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Introduction
Wound healing begins with the activation and aggregation of circulating 

platelets after the endothelial wall is damaged. This process provides 

the formation of thrombin, a proteolytic enzyme and a potent platelet 

activator that catalyzes the conversion of fibrinogen to fibrin (1). Many 

mediators, including growth factors, cytokines, and extracellular matrix 

modulators, are released from the alpha granules of activated platelets 

(2-4).

Platelet-derived products have become increasingly popular since 

the 1990s. Different ways to prepare platelet-rich plasma (PRP) have 

emerged, and the methodology continues to evolve from a traditional 

blood centrifuge to commercial systems (5). Nowadays, PRP is being used 

for surgical operations, chronic wound recovery, ulcers, and burned care.

The inferior turbinates, whose submucosal layer consists of venous 

sinusoids, have essential functions such as heating, humidifying, filtering 

the inhaled air, directing the airflow to the olfactory zone, and secreting 

mucosal immunoglobulin A (IgA) (6). There are many techniques available 

to reduce the size of enlarged inferior turbinates. Recently, procedures 

have preserved nasal function by reducing turbinate volume rather than 

concha resection (7).

Inferior turbinate radiofrequency has recently become popular as 

it protects the nasal mucosa and improves nasal function with a low 

postoperative complication rate. This technique provides a sufficient 

reduction in turbinate volume, and submucosal tissues are replaced 

by sclerotic ligament-like tissue, while the nasal mucociliary function is 

apparently preserved (8).

Problems such as pain, crusting, bleeding, and synechia can be seen 

in the healing of wounds after ITR. To prevent these problems, we 

investigated the short-term effects of intraoperative submucosal PRP 

injection in patients undergoing ITR.

Methods

Ethical Approval

The study was reviewed and approved by the University of Health 

Sciences Turkey, İstanbul Training and Research Hospital Local Ethics 

Introduction: To evaluate the effect of submucosal platelet-rich plasma (PRP) therapy on intraoperative bleeding and early 
postoperative pain and crusting in patients undergoing inferior turbinate radiofrequency.

Methods: A total of 70 adult patients with isolated inferior turbinate hypertrophy were included in this prospective study and 
randomized to the PRP or control groups. PRP was prepared for all patients. After applying submucosal radiofrequency to the inferior 
turbinates under local anesthesia, submucosal PRP was injected into the study group, and submucosal saline was injected into the 
control group. Patient controls were performed by another specialist. The patients and the specialist who performed the controls 
were blinded to which group they were in. All patients were evaluated endoscopically 1, 7, and 21 days after the operation.

Results: The mean age of the patients was 33.37±11.92 years (range: 18 to 54). The two groups had no significant differences in 
intraoperative bleeding and mucociliary clearance values (p>0.05). The amount of crusting and the visual analog scale pain values 
were significantly lower in the submucosal PRP -injected group (p<0.05).

Conclusion: Submucosal injection of PRP after radiofrequency of the inferior turbinate reduces nasal obstruction and pain due to 
crusting. With these features, it can be concluded that this procedure accelerates recovery and increases patient comfort in the early 
postoperative period.

Keywords: Platelet-rich plasma, turbinates, radiofrequency ablation, wound healing
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Committee (approval number: 2803, date: 16.04.2021). All procedures 
were performed in accordance with the ethical standards set forth by 
the World Medical Association Declaration of Helsinki (Scotland 2000). 
Informed consent forms were obtained from all the patients.

Patients and Study Design

Seventy patients with isolated inferior turbinate hypertrophy that did not 
respond to intranasal corticosteroids for 3 months were included in this 
prospective study and randomized to the PRP or control groups. All the 
patients were evaluated by endoscopic examination. Those with other 
causes of nasal obstruction such as septum deviation, nasal polyposis, 
allergic rhinitis, or comorbidities such as diabetes, hypertension, and 
coagulation disorder were excluded from the study. The PRP was 
prepared from all patients, and the procedures were performed by the 
same specialist. The patients were operated under local anesthesia with 
the same radiofrequency device. After providing local anesthesia with 
topical lidocaine spray, all patients received 15 watts and 300 joules of 
energy for 7-8 seconds from 3 different points on each inferior turbinate. 
After applying submucosal radiofrequency to the inferior turbinates 
under local anesthesia, submucosal PRP was injected into 35 patients 
in the study group, and submucosal saline was injected into 35 patients 
in the control group. The patients were discharged without prescribing 
medication.

All controls were performed by another specialist who was unaware 
of the group in which the patients were in. Pain, bleeding, crusting, 
and mucociliary clearance were compared between the two groups. 
Saccharin transit time (STT) was used for mucociliary clearance in the 
first week and stand-alone visual analog scale (VAS) was used for pain. 
The patients were evaluated for crusting on the first, 7th, and 21 days 
after surgery. All evaluations were performed under a 4 mm diameter 
0-degree endoscope (Karl Storz, Germany).

Platelet-rich Plasma Preparation

PRP was prepared from patients’ autologous blood samples and 
collected in anticoagulant-coated sterile vacuum tubes. An automated 
centrifugation machine (Centrifuge, CompactStar CS4, VWR International, 
England) was used for obtaining PRP with a speed of 1300 rpm for 10 
min. After centrifugation, the platelet-poor upper layer and the lower 
layer consisting of erythrocytes were disposed of. Then “buffy coat” layer 
rich in platelets and growth factors was applied to the surgical site (9).

Inferior Turbinate Radiofrequency

All surgical procedures were performed by the same senior surgeon after 
local anesthesia was provided with topical lidocaine spray. By using a 
radiofrequency generator (CelonLabENT; Celon AG, Teltow, Germany), 15 

watts and 300 joules of energy per shot were delivered submucosal to 
the anterior, middle, and posterior thirds of each inferior turbinate with 
the conchal probe.

Patient Evaluation

The intraoperative bleeding was calculated by the number of pads 
contaminated during the inferior turbinate radiofrequency. All patients 
were evaluated endoscopically 1, 7, and 21 days after the operation. A 
score between 1 and 4 was given according to the amount of crusting. 
0-25% crusting was scored as 1, 25-50% crusting 2, 50-75% crusting 3, 
and above 75% crusting as 4. Patients were asked to complete a VAS 
questionnaire regarding pain during the first 7 days. Additionally, nasal 
mucociliary transport was evaluated with STT postoperatively in the first 
week.

Statistical Analysis

In the data obtained from the study of Sinem Gökçe Kutuk and Talih 
Özdaş using the G*Power 3.1.9.7 (Franz Faul, Germany) program, it was 
determined that there should be a total of at least 70 samples.

Statistical analysis was performed using the IBM SPSS Statistics 25.0 
package program (SPSS Inc.; Chicago, IL, USA). The Kolmogorov-Smirnov 
test was used to determine whether the variables were normally 
distributed. While presenting descriptive analyses, mean ± standard 
deviation and median (minimum-maximum) values were used. The 
Mann-Whitney U test was used for unpaired group comparisons. 
Changes in measured values were examined by the Wilcoxon test within 
the group and with Repeated Measurements Analysis between the 
groups. A p-value less than 0.05 was considered statistically significant.

Results
The mean age of 48 male and 22 female patients was 33.37±11.92 
years (range: 18 to 54). There was no significant difference between 
the two groups in the amount of bleeding according to the number 
of contaminated pads during the operation (p=0.056). Similarly, 
no significant difference was observed between the groups in the 
mucociliary transport times evaluated by a STT in the postoperative 1st 
week (p=0.077) (Table 1).

The amount of crusting on the 1st, 7th, and 21st days evaluated by 
endoscopic examination was significantly higher in the submucosal 
saline-injection group for all 3 days (p<0.05) (Table 2). Additionally, 
when both groups were evaluated separately, no significant difference 
was observed in the change in the amount of crusting (Figure 1). As a 
result, the amount of crusting on the PRP -injected group was lower 
from the first day.

Table 1. Changes in the amount of bleeding and mucociliary clearance between the two groups

Saline-injected group PRP-injected group
p

Mean ± SD Median Mean ± SD Median

Amount of bleeding 1.66±0.73 2.00 1.29±0.75 1.00 0.056

Mucociliary clearance 1.31±0.93 1.00 0.91±0.82 1.00 0.077

Mann-Whitney U test (SD: Standard deviation). A value of p<0.05 was considered statistically significant
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The daily scored facial pain scale values during the first week were 

compared between the groups and the values were found to be lower 

on the 3rd, 4th, 5th and 6th days in the PRP-injected group (p<0.05) (Table 

3). When the changes in the facial pain scale were evaluated separately 

between the two groups, the pain decreased more rapidly in the PRP 

-injected group. (Figure 2). According to this result, we found that 

healing was faster in the PRP-injected group (p<0.05).

Discussion

For treating inferior turbinate hypertrophy, which causes nasal 

obstruction, radiofrequency has come to the fore with its local 

application, function preservation, and low complication rate (10). 

Karakurt et al. (11) demonstrated the effectiveness of this method 

objectively by providing a significant decrease in nasal resistance and 

a significant increase in nasal volume at the postoperative 6th month. 
Additionally, it has been observed in the literature that the mucociliary 
transport time is shorter in the early postoperative period in patients 
who underwent radiofrequency (12). In our clinic, we prefer this method 
because it can be applied locally, has a short duration, has low morbidity, 
long-term effectiveness, and is a mucosal preservation surgery.

In the study of Gunhan et al. (13), it was found that intranasal steroid 
therapy and radiofrequency ablation were similarly effective in 
improving the quality of life in patients with allergic rhinitis. We excluded 
patients with a diagnosis of allergic rhinitis in our study and selected our 
patients from patients who had symptoms of nasal obstruction due to 
isolated inferior turbinate hypertrophy and did not respond to 3-month 
intranasal corticosteroid therapy. All of these patients benefited 
significantly from the procedure according to the NOSE score at day 21.

Özdemir et al. Impact of PRP after Inferior-turbinate Radiofrequency

Table 2. The amount of crusting between the two groups by day

Saline-injected group PRP-injected group
p1 p2

Mean ± SD Median Mean ± SD Median

Crusting, day 1 2.23±0.88 2.00 1.71±0.67 2.00 0.011

0.109Crusting, day 7 1.69±0.63 2.00 1.26±0.66 1.00 0.009

Crusting, day 21 1.09±0.56 1.00 0.34±0.48 0.00 <0.001
1Mann-Whitney U test, 2Repetitive measurements analysis (SD: Standard deviation). Bold values indicate significance (p<0.05)

Figure 1. Changes in the amount of crusting between the two groups by 
day Figure 2. Changes in the amount of pain between the two groups by day

Table 3. The amount of pain between the two groups by day

Saline-injected group PRP-injected group
p1 p2

Mean ± SD Median Mean ± SD Median

Pain, day 0 4.60±2.43 5.00 4.49±2.52 4.00 0.789

0.030

Pain, day 1 3.94±2.42 4.00 3.57±2.37 4.00 0.469

Pain, day 2 3.23±2.40 4.00 2.43±1.79 3.00 0.079

Pain, day 3 2.71±2.08 3.00 1.63±1.44 2.00 0.021

Pain, day 4 2.51±2.13 2.00 0.91±1.44 0.00 0.001

Pain, day 5 2.03±2.12 2.00 0.66±1.53 0.00 0.001

Pain, day 6 1.57±1.85 2.00 0.66±1.39 0.00 0.007

Pain, day 7 0.94±1.64 0.00 0.43±1.14 0.00 0.067
1Mann-Whitney U test, 2Repetitive measurements analysis (SD: Standard deviation). Bold values indicate significance (p<0.05)
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In the literature, there were only minimal adverse reactions reported, 
such as pain, crusting, adhesion, dryness, or nasal bleeding (14). We 
did not detect any dryness, adhesions, or postoperative bleeding in 
our patients. Bleeding was seen only during surgery, and there was no 
significant difference between the amount of bleeding in both groups 
during the procedure. Various amounts of crusting were detected in all 
our patients until the 21st day and the pain until the 8th day. To avoid 
these problems, PRP, known to accelerate wound healing, was injected 
submucosal following ITP. Crusting and pain were significantly less in 
the PRP-injected group.

There are only limited studies on postoperative wound healing of 
the nasal mucosa. Khalmuratova et al. (15) guided further studies on 
the healing stages. The positive effects of PRP on wound healing by 
secreting various growth factors and cytokines have been shown in 
various studies (16-18). Therefore, the hypothesis of this study was that 
PRP would reduce crusting in the nasal mucosa and have a positive 
effect on postoperative pain.

Pomerantz and Dutton (19) investigated the curative properties of PRP 
after endoscopic sinus surgery. The results revealed that PRP is beneficial 
in wound healing in nasal surgery; however, the patient population in 
the studies was severely limited (19). As in these studies, we found PRP 
to be effective in crusting and pain.

As an unexpected and unexplained result in the histopathological nasal 
mucosa study of Yildirim et al. (20), the number of ciliary cells in the 
PRP-injected group was found to be significantly lower than that in the 
saline-injected group. In our study, we found no difference between 
these two groups in terms of mucociliary transport time.

Study Limitations

The main limitation of this study is the need for further studies with 
larger case numbers. Additionally, adding patients diagnosed with 
allergic rhinitis to a group and performing long-term postoperative 
evaluations with rhinomanometric measurements may increase the 
value of the study.

Conclusion
This study is important because it is the first study on PRP injection 
into the inferior turbinates after inferior turbinate radiofrequency. 
Submucosal injection of PRP after inferior turbinate radiofrequency 
significantly reduced postoperative pain and crusting in the early 
postoperative period, but had no effect on intraoperative bleeding. With 
these features, it can be concluded that this procedure reduces nasal 
congestion and pain due to crusting, accelerates recovery, and increases 
patients’ comfort in the early postoperative period.
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Introduction
Primary hyperaldosteronism (PHA); is a clinical syndrome that is defined 
as inappropriately increased serum aldosterone secretion and low 
plasma renin levels. PHA has been reported as the most common cause 
of secondary hypertension; its prevalence was reported as 20% in patients 
with resistant hypertension, 10% in patients with severe hypertension, 
and around 6% in patients with uncomplicated hypertension (1,2). 
While plasma aldosterone level (PAC), plasma renin activity (PRA), and 
PAC/PRA ratio are used as a screening test for PHA; fludrocortisone oral 
sodium loading test, saline infusion test (SIT), or captopril tests are 
used to confirm the diagnosis (3). Jerome W. Conn, who was the first to 
define PHA, stated that the absence or low level of PRA and increased 
aldosterone secretion may be the first finding for the diagnosis of PHA 
rather than hypokalemia (4). Considering this information, it must be 

considered that in the presence of hypokalemia in hypertensive patients, 

the diagnosis of PHA should be suspected immediately, and it must be 

kept in mind that PHA can be seen in many patients without hypokalemia. 

In addition, screening for PHA is not as complex as it seems.

In this retrospective study, we planned to show the significance of 

screening for this disease in hypertensive patients admitted to our clinic.

Methods

Our study included 64 patients who admitted to the cardiology outpatient 

clinic between April 2018 and August 2021 with high blood pressure and 

were selected to be checked for PRA, PAC, and PAC/PRA ratios to exclude 

secondary hypertension. The patient group with a high probability of 

secondary hypertension consisted of young individuals with high blood 
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pressure and individuals with resistant hypertension. Medical records, 

hypertension treatments, and medical histories of the patients were 

reviewed from our hospital database. Ethics committee approval was 

obtained from Memorial Bahçelievler Hospital Local Ethic Committee 

(approval number: 20, date: 13.09.2021). Written consent was obtained 

from all the patients. The blood pressure values and body mass index 

(BMI) of all patients were taken from the patient records.

The blood samples were taken from the patients for PAC and PRA 

between 08.00 and 09.00 a.m. in the morning with discontinuation of 

hypertension medication. The blood sample taken for PRA was taken 

into chilled tubes containing sodium ethylenediamine tetraacetate and 

centrifuged within the first 4 h after the sample was taken and stored in 

the freezer. PAC measurements were made with the aldosterone RIA kit 

(Beckman Coulter, Brea, CA). PRA measurements were made with an RIA 

kit (Beckman Coulter, Brea, CA) because of the production of angiotensin 

1 in vitro in a pH 6.0 environment.

PHA screening test is considered positive in healthy and normotensive 

subjects; if PAC is over 75th percentile; PAC/PRC ratio is over 95th percentile, 

PAC >150 ng/dL, PRA <1 ng/mL/h, PAC/PRA ratio >30 (5-7). Patients 

with positive screening tests were evaluated by an endocrinologist. 

The SIT was performed to the patients who were considered suitable 

after the evaluation. After remaining in the supine position for at least 

1 h before the start of the infusion, 2 L 0.9% saline was infused over a 

period of 4 h. Renin, aldosterone, and potassium levels   were measured 

from the patients before and after the infusion. The diagnosis of PHA 

was confirmed in patients with a PAC value >10 ng/mL in the SIT after 

saline. Surrenal magnetic resonance imaging (MRI) was performed for 

the etiologic investigation of the patients whose diagnosis of PAH was 
confirmed by SIT.

Statistical Analysis

The data obtained because of the study were analyzed using the SPSS 
24.0 program. Numerical values (age, systolic BP, diastolic BP, BMI, 
GFR, Na, K, Hb, and HbA1c, etc.) were given as minimum, maximum, 
mean, and standard deviation. Ordinal variables such as blood pressure, 
hospitalization complaint, smoking, and presence of hypertension were 
shown as percentages.

Results 
Of the 64 patients included in the study, 25 (39.1%) were female and 39 
(60.9%) were male. Demographic, clinical, and laboratory characteristics 
of the patients included in the study are shown in Table 1. The mean age 
of the patients was 40.9±13.8. Most of the patients (n=48, 75%) were 
admitted to the clinic with a complaint of high blood pressure. 8 (12.5%) 
patients were admitted to our clinic with complaints of headache, 3 
(4.7%) patients with chest pain, and 5 (7.8%) patients with fatigue, 
dyspnea, facial flushing, drowsiness, and palpitations. There was no 
smoking history in 70.3% (n=45) of the patients. 37 patients (57.8%) had 
no history of additional disease, and 40 patients (62.5%) had no family 
history of hypertension.

Most patients participating in the study were not receiving any 
antihypertensive treatment. A small group of patients were multi-
drug users and the drugs that may effect the result of the PAC, PRA, 
and PAC/PRA ratios were changed to those ones that had no effect on 
the abovementioned tests. Anti-hypertensive treatments used by the 

patients are given in Table 2. 

Bingöl et al. Screening of Hyperaldosteronism

Table 1. Clinical and labaratory features of patients

n Minimum Maximum Mean SD

Age (y) 64 17.0 78.0 40.8 13.81

Systolic BP (mmHg) 64 110.0 220.0 147.5 18.01

Diastolic BP (mmHg) 64 60.0 120.0 91.8 9.86

BMI (kg/m2) 64 20.2 38.1 27.5 3.90

GFR (mL/sec/1.7) 64 32.0 163.0 98.5 22.39

Na (mmol/L) 64 135.0 145.0 139.7 1.94

K (mmol/L) 64 3.4 5.2 4.3 0.35

Hb (g/dL) 57 9.4 18.6 14.2 1.77

HbA1c (%) 41 4.7 6.4 5.3 0.39

SD: Standard deviation, BP: Blood pressure, BMI: Body mass index, GFR: Glomerular filtration rate, Hb: Hemoglobin, HbA1c: Hemoglobin A1c

Table 2. Distribution of hypertensive drugs used by patients

Drug n %

ACEi 4 6.3

ARB 13 20.3

Beta blocker 13 20.3

Non-DHP CCB 2 3.1

DHP CCB 13 20.3

Diuretics 7 10.9

ACEi: Angiotensin-converting enzyme inhibitor, ARB: Angiotensin 2 receptor blocker, non-DHP CCB: Non-dihydropyridine calcium channel blocker, DHP CCB: Dihydropyridine calcium 
channel blocker
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Patients’ PAC, PRA, and PAC/PRA ratios were evaluated by an 

endocrinologist. Because of this evaluation, it was decided to assess 13 

patients with the SIT. PHA was diagnosed in 7 of 13 patients evaluated.

In the adrenal MRI performed in 3 of 7 patients diagnosed with PHA, 

one adrenal hyperplasia and one adrenal adenoma were diagnosed in 

2 different patients, whereas no pathology was observed in the other 

patient.

Discussion

This study aimed to investigate the prevalence of PHA in outpatients with 

hypertension at our own institution and to determine the frequency of 

PHA diagnosis in patients without a classical PHA clinic.

PHA is a more common disease than previously thought, thanks 

to developing technology and research methods, although it was 

previously thought to be a rare cause of secondary hypertension. It 

has been shown that there is increased aldosterone secretion from one 

or both adrenal glands in the pathophysiology of PHA and that this 

release is independent of the primary regulators affecting aldosterone 

release. As a result, increased aldosterone binds to the epithelial sodium 

channel (ENaC) in the distal nephron, causing sodium retention and 

potassium excretion. Due to the sodium retained in the distal nephron, 

water retention increases and the classical findings in patients, such as 

hypertension, hypokalemia, and metabolic alkalosis, develop (8).

Different studies showed that PHA is closely associated with various 

cardiovascular diseases. Diseases such as coronary artery disease, 

atrial fibrillation, heart failure, and stroke are seen more frequently in 

patients with PHA patients (9-11). Therefore, it is critical to diagnose and 

treat PHA in terms of cardiovascular health.

Various studies have been conducted on the frequency of PHA in the 

community or among patients with hypertension and the prevalence 

varies according to the method used as a screening test. In a study 

by Monticone et al. (9), it has been demonstrated that because of a 

screening performed in 1700 hypertension patients, the screening test 

was positive in 14% of the patients. In addition, 6% of the patients were 

diagnosed with PHA when the confirmatory test was performed on 

these patients. In this study, serum aldosterone level >10 ng/dL and 

ARR >30 were determined as a screening test positivity criterion (9). In 

a study by Mosso et al. (12) in Chile, the prevalence of PHA was 6% in 

609 hypertensive patients. In this study, ARR was accepted as >25 for 

screening test positivity.

Baudrand et al. (13), in a study of 241 mild-moderate hypertension 

patients, PRA <1 ng/mL/h; the prevalence of PHA was observed as 19% 

in patients with ARR >20 and aldosterone level >6 ng/mL. In our study, 

three different criteria positivity as PAC, PRA, and PAC/PRA (ARR) was 

accepted as “positive” as a screening test. and patients with ARR >30, 

PAC >150 ng/mL and PRA <1 ng/mL/h were evaluated further. Because 

of our study, the prevalence of PHA was observed to be 10.9%. The 

reason why our results differ from these studies; may be that our study 

did not adhere to a single criterion and the study population was small.

The most commonly known clinical features of PHA are hypertension, 

hypokalemia, and metabolic alkalosis, defined as the Conn triad. 

However, these three findings may not always be observed together in 

patients with PHA patients. In a multicenter study by Mulatero et al. 

(14), it was reported that hypokalemia was observed in 9-37% of patients 

diagnosed with PHA in the screening test for PHA in hypertensive 

patients. In another study by Käyser et al. (15), it was reported that all 

343 hypertensive patients diagnosed with PHA in the screening were 

normokalemic.

In our study, all the patients diagnosed with PHA were normokalemic 

as well. PHA can also be observed in normotensive patients. In a study 

by Markou et al. (16), fludrocortisone-dexamethasone suppression 

test was performed in 100 normotensive patients independent of the 

baseline ARR rate, and the diagnosis of PHA was reached in 13% of 

these patients. In another study, Baudrand et al. (13) performed an oral 

sodium suppression test on 210 patients with normotensive but low 

renin activity (<1 ng/mL/h) and found the prevalence of PHA to be 14% 

(17). As shown in our study and other studies, the presence of classical 

clinical findings in patients should not be expected for PHA screening, 

and a screening test for PHA should be performed even in the absence 

of hypokalemia, particularly in patients with resistant hypertension. 

Although there is no specific age range for PHA screening in secondary 

hypertension in the established guideline, it is observed that clinicians 

mostly screen for PHA in young patients. Looking at the literature, 

there is no study investigating the presence of PHA in elderly (>65 y) 

hypertensive patients. However, considering that a patient diagnosed 

with PHA in our study was older than 75 years and two of them were 

older than 60 years; especially in patients with resistant hypertension, 

PHA screening regardless of age will be very meaningful in terms of 

regulating the treatment of patients and reducing the complications 

that may develop due to high blood pressure.

Study Limitations

The limitation of our study is the small number of study population 

because it is a single-center study.

Conclusion
In summary; primary hyperaldosteronism is one of the important causes 
of secondary hypertension and has a certain prevalence in hypertensive 
patients. Although there are various methods as screening tests, the 
most commonly used method is the aldosterone/renin ratio and it is a 
disease that is practical to screen. Considering the various cardiovascular 
diseases that PHA is associated with, and the simplicity of treatment of 
PHA, we strongly believe that the screening threshold for PHA should be 
kept as low as possible and should be independent of age.

Ethics Committee Approval: Ethics committee approval was obtained 
from Memorial Bahçelievler Hospital Local Ethic Committee (approval 
number: 20, date: 13.09.2021).

Informed Consent: Written consent was obtained from all the patients.
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Introduction 
Male circumcision is the surgical excision of the skin covering the distal 
part of the penis to expose the glans penis. Circumcision, which is 
practiced for social, cultural, and medical reasons, is one of the oldest 
and most frequently performed surgeries worldwide. While almost all 
boys are circumcised in our country, the world health organization 
reports that 30% of men aged 15 and over are circumcised worldwide, 
predominantly Muslim men (1-4). 

Studies reported that newborn circumcision heals quicker than in 
infancy, and fewer complications are observed when applied by an 
appropriate technique and specialist. There are many advantages to 
circumcising men at a younger age, including faster recovery, lower cost, 
and a lower risk of complications. While circumcision is widely practiced 
in the neonatal period in western societies, it is generally performed 
between the ages of three and six in our country. The age range of 3-6 
is called the “phallic-oedipal period.” Any intervention to the child’s 
sexual organ during this period may be perceived as an attack and may 
adversely affect the child’s spiritual development. It is recommended to 
avoid circumcision as much as possible during this period (1,2,4-10).

Although it is such a common procedure, the indications and timing 

of male circumcision are controversial (6). The American Academy 

of Pediatrics (AAP) states that the health benefits of newborn male 

circumcision, such as preventing urinary tract infections, penile cancer, 

and some sexually transmitted infections, outweigh its risks and that 

the benefits of the procedure justify access to the circumcision (2,6). 

Studies state that circumcision can be performed in infancy (7,8,11). 

Implementing these recommendations in countries like ours is even 

more challenging, where circumcision is practiced for religious reasons 

rather than medical indications (7,12).

In this article, the patients who were circumcised at our hospital were 

evaluated. We provided details regarding circumcisions, such as age and 

timing.

Methods
We performed a retrospective evaluation of the children who underwent 

circumcision at Istanbul Sultanbeyli State Hospital between February 

2012 and February 2022. This study was approved by the Kartal Lütfi 

Kırdar City Hospital Clinical Research Ethics Committee (approval 
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number: 2022/514/222/13, date: 30.03.2022). Written informed consent 

was not obtained from patients, as the data analysis was conducted 

retrospectively.

In 2022, the Istanbul Sultanbeyli State Hospital had 170 inpatient beds. 

The hospital’s service area as a secondary care hospital covers a rural 

district in Istanbul, which has a population of approximately 350.000 

(179.000 male, 170.000 female). 

