4 

Pakistan Journal of Medical & Health 

Sciences 
10 3 0.3 

RC: Record Count, C: Number of Citation, AC: Average Citation Per Document 
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Table 2. Top 20 most cited articles according to total citations on cholecystitis 

Journals RC C AC Journals RC C AC 

Khirurgiya 124 77 0.6 Journal of Clinical Ultrasound 17 282 16.6 

American Surgeon 71 1450 20.4 
Scandinavian Journal Of 

Gastroenterology 
17 296 17.4 

Vestnik Khirurgii Imeni II Grekova 69 7 0.1 Surgery Today 17 241 14.2 

Surgical Endoscopy and Other 

Interventional Techniques 
65 1793 27.6 Zentralblatt Fur Chirurgie 17 41 2.4 

American Journal of Surgery 62 2428 39.2 Journal of Surgical Case Reports 16 11 0.7 

American Journal of Roentgenology 52 1893 36.4 Medicine 16 72 4.5 

Hepato-Gastroenterology 49 764 15.6 Acta Chirurgica Belgica 15 79 5.3 

Journal of Hepato-Biliary-Pancreatic 

Sciences 
48 2057 42.9 Clinical Radiology 15 198 13.2 

Vrachebnoe Delo 47 10 0.2 Digestive Surgery 15 146 9.7 

World Journal of Surgery 38 1214 31.9 HPB 15 262 17.5 

Journal of Gastrointestinal Surgery 36 688 19.1 Abdominal Imaging 14 234 16.7 

Surgical Laparoscopy Endoscopy & 

Percutaneous Techniques 
35 478 13.7 ANZ Journal of Surgery 14 170 12.1 

Klinicheskaya Meditsina 34 2 0.1 
Revista Espanola De Las 

Enfermedades Del Aparato Digestivo 
14 10 0.7 

World Journal of Gastroenterology 32 514 16.1 
Surgical Endoscopy-Ultrasound and 

Interventional Techniques 
13 469 36.1 

British Journal of Surgery 31 1647 53.1 Internal Medicine 13 47 3.6 

Clinical Nuclear Medicine 30 202 6.7 Acta Chirurgica Scandinavica 12 142 11.8 

Sovetskaya Meditsina 30 10 0.3 
Australian and New Zealand Journal 

of Surgery 
12 101 8.4 

Terapevticheskii Arkhiv 30 7 0.2 BMC Gastroenterology 12 134 11.2 

Radiology 29 1786 61.6 Clinical Imaging 12 100 8.3 

American Journal of 

Gastroenterology 
25 504 20.2 Endoscopy 12 454 37.8 

Gastrointestinal Endoscopy 24 625 26.0 Gastrointestinal Radiology 12 202 16.8 

Cureus 23 20 0.9 Southern Medical Journal 12 159 13.3 

Annals of Surgery 22 1915 87.0 Surgery Gynecology & Obstetrics 12 383 31.9 

Archives of Surgery 22 1093 49.7 
American Journal of Emergency 

Medicine 
11 112 10.2 

Revista Espanola de Enfermedades 

Digestivas 
22 48 2.2 Journal de Chirurgie 11 29 2.6 

International Surgery 22 218 9.9 
Journal of Laparoendoscopic & 

Advanced Surgical Techniques 
11 63 5.7 

Chirurg 21 121 5.8 
Journal of the American College of 

Surgeons 
11 477 43.4 

Journal of Surgical Research 21 280 13.3 International Journal of Surgery 11 229 20.8 

Surgery 21 763 36.3 Asian Journal of Endoscopic Surgery 10 24 2.4 

Digestive Diseases and Sciences 18 330 18.3 Journal of Clinical Gastroenterology 10 285 28.5 

Journal of Evolution of Medical and 

Dental Sciences-JEMDS 
18 1 0.1 Journal of Nuclear Medicine 10 273 27.3 

Journal of Hepato-Biliary-Pancreatic 

Surgery 
18 1025 56.9 

Journal of Trauma and Acute Care 

Surgery 
10 143 14.3 

International Journal of Surgery Case 

Reports 
18 26 1.4 

Pakistan Journal of Medical & Health 

Sciences 
10 3 0.3 

RC: Record Count, C: Number of Citation, AC: Average Citation Per Document 
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Figure 1: Number of articles published on Cholecystitis by years and estimation of the number of articles that can be 

published in the future with the exponential model 

 
Figure 2: World map for the distribution of articles by country on Cholecystitis. Footnote: In the indicator given at the top 

left of the figure (article productivity increases from light to dark) 

 

 
Figure 3: Network svisualisation map for citation analysis of active journals on Cholecystitis. 
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Table 3. The most frequently used keywords on cholecystitis 

Keywords 
Number 

of uses 
Keywords 

Number 

of uses 
Keywords 

Number 

of uses 

Acute cholecystitis 591 Elderly 23 Eosinophilic cholecystitis 10 

Cholecystitis 430 
Early laparoscopic 

cholecystectomy 
22 Epstein-barr virus 10 

Laparoscopic 

cholecystectomy 
237 Acute calculous cholecystitis 21 Hemorrhagic cholecystitis 10 

Cholecystectomy 201 Diagnosis 20 Open cholecystectomy 10 

Gallbladder 169 Case report 18 Percutaneous drainage 10 

Acalculous cholecystitis 97 Choledocholithiasis 18 Subtotal cholecystectomy 10 

Laparoscopy 76 Guidelines 18 Abdominal pain 9 

Xanthogranulomatous 

cholecystitis 
66 Gallbladder carcinoma 17 Appendicitis 9 

Percutaneous 

cholecystostomy 
61 Gallbladder drainage 17 Cholecystitis, acute 9 

Cholecystostomy 58 Surgery 17 
Endoscopic transpapillary 

gallbladder drainage 
9 

Acute acalculous 

cholecystitis 
54 CT 15 Liver abscess 9 

Cholelithiasis 54 Delayed cholecystectomy 15 Pancreatitis 9 

Gallstone (s) 50 Hemobilia 15 Pseudoaneurysm 9 

Ultrasound 47 Drainage 14 Risk factors 9 

Chronic cholecystitis 43 Morbidity 14 Timing 9 

Gangrenous cholecystitis 35 Mortality 14 Carcinoma 8 

Complications 34 
Endoscopic retrograde 

cholangiopancreatography 
12 Child 8 

Ultrasonography 31 Pregnancy 12 Cholecystolithiasis 8 

Emphysematous cholecystitis 30 Acalculous 11 Clostridium perfringens 8 

Outcome (s) 30 Acute cholangitis 11 Cystic duct 8 

Conversion 29 Bile duct injury 11 
Emergency 

cholecystectomy 
8 

Tokyo guidelines 27 Cholangitis 11 Gallbladder neoplasms 8 

Acute 25 
Delayed laparoscopic 

cholecystectomy 
11 Gallstone disease 8 

Laparoscopic 25 Gallbladder perforation 11 Inflammation 8 

Computed tomography 24 Prognosis 11 Percutaneous 8 

Gallbladder cancer 24 Cholescintigraphy 10 
Percutaneous transhepatic 

gallbladder aspiration 
8 

Percutaneous transhepatic 

gallbladder drainage 
24 C-reactive protein 10 Sonography 8 

Early cholecystectomy 23 Emergency surgery 10   

 

 
Figure 4: a. Network visualization map for trends on Cholecystitis. Footnote: Indicator shows current publications from blue 

to red (blue-green-yellow-red). The size of the circle indicates the size of the number of articles published on that topic. 

b. Network visualization map of the most frequently cited topics on Cholecystitis. Footnote: The number of citations from 

blue to red increases. The size of the circle indicates the size of the number of articles published on that topic. 
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DISCUSSION 

Our results demonstrated that 0-100 articles on 

Cholecystitis were initially produced between 1980 and 

2013, and the average number of articles published 

between these years was 63. The number of articles 

published in 2014 exceeded 100, and there has been a 

remarkable increase in the number of articles in recent 

years, and 183 articles were published in 2020. The 

average number of articles published between 2014 and 

2020 was 142. In recent years, there has been an 

increase in the number of articles with an exponential 

trend. The evaluation of the nonlinear regression 

analysis results showed that the number of articles will 

continue with an increasing exponential trend.  

The analysis of the publication distribution of the world 

countries revealed that 16 of the most active 20 

countries in the production of articles on Cholecystitis 

were developed countries, while the other 4 (Russia, 

China, Turkey, India) were developing countries. 

However, although these four countries were 

developing countries, they had large economies. The 

results of the correlation analysis in our study showed 

that the highly significant correlation between article 

productivity and economic development indicators 

shows that the economic development level of countries 

is effective in the productivity of publications on 

Cholecystitis. Bibliometric studies on many different 

medical subjects in the literature have shown that 

economic power is effective in publication productivity 

(12,14). The evaluation of the density map created 

according to the total cooperation score between the 

countries revealed that the countries with the most 

intensive cooperation were Japan, South Korea, Taiwan, 

Singapore, Argentina, Greece, and New Zealand, 

respectively. The analysis of the co-authorship 

cooperation of countries on Cholecystitis showed that 

cooperation based on geographical countries did not 

have a significant effect on article production. 

The journals that published the highest number of 

articles on Cholecystitis were determined as Khirurgiya, 

American Surgeon, Vestnik Khirurgii Imeni II Grekova, 

Surgical Endoscopy and Other Interventional 

Techniques, American Journal of Surgery, American 

Journal of Roentgenology, Hepato-Gastroenterology, 

Journal of Hepato-Biliary-Pancreatic Sciences, 

Vrachebnoe Delo, and World Journal of Surgery, 

respectively. We can recommend that authors who want 

to publish on Cholecystitis first consider these journals. 

The evaluation of the citation analyses of the journals 

revealed the most influential journals according to the 

average number of citations per article they published 

were Annals of Surgery, Radiology, Journal of Hepato-

Biliary-Pancreatic Surgery, British Journal of Surgery, 

Archives of Surgery, Journal of the American College 

of Surgeons, Journal of Hepato-Biliary-Pancreatic 

Sciences, American Journal of Surgery, Endoscopy, 

American Journal of Roentgenology, Surgery, and 

Surgical Endoscopy-Ultrasound and Interventional 

Techniques, respectively. We can recommend that 

researchers who want their articles to be cited more 

should consider these journals first.   

The evaluation of the analysed articles by the total 

number of citations they received revealed that the most 

cited study was published in Gastroenterology by Fox et 

al. (1998) titled “Hepatic Helicobacter species identified 

in bile and gallbladder tissue from Chileans with 

chronic cholecystitis” (23). The second most influential 

study was the study of Lo, CM. et al. (1998) published 

in Annals of Surgery with the title of “Prospective  

randomised study of early versus delayed laparoscopic 

cholecystectomy for acute cholecystitis” (17). The third 

most influential study was the study of Kiviluoto, T. et 

al. (1998) published in the Lancet with the title of 

“Randomised trial of laparoscopic versus open 

cholecystectomy for acute and gangrenous 

cholecystitis” (19). The fourth and fifth most influential 

studies were the studies of Lai, et al. (1998) and Hirota, 

et al. (2007) (18, 2). The evaluation of the studies 

according to the average number of citations per year 

showed that the most influential first article was the 

study of Yokoe, M. et al. (2018) published in the 

Journal of Hepato-Biliary-Pancreatic Sciences with the 

title of “Tokyo Guidelines 2018: diagnostic criteria and 

severity grading of acute cholecystitis (with videos)” 

(5). The second most influential article was the study of 

Okamoto et al. (2018) published in the Journal of 

Hepato-Biliary-Pancreatic Sciences with the title of 

“Tokyo Guidelines 2018: flowchart for the management 

of acute cholecystitis” (24). The third most influential 

study was the study of Yokoe et al. (2013) published in 

the Journal of Hepato-Biliary-Pancreatic Sciences with 

the title of “TG13 diagnostic criteria and severity 

grading of acute cholecystitis (with videos)” (4). The 

fourth most influential study was the study of Guttet al. 

(2013) published in Annals of Surgery with the title of 

“Acute Cholecystitis Early Versus Delayed 

Cholecystectomy, A Multicenter Randomized Trial 

(ACDC Study, NCT00447304)” (25). According to the 

co-citation numbers of all analysed articles, the studies 

of Lo et al. (1998), Lai et al. (1998), Hirota et al. (2007), 

Yokoe et al. (2013), Kiviluoto et al. (1998), Rattner et 

al. (1993), Gurusamy et al. (2010), Strasberg et al. were 

determined to be the most influential studies (2,4,17-

22). We can recommend that clinicians and researchers 

interested in this subject read these publications first.  

The evaluation of the keyword analysis results showed 

that the subjects of Cholecystitis formed clusters in 9 

different colours as a result of the cluster analysis. The 

most cited keywords were guidelines, complications, 

diagnosis, cholangitis, acute cholangitis, mortality, 

gallbladder drainage, Bile duct injury, surgery, CT, 
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delayed cholecystectomy, subtotal cholecystectomy, 

gallstone disease, percutaneous Cholecystostomy, and 

open cholecystectomy. The results of the analysis 

conducted to determine the trend topics revealed that the 

keywords studied in recent years were Tokyo 

guidelines, C-reactive protein, gallbladder drainage, 

acute calculous Cholecystitis, emergency surgery, 

emergency cholecystectomy, cystic duct, 

choledocholithiasis, inflammation, acute Cholecystitis, 

delayed laparoscopic cholecystectomy, percutaneous 

transhepatic gallbladder drainage, and percutaneous 

transhepatic gallbladder aspiration. Based on the results 

of the trend subject analysis, it can be speculated that 

non-invasive methods have come to the fore more in 

recent years. We believe that this may be due to the fact 

that surgeons avoid surgery and head towards 

percutaneous methods, especially due to the COVID-19 

pandemic after 2020.  

As a result of the literature review on Cholecystitis, we 

could not find any bibliometric study. It can be said that 

our comprehensive study on this subject is the first 

bibliometric research. In the study, we used only the 

WoS database for literature review, which can be a 

limitation in our study. We did not use the Pubmed and 

Scopus indexes in our study since citation and co-

citation analyses cannot be performed in the Pubmed 

database. The Scopus database also includes studies 

with low impact levels. The WoS database indexes 

articles published in more influential journals compared 

to other databases (12,14). In recent years, WoS has 

been more widely preferred for bibliometric analyses 

(9-14). 

CONCLUSION 

This comprehensive bibliometric study on Cholecystitis, 

which has an increasing trend in the number of articles 

in recent years, shared summary information of 3174 

articles published between 1980 and 2020. It can be said 

that the trend topics in cholecystitis studies conducted in 

recent years are Tokyo guidelines, C-reactive protein, 

gallbladder drainage, acute calculous Cholecystitis, 

emergency surgery, emergency cholecystectomy, cystic 

duct, choledocholithiasis, inflammation, acute 

Cholecystitis, delayed laparoscopic cholecystectomy, 

percutaneous transhepatic gallbladder drainage, and 

percutaneous transhepatic gallbladder aspiration. This 

article may be a useful resource for clinicians and 

scientists on global outputs of Cholecystitis. 
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ABSTRACT 

Objective: Prophylaxis is the gold standard in patients with severe hemophilia. In recent 

years, personalisation of prophylaxis treatment according to pharmacokinetic properties 

has been used in treatment. In this study, personalisation treatment experience based on 

the pharmacokinetic dosing tool my-PKfit results in pediatric and adult patients from 

three centers is shared. 

Material and Methods: myPKfit (www1.mypkfit.com) was used to evaluate 

pharmacokinetic parameters in hemophilia A patients receiving recombinant Factor VIII 

(Takeda Advate ®) prophylaxis. 75 samples in 34 patients (3 samples in 7 patients, 2 

samples in 27 patients) were analysed for pharmacokinetic evaluation. Age, weight and 

baseline FVIII level of the patients were recorded. Pharmacokinetic curves were obtained 

after entering sampling times, factor dose and sample results. The annual bleeding rate 

(ABR) of the patients were evaluated before and after the changes made after the 

pharmacokinetic evaluation. 

Results: The median age of 34 patients with severe hemophilia A without inhibitors was 

12.3±8.7 (1.5-37) years, and the mean weight was 40.0±22.0 (10-83) kg. All patients had 

a baseline FVIII level of less than or equal to 2 IU/dl. All patients were receiving primary 

or secondary/tertiary prophylaxis. The mean half-life of the factors of the patients was 

9.6±1.4 (7.0-13.4) hours, and the mean time reached below 1 IU/dl was 48.9±11.2 (16.0-

77.0) hours. Prophylactic factor therapy was changed in 17 patients after mypk-fit, dose 

increased in 9 patients, the frequency increased in 6 patients, and both dose and 

frequency increased in 2 patients. With a mean follow-up period of 23.7 +16 (2-49) 

months, in 17 patients whose prophylaxis regimen was changed after the PK evaluation 

by myPkyfit, ABR was found to be significantly lower in the post-change period, 

compared to the last one year before the change of regimen (2.94 + 2.19 and 0.58 + 1.00 

respectively) P: 0.028. 

Discussion: A pharmacokinetic study by the Bayesian method is an increasingly used 

method for personalised prophylaxis regimen. We believe that myPKfit is beneficial in 

providing effective and appropriate prophylaxis. 

Key words: Pharmacokinetic, myPKfit, hemophilia, prophylaxis 
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INTRODUCTION 

In individuals with severe hemophilia, recurrent bleeding episodes in joints causes 

chronic arthropathy, pain and loss of function. No matter how effective is the treatment 

after bleeding, bleeding episodes can cause synovial damage to the joint and lead to 

permanent joint sequelae in long-term. Prophylaxis is the gold standard in the treatment of 

adults and children with hemophilia (1). Prophylactic treatment is based on the almost 

absence of joint problems in patients with mild disease and the rare occurrence of 

permanent joint damage in patients with moderate clinical course. In the 1950s, the 

concept of prevention of bleeding in hemophilia was first introduced by Nillsson et al. in 

Sweden and prophylaxis has been widely applied afterwards first in children and then in 

adults (2).   
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The World Federation of Hemophilia (WFH) and the 

World Health Organization recommend prophylaxis as 

the "first-line" treatment for the prevention of 

hemophilic arthropathy in patients with severe 

hemophilia (3,4). World Federation of Hemophilia 

Guideline has classified prophylactic therapy in the 

hemophilia treatment as primary, secondary or tertiary 

according to the time of initiation of treatment. 

Currently, it has been shown that the most effective and 

safe treatment for patients is primary prophylaxis (5). 

However, there is no single formula on which treatment 

regimen is most suitable for which patient. Different 

centers have different approaches regarding the age, 

dose and frequency of prophylaxis (6). In recent years, 

there have been publications that “prophylaxis can be 

individualised” in line with different characteristics such 

as the patient's age, clinical bleeding characteristics, 

pharmacokinetic studies, target joint status, activity, 

lifestyle, and also the availability of the factor. (7-10).  

myPKFiT® is a web-based application developed by 

Baxalta (Shire) (now part of Takeda) as a PK and dose 

calculator for Advate®. This device helps customise 

dosage with only 2 blood samples compared to 11 with 

standard PK sampling (11,12). In this study, we 

evaluated whether PK-specific prophylaxis is an 

effective option to reduce bleeding rates in children and 

adults with severe hemophilia A (HA) without 

inhibitors. 

MATERIAL and METHODS 

Thirty-four severe HA (FVIII <2 IU/dl) patients without 

inhibitors were included from three centers in Istanbul, 

Turkey. All patients were receiving prophylaxis with 

Advate®. The mean age of the patients was 12.3±8.7 

years (1.5-37). Seventeen patients were on primary 

prophylaxis, 17 were on secondary/tertiary prophylaxis. 

myPKfit (www1.mypkfit.com) was used to evaluate 

pharmacokinetic parameters in patients with hemophilia 

A receiving Takeda Advate® prophylaxis. No patient 

had a previous pharmacokinetic study. Age, body 

weight, baseline FVIII levels, infused FVIII dose, 

infusion time were collected and loaded onto the 

myPKFiT medical device. After entering the date and 

time of collection and the FVIII level (IU) for each 

sample, the tool estimated the PK profile for each 

patient.  

The target minimum FVIII trough level was chosen as 1 

IU/dl because the time spent with FVIII is below 1 IU/dl 

as shown to be associated with an increased risk of 

bleeding in patients.  After entering the target trough 

levels, the myPKFiT dosage calculation simulator 

provided a weekly chart with individual dosing. The 

suggested individual dosing was discussed with the 

patient and/or family to plan a new prophylactic 

regimen.  

Annual bleeding rate (ABR) was obtained before and 

after adjustments according to mypk-fit using patients’ 

clinical data. A total of 75 samples were analysed in 34 

patients (3 samples in 7 patients, two samples in 27 

patients) for pharmacokinetic evaluation.  

Statistical Analyses: Data were calculated as median 

and interquartile range (25-75 percent) for continuous 

variables and as percentages for frequency and discrete 

variables. Comparison of clinical outcomes was made 

with the Wilcoxon rank test for paired samples, and 

changes in FVIII consumption were analysed using the 

student’s t test. Significance level was determined as P 

< .05. 

RESULTS 

Thirty-four patients with severe HA who received 

regular prophylactic factor therapy (with Takeda Advate 

®) from three hemophilia centers in Istanbul, Turkey 

were included in the study. The mean age of the patients 

was 12.3±8.7 (1.5-37) years, and mean body weight was 

40.0±22.0 (10-83) kg (table 1). The prophylaxis doses 

of the patients were 50.08±13.26 (22-86) units per 

week, the prophylaxis frequency was every 78.82±23.45 

(48-144) hour (between 1-3 per week), and the mean 

ABR at baseline 2.20+1.88 (10-0) (table 2).  

A total of 75 blood samples were taken from 34 

patients. Mean baseline factor levels were 0.95±1.41 (0-

8) IU. The pharmacokinetic profiles of patients were 

calculated by myPKfit with basal, 4th and 24th hour 

factor levels and the mean factor VIII dose 

recommended by the program is 92.88±30.51 (61.5-

181.8) unit/kg per week and mean factor prophylaxis 

frequency was every 50.11±6.90 (48-72) hour (table 2, 

figure 1,2,3). The mean half-life of the factors of the 

patients was 9.6±1.4 (7.0-13.4) hours, and the mean 

time reached below 1 IU/dl was 48.9±11.2 (16.0-77.0) 

hours (table1).  

A change in dose or frequency was recommended in 30 

patients in the myPKfit program and no change was 

recommended in the current prophylactic dose or 

frequency in 4 patients. Evaluating the clinical status, 

bleeding frequency and treatment compliance of the 

patients, the prophylaxis program was changed in 17 of 

the 30 patients by discussing with patient and/or family. 

It was determined that frequency increased in 6 patients, 

frequency and dose increased in 2 patients, only dose 

increased in 9 patients.  

The current prophylaxis program was continued 

although an increase in frequency was recommended by 

myPKfit program in 13 patients according to the choice 

of the treating physician and the patient/family. It was 

determined that the annual bleeding frequency was low 

in 10 of these 13 patients, the patient or his parents did 

not accept the increase in the frequency of prophylaxis 

in 2 of them,  
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and the same prophylaxis regimen was continued in one 

patient due to vascular access problem. With a mean 

follow-up period of 23.7 +16 (2-49) months, in 17 

patients whose prophylaxis regimen was changed after  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the PK evaluation by myPkyfit, ABR was found to be 

significantly lower in the post-change period, compared 

to the last 1 year before the change of regimen (2.94 + 

2.19 and 0.58 + 1.00 respectively) P: 0.028. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Demographic characteristics of hemophilia A patients undergoing pharmacokinetic evaluation 

Age (years) (Mean ± SS) 12.3±8.7 (1.5-37)   

Age to start prophylaxis (years) (Mean ± SS) 4.15±4.48 (0-19) 

Annual bleeding rate (Mean ± SS) 2,20±1,88 (10-0) 

Target joint development % 23.5 

Body weight (kg) (Mean ± SS) 40.0±22.0 (10-83) 

Basal FVIII level (IU/dl), (Mean ± SS) 0.95±1.41 (0-8) 

Faktör VIII half-life (hour), (Mean ± SS) 9.6±1.4 (7.0-13.4) 

The mean time reached below 1 IU/dl (Mean ± SS) 48.9±11.2 (16.0-77.0) 

 

Table-2: Treatment schedule of patients before and after pharmacokinetic evaluation (with myPKfit) 

 Before PK evaluation Recommended by myPKfit After PK evaluation 

Frequency of Prophylaxis 

Mean ± SS (hours) 

78.82±23.45 

(48-144) 

50.11±6.90 

(48-72) 

66.35±17.78 

(48-144) 

Prophylaxis dose 

Mean ± SS (IU/kg/week) 

50.08±13.26 

(22-86) 

92.88±30.51 

(61.5-181.8) 

56.56±19.00 

(22.00-93.75) 

 

 
Figure 1: individualised FK profile 

 

1.Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Dose (IU) 500 IU  500 IU  500 IU  500 IU 

Dose (IU/kg) 43,5 IU/kg  43,5 IU/kg  43,5 IU/kg  43,5 IU/kg 

Targeted Trough Value Above Baseline Level 1,4 %  1,5 %  1,5 %  1,5 % 

Time Above  Factor  VIII % 10  23 hours  23 hours  23 hours  23 hours 

Time Below  Factor  VIII % 5  16 hours   16 hours   16 hours   16 hours 

2.Week               

Dose (IU)  500 IU  500 IU  500 IU  

Dose (IU/kg)  43,5 IU/kg  43,5 IU/kg  43,5 IU/kg  

Targeted Trough Value Above Baseline Level  1,5 %  1,5 %  1,5 %  

Time Above  Factor  VIII % 10   23 hours  23 hours  23 hours  

Time Below  Factor  VIII % 5   16 hours  16 hours  16 hours  

 
Figure 2: Individualised FK profile, dose adjustments 
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DISCUSSION 

Due to inter-patient variability, the standard dosing of 

prophylaxis based on body weight may result in over- or 

under-dosing in prophylaxis haemophilia therapy. 

Pharmacokinetic study using the Bayesian method is an 

increasingly popular method for individualisation of 

treatment in hemophilia (13). The Bayesian approach 

not only reduces the need for many samples for PK 

study, but also minimises interindividual variability by 

including variables such as age, weight, and von 

Willebrand factor levels in a multivariate model of the 

patient population. Generally, only two samples are 

required at 4 to 48 hours after infusion for FVIII 

products with standard half-life, and even single 

samples have been evaluated. 

myPKFiT and Web-Accessible Population 

Pharmacokinetics Service-Hemophilia (WAPPS-Hemo) 

are web-based population-based applications developed 

to help physicians personalise and optimise their 

replacement therapy in hemophilia (14). myPKFiT was 

originally developed for use only with Octocog alfa 

(Advate, Takeda Pharma), but more recently it has also 

been used for the pegylated form of this molecule 

(rurioctocog alfa pegol, Adynovi, Takeda Pharma). 

WAPPS-Hemo can be used for all available factor 

concentrate products. Estimated dosing and frequency 

of administration are provided to achieve specific target 

levels for each. Implementation of individual 

pharmacokinetic (PK)-based adaptation may improve 

treatment guideline adherence and thus clinical 

outcomes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Apart from the PK profile, other factors such as 

bleeding phenotype, musculoskeletal system status are 

also important in personalising the treatment. The 

objective and clear information provided by myPKFiT® 

is useful for discussing the treatment regimen between 

the healthcare team and the patient or their parents and 

making changes as needed. In our study, we showed 

that PK-guided prophylaxis using myPKFiT® resulted 

in individually improved clinical outcome and 

optimised FVIII consumption in a study population with 

a choice of 1 IU/dl trough level. As a result of the PK 

data obtained with myPKFiT®, half of the patients 

required modification (frequency and/or dose increase) 

in the treatment in our study. After this change, a 

significant reduction in ABR was observed, with an 

overall beneficial effect on clinical outcomes. The 

results of our study are consistent with those previously 

reported. Castellano et al. recruited 36 patients in their 

study in 3 centers in Spain. (15). Patients' ABR and 

annual joint bleeding rate were significantly reduced 

after pharmacokinetic dosing. Adjustment had an 

impact on most patients' individual FVIII consumption: 

the annual amount was reduced in 18 cases and 

increased in 14 cases. In our study, modifications 

significantly increased total FVIII consumption. A 

possible cause may be that most patients received 

insufficient dose and frequency of prophylaxis.  A total 

of 27 patients with severe hemophilia A without 

inhibitors were included in the study by Alverez et al. 

(12). A change in prophylaxis was made after a PK 

 
Figure 3: Shema of suggested weekly prophylaxis by myPKFiT® of one of the patients 
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study using mypkfit in 10 patients. The use of mypfit 

has increased in their center after the study. Our study 

also increased the number of PK studies in patients 

treated at our centres, thus providing an objective tool 

for the recommended adaptation of prophylaxis. We 

have observed that the graphs obtained by mypk-fit are 

helpful, especially when discussing prophylaxis 

regimens with families and patients. In our series, we 

thought that good clinical outcomes were also 

associated with better patient compliance. As previously 

suggested, the graphical output of myPKFiT® is a 

useful tool for educating patients and their families in 

the hematology clinic. These data can be used to 

promote adherence to treatment (16). In this context, 

resources can help facilitate communication, and our 

experience of using these tools and applications is that 

the graphics produced by myPKFiT® are very helpful. 

Standard pharmacokinetic (PK) assessments for people 

with hemophilia A are challenging, requiring a 72 hour 

washout and 5 to 11 blood samples. With myPKFiT®, 

PK parameters can be obtained with a small number of 

blood samples to adapt prophylaxis regimens as 

suggested by previous studies and the user manual 

(17,18). Blanchette et al. compared PK parameters in 

people with severe hemophilia A receiving Advate® 

obtained with a conventional washout, 6-sampling time-

point PK protocol and a protocol without wash, only 

single clinic visit and 2 samples (19). A total of 39 

inhibitor-negative males (factor VIII activity [FVIII:C] 

<2%) were enrolled in PK study. As a result, it has been 

shown that the two methods give similar results. In our 

study, only two blood samples were sufficient in the 

majority of patients. 

We did not perform a pharmacoeconomic evaluation in 

this study, but other authors have reported a cost 

reduction associated with PK evaluation. Pasca et al. 

performed PK evaluations of 14 patients. (20). The 

weekly infusion frequency was decreased in three 

severe patients, increased in four patients, and remained 

the same in the other five patients. It was shown that the 

annual concentrate consumption decreased in 81.8% of 

the patients. A subsequent economic evaluation of each 

of the twelve patients with severe hemophilia A 

included in this analysis comparing standard and PK-

guided prophylaxis showed that an optimised treatment 

could result in an average annual savings of €20.525 ( -

%15,8). The main goal of hemophilia treatment is to 

combine efficacy, safety, improvement in quality of life 

and cost savings. Cost savings are especially important 

in developing and middle-developed countries. WHEN 

pharmacoeconomic calculations are made, it is 

necessary to consider not only the amount of factor use, 

but also other factors such as absence from work or 

school due to bleeding or joint problems, surgical and/or 

arthroscopic interventions, hospitalisation and hospital 

visits. Many additional costs will be reduced by 

effective prophylaxis and reduction of bleeding. For 

these reasons, we consider our results to be even more 

important.  

Our results may reflect real life experience as they are 

demonstrated by clinical experiences in three different 

large tertiary hospitals in Istanbul. Despite the small 

number of patients and only 1 year follow-up, we 

believe that this information is useful. Long follow-up 

clinical results will provide more information on this 

subject. 

CONCLUSION 

PK-guided dosing allows physicians to evaluate the 

FVIII half-life and clearance in patients with severe 

hemophilia without inhibitors and modify prescribed 

Advate® prophylaxis to ensure a good patient care. 

Requirement of only two samples to estimate 

pharmacokinetic parameters makes it easy to use in 

routine clinical practice with little inconvenience for 

patients and caregivers. Our results suggest that 

pharmacokinetic prophylaxis may be an effective option 

for reducing bleeding rates for children and adults in 

severe HA without inhibitor. In addition, we observed 

that giving the graphical printout to the patients and 

showing the pharmacokinetic results improved 

adherence to treatment. Further studies on 

pharmacoeconomic evaluation based on these results 

may guide us on factor consumption, especially in 

countries with limited resources. 
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ABSTRACT 

Objective: The number of markers showing the severity of the disease and the number of 

drugs that can be used in the treatment is very low in vasooclusive crises seen in patients 

with sickle cell anemia. This study aims to evaluate the levels and changes of serum 

galectin-3 levels, which are known to have many roles in the body, during a painful 

crisis. 

Material and Methods: In addition to the 0th and 48th hour galectin-3 levels in patients 

hospitalized for a painful crisis, galectin-3 measurements were also performed in stable 

patients with sickle cell anemia and healthy individuals. 

Results: Galectin-3 levels were statistically significantly different in patient groups 

(p=0.001). It was observed that galectin-3 levels at the 48th hour were markedly higher 

than at the 0th hour in patients with painful crises. It was found that galectin-3 levels at 

both 0th and 48th hours were correlated with the duration of hospitalization due to 

painful crisis and the period of intravenous opioid use. 

Conclusion: Galectin-3 levels, which are elevated during the painful crisis in patients 

with sickle cell anemia, are associated with the severity of the painful crisis 

Keywords: sickle cell disease, vasoocclusive crisis, galectin-3 
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INTRODUCTION 

Sickle cell anaemia is characterized by chronic hemolytic anaemia and recurrent painful 

crises. The most common reason for hospitalization in these patients is painful 

vasoocclusive crises.  

The frequency and severity of painful crises vary among patients. Apart from pain 

treatment, the number of drugs used in vasoocclusive crises is very limited today (1).  

The pathophysiology of vasoocclusive crises is quite complex. It is believed that clinical 

symptoms occur with endothelial activation, increased adhesion of erythrocytes and 

leukocytes to endothelial cells, and increased oxidative stress conditions causing vascular 

occlusion (2).   

Galectin-3, which is known to have a role in many places such as cell adhesion, 

activation, chemotaxis, growth and differentiation, and resistance to oxidative stress, is a 

molecule belonging to the galectin family (3).  

Due to these features of galectin-3, which may have a role in the pathophysiology of 

vasoocclusive crisis, its use as a marker showing the clinical course of these patients and 

as a treatment target may be on the agenda. 

The objective of this study is to examine the levels and changes of serum galectin-3 

during the painful crisis in patients with sickle cell anaemia, and to evaluate whether or 

not these levels and changes are related to the severity of the painful crisis. 
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MATERIAL AND METHODS 

Patients aged 18 years and older hospitalized in Mersin 

University Hematology and Pediatric Hematology 

clinics and Adana City Training and Research Hospital 

Hematology clinic between February 2021 and June 

2021 due to vasoocclusive crisis were included in the 

study. For the sickle cell anaemia control group, stable 

patients with sickle cell anaemia who applied to the 

outpatient clinic in the same centers were included. For 

the healthy control group, healthy individuals who 

applied to the haematology outpatient clinic in the same 

centers were included. 

For measurement of galectin-3, blood samples were 

collected twice from patients hospitalized with 

vasoocclusive crisis, immediately before the start of 

opioid infusion therapy (hour 0) and at 48 hours of 

infusion. A blood sample was collected once for the 

sickle cell anaemia control group and once for the 

healthy control group. The collected blood samples 

were centrifuged, and then the serum samples obtained 

were kept at -80 0C until the study was completed, and 

galectin-3 levels were studied in the samples at the end 

of the study. Galectin-3 measurements were made with 

ELISA kits, and results are shown in ng/mL.  

Routine hemogram values, HbS and HbF percentages in 

haemoglobin electrophoresis, ferritin levels, number of 

days of hospitalization, and intravenous opioid days of 

patients hospitalized for the painful crisis were 

recorded.  

Patients under 18 and whose vasoocclusive crisis 

duration was less than 48 hours were excluded from the 

study. 

A signed informed form was obtained from all patients 

and healthy volunteers participating in the study. This 

study was approved by Mersin University Clinical 

Research Ethics Committee (2021/13).  

Statistical Method: NCSS (Number Cruncher 

Statistical System) 2007 (Kaysville, Utah, USA) 

software was used for statistical analysis.  

 

 

 

 

 

 

 

 

 

Descriptive statistical methods (mean, standard 

deviation, median, frequency, ratio, minimum, 

maximum) were used to evaluate study data.  

The conformity of the quantitative data to the normal 

distribution was tested with the Kolmogorov-Smirnov, 

Shapiro-Wilk test, and graphical evaluations. The 

Student's t-test was used to compare normally 

distributed quantitative data between two groups, and 

the Mann Whitney U test was used for two-group 

comparisons of non-normally distributed quantitative 

data. Pearson Chi-Square test was used to compare 

qualitative data. In evaluating the relations between the 

variables, Pearson Correlation Analysis was used for 

normally distributed variables, and Spearman's 

Correlation Analysis was used for non-normally 

distributed variables. Significance was evaluated at the 

p<0.05 level at least. 

RESULTS 

The distribution of the descriptive characteristics of the 

patients included in the study is given in Table-1. 

Galectin-3 levels were statistically significantly 

different in patient groups (p=0.001). According to the 

results of the pairwise comparisons made to determine 

the difference, the Galectin-3 value of the individuals in 

Group 1 was significantly higher than the subjects in 

Group 2 and the control group (p=0.001). Likewise, the 

Galectin-3 levels of Group 2 individuals were 

significantly higher than those in the control group 

(p=0.001). The Galectin-3 levels of the patient groups 

and control group are given in Figure-1.  

When Table-2 is examined, it is observed that serum 

Galectin-3 levels are correlated with both the duration 

of the crisis and the number of days that require 

intravenous opioids. It is noteworthy that the correlation 

degrees of Galectin-3 levels at the 48th hour are 

stronger than galectin levels at the 0th hour. 

When Table-3 is examined, it is observed that there is 

no statistically significant relationship between 

Galectin-3 values at 0th and 48th hours and Hb, HbA2, 

HBS, HBF and Ferritin values of the individuals 

participating in the research. 

 

 

 

 

 

 

 

 

 

Table 1: Distribution of descriptive features 

 Total Group 1 Group 2 Control 

p n (%) n (%) n (%) n (%) 

Gender 

 

Female  61 (49,2) 20 (16,1) 18 (14,5) 23 (18,5) a0,675 

Male  63 (50,8) 20 (16,1) 23 (18,5) 20 (16,1) 

Age (years) Mean±Sd 32,82±10,95 30,37±9,77 33,92±9,69 34,04±12,84 b0,214 

Galectin-3 levels (ng/mL) Median (Min-Max) 11,9 (6,4-25,7) 19,6 (12,1-25,7) 11,9 (6,7-18,9) 8,4 (6,4-13,1)  

A Pearson Chi-Square Test b Kruskal Wallis Test   

Group 1: Patients with sickle cell anemia hospitalized with a painful crisis 

Group 2: Patients with sickle cell anemia without painful crisis 
Control: Healthy adult patients participating in the study 
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Table 2: Evaluations of the duration of the painful crisis and the number of days of intravenous opioid 

 Crisis Period Number of Iv opioid Days 

r p r p 

Age (years) -0,096 d
0,558 -0,029 d

0,861 

Galectin-3 at 0
th

 hour 0,442 d
0,007** 0,509 d

0,001** 

Galectin-3 at 48
th

 hour 0,828 d
0,001** 0,896 d

0,001** 

Hb 0,014 d
0,930 0,017 d

0,916 

HbA2 0,090 d
0,581 0,047 d

0,774 

HBS 0,030 c
0,856 0,084 c

0,608 

HBF 0,156 c
0,336 0,179 c

0,269 

Hematocrit  0,049 c
0,763 0,031 c

0,848 

Platelet 0,119 c
0,463 0,142 c

0,381 

Leukocyte Count 0,200 d
0,217 0,241 d

0,135 

 

Table 3: Relationship between serum Galectin 3 levels and some laboratory parameters in the patient group with painful crisis 

 Galectin3 at 0
th

 hour Galectin3 at 48
th

 hour 

r p r p 

Hb -0,058 d
0,609 0,024 d

0,885 

HbA2 0,034 d
0,765 -0,083 d

0,610 

HBS -0,086 c
0,444 0,124 c

0,445 

HBF 0,106 c
0,346 0,136 c

0,401 

Ferritin 0,046 c
0,682 0,362 c

0,022* 

 

 

 

 
Figure 1: Galectin-3 levels. SCA: Sickle cell anaemia, VOC: Vasoocclusive crisis 
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DISCUSSION 

This prospective and controlled study demonstrates that 

galectin-3 levels are higher in patients with painful 

crises than stable patients with sickle cell anaemia and 

healthy individuals. Moreover, it was determined that 

Galectin-3 levels continued to increase in the 48th hour 

of the painful crisis and were better correlated with the 

duration of the painful crisis and the duration of an 

intravenous opioid requirement compared to the 0th-

hour measurements. 

Sickle cell anaemia is the most common 

hemoglobinopathy globally and presents with severe 

organ damage with advancing age and recurrent 

transfusions (4). These patients mostly apply to the 

emergency department with a painful crisis and suffer 

from severe pain (5). There are many ongoing studies to 

reduce the duration and severity of the painful crisis in 

hospitalized patients. However, an ideal molecule has 

not been found yet (6). Hydroxyurea therapy has been 

used for a long time to increase HbF levels in these 

patients. Still, despite using hydroxyurea, there are 

many patients who are admitted to the hospital with 

severe painful crises.  