The hospital’s electronic health record system was used for data 

acquisition. The following parameters of circumcised children were 

analyzed: age at operation, surgery date, and surgeon provider type.

Circumcisions performed with medical indications such as phimosis, 

paraphimosis, balanitis, and hypospadias; children who underwent 

circumcision concomitant with other surgical interventions, such as 

hydrocele, adenoidectomy, tonsillectomy, inguinal hernia, umbilical 

hernia, and patients with missing data were excluded from the analyses.

For further analysis, children’s age at operation were categorized using 

the AAP age definitions as follows: neonatal period (<30 days), infancy 

(≥31 days and <1 year), early childhood (≥1 year and <5 years), late 

childhood (≥5 years and <13 years), and adolescence (≥13 years and 

≤17 years) (6).

The primary outcome of this study was to determine the age of 

circumcision in our hospital and compare it with the literature.

Statistical Analysis

We performed statistical analysis using the Statistical Package for Social 

Sciences (version 25 for Mac, IBM Corporation). Descriptive data for 

continuous variables are expressed as median values and interquartile 
ranges (IQR). Frequency was used for categorical variables.

Results
In the decade between February 2012 and February 2022, circumcision 
was performed on 18,125 patients at Istanbul Sultanbeyli State Hospital. 
Seven hundred eighty patients were excluded from the analysis 
(Circumcisions performed with medical indications and circumcision 
concomitant with other surgical interventions: 702; over 18 years  
old: 78).

After the exclusion criteria were applied, 17,345 children were analyzed. 
Children’s ages ranged from 0 to 209 months, and the median age was 
49 (IQR: 22-76) months (Table 1).

Children were divided into age groups according to the AAP age 
definitions. The percentage of the neonatal period, infancy, early 
childhood, late childhood, and adolescence were 1.1%, 13.6%, 46.3%, 
38%, and 1%, respectively (Table 2).

Although the number of surgeons operating in our hospital during the 
study duration changed, urology performed the most circumcisions in 
any age group (8374, 48.3%), followed by general surgery (4818, 27.8%) 
and pediatric surgery (4153, 23.9%) (Table 2). In all surgeon provider 
types, circumcision was performed primarily in early childhood  
(Figure 1).

The frequency of children circumcised by month was analyzed. We 
found that more circumcisions was performed in the summer, and the 
number of circumcisions due to Coronavirus disease-2019 (COVID-19) 
has decreased in the last two years (Figure 2). Although the number of 

Table 1. Children’s demographics of those who underwent circumcision surgery

Parameters Children, (n=17345)

Age (years)
Median (interquartile range) 4.07 (1.82-6.33)

Minimum-maximum 0-17

Age (months)
Median (interquartile range) 49 (22-76)

Minimum-maximum 0-209

Table 2. Children’s age classification according to surgical service

Parameters
Surgical service Total

Pediatric surgery General surgery Urology

American Academy of 
Pediatrics age classification

Adolescence (≥13 and ≤17 years)
n 7 42 121 170

% of total 0.0% 0.2% 0.7% 1.0%

Early childhood (≥1 and <5 years)
n 2356 1923 3760 8039

% of total 13.6% 11.1% 21.7% 46.3%

Infants (≥30 days and <1 year)
n 71 1061 1226 2358

% of total 0.4% 6.1% 7.1% 13.6%

Late childhood (≥5 and <13 years)
n 1717 1701 3171 6589

% of total 9.9% 9.8% 18.3% 38.0%

Neonates (<30 days)
n 2 91 96 189

% of total 0.0% 0.5% 0.6% 1.1%

Total
n 4153 4818 8374 17345

% of total 23.9% 27.8% 48.3% 100%
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circumcisions performed between February 2012 and February 2020 
was 16357, the number of circumcisions conducted between March 
2020 and February 2022 was 988.

Discussion
One of the oldest known surgical procedures is male circumcision. It 
is conventionally performed as a sign of cultural identity or religious 
significance or for sensed health benefits such as enhanced penile 
hygiene or decreased risk of infection. Worldwide, Muslims are the most 
significant religious group to practice circumcision, and an estimated 
68% of circumcised men are Muslims. Circumcision will always be an 
issue to be researched in our country, where most of them are Muslims, 
and 99% of the male population is circumcised (4,13,14). Circumcision 
may be performed for medical indications or concomitant to other 
surgical procedures. The most common medical cause of circumcision 
is phimosis (4). These groups, who were circumcised except for religious 
reasons, constituted a small portion of 3.9 percent of our study 
population.

According to the data compiled by the  Republic of  Turkey Ministry 
of  Health, General Directorate of Health Services, the number of 
circumcisions performed in health institutions has been increasing 
over the years. It was observed that 346,519 circumcision procedures 
were performed in 2013, 407,960 in 2015, and 418,283 circumcision 
procedures in 2017. According to the Turkish Statistical Institute data, 

there were 1,291,055 live births in Turkey in 2017. It is known that 
51.3% of these births, in other words, 662,311 live births are male. It 
is hypothetically expected to have at least 650,000 circumcisions per  
year (15).

In a study performed in Turkey in 2011, the mean age of circumcision 
was reported to be six years and over, in line with the results of previous 
studies (13,16-18). National studies published in the last decade 
showed variation in the age of circumcision. In a study in which 4059 
circumcised boys were evaluated, the mean age was found to be 4.1 
(±3.29), while in a study completed on 1669 boys, it was found to be 
3.7±2.5 (19,20). In studies with the number of circumcised boys ranging 
between approximately 100 and 400, the mean age of circumcision 
was found to be 3.9±3.8 years, 7.2 (0-16) years, and 5.4±3.2 years, 
respectively (21-23).

The median age of 17,345 boys in our study was 4.07 (IQR: 1.82-6.33) 
years. Our large patient cohort result is consistent with the studies 
published in the last decade. However, it showed that many children 
are circumcised during the not recommended period.

Research from a country that does not support neonatal circumcision, 
such as Germany, revealed no increasing trend toward neonatal 
circumcision. In this study, circumcision in Germany was mainly 
associated with being descended from Turkish families and revealed 
that most of the circumcisions were performed between the ages of 1-4 
(24). In the meta-analysis of 351 studies with 4,042,988 participants, the 
age of circumcision was defined as infants (under two years old) and 
children (2-18 years old), and complications were examined. This study 
showed that the overall risk of complications requiring treatment was 
3.84%, and complications were higher in childhood than in infants (25).

Much of the discussion on the optimal age for male circumcision focuses 
on the following age groups: newborn and infancy, phallic stage (3-4 
years), and school age (8). When we review the recommendations of 
the institutions in our country for the age of circumcision, The Pediatric 
Urology Bulletin of the Turkish Association of Urology recommends 
performing circumcision before the age of 2 or above the age of 6 
or performing it under general anesthesia if circumcision cannot 
be avoided in the phallic period (9). Turkish Archives of Pediatrics, 
the official journal of the Turkish Pediatric Association: There is no 
definite age recommended for the age of circumcision. However, 
circumcision between 1.5 and 4 years of age is inconvenient for the 
child’s psychological development. Neonatal circumcision, which has 
become widespread in our country recently, has some advantages (26). 
The turkish Pediatric Surgery Association with the Society for Pediatric 
Urology recommends following the American Academy of Pediatrics 
Male Circumcision report (2). In our study, the percentage of age groups 
did not differ between departments. During the study, all surgical 
specialties performed circumcision in early childhood. Our study results 
imply that a multidisciplinary effort is needed if efforts are made to 
bring circumcision age within the appropriate age range. 

Our study showed that circumcision operations were mainly performed 
in the summer months, which is consistent with other studies (13). As 
with other surgical procedures, circumcisions were postponed entirely 
at the beginning of the COVID-19 pandemic (27,28). With the decrease in 
the effect of the pandemic, circumcision operations have been applied 

Figure 1. Percentage of circumcision age by surgical service

Figure 2. Frequency of circumcised children by months
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again. However, a decrease of approximately 75 percent was observed 
in the number of circumcisions compared with the average of previous 
years.

Study Limitations

Our study had certain limitations. This is a retrospective, single-center 
study. The factors affecting the age of circumcision, such as parents' 
wishes and other medical conditions, were unavailable. We could not 
compare the complication rate and other perioperative parameters. Our 
hospital may not reflect national trends in circumcision as a secondary 
care center.

Circumcision operations are performed by many specialties in different 
levels of healthcare institutions. A national study to be conducted with 
more circumcised children from different levels of health institutions 
will more accurately reflect the age of circumcision in Turkey.

Conclusion
Our study showed that most circumcision operations are performed 
in the inappropriate age range. Although healthcare professionals’ 
recommendations of the best age to circumcise are compatible with 
the literature, a multidisciplinary effort is needed to implement these 
recommendations during the neonatal period.
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Introduction

Transthoracic needle biopsy (TNB) is used as an effective and safe 

diagnostic procedure in the intrathoracic lesions with diagnostic success 

rates ranging from 12% to 68% in benign (1), and from 76% to 97% in 

malignant lesions (2,3).

Computed tomography (CT) is an auxiliary radiological device with a 

perfect visualization capability used for TNB of the intrathoracic lesions. 

Real-time guidance of CT is a non-invasive marking and confirming 

method that allows high diagnostic success rates (4).

The most common complications of the procedure are pneumothorax 

(4-54%), followed by parenchymal hemorrhage at a rate of 2-42% 

(5,6). Chronic diseases and long-term medications of the patients have 

influence on the complications. Perilesional emphysema induces 

pneumothorax and hemorrhage (7). Antiplatelet and anti-coagulative 

long-term medications are risk factors for hemoptysis (8).

The main aim of this study was to contribute to the literature with 

the outcomes of the reference chest diseases hospital’s experience in 

the factors influencing the diagnostic success rate of CT-guided TNB in 

intrathoracic lesions consisting of pulmonary, pleural, and mediastinal. 

Introduction: Transthoracic needle biopsy (TNB) is a common, safe and inexpensive procedure used in the diagnosis of intrathoracic 
lesions. Until today, there is still no study about the influence of standardized uptake value (SUV

max
) in positron emission tomography/

computed tomography (PET/CT) on the diagnostic success of TNB in intrathoracic lesions. We aimed to analyze the factors, one of 
which was the SUV

max
 value influencing the diagnosis success of CT-guided TNB in pulmonary, mediastinal and pleural lesions. 

Secondary aim was to investigate the predictive clinical factors of complications.

Methods: A retrospective study of 403 patients who underwent CT-guided TNB at a reference chest diseases hospital between 
February 2019 and February 2021 was conducted. A pulmonologist had performed the procedure with a 20-gauge fine-needle 
(Spinal) or a 14-gauge automated needle (tru-cut). Data of pathology, microbiology and clinical follow-up of the patients were 
collected. A chi-square and Student’s t-test were used to evaluate the patient-related factors (gender and smoking), lesion-related 
factors (type, side, location, size, presence of necrosis observed by CT, SUV

max
 value in PET/CT), and procedure factor (type of needle) 

on the diagnostic success. Additionally, associations between clinical characteristics of patients and the complications were assessed.

Results: A total of 403 patients underwent CT-guided TNB were enrolled and overall success was 70% (284/403). Smoking history 
(75% vs 43%, p=0.02) was predictor for diagnostic success. Lesion size and SUV

max
 value were significantly high in diagnosed patients 

(for both p<0.001). Diagnostic success was high in peripheral and central lesions, more notably in central lesions (p=0.004, p=0.016, 
respectively). The 9.2 SUV

max
 cut-off value had sensitivity of 79%, specificity of %53, success of 79% (p<0.01). Cardiovascular diseases, 

anti-coagulants, vitamin K antagonists, and salicylate induced complications (p=0.031, p=0.022, p=0.011, p=0.04, respectively). 
Low-molecular-weight-heparin was associated with hemorrhage (p=0.016). 

Conclusion: We observed that type, size and SUV
max

 value of lesion and smoking status were the predictive factors for a diagnostic 
biopsy.

Keywords: CT-guided, transthoracic biopsy, diagnostic success, SUV
max

, complications
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Among these factors, the influence of maximum standardized uptake 
(SUV

max
) value in positron emission tomography/computerized 

tomography (PET/CT) on diagnostic success was also analyzed. 
Additionally, the predictive clinical factors for complications were 
investigated.

Methods
This single-center study was approved by the Local Ethics Committee of 
University of Health Sciences Turkey, Yedikule Chest Diseases and Thoracic 
Surgery Training and Research Hospital (approval number: 2021-107, 
date: 08.04.2021). Four hundred-three patients who underwent CT-
guided TNB performed by five independent pulmonologists between 
February 2019 and February 2020 were analyzed retrospectively. 
Because of the retrospective design of the study, the patients were 
exempt from informed consent.

Data Collection and Measurements

Data of the study were obtained from the hospital registration system. 
Demographic characteristics of the patients (gender and smoking status) 
and the type of needle used were collected.

Lesion type was categorized as a solitary pulmonary nodule, multiple 
pulmonary nodules, central mass, peripheral mass, mediastinal mass, 
pleural mass, consolidation, abscess, and cavitary lesion in thoracic CT. 
The central mass was described as a mass in the 2/3 inner area of the 
pulmonary parenchyma, and peripheral mass was described as a mass 
in the 1/3 outer area of the pulmonary parenchyma.

Smoking status was grouped as ever-smoker and never-smoker. Ever-
smokers included former and current smokers.

Size (cm), side (right/left/bilateral lung), location (right upper/middle/
right lower lobe; left upper/lingula/left lower lobe), and necrosis content 
of a lesion in thoracic CT were recorded. The size of a lesion (cm) was 
classified as <1, 1-3, 3-5, >5.

The SUV is an activity concentration in the tissue, which is calculated by 
radionuclide dose administered/patient’s weight. SUV

max
 values of the 

patients whose PET/CT reports could be accessed in the hospital registry 
system, were collected.

Procedural complications (pneumothorax, hemorrhage, air embolism, 
syncope) were collected from the interventional radiology registration 
system. Chronic diseases [chronic pulmonary diseases (CPD) (chronic 
obstructive pulmonary disease (COPD), emphysema, asthma), chronic 
cardiovascular diseases (CVD) (coronary artery disease, heart failure, 
hypertension)], and long-term medications such as anti-coagulant 
drugs [new oral anti-coagulants (NOAC), parenteral direct and indirect 
anti-coagulants], vitamin K antagonists, low-molecular-weight-heparin 
(LMWH), and antiplatelet drugs (salicylate and clopidogrel) were 
recorded from the pharmacy Medulla system.

Transthoracic Needle Biopsy Procedure

By the routine practice of the hospital and the Helsinki Declaration, 
consent was obtained from the patients for the procedure. All procedures 
were performed by five independent researcher pulmonologists with at 
least 10 years of professional experience.

A 16-slice CT scanner (Toshiba Alexion model 2013, Nasu, Japan) was 

used to guide the needle and locate the lesion. Anti-coagulant drugs 

were discontinued at least one week before the procedure. PET/CT 

and thoracic CT were pre-examined for biopsy site determination. 

A patient was positioned on the CT table according to the safest and 

shortest crossing for the biopsy and told to hold a breath. The location 

of a lesion was confirmed by a CT scanner. The needle -entry site of the 

skin was marked by an accompanying technician. After local antisepsis, 

the needle was inserted through the lesion. A 9 cm-long, 20-gauge 

fine needle (Spinal) was used for aspiration biopsy, and a 20 cm-long, 

14-gauge automated needle (tru-cut) was used for core biopsy. The 

aspiration was performed once it was ascertained that the needle was 

exactly inside the lesion.

After aspiration of the adequate sample, the aspirated material was 

fixed in 96% alcohol solution. A core specimen was fixed in 10% formalin. 

Frozen section analysis was not performed at the time of the biopsy. 

The collected material was sent to the department of pathology for 

histopathological examination. The samples of patients with suspected 

pulmonary tuberculosis were sent to the department of microbiology for 

acid fast bacilli (AFB) staining and culture to identificate mycobacterial 

infection.

End-point of the Study

The pathological results were classified into three categories-malignant, 

benign, and non-diagnostic. The result of pathology as malignant or 

benign was deemed as a diagnostic success. AFB staining positivity and/

or mycobacterium species proliferation in culture were also deemed as 

diagnostic success.

Statistical Analysis

All statistical analyses were carried out using a statistical software 

package (SPSS for Windows, version 16.0; SPSS Inc.; Chicago, IL, USA). 

Quantitative data were expressed as mean ± standard deviation and 

qualitative data were expressed as frequencies. A chi-square and 

Student’s t-test were used to evaluate the data obtained from inter-

group comparison. Receiver operating characteristic (ROC) analysis was 

used to determine the optimal SUV
max

 cut-off value in PET/CT. A p-value 

of <0.05 was considered significant.

Results
Four hundred-three patients underwent CT-guided TNB mainly with a 

prediagnosis of malignant diseases. The mean age of the patients, 81% 

(327) of whom were male, was 63±12 years. Eighty-nine percent of the 

patients (n=358) had a smoking history (Table 1).

The diagnostic success rate of TNB was 70% (284 of 403 patients). Two 

hundred-sixty-nine (95%) out of 284 patients were diagnosed with 

malignant disease, and 15 (5%) out of 284 patients were diagnosed with 

benign diseases by TNB. Of the benign lesions, only one was diagnosed 

with pulmonary tuberculosis based on microbiological examination 

[sample ARB (+)]. While the histopathological type was non-small-cell 

lung cancer in 220 patients and small cell lung cancer in 25 patients 

(Table 2).

Abalı et al. Diagnostic Success Factors of Transthoracic Biopsy
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Among 119 patients undiagnosed by TNB, 18 patients were diagnosed 

via either bronchoscopy, endobronchial ultrasonography, video-assisted 

thoracoscopy, or open lung biopsy, and 4 patients were diagnosed 

clinically and radiologically by a pulmonologist (Table 2). No repeated 

TNB was applied. Out of 119 undiagnosed by TNB, 97 patients dropped 

out of our follow-up for unknown reasons.

The most common lesion type was the peripheral lesion (n=236, 

59%), and the most common lesion location was the right upper lobe 

Table 1. Demographic, clinical, and radiological characteristics of 
patients underwent transthoracic needle biopsy for intrathoracic 
lesion                                                                                  

Number 
(n)

Percentages 
(%) 

Gender

Male 327 81

Female 76 19

Smoking status

Ever-smoker 358 89

Never-smoker 45 11

Chronic diseases

Cardiovascular diseases 117 29

Pulmonary diseases 98 24

Anti-coagulant drugs (one or more) 95 24

Vitamin K antagonists 17 4

Low-molecular-weight-heparin 14 4

Anti-platelet drugs 87 22

Clopidogrel 14 4

Salicylate 73 18

Lesion type

Solitary pulmonary nodule 58 14

Multiple pulmonary nodules 16 4

Peripheral mass 236 59

Central mass 39 10

Mediastinal mass 7 1

Pleural mass 14 4

Consolidation 11 3

Cavitary lesion 15 4

Abscess 2 1

Lesion size (cm)

<1 4 1

1-3 93 23

3-5 114 28

>5 192 48

Necrosis

Yes 105 26

No 298 74

Lesion side (lung)

Right 205 51

Left 196 48.6

Bilateral 2 0.4

Lesion location (lobe)

Right upper 117 29

Middle 20 5

Right lower 73 18

Left upper 97 24

Lingula 11 3

Left lower 85 21

Table 2. Diagnosis of patients

Number (n) Percentages (%)

Diagnosis by TNB

Malign 269 95

SCLC 25 8.8

NSCLC                                                                                         220 77.4

NSCLC with an undefined subtype 47 16.5

SqCLC 81 28.5

Adenocarcinoma 92 32.4

Mesothelioma 2 0.7

Mesenchymal tm 6 2.1

Neuroendocrine tm 3 1.1

Extrapulmonary cancer metastasis 13 4.6

Benign 15 5

Anthracosis 1 0.4

Sarcoidosis 3 1.1

Pulmonary tuberculosis 6 0.4

Organizing pneumonia 3 1.1

Aspergillus infection 1 0.4

Fungal infection 1 0.4

Diagnosis by a pulmonologist

Infected bronchiectasis 1 25

Metastatic lung cancer 2 50

Primary lung cancer 1 25

Diagnosis by further invasive procedures

Malignant solitary fibrous tm 1 5.6

Wilms tm 1 5.6

Anthracosis 1 5.6

B-cell Lymphoma 3 16.2

Hamartoma 1 5.6

Hyalinization 1 5.6

Mesothelioma 1 5.6

SCLC 1 5.6

Invasive mucinous carcinoma 1 5.6

SqCLC 2 11.1

Adenocarcinoma 1 5.6

Sarcomatous tm 1 5.6

Pulmonary tuberculosis 2 11.1

Lung metastasis from thyroid cancer 1 5.6

NSCLC: Non-small-cell lung cancer, SCLC: Small-cell lung cancer, SqCLC: Squamous-cell 
lung cancer, tm: Tumor, TNB: Transthoracic needle biopsy
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(n=210, 52%) (Table 1). While the diagnostic success rate of TNB was 
76% in patients with peripheral lesions (p=0.004), it was 87% in central 
lesions (p=0.016). The diagnostic success rate was significantly lower 
in a mediastinal lesion (14% vs 86%, p=0.003). Five of 15 patients 
with cavitary lesions were diagnosed (33% vs 67%, p=0.003). Four of 
11 patients with consolidations had definite diagnoses (36% vs 64%, 
p=0.018) (Table 3).

An ever-smoker patient had higher diagnostic success than a never-
smoker patient (75% vs 43%, p=0.02) as shown in Table 4.

The mean lesion size of all patients was 5.5±2.9 cm. While the mean 
size of central lesions was 5.5±2.9 cm, the mean size of peripheral 
lesions was 5.9±2.2 cm. The procedural diagnostic rates of patients 
with the lesion size (cm) <1, 1-3, 3-5, >5 were 50%, 60%, 72%, and 79%, 
respectively. The mean SUV

max
 value of the lesions was 13.8±7.8 μCu/g. 

The lesion size and SUV
max

 value were statistically significantly higher in 
patients with a pathology diagnosis (for both, p<0.001) (Table 4).

The optimal SUV
max

 cut-off value for the diagnostic success of TNB was 
detected as 9.2 μCu/g (area under the curve: 0.669) by ROC analysis. 
TNB procedure was 21% diagnostic in patients with an SUV

max
 value 

below 9.2 μCu/g, and 79% in those with an SUV
max

 value above 9.2 μCu/g 
(p<0.001). The SUV

max
 value above 9.2 μCu/g had a sensitivity of 79% and 

specificity of 53% for the diagnostic success of CT-guided TNB (Figure 1).

The complications were observed in 9% (n=35) patients. The most 
common complication was pneumothorax at a percentage of 7% (n=29) 
patients, followed by hemorrhage in 2% (6) patients. None of the air 
embolism and syncope appeared among the complications.

CPD were recorded in 98 (24%) patients, and CVD were recorded in 117 
(29%) patients (Table 1). Clinical characteristics such as anti-coagulant 
and antiplatelet drug use and chronic diseases of patients were compared 
with complications and hemorrhage rates. Statistically significant 
correlations were found between the development of complications 
and the history of CVD (p=0.031), the administration of anti-coagulant 
drugs (NOAC, parenteral direct and indirect anti-coagulants) (p=0.022), 
vitamin K antagonists (p=0.011), and salicylate (p=0.04). LMWH 
administration had a significant influence on hemorrhage (p=0.016). 
No significant associations were found between smoking and CPD and 
the occurrence of pneumothorax (p=0.998, p=0.415) (Table 5).

Discussion
The fast diagnosis of an intrathoracic lesion suspected for malignancy 
is important to avoiding mortality and morbidity of cancer by 
administering the optimal treatment as soon as possible.

TNB achieves a high technical success rate of 88-97% in different studies 
(9-11). The diagnostic success rate of this study was 70% (284 of 403 
patients) compatible with the reported ranges.

Table 3. Associations between lesion type, location, and SUV
max

 value in PET/CT and diagnostic success of transthoracic needle biopsy in 
intrathoracic lesions

Success Failure
p

n=284 (70%) n=119 (30%)

Lesion type

Peripheral mass 184 (76) 58 (24) -

Solitary pulmonary nodule 38 (65) 20 (35) -

Multiple pulmonary nodules 11 (69) 5 (31) -

Central mass 34 (87) 5 (13) <0.001*

Mediastinal mass 1 (14) 6 (86) -

Pleural mass 7 (50) 7 (50) -

Consolidation 4 (36) 7 (64) -

Cavitary lesion 5 (33) 10 (67) -

Abscess 0 (0) 2 (100) -

SUV
max

 value in PET/CT (μCu/g) β15±7.5 β11±7.7 <0.001*

Lesion side (lung) -

Right 142 (69) 63 (31) -

Left 141 (72) 55 (28) 0.688*

Bilateral 1 (50) 1 (50) -

Lesion location (lobe) - - -

Right upper 88 (65) 29 (35) 0.145

Right middle 14 (70) 6 (30) 0.998

Right lower 44 (62) 27 (38) 0.087

Left upper 71 (74) 26 (26) 0.437

Lingula 8 (73) 3 (27) 0.998

Left lower 62 (73) 23 (27) 0.410

Percentage values given in parentheses, βmean value ± standard deviation, n: Number of patients, PET/CT: Positron emission tomography/computed tomography, SUV
max

: Maximum value 
of standardized uptake, *p<0.05: Significant value
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The diagnostic success of TNB performed by a pulmonologist in a 

study including 224 patients was reported at 97% (12). The relatively 

low diagnostic success in this study may be explained by the lesions 

containing more necrotic tissues. Another fact is that diagnostic success 

seems to be higher in the case of TNB performed in the presence of 

a pathologist to evaluate sample adequacy (13). Unfortunately, no 

accompanying pathologist was present during the procedure in the 

interventional radiology department.