Two molecules with proven effectiveness in preventing 

painful crises in recent years stand out. The first of 

these, L-glutamine, has been shown to reduce the 

frequency of painful crises. It is believed that this 

molecule acts by reducing oxidative stress in 

erythrocytes (7). Crizanlizumab, which has recently 

been approved by the FDA and acts by inhibiting P-

selectin, is another molecule. It has been found that this 

molecule also reduces the frequency of painful crises in 

patients with sickle cell anaemia and does this 

independently of hemolysis (8). Despite the current 

developments in this regard, the need for biomarkers 

that will enable the prediction of the severity of the 

painful crisis as well as the search for molecules that 

reduce the frequency and severity of painful crises 

continues.  

Galectin-3 is involved in various biological processes 

such as cellular adhesion, activation, chemotaxis, 

growth and differentiation, resistance to oxygen and 

nitrogen radicals, damage and apoptosis (9). In many 

disease groups, especially malignant diseases, chronic 

inflammatory diseases and diseases with fibrosis, 

Galectin-3 levels were studied. It has been shown by 

Aksan et al. that Galectin-3 levels are high in patients 

with coronary atherosclerosis and can be used in risk 

classification. (10). It has been observed that Galectin-3 

may have a role in the pathogenesis of pulmonary 

hypertension in mouse models and it is predicted that it 

can be used for treatment in the future (11). Studies are 

showing that Galectin-3 can be used for diagnostic and 

prognostic purposes in patients with gastric cancer (12).  

It has been stated that this marker is also increased in 

peripheral arterial disease, and that it also correlates 

with oxidative stress markers and inflammation markers 

(13). It has been shown by Jiang et al. that Galectin-3 is 

associated with poor prognosis in patients with primary 

hepatocellular cancer (14). Moreover, Galectin-3 has 

been shown to have a role in the metastases of some 

cancers and it has been stated that Galectin-3 inhibitors 

can be used to reduce metastasis in metastatic cancer 

patients (15). Many ongoing phase studies are 

investigating the use of Galectin-3 inhibitors in fibrosis 

and metastatic cancers.  

Although few in number, there are also studies in the 

literature on the role of Galectin-3 levels in the 

development of pulmonary hypertension and pulmonary 

fibrosis in patients with sickle cell anaemia (9, 16). 

However, no study examining the relationship between 

Galectin-3 and painful crisis in these patients was found 

in the literature review. In this respect, what makes this 

study important is that it is the first to show the 

relationship between Galectin-3 level and the severity of 

painful crisis in patients with sickle cell anaemia.  

As for the limitations of the study, first of all, we can 

say that the number of patients was relatively small. 

Second, although we did examine the relationship 

between the number of days of intravenous opiod and 

Galectin-3 levels; since patients were not evaluated 

daily with pain scores, the relationship with the degree 

of daily pain was not examined. Third, in patients with 

sickle cell anaemia who were discharged after a painful 

crisis attack, Galectin-3 levels could not be examined 

when they were stable. If they had been examined, we 

guess we could have found more precise results. 

CONCLUSION 

In conclusion, in patients with sickle cell anaemia, 

Galectin-3 may be one of the indicators of disease 

severity during the painful crisis. Phase studies of 

Galectin-3 inhibitors are ongoing for many diseases, and 

the use of these drugs in patients with sickle cell 

anaemia in painful crisis may also be considered in the 

light of future studies involving more patients. 
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ABSTRACT 

Objective: Intra-articular platelet-rich plasma PRP (platelet-rich plasma) treatment can 

be applied at an early stage of Gonarthrosis in addition to medical treatment. There is no 

consensus in the literature regarding the dose interval of PRP. Our aim in this study is to 

compare the short-term clinical results of three doses of PRP administered at one and 

two-week intervals in the treatment of early-stage Gonarthrosis. 

Material and Methods: Three doses of PRP were applied to one knee of the patients at 

intervals of one week and to the other knee at intervals of two weeks. All patients were 

clinically evaluated with McMaster Universities Arthritis Index (WOMAC) and Visual 

Analogue Scale (VAS) before the PRP application and at the 1st, 3rd and 6th months 

after the application. 

Results: The mean age of 61 (40 female, 21 male) patients included in this study was 

56.75 years and the mean BMI (Body Mass Index) was determined as 25.45±3.15 kg/m2. 

In the clinical evaluation at the end of the 1st, 3rd, and 6th months after PRP, there was 

no significant difference between the one-week interval and two-week application. 

However, it was observed that PRP application provided statistically significant 

improvement in WOMAC and VAS scores in both applications (p<0.05). 

Conclusion: According to the findings we obtained in our study, it has been determined 

that there was no difference between applying three doses of PRP at one- or two-weeks 

intervals. 

Keywords: Platelet-Rich Plasma, PRP, Knee Osteoarthritis, Intra-articular Injection 

 

 

 

 

 

 

 

 

Research Article 

Received 21-01-2022  

Accepted 08-02-2022  

Available Online: 17-02-2022 

Published 28-02-2022 

Distributed under 

Creative Commons CC-BY-NC 4.0 

OPEN ACCESS 

 

INTRODUCTION 

Knee osteoarthritis (Gonarthrosis) is a common due to the increased elderly population 

and prevalence of obesity. In various epidemiological studies that were conducted all 

around the world, it was determined that the symptomatic Gonarthrosis was present in 10-

30% of individuals over the age of 65 years (1,2). Gonarthrosis is generally evaluated 

with Kellgren Lawrence (K-L) radiographic grading scale (3). 

Although there are many current treatment methods for Gonarthrosis, the majority of 

treatments other than surgical treatment are palliative and the aim is to reduce pain and 

improve the quality of life (3,4). Palliative treatment includes lifestyle modifications such 

as losing weight and exercise. On the other hand, analgesics, nonsteroidal anti-

inflammatory drugs (NSAIDs) and intra-articular injections are used as medical treatment. 

Hyaluronic acid (HA), corticosteroid, PRP and autologous mesenchymal stem cells are 

the most applied treatment modalities as intra-articular injections (5,6).  

The use of PRP, which is obtained by centrifugation of whole blood and contains a higher 

concentration of platelets and growth factors than whole blood, has recently become 

widespread(1,7). Indications of PRP, ideal PRP preparation, dosage, number of doses and 

dose intervals are frequently discussed in the literature in order to obtain safe and 

effective applications of PRP in the treatment of early-stage Gonarthrosis (8,9). Although 

there is not a complete consensus in the literature about application intervals; several 

studies are present the literature reporting a dose interval of one- to four- weeks (10,11).  
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Our aim in this study is to evaluate the clinical results of 

3 doses of PRP, which we applied as a medical 

treatment option in our clinic in the treatment of early 

stage Gonarthrosis, at intervals of one and two weeks, 

according to WOMAC and VAS indexes, and to 

compare the short-term results of both applications.   

MATERIAL and METHODS 

Patients who applied to our clinic between 01.04.2021 

and 15.06.2021 due to knee pain were evaluated. 

Patients with a BMI of 20-32kg/m2 and between the 

ages of 45-75 with bilateral knee stage 2-3 Gonarthrosis 

according to the American College of Rheumatology 

(12) clinically and the Kellgreen Lawrence 

classification(13) radiologically, were included in the 

study. A total number of 70 patients, who met the 

inclusion criteria, were included in this prospective 

randomized study. Nine patients, who did not attend 

their regular follow-ups and whose treatment was not 

completed were excluded from the study. The 

evaluation was performed on the remaining 61 patients 

and 122 knees. The study was started after the approval 

of the local ethics committee of our hospital. Three 

doses of PRP were applied to one knee at one-week 

intervals and to the other knee at two-week intervals of 

the patients who were included in this study with 

bilateral Gonarthrosis. In order to standardize the PRP 

application, three doses of PRP were applied to the right 

knee with one-week interval in the first 35 patients, and 

three doses of PRP were applied to the left knee with 

two-week intervals for the remaining 35 patients 

according to their order of admission to the hospital. All 

patients were clinically evaluated according to VOMAX 

and VAS scales before the PRP application and at the 

1st, 3rd, and 6th months after the PRP application. 

Patients who had undergone knee surgery due to a 

history of Gonarthrosis or previous trauma, patients who 

had undergone intra-knee injection or arthroscopy in the 

last 6 months, those with immunosuppression and a 

history of malignancy, and those with arthrosis in one 

knee were excluded from the study. 

Preparation of PRP 

For the preparation of PRP, 10 ml of blood was 

collected using a vacuum system from the antecubital 

vein in a sterile way into the tubes, including sodium 

citrate. The blood sample was centrifuged at room 

temperature for 5 minutes at 3000 rpm and two layers 

were formed. The plasma in the upper layer was 

separated by pipetting method and then it was re-

centrifuged at 3000 rpm for 10 minutes. The upper layer 

was discarded from the reconstituted two layers, and 4-6 

ml of platelet-rich PRP was obtained from the lower 

layer. 

 

Route of administration 

PRP, prepared in the same way, was used in all patients 

to achieve standardization. Administration was 

performed by the same orthopedist from the same 

localization with the standard injection tip (21-gauge 

needle). After the patient is seated on the stretcher, the 

feet were hung down and the knee joint was flexed to 

approximately 90 degrees. Under sterile conditions, an 

appropriate dose of PRP was administered into the knee 

by entering the upper part of the tibial plateau (from the 

lateral portal) from the lateral side of the patella and 

patellar tendon junction. After covering the injection 

site with a sterile sponge, the knee was flexed and 

extended two or three times to distribute the PRP in the 

knee. No local anesthetic drug was used before PRP 

application. It was recommended not to use NSAIDs, 

not to exercise and long walk outside of daily routine 

activities, and not to use stairs if possible before the 

administration of the second dose.  

Results of the measurement 

All patients were interviewed by an experienced 

orthopedist using the Turkish version of the WOMAC 

and VAS questionnaires (21). VOMAC index consists 

of 24 questions, including five questions for pain, two 

questions for stiffness, and 17 questions for physical 

function. Each question was scored from zero (not at 

all) to four (extreme). The overall WOMAC score 

ranges from 0 to 96, with higher scores indicating worse 

results. For VAS index, using a ruler, the patient was 

asked to mark the place of pain on the ruler as zero (no 

pain) and ten (worst possible pain).Six months later, the 

VAS and VOMAC scores of both knees were 

compared. 

Statistical Analysis 

Statistical package program SPSS 23.0 was used for the 

analysis of data. The normal distribution of the data was 

determined by the Kolmogorov-Smirnov test. Paired 

sample t-test was used to evaluate the difference 

between repeated measurements of numerical data. Data 

were given as Mean±Standard deviation. p<0.05 was 

considered as a statistically significant difference. 

 

RESULTS 

The mean age of 61 (40 female, 21 male) patients 

included in the study was 56.75±7.58 and the mean 

BMI was 25.45±3.15 kg/m2. The VOMAC and VAS 

indices of all patients before PRP application and at the 

1st, 3rd, and 6th months after PRP application are 

shown in Table-1 and Table-2.The VOMAC scale of 

patients to whom PRP was applied at one-week and 

two-week intervals before and after the application is 

shown in Figure-1 and Figure-2. 
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There was no significant difference in terms of 

VOMAC and VAS indices between applications 

performed at one-week intervals and two-week 

intervals. In the clinical evaluation, it was observed that 

the total VOMAC and VAS scores of PRP applied at 

intervals of one and two weeks decreased from the first 

month, and this decrease was statistically 

significant(p<0.05).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A statistically significant decrease in total VOMAC and 

VAS indices was detected at the end of six months in 

both application groups after treatment (p<0.05). This 

results show that PRP is effective on the clinical 

improvement. Superficial skin rash was developed in 

three of our patients, but it was not interpreted as an 

infection and completely healed within 2-3 days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. PRP, which was applied with one-week intervals 

VOMAC Before PRP 1st month 3rd month  6th month 

Pain (0-20) 10.3±1.52a 9.7±1.08b 5.45±1.19c 4.55±0.82d 

     Stiffness(0-8) 3,35±1.18a 3.0±1.07b 2.15±0.74c 2±0.72c 

     Function(0-68) 44.2±4.7a 43.1±4.29b 31.7±3.75c 29.1±3.75d 

     Total (0-96) 57.9±5.42a 55.8±5.06b 39.3±4.11c 35.6±3.36d 

VAS(0-10) 5.55±1.09a 4.85±0.87b 2.45±0.61c 1.91±0.64d 

Values with different letters in the same line are statistically significantly different p<0.05 

 

Table 2. PRP, which was applied with two-week intervals 

VOMAC Before PRP 1st month 3rd month  6th month 

Pain (0-20) 10.5±1.35a 9.5±0.88b 5.35±1.22c 4.7±0.81d 

     Stiffness (0-8) 3.4±1.18a 3.15±1.18a 2.0±0.85b 1.9±0.96b 

     Function (0-68) 44.0±4.42a 41.2±4.54b 31.5±3.95c 28.2±2.63d 

     Total (0-96) 57.8±4.91a 53.9±5.04b 38.9±4.14c 34.8±2.92d 

VAS(0-10) 5.25±1.01a 4.85±1.04b 2.8±0.83c 2.05±0.61d 

Values with different letters in the same line are statistically significantly different p<0.05 

 

 
Figure 1: After PRP applied at one-week intervals; pain, stiffness, function, and total VOMAC scale distribution are shown. 

Error bar shows the SD. (PRP 0; before PRP administration, PRP 1; 1st month after administration, PRP 2; 3rd month after 

administration, PRP 3; 6th month after administration) 
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DISCUSSION 

When the demographic characteristics of the patients 

were evaluated, a similarity was found in the literature 

in terms of age, gender, and BMI (9,14). Gonarthrosis is 

seen in women in old age and especially in those with 

high BMI. In our study, the number of women was 

found to be higher, and their BMI was high. 

Despite its common clinical applications, no consensus 

is present in the literature about the preparation, 

application method, number of doses and dose intervals 

of PRP. Nowadays, PRP is commonly applied in early 

stage Gonarthrosis that does not need surgery or in 

patients whose general condition is not suitable for 

surgical interventions. The results of these treatments 

are frequently discussed in the literature (15-19). When 

the dose intervals of PRP were compared in our study, 

there was no significant difference between the clinical 

results of three doses of PRP performed at one-week 

and two-week intervals. In both applications, clinically 

significant decreases were detected in VOMAC and 

VAS scores after six months of follow-up. As a result of 

our study, it was seen that PRP applied at intervals of 

one and two weeks as dose intervals were effective and 

successful in both applications. There are studies 

reporting that the ethnicity of the individual influences 

the platelet function during PRP administration (20). 

Considering this characteristic of PRP, this activity 

difference was tried to be eliminated by applying PRP 

to different knees of the same individual. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thus, specificity was achieved in our study with PRP 

applied in the same way on the same person. 

PRP can be prepared as a result of one or two times of 

centrifugation (21, 22). It is known that the patient's 

age, comorbid diseases, the amount of blood taken at 

the beginning and the preparation technique are 

effective on the platelet concentration in the PRP (22). 

The PRP used in our study was obtained in the same 

standards by centrifuging twice with the help of our 

technician using the device in our center. 

There are studies about the administration of a single 

dose or multiple doses of PRP in the literature (23-25). 

Clinical results were found to be more successful with 

multiple doses (21). In animal studies, the curative 

effect of PRP on synovial and cartilage tissue was found 

to be more effective with multiple doses (17). Based on 

such studies in literature and our clinical experiences, 

we applied three doses of PRP to all our patients. 

Different recommendations are present in literature 

about the method of administration and the position of 

patient. Method of administration includes injection 

directly into the joint and administration via collagen 

membrane (22, 26).  

Patient positions include administration to suprapatellar 

region at supine position of patient and full extension of 

knee or administration from the lateral portal of the 

knee in the sitting position with the knee flexed at 90 

degrees (9,14).  

 
Figure 2: After PRP is applied at two-week intervals; pain, stiffness, function, and total VOMAC scale distribution are 

shown. Error bar shows the SD. (PRP 0; before PRP administration, PRP 1; 1st month after administration, PRP 2; 3rd 

month after administration, PRP 3; 6th month after administration) 
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Our routine practice in our study was administration of 

PRP in sitting position with the knee flexed, from the 

lateral portal directly into the joint, and no membrane 

was used. 

Considering the mechanism of action of PRP, platelets, 

especially growth factors, cytokines and chemokines 

secreted from alpha granules, stimulate chondrocyte and 

chondrogenic structures and increase chondrocyte 

cartilaginous matrix secretion after intraarticular 

administration (27). Although this situation increases 

cartilage regeneration, the lack of vascular and nerve 

structure of the cartilage limits this regeneration (28). 

Although the duration of the PRP effect is not clear in 

literature, studies have shown that the duration of this 

effect may vary between 6 months and 2 years 

(21,26,29). In our study, the results of PRP in the first 

six months were evaluated based on the most effective 

time in the literature and various suggestions are present 

in the literature regarding the administration interval for 

PRP. However, there is still no consensus about this 

subject. Generally, this interval ranges from one week to 

four weeks (10,11). Some studies have reported that it is 

sufficient to repeat it once a year (21,30). We think that 

the evaluation of the clinical results of the same PRP at 

different time intervals with VOMAC and VAS scores 

for the same patient will provide more objective results. 

After this evaluation, no significant difference was 

found between clinical results in terms of dose intervals 

in our study. 

There are also some limitations of our study. These 

limitations include; the low number of our patients, 

relatively short patient follow-up times, and lack of 

radiological evaluation. 

CONCLUSION 

In our study, no clinically significant difference was 

found between three doses of PRP which was 

administered at one- or two-week intervals in early-

stage Gonarthrosis. However, it was determined that 

there was a significant clinical improvement in the 

knees for both administration intervals compared to pre-

PRP values. 
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ABSTRACT 

Objective: Computer-Based Cognitive Training Programs (CBCT) are considered to be 

effective both in reducing cognitive deficits in the process of Alzheimer's disease (AD) 

and the treatment of cognitive dysfunction in patients with traumatic brain injury (TBI). 

This research aimed to investigate the effects of this program on reaction times of AD 

and TBI patients and to evaluate its applicability for patients with various levels of 

cognitive dysfunction. 

Material and Methods: The data of patients with early-stage Possible AD or TBI who 

had at least 20 sessions of the CBCT program because of cognitive dysfunctions were 

evaluated retrospectively. The age, gender, educational status, marital status, systemic 

diseases, family history for dementia, and disease duration of the patients were recorded. 

NoroSOFT® Cognitive Training Program was applied to all participants three days a 

week for eight weeks. The patients' total scores, total accuracy percentages, and total 

levels as well as the reaction times of all patients in the first and last session of their 

performance, were determined at the end of the program.  

Results: In this study, the data of 31 patients [17 Traumatic Brain Injury (54.8%), 14 

Early-Stage Alzheimer's disease (45.2%)] who completed the CBCT Program were 

analyzed. The mean age of Alzheimer's patients was 73.28±4.89 years, and the mean age 

of TBI patients was 30.94 ± 12.24 years. The reaction times at the end of the program 

were significantly better in both groups than before (in TBI;14.55±7.32 sec, 7.23±3.07 

sec p<0.01 / in AD;  13.43±6.90 sec, 9.48±3.55 sec p<0.01). Total memory scores were 

found to be significantly better in patients with TBI than in patients with AD 

(1404.64±435.87 points, 932.47±503.06 points p=0.01, respectively) at the end of the 

program. There was no drop-out of the patients and no side effects were reported during 

the program. 

Conclusion: CBCT programs are easily applicable and sustainable interventions in the 

patients with TBI and early-stage AD. Cognitive exercises may improve patients' reaction 

times and should be considered in routine treatment protocols. 

Keywords: Computer-based cognitive training, reaction time, traumatic brain injury, 

early-stage Alzheimer's disease, applicability 
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INTRODUCTION 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder affecting all 

cognitive domains, especially memory (1). It is estimated that the number of Alzheimer's 

patients will be 115.4 million in 2050 in the world (2). In "Early-stage AD" which is the 

initial stage of AD, the functionality of patients is relatively preserved despite difficulties 

in more than one cognitive area, and they can live independently (3). It is already known 

that the effect of acetylcholinesterase inhibitors and memantine usage in the treatment is 

limited. For this reason, non-pharmacological methods have been applied to patients 

recently in addition to pharmacological treatment (4). Traumatic Brain Injury (TBI) is 

defined as the structural and physiological deterioration of the brain functions caused by 

an external force. After this deterioration, decreased level of consciousness or complete 

loss of consciousness, inability to remember events before or after the injury, mental 

status changes, neurological deficits, or intracranial lesions can be experienced (5).  
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It is a critical healthcare issue as it mostly affects young 

adults and causes advanced functional limitations in 

survivors (6). A multidisciplinary approach is 

recommended in the management of TBI. Cognitive 

interventions targeting memory, attention, executive, 

and visuospatial functions, therapies for regaining 

behavior, mood and insight, sleep therapy, and 

vestibular rehabilitation are very important in the 

rehabilitation process in addition to physical 

rehabilitation (for gait, balance and mobility) (7). 

Cognitive training is considered to be effective both in 

reducing cognitive deficits in the AD process and the 

treatment of cognitive dysfunction in TBI patients (8, 

9). Cognitive training is defined as systematic, 

functionally focused therapeutic activities based on the 

understanding and evaluation of the brain-behavioral 

deficiencies of patients (10). It is already known that 

Computer-Based Cognitive Training Programs (CBCT), 

whose difficulty level increases gradually according to 

patients' performance, are the most beneficial 

intervention in this field (11). 

It was shown that the exercises in these programs can 

result in improvement in memory, executive functions, 

naming, attention, social cognition, and information 

processing speed skills in both diseases (12, 13). Also, 

the easy implementation of CBCT programs has an 

important advantage for patients and their caregivers 

and healthcare professionals who deal with these groups 

(14). 

The purpose of the present study was to investigate the 

effects of the Computer-Based Cognitive Training 

Program on reaction times of patients with early-stage 

Alzheimer's disease and traumatic brain injury. It was 

also aimed to evaluate the applicability of this program 

for patients with various levels of cognitive dysfunction.   

MATERIAL and METHODS 

Patients 

The data of patients who presented to the neurology 

clinic between January 2018 and December 2021 and 

who had at least 20 sessions of the CBCT program 

because of cognitive dysfunctions were evaluated 

retrospectively. The study included fourteen 

Alzheimer's patients who met the diagnostic criteria of 

"Possible AD" according to the latest diagnostic 

guideline (15). Seventeen TBI patients who had an 

open, closed, or penetrating head injury and therefore 

received physical rehabilitation treatment and whose 

cognitive deficits were detected after 

neuropsychological evaluation. Alzheimer's patients 

were in the mild dementia stage (CDR:1) according to 

the Clinical Dementia Rating Scale (CDR) (16). TBI 

patients were selected among mild/moderate patients 

who had lesions and brain damage that were detected in 

brain imaging (17). Those who did not complete the 

CBCT Program, had insufficient data in their medical 

record, had severe systemic diseases that could affect 

cognitive functions, and were still receiving cancer 

treatment were excluded from the study. The age, 

gender, educational status, marital status, systemic 

diseases, family history for dementia, and disease 

duration (according to symptom onset) of the patients 

were recorded. 

Ethics committee approval was obtained for the study 

and necessary consents were obtained from the relatives 

of the patients that their data could be used for scientific 

purposes. The study was conducted in line with the 

principles of the Declaration of Helsinki 2008. 

NoroSOFT® Cognitive Training Program 

NoroSOFT® Cognitive Training Program was applied 

to all participants in sitting positions. This program 

includes Turkish exercises prepared in line with Turkish 

culture and can be applied online on the web, which 

improves memory, attention, concentration, executive 

functions, visual-spatial perception, and 

conceptualization skills. The percentage of accuracy and 

reaction times of the answers given are determined by 

the scores in the five cognitive sub-domains mentioned 

above. As the total daily score (determined from the 

answers and reaction times) increases, the exercises 

become more difficult. A total of ten exercises, two 

from each of these five cognitive domains, were applied 

to the patients in each session, which lasted 

approximately 25-30 minutes (3 days a week, a total of 

8 weeks). The patients' total scores, total accuracy 

percentages, and total levels were determined in these 

five areas at the end of the program. 

Also, the reaction times of all patients in the first and 

last session of their performance in the CBCT program 

were recorded in seconds. 

Statistical Analysis: The SPSS 21.0 (Statistical 

Package for Social Sciences, Chicago, IL, USA) was 

used for statistical analysis. Descriptive statistics were 

expressed as mean ± standard deviation for continuous 

and discrete numerical variables, and the number of 

cases and percentage (%) for the nominal variables. The 

comparison of data that were expressed as percentages 

was compared with the Fisher Freeman Halton Test and 

the Chi-Square Test, and the continuous variables were 

compared with the Mann-Whitney U-Test. p< 0.05 

values were considered statistically significant. 

RESULTS 

In this study, the data of 31 patients [17 Traumatic 

Brain Injury (54.8%), 14 Early-Stage Alzheimer's 

disease (45.2%)] who completed the CBCT Program 

were analyzed. The mean age of Alzheimer's patients 

was 73.28 ± 4.89 years, and the mean age of TBI 
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patients was 30.94 ± 12.24 years. All AD patients were 

receiving Donepezil 10 mg/day for treatment. Those 

who had a diagnosis of TBI did not use any medical 

treatment for cognitive dysfunction. The demographic 

characteristics of the patients are summarized in Table 

1. 

The mean reaction time of TBI patients in the first 

session when they started the CBCT Program was 

14.55±7.32 sec, and 13.43±6.90 sec for AD patients. 

The reaction time in the last session of the 

approximately eight-week program was 7.23±3.07 sec 

in those with TBI, and 9.48±3.55 sec in AD patients. 

The reaction times at the end of the program were 

significantly better in both groups than before (p<0.01, 

p<0.01). 

The total exercise scores, accuracy percentages, and the 

total levels reached by the patients in the five sub-

domains obtained at the end of the CBCT program are 

given in Table 2. Total memory scores were 

significantly better in patients with TBI than in patients 

with AD (1404.64±435.87 points, 932.47±503.06 points 

p=0.01, respectively) at the end of the program. It was 

also found that the reaction time in the last sessions of 

TBI patients was faster than AD, although not 

statistically significant (7.23±3.07 sec, 9.48±3.55 sec; 

p=0.06). No significant differences were detected 

between the two groups in terms of percentage of total 

accuracy, total level achieved, total attention and 

concentration, executive functions, visuospatial 

perception, and conceptualization scores.  

There was no drop-out of the patients during the 

program. Also, no side effects were reported. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

The results of the present study showed that the eight-

week CBCT program improved the information 

processing speeds of both early-stage Alzheimer's 

patients and patients with Traumatic Brain Injury. 

However, the total memory scores of TBI's were found 

to be higher than those with AD at the end of the 

program. Also, it was stated in subjective feedback that 

this program was easily applicable and sustainable by 

the patients, and no negative effects were observed 

during the program. 

 

Recently, in diseases such as TBI and AD causing 

cognitive damage, it is considered that cognitive 

training practices can reduce and/or improve the 

progression of cognitive deficits as well as medical 

treatments (8, 13). It is already known that especially 

CBCT programs are more effective than traditional 

paper-pencil methods and occupational therapy 

applications (11, 13). It was found that these programs 

stimulate residual cognitive skills in TBI patients 

resulting in improvement in many cognitive areas, 

especially memory and attention (18). Similarly, it was 

also speculated that rehabilitation of posttraumatic 

memory, attention, and executive functions may provide 

positive effects in improving symptoms (17, 19). 

Because of these positive effects, CBCT programs are 

recommended in the clinical management of patients 

with TBI (20). As in TBI, moderate positive effects of 

such exercises on cognition were demonstrated in early-

stage AD as well (11).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Demographic characteristics of the patients diagnosed with TBI and AD 

 TBI AD 

Gender, Male, n (%) 10 (58.8) 12 (85.7) 

Age, Years (Mean±SD) 30.94±12.24 73.28±4.89 

Marital status, Married, n (%) 4 (23.5) 11 (78.6) 

Presence of systemic disease, n (%) 1 (5.9) 12 (85.7) 

Family history of dementia, n (%) 1 (5.9) 5 (35.7) 

Education duration, years (Mean±SD) 10.88±3.10 7.78±2.75 

Disease duration, years (Mean±SD) 2.11±2.06 1.53±0.84 
TBI: Traumatic brain injury; AD: Alzheimer disease; SD: Standard deviation 

 

Table 2. Scores of patients after the CBCT program and reaction times of the first and last session 

 TBI AD p 

Total accuracy percentage (Mean±SD) 77.17±7.10 75.28±6.83 0.45 

Total level (Mean±SD) 4.88±2.86 6.21±1.88 0.14 

Total memory score (Mean±SD) 1404.64±435.87 932.47±503.06 0.01* 
Total attention and concentration score (Mean±SD) 1285.05±916.66 1532.85±585.48 0.38 

Total executive function score (Mean±SD) 788.64±507.22 761.21±325.80 0.28 

Total visual-spatial perception score (Mean±SD) 904.41±632.19 1080.64±529.22 0.41 

Total conceptualization score (Mean±SD)  520.05±324.18 639.21±283.51 0.29 

First reaction time (Mean±SD) 14.55±7.32 13.43±6.90 0.66 

Last reaction time (Mean±SD) 7.23±3.07 9.48±3.55 0.06 
CBCT: Computer-based cognitive training; TBI: Traumatic brain injury; AD: Alzheimer's disease; SD: Standard deviation; *p value ˂ 0.05 
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It was suggested that these practices may provide some 

positive effects in improving the learning and short-term 

memory performance of patients with mild cognitive 

impairment and/or dementia (21). In the present study, it 

was shown that cognitive function scores improved in 

TBI patients and early-stage AD patients after the 

CBCT program, in line with previous studies. Total 

memory scores of patients with TBI were better than 

those with AD at the end of the CBCT program. This 

may be because of the static lesions in TBI patients and 

the absence of a degenerative process. Also, the younger 

age of TBI patients and the lower incidence of 

comorbidities that may affect cognitive functions may 

explain this difference. 

It was found in the present study that there was a 

significant improvement in the reaction time, in other 

words information processing speed, of the patients in 

both groups at the end of the program which was 

consistent with previous studies. In a randomized 

controlled study conducted with fifty early-stage AD 

patients, it was shown that a 15-week CBCT program 

increased the information processing speed of the 

treated patients when compared to the controls in each 

session lasting approximately one hour and applied 

twice a week (22). Similarly, a meta-analysis of 12 

studies speculated that these exercises might be a valid 

complementary treatment method especially for age-

related reaction times (12). The effects of CBCT 

programs on reaction times of TBI's are similar to those 

of AD. In a review conducted by Sigmundsdottir L. et 

al., it was argued that Computer-Based Cognitive 

Training has moderate to strong evidence in improving 

the reaction times of patients in TBI (23). In the present 

study, the reaction times of TBI patients were found to 

be better than those with AD at the end of the program, 

although no statistically significant differences were 

detected. Large-scale randomized studies are needed to 

demonstrate whether there is a difference in reaction 

times in these two diseases. 

It was found that these programs are easily applicable 

and sustainable for patients who have degenerative and 

posttraumatic cognitive impairment (11, 24). The 

clinical usefulness of these ergonomically designed 

programs was confirmed by the increased performance 

of all patients in the functions investigated (25). The 

results of the present study were compatible with other 

studies. All of the patients completed the eight-week 

CBCT program successfully, and there was no drop-out. 

Also, with subjective feedback from the patients, it was 

learned that the motivation of the patients was high 

during the program and no side effects were observed. 

Cognitive training creates changes in the structure of 

synapses and increases neurogenesis (26).  

It is considered that cognitive exercises can improve 

cognition in both AD and TBI patients providing 

preliminary evidence for neuroplasticity (8, 27). 

The present study had some limitations. Since it has a 

retrospective design, it was not possible to reach the 

neuropsychological evaluations of the patients before 

and after the program from the file data. Also, the 

number of patients analyzed in the study was relatively 

small. Therefore the benefit of moderate to severe TBI 

patients from this program could not be analyzed. 

CONCLUSION 

Computer-Based Cognitive Training programs are 

easily applicable and sustainable applications in 

traumatic brain injury and early-stage Alzheimer's 

patients. Cognitive exercises improve patients'reaction 

times and must be included in routine treatment 

protocols. Randomized controlled large-scale studies are 

required to more clearly demonstrate the cognitive and 

behavioral effects of such programs on people with both 

degenerative and posttraumatic cognitive impairment. 
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ABSTRACT 

Objective: Life-threatening anaphylaxis may occur in IgE-mediated food allergy. Oral 

Food Challenge (OFC) is the gold standard in demonstrating tolerance and diagnosing 

food allergy; however, these tests may cause anaphylaxis. Predicting the risk of 

developing anaphylaxis before performing OFC is valuable information in evaluating 

tolerance as in diagnosis. The present study aims to evaluate the effectiveness of the tests 

used in clinical practice in predicting the risk of anaphylaxis during OFC in IgE-mediated 

food allergy. To our knowledge, this is the first study evaluating skin prick tests in the 

prediction of anaphylaxis. 

Material and Methods: In this descriptive cross-sectional study, the history, 

demographic, clinical and laboratory data of the patients, followed up with the diagnosis 

of IgE-mediated food allergy, on whom OFC was performed, were evaluated 

retrospectively. 

Results: Of the 254 patients who underwent OFC, 133 were followed up with a diagnosis 

of IgE-mediated food allergy. The mean age was 21 months (12-120), and anaphylaxis 

occurred in nine (6.7%) of them during OFC. According to the frequency, the food 

responsible for IgE-mediated food allergy was determined as milk, egg and egg-milk 

combination. Age during the challenge and total IgE levels were higher in the group that 

experienced OFC-related anaphylaxis. The tests that could best determine the risk of 

anaphylaxis before the challenge was the skin prick test (SPT) and prick to prick (PTP) 

test for milk. Milk SPT and PTP test at the time of initial diagnosis and determination of 

milk sIgE and egg white sIgE before challenge were found to predict the risk of 

anaphylaxis. The negative predictive value was over 95% in tests that gave significant 

results for milk. There was no statistically significant finding associated with other 

allergenic foods. 

Conclusion: In evaluating tolerance development, performing sIgE, SPT and/or PTP 

tests for milk before OFC is useful in predicting anaphylaxis. Studies with larger numbers 

of cases are needed to assess the risk of anaphylaxis caused by other foods. 

Keywords: Food challenge in children, allergy in childhood, skin prick test, prick to 

prick test, specific IgE, anaphylaxis during provocation 
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INTRODUCTION 

Food allergy is defined as an unexpected immunological response that develops after 

exposure (usually ingestion) to food and can be repeated after encountering the same food 

(1). Food allergy is a severe public health problem that affects society, especially 

children, with no known radical cure despite the risk of severe allergic reaction and even 

death, increasing in prevalence in our country and throughout the world (2). Although the 

prevalence varies according to countries, it was determined as 0.6-12% according to 

survey-based studies and 0.3-7.7% according to food allergy clinical practise (3). Food-

related immunological reactions are classified as immunoglobulin E (IgE)-mediated, non-

IgE and mixed type reactions (4).   
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IgE-mediated food allergies are reactions that typically 

begin within minutes to two hours after ingestion. Rash, 

urticaria-angioedema, pruritus, erythema, contact 

urticaria, vomiting, nausea, abdominal pain, nasal 

congestion, nasal itching, sneezing, hoarseness, 

wheezing, stridor, cough, respiratory distress, 

hypotension, somnolence, incontinence, convulsion, 

syncope and anaphylaxis with multi-organ involvement 

may occur (5,6). The food that causes IgE-mediated 

food allergy varies according to the nutritional habits of 

the population. The most common food-allergy type in 

our country is the allergies emerging after cow's milk 

and eggs  (7,8). Milk and egg allergy in children is a 

common cause of anaphylactic reactions. Milk is also 

one of the most common causes of fatal food-borne 

anaphylactic reactions (9,10). The diagnosis of IgE-

mediated food allergy is made by skin prick test (SPT), 

prick-to-prick test (PTP) or demonstration of IgE 

sensitivity via food-specific IgE and oral food challenge 

test (OFC) (11).  

OFC is the gold standard in the demonstration of 

tolerance and in diagnosing food allergy. Restarting the 

responsible food that is thought to be allergic or starting 

the responsible food that is not consumed may cause the 

development of anaphylaxis in a patient with IgE-

mediated food allergy. Generally, the recommended 

time to evaluate the tolerance to the responsible food is 

12-18 months after the last reaction. Predicting whether 

a patient will experience anaphylaxis before oral food 

challenge in the evaluation of the tolerance as well as 

during diagnosis is valuable information from the point 

of deciding in which case OFC should or should not be 

performed. Yanagida et al. evaluated the relationship 

between anaphylaxis risk and sIgE during OFC (12). To 

our knowledge, there is not any research in the literature 

evaluating the risk of anaphylaxis with sIgE/total IgE, 

SPT and PTP during OFC. To our knowledge, this is the 

first study in the literature to evaluate the sIgE, 

sIgE/total IgE, SPT and PTP tests to predict the risk of 

anaphylaxis before OFC. This study aims to investigate 

whether it is possible to predict anaphylaxis that may 

develop during OFC to evaluate the development of 

tolerance in IgE-mediated food allergy and to determine 

which test is more valuable in showing the reaction that 

may develop. 

MATERIAL and METHODS 

Patients who were followed up with the diagnosis of 

IgE-mediated food allergy and evaluated via OFC 

concerning tolerance development in the Pediatric 

Allergy and Clinical Immunology Department of Dokuz 

Eylul University Faculty of Medicine (DEU) between 

January 2016 and December 2020 were retrospectively 

included in the present study.  

In our clinic, the diagnosis of food allergy is made 

utilizing history, examination findings, laboratory tests, 

and the elimination-provocation method. Furthermore, 

provocation tests are performed to evaluate the 

development of tolerance.  

Gender, clinical findings, age of the first symptom, 

history of the atopic disease diagnosed by a physician in 

the family, allergen foods, presence of additional 

allergic disease, inhaled allergen sensitivity, reactions 

with food intake during the challenge test, allergic food-

specific IgE levels, skin prick test, prick to prick test. 

Total IgE levels were obtained from the polyclinic files 

of the cases followed up due to food allergy and 

evaluated, and the factors that could help the prediction 

of the development of anaphylaxis during OFC were 

assessed. Those with the values of ≥0.35 kU/L for 

specific IgE and presence of an induration ≥3 mm wider 

than the negative control for skin prick test and prick to 

prick tests were considered positive. If the eosinophil 

count was greater than 500 per microliter of blood, it 

was considered eosinophilia. In the food challenge test, 

low-intermediate and full dose incremental food 

challenge protocols were applied (12). Tolerance was 

determined via a negative OFC test result according to 

PRACTALL (13). Data were checked by two 

independent researchers. This study was approved by 

the DEU non-interventional studies ethics committee 

(Approval no: 2020/12-45). Informed consent was 

obtained from all parents of the children enrolled in the 

study. 

Statistics: The data were evaluated in the IBM SPSS 

Statistics 22.0 (IBM Corp. Armonk, New York, USA) 

statistical package program. Descriptive statistics were 

given as the number of units (n), percent (%), 

mean±standard deviation (x̄±sd), median values, and 

minimum-maximum values. Numerical variables were 

evaluated with the normality test. Comparisons between 

groups were made with two independent samples t-test 

for normally distributed variables and Mann-Whitney U 

analysis for non-normally distributed variables. Logistic 

regression analysis was used as multivariate analysis to 

calculate odds ratios (ORs) and 95% confidence 

intervals (95% CI). Values pertaining to laboratory 

parameters that allow making a diagnostic decision in 

predicting anaphylaxis were analyzed using Receiver 

Operating Characteristics (ROC) curve analysis in 

anaphylaxis cases during OFC. The sensitivity, 

specificity ratios and areas under the curves (AUC) for 

these cut-off points were calculated in the presence of 

significant cut-off points. Chi-square, Yates correction 

(continuity correction) and Fisher's exact tests were 

used to assessing whether the categorical variables were 

dependent or not. A p-value of <0.05 was considered 

statistically significant. 

 



 

Al et al.                                                                                             http://dx.doi.org/10.36472/msd.v9i2.684 

114 
Medical Science and Discovery, 2022; 9(2):112-120 

RESULTS 

Between January 2016 and December 2020, 254 

patients underwent oral challenge tests with food. Of 

these, 133 were IgE-mediated food allergy patients to 

whom OFC was applied to assess food tolerance. 

Seventy-nine (59.4%) of them were male and the time 

of OFC for the evaluation of tolerance development was 

21 months (12-120). 

For the patients, the time to apply to the physician with 

the first complaint and/or findings was seven months (2-

60 months) on average, while 62 (72.9%) of them had a 

cesarean section, 92 (86.8%) had a delivery at term, and 

the mean birth weight was 3300 g (1400-4400).  

Eight (6.9%) had a family history of consanguineous 

marriages, and 86 (65.6%) had atopic disease diagnosed 

by a physician. Among the first-degree family members, 

43 (32.8%) of them had a history of asthma, 36 (27.5%) 

had allergic rhinitis (AR), 19 (14.5%) had atopic 

dermatitis, 20 (15.3%) had a food allergy and five 

(3.8%) drug allergy. Except for food allergy, 84 (63.3%) 

cases had one or more additional atopic diseases. There 

was a history of atopic dermatitis in 59 (44.4%) of them, 

had recurrent wheezing/asthma in 31 (23.3%), AR in 10 

(7.5%) and drug allergy in four (3%). Concomitant 

diseases were present in three (2.2%) cases (esophageal 

atresia and diaphragmatic hernia in one, Di-George 

syndrome in another and G6PD deficiency in the other).  