The procedure in 185 of 247 ever-smoker patients were diagnostic, 

and there was a significant association between smoking history and 

diagnostic success (p<0.001). This result was not surprising in this study 

with the malignant pathology results at a rate of 95%.

van Sonnenberg et al. (14) have determined the diagnostic success of 

90% for lesions 3-4 cm, 89.3% for lesions 2-3 cm, 83.9% for lesions 1-2 

cm, and 73.9% for lesions <1 cm (14). Tsukada et al. (15) have reported 

that diagnostic success decreased with decreasing lesion size (cm): 

Table 4. Influence of demographic and lesion characteristics of the patients and needle type on the diagnostic success of transthoracic 
needle biopsy in intrathoracic lesions

Success Failure
pn=284 (70%) n=119 (30%)

Gender

Male 236 (72) 91 (28) 0.127

Female 48 (63) 28 (37) -

Smoking history

Ever-smoker 268 (75) 90 (25) <0.001*

Never-smoker 19 (42) 26 (58) -

Lesion size (cm) β2.3±0.8  β2±0.9 <0.001*

<1 cm 2 (50) 2 (50) -

1-3 52 (60) 41 (40) <0.001*

3-5 82 (72) 32 (38) -

>5 151 (79) 41 (31) -

Necrosis in lesion

Yes 72 (69) 33 (31) 0.621

No 212 (71) 86 (29) -

Needle type

FNB 268 (70) 115 (30) 0.454

CB 16 (80) 4 (20) -

Percentage values given in parentheses, βmean value ± standard deviation, CB: Core biopsy, FNB: Fine-needle biopsy, n: Number of patients, *p<0.05: Significant value

Table 5. Associations between clinical characteristics of patients and complications of transthoracic needle biopsy in intrathoracic lesions

Number (n) Percentages (%) p

Total complications

Anti-coagulants (n=95) 14 15 0.022*

Vitamin K antagonists (n=17) 5 29 0.011*

LMWH (n=14) 2 14 0.347

Salicylate (n=73) 11 15 0.040*

Clopidogrel (n=14) 1 7 1.000

CPD (n=98) 6 6 0.410

CVD (n=117) 16 14 0.031*

Pneumothorax
Ever-smoker (n=358) 18 5 0.998

CPD (n=98) 29 29 0.415

Hemorrhage

Anti-coagulants (n=95) 3 3.2 0.146

Vitamin K antagonists (n=17) 0 0 0.998

LMWH (n=14) 2 14.3 0.016*

Salicylate (n=73) 3 4.1 0.076

Clopidogrel (n=14) 0 0 0.999

CPD: Chronic pulmonary diseases, CVD: Cardiovascular diseases, LMWH: Low-molecular-weight-heparin. *p<0.05: Significant value
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from 100% to 93%, 87%, 79%, and 67% for lesions >5, 3-5, 2-3, 1-2, 

<1, respectively. The diagnostic success related to the lesion size (cm) 

agreed with the previous studies: for <1, 1-3, 3-5, and >5 were 50%, 

60%, 72%, and 79%, respectively. Lesions at a mean size of 2.3±0.8 cm 

had significant diagnostic success of TNB (p<0.001). Li et al. (9) have 

attributed the decrease in diagnostic success with the reduction in lesion 

size to sampling error. Because the technique of targeting small lesions 

is difficult, the needle can not be placed right inside the lesion or it 

can be placed in a necrosed area. Controversially, Priola et al. (13) have 

showed that diagnostic success was high in the lesions of which sizes 

were 1.5-5 cm (lesions <1.5 cm 68%, lesions 1.5-5.0 cm 87%, lesions 

>5 cm 78%). Another study has declared that CT-guided TNB of small 

pulmonary lesions <2 cm had higher diagnostic success (93.5%) (16). 

Luciderma et al. (17) have reported no significant difference in the 

success of 81% for ≤2 cm and 91% for lesions >2 cm. These conflicts may 

depend on the needle type and skill of the practitioner.

Peripheral and central lesions had significant influences on diagnostic 

success (p=0.004, p=0.016, respectively; conversely, mediastinal 

mass, cavitary lesion, and consolidation had significant influences on 

diagnostic failure (p=0.003, p=0.003, p=0.018, respectively) in this 

study. To date, there are few studies analyzing the influence of lesion 

type on the diagnostic value of this procedure. The diagnostic success 

rate of CT-guided TNB with a fine needle was 83.5% in central lesions, 

and diagnostic success increased gradually to the periphery of the lung 

to 95.6% in the study by De Filippo et al. (18). The lesion depth had 

no significant influence on the diagnostic success in another study (19). 

Unlikely these two studies, the diagnostic success rate of TNB was higher 

in central lesions in this study. Different outcomes of the three studies 

may be related to the differences in the mean lesion size and needle-

pleural angle.

In some series of studies, the diagnostic success rates of TNB in 

cavitary lesions have been found at 100% and 94% (18,19). However, 

the diagnostic success rate was observed as 33% in this study. A study 
including 1,090 patients have declared that the diagnostic rate of TNB 
in consolidations is at 83% (20). On the contrast, the diagnostic success of 
TNB in consolidations was found to be 36%. The lower rates of diagnostic 
success in cavitary lesions and consolidations may be attributed to the 
lower percentages of these radiological appearances in this study.

The mean SUV
max

 value of the lesions was 13.8±7.8 μCu/g and was 
significantly high in diagnosed patients. In the current literature, there 
is no study on the cutoff value of SUV

max
, which indicates the diagnostic 

success of TNB in intrathoracic lesions. A previous study (21) including 
the nodules in the size of 1-2 cm has investigated the SUV

max
 cut-off 

value for the diagnostic success of TNB. The 4.5 SUV
max

 cut-off value 
had a sensitivity of 80.2%, specificity of 54.4%, accuracy of 72.8% 
(p<0.001). Similarly, the 9.2 SUV

max
 cut-off value had sensitivity of 79%, 

specificity of 53%, and accuracy of 79% (p<0.001) in this study. The 
SUV

max
 value above 2.5 μCu/g predicted malignant lesions (22). While 

58% of the lesions were malign in the previous study, 95% of the lesions 
were malign in this study. Compared with that study, the higher SUV

max
 

cut-off value in this study had approximately the same specificity. This 
might be because our study included a higher proportion of malignant 
and infected lesions as F-18 fluorodeoxyglucose is not uptaken only by 
malign lesions but also by inflammatory lesions (23).

The most common complication was pneumothorax, followed by 
hemorrhage. The rates of these complications were within acceptable 
levels and even were less than that reported in the previous literature 
(5,6,24). Emphysema and smoking have been declared as risk factors for 
pneumothorax and hemorrhage in a study (25). Controversially, CPD and 
smoking had no influence on the occurrence of pneumothorax in this 
study. Another study has also found no association between smoking and 
pneumothorax (26). In a study, COPD has been reported as a risk factor 
for both pneumothorax and hemorrhage, and oral anti-coagulants and 
antiplatelet agents have been reported as risk factors for hemorrhage 
(27). Conversely, CPD had no association with total complications, and 
anti-coagulants and antiplatelet agents (salicylate, clopidogrel) had no 
associations with hemorrhage. LMWH was found to be the only risk 
factor for hemorrhage. However, anti-coagulants, salicylate, and vitamin 
K antagonists had associations with total complications (pneumothorax 
and hemorrhage). A previous study reported that hypertension was 
not a risk factor for complications of TNB, including pneumothorax, 
hemorrhage, hemoptysis, and hemothorax (28). In contrast, CVD was a 
significant factor in the occurrence of total complications in this study. 
Lesions of different sizes and depths, different patient populations may 
have led to the conflict between these studies.

Study Limitations

The main limitation of this study was the retrospective design. We 
consider that the most important reason for undiagnosed 97 patients 
to drop out of our follow-up is  the coincident of the diagnostic 
interventions with the COVID-19 pandemic period.

Conclusion
This study demonstrated that lesion-related factors (type, size, SUV

max 

value in PET/CT) and patient-related factors (smoking history) were 

Figure 1. The ROC curves of the sensitivity and specificity of SUV
max

 above 
9.2 μCu/g of cut-off value

ROC: Receiver operating characteristic
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predictors for the diagnostic success of TNB. The history of CVD, 
administration of anti-coagulants, vitamin K antagonists, and salicylate 
were observed to correlate with the higher complication rates. An 
association was observed between hemorrhage and only LMWH. Before 
ordering this procedure, a practitioner should consider these factors. 
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Introduction

Platelet-rich plasma (PRP) is an autologous blood fraction with increased 

concentration of platelets and plasma growth factors above a certain 

threshold (1-3). The most common PRP acquisition methods in the 

market are kits. However, they differ significantly in terms of platelet 

concentration because of unstandardized production processes, and 

these are open methods where the plasma gets in contact with air (4). 

Sterilization is the process of removing living and viable germs from 

objects (5). Sterilization, especially of blood products, is important for 

preventing secondary infections and transmission of diseases (6,7).

PRPBAG® is a patented multi-bag PRP preparation system that uses 
apheresis bag technology. Its oxygen-permeability prevents platelets 
from hypoxia, which results in a high-quality PRP product. PRPBAG® 

is a completely closed and sterile system. It can provide an increase of  
as high as eightfold in the concentration of platelets compared to  
plasma (8).

Thrombocytes are delicate blood cells that are typically stored at room 
temperature for 5 days with gentle agitation (9,10).

The aim of this study is demonstrating the sterility of PRPBAG®, a multi-
bag completely closed PRP preparation system different than PRP kits 

Introduction: The aim of this study is demonstrating the sterility of PRPBAG®, a multi-bag completely closed PRP preparation system 
different than PRP kits in the market and determining preservability of the sterility of PRP produced with PRPBAG® up to 5 days 
similar to other platelet products.

Methods: We recruited 60 participants for increased statistical significance. 150 mL of whole blood was collected in specially produced 
PRPBAG®. A double-spin preparation method was used for the samples with a refrigerated centrifuge specially manufactured for 
PRPBAG®. We started centrifugation within 1 h after collecting blood. In the 1st spin of the centrifugation, whole blood was centrifuged. 
Erythrocytes precipitated in the first bag because of blood component density, and the supernatant plasma was transferred into the 
second bag using a manual plasma extractor. The third bag was empty after the first spin. We used a hose-closing device to separate 
the first bag, which contained erythrocytes, from the other bags. In the second spin of centrifugation, the plasma was centrifuged.

Results: PRP product with high-quality was collected in the second bag. We have considered the European guidelines for the 
preparation, use, and quality assurance of blood components during the whole process. 1 cc of PRP was added into separate pediatric 
blood culture bottles on days 0, 1, 2, 3, 4, and 5. These samples were sent to the microbiology laboratory and incubated for 5 days. 
After this incubation period, the blood culture bottles that did not give positive signals were reported as sterile.

Conclusion: Currently, PRP is used immediately after preparation. Our study demonstrates that PRP prepared with a closed triple 
blood bag system PRPBAG® may be used for 5 days if agitated at room temperature. There was not any bacterial growth in any sample 
after 5 days. 
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in the market and determining preservability of the sterility of PRP 
produced with PRPBAG® up to 5 days similar to other platelet products. 

Methods
PRP was prepared using PRPBAG® and with the following the steps:150 
mL of whole blood was drawn from the antecubital veins and collected 
in specially produced PRPBAG®. A double-spin preparation method 
was used for the samples with a refrigerated centrifuge specially 
manufactured for PRPBAG® (Large Capacity Refrigerated Centrifuge, 
Inovia Technology INO-FBC 5000). We started centrifugation within 1 h 
after collecting blood. In the 1st spin of the centrifugation, whole blood 
was centrifuged at 1600 (540 x g), 1800 (684 x g) and 2000 (845 x g) 
rpm for 10 min. Erythrocytes precipitated in the first bag because of 
blood component density, and the supernatant plasma was transferred 
into the second bag using a manual plasma extractor. The third bag was 
empty after the first spin. We used a hose-closing device to separate the 
first bag, which contained erythrocytes, from the other bags. The first 
bag was destroyed afterwards, and the process was continued with the 
remaining two bags. In the second spin of centrifugation, the remaining 
two bags were placed on the centrifuge. Plasma was centrifuged at 3500 
rpm (2587 x g) for 15 min promptly. PRP product with high-quality was 
collected in the second bag. Supernatant plasma that is platelet-poor was 
transferred into the third bag using a manual plasma extractor, resulting 
in 10-18 mL of high-quality PRP in the second bag. We used hose-closing 
device to separate and destroy the third bag with platelet-poor plasma. 
We have considered the European guidelines for the preparation, use, 
and quality assurance of blood components during the whole process. 
The products used for acquiring PRP are medical devices authorized for 
clinical use and trade by the responsible institution (PRPBAG) (7).

1 cc of PRP was added into separate pediatric blood culture bottles 
(Becton-Dickinson, USA) on days 0, 1, 2, 3, 4, and 5. These samples 
were sent to the microbiology laboratory and incubated for 5 days. 
After this incubation period, the blood culture bottles that did not give 
positive signals were reported as sterile. The bottles that gave positive 
signals were planned to be gram-stained immediately and cultured. 
For culturing, the samples were to be inoculated into four quadrants 
of 5% sheep blood agar (BectonDickinson, ABD), Eosin-Methylene Blue 
agar (BectonDickinson, ABD), and chocolate agar (BectonDickinson, 
ABD) plates by the dilution method using sterile standard inoculating 
loop. The agar plates were planned to be incubated in CO

2 
incubator 

aerobically at 35±2 °C for 24-48 hours. In the case of bacterial growth, 
colonies were projected to be processed for further identification. 
Bacterial strain typing was to be performed with a VITEK MS MALDI-
TOF (bioMérieux, USA) system and VITEK® 2 Compact (bioMérieux, Marcy 
l’Etoile, Fransa) automatized in accordance with the recommendations 
of the producer.

Our study was approved by the Bezmialem Vakıf University Local Ethics 
Committee (approval number: 5/27, date: 06.03.2019), and we acquired 
individual informed consent from all participants.

Statistical Analysis

Statistical analyses were planned to be performed with SPSS version 20.0 
for Windows (SPSS Inc. Chicago, IL, USA). The number of volunteers to be 
included in this study was calculated by the department of statistics as 
40 with a 95% confidence level and 80% power. We determined the final 
number of participants was 60.

Results
The minimum number of volunteers to be included in this study 
required for 95% confidence level and 80% power was determined by 
the statistics department as 40. However, we recruited 60 participants 
for increased statistical significance. We took 6 samples of PRP from 
each patient making 360 samples and added them into pediatric blood 
culture bottles (Becton-Dickinson, USA). The samples were incubated 
in BACTEC FX (Becton-Dickinson, USA) for 5 days. There was not any 
bacterial proliferation in any of 360 samples. Therefore, the processes 
planned for further bacterial identification as explained in methods 
were not needed.

Discussion

As commonly known, most of the systems that produce PRP are open 
tubes, and the product has to be used immediately. In this study, we 
wanted to test the safety of closed triple bag systems in terms of bacterial 
contamination and safety for 5 days, which is the standard usage time 
of platelets. Therefore, we added 360 samples from 60 subjects into 
pediatric blood culture bottles (Becton-Dickinson, USA). There was not 
any bacterial proliferation in any sample. Therefore, there was no need 
to conduct a statistical analyzes. These results agree with the findings of 
blood banking and apheresis systems in terms of sterility and terms of 
use (Hoots, 2001) (6).

Currently, PRP is used immediately after preparation. Our study 
demonstrates that PRP prepared with a closed triple blood bag system 
may be used for 5 days if agitated at room temperature. There was not 
any bacterial growth in any sample after 5 days (Table 1).

PRP is a treatment option with few side effects and is considered almost 
harmless. However, it has certain complications as any intervention 
that include infection. Therefore, the sterility of PRP is important for 
preventing infections (11). Dincer et al. (12) report a case of a 27-year-
old male soccer player who is treated with PRP injections for grade 2 
rupture in the gastrocnemius muscle. He developed an ulcer on the leg 
after being treated with PRP. This article demonstrates the importance 
of using a method of obtaining PRP scientifically proven to be safe from 
bacterial contamination.

Conclusion
The use of a standardized closed system, the long-term use of the 
product, and the standardization of the amount of platelets in the 
sample have brought a new dimension to the use of PRP, which will be 
a scientific basis for further clinical studies.
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Table 1. Bacterial proliferation on the corresponding day
Patient number The patient name Day 0* Day 1* Day 2* Day 3* Day 4* Day 5*
1 Ö.B. None None None None None None
2 E.İ. None None None None None None
3 Ö.G. None None None None None None
4 A.T. None None None None None None
5 N.B. None None None None None None
6 S.K. None None None None None None
7 S.A. None None None None None None
8 S.F.P. None None None None None None
9 S.K. None None None None None None
10 O.Ş. None None None None None None
11 S.D. None None None None None None
12 İ.E. None None None None None None
13 O.K. None None None None None None
14 İ.S. None None None None None None
15 S.E. None None None None None None
16 Ö.P. None None None None None None
16 D.Ç. None None None None None None
18 Ç.Ü. None None None None None None
19 H.A. None None None None None None
20 Z.K. None None None None None None
21 N.Ö. None None None None None None
22 Ç.G. None None None None None None
23 B.K. None None None None None None
24 F.G. None None None None None None
25 F.K. None None None None None None
26 S.A. None None None None None None
27 K.D. None None None None None None
28 M.D. None None None None None None
29 M.A. None None None None None None
30 E.Ö. None None None None None None
31 Z.D. None None None None None None
32 N.B. None None None None None None
33 T.P. None None None None None None
34 E.A. None None None None None None
35 U.S. None None None None None None
36 N.T. None None None None None None
37 D.Ş. None None None None None None
38 S.K. None None None None None None
39 Ş.V. None None None None None None
40 S.K. None None None None None None
41 Ö.F.T. None None None None None None
42 A.Ö. None None None None None None
43 B.K. None None None None None None
44 E.Ö. None None None None None None
45 K.S. None None None None None None
46 A.K. None None None None None None
47 B.P. None None None None None None
48 Y.T. None None None None None None
49 A.E. None None None None None None
50 S.G. None None None None None None
51 M.S. None None None None None None
52 S.S. None None None None None None
53 A.V. None None None None None None
54 E.V. None None None None None None
55 S.P. None None None None None None
56 F.Ş. None None None None None None
57 A.K. None None None None None None
58 R.B. None None None None None None
59 Ç.Ö. None None None None None None
60 B.B. None None None None None None
*Bacterial proliferation on corresponding day
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Introduction

Diabetes mellitus (DM) detected after 24 weeks of pregnancy is 

referred to as gestational diabetes mellitus (GDM), assuming that overt 

diabetes was excluded before becoming pregnant or at the latter in the 

early stages of pregnancy (1). GDM affects around 7% of all pregnant 

women worldwide (2). GDM presents major health concerns due to its 

unfavorable short-term impact on pregnancy outcomes and its potential 

long-term implications for mother-baby dyads, including macrosomia, 

preeclampsia, and type 2 diabetes (3). 

It is crucial to estimate the danger of GDM early in pregnancy to allow 

for initial measures to the prevent adverse outcomes of GDM. Therefore, 

the most effective means of GDM screening in early pregnancy is still 

being researched. Numerous models and algorithms have been created 

and evaluated to screen for disease processes that result in morbidity 

to develop novel modalities for prediction and screening (4-6). For 

this purpose, maternal clinical risk factors have historically been used. 

However, this method is constrained by the fact that these risk variables 

are often used in a binary manner that results in low sensitivity and 

specificity values (7). Using a representative model that combined 

maternal factors including ancestral background history of diabetes, 

history of GDM, parity, body mass index (BMI), ethnicity, mean arterial 

pressure, pregnancy-associated plasma protein A (PAPP-A), and uterine 

artery (UtA) pulsatility index (PI) in the first trimester, prediction of GDM 

provided a detection rate of 82.7% (8). 

The analysis of the proteins human chorionic gonadotropin (hCG), alpha-

fetoprotein (AFP), PAPP-A, inhibin-A, and estriol is used in the routine 

screening for maternal serum aneuploidy between 11 and 20 weeks of 

gestation (9). As placental function markers, these proteins have been 

linked to unfavorable pregnancy outcomes such as growth restriction, 

hypertension, miscarriage, premature delivery, and fetal demise (10).

There is still no consensus among the perinatal experts on the value of 

Doppler examination for the prediction and regulation of DM in pregnant 

Introduction: Gestational diabetes mellitus (GDM) presents major health concerns due to its unfavorable impact on pregnancy 
outcomes and it has no established predictive test. The objective of this research is to determine out the value of triple test analytes 
and second-trimester uterine artery (UtA) Doppler analysis together in the estimation of GDM.

Methods: In this retrospective study, the clinical data of 87 women with GDM and 723 women with normal glucose tolerance (NGT) 
were compared. Maternal triple test analytes [human chorionic gonadotropin (hCG), estriol, and alpha-fetoprotein (AFP)] as multiples 
of the median values and second-trimester UtA Doppler examination for the presence or absence of notching, the left and right UtA 
pulsatility index (PI), and mean UtA PI was recorded for the NGT and GDM groups. 

Results: In terms of maternal serum hCG, estriol, and AFP, the study groups were found as similar. The presence of UtA notching was 
considerably higher in the women who developed GDM. The mean UtA PI provided good diagnostic accuracy for predicting GDM with 
an optimal cut-off point of >1,195 with a sensitivity of 66.7% and a specificity of 77.3%. Multivariate logistic regression revealed that 
the presence of a history of GDM and bilateral UtA notching was found to be a predictor of the development of GDM.

Conclusion: Second-trimester UtA Doppler ultrasonography but not the triple test analytes has a place for predicting GDM in some 
pregnant populations, especially in women for whom GDM screening cannot be carried out because of the hesitancy of the oral 
glucose tolerance test.
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women. Doppler examination, including the UtA, can provide valuable 
information about the status of fetal development and well-being. It 
may also help in the selection of the high-risk group of women with DM 
who need close follow-up and labor (11). In the current literature, there 
is no reliable data for the usage of UtA Doppler indices in the second-
trimester for estimating GDM. 

Considering that the assessment of results of the triple test and second-
trimester UtA Doppler ultrasonography may be useful in the prediction 
of GDM, we analyzed their clinical values as well as other obstetric 
variables.

Methods

Study Population

This retrospective study was conducted after the affirmation of the Ethic 
Committee of University of Health Sciences Turkey, Haseki Training and 
Research Hospital (approval number: 116-2022, date: 08.06.2022) in 
accordance with the current Helsinki Declaration between June 2020 
and December 2021 at the Perinatology Service of University of Health 
Sciences Turkey, Haseki Training and Research Hospital in İstanbul. This 
study was registered in the ClinicalTrials database (NCT05488197). Study 
participants were selected consecutively from pregnant women who 
had a detailed maternal-fetal ultrasound examination at 18-23 weeks 
of pregnancy, and all participants provided written informed consent. 
Inclusion criteria were having a maternal age of 18-42 years, a triple 
test at the 15-20 weeks of pregnancy, a Doppler ultrasound examination 
of uterine arteries at the 18-23 weeks of pregnancy, and a 75-g, 24-h 
oral glucose tolerance test (OGTT) at the 24-28 weeks of pregnancy. 
The exclusion criteria were hypertensive disorders of pregnancy, 
pregestational diabetes, placental and amniotic fluid abnormalities, 
family history of DM, fetal growth restriction, fetal congenital 
malformations, severe systemic disease, and multiple pregnancies. 

GDM was identified during prenatal treatment when at least one of the 
three 75-g, 24-h OGTT threshold values met or exceeded in pregnant 
women who had performed the test: Fasting 92 mg/dL, 24-h 180 mg/
dL, or 24-h 153 mg/dL at 24-28 weeks of gestation (12). Consequently, 
810 pregnant women were evaluated as participants in the study and 
splitter with the following two groups in accordance with their diabetic 
statuses: pregnant women with normal glucose tolerance (NGT) as 
NGT group (n=723) and pregnant women with GDM as the GDM group 
(n=87).

Study Parameters

Maternal obstetric characteristics, ethnicity, pre-pregnancy BMI, 
gestational age at examination (week), the localization of the placenta 
on ultrasound (anterior, posterior, left side, right side), mode of delivery, 
gestational age at delivery (week), newborn birthweight, and fetal 
gender were reviewed retrospectively using electronic medical records.

Maternal serum glycated hemoglobin A1c (HbA1c) value and second-
trimester triple test analytes (hCG, estriol, and AFP) as multiples of the 
median (MoM) values were also recorded. Additionally, from the records 
of detailed maternal-fetal ultrasound examination at the 18-23 weeks of 
pregnancy, Doppler ultrasound parameters of the uterine arteries were 

collected. All the ultrasound examinations had were performed using 
a high-definition ultrasonography machine with a 2.0-7.0 MHz convex 
probe by a professional perinatologist (FYG). Color Doppler was used 
to illustrate where the UtA crossed both external iliac arteries in the 
parauterine region of the lower uterine segment. Pulsed-wave Doppler 
was employed to obtain UtA waveforms at 30° insonation and 60 cm/s 
peak systolic velocity. Each side captured three identical waveforms 
consecutively. In addition to recording the presence or absence of 
notching, the left and right UtA PI values were obtained, and the mean 
UtA PI was calculated (13).

Statistical Analysis

The IBM SPSS v25 for Windows (IBM SPSS, Armonk, NY, USA) was used to 
conduct the descriptive and analytic evaluation of research parameters. 
The numerical variables as median with minimum and maximum, 
mean with standard deviation, or number with percentage were listed as 
accommodately. By analyzing the mundaneness of numerical variables 
using the Kolmogorov-Smirnov test, t and Mann-Whitney tests were used 
for their comparisons as appropriate. The chi-square test was performed to 
determine whether categorical data were significant. Initially, univariate 
logistic regression models were employed to determine the affiliation 
between the presence of GDM and each potential variable, including 
maternal age, gravidity, history of GDM, pre-pregnancy BMI, presence 
of male gender, birth weight, HBA1c, triple test analytes including hCG, 
estriol, and AFP, UtA notching (unilateral and bilateral), and UtA mean PI 
individually. A receiver-operating characteristic (ROC) curve was plotted 
with MedCalc version 15.0 for Windows (MedCalc Software, Ostend, 
Belgium) to evaluate the diagnostic performance of the mean UtA PI in 
GDM prediction. The determinants that were remarkable at the p<0.10 
level in the univariate model were involved in the multivariate logistic 
regression model to identify factors independently associated with the 
existence of GDM. The regression coefficients and confidence intervals 
at 95% for the identified parameters substantially linked with GDM were 
calculated. If the p-value was lower than 0.05, the statistical results were 
significant.

Results
Table 1 presents the outline and clinical parameters for the NGT and 
GDM groups. In comparison to the NGT group, the GDM group’s ratio of 
obstetric history was considerably higher (p<0.05). The median values of 
gestational age at delivery and neonatal birthweight were considerably 
higher in the NGT group compared with the GDM group [39 (28-41) vs 
38 (31-41), respectively; p<0.05 and 3,230 (1,578-4,300) vs 2,980 (1,230-
4,460), respectively; p<0.05]. Regarding the median values of gravidity, 
parity, maternal age, gestational age at examination, and pre-pregnancy 
BMI, no important distinction was found among the study groups. The 
rates of smoking status, ethnicity, types of conception and delivery, 
localization of the placenta on ultrasound, and male newborns were 
found to be similar among the study groups (p>0.05).

The maternal laboratory and ultrasonographic findings for the NGT and 
GDM groups are displayed in Table 2. In comparison to the NGT group, 
the HbA1c mean value was considerably greater in the GDM group 
(p<0.05). The mean values of hCG, estriol, and AFP did not significantly 
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differ among the NGT and GDM groups (p>0.05). The ratios of the 

presence of unilateral and bilateral UtA notching were dramatically 

higher in the GDM group compared with the NGT group (35.6% vs 13.6%, 

respectively; p<0.05 and 27.6% vs 2.9%, respectively; p<0.05). The 

median value of mean UtA PI was significantly higher in the GDM group 

compared with the NGT group [1.3 (0.7-2.3) vs 1.0 (0.6-2.3), respectively; 

p<0.05]. The ROC curve analysis indicated that the mean UtA PI had 

good diagnostic accuracy for GDM (area under the curve=0.75, 95% 

confidence interval=0.721-0.782, p<0.05), with an optimal cut-off point 

of >1.195, resulting in a sensitivity of 66.7% and a specificity of 77.3% 

(Figure 1).

To further investigate potential GDM risk variables, univariate and 

multivariate logistic regression analyses were performed (Table 3). 

Univariate logistic regression analysis demonstrated that the selected 

parameters were related to GDM, including maternal age, history of 

GDM, HbA1c, UtA notching (unilateral and bilateral), and mean UtA 

PI (p<0.05). Furthermore, after regulating for all variables, multiple 

regression analyses of the examined parameters revealed a meaningful 

correlation, and among them, only a history of GDM and bilateral UtA 

notching provided meaningful associations with GDM. Consequently, the 

main study parameters, including mean UtA PI and triple test analytes, 

were not found among the independent predictors of GDM.