Sixteen (12%) of the patients had a history of food-

related anaphylaxis in the past. The clinical findings 

associated with food allergy in patients are summarized 

in Table 1.  

When the distribution of food that causes food allergies 

was considered, a combination of milk and egg was the 

most common, followed by egg and milk. The 

distribution of allergic food is shown in Figure 1. 

Except for the combination of milk and egg, multiple 

food allergies were detected in 26 patients. Of these, 12 

(46%) had an allergy to tree nuts, nine (34.6%) had a 

wheat allergy, and other cases had allergies to pulses, 

potatoes, kiwi, soy and chicken meat.  

The median value of the eosinophil count of the patients 

was 500/mm3 (0-4200), 72 (55.4%) of them had 

eosinophilia, and the total IgE level was 84 (2-2422) 

IU/mL. In 36 (27%) cases, two or more OFCs were 

performed 47 times in total, with the same food 

gradually or with different foods. In 52 (39%) of the 

cases, OFC was made with baked food containing milk 

and/or egg protein, in 48 (36%) of them with boiled 

eggs, in 19 (14.3%) with fermented milk products, in 18 

(23.5%) with pasteurized milk, in two (1.5%) with tree 

nuts, in two pieces (1.5%) of bread, in one of the cases 

with potato and one with semolina.  

 

 

During these tests, reactions developed in 24 (18%) of 

the cases. While skin findings were observed in 21 

(87.5%) cases, upper and/or lower respiratory tract 

findings were observed in 12 (50%) cases, GIS findings 

in seven (29.2%), while cardiovascular, neurological 

and other systemic symptoms were not detected in any 

of the patients. The reactions in nine (6.5%) cases were 

evaluated as anaphylaxis. 14 (10.5%) of the patients 

were administered medication for the developed 

reaction. Adrenaline injection was administered to 

seven (5.3%) of the patients, anti-histaminic to 12 (9%) 

of them, bronchodilator to five (3.8%), and systemic 

steroid to two (5%). None of the patients needed a 

second dose of adrenaline and fluid resuscitation. 122 

(91.7%) of the patients were started on the tested food 

during OFC. 

There was no difference between patients who had 

anaphylaxis and those who did not, concerning gender, 

birth history (term-preterm, normal-cesarean section, 

birth weight), atopic disease diagnosed by a doctor in 

the family, and the presence of atopic disease in 

addition to food allergy.  

The nutritional sIGE, SPT, and PTP values of the 

patients were compared at the time of diagnosis and 

before OFC. It was detected that history of food-related 

anaphylaxis, age during the challenge, total IgE, milk 

sIgE, SPT, PTP at diagnosis, milk sIgE, SPT and PTP 

before the challenge, and egg sIgE, milk sIgE/total IgE 

differed between the group that experienced and the 

group that did not experience anaphylaxis during oral 

challenge test. A comparison of test results is shown in 

Table 2. ROC curves and cut-off points are shown in 

Table 3.  

Cut-off points of tests were evaluated for anaphylaxis. 

The tests which had the best area under the curve in the 

ROC curves, that is, the tests which could determine the 

risk of anaphylaxis best, were SPT (AUC: 0.937-p: 

0.001) and PTP (AUC: 0.928-p: 0.001), which were 

performed for milk before provocation.  

Besides these, milk sIgE (AUC:0.760, cut-off:4.6 

IU/mL, p:0.01), SPT (AUC:0.879, cut-off:4.5 mm, 

p<0.001), PTP (AUC:0.862, cut-off: 9.5 mm, p<0.001) 

during diagnosis and milk sIgE, the ratio of sIgE/total 

IgE before provocation had power to predict the risk of 

anaphylaxis (p<0.05). The negative predictive value of 

the tests that gave significant results for milk was over 

95%. Although sIgE measurement for egg before 

provocation was significant, it predicted that moderate 

anaphylaxis might develop. The characteristics of 

children with anaphylaxis are shown in Table 4. 
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Figure 1: Distribution of food that causes food allergies 

 

Table 1: Classification of clinical conditions seen in patients with food allergy 

 Number % 

Rash-erythema 59 44.3 

Atopic dermatitis* 54 40.6 

Urticaria-angioedema* 22 16.5 

Anaphylaxis 13 9.8 

GIS findings 13 9.8 

AR* 2 1.5 
Patients other than those with anaphylaxis may have more than one clinical finding. (*) three cases had a history of food-related anaphylaxis 

 

Table 2: Comparison of anaphylaxis-related test results 
Variable°  Anaphylaxis via OFC (+) 

(n=9) 

Anaphylaxis (-)( n=124) p* 

Age during challenge 47(12-96) 20 (12-60) 0.006 

Total IgE (IU/mL) 173(73-800) 76.6(6-2000) 0.013 

Eosinophil (cell/uL) 700(200-4000) 400(0-2300) 0.590 

Anaphylaxis in history  5/9(55.5%) 11/124(0.8%) 0.001 

Tests performed during diagnosis. 

sIgE milk 5(1-100) 1.020(0-100) 0.007 

Milk sIgE/total IgE 0.065(0-0.200) 0.13(0-3.32) 0.189 

Egg white sIgE 1.68 (0-17) 3.53 (0-100) 0.344 

Egg white sIgE/total IgE 0.007(0-0.080) 0.37(0-1.97) 0.115 

Egg yolk sIgE 0 (0-3) 0 (0-20) 0.771 

Egg yolk sIgE/total IgE 0(0-0.03) 0(0-0.24) 0.615 

SPT milk (mm) 7(5-9) 0(0-8) <0.001 

PTP milk (mm) 9(5-13) 0(0-14) <0.001 

Tests performed before the oral food challenge. 

sIgE milk 77.8(1.6-100) 0.48(0-100) 0.003 

Milk sIgE/total IgE 0.075(0-1.080) 0.12(0-0.60) 0.048 

Egg white sIgE  0.72 (0-18.40) 1.63(0-100) 0.028 

Egg white sIgE/total IgE 0.008(0-0.080) 0.007(0-0.880) 0.921 

Egg yolk sIgE 0 (0-3) 0(0-8) 0.417 

Egg yolk sIgE/total IgE 0(0-0.01) 0.001(0-0.580) 0.357 

SPT milk (mm) 5.5 (3-9) 0(0-7) <0.001 

PTP milk (mm) 9(5-13) 0(0-8) <0.001 
*The significance data of the results which were determined as P<0.05 are demonstrated with bold numbers. * The variables are given as median (min-
max). 
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Table 3: ROC curves regarding anaphylaxis and cut-off points 

 
 

Risk factor AUC  

(95%) 

Cut-off  

(IU/mL) 
p Sensitivity  

% 

Specificity  

% 

PPV 

% 

NPV 

% 

Provocation Milk sIgE 0.797 (0.661-0.934) 3.81 0.003 66.7 69.7 18.2 95.4 

 

 
Risk factor AUC (95%) Cut-off 

(IU/mL) 
p Sensitivity  

% 

Specificity  

% 

PPV 

% 

NPV 

% 

Provocation sIgE egg white  0.276 (0.105-0.448) 1.51 0.028 33.3 37.6 5.4 84.2 
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Risk factor AUC (95%) Cut-off  

(mm) 
p Sensitivity  

% 

Specificity  

% 

PPV 

% 

NPV 

% 

Provocation SPT milk 0.937 (0.864-1.000) 3.5 0.001 83.3 87.8 50 97.3 

 

 
Risk factor AUC  

(95%) 

Cut-off  

(mm) 
p Sensitivity  

% 

Specificity  

% 

PPV 

% 

NPV 

% 

Provocation Milk PTP 0.928 (0.857-1.000) 7.5 0.001 87.7 87.8 34 99 
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DISCUSSION 

There is a risk of anaphylaxis during challenge tests 

performed to evaluate food tolerance, as in provocations 

for diagnostic purposes. It is important to predict the 

risk of anaphylaxis before this test, performed in the 

evaluation of tolerance as in diagnosis. For this aim, we 

searched for markers that predict the risk of anaphylaxis 

during the oral challenge test performed to assess 

tolerance in our study. Anaphylaxis developed during 

OFC in 6.7% of our patients. In our patients who had 

anaphylaxis during OFC, while the tests that can best 

determine the risk of anaphylaxis were SPT and PTP 

performed before provocation for milk; milk sIgE, SPT, 

PTP during diagnosis, and sIgE, sIgE/total IgE ratio 

before provocation, were also found to be able to predict 

the risk of anaphylaxis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The factors causing food allergies may differ according 

to the nutritional habits of the societies (14). 

In studies conducted in Europe and our country, milk 

and egg seem to be the most common cause of IgE-

mediated food allergy (15,16). In our country, the most 

common cause of anaphylaxis in infants is milk (17). In 

our study, while the most common cause of IgE-

mediated food allergy was milk and egg, also milk was 

the most common cause of anaphylaxis in the OFCs 

performed to evaluate tolerance. Generally, the male 

gender is a risk factor for allergic diseases. There is also 

data showing that food allergies are more common in 

boys (18). Similarly, boys were more common in our 

study group (F:M=1:1.46).  

 

 
Risk factor AUC  

(95%) 

Cut-off p Sensitivity  

% 

Specificity 

% 

PPV  

% 

NPV 

% 

Provocation Milk sIgE/total IgE 0.698 (0.532-0.864) 0.0425 0.048 65.7 61.8 11 99 

 

Table 4: Characteristics of children experiencing anaphylaxis 

No Diagnosis  

age 

(month) 

Age during  

OFC  

(month) 

Gender 

M/F 

Sensitization  Food that  

causes  

anaphylaxis 

Additional  

atopy 

Familial  

atopy  

Adrenaline Anaphylaxis  

during   

OFC  

 Individuals with a history of anaphylaxis, experiencing anaphylaxis during OFC 

1 5 96 K Milk+egg Formula  Asthma + + + 

2 24 120 E Milk+egg+wheat Wheat Asthma and 

AR 

- + + 

3 15 75 K Milk Fermented milk Asthma + + + 

4 10 58 K Milk+egg  + 

pistachio nut  

Baked milk  Asthma + + + 

5 7 96 E Milk Milk - + + + 

 Those with no history of anaphylaxis but experienced anaphylaxis during OFC 

6 7 60 E Milk+egg Baked milk - - - + 

7 6 12 E Milk+egg Baked milk Asthma + + + 

8 15 17 E Milk+egg Milk - + - + 

9 6 36 E Milk Fermented milk - + + + 
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In the literature, up to 88% of the groups with food 

allergies had additional allergic diseases (19). 

Especially for IgE-mediated food allergies, allergic 

diseases are common in close family members, such as 

parents and siblings (20,21). In most of our cases 

(65.6%), a history of allergic disease has existed in the 

family members. We think this will contribute to the 

early detection of children with risk factors.  

In our findings, rash, erythema and atopic dermatitis 

were the most common findings of IgE-mediated food 

allergy. It has been reported that IgE-mediated food 

allergy can be seen up to 40% in patients with atopic 

dermatitis (22). In our patients with atopic dermatitis, 

erythema and rash frequently developed within the first 

two hours after exposure to food. Anaphylaxis 

developed in one patient.  

In recent studies, the findings suggest that the 

application of gradual OFC may contribute to the 

development of earlier full tolerance and improvement 

of prognosis (12,23). It has been shown that 70% of 

children who have milk and egg allergies can tolerate 

baked milk and eggs (24,25). Cooking is a method that 

transforms cow's milk and eggs into a less allergenic 

form (25). In our cases, OFC was performed mostly 

with baked food containing milk and/or eggs, including 

gradually increasing doses of protein.  

Our patients who experienced anaphylaxis were older, 

because we performed OFCs later, in the children with a 

history of anaphylaxis in the last year or those with 

severe anaphylaxis. Total IgE levels were higher in 

children who had anaphylaxis. We suggest that this is 

related to high allergic inflammatory activities. In our 

cases, milk was at the forefront as the cause of 

anaphylaxis. 

PTP and SPTs are good indicators to rule out IgE-

mediated food allergy (26). In a study conducted in 

Japan, the findings showed that high sIgE levels for 

food were associated with the risk of anaphylaxis (27). 

In another study, PPVs and NPVs were reported at 

levels similar to those in our study for SPT (9).  

In Kwan et al.’s study, all of the individuals with a 

result of <8 mm, and 60% of those with a result of 8-14 

mm in PTP tests, which was made with baked muffin 

slurry containing milk, tolerated OFC made with baked 

muffins containing milk without any problems (28). In 

our study, the induration diameter of <3.5 mm in SPT 

and the induration diameter of <7.5 mm in the pre-OFC 

PTP test were the best predictive test criteria for 

anaphylaxis, with an NPV of 99%. NPV was over 95% 

in general, in sIgE and skin tests performed for milk as 

the cause of anaphylaxis. In egg allergy, no significant 

result could be determined except for egg white sIgE. 

Four patients without a history of anaphylaxis 

experienced anaphylaxis during OFC performed to 

evaluate food tolerance.  

In IgE-mediated food allergy, anaphylaxis may develop 

when food is reintroduced after elimination, even if 

patients without a history of anaphylaxis. Thus, we 

recommend that tests that will enable the evaluation of 

risky situations, especially SPT and PTP tests, to also be 

performed before OFC.  

The retrospective nature of our study and the low 

number of patients who had anaphylaxis during OFC 

were important limitations. The patients were evaluated 

using basal tests in the allergy clinic, and further 

evaluations, such as molecular diagnostic tests, could 

not be performed. 

CONCLUSION 

IgE-mediated food allergy is a clinical problem with an 

increasing prevalence. Appropriate diagnosis, treatment 

and follow-up should be dealt with by allergists. Milk 

and eggs are the most common responsible food in our 

country. Even if the first reaction is not anaphylaxis in 

patients which the responsible food has been eliminated 

due to food allergy, challenge tests to evaluate tolerance 

should be performed in centers specialized in 

anaphylaxis management. The tests that can best 

determine the risk of anaphylaxis before OFC in our 

patients were determined as DPT and PTP for pre-

challenge milk. A personalized approach (e.g., baked 

product and fermented product) should be used to 

prepare the product to be selected for the provocation 

after evaluating the patient with the tests performed 

before the provocation (SPT, PTP, sIgE, sIgE/total IgE). 
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ABSTRACT 

Objective: Histopathological diagnosis of atypical lung nodules is often not possible in 

the preoperative period. This study evaluates the diagnostic value of 

neutrophil/lymphocyte ratio (NLR) and lymphocyte/monocyte ratio (LMR) as biomarkers 

in the differentiation of undiagnosed lung nodules. 

Material and Methods: The study includes 91 patients (21 females, 70 males, mean age: 

59.35 ± 11.85, age interval 20-81) operated on for lung nodules between September 2010 

and September 2020. Age, gender, type of operation performed, histopathological type of 

the tumor, nodule size, SUVmax values measured on PET-CT, preoperative 

neutrophil/lymphocyte, and lymphocyte/monocyte ratios were analyzed retrospectively. 

These values were compared in patients with primary lung cancer (Group 1) and patients 

with secondary lung cancer, that is, patients with lung metastases from other organs 

(Group 2). 

Results: NLR was statistically significantly higher in group 2 patients (N: 37)(3.38 ± 

2.03). There was no statistically significant difference between the two groups in terms of 

LMR. 

Conclusion: For lung nodules with unknown histopathological diagnosis, NLR values 

lower than 1.69 in preoperative complete blood count suggest primary lung cancer, and 

values above 2.92 suggest metastasis from other organs to the lung.  

Keywords: Neutrophil/lymphocyte ratio; Lymphocyte/monocyte ratio; Biomarker; 

Pulmonary nodule; Malignant 
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INTRODUCTION 

Solitary pulmonary nodules are lesions which located in the lung parenchyma and are 

smaller than 3 cm in diameter on radiological evaluation. In order for lesions in the lung 

parenchyma to be called solitary pulmonary nodules (SPN), these lesions should not be 

accompanied by atelectasis, lymphadenopathy, and pleurisy (1). Until proven otherwise, a 

nodule detected in the lung should be considered malignant and the examinations should 

be arranged accordingly. There has been a significant increase in the number of nodules 

detected in the lung, especially with the frequent use of thoracic computed tomography 

(CT). Although the characteristic features of the nodule on thorax CT inform us about the 

possibility of malignancy, this information is often insufficient. Identification and 

characterization of lung nodules are common in radiology (2). FDG uptake in Positron 

Emission Tomography (PET-CT) imaging provides information about the probability of 

malignancy in the nodule. Despite all examinations, the gold standard in diagnosis is 

tissue biopsy sampling. Unfortunately, a biopsy is not always possible due to the atypical 

location of the nodule. Many studies in recent years have suggested that systemic 

inflammation seen in malignancy patients may be associated with tumor burden, 

metastasis, invasion, and progression. One study showed that patients with malignancy 

may have neutrophilia and/or lymphopenia in peripheral blood evaluation (3). Considered 

more useful than neutrophil and lymphocyte counts, the neutrophil/lymphocyte ratio 

(NLR) is a newly developed marker for inflammation, and its elevation appears to be 

associated with a poor prognosis.  
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A routine hemogram test is an evaluation that can be 

applied to almost all patients after hospitalization, as it 

is inexpensive, minimally invasive, and provides 

predictions about many diseases. Recently, hemogram-

derived neutrophil/lymphocyte ratios started to be used 

to determine the prognosis in patients followed for lung 

cancer (4). 

The lymphocyte/monocyte ratio (LMR) is under 

investigation as another biomarker in patients followed 

up for lung cancer. Most of the research on LMR 

focuses on lung cancer prognosis. A meta-analysis of 20 

studies showed that low pre-treatment LMR negatively 

affected overall survival and disease-free survival (5). 

However, to the best of our knowledge, there are no 

studies in the literature on the diagnostic role of NLR 

and LMR in the non-invasive histopathological 

evaluation of lung cancer and the preoperative 

differentiation of undiagnosed nodules as primary lung 

tumors or lung metastases from other organs.  

In this study, we planned to calculate the 

neutrophil/lymphocyte ratio (NLR) and 

lymphocyte/monocyte ratio (LMR) in the preoperative 

complete blood test of patients with lung nodules and 

compare these ratios with the histopathology of the 

postoperative resected nodule. Accordingly, we aimed 

to evaluate the effectiveness of NLR and LMR as 

biomarkers in differentiating the nodule as a primary 

lung tumor or lung metastasis from other organs. 

MATERIAL and METHODS 

This study includes 91 patients (21 females, 70 males, 

mean age 59.35 ± 11.85, age interval 20-81) operated on 

between September 2010 and September 2020 for 

thorax computed tomography (CT) detected lesions 

smaller than 3 cm in the lung parenchyma that were not 

associated with atelectasis, lymphadenopathy or 

pleurisy. Patients were assessed retrospectively in terms 

of age, gender, type of operation performed, 

histopathological type of the tumor, size of the lung 

nodule, postoperative histopathological diagnosis, 

preoperative neutrophil, lymphocyte, monocyte counts, 

and ratios. All patients underwent preoperative 

complete blood count as well as thorax CT and PET-

CT. The nodules were evaluated by a radiologist. All 

nodules in our study were solid. The patients were 

examined in 2 groups according to the histopathological 

diagnosis of the excised nodule. The nodules were 

evaluated as primary lung cancer in group 1 patients 

(N=54) and secondary lung cancer in group 2 (N=37), 

i.e., metastasis from other organs to the lung. In patients 

operated on for suspected lung metastasis, the primary 

tumor was under control. The neutrophil, lymphocyte, 

monocyte counts and the ratio of these values to each 

other were calculated in the preoperative complete 

blood count of the patients in both groups. All 

hematological evaluations were performed in the same 

laboratory. Histopathological comparison of the 

resected lung nodules of the patients was performed 

with these ratios. NLR was obtained by dividing the 

number of neutrophils detected in the complete blood 

count in the preoperative period by the number of 

lymphocytes, and the LMR by dividing the lymphocyte 

number by the number of monocytes. The results were 

analyzed with statistical analysis programs, and the 

correlation between the hemogram-derived ratios and 

the postoperative histopathological type was evaluated. 

Preoperative lung function tests and arterial blood gas 

analysis were performed for all patients. 

The study aimed to assess the clinical effectiveness of 

NLR and LMR in differentiating lung nodules as a 

primary lung tumor or lung metastasis from other 

organs. 

The primary outcome of this study was to predict the 

histopathology of the nodule in patients who could not 

be biopsied. 

Ethics committee approval was obtained for the study 

protocol. Informed consent for the operation was 

obtained from each patient in the study. This study was 

conducted in accordance with the ethical principles of 

the Declaration of Helsinki. 

Inclusion Criteria: Patients over the age of 18 with a 

lesion smaller than 3 cm in the lung parenchyma on 

thorax computed tomography (CT) were included in our 

study. 

Exclusion Criteria: Patients with lung nodules larger 

than 3 cm and with atelectasis and pleurisy were not 

included in the study. 

Statistical Analysis: Statistical analysis was performed 

using SPSS version 24.0 (IBM Corp., Armonk NY, 

USA) for Windows. Descriptive data were expressed as 

mean ± standard deviation (SD), median (min-max), 

number, and frequency. Variable distributions and 

conformity to normal distribution analyzes were 

checked with the Kolmogorov-Smirnov test. The 

Student's t-test was used for comparison between 

groups. The correlation between variables was 

evaluated using Pearson Correlation Analysis. ROC 

(Receiver Operating Characteristic) analysis was 

performed for cut-off values. P<.05 was accepted as the 

threshlold for statistical significance. 

RESULTS 

Group 1 patients (N: 54) consisted of 47 males, 7 

females with a mean age of 62.7 (9.6) (range 23-81), 

and group 2 patients (N: 37) consisted of 23 males, 14 

females, with a mean age of 54.4 (13.2) (between 20-

73) (Table 1). 
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The mean age in group 1 was higher than group 2 and 

this value is statistically significant.(p=0.001) The mean 

NLR was 2.19 (0.95) in group 1 and 3.38 (2.03) in 

group 2. There was a statistically significant difference 

in NLR values between the two groups, and the NLR 

was higher in group 2. For NLR, ROC analysis revealed 

AUC: 0.704, P= .001, CI: 0.592-0.815 (Figure 1). 

Sensitivity and specificity analysis were performed for 

NLR at 3 different cut-off values. Cut-off was 

calculated as 1.69 (sensitivity 91.9%, specificity 

31.5%), 2.92 (sensitivity 56.8%, specificity 80.04%), 

2.21 (sensitivity 67.6%, specificity 60.3%) (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The LMR was 4.51 (2.01) in group 1 and 3.76 (2.57) in 

group 2 (P=.12). There was no significant difference 

between the two groups. Although the neutrophil, 

lymphocyte, and monocyte counts were high in the first 

group, it was not statistically significant. 

Nodule size is significantly different between two 

groups (p=0.001) and SUVmax is significantly different 

between two groups (p<0.001) 

In group 1 patients, a moderately strong, significant, and 

positive correlation was observed between nodule size 

and SUVmax values (r=0.48, P=.001). There was no 

such relationship in Group 2. 

 

 

 

Table 1: Patients’ Characteristics 

 Group 1 (N:54) Group 2 (N:37) P Value 

Age(years) 62.7±9.6 54.4±13.2 (p=0.001) 

Gender   (p=0.005) 

         Male 47 23  

         Female 7 14  

NLR 2.19 ± 0.95 3.38 ± 2.03 (p=0.001) 

LMR 4.51 ± 2.01 3.76 ± 2.57 (p=0.12) 

Size of the Nodule(mm)  20.05±7.4 15.02±5.79 (p=0.001) 

SUVmax values 8.24±4.28 5.35±2.64 (p<0.001) 

Wbc(103/ml) 7.43±2.65 6.89±1.87 (p=0.082) 

Neutrophil(103/ml) 4.55±2 4.51±1.52 (p=0.11) 

Lymphocyte(103/ml) 2.17±0.65 1.65±0.73 (p=0.063) 

Monocyte(103/ml) 0.63±0.79 0.52±0.23 (p=0.094) 
NLR: neutrophil/lymphocyte ratio, LMR: lymphocyte/monocyte ratio, Wbc: white blood cell 

 

 
Figure 1: ROC(Receiver operating characteristic) analysis for NLR. AUC: 0.704, p=0.001, CI:0.592-0.815 

 

Table 2: Cut-off values for NLR 

 Cut-off Sensitivity Specificity Youden’s Index 

Optimal 2.21 67.6 60.3 0.269 

Max sensitivity 1.69 91.9 31.5 0.234 

Max specificity 2.92 56.8 80.04 0.372 
NLR: Neutrophil/lymphocyte ratio 
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DISCUSSION 

Inflammation may occur intensely in cases such as 

tumor development, invasion, and metastasis. Although 

there are many articles on the relationship between lung 

cancer and NLR and LMR, these have generally 

focused on the prognosis of patients with lung cancer 

(4,5,6). Neutrophils have an important role in 

angiogenesis during tumorigenesis (7). Lymphocytes, 

on the other hand, have tumor growth-reducing effects 

in the body (8). Since most lung nodules are similar on 

thoracic CT imaging, radiological differentiation is 

difficult. Genetic analyzes and tumor marker 

evaluations are both expensive and incapable of 

distinguishing nodules. However, complete blood count 

to be used for preoperative NLR and LMR assessment 

is an easily accessible and inexpensive method.  

This study reveals that high NLR values on the 

hemogram of a patient with a lung nodule may indicate 

lung metastasis of other organ malignancies. At the 

beginning of our study, we hypothesized that LMR 

would also be significant. Our study also concludes that 

LMR cannot be an effective marker for differentiating 

primary lung cancer and lung metastasis of other organ 

malignancies. 

There was no significant difference between the two 

groups included in the study in terms of leukocyte, 

neutrophil, lymphocyte, and monocyte values. The NLR 

provides more information in detecting systemic 

inflammation than the evaluation of neutrophil and 

lymphocyte counts alone. These results show that 

systemic inflammation is more common in patients with 

metastasis (9,10). In accordance with the literature, 

since NLR was higher in the group operated on due to 

metastasis in our study, it is thought that systemic 

inflammation was higher as well. Although the primary 

tumor was under control, the high NLR detected in the 

group with metastasis may indicate that the effects of 

the primary tumor continued. In another study, the NLR 

was shown to be higher in patients with lung cancer 

compared to the normal population (11). High NLR 

values indicate that malignancies may be widespread 

throughout the body. A study conducted on patients 

with ovarian cancer reported that NLR values were 

higher in advanced-stage (Stage 3-4) patients than in 

early-stage (Stage 1-2) patients (12). 

It is known that patients with a previous history of 

extrapulmonary malignancy are more likely to develop 

a new malignancy. Therefore, a lung nodule detected on 

the thorax CT of a patient with a malignancy history 

causes difficulties in diagnosis. In cases with atypical 

nodule localization, where histopathological 

examination cannot be performed, NLR to be calculated 

in hemogram test may be useful as a marker in 

preoperative diagnosis along with radiological nodule 

evaluation. NLR values <1.69 predict the 

histopathological result to be a lung-derived malignancy 

with a sensitivity of 91.9% and a specificity of 31.5%. 

Cut-off values of NLR less than 1.69 support primary 

lung cancer with much higher selectivity. On the other 

hand, in cases with an NLR above 2.92, it would be 

appropriate to interpret it as the metastasis of a 

previously detected malignancy with 56.8% sensitivity 

and 80.04% specificity. Although histopathological 

evaluation is the gold standard in the assessment of 

nodules, we believe that NLR will make a significant 

contribution to the diagnosis since hemogram evaluation 

is routinely performed for each patient. 

While the immune system regulates tumor growth and 

metastasis, monocytes support tumor formation and 

metastasis (13). Multivariate analyzes in studies 

conducted for LMR in the literature show that LMR is 

an independent prognostic factor in NSCLC (14). 

Although our research determined higher LMR in group 

1 patients than group 2 (4.51/3.76), the difference was 

not statistically significant to support its use as a 

biomarker in differentiating lung nodules as 

primary/metastatic. Studies with more patients may be 

beneficial to demonstrate the correlation between LMR 

and nodule histopathology. 

A study comparing PET-CT-derived SUVmax values 

and nodule size determined that the SUVmax values of 

lung nodules larger than 1 cm, centrally located, and 

with irregular borders were significantly higher (15). 

Similarly, our study revealed a moderately strong, 

significant, and positive correlation between nodule size 

and SUVmax values in Group 1 patients. The lack of 

significant difference in SUVmax values between the 

two groups may be attributed to the relatively lower 

accuracy of PET-CT for solitary pulmonary nodules 

smaller than 3 cm. 

CONCLUSION 

Despite the limitations of our study, we think that NLR 

evaluation as a biomarker on hemogram, which is an 

inexpensive and easily accessible method, will be 

beneficial in the preoperative diagnosis of patients and 

prevent unnecessary large resections. We can also 

conclude that LMR should not be used as a marker in 

this evaluation. We think that studies with a larger 

number of patients on this subject will support our 

study. 
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ABSTRACT 

Objective: Breast cancer is one of the most frequent malignancies among women. 

According to the World Health Organization (2020), an estimated 2.3 million women 

were diagnosed with breast cancer, while 685,000 died worldwide. Therefore, an early 

diagnosis of cancer is crucial for survival. This study analyses the methylation status of 

the promoter regions of core component genes of the hippo pathway. The Hippo pathway 

is a tumor suppressor pathway as this pathway hinders cell growth and cell proliferation 

and motivates cell death.  

Material and Methods: Methylation-sensitive PCR method was used to examine the 

altered methylation patterns of SAV1, LAST1/2, and MST1/2 in different breast cancer 

cell lines (MCF7, T47D, HCC1937, and BT-20). 

Results: Interestingly, we have found that the promoter regions of the genes being 

studied are all hemimethylated in all cell lines used in this investigation, apart from the 

LAST1 gene promoter, which was hypomethylated in T47D and HCC1937 cell lines.  

Conclusion: This indicates the importance of hemimethylation, as it is considered an 

aberrant methylation pattern. Thus, its effect on gene expression must be further 

considered. 

Keywords: Breast Cancer; Hippo pathway; DNA methylation 
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INTRODUCTION 

Breast cancer in female counts for 15.5% of cancer‑associated mortality. The Hippo 

pathway is acknowledged as a tumor suppressor pathway that hinders cell growth, cell 

division and motivates cell death. The core gene component of the Hippo pathway 

resampled cascade of kinases includes Salvador homolog-1 protein (SAV1) at the top of 

the hippo signal pathway, the upstream mammalian STE20‑like protein kinase (MST1/2) 

that activates a downstream large tumor suppressor (LATS1/2) kinase, leading to 

phosphorylation and inactivation of transcriptional cofactors YAP/TAZ (1,2,3,4). In the 

Hippo pathway, SAV1 directly binds to protein kinases MST1/2 and induces the kinase 

cascade that promotes MST1/2, LATS1/2, and YAP/TAZ phosphorylation. Then, the 

phosphorylated YAP and TAZ are degraded via the ubiquitin–lysosome system 

(4,5,6,7,8,9,10,11). YAP protein is found at the end of the Hippo signalling pathway and 

the most important downstream activator, it transfers between the nucleus and cytoplasm. 

Additionally, the activation of the Hippo pathway causes the YAP to associate with 

transcriptional factors and functions as a transcriptional co-activator to promote hippo 

target gene expression (12). The Hippo pathway has the capacity to lead to tumorigenesis. 

Mutations and altered expression of its core components (SAV1, MST1/2, LATS1/2) 

promote the migration, invasion, malignancy of cancer cells. Currently, the significance 

of the biological and deregulation of the Hippo pathway has attracted immense interest 

among researchers in the past few years. Furthermore, understanding of hippo pathway 

intensifies the cancer treatment process. 

Toward the interest of this study, biomarker research related to cancer has shown that not 

only genetic mutations but also epigenetic alterations such as promoter methylation 

patterns potentially contributes to malignant growth and could be used in early 

identification too. Thus, identifying the most significant genes that can be used to detect 

and tailored therapies of Brest cancer is greatly needed. 
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Particularly, altered methylation of the promoter region 

of the Hippo pathway, core genes. Moreover, the hippo 

core component genes serve a critical role in invasive 

breast tumor colonization or metastasis through 

different mechanisms (13,14). Growing evidence 

underlines the significance of DNA methylation as a 

reversible epigenetic mechanism, therefore, making it a 

sought-after target for anticancer treatment in breast 

cancer. Therefore, to understand the abnormal 

expression of the Hippo pathway gene component, we 

studied the methylation status of the promoter region of 

SAV1, MST1/2, LATS1/2 genes in certain breast cancer 

cell lines (MCF7, T47D, HCC1937, and BT-20). 

Methylation sensitive PCR-based technique was used in 

this investigation. 

MATERIAL and METHODS 

Cell culture 

The study was conducted on four cell lines, namely, 

MCF7, T47D, HCC1937, and BT-20. Cells were 

purchased from American Type Culture Collection 

(ATCC) (Manassas, VA, USA). All cell culture media 

were obtained from ATCC, whereas supplements such 

as fetal bovine serum (FBS) and trypsin-EDTA were 

obtained from Gibco (Gaithersburg, MD, USA).    

Cell lines 

Cells were routinely passaged by mild trypsin-EDTA 

detachment and cultured in a humidified atmosphere of 

95% air and 5% CO2 at 37°C. 

Human breast adenocarcinoma MCF7 cells (ATCC 

HTB 22): Are originally mammary gland epithelial cells 

of breasts obtained from metastatic site pleural effusion 

adenocarcinoma, MDA-MB231 is ER-negative and p53 

mutant while MCF-7 is ER-positive and p53 wild-type 

(Cailleau et al., 1974; Landers et al., 1997. Pratt and 

Pollak, 1993).   MCF7 cells were cultured in phenol red-

free DMEM supplemented with 10% FCS, 0.1 mM 

nonessential amino acids, 110 g/ml sodium pyruvate, 

and 1% glutamine. 

Human breast carcinomaT-47D cells (ATCC HTB 133): 

Were cultured in a-MEM containing 10% FCS, 0.1 mM 

nonessential amino acids, 6 @Lg/m1 insulin, and 1% 

glutamine (GIBCO).  

Human breast carcinoma BT-20 cells (ATCC HTB 19): 

Were established from a pleural effusion in the 1950s, 

and many of the most studied cell lines (e.g., MDA-

MB-231) were established in the 1970s. These tumor 

cell lines were derived before the routine evaluation of 

hormone receptor expression and HER-2/Neu 

amplification in clinical samples.  

 

BT-20 cells were cultured in EMEM with the omission 

of any added insulin.  

HCC1937 cell line: This cell line was initiated from a 

primary ductal carcinoma on October 13, 1995. This 

took 11.5 months to be established. The tumor was 

classified as TNM Stage IIB, and grade 3 BRCA1 

analysis revealed that the cell line is homozygous for 

the BRCA1 5382C mutation.  

The lymphoblastoid cell line derived from the same 

patient is heterozygous for the same mutation. Besides, 

cells were cultured in RPMI 1640 medium (Life 

Technologies, Paisley, UK) with 2 mM L-glutamine 

adjusted to contain 1.5 g/L sodium bicarbonate, 4.5 g/L 

glucose, 10 mM HEPES, and 1.0 mM sodium pyruvate, 

90%; fetal bovine serum, 10%. 

DNA extraction 

The cells were harvested by trypsinization and were 

transferred into 1.5ml centrifuge tubes. Genomic DNA 

extraction was performed using the Wizard Genomic 

DNA purification Kit (Promega, Madison, WI, USA). 

Briefly, the cells were lysed using nuclei lysis buffer, 

and the RNase digestion step was included at this time.  

The cellular proteins are then removed by a salt 

precipitation step, which precipitates the proteins but 

leaves the high molecular weight genomic DNA in 

solution. Finally, genomic DNA is concentrated and 

desalted by isopropanol precipitation. The DNA 

concentration and purity (260/280) were checked using 

a Nano-drop spectrophotometer. 

Bisulphite conversion.  

Bisulphite conversion of DNA takes advantage of the 

bisulphited-mediated chemical conversion of 

unmethylated cytosine residues into uracil. Methylated 

cytosine residues were remain unchanged, while the 

sequence-specific PCR primers can distinguish 

unmethylated genomic regions after bisulphite 

conversion (Herman and Braylin 2003).  

Aliquots of 2 µg of each DNA sample were subjected to 

Bisulphite modification using Methyl Edge Bisulphite 

Conversion System (Promega) following the 

manufacturer's instructions. Briefly, 2 µg of DNA was 

mixed with 130 µl of bisulphite conversion reagent.  

The bisulphite conversion was performed using the 

following thermal cycling program: denaturation at 

98°C for 8 min followed by another incubation at 54°C 

for 60 min. After cycling, the bisulphite-converted DNA 

was purified on a spin column, eluted in a volume of 20-

μl, and stored at -20˚C. 
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Methylation analysis. 

The methylation status of the promoter regions of 

SAV1, MST1, MST2, LATS1, and LATS2 was 

analysed using methylation-specific PCR (MS-PCR). 

One hundred nanograms of bisulphate- treated DNA 

was PCR amplified in a 20-µl reaction buffer containing 

10x Taq hot start master mix (New England Biolabs, 

Ipswich, MA). Primer sequences and reaction 

conditions are listed in Table 1. PCR reactions of the 

genes were performed using Touchdown (TD) PCR 

method. TD-PCR offers a simple and rapid means to 

optimize PCRs, increasing specificity, sensitivity, and 

yield without the need for lengthy optimizations and/or 

the redesigning of primers. TD-PCR employs an initial 

annealing temperature above the projected melting 

temperature (Tm) of the primers being used, then 

progressively transitions to a lower, more permissive 

annealing temperature throughout successive cycles. 

Any difference in Tm between correct and incorrect 

annealing will produce an exponential advantage of the 

two-fold per cycle (Korbie and Mattick 2008). The 

cycling program for TD-PCR involves two separate 

phases.  

Phase 1 is the touchdown phase, which comprises 10 

cycles with annealing temperature above Tm of the 

primers being used and transitions to a lower annealing 

temperature throughout successive cycles. Phase 2 is a 

generic amplification stage of 20 or 25 cycles using the 

final annealing temperature reached in Phase 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phase 1 annealing temperature of 630C to 530C (MST2-

USP {unmethylation specific primers}; SAV1-USP), 

680C to 580C (MST2-MSP {methylation specific 

primers}, SAV1-MSP), 600C to 500C (LATS1-USP), 

650C to 550C (LATS1-MSP, LATS2-MSP, LATS2-

USP) for 10 cycles followed by phase 2 with an 

annealing temperature of 530C (MST2-USP; SAV1-

USP), 580C (MST2-MSP, SAV1-MSP), 500C (LATS1-

USP) and 550C (LATS1-MSP, LATS2-MSP, LATS2-

USP) for 30 cycles. The extension was performed at 

680C for 30 sec for all genes. PCR products were 

separated on 2.5% agarose gel and visualized with 

ethidium bromide. 

RESULTS 

Each experiment has been repeated three to six times to 

ensure reproducibility. TD-PCR products were 

visualized on 2.5% agarose gel. Looking at the TD-PCR 

of the MST1/2 genes in all Cell lines (MCF7, T47D, 

HCC1937, and BT-20). The gel image shows that 

MST1/2 genes are hemimethylated in MCF7, T47D, 

HCC1937, and BT-20 as PCR products were observed 

with both MSP and USP primers. For SAV1, the gene 

was also hemimethylated in MCF7, T47D, HCC1937, 

and BT-20 cell lines. Whereas LAST1 gene promoter 

was unmethylated in T47D and HCC1937 cell lines, but 

it was hemimethylated in MCF7 and BT-20 cell lines. 

Finally, the LAST2 gene promoter was hemimethylated 

in all study cell lines (Fig 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Primers and conditions for Methylation-Specific PCR 

Gene CpG island 

Promoter size  

(bp) 

transcription 

start 

Primer Product 

size 

(bp) 

Tm  

(C0) 

TD-PCR 

Annealing 

Temp (C0) 

MST1 442 -70 to +50 

 

-73 to +52 

MSP-F: GCGGGGCGGGTTTAGGAGGTTC 

MSP-R: CCAATAACCCCTCACCGACGC 

USP-F: AACCAATAACCCCTCACCAACACAACAA 

USP-R: CGGGAGGGAGATTCGTCGCG 

120 

 

125 

67 

62 

61 

64 

58 

 

56 

 

MST2 755 -18 to +81 

 

-25 to +83 

MSP-F: CGGGAGGGAGATTCGTCGCG 

MSP-R: AAACCGAAACACCGACCGACCG 

USP-F: TTTTAAGTGGGAGGGAGATTTGTTGTGG 

USP-R: 

AAAAACCAAAACACCAACCAACCAAACC 

99 

 

108 

64 

63 

59 

59 

58 

 

53 

 

SAV1 909 -183 to -67 

 

-187 to -56 

MSP-F: GATAGTCGTAGTTCGGCGGGG AC 

MSP-R: GCAACGCGAACCGCCG 

USP-F: TGAGGATAGTTGTAGTTTGGTGGGGAT  

USP-R: AAAAACTCAACACAACACAAACCACCA 

116 

 

131 

 

61 

63 

60 

58 

58 

 

53 

LATS1 473 -39 to +87 

 

-40 to +88 

MSP-F: GAACGATTAGAGTTGCGGGCGAC 

MSP-R: AAC ATTTCCCGACGTCGCTTACG 

USP-F: TGAATGATTAGAGTTGTGGGTGATGT 

USP-R: AAACATTTCCCAACATCACTTACACA 

126 

 

128 

 

61 

61 

56 

55 

56 

 

50 

LATS2 1414 -123 to +14 

 

-128 to +13 

MSP-F: TTCGTTCGGATTGGTATGCGGTC  

MSP-R: CCATCTTCCCGAAACGCTCACG 

USP-F: GGTGTTTTGTTTGGATTGGTATGTGGTT 

USP-R: CATCTTCCCAAAACACTCACACCACA 

137 

 

141 

60 

62 

58 

60 

55 

 

55 

 
MSP-F – Methylation-specific primer forward; USP-F – Unmethyaltion-specific forward 
MSP-R – Methylation-specific primer reverse; USP-R – Unmethyaltion-specific reverse 
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Fig 1: Gel images for hippo pathway methylated (M) 

and unmethylated (U) candidate genes. SAV1, MST1/2, 

and LATS1/2 were examined via MSP (M) and USP 

(U). Cell lines: MCF7, 2-T47D, 3-HCC1937, 4-BT-20. 