Discussion

In this study, the values of triple test analytes including hCG, estriol, and 

AFP, and second-trimester UtA Doppler ultrasonographic parameters 

including mean UtA PI and notching, were assessed to determine 

whether they could be used to predict the development of GDM. 

The baseline clinical determinants of the NGT and GDM groups were 

considerably similar, but the delivery of gestational age and neonatal 

Table 1. The selected baseline and clinical parameters of the NGT and GDM groups

NGT (n=723) GDM (n=87) p-value

Maternal age (years) 29 (18-42) 30 (19-42) 0.055

Gravidity 2 (1-10) 2 (1-8) 0.312

Parity 1 (0-9) 1 (0-5) 0.511

Ethnicity, n (%)

Native 706 (97.6%) 86 (98.9%)
0.516

Emigrant 17 (2.4%) 1 (1.1%)

History of GDM, n (%)

Yes 7 (1%) 8 (9.2%)
0.001

No 716 (99%) 79 (90.8%)

Smoking, n (%)

Yes 7 (1%) 2 (2.3%)
0.263

No 716 (99%) 85 (97.7%)

Natural pregnancy, n (%)

 No 19 (2.6%) 0 (0%)
-

 Yes 704 (97.4%) 87 (100%)

Pre-pregnancy BMI (kg/m2) 26.5 (17.6-41.4) 26.4 (20-35.8) 0.821

Gestational age at examination (weeks) 21 (18-23) 21 (18-23) 0.787

Placental localization

Anterior 372 (51.5%) 48 (55.2%)

0.098
Posterior 334 (46.2%) 35 (40.2%)

Left side 7 (1%) 0 

Right side 10 (1.4%) 4 (4.6%)

Mode of delivery, n (%)

No delivery 258 (35.6%) 32 (36.7%)

0.652Vaginal 216 (29.9%) 22 (25.3%)

Cesarean 249 (34.4%) 33 (37.9%)

Gestational age at delivery (weeks) 39 (28-41) 38 (31-41) 0.002

Birthweight (g) 3,230 (1,578-4,300) 2,980 (1,230-4,460) 0.043

Fetal gender, n (%)

Female 353 (48.8%) 43(49.4%)
0.706

Male 370 (51.2%) 44 (51.2%)

NGT: Normal glucose tolerance, GDM: Gestational diabetes, BMI: Body mass index. A median with minimum and maximum values or counts with percentages were used to present the 
data
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birthweight were higher in the NGT group. We thought that this might be 

regarding the close follow-up of pregnant women with GDM and their 

delivery before completing 39 weeks of gestation. The presence of UtA 

notching and serum HbA1c was considerably higher in the women who 

got GDM. In terms of maternal serum hCG, estriol, and AFP, the women 

who developed GDM have similarities with women who did not develop 

GDM. The mean UtA PI was higher in the women who developed GDM. 

Additionally, ROC curve analysis revealed that the mean UtA PI provided 

meaningful diagnostic accuracy for predicting GDM with an optimal 

cut-off point of >1,195 with a sensibility of 66.7% and a specificity of 

77.3%. Univariate and multivariate logistic regression analyses showed 

that only clinical parameters including, the presence of a history of GDM 

and bilateral UtA notching, were found as a predictors of development 

of GDM but not our study parameters as a whole.

There have been concerns raised about screening for GDM after the 24th 

gestational week and diagnosing GDM in the last weeks of the second 

trimester due to the potential delay in achieving the favorable impact 
of pharmacological therapy, diet, and exercise on fetal development 
and maternal complications (14). Predicting gestational diabetes early 
allows for possible action to lower the risk of negative effects for the 
mother and fetus, since it may provide more time for measures that 
can reduce both GDM and its associated morbidities if patients at 
risk for GDM are identified early in the gestation among low-risk 
pregnancies. The diagnosis of GDM is frequently performed using OGTT 
techniques. However, these procedures may be more time-consuming, 
uncomfortable, and expensive in some populations. As a result, current 
investigations have focused on alternative predictive procedures.

In a recent study, Zhang et al. (15) performed a study on the estimation 
of GDM in the first-trimester. Maternal age, parity, BMI, serum lipid 
profile, blood pressure, and inflammatory parameters were evaluated 
as predictive factors. They found that women older than 35 and those 
with abnormal triglyceride values had 5.5% and 2.1 times, respectively, 
higher risk for GDM development. Zheng et al. (16) developed a model 
unifying maternal age, BMI, fasting blood glucose, and triglyceride 
levels between 8 and 20 weeks of pregnancy to foresee the risk of GDM. 
They concluded that their prediction model had a considerably good 
predictive value.

Several studies were performed in the first and early second trimesters 
to predict GDM by biomarkers such as fetuin-A, high-sensitivity 
C-reactive protein (17), adiponectin (18), sex hormone -binding globulin 
(19), placental protein 13, pentraxin 3, soluble fms‐like tyrosine 
kinase‐1, myostatin, and follistatin (20). All these studies concluded 
that developing prediction models to aid in the development of highly 
sensitive and specific testing should be the focus of future research in 
the first and early second trimesters.

To predict the likelihood of GDM in nulliparous women early in 
pregnancy, Snyder et al. (21) assessed the clinical efficacy of first and 
second-trimester prenatal screening biomarkers. GDM was related to 
lower first-trimester PAPP-A levels and higher second-trimester estriol 
and inhibin-A levels. The researchers concluded that PAPP-A, estriol, and 
inhibin-A had limited clinical usefulness for predicting the risk of GDM 
in nulliparous women. Sperling et al. (9) similarly used second-trimester 
maternal serum analytes to predict GDM. They found that rising levels 
of maternal AFP, hCG, and estriol in the second trimester were linked 

Table 2. Laboratory and ultrasonographic findings of the NGT and GDM groups

NGT (n=723) GDM (n=87) p-value

HbA1c (%) 5.1±0.38 5.3±0.45 0.016

hCG (MoM) 1±0.5 0.9±0.5 0.482

Estriol (MoM) 0.9±0.4 0.9±0.4 0.889

AFP (MoM) 1.1±0.4 1.2±0.6 0.615

UtA notching

No 604 (83.5%) 32 (36.8%)

0.001Unilateral 98 (13.6%) 31 (35.6%)

Bilateral 21 (2.9%) 24 (27.6%)

Mean UtA PI 1.0 (0.6-2.3) 1.3 (0.7-2.3) 0.001

NGT: Normal glucose tolerance, GDM: Gestational diabetes mellitus, AFP: Alpha-fetoprotein, MoM: Multiples of the median, UtA: Uterine artery, PI: Pulsatility index. Data are shown as 
counts with percentages, median with minimum and maximum values, and mean with standard deviation

Figure 1. The ROC curve for the accuracy of the gestational diabetes mellitus 
(GDM) in participants. The overall predictive accuracy of the mean uterine 
artery pulsatility index for GDM was 0.75 (95% CI: 0.721-0.782, p<0.05), and 
the sensitivity and specificity were 66.7% and 77.3%, respectively

ROC: Receiver-operating characteristic, CI: Confidence interval
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with a lower risk of GDM. However, they did not significantly improve 

the predictive model when combined with the clinical risk factors of 

age, BMI, and race. In contrast to these investigations, we were unable 

to detect a significant difference in the second-trimester serum analytes 

of women who would later develop GDM or not.

Overall, the results of the aforementioned studies focused on the clinical 

and laboratory parameters that were obtained during routine clinical 

care but that were not directly related to the development of GDM. 

Their predictive performance was found to be moderately adequate for 

routine clinical care. This subject seems to require studies examining the 

clinical parameters providing higher success rates for GDM prediction. 

Within this perspective, the current study examined for the first time the 

combination of parameters of second-trimester triple test analytes and 

second-trimester UtA PI.

Doppler ultrasonography, including UtA in the first (22) and second 

trimesters (23), is commonly used to predict unfavorable pregnancy 

outcomes such as premature birth, preeclampsia, and intrauterine 

growth restriction. Previously, researchers noted that in pregnant 

women with current or previous GDM, the findings of arterial stiffness 

and endothelial dysfunction were found to have increased (24,25). We 

thought that this condition may contribute to the clinical presentation 

of GDM earlier than its overt appearance in pregnant women who 

are candidates for developing GDM. In a study that involved the first 

trimester of pregnancy, Savvidou et al. (25) found that while there was 

no statistically significant difference in UtA PI MoM among women with 

and without GDM, there was an increased UtA PI in women with GDM 

who developed pre-eclampsia. Kim et al. (26) performed research to 

determine the relationship between maternal obesity and the UtA PI in 

the third trimester, as well as to predict the value of the UtA PI for the 

occurrence of adverse outcomes. They showed that obese women with 

increased UtA PI had an increased risk of GDM occurrence. The current 

study, however, was distinctive in that it examined the impact of mean 

UtA PI on the estimation of GDM in the second trimester. Our findings 
revealed that higher mean UtA PI values were linked to a higher risk of 
GDM.

Study Limitations

As a limitation of this study, no inclusion of placental laterality in 
the grouping of women with NGT and GDM can be considered a 
confounding factor that can reduce the value of the results of UtA PI 
measurements. Nevertheless, the fact that the comparison of the rate of 
placental localization type provided no difference between the women 
with or without GDM supports no meaningful influence of placental 
localization on the UtA PI values. UtA notching has a relationship with 
the development of pre-eclampsia, and this study had an exclusion 
criterium of hypertensive diseases of pregnancy. In further studies, 
with the inclusion of pregnant women with hypertensive diseases of 
pregnancy, the value of early second-trimester Doppler analysis for 
predicting development of GDM can be clarified.

Conclusion
In conclusion, our findings support the importance of second-trimester 
UtA Doppler ultrasonography but not the triple test analytes for predicting 
GDM. The UtA Doppler analysis may be an important contributor to 
the protocol of perinatal follow-up in women in whom GDM screening 
cannot be carried out because of the hesitancy of mothers about OGTT. 
addition, although there are first-trimester candidate parameters for 
predicting GDM, in some antenatal care settings, clinicians cannot have 
predictors obtained by early tests.

Ethics Committee Approval: This retrospective study was conducted 
after the affirmation of the Ethic Committee of University of Health 
Sciences Turkey, Haseki Training and Research Hospital (approval 
number: 116-2022, date: 08.06.2022).

Informed Consent: It was obtained.

Table 3. Logistic regression analysis of selected factors associated with the presence of GDM

Univariate Multivariate

p-value OR 95% CI p-value OR 95% CI

Maternal age (years) 0.048 1.04 1.00 1.09 0.885 1.01 0.94 1.08

Gravidity 0.244 1.09 0.94 1.26 - - - -

History of GDM <0.001 11.80 4.28 32.57 0.004 12.00 2.26 63.58

Pre-pregnancy BMI (kg/m2) 0.742 0.98 0.87 1.11 - - - -

Fetal gender, male 0.916 0.98 0.63 1.52 - - - -

Birthweight (g) 0.129 1.00 1.00 1.00 - - - -

HbA1c (%) 0.019 2.92 1.20 7.14 0.076 2.54 0.91 7.10

hCG (MoM) 0.474 0.56 0.12 2.71 - - - -

Estriol (MoM) 0.886 0.87 0.14 5.50 - - - -

AFP (MoM) 0.607 1.52 0.31 7.50 - - - -

UtA notching <0.001 - - - 0.004 - - -

 Unilateral <0.001 5.97 3.49 10.23 0.473 1.54 0.48 4.94

 Bilateral <0.001 21.57 10.87 42.80 0.011 5.70 1.48 21.98

Mean UtA PI <0.001 20.29 9.70 42.48 0.077 4.67 0.84 25.86

GDM: Gestational diabetes mellitus, BMI: Body mass index, HbA1c: Glycated hemoglobin A1c, AFP: Alpha-fetoprotein, MoM: Multiples of the median, UtA: Uterine artery, PI: Pulsatility 
index, CI: Confidence interval, OR: Odds ratio
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Introduction
Central venous port catheters (CVPC) are used during the treatment of 
cancer patients, for taking samples for blood tests, surgical interventions, 
administering chemotherapeutic agents, and meeting other intravenous 
needs. CVPC are in high demand due to being the most comfortable 
method for long-term and intermittent chemotherapy for people 
receiving cancer treatment, being more comfortable for selfcare of the 
patient, not causing cosmetic and mental problems as it is not visible 
from the outside, the occurrence of less thrombosis and infection, no 
need for dressing, not disrupting the daily needs of the person, and 
the low maintenance requirements (1,2). Pneumothorax, hematoma, 
vessel perforation, acute atrial fibrillation attack, air embolism, and 

cerebrovascular event (CVE) can arise as early complications, while late 

complications include local port infection, port thrombosis, skin necrosis, 

port dislocation or rupture, catheter-related blood vessel infection, 

pinch- off syndrome, and reservoir access wound (3).

Although the right internal jugular vein is mostly preferred in the 

intravenous ports, the right subclavian vein, left subclavian, femoral 

vein, and axillary vein can also be used. As can be seen in the literature, 

CVPC are inserted by anesthesiologists, oncologists, radiologists, and 

surgeons (4,5). In this study, we aimed to retrospectively analyze the 

CVPC placed with the subclavian technique by experienced anesthesia 

and reanimation team and to share our five-year results.

Introduction: A Central Venous Port Catheter (CVPC) is a key part of the chemotherapy and palliative care of cancer patients. 
CVPC is placed by surgical clinics, oncologists, and anesthesia and reanimation specialists. In our study, we aimed to examine the 
complications related to subclavian CVPCs inserted by anesthesiology and reanimation specialists and to share the experiences 
obtained.

Methods: The study included 1,805 cancer patients who underwent CVPC in the anesthesiology and reanimation clinic of the 
University of Health Sciences Turkey, İstanbul Training and Research Hospital. The medical records of the patients were reviewed 
retrospectively. The data obtained were analyzed and the mean age, gender distribution, and distribution of patients according to 
diagnoses, count, and percentages of early and late complications were calculated.

Results: The records of 1,805 patients who underwent subclavian CVPC placement with the percutaneous method were reviewed 
retrospectively. Early complications occurred in 6 of our patients. Of these six, 3 patients had pneumothorax, (acute atrial fibrillation 
attack due to intervention in 1 patient, air embolism in 1, and cerebrovascular event complications in 1), whereas vessel perforation 
and hematoma were not seen in any patient. Considering the late complications, local port infection, port thrombosis, and skin 
necrosis were observed in 28, 50, and 26 patients, respectively. However, neither port dislocation or rupture, or catheter-related blood 
vessel infection, or pinch-off syndrome and nor reservoir access wounds were detected in the patients.

Conclusion: Our data analysis showed that the complication rate in our study was similar or better than many other studies compared 
with the data of other clinics in the literature.

Keywords: Subclavian central venous port catheter, oncology patients, anesthesiologists
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Methods

After obtaining approval from the hospital ethics committee (approval 

number: 231, date: 22.07.2022), 1,805 cancer patients who underwent 

subclavian CVPC by University of Health Sciences Turkey, İstanbul Training 

and Research Hospital anesthesiology and reanimation specialists were 

included in the study. The medical records of the patients were analyzed 

retrospectively, and the data obtained were analyzed and the average 

age, gender distribution, the distribution of patients by age groups, the 

distribution of patients according to diagnoses, count, and percentages 

of early and late complications were calculated.

The patients were evaluated before the procedure using coagulation 

tests, PA chest radiography, and hemogram tests. Patients signed 

consent was obtained after informing the patients and/or their relatives 

about the procedure. All our port catheter interventions were performed 

in the operating room under local anesthesia, and with ultrasound (USG) 

monitoring of the patients. Antibiotics for prophylactic purposes were not 

routinely administered. All procedures were performed in the operating 

room by performing electrocardiography, peripheral oxygen saturation 

(SpO
2
), and noninvasive blood pressure measurements. While the venous 

port catheter was being placed, the subclavian area was cleaned with 

povidone iodine and covered with sterile drapes. Local anesthesia was 

applied to the puncture site and reservoir pocket in all patients. After 

the subclavian vein puncture, a guide wire was sent through the needle. 

The port pocket was made - after an incision of approximately 2.5-3 

cm subcutaneously in accordance with a reservoir by blunt dissection. 

It is tunneled from the puncture site in the subclavian area to the 

port pocket direction. The catheter was connected and irrigation was 

performed with heparinized fluid. After the port reservoir was identified, 

the skin was closed. Verification of the port catheter location and the 

presence of hemothorax or pneumothorax were checked by taking 

the PA chest X-ray in all patients. Age, gender, diagnosis of primary 

disease, early complications (hematoma, air embolism, pneumothorax, 

vessel perforation, acute atrial fibrillation, CVE) and late complications 

(local port infection, port thrombosis, skin necrosis, port dislocation or 

rupture, catheter-related blood vessel infection, port entrapment (pinch-

off syndrome, and reservoir access wound) were recorded. Average age, 

gender distribution, the distribution of patients according to age groups, 

the distribution of patients according to cancer diagnosis, and number, 

and percentage of early and late complications were calculated.

Statistical Analysis

Mean, standard deviation, median lowest, highest, frequency, and 

ratio values   were used in the descriptive statistics of the data. SPSS 28.0 

program was used in the analysis.

Results

Out of the 1,805 patients who underwent subclavian CVPC by University 

of Health Sciences Turkey, İstanbul Training and Research Hospital 

anesthesiology and reanimation physicians, 51.5% were female and 

48.5% were male. The mean age of the patients was 57.7. The highest 

number of patients, 590, was in the 55-64 age group. The youngest 

patient was 19 and the oldest patient was 95 years old (Table 1).

Among the early complications, pneumothorax, acute atrial fibrillation, 

air embolism and CVE were observed in 3, 1, 1, and 1 patient, respectively, 

whereas vascular perforation and hematoma were not observed. In our 

study, venous ports were most frequently inserted in colorectal cancers 

with a rate of 29%. Among the late complications, 28 patients had local 

port infection, 50 patients had port thrombosis, and 26 patients had 

skin necrosis while, port dislocation or rupture, catheter-related blood 

vessel infection, pinch-off syndrome, and reservoir access wound were 

not detected in the patients (Table 2).

Discussions

CVPCs, which have been in use since the first half of the 1980s, have 

been frequently used for chemotherapy, blood transfusion, nutritional 

purposes, antibiotic therapies and all kinds of intravenous treatments 

Tünay et al. The Experiences of Venous Port Catheters

Table 1. The demographic features and age distribution of the patients

  Min.-max. Median Average ± SD/(n,%)

Gender
Women -  - 929 (51.5%)

Man -  - 876 (48.5%)

Age - 19.0-95.0 59.2 57.7±12.1

Man-age - 19.0-87.0 61.4 60.2±10.9

Women age - 21.0-95.0 56.0 55.1±12.7

 
Total Man Women

n % n % n %

19-24 age 21 1.2% 7 0.8% 14 1.6%

25-34 age 58 3.2% 16 1.8% 42 4.8%

35-44 age 195 10.8% 57 6.5% 138 15.8%

45-54 age 401 22.2% 181 20.7% 220 25.1%

55-64 age 590 32.7% 336 38.4% 254 29.0%

65-74 age 448 24.8% 279 31.8% 169 19.3%

≥75 age 92 5.1% 53 6.1% 39 4.5%

Min.: Minimum, max.: Maximum, SD: Standard deviation
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and blood tests, and hence their complications have been a subject of 

research.

In Di Carlo et al.’s (6) study, while the cephalic vein was preferred in the 

open surgery method, it was seen that the subclavian vein was used 

more in the percutaneous method. The rate of early complications was 

found to be higher in those who were implanted by the percutaneous 

method compared with those implanted by the surgical method (4.5% in 

the surgical method, while 0.9% in the percutaneous method) (6). In our 

study, the subclavian vein was similarly used, and early complications 

were found at a lower rate of 0.3%.

While the frequency of pneumothorax was 0.5-6% in the literature (7,8), 

the frequency of pneumothorax was 0.16% in our study, less frequent 

than in the literature. We believe that this is due to the use of USG while 

implanting the CVPC.

The rate of acute AF caused by CVPC in the literature was between 0.1 
and 0.9% (9), and similarly it was seen in 1 patient in our study, yielding 
a rate of 0.05, consistent with the literature. 

Additionally, among other early complications, air embolism was 
detected in 1 patient and CVE was detected in 1 patient.

With regards to the late complications, local port pocket infection in our 
study was 1.6%, which is consistent with the literature (0.3-4.4%) (10).

Cancer patients have a higher risk of venous thrombosis, and 
catheterization further increases this risk. While the rate of catheter-
related thrombosis was 12-64% (11,12) in the literature, this rate was 
much lower (2.8%) in our study than in the literature. The reason for 
the low rate of thrombosis in our clinic may be the catheter controls 
performed at regular intervals.

Skin necrosis may occur if there is a technical error while applying 
the port or if the appropriate port is not used in patients with low 
subcutaneous fat tissue. While skin necrosis was detected at a rate of 
approximately 0-1 (13) in the literature, this rate was found to be 1.4% 
in our study. 

In our study, port dislocation/rupture, catheter-related blood vessel 
infection, Pinch-off syndrome, and reservoir access wounds were not 
observed. We believe that this is due the fact that all procedures are 
performed under sterile conditions in the operating room environment 
and regular checks were performed.

Study Limitations

The limitation of this study is to investigate the only subclavian venous 
port catheterization complications.

Conclusion
CVPC is a very comfortable and safe method preferred for long-term 
venous access due to their ease of use and cosmetically non-disturbance 
to the patients. CVPC, applied by surgical clinics, radiologists, and 
oncologists, is a method that is safely applied with a USG also by 
anesthesiologists with experience in interventional procedures.
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Table 2. The distribution of cancer types and early/late 
complications

n %

Early complications

Not-observed 1799 99.7%

Observed 6 0.3%

Pneumothorax 3 0.16%

Acute atrial fibrillation 1 0.05%

Air embolism 1 0.05%

Cerebrovascular event 1 0.05%

Vascular perforation 0 0.0%

Hematoma 0 0.0%

Late complications

Not-observed 1701 94.2%

Observed 104 5.8%

Local port infection 28 1.6%

Port thrombosis 50 2.8%

Skin necrosis 26 1.4%

Port dislocation/rupture 0 0.0%

Catheter related blood vessel infection 0 0.0%

Pinch-off syndrome 0 0.0%

Reservoir access wound 0 0.0%

Distribution of cancer types

Breast cancer 411 22.8%

Colorectal cancer 523 29.0%

GIS (oral, nasopharynx, esophagus, stomach) cancer 325 18.0%

Liver, biliary tracts, pancreas cancer 194 10.7%

Liver cancer 172 9.5%

Urogenital cancer (uterus, cervix, prostate, bladder) 47 2.6%

Hematological cancer 32 1.8%

Other cancers 101 5.6%

GIS: Geographic Information System
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Introduction
Idiopathic normal pressure hydrocephalus (iNPH) is a syndrome 
characterized by a triad of progressive gait impairment, urinary 
incontinence, and cognitive decline with enlarged ventricles and normal 
cerebrospinal fluid (CSF) pressure (1). Gait impairment appears in the early 
stages leading to frequent falls and increased morbidity in the elderly 
(2). Installing a ventricle-peritoneal (VP) shunt to drain the CSF from the 
cerebral ventricles to the peritoneum is the most widely used treatment 
for NPH (3). After the initial improvement with VP shunt implants, 
symptoms may return despite evidence that the shunt is functioning (4). 
Patient selection for VPS treatment is critical, although clinical predictors 
for a favorable outcome are understudied and poorly recognized. The 
CSF tap test (TT) is a diagnostic test in which 30-50 mL CSF is removed by 
lumbar puncture, which may predict the iNPH patients’ response to VP 
shunt (6). The assessment of the TT is based on clinical observation of the 
gait before and after the intervention. Instrumented gait analysis may 

objectively analyze gait and balance improvements and reveal features 

not commonly available through clinical observations or assessments (7). 

The Ambulatory Parkinson’s Disease Monitoring (APDM) inertial sensor 

(Opals and Mobility Lab) is a wearable system that includes three-axis 

accelerometers, gyroscopes, and a magnetometer that can provide 

objective gait analysis (8,9). This study investigates the gait parameters 

of patients with iNPH using APDM inertial sensors before and after an 

intervention, such as a spinal TT or VP shunt.

Methods

Eleven patients who followed up with an iNPH diagnosis in the Neurology 

and Neurosurgery Departments at Koç University Hospital were included. 

After giving their informed consent, all patients were invited to the 

Motion Analysis Laboratory. They performed 2-Minute Walkway Test (2 

MWT) with an APDM Mobility Lab System (APDM Inc., Portland, OR, USA). 

Participants wore three OPAL sensors on their feet and lumbar area to 

Introduction: Gait impairment is the earliest symptom of idiopathic normal pressure hydrocephalus (iNPH). This study objectively 
investigates gait changes using Ambulatory Parkinson’s Disease Monitoring inertial sensors after cerebrospinal fluid withdrawal in 
patients with iNPH.

Methods: Two-minute walkway tests were performed in eleven patients with iNPH before and after the spinal tap test (TT) or 
ventriculoperitoneal shunt surgery. Gait parameters were analyzed and compared for each patient individually before and after the 
intervention.

Results: Eleven patients with iNPH (six female, five male) with a median age of 76 (68-76) were included in the study. After the spinal 
TT or ventriculoperitoneal shunt surgery, patients exhibited increased cadence (steps per minute) and decreased step and stride 
time (p=0.008, for all).

Conclusion: APDM inertial sensors may provide a quantitative gait assessment in patients with iNPH.
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assess spatiotemporal parameters, trunk angles, turning angles, and 
velocity during the gait task. Patients performed 2 MWT on a 10-meter 
back-and-forth walkway at an average speed. Participants repeated the 
procedure 6 h after the spinal tap and one month after VP shunt surgery. 
Gait parameters were documented according to the PDM Motion Lab 
Guidelines, and pre and postinterventional data were compared.

Statistical Analysis

Continuous variables were presented as median (interquartile range), 
and categorical variables as numbers and percentages. Statical analyses 
were performed on gait parameters before and after the interventions 
using Graphpad Prism software 8.4.3 (GraphPad Software Inc., La Jolla, 
CA, USA). Normality assumptions were performed with Anderson-
Darling and D’Agostino & Pearson tests. The paired t-test and Wilcoxon 
tests were used to determine the difference between the dependent gait 
data.

Results
Eleven patients with iNPH (six female, five male) with a median age 
of 76 (68-76) were included in the study. The demographic and clinical 
features of the patients are shown in Table 1. Three patients could not 
walk without support before the intervention, so the pre-intervention 
data from these patients were missing.

The number of steps per minute, counting steps made by both feet 
(cadence), was significantly increased after the intervention (p=0.008). 
The duration of the step is measured as the period from initial contact 
of one foot to the following initial contact of the opposite foot (step 
time) and the duration of a full gait cycle, measured from the left foot’s 
initial contact to the next initial contact of the left foot (stride time) 
were significantly decreased after the intervention (for both, p=0.008),  
Figure 1. There was no difference in other gait parameters before and 
after the intervention. All analyzed gait parameters are summarized in 
Table 2.

Discussion

Wearable inertial sensors are small-sized mobile systems and are easy 

to use. Accumulating data demonstrate that portable systems are 

promising methods for gait analysis (13). Additionally, the quantitative 

measurement of gait parameters shows subtle changes in gait that may 

provide precious information in the assessment of TT response, which 

is being used as an indicator of surgery in patients with iNPH patients.

It has been demonstrated that gait and balance parameters are helpful 

for measuring changes after external lumbar drainage in patients 

with iNPH (10-12). Here, our results also support that instrumented 

gait analysis could detect subtle changes in gait after CSF removal 

interventions. We showed a significant increase in cadence, on the other 

hand, decrease in step and stride time parameters.

Improvement of gait velocity after the CSF removal test was determined 

by Stolze et al. (14), and the authors connected increased gait velocity 

with increased stride length rather than the cadence. However, He et 

al. (15) showed that stride length and cadence were increased after the 

external lumbar drainage. Similar to He et al. (15), our data confirmed 

a marked improvement in cadence. Further studies are required for 

verification.

Öztop-Çakmak et al. Gait Analysis in NBH

Table 1. Demographic and clinical features of the patients

Parameters Patients (n=11)

Age, years
Median (IQR)

76 (68-76)

Female/male 6 (55%)/5 (45%)

Duration of symptoms, years
median (IQR)

2 (1-4)

Intervention-surgery (n) 8 (73%)

Intervention-LP (n) 3 (27%)

IQR: Interquartile range, LP: Lumbar puncture, n: Number

Figure 1. Differences in the cadence, stride time, and step time before and after intervention in the iNPH patients. The mean values of measurements done for 
each participant before and after the intervention are shown as dots. **Refers to p<0.01

iNPH: Idiopathic normal pressure hydrocephalus
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In this study, we observed a significant decrease in stride time and 

step time that can be attributed to an increased gait velocity after an 

intervention such as a spinal TT or ventriculoperitoneal shunt consistent 

with previous studies (16-18). Spatial gait parameters such as stride 

length, were not observed in our cases, which may be due to the limited 

number of participants and the relatively early assessment of gait after 

the intervention.

Study Limitations

The main limitations of this study are the small sample size and the lack 

of a control group. Furthermore, we included patients who underwent 

two different interventions. However, studies have pointed out that gait 

improvement was noticeably better after shunt surgery than after CSF 

draining, which has both prognostic and functional relevance (19). Thus, 

Table 2. Gait parameters before and after the intervention

Pre Post p-value

Cadence, step/min 
Median (IQR)

91.72 (81.32-103.5) 97.24 (87.10-109.3) 0.008

Gait speed: m/s
Mean ± SD

0.540±0.24 0.580±0.29 0.360

Stride length, m
Mean ± SD

0.689± 0.25 0.697±0.29 0.860

Step time, s 
Median (IQR)

0.660 (0.581-0.743) 0.620 (0.550-0.695) 0.008

Stride time, m
Median (IQR)

1.32 (1.15-1.49) 1.24 (1.10-1.39) 0.008

Stance phase, GCT (%)
Median (IQR)

64.44 (63.60-68.14) 63.41 (62.94-67.86) 0.250

Swing phase, GCT (%)
Median (IQR)

35.56 (31.86-36.40) 36.59 (32.14-37.06) 0.250

Double support phase, GCT (%)
Median (IQR)

28.90 (27.31-36.36) 26.84 (25.96-35.95) 0.250

Terminal double support phase, GCT (%)
Median (IQR)

14.35 (13.70-18.05) 13.36 (12.97-18.02) 0.190

Single-limb support, GCT (%)
Median (IQR)

35.60 (31.76-36.28) 36.58 (31.91-36.97) 0.250

Elevation at the midswing, cm
Median (IQR)

1.30 (0.496-2.09) 1.35 (0.748-2.19) 0.360

Lateral step variability, cm
Mean ± SD

2.49±0.80 2.54±1.14 0.830

Circumduction, cm
Median (IQR)

1.43 (0.817-3.20) 1.64 (0.942-3.22) 0.840

Foot strike angle, degree
Median (IQR)

9.69 (4.68-17.79) 7.07 (2.85-19.04) 0.640

Toe-off angle, degree
Mean ± SD

24.12±4.62 25.01±6.40 0.540

Toe out angle 16.71 (12.43-18.61) 13.53 (6.69-16.92) 0.070

Lumbar Coronal ROM, degree
Mean ± SD

5.60±2.07 5.49±2.53 0.840

Lumbar Sagittal ROM, degree
Mean ± SD

4.61±1.28 4.46±1.58 0.710

Lumbar Transverse ROM, degree 
Mean ± SD

7.37±1.66 7.24±1.94 0.800

Turn angleand degree
Mean ± SD

135±48.58 147.4±35.63 0.340

Turn duration, s
Mean ± SD

2.51±0.56 2.70±0.33 0.500

Turn velocity, degree/s
Mean ± SD

103.5±34.37 112±28.62 0.120

Significant p-values are shown in bold. 
IQR: Interquartile range, GCT: Ground contact time, ROM: Range of motion, SD: Standard deviation
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further studies comparing the effects of a single intervention in larger 

patient populations may provide more objective parameters to use in 

managing patients in daily practice.

Conclusion
Quantitative measurement of gait analysis in iNPH may improve the 

clinical assessment of TT response and follow-up after VP surgery. 

In particular, cadence, step, and stride time parameters should be 

interpreted for the clinical evaluation of patients with iNPH patients.
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Introduction

The outbreak of coronavirus disease (COVID) is caused by the severe 

acute respiratory syndrome-coronavirus-2 that is transmitted from 

person to person, mainly by respiratory droplets and surface contact 

(1). Patients may become a source of infection not only when they are 

symptomatic but also during the incubation or the recovery period (2). 

Therefore, accurate and quick diagnosis of the disease quickly became 

critical for the effective treatment and the control of the disease’s 

spread. Currently, the COVID-19 pneumonia is diagnosed by a reverse 

transcriptase-polymerase chain reaction (RT-PCR) test. However, the high 

false -negative rate for the disease, up to 60%, and the unavailability of 

instant results create a real clinical problem where positive cases must 

be identified and isolated to prevent the disease spread to healthy (3).

Computed tomography (CT), in the above-described context, is a rapid 
and effective imaging tool for COVID-19 pneumonia. Concerning so-
called “typical lung findings,” it has very high sensitivity up to 98% (4-
6). World Health Organization, therefore, acknowledged imaging as 
one element of the diagnostic workup of patients with suspected or 
probable COVID-19 disease where RT-PCR is not available, results are 
delayed or are initially negative in the presence of symptoms suggestive 
of that disease. CT has also been considered to complement clinical and 
laboratory evaluation in the management of patients already diagnosed 
with COVID-19 (7). 

The disease typically presents on CT with bilateral, peripheral, patchy 
ground-glass opacities (GGOs) in more than 70% of RT-PCR proven 
COVID-19 cases (8). However, it is not uncommon to see many other 
findings. These typical findings include bilateral, peripheral, patchy 
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GGOs with or without consolidation, which eventually develop into 
crazy-paving patterns, fibrotic band formation, and several others 
including but not limited to interstitial thickening, “reversed halo sign,” 
“halo sign,” and bronchovascular changes (9). These are seen in various 
combinations, locations, and disseminating patterns depending on the 
stage and severity of the disease (10). Full reading under routine clinical 
conditions requires searching and reporting all of these patterns. This 
task and the overwhelming number of patients scanned, exert extreme 
demand on radiologists, and exceed the effective capacity of radiological 
reporting processes in many institutions. These may, in turn, cause delay 
in the disease’s diagnosis and in false negative and positive reads (11). 
Artificial intelligence (AI) technology may help overcome this problem 
by rapid and accurate detection and characterization of the CT findings 
of COVID-19. In that context, convolutional neural network (CNN) was 
recently used by several group of researchers (12-15).

In this study, we constructed an AI system to detect typical COVID-19 
pneumonia on high-resolution CT images to assist radiologists and to 
test its diagnostic performance.

Methods

Research Ethics Standards Approval

The study was approved by the University of Health Sciences Turkey, 
İstanbul Fatih Sultan Mehmet Training and Research Hospital 
Institutional Review Boards (approval number: 17073117_050.06 on 
11.12.2020, 2020/13). Informed consent was obtained for the study.

Institution

The study was conducted on a mid-size receiver hospital serving to a 
core population of circa 400,000. The facility has served as a pandemic 
center to where many patients from other hospitals and districts were 
referred.

Patients

For the study, data between March 18-April 17, 2020 were evaluated. 
This period encompassed 8th to 38th days after the first COVID-19 
incidence in the country. In that time, the Fleischner Society Consensus 
Statement was not yet been published, and at our institution the CT 
imaging was mainly performed for the medical triage of patients with 
suspected COVID-19 who were presented with moderate-severe clinical 
features and a high pretest probability of disease (16). However, there 
were few cases where it was used for suspected COVID-19 and mild 
clinical features. During this period, 269 patients were tested RT-PCR 
positive and had chest CT. These patients were scanned immediately 
after being sampled with oropharyngeal and nasal swabs during their 
initial admission at the emergency clinic. Of them, only 173 patients 
could be scanned with a standard protocol, as detailed below, and 
had technically adequate CT images as assessed by annotating experts 
(Figure 1). These were 97 males (56.1%) and 76 females (43.9%). Their 
ages were between 18 and 93 (53.92±16.90) years.

Final Dataset

The final data set included axial chest CT scans of 173 patients, obtained 
at the time of their initial admission. These were acquired using the 

same scanner 128 slice scanner (Optima 660 SE, GE Healthcare) using a 
standart-dose scan below: tube voltage, 120 kV; tube current, auto mA 
to maximum 250 mA; slice thickness, 1.25 mm, reconstructed to 1.25 
and 5.0 mm; slice interval, 1.25 mm; gantry rotation speed, helical full 
0.5 s; matrix size, 512x512.

Annotation

All studies were read on DICOM -calibrated 3 MP diagnostic monitors 
(EMX 16, Eizo) at a fixed window level of -450 HU and window width at 
1,600 HU using 5.0 mm and 1.2 mm axial reconstructions. Examinations 
were anonymized and shuffled by a randomization process. They were 
read by two radiologists (GY, OS) who were blinded to the identities of 
the patients. Consultants read all of these studies in the same week, 
starting from 25 days after the last case of the cohort was scanned. All 
studies were officially read by another team of radiologists. The findings 
on the context of this study were neither used for any official report or 
patient management.

Images were independently read and labeled using 5 mm axial slices for 
the most typical lesions of COVID-19 pneumonia (i.e. ground glass opacity 
and consolidation) (17). Of all the patients, 96 were already excluded 
from the study. A custom annotation application was developed by the 
authors (YAO) to draw the region of interest around lesions. Ground-
truth masks (i.e., images that only contains labeled lesions) for each 
image were automatically generated with the same application after 
the annotation step.

Image Processing

Generation of coronal and sagittal slices from axial slices: Each 
study contains two series with different slice thickness (i.e., 5 mm and 
1.25 mm). Images with 5 mm slice thickness were used for annotation 
(Figure 2A), as described above, and images with 1.25 mm slice thickness 
were used to generate coronal and sagittal series. Axial images with 

Figure 1. Patient selection process

RT-PCR: Reverse transcriptase-polymerase chain reaction, COVID-19: 
Coronavirus disease-2019, CT: Computed tomography
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1.25 mm slice thickness were resampled using nearest neighborhood 

interpolation to make their voxels isotropic (i.e., 0.8 x 0.8 x 0.8 mm). These 

resampled axial images were used to generate sagittal and coronal slices 

using multiplanar reconstruction. Axial mask images with 5 mm slice 

thickness were resampled using nearest neighborhood interpolation to 

make their voxels isotropic (i.e., 0.8 x 0.8 x 0.8 mm). These resampled 

axial mask images were used to generate sagittal (Figure 2B) and coronal 

(Figure 2C) mask slices using multiplanar reconstruction.

Determination of the patch size: In a mask image, the regions 

containing pixels that are connected to each other and have the same 

value form a region called “connected components” (a.k.a. blobs). In the 

context of the segmentation, blobs are separate regions of GGOs and 

consolidations. Before model training, blobs were extracted from the 

mask slices. The center points and bounding boxes of these blobs were 

calculated.

The ideal patch size was determined by finding a minimum patch size 

for the entire data set that any blob would optimally fit into. For that 

purpose, all blobs were individually evaluated to find the corresponding 

patch size that varies between 8x8 and 256x256 pixels. The frequency of 

each patch size was recorded. The frequencies were normalized to 8x8 

patch size using a multiplication factor of 1 to 1024. The patch size that 

had the highest normalized frequency was 128x128, and was used in 

the model (Table 1).

Patches with 128x128 pixels in size were extracted by aligning the patch 

centers with the blob centers. By this principle, 18,255 axial, 71,458 

coronal, and 72,721 sagittal patches were generated (Figure 3). These 

patches were used to train the datasets as described below.

Splitting the data into groups: Patients were randomly assigned to the 

training set, validation set, and performance evaluation set. Of 173 

studies, 110 (~63%) were used for training, 12 (~7%) were used for 

validation, and 51 (~30%) studies were used as independent test set for 

performance evaluation.

Yıldırım et al. Artificial Intelligence in COVID-19 Pneumonia

Figure 2. Annotated axial 5 mm (A), reconstructed sagittal (B), and coronal (C) 1.5 mm mask slices. Ground glass opacities were marked with green, and 
consolidations were marked with red

Figure 3. Representative patches that were extracted by aligning the patch 
centers with the blobs (between arrowheads) centers (+)

Table 1. Determination of the patch size with the highest normalized frequency

Patch size (pixel) Frequency (n) Normalization factor Normalized frequency Percentage Cumulative percentage

8x8 394,058 1 394,058 9.18 9.18

16x16 46,284 4 185,136 4.31 13.49

32x32 29,980 16 479,680 11.17 24.66

64x64 15,047 64 963,008 22.43 47.08

128x128 6,468 256 1,655,808 38.56 85.64

256x256 602 1,024 616,448 14.36 100
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CNN model: The U-Net, a neural network model that was originally 
designed for medical image segmentation, was used (18). This model 
has certain advantages including: 1) Higher accuracy than other CNN 
models, 2) end-to-end fully-connected convolution layers, and 3) 
accepting images of any size as it does not contain any dense layer. The 
input of a U-Net is an image (i.e. 128x128 patches for this study), and 
the output is a semantic segmentation map in which every pixel is the 
classification of the corresponding pixel of the input image. The model 
consisted of three consecutive (i.e., the contraction, the bottleneck, 
and the expansion) sections (Figure 4). In the contraction section, 3x3 
convolution layers and 2x2 max-pooling were applied to the input. In 

the bottleneck section, 3x3 convolution layers and 2x2 up-convolution 

layers were applied to the output of the contraction section. In the 

expansion section, 3x3 convolution layer and 2x2 up-sampling layer 

were applied to each output of the contraction section and output of 

the bottleneck section. Axial, sagittal, and coronal datasets were trained 

separately using the U-Net model.

Prediction: The model was applied consecutively to CT scans. Lesions 

were extracted in orthogonal (i.e., axial, coronal and sagittal) planes 

(Figure 5). An automated lung segmentation model was used to filter-

out false-positive (FP) findings that was located external to the lung 

Figure 4. Schematic representation of the U-Net architecture. The contraction section is at the left, the bottleneck section is in the middle, and the expansion 
section is at the right. Straight arrows show the direction of flow and computation

Figure 5. Steps in the extraction of COVID-19 lesions in the orthogonal planes

COVID-19: Coronavirus disease-2019
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parenchyma (19). Intersections of the extracted lesions from orthogonal 

images were created to increase the specificity of the model. Sagittal 

and coronal predicted masks were reconverted to the axial plane. Axial 

reconverted coronal, and reconverted sagittal predicted masks were 

merged into the intersected axial mask using a two-step majority voting 

(Figure 6, 7). In the first step, the voxel in the final mask was set to 

“normal” if the corresponding voxels (i.e., axial, reconverted coronal, and 

sagittal were normal, otherwise a second step was applied. The second 

step was a majority vote between the “GGO” and “consolidation” in 

which corresponding voxels from each of the three planes were counted 

to make the final decision for the final mask value. Possible values 

were 0 (none), 1 (green) and 2 (red) for normal, GGO and consolidation, 

respectively.

Statistical Measures of Performance

Sensitivity, specificity, and accuracy were used in the analytical validation 
of the model as the statistical measures of the performance. These 
measures were applied to each pixel of each independent image the 
performance evaluation set and were determined by an approach that 
used erosion and dilation of ground-truth masks and formulae (2-7). In 
that process, ground-truth masks were eroded and dilated separately 
using a 3x3 convolution kernel. The eroded and dilated versions of the 
axial ground-truth masks were compared with axial predicted, axial 
that was converted from coronal predicted and axial that was converted 
from sagittal predicted masks, and the intersected axial masks. The FP 
findings of the predicted mask were calculated with for each of its pixels 
as follows:

1) If the predicted mask’s pixel value is greater than 0 and the dilated 
version of the ground-truth mask’s pixel value equals to 0; this pixel is 
then considered FP, according to Formula 1: 

1.  FP = count (dilation  n  x,y   = 0 ∧ predictedmas  k  x,y   > 0) , x, y 
 = coordinates 

 

2) If the predicted mask’s pixel value equals to 0 and the eroded version 
of the ground-truth mask’s pixel value is greater than 0; this pixel is then 
considered false-negative (FN), according to Formula 2:

2.  FN = count (erosio  n  x,y   > 0 ∧ predictedmas  k  x,y   = 0) , x, y 
 = coordinates 

 

3) The true-positive (TP) value was calculated by subtracting the number 
of FP counts for a predicted mask from the number of non-nonzero 
pixel counts for that mask according to Formula 3:

3.  TP = count (predictedmask > 0)  − FP  

4. The true-negative (TN) value was calculated by subtracting the sum 
of FP, false-negative, and true-positive values from the total number of 
pixels in the corresponding image (N) according to Formula 4. 

4.  TN = N −  (FN + FP + TP) , N = totalnumberofpixels  

Figure 6. The sample section showing axial predicted, axial conversions of 
coronal and sagittal predicted, and intersected masks along with the native 
CT image of a COVID-19 patient

CT: Computed tomography, COVID-19: Coronavirus disease-2019

Figure 7. Schematic representation of the merging process to create an intersected predicted mask

GGO: Ground-glass opacities
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5) Sensitivity and specificity were calculated using formulas:

5.  Sensitivity =   TP _ TP + FN  

 Specificity =   TN _ TN + FP  

 Accuracy =   TP + TN _ TP + TN + FP + FN  

6. 

7. 
 
This study has been presented as an oral presentation.

RESULTS

Test Data

Performance evaluation was conducted on an independent test set of 51 
patients that were excluded from training and validation. In this dataset, 
there were 51 axial native series, 3340 axial sections, and 875,560,960 
pixels. The model’s performance was calculated for axial predicted and 
intersected predicted masks (Table 2). 

K-Fold Cross Validation

The k-fold cross validation was used to assess the reliability of the 
model to ensure that the performance was affected minimally by the 
separation of the training sets. k was selected as 10 and the model was 
trained 10 times using different sets of 12 patients as the validation 
sets. The remaining 110 patients out of 122 were used for the training 
set. The sensitivity and specificity of each training were calculated 
against a testing set that contained 51 patients. The mean and the 
standard deviation of the sensitivity values were found as 91.8% and 1%, 
respectively. The mean and standard deviation of the specificity were 
obtained as 99.9% and 0.1%. The low standard deviation values indicate 
that the model performance was independent of how the training and 
validation sets were separated.

Confidence Interval

The confidence interval of the model was calculated using the 10 k-fold 
cross validation versions of the model to predict different sets of testing 
data sets. A total of 200 runs were performed for confidence analysis. 
In each run, a random version of the model was selected. The testing 
set for a run consists of a random number (from 20 to 40) of patients 
randomly chosen from the pool of 51 test patients. Over the 200 runs, 
the mean sensitivity was found as 91.6% with a 95% confidence interval 
of ±0.3% whereas the mean specificity was calculated as 99.9% with a 
95% confidence interval of ±0.004%. The narrow confidence intervals 
show that the model could perform similarly on different test sets.

Performance

The lower performing of the two median models out of 10 models 
were selected for performance evaluation. Based on the axial predicted 
masks, the sensitivity and specificity of the model were found as 91.4% 
and 99.9%, respectively. The use of intersected predicted masks has 
caused an increase of 3.9% in the total number of positive predictions, 
whereas the total number of negative predictions has only slightly 
decreased by 0.01%. These changes have resulted in a sensitivity of 
91.5% and a specificity of 99.88%. The accuracy, however, were the same 
(99.9%) for both.

The total number of false - positive predictions was 787,511 for 
axial predicted masks, and 867,437 for intersected predicted masks. 
Therefore, the number of false -positive predictions, was 10.1% higher 
for intersected predicted masks than for axial predicted masks.

Receiver Operating Characteristics

The model outputs three values p
normal

, p
GGO

 and p
consolidation

 for the 
normal, GGO and consolidation classes, and these values are in the 
interval (0,1). A likeliness value for each pixel was calculated so that it is 
equal to 1-p

normal
 when the pixel was marked as normal class. If the pixel 

was marked as GGO or consolidation (which are considered positive), 
then the likeliness value was set to max (p

GGO, 
p

consolidation
). In essence, 

the obtained value indicates the likeliness of a positive class as a real 
number between 0 and 1. A ROC curve is then formed by calculating 
the FP and true positive rates for different thresholds of the likeliness 
value. The ROC Curves for the two methods are shown in Figures 8, 9. 
The area under the curve values for the axial prediction and intersected 
prediction methods were calculated as 0.992 and 0.994 respectively.

Discussion
CT is a rapid and very sensitive imaging tool for COVID-19 pneumonia 
and is an acknowledged element of the diagnostic workup of patients 
with suspected or probable COVID-19 (4,7). For this reason, there was an 
excessive use of CT during the pandey. This practice has exerted extreme 
demand on radiologists and caused the effective and even design 
capacity of radiological reporting processes to be exceeded in many 
institutions. AI may help overcome this problem by extremely rapid 
and highly accurate detection and characterization of the CT findings 
of COVID-19.

Table 2. Summary table for statistical measures of performance

Mask Value
Predicted Performance

Positive Negative Total Sensitivity (%) Specificity (%) Accuracy (%)

Actual

Axial

Positive 1,970,654 185,153 2,155,807

91.4 99.9 99.9Negative 787,511 872,617,642 873,405,153

Total 2,758,165 872,802,795 875,560,960

Intersected

Positive 1,999,518 184,657 2,184,175

91.5 99.9 99.9Negative 867,437 872,509,348 873,376,785

Total 2,866,955 872,694,005 875,560,960
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The detection of pulmonary pathologies is one of the earliest fields of 

interest for computer aided diagnosis to assist radiologists. Such systems 

are mainly based on the analysis of texture parameters, segmentation 

of anatomical structures, and the detection of lesions. They use 

radiological images obtained in routine diagnostic practice, but involves 

an ensemble of mathematical computations performed with the data 

contained within the images (20). Recently, research on that field has 

been concentrated on deep learning techniques (14). These techniques, 

such as CNN, are very efficient in identifying, classifying, and quantifying 

patterns in medical images, leading to enhanced performance in 

various medical applications (13). CNN, in particular, was designed to 

automatically and adaptively learn the spatial hierarchies of features 

through backpropagation by using multiple building blocks, such as 

convolution layers, pooling layers, and fully connected layers. In this 

study, a CNN -based deep learning model was developed to detect 

COVID-19 pneumonia on CT images to assist radiologists to diagnose 
infected cases rapidly and confidently during extreme conditions of the 
pandemic.

As stated before, there are certain studies on the use of deep learning 
to detect COVID-19 pneumonia using various algorithms. The largest of 
them, used Densnet-121 (15). In that study, the network was trained 
using a multinational cohort of 1,280 patients. It identified COVID-19 
pneumonia with 84% sensitivity, 93% specificity, and 90.8% accuracy 
(15). Gozes et al. (14) and Chen et al. (13) have used Resnet-50 algorithms 
and could obtain more favorable results (98.2% sensitivity, 92.2% 
specificity and 95% accuracy for the former; 100% sensitivity, 81.8% 
specificity and 92.6% accuracy for the former;) in terms of sensitivity 
and accuracy. Ardakani et al. (12) have tested ten different CNN 
models in RT-PCR-proven COVID-19 patients and on non-COVID-19 
controls. They achieved the best performance with the ResNet-101 
and Exception networks. According to their findings, ResNet-101 could 
distinguish COVID-19 from non-COVID-19 cases with 100% sensitivity, 
99.2% specificity and 99.51% accuracy. Exception, on the other hand, 
achieved 98.04% sensitivity, %100 specificity and 99.02% accuracy. In 
our study, we have adopted the U-Net. This model that was originally 
designed for medical image segmentation and has certain advantages, 
as stated above (18). With U-Net and intersected predicted masks, we 
have achieved 91.5% sensitivity, 99.9% specificity with 99.9% accuracy 
in detecting typical findings of COVID-19. Both the axial predicted 
masks and intersected predicted masks approximate the performance 
of this model to previous studies. The context, it had lower sensitivity 
but equally higher specificity than the studies summarized below. 
Nevertheless, its overall accuracy was higher than them (Table 3).

Study Limitations

This study has certain limitations. The use of a homogenous single-
center data that might help us reach higher diagnostic performance, 
may also limit the applicability of the model to other populations, 
demographics, or geographies. Model training was limited to patients 
with positive RT-PCR testing and typical findings of pneumonia for 
COVID-19 on CT. However, patients with a positive RT-PCR tests may 
not always have chest CT findings or they may have indeterminate and 
atypical findings (9). Annotation was performed on axial slices for saving 
the expert’s time; coronal, sagittal images were generated from axial 
slices. The sensitivity could be significantly increased if annotating could 
also be performed in other planes.

Conclusion
This study has showed the reliability of the U-Net architecture in 
diagnosing typical pulmonary lesions of COVID-19 in CT images. It also 
demonstrated the slightly favorable effect of the intersection method 
to increase the model’s performance. Based on the performance level 
presented, the model may be used in the rapid and accurate detection 
and characterization of the typical COVID-19 pneumonia. The routine 
use of artificial machine learning models in COVID-19 and similar 
pneumonia outbreaks that may occur in the future could help relieve 
the excessive workload on frontline radiologists, reduce virus spread by 
early diagnosis and isolation, and improve patient prognosis by early 
treatment. 

Figure 8. Receiver operating characteristic curve for the axial method

ROC: Receiver operating characteristic

Figure 9. Receiver operating characteristic curve for the intersection 
method

ROC: Receiver operating characteristic
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Table 3. Comparison of several CNN-based artificial intelligence studies on the detection of COVID-19 pneumonia in computed 
tomographic images

Author Network Cohort
Number of subjects (n) Performance measure (%)2

Training set Test set Sensitivity Specificity Accuracy 

Ardakani et al. (12) ResNet-101 Single center (Iran) 1721 221 100 99 100

Ardakani et al. (12) Exception Single center (Iran) 1721 221 98 100 99

Chen et al. (13) ResNet-50 +U-Net Single center (China) 106 27 100 82 93

Gozes et al. (14) Resnet-50 Multinational/multicenter 50 156 98 92 95

Harmon et al. (15) Densnet-121 Multinational/multicenter 1,280 1,337 84 93 91

Present study U-Net Single center (Turkey) 122 51 91.5 99.9 99.9

CNN: Convolutional neural network, COVID-19: Coronavirus disease-2019
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Introduction
Developments in information and communication technologies have 
gained a new dimension with the concept of distance training (DT) 
that allows the individual to learn throughout their life by accessing 
information everywhere and any time (1,2). DT is a modern and effective 
form of learning where the educator and learner are at different places, 
and learning and instruction activities occur at a desired time (2,3). 