Separate MSP reactions were conducted for both 

methylated and unmethylated DNA sequences using 

primer sets specific for each reaction. The PCR products 

were separated by electrophoresis on 2.5% agarose gel 

mixed with ethidium bromide staining to visualize 

bands under UV light. For each run, we included 

positive control, which is a fully methylated DNA 

(EpiTect Control DNA (human); Qiagen), while 

nuclease-free sterile water used as a negative control. 

DISCUSSION 

Altered DNA methylation patterns in cancer tissues 

were first reported almost 40 years ago. This was 

accomplished when global methylation analysis by 

chromatographic techniques indicated a reduction of 

DNA methylation levels in numerous types of tumors 

from which the tumors originated compared to normal 

tissue [15,16,17]. Southern blotting techniques were 

then used to evaluate the hypomethylation changes for 

specific genes and at repetitive sequences [18,19].  

It is well established that active genes in somatic cells 

maintain most of the CpG islands in their promoter 

regions unmethylated to ensure gene transcription. 

Furthermore, DNA methylation could prevent gene 

transcription by shifting transcription factor binding 

affinity to a gene promoter, stopping the binding of 

methylation-specific recognition factors to promoter or 

gene bodies, and condense the chromatin structure to 

limit the accessibility of transcription factors and/or 

other DNA binding proteins.  

This study was devoted to studying the methylation 

status of the promoter regions of genes which, are 

recognized as the core component of the Hippo pathway 

that is linked to Brest cancer development and mortality 

rate. We have studied the methylation of SAV1, 

MST1/2, and LAST1/2 gene promoters in MCF7, 

T47D, HCC1937, and BT-20 breast cancer cell lines. 

SAV1 is at the front of the hippo signal pathway and is 

needed to activate the pathway. Remarkably, SAV1 

plays a vital role in tumor suppression via hippo 

pathway-dependent and -independent mechanisms (20).  

Moreover, recent research studies findings revealed low 

expression levels of MST1/2 in breast cancer and were 

closely associated with the poor prognosis of patients. 

Therefore, it was suggested that MST1 is an 

independent risk factor for breast cancer. However, 

overexpression of MST1 significantly inhibited the 

proliferation and migration while promoting the 

apoptosis of breast cancer cells. Moreover, the 

overexpression of MST1 significantly activated the 

Hippo signalling pathway (21).  

With regard to LAST1 and LAST2, which are part of 

the hippo pathway, they were shown to participate in the 

regulation of human breast cell fate by direct interaction 

between hippo and estrogen receptor-α (ERα) 

signalling. The absence of LATS stabilizes ERα and the 

hippo effectors YAP and TAZ, which together control 

breast cell fate through intrinsic and paracrine 

mechanisms (22). Our study showed that SAV1, 

MST1/2, and LAST2 promoter regions were all 

hemimethylated in MCF7, T47D, HCC1937, and BT-20 

cell lines.  

This proves that linking specific DNA methylation 

changes with tumorigenesis in a cause-and-effect 

relationship has been challenging. However, Chunbo 

Shao et al. suggested that hemimethylated CpG dyads 

are intermediates in active demethylation during 

carcinogenesis and not just due to a failure of 

maintenance methylation during replicative DNA 

synthesis (23). Using openly available reduced 

representation bisulphite-sequencing (RRBS) data 

(GSE27003) of 7 breast cancer cell lines, namely 

(BT20, BT474, MCF7, MDAMB231, MDAMB468, 

T47D, and ZR751), Shuying Sun et al., has identified 
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hemimethylated sites for genes are involved or known 

to be involved in breast cancer (24).  

Research findings were mainly obtained using statistical 

and bioinformatics data analysis to detect the 

hemimethylated sites of genes (25). Our findings, 

though, would be more meaningful because we 

investigated our genes of interest by examining the 

methylation status of their promoters' regions using 

bisulphite conversion and MSP in a wet lab. For 

LAST1, we observed that the promoter region was 

hypomethylated in both T47D and HCC1937 cell lines, 

whereas it was hemimethylated in MCF7 and BT-20 

cell lines.  

To the best of our knowledge, we are the first to show 

that the core component genes in the Hippo pathway 

about breast cancer, SAV1, MST1/2, and LAST 2 are 

hemimethylated in the breast cancer cell lines we 

studied. Thus, it is also significant to examine 

hemimethylated genes' expression levels and how these 

levels are related to the methylation and 

hemimethylation patterns of these genes. 

Although DNA methylation controls genes by affecting 

gene expression, the relationship of hemimethylated 

patterns and gene expression in Brest cancer is not well 

studied yet. Some research findings suggested that it is 

important to study the relationship between 

hemimethylation patterns and gene expression in 

cancers.  

Because, many of the previous methylation studies are 

conducted by assuming symmetric methylation, i.e., not 

considering hemimethylated (26). Therefore, identifying 

the hemimethylated profile for each single cell line or 

each breast cancer subtype is critical because some 

genes that contain hemimethylated CpG sites may play 

a role in tumor growth or suppression. Additionally, 

some of the hemimethylated genes associated with 

breast cancer are connected through biological 

pathways.  

Lastly, these results suggest that certain genes in breast 

cancer cells may undergo active methylation or 

demethylation, which results in genome-wide 

hemimethylated and may indicate a transition between 

different stages of breast cancer. This transition may 

occur before tumour development. Thus, further study 

of hemimethylation may serve as a method to identify 

breast cancer in earlier stages and increase the chances 

of patient survival. 

CONCLUSION 

Because of the existence of hemimethylation, its impact 

on transcription must be studied in-depth. Also, it is 

constructive if research article states which DNA strand 

is analyzed after bisulfite conversion. We also suggest 

in the future that it would be optimal if a methylation 

analysis is carried out on both DNA strands separately.  

The net result of some of these cancer-associated DNA 

hemimethylation could be abnormal modulation of 

transcription and even some aberrant post-

transcriptional processing of transcripts and increases in 

DNA recombination, thereby contributing to tumor 

formation and progression. 
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ABSTRACT 

Objective: The current study aimed to evaluate the life quality of implant-assisted 

mandibular overdenture patients who have had additional implant applications and were 

rehabilitated with ball or bar attachment. 

Material and Methods: 53 patients who came to Van Yüzüncü Yil University, Faculty 

of Dentistry, Prosthodontics Clinic for implant-supported mandibular overdenture 

treatment between 2019 and 2021 were included in this prospective clinical study (32 

females, 30 males; mean age: 64.03; age range: 33-90). The patients were called back for 

the study precisely one year after prosthetic loading of their implants. Implant-supported 

mandibular overdenture prosthesis patients diverged into six groups: splinted two 

implants (bar attachment), single two implants (ball attachment), splinted three implants 

(bar attachment), single three implants (ball attachment), splinted four implants (bar 

attachment) and single four implants (ball attachment). And they asked for completing 

the Turkish version of the OHIP-14 questionnaire. 

Results: Ball attachment was used in 45.28% of the participants, a mandibular 

overdenture design supported by a bar attachment was preferred in 54.72%. Kruskal-

Wallis test results indicated that the number of implants had a statistically significant 

effect only on functional limitation and psychological disability among the seven OHIP-

14 categories evaluated (p=0.018, p=0.009). Accordingly, the average functional 

limitation score in individuals with four implants was 4.44 ± 1.89. 

Conclusion: We found that there are a positive correlation between the number of 

implants and the patient's life quality; however, it can be concluded that attachment type 

does not significantly affect the scores of the life quality. 

Keywords: Dental Implants, Quality of Life, Quality Improvement 
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INTRODUCTION 

The total loss of natural teeth and the consequent alveolar bone resorption are considered 

an oral health disorder (1). Although it is stated that the incidence is higher in individuals 

over the age of 65, it is known that it affects all age groups (2). Recent studies report the 

distinctions in the incidence of total edentulism by country and point out the problems 

that individuals experience due to this condition (3). It is a scientific fact that tooth loss 

triggers nutritional disorders and induces functional and sensory changes in the oral 

mucosa. All these changes restrict the patient's daily activities such as chewing and 

speaking and cause aesthetic concern in the patient hence, total edentulism was 

recognized as a physical disability by the World Health Organization (WHO) in 2001 (4). 

Kutkut et al., in a systematic review study which they evaluated the effects of total 

edentulism, conveyed that there was a significant decrease in the life quality of edentulous 

patients who were not rehabilitated (5).  

Recent research highlights the importance of considering patient satisfaction and/or oral 

health-related life quality as an outcome variable to understand patients' needs and post-

rehabilitation satisfaction and assess the impact of treatment on patients' life quality (6). 

Studies carried out over the past three decades, rooted in this focus, have utilized 

questionnaires such as the Oral Health Impact Profile (OHIP) to assess impacts (7). 
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Fueki et al. (8) and Armellini et al. (9) reported that 

OHIP in patients with removable partial dentures in 

implant-supported prosthesis patients was effective in 

patient-based evaluation of treatment efficacy. As it is 

known, the most common rehabilitation method in the 

treatment of total edentulism is traditional total 

dentures. However, high success has been achieved 

thanks to increased patient awareness and dental 

implantology. As a result, a significant increase has 

been achieved in today's treatment scenarios (1). 

However, total edentulism is more common in countries 

with relatively worse socio-economic conditions, so 

there may be a need for cheaper treatment costs (10). As 

proof of this finding, Dye et al. conducted a pioneering 

study in which individuals aged 50 and over evaluated 

the benefits of rehabilitation for total edentulism. In this 

study, he noted that the economic situation of the person 

played an important role in the recovery related to 

rehabilitation and defined the economic situation as a 

factor in the success of rehabilitation (11). This means 

that the number of implants planned in implant-assisted 

overdenture prostheses and the type of attachment used 

in its design are critical (12). 

Implant-assisted mandible overdenture prostheses have 

a large number of attachment types available for the 

interforaminal region, depending on the preference of 

clinicians (13). Bilhan et al. reported that the most 

frequently preferred attachments in the market are bar, 

ball, magnet and locator attachments (14). Although 

attachment type preference today has become the hot 

topic of dental implantology, the research results 

published in this regard are quite contradictory (12). 

Moreover, according to the current authors, there are 

only two studies evaluating the effects of attachment 

type and the number of implants on the quality of life of 

implant-assisted mandibular overdenture patients. This 

is a significant impediment for clinicians to operate 

evidence-based implantology procedures. Based on this 

deficiency in the literature, the current study aimed to 

evaluate the life quality of implant-assisted mandibular 

overdenture patients who have had additional implant 

applications and rehabilitated with ball or bar 

attachment. 

The first null hypothesis of the study is that the 

attachment type does not affect the quality of life of 

implant-assisted mandibular overdenture prosthesis 

patients. The secondary null hypothesis is that there will 

not be any distinction in the life quality of the patients 

depending on the number of implants. 

MATERIAL and METHODS 

Sixty-two patients who came to Van Yüzüncü Yil 

University, Faculty of Dentistry, Prosthodontics Clinic 

for implant-supported mandibular overdenture treatment 

between 2019 and 2021 were included in this 

prospective clinical study (32 females, 30 males; mean 

age: 64.03; age range: 33-90) The criteria for inclusion 

of the study are as follows: determination of mandible 

total edentulism, absence of any systemic diseases that 

may endanger the outcome of the implant, reading and 

signing written approval, having sufficient interocclusal 

distance and not having a history of using moving 

prosthesis before. However, patients with poor oral 

hygiene, current complaints of orofacial pain, acute oral 

infections and who refused to participate in follow-up 

check-ups were excluded from the study. All patients 

were provided with detailed information before the 

study and were requested to sign an informed consent 

form. The study protocol was approved by the Van 

Yüzüncü Yıl University Clinical Research Ethics 

Committee (18.12.2019/02). 

The patients were called back for the study precisely 

one year after prosthetic loading of their implants. 

Implant-supported mandibular overdenture prosthesis 

patients diverged into six groups: splinted two implants 

(bar attachment), single two implants (ball attachment), 

splinted three implants (bar attachment), single three 

implants (ball attachment), splinted 4 implant (bar 

attachment) and single four implants (ball attachment). 

Experienced prosthetists carried out all clinical 

procedures, and all laboratory procedures were 

performed by the same qualified and experienced dental 

laboratory technicians. All prosthesis designs by the 

bilateral balanced occlusion scheme are cautiously 

developed. At the end of 1 year, the clinical 

examinations of the patients who were called for the 

control session were carried out by two experienced 

prosthesis faculty members. Prosthetic parameters such 

as retention, tissue compatibility, occlusion of the 

prosthesis and the condition of the stressed soft tissues 

were also carefully checked.  

In the study, instead of the original OHIP questionnaire 

with 49 questions, the Turkish version of the OHIP-14 

questionnaire, which offers reader convenience, 

includes the same seven categorical (functional 

limitation, physical pain, psychological discomfort, 

physical disability, psychological disability, social 

disability, and handicap) evaluations, and has proven 

validity-reliability was used (15). The same five 

categories of answers were formed for each question: 

"never", "seldom", "occasionally", "quite often" and 

"very often". Responses were scored on a five-point 

scale ranging from 0 = 'never' to 4 = 'very often'. And a 

lower OHIP-14 score was considered to represent a 

higher life quality. 

Statistical Analysis: The data were analyzed using 

IBM SPSS V23. While the conformity to the normal 

distribution was examined with the Shapiro-Wilk test, 

the Chi-square test was used to compare the categorical 

variables according to the groups.  
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The Mann-Whitney U test was used to compare the data 

that was not normally distributed according to the paired 

groups, and the Independent Two-Sample T-test was 

used to compare the data that was not normally 

distributed. Kruskal-Wallis test was preferred in the 

comparison of the data that were not normally 

distributed according to groups of three or more, and 

multiple comparisons were examined with Dunn's test.  

One-way analysis of variance has been used to compare 

the normally distributed data in groups of three or more. 

Analysis results were presented in mean ± standard 

deviation and median (minimum-maximum) for 

quantitative data and categorical data as frequency 

(percentage). The significance level was accepted as 

p<0.050. 

RESULTS 

At the end of 1 year, a total of 53 patients, 25 male and 

28 female, participated in the study and the study was 

completed with the loss of 9 participants. It was 

recorded that 18 of the volunteers with a mean age of 

67.78 had two implants, 16 had three implants and 19 

had four implants. There was no statistical difference 

between the groups determined by the number of 

implants in terms of gender and age (p=0.642, 

p=0.0549) (Table 1). 

Moreover, ball attachment was used in 45.28% of the 

participants, a mandibular overdenture design supported 

by a bar attachment was preferred in 54.72%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Chi-Square test results revealed that there was no 

significant age and gender difference between the 

groups according to the type of attachment used 

(p=0.719, p= 0.859) (Table 2). 

Kruskal-Wallis test results indicated that the number of 

implants had a statistically significant effect only on 

functional limitation and psychological disability among 

the seven OHIP-14 categories evaluated (p=0.018, 

p=0.009). Accordingly, the average functional 

limitation score in individuals with four implants was 

4.44 ± 1.89, and in individuals treated with two 

implants, this score was 6.21 ± 1.78 (Table 3). 

There was no significant difference according to the 

number of implants in the categories of physical pain, 

psychological discomfort, physical disability, social 

disability and handicap (p>0.05). Nonetheless, while the 

psychological disability score treated with four implants 

was 2.69 ± 0.70, this score was 4.05 ± 1.87 in patients 

with overdentures supported by two implants is 

especially unusual (Table 3). 

However, the Mann-Whitney U test revealed that ball or 

bar attachment preference did not have a statistical 

significance in the seven categorical evaluations of the 

patient (p>0.05) (Table 4).> Lower physical pain, 

psychological discomfort, physical disability, 

psychological and social disability scores were 

calculated in bar attachment patients. However, this 

difference was not statistically significant (p>0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Comparison of demographic characteristics according to the number of implants 

  Implant Number 
Total Test Statistics P value 

  2 3 4 

Gender 
      

Male 9 (50) 6 (37.5) 10 (52.6) 25 (47.2) 
0.886 0.642* 

Female 9 (50) 10 (62.5) 9 (47.4) 28 (52.8) 

Age 
67.78 ± 10.76 60.13 ± 11.38 58.63 ± 13.62 62.19 ± 12.50 

3.002 0.059** 
66.00 (45.00 – 87.00) 61.50 (39.00 – 76.00) 62.00 (33.00 – 76.00) 62.00 (33.00 – 87.00) 

*Chi-Square test, **One Way ANOVA results, mean ± standard deviation, median (min-max), frequency (percentage) 

 

 

 

Table 2. Comparison of demographic characteristics by attachment type 

  Attachment Type 
Total Test Statistics P value 

  Ball Bar 

Gender 
     

Male 11 (45.8) 14 (48.3) 25 (47.2) 
0.031 0.859* 

Female 13 (54.2) 15 (51.7) 28 (52.8) 

Age 
61.50 ± 14.46 62.76 ± 10.84 62.19 ± 12.50 

-0.362 0.719** 
63.50 (33.00 – 82.00) 62.00 (39.00 – 87.00) 62.00 (33.00 – 87.00) 

* Chi-Square test, ** Independent two-sample t-test, mean ± standart deviation, median (minimum – maximum), frequency (percentage) 
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DISCUSSION 

Patients often have problems using traditional 

mandibular total dentures developed for total 

edentulism. An alternative option, implant-supported 

mandibular overdenture prostheses, promises more 

stabilization and retention (13). As a result of the 

current study originating from this focus, it was 

determined that there was a difference in the OHIP-14 

scores of the patients due to the use of ball or bar 

attachments. Therefore, the first null hypothesis of the 

study was accepted. However, the findings revealed that 

patients with four implants scored lower on functional 

limitation and psychological disability from the seven 

assessment categories of OHIP-14 compared to cases 

rehabilitated with two implants (p=0.018, p=0.009). 

Therefore, the secondary null hypothesis of the research 

was rejected partially.  

It is known that the type of attachment in implant-

supported overdenture prosthesis has effects on the 

retention of the prosthesis, chewing efficiency, 

adaptation to phonation, aesthetics and ease of hygiene 

(16).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research on this subject has often focused on the 

negative effects of magnet attachments (17). However, 

as emphasized by current studies, locater, ball and bar 

attachments are frequently preferred by dentists in 

overdenture prostheses. The evaluation of this situation 

by researchers is very important in terms of forming a 

guide for clinicians. In the current study, overdenture 

patients rehabilitated with ball and bar attachments were 

included to compensate for this deficiency in the 

literature. According to the York Consensus, implanting 

two implants in patients with implant-supported 

mandibular overdentur is a standard procedure for 

minimal care in the rehabilitation of edentulous patients 

(18). However, there are meta-analyses indicating that 

there is an improvement in peri-implant health 

parameters when the number of implants is increased to 

3 and 4 (19). In the light of this information, patients 

who were rehabilitated with two implants, as well as 

patients with mandibular overdenture prosthesis 

supported by 3 and 4 implants, were included in our 

study. 