DT may be in the form of academic, organizational, or community 
education (4). 

While the third decade of the twenty-first century was starting, humanity 
faced a threat of a pandemic. This disease related to this new virus high 
virulence defined for the first time on January 7, 2020, was named as 

Coronavirus disease-2019 (COVID-19) by the World Health Organization, 

and this epidemic experienced was announced as a pandemic on March 

12, 2020. This threat on the global level has in a short time affected 

the healthcare systems of countries, social life, economy, and in a way, 

modern life. As much as the treatment of the disease, precautions 

toward preventing the spread and reducing the exposure of sensitive 

groups and protection of healthcare personnel have constituted the 

main topics of the fight. The way to reach these goals in the COVID-19 

pandemic involves education and information. For this reason, DT has 

become the most frequently preferred channel by administrators and 

experts, especially in all countries that experience the viral distribution 

intensely. In this context, in the scope of the precautions by the Turkish 
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Introduction: In-service healthcare personnel training is an ongoing process. However, emerging unknowns require momentary 
planning. The Coronavirus disease-2019 (COVID-19) pandemic has made distance training (DT) compulsory for healthcare employees 
(HE). Thus, it is important to learn about their interest levels. This study investigates the interest of HE in DT during the pandemic 
process.

Methods: The research population consisted of 3,442 personnel registered to take the “HE COVID-19” training at research and training 
hospital in 2020. The population of the study consisted of all personnel employed at research and training hospital and registered 
for the training. The study was planned retrospectively for reaching all personnel whose training registrations were made between 
17.03.2020 and 15.04.2020. This study was used the data of the personnel who completed the “HE COVID-19 Training” within the 
scope of the announcements that were made as DT as reported on the Hospital Training System.

Results: The total training completion rate of the participants was found to be 90%. When the interests of the HE in the DT in the 
process of the COVID-19 pandemic were compared, no statistically significant difference could be observed in the participation rates 
of the specialist doctors, resident doctors, and nurses (p=0.094). The rate of the resident doctors to complete the training until the 
second announcement was significantly lower compared to the specialist doctors and nurses (specialist doctor vs. resident doctor 
p=0.044; nurse vs. resident doctor p<0.001). The rates of completing the training after two announcements were significantly higher 
among the resident doctors than the specialist doctors and nurses and among the specialist doctors than the nurses (respectively 
p=0.018, p<0.001, p=0.018).

Conclusion: Continuous training must ensure that HE are adequately prepared to deal with public health emergencies such as the 
COVID-19 pandemic. DT should be prioritized in the Emergency Action Plan.

Keywords: COVID-19, distance training, healthcare employees, pandemic
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Ministry of Health in the fight against COVID-19, trainings to be given 
to healthcare personnel have been registered for all personals over the 
Hospital Training System (HTS) in the form of DT rather than face-to-
face training on March 17, 2020. This study was planned to investigate 
the interest of healthcare employees (HE) in DT in the process of the 
COVID-19 pandemic.

Methods
The hospital where the research was conducted is one of the four 
pandemic hospitals declared in the province of İstanbul in Turkey due to 
epidemics experienced in the 2000s. It became prominent in epidemics 
that were experienced in previous years, and it has developed a hospital 
culture. During this pandemic, too, intense planning and work have 
been carried out for all necessary training and logistic support. The 
Turkish Ministry of Health canceled face-to-face training on 16.03.2020 
in the scope of the precautions for the fight against COVID-19. With 
the organization of the İstanbul Provincial Directorate of Health, the 
“Healthcare Personnel COVID-19 Training” was prepared as a DT. With 
the organization of the Istanbul Provincial Directorate of Health, the 
“Healthcare Personnel COVID-19 Training” was prepared as DT. The 
DT contained general information about COVID-19 (epidemiology, 
form of contagiousness), case management, contact tracing, infection 
management precautions, personal protective equipment usage and 
isolation, patient room characteristics, entry-exit to and from the room, 
approach to the COVID-19 patient, cleaning of the patient room, patient 
transportation, and things to do after the death of a COVID-19-positive 
patient.

The “HE COVID-19 Training” DT registration was made for healthcare 
personnel on 17.03.2020, it was announced for all clinics, and it was 
stated to complete the training by the date of 20.03.2020. A second 
callout was made for the personnel who did not complete the treatment 
on 01.04.2020, and it was reminded that completing the training was 
a legal obligation according to the In-Service Training Directive of the 
Ministry of Health (Ministry of Health of Republic of Turkey 2009) (5).

The registration of the HE for access to the training system was made 
by the system administrator. It was added to hospital computers as a 
desktop shortcut, and information was provided that is was possible to 
access from home or via mobile phones. The entries to the system were 
checked in regular intervals. A short message service was sent again to 
those who did not enter the system. In addition, by having meetings 
with unit representatives, support was provided for entry to the training 
system. The completion status of the training program was examined by 
a report obtained from the administrator panel of the system.

The population of the study consisted of all personnel employed at 
research and training hospital and registered for the training. Sample 
selection was not made, and the study was planned retrospectively for 
reaching all personnel whose training registrations were made between 
17.03.2020 and 15.04.2020.

This study uses the data of the personnel who completed the “HE 
COVID-19 Training” within the scope of the announcements that were 
made as DT as reported on HES. A DT report form was used as the data 

collection instrument. Institutional permission (date: April 20, 2020, 
and no: KAEK/2021.04.148) was acquired to collect data. All individuals 
gave informed consent. The ethical approval for this study was granted 
by the Clinical Research Ethics Committee of the University of Health 
Sciences Turkey, Kanuni Sultan Süleyman Training and Research 
Hospital (approval number: 148, date: 21.04.2021) and it was conducted 
in accordance with the principals of the Declaration of Helsinki.

Statistical Analysis

In the assessment of the results, the results are given as percentages. 
The ratios in the groups were compared by chi-squared test. The alpha 
significance level was accepted as p<0.05.

Results
The hospital where the study was conducted has a bed capacity of 700, 
whereas 170 these are beds for the intensive care units (ICU). Services 
at the hospital were provided by 3,142 personnel. The groups and 

distributions of these personnel were as follows: 672 physicians (21%), 

850 nurses (27%), 428 medical technicians (13.6%), 440 patient admission 

personnel (14%), 422 cleaning and food personnel (13.4%), 150 security 

personnel (4.7%), and 180 administrative personnel (5.7%). Flexible 

working was practiced during the COVID-19 pandemic, and healthcare 

personnel who were specified in risk groups by Ministry of Health were 

considered on administrative leave. Pandemic-related training were 

initially provided as face-to-face training within the hospital starting at 

the end of January. When the face-to-face training was ended due to the 

contagious nature of the pandemic, the trainings were planned over 

HTS.

In this study with a retrospective design, which was planned to 

investigate the interests of HE in DT during the COVID-19 pandemic 

process, the total training completion rate of the participants was found 

to be 90% (Table 1). The rate of completion of the DT in the process of the 

COVID-19 pandemic among the HE was 93% for the physicians (specialist 

and resident doctors, general practitioner), 88% for the nurses, midwives 

and health technicians, 91% for the secretariat (medical secretary, 

patient admission, data entry personnel), 93% for the cleaning services, 

80% for the support services (security staff, driver, clinical support 

unit, cook, technical services) and 93% for the administrative services. 

Analysing the participating groups, it was noticed that the participation 

rates in the groups that initially encountered the patient (emergency 

service, radiology unit, secretariat, resident doctors, pharmacy, drivers) 

were noticeably high.

After the observation of the first cases in Turkey (the first case confirmed 

by polymerase chain reaction was determined on March 11, 2020) and 

an increase in the number of cases, Ministry of Health canceled face-

to-face training within the scope of precautions to fight COVID-19. 

Our hospital started hosting patients suspected for COVID-19 by March 

10. The registration for the DT made for healthcare personnel was 

announced for all clinics, and the process was monitored after the first 

announcement. On the first day when the training was registered for the 
healthcare personnel, 323 individuals completed the training (10.3%). 
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At the date of 20.04.2020, given as the time of completing the training, 
12% of the group was reached. However, due to the importance of the 
issue, a second announcement was made, the time of completing the 
training was extended, and the process was followed up (Figure 1).

Considering the interest of the physicians in the DT, it was seen that 7% of 
the specialist doctors, 9% of the resident doctors, and 11% of the general 
practitioners completed the training on the first day of registration.

When the interests of the healthcare personnel in the DT in the process 
of the COVID-19 pandemic were compared, no statistically significant 
difference could be observed in the participation rates of the specialist 
doctors, resident doctors, and nurses (p=0.094). The rate of the resident 
doctors to complete the training until the second announcement 
was significantly lower compared to the specialist doctors and nurses 
(specialist doctor vs. resident doctor p=0.044; nurse vs. resident 
p<0.001). The rates of completing the training after two announcements 
were significantly higher among the resident doctors than the specialist 
doctors and nurses and among the specialist doctors than the nurses 
(respectively p=0.018, p<0.001, p=0.018) (Table 2).

Discussion
As the rapidly increasing patient numbers in the pandemic process 
created a certain load on the healthcare system, exclusion of who are 
under risk from the system also increased the workload. Increased 
workload may lead to not only violations of protection precautions but 
also stress and carelessness in employees. To overcome this, in addition 
to regular training and raising awareness on the significance of this issue, 
it is needed to provide easy access to sufficient protective equipment 
and regulate the pace of working. The training during the pandemic 
could only be possible as DT as a compulsory necessity of transition to 
flexible working hours, increased workload, and isolation rules.

Considering the sociodemographic characteristics of the sample, it is 
seen that most of the participants consisted of physicians (21%) and 
nurses (27%). The rate of completing the training among the healthcare 
personnel included in the study was found to be 90%. Participation 
in the training was high among groups that encountered the patients 
first such as the emergency services, tomography unit, secretariat, 
resident doctors, and cleaning staff. It was thought that, although 

Table 1. Distance training completion rates of healthcare employees

Number Those who completed training %

Specialist doctor 341 311 91.2

Resident doctor 293 281 95.9

General practitioner 38 32 84.2

Midwifes, nurse, public health staff 850 733 86.2

EMT, first and emergency aid technician 9 9 100.0

Health technician, laboratory assistant, biologist 76 69 90.8

Health technician, radiology 67 67 100.0

Health technician, medical secretary 36 35 97.2

Health technician, anesthesia 63 58 92.1

Dialysis technician 10 10 100.0

Pathology technician 6 6 100.0

Orthosis - prosthesis technician 14 12 85.7

Physiotherapist, physiotherapy technician 16 14 87.5

Pharmacist, pharmacy technician 22 22 100.0

Audiologist, audiology technician 14 10 71.4

Other† 23 21 91.3

Social worker, psychologist, and dietician 22 19 86.4

Cleaning 362 335 92.5

Patient admission 169 151 89.3

Data entry (secretary) 226 224 99.1

Security 150 145 96.7

Administrative services 112 104 92.9

Driver 12 12 100.0

Clinical support 45 39 86.7

Cook, food service staff 60 8 13.3

Technical services 56 56 100.0

Genetics 50 48 96.0

Total 3142 2831 90.1
†Dental technician, forensic medicine, occupational therapist, child development, elderly care technician, drugstore, chemistry technician, and perfusionist. EMT:
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the administrative units were not on the front lines, their interest in 
the training was high due to concerns of working at a hospital where 
COVID-19 patients were being monitored and willingness to learn.

Considering the interest of the physicians in the distant training, 
the higher interests of the resident doctors and general practitioner 
physicians than the specialist doctors may be explained that a large 
part of the healthcare personnel, especially at the emergency service 
and pandemic clinics consisting of resident doctors and general 
practitioners, they were the group encountering the patient first, and 
they needed sufficient experience and knowledge about approaching a 
COVID-19 patient.

In a study that was conducted to investigate the concerns of doctors in 
Pakistan during the COVID-19 pandemic, it was determined that 80% were 
concerned about infecting their family members, 63% were conserved 
about the rapid spread of the disease, and 60% were concerned that the 
disease would have late-stage complications, whereas 29% of doctors 
had fears of being a carrier of the disease, and 29% had concerns of not 
being able to make the diagnosis of the disease (6).

In a qualitative study in China that was conducted to reveal the 
experiences of providers of healthcare services during the COVID-19 
pandemic, it was found that the participants experienced burnout due 
to working without toilet breaks, without using social environments 

due to the protection of social distancing measures, for long shifts with 

protective gear and due to critical patient care at ICUs, their workload 

significantly increased, and when their shift ended, they were to exhaust 

to even move (7). The lower interest of the nurses in our study in the 

training than the resident and specialist doctors suggested that the 

nurses could not spare time for the training.

It was seen that the employees were interested in the DT, although the 

COVID-19 pandemic has created a completely new working environment, 

it has significantly affected both working life and social life, and despite 

the additional difficulties experienced in this process. This situation 

shows that healthcare service employees can use technology to access 

information in all conditions, they are aware that they need knowledge 

to be able to adapt to newly emerging situations, and a sufficient 

awareness could be raised in society regarding the severity of the 

disease.

In the period of the pandemic that has affected the entire world, like 

all institutions that provide education, medical schools have also used 

distance education, and in this period, practical and bed-side training 

were stopped. However, while these training can be stopped for a short 

time, it cannot be in question to stop the training of the healthcare 

personnel in the field. The healthcare personnel in the field will not only 

provide care for their patients but also apply the ways of protection with 

Table 2. Comparison of interests of healthcare employees in training

Specialist doctor Resident doctor Nurse

n % n % n % p

Rate of participation at the first announcement 24 7.0 25 8.5 93 10.9 0.094

Rate of completion until the second announcement 241 70.7 185 63.1 615 72.4 0.012*

Rate of completion after two announcements 311 91.2 281 95.9 733 86.2 <0.001**

*p<0.05, **p<0.01

Figure 1. The interest of healthcare employees in distance training during the process of the Coronavirus disease-2019 pandemic. The study was designed as a 
retrospective study. Healthcare employees’ interest in distant training was investigated. Participation in distant training was examined for the dates between the 
first announcement (March 17, 2020) and April 15, 2020. In the graph, bars represent the number of healthcare personnel that completed training and the line 
represents the number of physicians that completed them. Columns represent the training periods, and rows represent the personnel type attending the training. 
The column of numbers on the left-hand side between 0-2500 represents the number range of healthcare personnel, while the numbers on the right-hand side 
between 0-450 represent the number of physicians

17th of March
18th-31st of 

March
2nd-4th April

1st of April
5th-15th of 

April
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the training they receive. This is why the interest in the training involved 
a high participation rate (8).

Study Limitations

The most important limitation of our study was that it was retrospective. 
We did not question whether the participants participated in these 
training voluntarily or out of necessity. We did not compare the 
participation rate of COVID-19 training with the participation rates of 
in-service trainings on other topics.

Conclusion
Understanding of COVID-19 infection and risk factors for negative 
outcomes among HE is important not only for characterizing the 
contagion patterns of the virus and risk factors for infection but also 
for preventing future infections of HE and other patients, providing 
information, updating infection prevention and management 
precautions at healthcare facilities and on a national level, and reducing 
secondary COVID-19 contagions in healthcare settings (9).

When healthcare systems are not prepared to cope with an epidemic 
of a contagious disease, education, instruction, and improved 
communication are needed. Continuous education is needed to ensure 
that healthcare teams are sufficiently prepared to cope with public 
health emergencies.

The COVID-19 pandemic experienced by the world today has shown 
that distance education and training should be included in a prioritized 
manner in Emergency Action Plans after earthquakes, erosions, 
tsunamis, tornadoes, floods, or fires, as well as contagious diseases 
(pandemics) (10). COVID-19 should not be assessed as only a crisis. It 
also provides great opportunities to be tested from all aspects from 
education to social life.
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Introduction

Following colon resection, perioperative morbidity and mortality are 

largely dependent on the elective or emergencies of the procedure 

(e.g. occlusive lesion, bowel perforation) and the patient’s associated 

comorbidities (e.g. cardiopulmonary disease, multiple traumas, etc.). 

Colon cancer patients tend to have more comorbidities because of the 

higher mean age and as a result, postoperative morbidity and mortality 

are also higher (1).

The MELD score is a validated chronic liver disease severity scoring system 

to estimate three-month survival (2). The formula was updated in 2016 

by adding serum sodium (3).

Various studies have reported that the addition of serum sodium 

concentration improves the predictive accuracy of the MELD score in 

hyponatremic patients who have low MELD scores and awaiting liver 

transplantation (4-11).

The primary use of the MELD and MELD-Na scores is to prioritize patients 
on the waiting list for cadaver donor liver transplantation based on liver 
disease severity and short-term risk of mortality. However, the MELD 
score also predicts mortality following placement of a Transjugular 
Intrahepatic Portosystemic Shunt (TIPS). It was shown to have a predictive 
value for outcomes in patients who have cirrhosis undergoing non-
transplant surgical procedures (12).

In this study, the purpose was to investigate the value of the MELD-Na 
score in predicting early mortality and morbidity in the first postoperative 
30 days in patients with colorectal cancer.

Methods 
The patients who applied to Haseki Training and Research Hospital 
and Istanbul Training and Research Hospital between 01.07.2020 and 
01.07.2022 and underwent colorectal resection were included in the 
study. Ethical approval for this study was obtained from a University of 

Introduction: Predicting possible complications in colon surgery is important in terms of reducing postoperative mortality and 
morbidity rates. Various scoring methods have been used to predict these complications. The MELD score was developed to predict 
mortality following Transjugular Intrahepatic Portosystemic Shunt (TIPS) placement in cirrhotic patients. This model was revised 
by adding Na data and used to predict complications in non-cirrhotic patients. We investigated the value of the MELD-Na score in 
predicting postoperative 30-day complications in patients undergoing colorectal resection for malignancy.

Methods: Patients who underwent colorectal resection for malignant diseases were included in the study. Demographics and clinical 
outcomes were recorded. The MELD-Na scores of the patients were calculated within 48 h before the surgery. Patients were divided 
into 2 groups according to the status of development of any complication.

Results: Age, gender, operative time, and length of stay was not statistically significant for developing complications. The MELD-Na 
score was significantly higher in patients with any complications. Also, MELD-NA score, stoma creation, and postoperative erythrocyte 
suspension replacement were found to be independent risk factors for developing complications in patients undergoing surgery for 
colon cancer.

Conclusion: The MELD-Na score may predict the complications that may develop in the first 30 days postoperatively in patients 
undergoing colorectal resection for malignant diseases. 

Keywords: Colorectal cancer, complication, MELD-Na
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Health Sciences Turkey, Haseki Training and Research Hospital Local 
Ethical Committee (approval number: 134-2022). Informed consent 
was received from the patients. Those who were diagnosed with 
cirrhosis, whose laboratory did not require the necessary parameters 
for MELD Na score measurement, and diagnosed with a different cancer 
were excluded. The MELD-Na scores of the patients were calculated 
by evaluating the blood results obtained within 48 h before the 
surgery. The patients were followed up for 30 days postoperatively for 
complications. The relationship between complications and MELD-Na 
score was investigated.

Statistical Analysis

The Statistical Package for Social Sciences (SPSS®) version 17.0 software 
package for Windows, was used for statistical analysis. Comparisons 
of numerical variables in two independent groups were made with 
Student’s t-test for normally distributed variable and Mann-Whitney 
U test for non-normally distributed variables. The ratios in the groups 
were analyzed using the chi-square test. Multivariate regression analysis 
was performed with the statistically significant data. The statistical alpha 
significance level was accepted as p<0.05

Results
A total of 206 patients were included in the study. Among these, 
86 (41.7%) were female and 120 (58.3%) were male. Complications 
were observed in 66 (32%) patients. The mean age of patients who 
developed complications was 63.70±14.08 years, and those who 
did not develop complications were 66.47±10.82 years. Age was 
not statistically significant for developing complications (p=0.124). 
Although the mean surgery duration was 190.42±56.65 in the group 
with complications, the mean surgery duration was 205.88±67.45 
in the group without complications. The mean Meld-Na score was 

found to be 11.65±4.71 in patients with complications, 9.72±2.41 in 
patients without complications, and the Meld-Na score was significantly 
higher in the group with complications (p<0.001). Although the mean 
hospital stay was 13.85±11.21 days in the group with complications, 
it was 5.78±1.87 days in the group without complications, and the 
difference was statistically significant (p<0.001). The mean number of 
erythrocyte suspension (ES) replacements was 2.16±2.44 in the group 
with complications and 0.67±1.20 in the group without complications 
and difference was statistically significant (p<0.001). The mean 
number of harvested lymph nodes was 21.40±13.63 in the group with 
complications and 16.70±5.77 in the group without complications, and 
more lymph nodes were removed in the group with complications at 
statistically significant levels (p<0.001). The mean number of metastatic 
lymph nodes was 1.14±2.03 in the group with complications, it was 
2.46±3.80 in the group without complications (p<0.001). The general 
characteristics of the patients who developed complications are given 
in Table 1.

Among the patients who developed complications, 23 (34.8%) were 
female, 43 (65.2%) were male, and gender was not a risk factor for 
developing complications (p=0.168). The complication rate was 
higher in patients with comorbidity at a significant level (p=0.002). 
Complications were present in 34 of 72 patients with a stoma, and 
stoma creation was considered a risk factor for developing complications 
(p=0.001). Complications were observed in 27 of 54 patients who 
underwent emergency surgery, and it was observed that it increased 
the development of complications at a significant level (p=0.001). It 
was found that preoperative liver metastasis and the type of surgery 
were not significant in increasing the development of complications. 
However, 14 patients died and the MELD-Na scores of 11 of the patients 
who died were found to be above 10.75. The data on postoperative 
complication analysis are given in Table 2.

Table 1. Comparison of the features of the patients

Complications (yes), (n=66) Complications (no), (n=140) p

MELD-Na 11.65±4.72 9.72±2.41 <0.001

Age 63.7±14.09 66.47±10.83 0.124

Operative time (minutes) 190.42 205.88 0.539

Postoperative ES 2.16±2.44 0.67±1.20 <0.001

Length of stay 13.85±11.21 5.79±1.87 <0.001

Metastatic lymph nodes 1.14 2.46 <0.001

Total harvested lymph nodes 21.40 16.70 <0.001

ES: Erythrocyte suspension

Table 2. Comparison of the features of the patients

  Complications (yes), (n=66) Complications (no), (n=140) p

Gender (female) 23 (26.7) 63 (73.3) 0.168

Comorbidity 26 (49.1) 27 (50.9) 0.002

Stoma creation 34 (47.2) 38 (52.8) 0.001

Liver metastasis 5 (27.8) 13 (72.2) 0.685

Surgical approach
Open 41 (29.9) 96 (70.1)

0.360
Laparoscopic 25 (36.2) 44 (63.8)

Emergency 27 (50.0) 27 (50.0) 0.001

Mortality 3 (21.4) 11 (78.6) 0.001
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Complications were followed up in 2 groups of patients based on MELD-
Na score ≤10.75 and >10.75. The rate of wound infection, anastomotic 
leakage, internal complications, and any complication development 
were found to be significantly higher in patients with a score of >10.75 
than in patients with a score of ≤10.75. No positive correlations were 
detected between the intra-abdominal abscess, evisceration, and ileus 
and the Meld-NA scores of the patients. Complication analysis results 
according to the MELD-Na score are given in Table 3.

Because of the multivariate analysis, Meld-NA score, stoma creation, 
and postoperative ES replacement were found to be independent risk 
factors for developing complications in patients undergoing surgery for 
colon cancer. The results of the analysis are given in Table 4.

Discussion
In this study, patients who were operated on for colon cancer were 
examined, and a significant correlation was found between early 
postoperative complications and mortality and elevated MELD-Na score. 
We think that the elevated MELD-Na score to be checked preoperatively 
will contribute to the prediction of complications.

As is already known, the MELD score was first used to predict mortality 
following TIPS placement. The model was then validated in an 
independent cohort of patients with TIPS placement (13). Later, this 
model was revised by adding Na data. Although this scoring system 
was primarily used to identify patients who would undergo liver 
transplantation, it was later used to predict complications in patients 
who were scheduled for non-transplant surgery (14).

In Khachfe et al.’s (15) study, in which 1,096 cases of elective gastrectomy 
were examined, patients with a Meld-Na score of >11 and <11 were 
compared, and the rates of mortality, any complications, and major 

complications were found to be significantly higher in the group with 
elevated Meld-Na scores. In this study, it was concluded that the rates of 
wound infection, anastomotic leakage, internal complications, and any 
complication development increased significantly.

Al Abbas et al. (16) reported a positive correlation between an MELD 
score of >11 and mortality in patients who underwent Whipple. It was 
found that most patients with a mortal course had a MELD-Na score 
above 10.75.

Causey et al. (17) conducted a study in which 10,842 patients who were 
operated on for colon cancer were examined and reported that a MELD-
Na score above 9 increased the risk of postoperative complications 1.3 
times, and, the mortality risk increased 2.7 times in patients who had a 
score above 8. The increase in mortality and complications in this study 
is in parallel with this article.

Coakley et al. (18) conducted a study in which 44,540 elective colorectal 
cases were examined, MELD-Na score was found to be an independent 
risk factor for developing complications.

In a study that was conducted by Schlosser et al. (19) in which 48,955 
patients who underwent elective hernia repair were examined, it was 
reported that the risk of postoperative complications, hospital stay, 
reoperation, and mortality increased in patients with a MELD-Na score 
above 10.

This study supports many studies on this subject. In this study, positive 
correlations were detected between the length of hospital stay, wound 
infection, anastomotic leakage, internal problems, and the development 
of any complications, and a high MELD-Na score.

Some studies report positive correlations between age and postoperative 
complications (20); however, the age factor was not found to be 
significant in terms of complication development in this study.

Koyuncu et al. MELD-Na Predicted Morbidity Following Colorectal Resections

Table 3. Complication analysis according to the MELD-Na score

MELDS-Na score
p

<10.75 n, (%) >10.75 n, (%)

SSI 22 (84.6) 4 (15.4) 0.036

Intra-abdominal abscess 13 (81.3) 3 (18.7) 0.193

Evisceration 11 (68.8) 5 (31.2) 0.843

Ileus 18 (78.3) 5 (21.7) 0.205

Anastomotic leakage 21 (87.5) 3 (12.5) 0.020

Internal complications 15 (34.1) 29 (65.9) <0.001

Any complications 37 (56.1) 29 (43.9) 0.029

SSI: Surgical site infection

Table 4. Multivariate analysis

Complications (yes) Complications (no) p OR

Comorbidity n, (%) 35 (63.6) 20 (36.4) 0.759 0.810

Elective surgery 58 (36.7) 100 (73.3) 0.147 0.461

Stoma creation 58 (38.9) 91 (61.1) <0.001 9.784

Gender (female) n, (%) 65 (51.6) 61 (48.4) 0.186 0.488

Meld-Na score (mean ± SD) 11.65±4.72 9.72±2.41 0.017 0.843

Postoperative ES replacement 2.16±2.44 0.67±1.20 <0.001 0.532

Neoadjuvant therapy n, (%) 7 (15.2) 39 (84.8) 0.537 1.389
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Study Limitations

The most important limitations of this article were the small number 
of patients and the retrospective nature of the study. Also, the fact 
that the surgery teams were different and their experience was not 
standardized was another limitation, and we think that this may affect 
the development of complications. Urgent colon resections were also 
added to the study data, increasing the risk of complications.

Conclusion
Our study concluded that the elevated MELD-Na scores calculated in the 
preoperative period of the patients who are scheduled for surgery for 
colorectal cancer can predict the complications that may develop in the 
first 30-days postoperatively.
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Introduction

Fibromyalgia syndrome (FMS) is characterized by multifocal pain, 

especially in the musculoskeletal system, accompanied by fatigue, 

depression, anxiety, cognitive dysfunction and sleep disorder (1). 

Although tender points are often mentioned in fibromyalgia, trigger 

points are frequently encountered in these patients, especially in the neck 

muscles (2,3) Muscle trigger points (MTrPs) are the hypersensitive points 

within muscle taut bands. They cause referred pain during compression 

and they can be latent or active (4) widespread musculoskeletal pain, 

low pain threshold, and hyperalgesia. Myofascial trigger points (MTrPs. 

Although MTrP is a hallmark of myofascial pain syndrome (MPS), it has 

been revealed that the random pain felt in FMS is generated by local and 

referred pain from active and common MTrPs (3,5). MTrPs that cause 

neck pain, are more common in trapezius muscle (6).

Although MPS and FMS are considered as two separate clinical entities, it 

is stated in the literature that these two conditions can coexist or overlap 

significantly (7,8). In fact, these two syndromes are so intertwined 

that central sensitization caused by MPS has begun to be blamed in 

the etiopathogenesis of FMS (2,7-9). Management of MTrPs reduces 

peripheral nociception thereby reducing central sensitization and 

leading to improvements in pain (10). 

Dry needling (DN) is one of the treatment options for MTrP pain. It is 

applied directly to trigger points with an acupuncture needle or fine 

injector tip to relieve pain. It deactivates the trigger point without 

medication (1). It shows its effect through the mechanical effect and by 

stimulating nerve fibers and regulating neurotransmitters and hormones 

on the central nervous system (10).

This study aimed to evaluate the effectiveness of trapezius muscle DN 

treatment on patient’s severity of pain, psychological state, sleep quality, 

and functionality in fibromyalgia patients with a predominant neck pain 

complaint.
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Introduction: The study aimed to assess the effectiveness of dry needling (DN) for neck pain in fibromyalgia caused by myofascial 
trigger points (MTrPs) in the trapezius muscle.

Methods: Fibromiyalgia patients who were treated with DN were retrieved from the hospital database. The study included people 
with trapezius MTrPs-related neck pain who were between the ages of 18 and 65 and had a two-month follow-up. DN treatment was 
applied to MTrPs in the trapezius muscle once a week for 4 sessions. Demographic data for the patients were recorded from their 
files. Before treatment and four weeks after the program was finished, all patients underwent evaluations. In each evaluation we 
assessed pain, neck disability, sleep quality, anxiety and depression and fibromyalgia severity with visual analogue scale (VAS), Neck 
Disability Index (NDI), Pittsburgh Sleep Quality Index (PSQI), Hospital Anxiety Depression scale (HADS) and Fibromiyalgia Impact scale 
(FIQ), respectively. 

Results: In patients with FMS with neck discomfort, DN therapy administered to MTrPs in the trapezius muscle once per week for four 
sessions was beneficial in the short term. Additionally, with this treatment quality of sleep and life of the patients were improved; 
anxiety, depression levels, and pain severity were also significantly reduced. Statistically significant improvement was found in VAS, 
NDI, PSQI, HADS, and FIQ scores (for all parameters; p<0.001). 

Conclusion: For better management of patients with FMS patients, MTrPs should not be ignored. DN treatment should also be among 
the treatment options as an effective treatment.

Keywords: Dry needling, fibromyalgia syndrome, myofascial trigger points, neck disability, neck pain
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Methods 

Study Design and Participants

This was a retrospective study performed in a tertiary hospital in 
İstanbul, Turkey. The University of Health Sciences Turkey, Prof. Dr. 
Cemil Taşcıoğlu City Hospital Local Ethics Committee approved the 
study protocol (approval number: 2022/452). It was performed in 
accordance with the Declaration of Helsinki’s principles, participants 
gave both written and verbal informed consent. Patients diagnosed with 
FMS, treated with 4 sessions of DN between February 2018 and June 
2018, were retrieved from the hospital database. The study included 
people with trapezius MTrPs-related neck pain who were between the 
ages of 18 and 65 and had a two-month follow-up. Participants with 
cervical radiculopathy or myelopathy, rheumatological, psychiatric, 
neurologic, malign diseases, coagulopathy presence, and pregnancy 
presence were excluded. Patients who had received an injection or 
treatment with MTrPs during the previous three months and were on 
immunosuppressive or anti-coagulant medications were also excluded.

Demographic data of the patients such as weight, height, body mass 
index (BMI), gender, smoking history, and comorbidities were recorded 
from their files. Before starting treatment and four weeks after the 
program was finished, all patients underwent evaluations. In each 
evaluation we assessed pain, neck disability, sleep quality, anxiety and 
depression and fibromyalgia severity with visual analogue scale (VAS), 
Neck Disability Index (NDI), Pittsburgh Sleep Quality Index (PSQI), 
Hospital Anxiety Depression scale (HADS) and Fibromiyalgia Impact 
Scale (FIQ), respectively. 

Dry Needling Technique 

The sterile 0.25x25 mm (Hua Long) acupuncture needles were inserted 
deeply into the palpable trigger points while the patient was seated. 
Needles were left in situ for 20 min; at the 10th minute the needles were 
rotated clockwise. All participants received 4 sessions (once a week for 
four weeks). All recruited respondents were given patient education 
on DN therapy. Two physicians with more than 15 years of experience 
performed the DN.

Materials
Fibromyalgia impact questionneire: It consists of 10 subscales. The 
total score ranged from 0 to 100. Higher scores reflect a more negative 
impact.

Pittsburgh Sleep Quality Index: This was used to assess the sleep 
quality. It differentiates “poor” sleep from “good” sleep. It comprises 7 
dimensions. A “poor” sleeper is one with a total score of 5 or higher (11).

Neck Disability Index: This was used to evaluate the severity of neck 
disability. It is composed of 10 questions including daily functional 
activities. Scores >25 reflect a severe disability (12).

The Hospital Anxiety Depression scale: This detects significant anxiety 
and depression. It contains 7 items in each of its two subscales. The 
scores ranged from 0-21 on each subscal; the cut-off score was 10 for 
HADS-A and 7 for HADS-D. Those who score above these values are 
considered at risk for anxiety and depression (13).

Visual analog scale: Patients score their pain on a scale with 0 
representing “no pain” and 10 representing “most severe pain possible”.

Statistical Analysis

The Statistical Package for the Social Sciences, version 25.0, for Windows, 
was used for statistical analyses (SPSS Inc; Chicago, IL, USA). For continuous 
variables, the data were shown as mean and standard deviation; for 
categorical variables, they were shown as number (n) and percentage 
(%); and for non-normalized variables, they were shown as median 
(min.-max.). Using the Shapiro-Wilk test or the Kolmogorov-Simirnov 
test, the degree of normalcy was determined. Where appropriate, the 
paired t-test or the Wilcoxon test was performed to compare continuous 
variables. The correlation between variables was also determined using 
the Pearson correlation. Results were assessed on a bilateral basis at a 
95% confidence level, with a significance level of <0.05.

Results
The study included 34 female patients with a mean age of 44.2±8.3 
(27-55) years and mean BMI of 25.3±3.2 kg/m2. Table 1 presents the 
demographic and clinical characteristics of the patients. All the patients 
had poor slee; their PSQI scores were higher than five (PSQI: 12.32±2.8). 
All of them had higher VAS scores (VAS: 8.5±1.3) because of severe pain.

The comparison between baseline and one month after treatment is 
shown in Table 2 (Figure 1, 2). A statistically significant improvement 
was found in VAS, NDI, PSQI, HADS, and FIQ scores (for all parameters; 
p<0.001). Although there was an improvement in sleep scores 
(p<0.001), patients still had poor sleep one month after the treatment 
sessions (8.7±2.1). Also, their VAS scores were reduced but they still had 
moderate pain at the follow-up. 

Total FIQ scores were correlated moderately with HADa scores (r=0.443, 
p<0.01), VAS scores (r=0.460, p<0.01), and PSQI scores (r=0.423, 
p<0.01). There were no correlations between FIQ scores and age, BMI, 
and HADd scores (Table 3).

Discussion
The main result of the current study is that MTrP DN treatment applied 
into the trapezius muscle in patients with FMS with severe neck pain is 
effective in one-month follow-up. Additionally, with this treatment, the 
patients’ sleep and quality of life improve; anxiety, depression levels, 
and pain severity reduces.

It was argued that as a peripheral pain generator MTrPs, may cause FMS, 
increase disease activity or worsen symptoms (3,9). At least one active or 
latent trigger point was detected in most patients with FMS (14,15). It 
was reported that cervical MTrP accompanies 25% of patients with FMS 
(2,3). DN deactivates active MTrPs, reduces pain and improves mood, 
function, and level of disability (16-18).

There are an increasing number of researches in the literature about 
trapezius muscle MTrP DN. The beneficial effects of DN on neck disability, 
pain severity, quality of life, and range of motion were reported. 
Although the application of one session of DN was found effective in 
improving pain, in another study, it was reported that 2-4 sessions of DN 
were required to treat MTrP of trapezius muscle (6,18,19). Although lots 
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of the studies evaluated the immediate and short-term effect, there are 

studies with long-term effect (3-6 months) of DN therapy (6,18,20,21). 

Our patients had 4 sessions of DN therapy and they were evaluated 

one month after the therapy, this protocol was found to be effective 

for improvements in pain, sleep, anxiety, depression, and fibromyalgia 

impact scores.

Needling of different points was examined (active trigger point, latent 

trigger point, tender point and 2 cm close to the trigger point; it was 

Figure 1. The comparison of parameters baseline and post-treatment*

*P<0.001 for all parameters, VAS: Visual analog scale, PSQI: The Pittsburgh 
Sleep Quality Index, HAD: Hospital Anxiety and Depression scale, a: Anxiety, 
d: Depression; B: Baseline, A: One month after treatment

Figure 2. The comparison of parameters baseline and post-treatment

*P<0.001 for all parameters, FIQ: Fibromyalgia Inventory Questionaire, 
NDI: Neck Disability Index, B: Baseline, A: One month after treatment

Table 1. Patient characteristics

n (%)/median (min.-max.)/mean ± SD

Age 47 (27-55)/44.2±8.3

BMI 24.9 (20.2-33.6)/25.3±3.2

Smoking status
Smoker 21 (61.8%)

Non-smoker 13 (38.2%)

Education

Primary 19 (55.9%)

Secondary 8 (23.5%)

University 7 (20.6%)

Occupational status
Has a job 12 (35.3%)

Homemaker 22 (64.7%)

FIQ 67.3 (27-80)/64.8±14.8

PSQI 12 (7-16)/12.32±2.8

HADd 8.5 (1-18)/8.1±3.8

HADa 10.5 (5-18)/10.9±3.6

NDI 23.5 (14-47)/26.1±8.6

VAS 8 (6-10)/8.5±1.3

Mean ± standard deviation n, (%) median (minimum-maximum). min.-max.: Minimum-maximum, SD: Standard deviation BMI: Body mass index, FIQ: Fibromyalgia 
Inventory Questionaire, PSQI: The Pittsburgh Sleep Quality Index, HAD: Hospital Anxiety and Depression scale, a: Anxiety, d: Depression; NDI: Neck disability index, 
VAS: Visual analog scale 

Table 2. The comparison between baseline an one month after treatment

Baseline One month after post-treatment p

FIQ 67.3 (27-80)/64.8±14.8 33.6 (7.2-76.6)/40.17±20.8 <0.0011

PSQI 12 (7-16)/12.3±2.8 8 (5-14)/8.7±2.1 <0.0011

HADd 8.5 (1-18)/8.1±3.8 5 (0-14)/5.6±2.8 <0.0012

HADa 10.5 (5-18)/10.9±3.6 7 (4-17)/8±3 <0.0011

NDI 23.5 (14-47)/26.1±8.6 12 (7-33)/14.1±6.1 <0.0011

VAS 8 (6-10)/8.5±1.3 3.5 (1-8)/3.6±1.7 <0.0011

Mean ± standard deviation, n, (%). 1: Wilcoxon, 2: Paired samples t-test, FIQ: Fibromyalgia Inventory Questionaire, PSQI: The Pittsburgh Sleep Quality Index, HAD: Hospital Anxiety and 
Depression scale, a: Anxiety, d: Depression; NDI: Neck disability index, VAS: Visual analog scale
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emphasized that the needling point was unimportant. DN of the 

trapezius muscle improved local mechanical hyperalgesia, pain severity, 

and discomfort regardless of the point (6,22).

Different application technics such as superficial DN, deep DN, DN 

with 30 min retention, and peppering (moving the needle forward and 

backward 8-10 times at the same point) were proven to be useful in 

reducing pain and depression symptoms as well as enhancing daily 

activities (21,23). We used deep DN with 20 min retention technic, and 

after one month of MTrPs treatment for the trapezius muscle, we saw a 

considerable reduction in pain severity.

In a study with the first, third, and sixth month follow-up, stretching 

combined with four sessions of twice-weekly DN therapy for neck pain 

was found to be more beneficial than stretching alone for pain, neck 

disability, range of cervical motion, mechanical hyperalgesia, and 

quality of life (20,24).

In a study, four sessions of once-weekly MTrP DN therapy reduced neck 

region pain in patients with FMS in the short term. This protocol also 

improved depression, anxiety, sleep, quality of life and fatigue symptoms 

(9). In this study they needeled latent and active MTrPs in all the neck 

muscles with fast-in, fast-out technique (9). We needled only trapezius 

muscle with 20-minute retention technique. Altough our technique were 

different our results were the same as theirs. Tender-point DN treatment 

(six sessions,once-weekly) in FMS patients also produced positive effects 

in improving pain intensity, quality of life and depression (22). 

Although there was a statistically significant improvement in sleep 

scores, and VAS scores, patients still had poor sleep and mild pain at 

the follow -up. Perhaps it was due to the higher baseline PSQI and VAS 

scores. Maybe we could have applied a treatment protocol with more 

sessions for better results.

Study Limitations

The current study has several limitations. First, this study didnot have 

long-term results, second only female patients were included in the 

study, the third current study could be conducted with a larger sample 

size. Another limitation we could have a control group to perform 

comparisons.

Conclusion

MrTP DN improves pain, neck disability, sleep quality, anxiety, depression, 

and quality of life in patients with FMS. For better management of 

patients with FMS patients, MTrPs should not be ignored. DN treatment 

should also be among the treatment options as an effective treatment.

Ethics Committee Approval: The University of Health Sciences Turkey, 

Prof. Dr. Cemil Taşcıoğlu City Hospital Local Ethics Committee approved 

the study protocol (approval number: 2022/452).
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Table 3. Relationship between the baseline parameters

PSQI NDI FIQ

Age r 0.24 0.06 -0.06

p 0.17 0.72 0.72

BMI r 0.05 0.06 -0.16

p 0.80 0.72 0.36

PSQI r 1.00 0.467** 0.423*

p 0.00 0.01 0.01

HADa r 0.17 0.394* 0.443**

p 0.34 0.02 0.01

HADd r -0.05 0.11 0.15

p 0.78 0.53 0.39

NDI r 0.467** 1.00 0.506**

p 0.01 0.00 0.00

FIQ r 0.423* 0.506** 1.00

p 0.01 0.00 0.00

VAS r 0.33 0.449** 0.460**

p 0.05 0.01 0.01

Pearson**: The correlation is significant at the 0.01 level (2-tailed), *: The correlation is significant at the 0.05 level (2-tailed). BMI: Body mass index, FIQ: Fibromyalgia Inventory 
Questionaire, PSQI: The Pittsburgh Sleep Quality Index, HAD: Hospital Anxiety and Depression scale, a: Anxiety, d: Depression, NDI: Neck Disability Index, VAS: Visual analog scale
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Introduction 

Pancreaticoduodenectomy, the so-called the Whipple operation, is the 

only potentially curative operation for neoplasms of the periampullary 

region of the duodenum. Allen Whipple defined this operation for 

periampullary carcinoma in 1935 (1). Specimens of the classical Whipple 

operation involves the duodenum, common bile duct, gallbladder, head 

of the pancreas, and antrum of the stomach. 

There are some patients -dependent factors that have a negative effect 

on the postoperative course, such as age, comorbidities, jaundice, 

cholestasis, and need for biliary drainage. Additionally, intraoperative 

factors may also lead to negative outcomes, such as surgical technique, 

operation time, and amount of bleeding may also lead to negative 

outcomes (2).  After major surgical operations, patients often require 

monitoring in the intensive care unit (ICU). 

Our aim in this study: To determine out the change in the clinical course of 

the patients followed up in the tertiary ICU after pancreaticoduodenectomy 

during the follow-up period.

Methods

Patients hospitalized in the tertiary ICU specific to liver-pancreas-biliary 
tract and liver transplantation from August 2021 to August 2022 were 
retrospectively reviewed. 

Patients followed-up after the Whipple procedure were included in the 
study.

Patient information and laboratory values were obtained from the 
hospital registry system (hospital information management system), 
whereas vital signs and treatments were obtained from patient 
observation notes.

Approval was obtained from the Ethics Committee of the University 
of Health Sciences Turkey, Başakşehir Çam and Sakura City Hospital 
(approval number: 2022.12.390), where the study was conducted, for the 
use of data and conducting the research.

Statistical Analysis

SPSS Statistics 20 (IBM, Armonk, NY) was used for all statistical analyses. 

Kolmogorov-Smirnoff analysis was used to analyze the normality of 

Introduction: Pancreaticoduodenectomy (Whipple procedure) is an important surgical intervention in terms of adverse conditions 
that may occur after surgery. Our aim is to determine the change in the clinical course of the patients followed in the intensive care 
unit (ICU) after pancreaticoduodenectomy during the follow-up period. 

Methods: We included 37 patients followed up after the Whipple procedure from August 2021 to August 2022 in a tertiary ICU specific 
for liver-pancreas-biliary tract and liver transplantation. 
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the study data. A paired t-test was used when comparing before and 

after laboratory values. Pearson correlation test was used for the 

correlation between the blood lactate level, the amount of fluid volume 

administered, and the change in blood creatinine level.

Results 

Thirty-seven patients were included in the study. Nineteen of the 

patients were female and 18 of them were male patients. The mean 

age was 61.08 (±14) years. Twenty patients had at least one comorbid 

disease in addition to pathology that needed surgery (Table 1). Two 

patients (0.5%) were transferred to the ICU as orotracheal intubated. The 

patients were then extubated and transferred to the service. High -flow 

nasal cannula oxygen therapy (YANKOT) was administered to 15 patients 

(40%). All three patients were taken over with inotropic therapy and 

stopped during their follow-up. Invasive arterial blood pressure follow-

ups were performed during the follow-up of the patients in the ICU. 

Oxygen saturation (SpO
2
) was monitored by non-invasive pulse oximetry, 

and partial oxygen pressure (pO
2
) was monitored by arterial blood gas 

analysis. The mean of the highest detected systolic blood pressures was 

152 (±13), and the mean of the lowest systolic blood pressure was 114 

(±15). The mean of the detected high diastolic blood pressures was 

76 (±4), and the mean of the lowest diastolic blood pressures was 61 

(±49). The results of the hemogram and blood biochemistry tests taken 

when the patients were admitted to the ICU and at the 12th hour are 

shown in Table 2. The change between the blood creatinine values taken 

before the surgery and the blood creatinine values taken at the 12th h 

after the surgery was calculated as a percentage. A positive correlation 

was found between the lactate level of the patients at admission and 

the change in the fluid volume and blood creatinine in the ICU (Table 3). 

Discussion 
In our study, we examined patients followed in the ICU after the Whipple 

procedure. The Whipple procedure is perhaps the most associated with 

perioperative morbidity and mortality of all surgical procedures. The 

available data on the process and results in the ICU are insufficient (2). 

For this reason, we think that the contribution of the results of the field-

specific ICU to the literature is important.  In our study, the mean age 

of the patients was 61, which is consistent with the literature. Karim 

et al. (3). The mean age in the study was 55.9 years. In the study by 

Weinberg et al. (4), the mean age was found to be 67. Comorbidities 

accompanying the patients were also consistent with earlier studies (5). 

After the operation, high -flow nasal cannula oxygen therapy (YANKOT) 

support was provided to 14 patients. In studies, the need for respiratory 

support and reintubation rates decreased in the post-operative period 

with YANKOT treatment (6).  We think that the use of YANKOT is a 

reason why we did not find low saturation in our study. Additionally, a 

Ocak et al. Postoperative Whipple Procedure in ICU

Table 1. Patient demographic data

Age 61.08 (±14)

Gender (%)

Male 18 (48%)

Female 19 (52%)

Comorbidities (%)

DM 7 (19%)

CAD 10 (27%)

HT 11 (29%)

CVD 1 (2.7%)

Ulcerative colitis 1 (2.7%)

Ankylosing spondylitis 1 (2.7%)

MEN-1 1 (2.7%)

*Intensive care hospitalization day 1 (1-7)

*Median (range), DM: Diabetes mellitus, CAD: Coronary artery disease, HT: Hypertension, 
CVD: Cerebrovascular disease, MEN-1: Multiple Endocrine Neoplasia syndrome-1

Table 2. Laboratory values in the intensive care unit follow-up

Laboratory values 0. hour 12. hour p-values

Hemoglobin (g/dL) 11.4±1.8 11.19±1.7 0.158

Platelets (109/L) 258.4±76.2 247.3±81.4 0.315

AST (U/L) 171±213 132±134 0.115

ALT (U/L) 155.3±180.9 153.2±154.7 0.850

Creatinine (mg/dL) 0.87±0.2 0.83±0.2 0.403

Blood lactate *(mmol/L) 4.2±3.2 1.8±0.9 0.014

pO
2
 (mmHg) 102.6±23.2 147.4±31.9 <0.01

*Lactate level in arterial blood gas, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, pO
2
: Partial oxygen pressure

Table 3. Correlation of blood lactate level at admission to the intensive care unit, amount of fluid volume therapy, and blood creatinine

Highest blood lactate level Percentage of changes in blood creatinine

Percentage of changes in blood creatinine Pearson’s r 0.631 -

p-value 0.021 -

Amount of Fluid volume delivered Pearson’s r 0.786 0.721

p-value < .001 0.012
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significant increase was found when the arterial pO
2
 level at the arrival 

of the patients to the ICU was compared with the level at the 12th h. Since 
the patients were in the ICU, respiratory supports were applied quickly 
and desaturation was not allowed. Thus, the patient was stabilized in 
terms of breathing during the hours when the sedation effect and pain 
control were just started. Considering the highest arterial blood lactate 
level saw at the time of admission to the ICU, a positive correlation 
was found between the amount of fluid volume administered and the 
arterial blood lactate level. The increase in the arterial blood lactate 
level reflects the development of anaerobic metabolism. This is the 
result of uncontrolled high production or reduced elimination (7).

The need for higher fluid volume in patients with higher arterial blood 
lactate levels can be explained by the need to increase the amount of 
intravascular fluid volume.

Study Limitations

The positive correlation between the increase in blood creatinine values 
and arterial blood lactate values is also particularly important in these 
patients. This result can be accepted as a sign that the kidney functions 
of patients with high arterial blood lactate levels may also be impaired. 
Our study was a single-center study. Patient data were also obtained by 
retrospective scanning. Additionally, the available data only covers the 
ICU follow-up. These are the limitations of our study.

Conclusion 
Patients should be followed closely after the Whipple procedure, fluid 
volume therapy and respiratory support seem to play a significant role in 
the recovery of these patients. Conducting multicenter and randomized 
controlled studies on the subject may supply patient-specific fluid 
volume therapy and respiratory support determination.
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Introduction

Various risk factors for the clinical worsening of coronavirus disease-2019 

(COVID-19) have been identified, including diabetes, hypertension, 

cardiovascular disease, and organ failure (1). Additionally, advanced 

age and male gender were defined as major non-modifiable risk factors 

associated with mortality (2-6). Older adults infected with COVID-19 have 

higher morbidity and mortality rates than younger ones. The mortality 

rate was higher in the elderly aged 64 years and over (6). Data from China 

and Italy show that the mortality rate for patients with COVID-19 is 2.3%, 

with more than 50% resulting in death in patients aged 50 years and 

older (7). In a study reported in Turkey, the overall mortality rate was 

8.5%, while this rate was 14.5% in elderly patients (8).

The COVID-19 places a significant load on healthcare systems. Therefore, 
efforts are underway to develop simple, non-invasive, and reproducible 
early warning scores to predict the course of the disease to make 
appropriate triage at hospital admission, make different clinical decisions 
and encourage the correct use of medical equipment.

Shock index (SI) is a non-invasive, simple, and reproducible dynamic 
monitoring method. Allgöwer and Buri (9) introduced the SI in 1968 to 
measure the grade of hypovolemia in shocks due to hemorrhage and 
infections. The SI is a good predictor of mortality in different infectious 
conditions, exemplarily sepsis, and pneumonia (10-14). Additionally, the 
modified SI obtained by the ratio of the heart rate (HR) to the mean 
arterial pressure is a better indicator of prognosis than the SI in infectious 
diseases (15).

Introduction: Advanced age is an independent risk factor for increased mortality in coronavirus disease-2019 (COVID-19). However, 
the best method for estimating mortality in elderly patients with COVID-19 is still under debate. We performed this study to assess 
the shock index (SI) and the modified shock index (MSI) for the abovementioned problem.

Methods: A retrospective study was conducted including elderly cases (≥65 years) confirmed with COVID-19 who admitted to a 
tertiary university hospital between March-December 2020. The SI and MSI at the time of the emergency department visits were 
used to evaluate the intensive care unit admission, ventilator support, septic shock, and 30-day mortality in all patients. The receiver 
operating characteristic and area under the curve (AUC) were used to measure the overall ability of SI and MSI to predict clinical 
outcomes.

Results: We recruited 334 consecutive COVID-19 patients with a mean age of 75.2±7.3 and an almost equal gender distribution [170 
males (50.9%)]. In deceased and surviving patients, the SI was 0.66±0.16 and 0.6±0.1 (p=0.014), while the MSI was 0.95±0.22 and 
1.09±0.34 (p=0.003), respectively. In predicting mortality, the AUC of the SI and MSI were 0.590 [95% confidence interval (CI): 0.535 
to 0.643] and 0.608 (95% CI: 0.553 to 0.660), respectively.

Conclusion: Increased SIs and MSIs are associated with 30-day mortality. SI and MSI can benefit the triage of elderly patients 
hospitalized for COVID-19. However, it was found that there is no single cut-off value of SI or MSI with optimum accuracy for 
predicting COVID-19-related clinical outcomes.

Keywords: COVID-19, modified shock index, mortality, shock index, septic shock
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Several studies have described the association between SI and MSI 
and the severity and mortality of COVID-19 (16-21). However, these 
reviews exclude a sub-analysis of the elderly patients, and it is still 
unclear whether SI and MSI have prognostic value in elderly patients. 
Accordingly, we investigated the ability of SI and MSI, to the prediction 
of 30-day mortality in elderly patients (aged above 65 years) hospitalized 
due to COVID-19. Secondary aims were to expect intensive care unit (ICU) 
hospitalization, ventilator support, and septic shock (SS) development.