Table 3. Results of OHIP categories for all groups according to implant number 

Domain  

Implant Number Test 

Statistics 
P value* 

2 3 4 

Functional Limitation 
6.21 ± 1.78 5.63 ± 1.96 4.44 ± 1.89 

8.066 0.018 
6.00 (2.00 – 8.00)b 6.00 (2.00 – 8.00) ab 4.00 (2.00 – 8.00) a 

Physical Pain 
5.39 ± 2.17 6.06 ± 2.02 6.89 ± 1.20 

4.673 0.097 
6.00 (2.00 – 8.00) 6.50 (2.00 – 8.00) 7.00 (5.00 – 8.00) 

Psychological 

Discomfort 

3.67 ± 1.68 3.75 ± 1.39 4.16 ± 1.61 
1.179 0.554 

3.00 (2.00 – 8.00) 4.00 (2.00 – 6.00) 4.00 (2.00 – 8.00) 

Physical Disability 
2.94 ± 1.89 2.25 ± 0.58 3.79 ± 2.42 

3.981 0.137 
2.00 (2.00 – 8.00) 2.00 (2.00 – 4.00) 2.00 (2.00 – 8.00) 

Psychologic Disability 
4.05 ± 1.87 4.00 ± 1.50 2.69 ± 0.70 

9.336 0.009 
3.00 (2.00 – 8.00)b 4.00 (2.00 – 7.00) b 3.00 (2.00 – 4.00)a 

Social Disability 
2.83 ± 1.38 2.25 ± 0.45 2.95 ± 1.72 

1.177 0.555 
2.00 (2.00 – 7.00) 2.00 (2.00 – 3.00) 2.00 (2.00 – 7.00) 

Handicap 
3.22 ± 1.26 3.31 ± 1.01 4.16 ± 1.46 

5.676 0.059 
3.00 (2.00 – 7.00) 3.00 (2.00 – 5.00) 4.00 (2.00 – 8.00) 

*Kruskal Wallis test a-b: There is no difference between the number of implants with the same letter, mean ± s. deviation, median (min-max) 

 

Table 4. Results of OHIP categories for all groups according to attachment type 

Domain  

Attachment Type 
Test Statistics P value* 

Ball Attachment Bar Attachment 

Functional Limitation 
5.33 ± 1.88 5.52 ± 2.10 

323.5 0.657 
5.50 (2.00 – 8.00) 6.00 (2.00 – 8.00) 

Physical Pain 
6.33 ± 2.10 5.97 ± 1.74 

278 0.200 
7.00 (2.00 – 8.00) 6.00 (2.00 – 8.00) 

Psychological Discomfort 
4.04 ± 1.68 3.72 ± 1.46 

308.5 0.470 
4.00 (2.00 – 8.00) 3.00 (2.00 – 8.00) 

Physical Disability 
3.25 ± 2.11 2.86 ± 1.77 

289.5 0.221 
2.00 (2.00 – 8.00) 2.00 (2.00 – 8.00) 

Psychologic Disability 
3.63 ± 1.79 3.62 ± 1.40 

314.5 0.536 
3.00 (2.00 – 7.00) 3.00 (2.00 – 8.00) 

Social Disability 
2.83 ± 1.46 2.59 ± 1.24 

323 0.582 
2.00 (2.00 – 7.00) 2.00 (2.00 – 7.00) 

Handicap 
3.54 ± 1.56 3.62 ± 1.12 

299 0.364 
3.00 (2.00 – 8.00) 4.00 (2.00 – 6.00) 

*Mann-Whitney U testi, mean ± s. deviation, median (minimum – maximum) 
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Although it is assumed that the changes in the field of 

implantology will have an impact on the patients, there 

are very limited studies on the effects of the number of 

implants used in rehabilitation on the patients' life 

quality. El Syad et al. conducted a study evaluating the 

OHIP-14 scores of users of total dentures, fixed 

dentures, and bar-supported overdenture prostheses. In 

this study, he reported that the highest scores 

representing the worst quality of life were in total 

prosthesis patients, and there was an important decrease 

in OHIP-14 scores as the number of implants increased. 

Additionally, supporting this finding, they emphasized 

that the patient group with the highest life quality was 

fixed prosthesis users (20). Mumcu et al. also stated that 

the increase in the number of implants provoked a 

significant decrease in the OHIP-14 scores. They also 

discovered a similar effect in the visual analogue scale 

scores that they evaluated in their study. They reported 

that the lowest OHIP-14 score was obtained after bar 

supported overdenture prosthesis application, which 

also supports this (13). In the present study, a decrease 

in the OHIP-14 scores of the patients was received with 

the increased number of implants. This situation can be 

interpreted as the patients' life quality increases as the 

number of implants increases, which is in line with the 

results of all these studies. On the other hand, Swelem et 

al. stated that the number of implants is an effective 

factor in the total OHIP-14 scores, however when 

evaluated categorically, the effect was not detected in 

all seven categories. The study findings emphasized that 

with the increase in the number of implants, a 

statistically significant decrease was seen only in the 

scores of functional limitation, psychological 

discomfort, and physical disability (12). A similar study 

conveyed that the number of implants did not cause a 

significant score change in any category (21). In the 

current study, a significant difference in scores was 

obtained only in the functional limitation and 

psychological disability categories with the increase in 

the number of implants. This difference in the findings 

may be related to the difference that may occur in the 

tolerance levels of the participants depending on the age 

and gender difference, as well as the duration of using 

the prostheses of the patients who participated in the 

research.  

A wide variety of attachment systems are available for 

the retention and support of overdenture prostheses; 

however, there is still no clear consensus on the effects 

of these attachments on functionality, biomechanics, 

clinical life and patient comfort (22). Gonçalves et al., 

in their systematic review study deriving from this 

deficiency, the clinical performances of attachment 

systems and their effects on patient satisfaction were 

evaluated, and it was noted that attachment preference 

did not have a substantial effect on patient satisfaction 

(23).  

In a 10-year clinical follow-up study by Cune et al, it 

has been reported that patients with mandibular 

overdenture prosthesis designed with bar/ball 

attachment supported by 2 implants have equal 

satisfaction at the end of this process (24).  

In the longitudinal prospective pioneer study conducted 

by Bergendal et al, it was emphasized that similar 

satisfaction scores were obtained in 

maxillary/mandibular overdenture prosthesis patients 

supported with different numbers of implants (2-5) and 

attachment types (25).  

However, none of these studies directly evaluated the 

effects of attachment preference on patients' life quality. 

The patient satisfaction parameter, which has a positive 

correlation with the quality of life, was employed (26). 

Regarding this existing positive correlation, it can be 

stated that these findings are in parallel with the results 

of the current study. In the study performed by Bilhan et 

al., where the patients' life quality with mandibular 

overdenture prosthesis supported by two different 

attachment systems and two implants was evaluated, no 

significant difference was discovered in OHIP-14 scores 

depending on the attachment type, which is proof for 

this assertion (14). However, in a different study 

evaluating the effects of attachment type and the 

number of implants on the patients' life quality, it has 

been reported that the quality of life increases 

significantly and significantly eliminates psychological 

discomfort in mandibular overdenture prostheses 

designed with bar-type attachment supported by four 

implants of the attachment type (13). This difference in 

our findings may be due to the retrospective nature of 

the study design. 

There are some main limitations of the present study. 

The first is that the patient group rehabilitated with 

conventional total dentures was not included in the 

study and the comparative effects of mandibular 

overdenture prostheses with traditional treatment 

procedures were not evaluated. Another limitation is 

that the effects of the restoration status of the maxillary 

arch and the implant positions used in the mandibular 

arch were ignored in the study. 

CONCLUSION 

Within the limitations of this study, a positive 

correlation between the number of implants and the 

patient's life quality has been found; however, it can be 

concluded that attachment type does not have a 

significant effect on the scores of the life quality. 
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ABSTRACT 

Objective: The use of theory/model is very important in providing nursing care in 

standardized frameworks. One of these models in the literature is Dorothy Johnson's 

“Behavioural System Model”.  

Material and Methods: In this study, the nursing process of a 59-year-old patient who 

was followed up with the diagnosis of coronary artery disease and had many comorbid 

conditions but continued her negative behaviors towards her diseases was presented using 

Johnson's Behavioural System Model.  

Case: In our case, first of all, a detailed medical history was taken and physical 

examination was performed, and conditions that disrupted the balance of the subsystems 

in the model were determined. Afterwards, a nursing care planthat can be implemented to 

provide behavioural change to restore balance was designed.  

Conclusion: Since it is very important to provide behavior change in chronic diseases, it 

is recommended to use Johnson's Behavioural System Model in chronic disease 

management and to conduct studies in different chronic diseases. 

Keywords: Behavioural system model, care plan, coronary artery disease, nursing 
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INTRODUCTION 

The use of care plans prepared in line with the nursing process is very important in order 

to deal with the individual in a holistic and systematic way and to provide a standard 

nursing care [1]. Nurses have put forward some theories to show the relationship between 

this professional care given in line with the plan and the results obtained. These theories 

establish relationships between concepts. Models are defined as symbolic or physical 

ideas that are used to easily explain the relationship between concepts as well as thoughts. 

Accordingly, it is crucial to use theory/model in making nursing practices in a standard 

framework and eliminating deficiencies [2-4]. Implementing the nursing care process 

based on theory/models helps collect and analyze data and provide holistic care [3].  

Nursing models such as Neuman Systems Model, Roy Adaptation Model, Orem's Self-

Care Deficit Theory, Peplau's Theory of Interpersonal Relations, Pender's Health 

Promotion Model, Dorothy Johnson's Behavioural System Model have been used in case 

reports investigating the clinical use of nursing models in the literature [3]. Therefore, this 

study aims to provide the behavioural system model-based nursing care of a case 

diagnosed with coronary artery disease (CAD) and to contribute to the literature. 

Dorothy Johnson's Behavioural System Model 

The Behavioural System Model was first defined by Dorothy Johnson in 1980 and is 

based on behavioural sciences such as psychology, sociology and ethnology [4]. 

According to Johnson, the nurse helps the individual to facilitate behavioural functions 

before, during and after the illness. Nursing, on the other hand, is a professional discipline 

focusing on keeping the individual in balance and re-establishing the balance in case of 

imbalance [4,5]. Nursing interventions include protecting, supporting, and stimulating 

subsystems and ultimately regulating the entire system [6]. Moreover, another component 

of the model, the individual, is defined as the behavioural system. The behavioural system 

includes subsystems that affect each other and are interdependent.  
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Each subsystem interacts with the environment. 

Disruption of any subsystem leads to the impairment of 

balance, thus in turn resulting in impairment of health. 

The nurse, on the other hand, supports the individual's 

attempts to maintain the balance with the Behavioural 

System Model with his/her roles such as education and 

intervention [4,6]. Johnson's Behavioural System Model 

consists of seven subsystems [4,6-8]: 

• Affiliative subsystem; it is the basis of social events. 

People have warmer relationships with others. 

• Dependence subsystem; people pay attention to and 

feel trust towards others without any expectation 

with the aim of getting help. 

• Ingestive subsystem; it is the maintenance of the 

integrity of the organism by meeting the needs of 

the individual such as food and oxygen. 

• Eliminative subsystem; it is the excretion of 

biological waste from the organism 

• Sexual subsystem; it is development of sexual 

identity and supporting sexual satisfaction.  

• Achievement subsystem; individuals motivate 

themselves and their circle in order to meet the 

needs and achieve the goal.  

• Aggressive subsystem; individuals make attempts to 

defend themselves and their circle in order to 

preserve and maintain integrity.  

Each subsystem consists of four structural elements. 

These elements are drive, set, choice, and action [8,9]. 

Furthermore, in the model, Johnson classifies nursing 

diagnoses as various "insufficiency, discrepancy, 

incompatibility, and dominance" based on the 

individual's problems with these diagnoses. Depending 

on the situation, the nurse applies interventions that are 

not easily observed but can be deduced. As a result, the 

nursing intervention is evaluated by directly observing 

the individual's behavior or performance. [9]. 

Profile of the Case with Coronary Artery Disease 

A 59-year-old female patient is unemployed. She is 

married and has three children. She lives at home with 

her husband and a single son. 

The patient applied to the cardiology outpatient clinic 

due to the complaint of chest pain. After the evaluation, 

it was planned to admit her to the service. She stayed at 

the hospital several times before and she underwent 

coronary angiography four times. She underwent her 

last coronary angiography in March 2021. Coronary 

angiography was planned for her during this 

hospitalization, as well. When she learned that she was 

going to undergo angiography again, she started to cry 

and said, “Why couldn’t I recover? Yow… same again, 

they will do an angiogram operation for me again.”. She 

has a medical history of CAD, diabetes, hypertension, 

and heart failure. She stated that she did not monitor her 

blood glucose regularly and did not check blood 

pressure because she felt well at home. She also has the 

diagnosis of breast cancer in her medical history and 

underwent a left mastectomy in 2017. She is not a 

smoker but said that she was accompanying her husband 

with 1-2 cigarettes while they are drinking a cup of 

coffee. She does not consume alcohol. 

She stated that she was living at home with her husband 

and one child and they ate the same meal because she 

could not cook separately for everyone, therefore she 

did not follow any dietary program for her diseases, she 

was generally eating two meals and did not eat snacks, 

she was paying attention to take her drugs but she rarely 

forgot to take them. Her drugs were Acetylsalicylic acid 

100 mg 1x1 tb, Metoprolol succinate 50 mg 1x1 tb, 

Ramipril/ hydrochlorothiazide 10/25 mg 1x1 tb, 

Amlodipine 10 mg 1x1 tb, Clopidogrel 75 mg 1x1 tb, 

Pantoprazole 40 mg 1x1 tb, Atorvastatin (Ator) 40 mg 

1x1 tb, Atorvastatin (Colastin-L) 20 mg 1x1 tb, 

Letrozole 2.5 mg 1x1 tb, Pioglitazone HCl 45 mg 1x1 

tb, and Empagliflozin 25 mg 1x1 tb.  

She stated that she is doing her housework - albeit 

taking breaks periodically. She claimed that she is 

exhausted and (yet) looks after herself. She added that 

her works never end because her husband is constantly 

inviting guests over and doesn't help her out. Moreover, 

she told us that her married son always accompanies her 

to the hospital. She feels as though she is a burden on 

him, and that she has kept him away from his family. 

This, in turn, has upset her and caused her stress. 

The patient stated that she had no problem about 

urination, but she did not defecate for two days since the 

hospital influenced her. She stated that she could not 

sleep at night, woke up for no reason, and often could 

not fall asleep for more than 30 minutes. She said that 

she prayed for having a comfortable sleep, had concerns 

about the future, felt uneasy, and sometimes very sad, 

and she wanted to regain her health. Her mother suffers 

from hypertension and heart disease and her father has 

diabetes, she lost her brother due to myocardial 

infarction and her sister due to bowel cancer, all of 

which underlies her fears and concerns.  

The physical examination of the patient was performed 

by the first author and physician. In the inspection and 

palpation performed by the first author, it was observed 

that there was no edema in the body, no obvious 

complaint about lymphedema, and no other finding 

other than dryness and thickening in the skin of the feet. 

She suffered from tingling, burning sense, and 

sometimes stinging pain in her feet. Peripheral arterial 

pulses were taken in bilateral lower and upper 

extremities. The auscultation findings made by the 

physician were accessed from the patient file. During 
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auscultation, it is recorded that respiratory sounds were 

normal and S1 and S2 heart sounds were heard. No 

additional sound or murmur was heard. Her other 

system examinations were assessed as normal. Among 

her vital signs, body temperature: 36.7°C, blood 

pressure: 143/79 mmHg, pulse: 73/min, respiration: 

24/min, and oxygen saturation: 96%. Her laboratory 

findings were glucose: 191 mg/dl and HbA1C: 8.2% 

(high) and cholesterol levels and other laboratory 

findings were normal. Electrocardiography findings 

were at the sinus rhythm and echocardiography findings 

decreased with 35-40% ejection fraction (EF) and first-

degree tricuspid insufficiency (TI), dilated left atrium 

(LA), and left ventricular hypertrophy (LVH) were 

noted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The patient underwent coronary angiography as 

planned. Left Anterior Descending (LAD) was proximal 

stenosis at the rate of 70%, Circumflex (Cx) had plaque 

and Right Coronary Artery (RCA) was open. The 

patient was suggested to receive stent for LAD and 

medical treatment for CAD and discharge was planned. 

Nursing Care of the Case According to the Behavioural 

System Model 

The nursing process planned according to Johnson's 

Behavioural System Model for the patient who was 

diagnosed with CAD, underwent coronary angiography 

several times and had a comorbid condition is shown in 

the table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The nursing process planned according to Johnson's Behavioural System Model 

Subsystem Function  Diagnosis  Planning and Application  

Affiliative 

- Living at home with her husband and son. 

- Her married son does not spend time with 

his wife and children since he accompanies 

her. Her daughter-in-law did not call her 

throughout her last hospitalization and all of 

this makes her upset. 

- Not going outside too much, getting tired 

due to her diseases. 

- Having fear since she suffers from diseases 

in her family history, thinking that her own 

outcome would also be bad like theirs and 

stating that she have many sleepless nights 

without any reason 

- 

Insufficiency/ 

Dominance 

- An environment with her husband and son is created 

and the importance of family support and assistance is 

emphasized. 

- She is encouraged to talk to her daughter-in-law and 

supported in solving the problem. 

- It is recommended for her to make non-tiring 

activities and take a slow walk in the fresh air. 

- She is allowed to express concerns and fears. 

Lifestyle changes are planned to control the disease. 

- Non-pharmacological (breathing techniques, 

relaxation, etc.) methods are taught her to eliminate 

sleep problems. 

- She is allowed to express her thoughts about death. 

Dependence 

- Providing self-care. 

- Suffering from dyspnea while dealing with 

household chores. 

- 

Insufficiency/ 

Dominance 

- She is provided support for household chores. 

- She is trained to take breaks frequently and control 

breathing (breathing deeply and slowly) to conserve 

energy and reduce dyspnea while doing household 

chores. 

Aggressive 

- Being unable to usually finish household 

chores and getting tired of guests her 

husband always invites at home. 

- Stating that her husband was constantly 

smoking next to her even though she herself 

did smoke and that she was smoking one or 

two cigarettes with her coffee just to 

accompany him.  

- 

Insufficiency/ 

Dominance 

- She is encouraged to talk to her husband about the 

situations she feels uncomfortable. 

- A meeting with her husband is planned. He is 

informed about the necessity of meeting her care 

needs and its importance. 

- The relationship of smoking with chronic diseases is 

explained. The harms of passive smoking are 

indicated. Not smoking and the effects of smoking 

next to her are explained. If necessary, professional 

support is provided in this regard. 

Ingestive 

- Eating without any help. 

- Not following a specific diet for diabetes 

and hypertension. 

- Having never seen a diabetes nurse and a 

dietitian even though she had a history of 

diabetes for nine years. 

- Eating two meals a day and having irregular 

eating habits without taking any snacks. 

- Not knowing how to eat and not applying it. 

- 

Insufficiency/ 

Dominance 

 

- Discrepancy/ 

incompatibility 

- A meeting with the diabetes nurse is scheduled. 

- If necessary, a dietitian support is provided to 

regulate her nutrition.  

- The importance of monitoring blood glucose and 

blood pressure is emphasized. 

- It is questioned whether she has a personal 

glucometer and blood pressure monitor. If she does 

not have it, she will be helped to buy them. 

- Hypoglycemia and hyperglycemia are defined. She 

is informed about their symptoms. She is enabled to 

take measures. 

- She is informed about the relationship of nutrition 

with chronic diseases. 

- The importance of foot care is explained to her. 

- By providing an environment where family 

members living at home are present, it is planned to 

serve the meals that will be suitable for her, as well. 
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CONCLUSION 

In this study, the nursing process of a patient who was 

diagnosed with CAD, underwent coronary angiography 

several times and had a comorbid condition but 

continued her negative behaviors towards her diseases, 

was presented using Johnson's Behavioural System 

Model. As is known, the Behavioural System Model 

provides a conceptual framework in nursing practices 

[4]. It also reveals the situations requiring the nurse’s 

attention during her care. The main task of the nurse is 

to help the individual to change his/her behavior [7]. In 

the present case, the medical history of her, which we 

considered as the behavioural system, was taken in 

detail, her physical examination was carried out and 

then conditions disrupting the balance of subsystems 

were detected. Afterwards, a nursing care plan, which 

can be implemented by the nurse, a component of the 

external environment, was designed to provide 

behavioural change to bring into balance again. There 

are a limited number of studies in Turkey using the 

Behavioural System Model. However, studies also show 

that the model is useful in planning an effective nursing 

care [6,7,10,11]. The international literature has 

revealed that the model has a positive effect on nursing 

outcomes in different studies based on the Behavioural 

System Model in their theoretical frameworks 

[5,9,12,13]. It is very important to provide behavioural 

change in chronic diseases. In this sense, it is suggested 

to use Johnson's Behavioural System Model in 

management of chronic diseases and to conduct studies 

on different chronic diseases, as well. 
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Eliminative 

- No problem in urinating. 

- Being unable to defecate for two days. 

- Stating that the hospital environment affected 

her and she had related problems. 

- 

Insufficiency/ 

Dominance 

- Defecation is followed up. Bowel movements of the 

patient are checked. 

- She is enabled to eat fibrous foods. 

Sexual 
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undergoing left mastectomy and going through 
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- it was not 

assessed. 
- It was not assessed. 
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under control and cannot recover despite taking 
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Dominance 

- She is enabled to take support for household chores. 
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blood glucose and blood pressure. Her knowledge on 
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met. 
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feels and the negative relationship of stress with her 

diseases are explained to her. 

- Stress-related coping methods are taught to her. 

- She is encouraged to freely express her thoughts 

about the future. Her concerns are eliminated. 
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