Methods
This study was conducted at Bezmialem Vakıf University, a 600-bed 
tertiary medical center located northwest of Turkey. We retrospectively 
analyzed elderly patients (age above 65 years) hospitalized due to 
COVID-19 between March 11, 2020, and December 31, 2020. According to 
the World Health Organization guidelines, between March 11, 2020 and 
December 31, 2020, all hospitalized patients aged 65 and over who were 
diagnosed with COVID-19 confirmed by positive reverse transcriptase-
polymerase chain reaction and died or were discharged during their 
follow-up were included in our study. All patients were admitted to the 
emergency department with COVID-19-related symptoms and a positive 
reverse transcription polymerase chain reaction (RT-PCR) test. A consent 
form was not considered due to the retrospective design. Our study 
was approved by the Bezmialem Vakıf University Non-Interventional 
Research Ethics Committee (approval number: 14/308, date: 25.08.2020). 
Patients were excluded in the following conditions: under 65 years of 
age, negative RT-PCR results, end-stage liver and kidney failure, lung 
cancer, cystic fibrosis, pulmonary tuberculosis, immunosuppressive 
therapy, history of transplantation, hospitalization 72 h before symptom 
onset, and unavailable data. Additionally, all patients with a critical 
clinical presentation (ICU admission, coma, endotracheal intubation, 
or receiving vasoactive drug therapy) at the time of hospital admission 
were also excluded from the study.

We obtained the patient’s demographics, diagnoses, medical history, 
and laboratory and test results from the hospital’s electronic health 
records. In addition, we evaluated comorbidities, vital signs (HR, non-
invasive blood pressure, basal body temperature), laboratory results, 
ICU admission, ventilator support, SS development, altered mental 
status, length of hospital stay, and 30-day mortality. The date of 
nasopharyngeal swab collection was defined as the onset of infection. 
Altered mental status was accepted as the threshold for all patients 
with worsening compared with baseline mental status. Altered mental 
status is a general term used to describe various disorders of cognitive 
functioning ranging from slight confusion to coma and assessed via the 
Glasgow Coma scale. ICU admissions were used to describe patients 
who needed intensive care during their follow-up. Ventilator support 
refers to patients requiring invasive and non-invasive mechanical 
ventilation modalities due to respiratory failure. SS was used to describe 
patients with a lactate value greater than two mmol/L in the absence of 
hypovolemia and given vasopressors to maintain mean arterial pressure 
above 65 mmHg (22). Patients hospitalized for less than 30 days were 
called to determine their survival if they were not seen in the outpatient 
clinic.

Initial blood pressure values measured in the emergency department 

were used to calculate SI and MSI. The SI was calculated as the HR to 

systolic blood pressure (SBP), while MSI was calculated as the ratio of HR 

to mean arterial pressure. Since no single cut-off point is specified for 

SI and MSI in COVID-19 patients in the literature, we used the optimal 

cut-off values calculated according to the Youden index.

Statistical Analysis

The descriptive statistics of the qualitative variables in the study are 

given as numbers and percentages, and the descriptive statistics of 

the numerical variables are presented as mean, median, standard 

deviation, minimum, and maximum. The pearson chi-square test was 

used to compare the qualitative variables in terms of the distribution 

of the groups. The conformity of numerical variables to normal 

distribution was examined by the Shapiro-Wilk test. The Mann-Whitney 

U test was used for the mean comparisons of the groups consisting of 

two categories. To evaluate the SI and MSI for ICU admission, ventilator 

support, SS development, and 30-day mortality receiver operating 

characteristic (ROC) analysis was performed to obtain the area under 

the curve (AUC), sensitivity, and specificity. Optimal cut-off points were 

obtained according to the Youden index. The statistical significance level 

was taken as 0.05. The SPSS Version 26.0 (Statistical Package for Social 

Sciences Statistics for Windows, Armonk, NY: IBM Corp) and the MedCalc 

statistical software package were used for statistical analysis.

Results
This study was conducted with 334 patients aged 65 and over that 

were diagnosed with COVID-19. We recruited 334 consecutive COVID-19 

patients with a mean age of 75.2±7.3 and an almost equal gender 

distribution [170 males (50.9%)]. Of the 334 patients included in the 

study, 115 (34.4%) were admitted to the ICU, 97 (29%) required ventilator 

support, 38 (11.4%) patients developed SS, and 83 (24.9%) patients 

died within 30 days. Patients who died were significantly older than 

surviving patients and were more likely to be male. Of the deceased 

and surviving patients, the SI was 0.7±0.3 and 0.6±0.1 (p=0.044), while 

the MSI was 1.1±0.4 and 0.9±0.2 (p=0.022), respectively. The patients’ 

demographics, clinical features, and severity scores were compared in 

Table 1 regarding deceased and surviving cases.

We evaluated SI and MSI to predict 30-day mortality, ICU admission, 

ventilator support, and SS development. Therefore, ROC curves were 

obtained, and AUC values were calculated. Regarding 30-day mortality, 

the optimal cut-off values for SI and MSI were found to be 0.84 and 

1.16, respectively. Optimal cut-off values were obtained according to 

the Youden index. The sensitivity, specificity, positive predictive, and 

negative predictive values obtained based on the optimal cut-off points 

of SI and MSI for clinical outcomes are summarized in Table 2.

Of the predicting mortality, the AUC of the SI and MSI were 0.590 (95% 

CI: 0.535 to 0.643) and 0.608 (95% CI: 0.553 to 0.660), respectively. The 

AUC and corresponding ROC curves of SI and MSI for 30-day mortality, 

ICU admission, ventilator support, and SS development are shown in 

Figure 1, 2.
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Discussion 

This retrospective study evaluated the association between SI and MSI 

with critical clinical outcomes in elderly hospitalized patients with 

COVID-19. In our study, the SI and MSI were significantly higher in the 

group of deceased COVID-19 patients. Using SI and MSI, which are non-

invasive, reproducible, and very simple to calculate, may be helpful in 

the triage of elderly COVID-19 patients. However, no single cut-off value 

of the SI and MSI with optimal accuracy for estimating critical clinical 

outcomes related to COVID-19 has been found.

COVID-19 has recently emerged as an essential cause of morbidity 

and mortality worldwide. As we mentioned, the clinical course is 

more severe in elderly patients. Early detection of patients who may 

be diagnosed with COVID-19 and need ICU is crucial. In this context, 

parameters that can help in clinical practice are still needed. Until 

today, only a few studies have analyzed the prognostic significance of 

SI and MSI in patients hospitalized due to COVID-19 (16-21). Studies on 

using SI and MSI as early warning scores in COVID-19 patients have not 

yielded consistent results.

In the study with 364 COVID-19 patients, Ak and Doğanay (16) determined 

the AUC as 0.755, sensitivity as 63.64%, and specificity as 87.4%, based 

on the SI cut-off value of 0.9 to estimate the 30-day mortality. They 

concluded that SI could be a valuable tool for estimating mortality and 

ICU requirements in adult patients with COVID-19.

van Rensen et al. (17) stated that SI obtained from the emergency 

department is unhelpful in detecting clinical deterioration and ICU 

admission in COVID-19. In the study by Jouffroy et al. (18), it was 

determined that SI in the prehospital setting was not associated with 

ICU admission and 30-day mortality in COVID-19.

Yeşiltaş et al. SI and MSI in Predicting COVID-19 Outcomes

Table 1. The baseline characteristics data of surviving and deceased patients

All patients, (n=334)
Mean ± SD or n, (%)

Survival, (n=251)
Mean ± SD or n, (%)

Non-survival, (n=83)
Mean ± SD or n, (%) p-value

Age 75.19±7.30 74.33±7.05 77.80±7.46 <0.001

Gender 0.027

Female 164 (49.1%) 132 (52.6%) 32 (38.6%) -

Male 170 (50.9%) 119 (47.4%) 51 (61.4%) -

Comorbidity

HT 217 (65%) 158 (62.9%) 59 (71.1%) 0.178

DM 125 (37.4%) 92 (36.7%) 33 (39.8%) 0.612

CAD 101 (30.2%) 72 (28.7%) 29 (34.9%) 0.282

CHF 95 (28.4%) 66 (26.3%) 29 (34.9%) 0.130

COPD 84 (25.0%) 66 (26.3%) 18 (21.7%) 0.402

CVA 32 (9.6%) 20 (8.0%) 12 (14.5%) 0.082

HT: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, CHF: Congestive heart failure, COPD: Chronic obstructive pulmonary disease, CVA: Cerebrovascular accident, n: 
Number, SD: Standard deviation, p<0.05

Table 2. Comparison of surviving and deceased patients in terms of vital signs and clinical outcomes within 30 days of hospitalization

All patients, (n=334)
Mean ± SD or n, (%)

Survival, (n=251)
Mean ± SD or n, (%)

Non-survival, (n=83)
Mean ± SD or n, (%) p-value

Vital signs 

BBT 36.59±0.88 36.56±0.86 36.69±0.94 0.154

HR 90.85±18.76 90.51±17.78 91.88±21.55 0.724

SBP 137.81±27.31 140.38±24.65 130.01±33.08 0.004

DBP 72.70±15.00 74.62±14.10 66.88±16.19 <0.001

MBP 94.40±17.32 96.54±15.67 87.92±20.33 <0.001 

AMS 38 (11.4%) 18 (7.2%) 20 (24.1%) <0.001

Septic shock 38 (11.4%) 9 (3.6%) 29 (34.9%) <0.001

ICU admission 115 (34.4%) 37 (14.7%) 78 (94%) <0.001

Ventilator support 97 (29%) 25 (10%) 72 (86.7%) <0.001

LOS 9.99±9.52 9.84±10.03 10.42±7.82 0.300

SI 0.68±0.19 0.66±0.16 0.74±0.25 0.014

MSI 0.99±0.26 0.95±0.22 1.09±0.34 0.003

BBT: Basal body temperature, HR: Heart rate, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MBP: Mean blood pressure, AMS: Altered mental status, ICU: Intensive care unit, 
MV: Mechanical ventilation, LOS: Length of hospital stay, SI: Shock index, MSI: Modified shock index,  n: Number, SD: Standard deviation, p<0.05
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Figure 1. Receiver operating characteristic curve for sensitivity, specificity, and area under the curve for 30-day mortality and intensive care unit admission 
estimated by shock index and modified shock index

ROC: Receiver operating characteristic, AUC: Area under the curve, ICU: Intensive care unit, SI: Shock index, MSI: Modified shock index, CI: Confidence interval

Figure 2. Receiver operating characteristic curve for sensitivity, specificity, and area under the curve for ventilator support and septic shock estimated by shock 
index and modified shock index

ROC: Receiver operating characteristic, AUC: Area under the curve, ICU: Intensive care unit, SI: Shock index, MSI: Modified shock index, CI: Confidence interval
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Aging is related to a high incidence of comorbidities and concomitant 

medication use. Blood pressure increases with age, and hypertension 

develops in almost 70% of the population over 70 (23,24). The use of 

antihypertensive drugs such as beta-blockers can decrease the HR rate 

and therefore mask the underlying shock (25). Some structural and 

functional changes in circulation occur with aging. So that even in the 

absence of these complicating factors, elderly patients may exhibit 

abnormal responses. Despite the high specificity, the low sensitivity 

of SI and MSI in our study may be explained by the deterioration of 

hemodynamic responses to physiological changes due to advanced age 

and high incidence of hypertension (65%).

HR and SBP are mainly vital signs that reflect the hemodynamic status 

and subsequent treatment effectiveness. However, HR and SBP can be 

within normal limits even in critical conditions. And it may cause delayed 

intervention and increased morbidity and mortality (26). Therefore, SI is 

a more sensitive indicator of hemodynamic decompensation. Moreover, 

bedside SI and vital sign evaluation may be beneficial in the clinical 

decision-making processes.

Study Limitations

As the main limitations, our study was retrospective, single-centered 

and had few participants. Since we used data from non-invasive blood 

pressure and HR measured at initial admission, we cannot guarantee 

that the measured values were obtained under optimal conditions. While 

the search for effective treatment regimens continued at the beginning 

of the coronavirus pandemic, patients were treated with different 

approaches as changes were made in the treatment algorithms. Our 

results may be biased, as this study needed to consider which treatment 

was effective and which was ineffective. However, new modifications are 

also needed to increase the sensitivity of SI and MSI in predicting COVID-

19-related clinical deterioration. More extensive multicenter studies are 

required for this topic.

Conclusion
SI and MSI are valuable tools for predicting the disease behavior of 

hospitalized elderly coronavirus patients. Using SI and MSI, which are 

non-invasive, reproducible, and very simple to calculate, may be helpful 

in the triage of elderly COVID-19 patients.

Ethics Committee Approval: Our study was approved by the Bezmialem 

Vakıf University Non-Interventional Research Ethics Committee 

(approval number: 14/308, date: 25.08.2020).

Informed Consent: A consent form was not considered due to the 

retrospective design.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Surgical and Medical Practices - S.Y., İ.S., 

S.A.; Concept - S.Y., İ.S., S.A., K.K.; Design - S.Y., İ.S., S.A., S.Y., Ö.P., K.K.; 

Data Collection or Processing - S.Y., S.Ö., M.G., İ.S., S.Y., Ö.P.; Analysis or 

Interpretation - S.Y., S.Ö., M.G., S.A., S.Y., Ö.P., K.K.; Literature Search - 

S.Y., S.Ö., M.G., S.Y.; Writing - S.Y., Ö.P.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no 

financial support.

References
1. Gallo Marin B, Aghagoli G, Lavine K, Yang L, Siff EJ, Chiang SS, et al. Predictors 

of COVID-19 severity: A literature review. Rev Med Virol 2021; 31: 1-10.

2. Cecconi M, Piovani D, Brunetta E, Aghemo A, Greco M, Ciccarelli M, et al. Early 
Predictors of Clinical Deterioration in a Cohort of 239 Patients Hospitalized for 
Covid-19 Infection in Lombardy, Italy. J Clin Med 2020; 9: 1548.

3. Imam Z, Odish F, Gill I, O'Connor D, Armstrong J, Vanood A, et al. Older age 
and comorbidity are independent mortality predictors in a large cohort of 
1305 COVID-19 patients in Michigan, United States. J Intern Med 2020; 288: 
469-76.

4. Ciceri F, Castagna A, Rovere-Querini P, De Cobelli F, Ruggeri A, Galli L, et al. 
Early predictors of clinical outcomes of COVID-19 outbreak in Milan, Italy. Clin 
Immunol 2020; 217: 108509.

5. Liang W, Liang H, Ou L, Chen B, Chen A, Li C, et al; China Medical Treatment 
Expert Group for COVID-19. Development and Validation of a Clinical Risk 
Score to Predict the Occurrence of Critical Illness in Hospitalized Patients With 
COVID-19. JAMA Intern Med 2020; 180: 1081-9.

6. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et al; 
COVID-19 Lombardy ICU Network. Baseline Characteristics and Outcomes of 
1591 Patients Infected With SARS-CoV-2 Admitted to ICUs of the Lombardy 
Region, Italy. JAMA 2020; 323: 1574-81.

7. Porcheddu R, Serra C, Kelvin D, Kelvin N, Rubino S. Similarity in Case Fatality 
Rates (CFR) of COVID-19/SARS-COV-2 in Italy and China. J Infect Dev Ctries 
2020; 14: 125-8.

8. Altunok ES, Alkan M, Kamat S, Demirok B, Satici C, Demirkol MA, et al. Clinical 
characteristics of adult patients hospitalized with laboratory-confirmed 
COVID-19 pneumonia. J Infect Chemother 2021; 27: 306-11.

9. Allgöwer M, Burri C. Shock-index. Ger Med Mon 1968; 13: 14-9.

10. Sankaran P, Kamath AV, Tariq SM, Ruffell H, Smith AC, Prentice P, et al. Are 
shock index and adjusted shock inde useful in predicting mortality and length 
of stay in community- acquired pneumonia? Eur J Intern Med 2011; 22: 282-5.

11. Cannon CM, Braxton CC, Kling-Smith M, Mahnken JD, Carlton E, Moncure 
M. Utility of the shock index in predicting mortality in traumatically injured 
patients. J Trauma 2009; 67: 1426-30.

12. Jaimes F, Farbiarz J, Alvarez D, Martínez C. Comparison between logistic 
regression and neural networks to predict death in patients with suspected 
sepsis in the emergency room. Crit Care 2005; 9: R150-6.

13. Otero R, Trujillo-Santos J, Cayuela A, Rodríguez C, Barron M, Martin JJ, et 
al; Registro Informatizado de la Enfermedad Tromboembólica (RIETE) 
Investigators. Haemodynamically unstable pulmonary embolism in the RIETE 
Registry: systolic blood pressure or shock index? Eur Respir J 2007; 30: 1111-6.

14. Rousseaux J, Grandbastien B, Dorkenoo A, Lampin ME, Leteurtre S, Leclerc F. 
Prognostic value of shock index in children with septic shock. Pediatr Emerg 
Care 2013; 29: 1055-9.

15. Jayaprakash N, Gajic O, Frank RD, Smischney N. Elevated modified shock 
index in early sepsis is associated with myocardial dysfunction and mortality. 
J Crit Care 2018; 43: 30-5.

16. Ak R, Doğanay F. Comparison of 4 different threshold values of shock index 
in predicting mortality of COVID-19 patients. Disaster Med Public Health Prep 
2021; 1-15.



İstanbul Med J 2023; 24(1): 65-70

70

17. van Rensen IHT, Hensgens KRC, Lekx AW, van Osch FHM, Knarren LHH, van 
Kampen-van den Boogaart VEM, et al. Early detection of hospitalized patients 
with COVID-19 at high risk of clinical deterioration: Utility of emergency 
department shock index. Am J Emerg Med 2021; 49: 76-9.

18. Jouffroy R, Brami E, Scannavino M, Daniel Y, Bertho K, Abriat A, et al. 
Association between prehospital shock index and mortality among patients 
with COVID-19 disease. Am J Emerg Med 2022; 56: 133-6.

19. Doğanay F, Elkonca F, Seyhan AU, Yılmaz E, Batırel A, Ak R. Shock index as a 
predictor of mortality among the Covid-19 patients. Am J Emerg Med 2021; 
40: 106-9.

20. Kurt E, Bahadirli S. The Usefulness of Shock Index and Modified Shock Index 
in Predicting the Outcome of COVID-19 Patients. Disaster Med Public Health 
Prep 2022; 16: 1558-63.

21. Avci M, Doganay F. Prognostic Performance of Shock Index, Diastolic Shock 
Index, Age Shock Index, and Modified Shock Index in COVID-19 Pneumonia. 
Disaster Med Public Health Prep 2022; 17: e189.

22. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer 
M, et al. The Third International Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3). JAMA 2016; 315: 801-10.

23. Pedelty L, Gorelick PB. Management of hypertension and cerebrovascular 
disease in the elderly. Am J Med 2008; 121(8 Suppl): 23-31. 

24. Wills AK, Lawlor DA, Matthews FE, Sayer AA, Bakra E, Ben-Shlomo Y, et al. 
Life course trajectories of systolic blood pressure using longitudinal data from 
eight UK cohorts. PLoS Med 2011; 8: e1000440.

25. Koch E, Lovett S, Nghiem T, Riggs RA, Rech MA. Shock index in the emergency 
department: utility and limitations. Open Access Emerg Med 2019; 11: 179-
99.

26. Shoemaker WC. Relation of oxygen transport patterns to the pathophysiology 
and therapy of shock states. Intensive Care Med 1987; 13: 230-43.



71

Original Investigation

©Copyright 2023 by the University of  Health Sciences Turkey, İstanbul Training and Research Hospital/İstanbul Medical Journal published by Galenos Publishing House.

Received: 21.06.2022
Accepted: 27.01.2023

Address for Correspondence: Arzu Cennet Işık MD, University of Health Sciences Turkey, Kartal Dr. Lütfi Kırdar City 
Hospital, Clinic of Internal Medicine İstanbul, Turkey
Phone: +90 505 817 45 19 E-mail: arzukaracelik@gmail.com ORCID ID: orcid.org/0000-0001-9844-8599

Cite this article as: Işık AC, Turan Erkek E, Kaya Tuna M. Idiopathic Thrombocytopenic Purpura and 
Cardiovascular Disease: Is Elevated Triglycerides to High-density Lipoprotein Cholesterol Ratio a Marker?. 
İstanbul Med J 2023; 24(1): 71-5.

Introduction

Worldwide, cardiovascular disease (CVD) is a major factor in both death 

and morbidity. Hypertriglyceridemia is clinically useful for estimating 

CVD risk independently. Low levels of high-density lipoprotein cholesterol 

(HDL) are significantly linked to the development and death from CVD 

(1). Additionally, the biomarker Triglycerides (TG)/HDL-C, which measures 

the relationship between high plasma TG and good cholesterol, was 

studied to help people with high cardiometabolic risk (2). High TG levels 

and rapidly catabolized HDL particles result in lower HDL concentrations 

and smaller, and dense TG-enriched HDL particlesreduce the cardio-

protective, antioxidant and anti-inflammatory effects. As a result, the 

risk of atherosclerotic disease is increased by higher TG levels and lower 
HDL-C concentrations (3).

In patients who are unresponsive to first-line treatments, including 
corticosteroids, intravenous immunoglobulin (IVIG), and RhoGA, 
thrombopoietin receptor analogs used recently are among the treatment 
options in addition to splenectomy, rituximab, and immunosuppressive 
treatments. Rompilostim and eltrombopag are agents with proven 
efficacy in this group. In our country, only eltrombopag is used among 
this group of drugs.

An autoimmune condition called idiopathic thrombocytopenic purpura 
(ITP) is characterized by a low platelet count and a higher risk of 

Introduction: Triglycerides to high-density lipoprotein cholesterol (TG/HDL-C) ratio is used as a cardiovascular risk marker. We aimed 
to investigate the relationship between TG/HDL ratio and eltrombopag use, current platelet values and whether or not splenectomy 
was performed in patients with chronic idiopathic thrombocytopenic purpura (ITP), and to emphasize its prognostic importance in 
terms of cardiovascular markers.

Methods: One hundred and thirty-nine chronic ITP patients followed in the hematology outpatient clinic were evaluated 
retrospectively. We investigated the negative effect of splenectomy, eltrombopag use and current platelet values on cardiovascular 
diseases. Patients were stratified into two groups according to their baseline TG/HDL-C ratio, using a TG/HDL-C ratio cut-off value of 
2.5.

Results: A total number of 139 chronic ITP patients aged between 18-76 years, followed-up in the hematology outpatient clinic, 
were included in the study; and 102 of the patients were female (75%). The mean platelet value was 2913.24±103353.64/mm3, and 
the mean TG/HDL-C ratio was 2.91±2.09. There were 46 (33.8%) patients who had splenectomy. When patients were evaluated in 
terms of treatment modalities; 127 patients (93.4%), 60 patients (44.1%), and 19 (13.9%) patients were using methyl prednisolone, 
intravenous immunoglobulin, and eltrombopag, respectively. It was observed that the parameters were similar in patients using 
and not using eltrombopag (p>0.05). There was a weak and statistically significant correlation between TG/HDL-C values and age 
(r=0.275; p=0.001). There was a significant correlation between the presence of DM and hyperlipidemia and the TG/HDL-C ratio 
(p<0.05). In risk assessment, the TG/HDL-C ratio of individuals without coronary artery disease was 2.29 (1.47 3.38) and it was found 
to be statistically significantly low (p=0.025).

Conclusion: TG/HDL-C ratio can be used as an independent risk marker that can be diagnostic in predicting cardiovascular disease 
risk in ITP patients with advanced age and additional comorbid diseases (DM and hyperlipidemia).

Keywords: Triglycerides to high-density lipoprotein cholesterol ratio (TG/HDL-C), ITP, cardiovascular disease, splenectomy
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bleeding. Patients receiving continuous steroid therapy with hemostatic 

agents are at risk of atherosclerosis and thrombosis at the same time (4). 

Our main objective was to investigate the association between chronic 

patients with ITP’ risk status and coronary artery disease (CAD); however, 

but we also wanted to determine how splenectomy, eltrombopag use, 

and current platelet values affected CAD.

Methods

One hundred and thirty-nine chronic patients with ITP followed in the 

University of Health Sciences Turkey, Kartal Dr. Lütfi Kırdar City Hospital 

Hematology Outpatient Clinic were included in the study. The patients 

who were included were split into two groups: those who had splenectomy 

surgery and those who did not. The use of methylprednisolone, IVIG, 

rituximab, and eltrombopag was evaluated in terms of treatment. 

Newly diagnosed solid organs or untreated malignancies, advanced 

neuropsychiatric disease, pregnancy, emergencies, and acute or chronic 

infections were excluded. Age, gender, splenectomy surgery, presence 

of CAD, and additional disease [hypertension (HT), diabetes mellitus 

(DM), hypothyroidism, hyperlipidemia], use of eltrombopag, TG and 

HDL levels, and platelet counts were recorded. Previous myocardial 

infarction and cardiac surgery, presence of a cardiac pace-maker and 

arrhythmia, and heart failure with stent were accepted for the diagnosis 

of CAD. Patients diagnosed with DM, HT, hypercholesterolemia, and 

hypothyroidism under medical treatment were included.

After 8 h of fasting, venous blood was drawn in a lab setting to examine 

the basic blood sample. Low levels of HDL (mmol/L) and TG (mmol/L) 

were tested and recorded. By dividing the TG level (mmol/L) by the 

HDL-C level (mmol/L) for each patient, the baseline TG/HDL-C ratio was 

calculated. Two groups of patients were categorized based on a cut 

point of 2.5.

Ethics committee approval was obtained from University of Health 

Sciences Turkey, Kartal Dr. Lütfi Kırdar City Hospital for the study 

(approval number: 2022/514/228/26, date: 30.06.2022). Informed 
consent papers were collected after inviting patients to participate in 
the study.

Statistical Analysis

The Shapiro-Wilk test was used to determine whether numerical 
variables were normal. Student’s t-test was used to compare differences 
between two groups whose data were regularly distributed, whereas 
the Mann-Whitney U test was used to compare differences between 
groups whose data were not normally distributed. To determine the 
linear association between the TG/HDL and PLT variables, Spearman’s 
rank correlation coefficient was used. For numerical variables, the 
descriptive statistics were mean ± SD, median (25%, 75%), and numbers 
and percentages (%) for categorical variables. P-values less than 0.05 
were statistically significant when doing statistical analyses using the 
SPSS Windows version 21.0 program (SSPSS Inc, Chicago, IL, USA).

Results
A total number of139 chronic patients with ITP aged between 18 and 76 
years, followed up in the hematology outpatient clinic, were included 
in the study; and 102 of the patients were female (75%) and 34 were 
male (25%). The average age was 46.24±14.14 years and the median age 
was 44. The average platelet count was 92913.24±103353.64/mm3, and 
the median platelet count was 66,500/mm3; maximum platelet count 
was determined as 588,000/mm3. Average TG level was 128.12±74.73 
mg/dL and median TG level was 114 mg/dL. The average HDL level 
was 50.02±22.86 mg/dL, and the median HDL level was 48 mg/dL. 
The average TG/HDL-Cratio was 2.91±2.09 and median TG/HDL-C ratio 
was 2.45. There were 46 (33.8%) patients who had splenectomy and 
comparison of age, platelet count, HDL, TG, TG/HDL-C parameters were 
found to be similar with those without splenectomy (p>0.05) (Table 1).

When patients were evaluated in terms of treatment modalities: 127 
patients (93.4%), 60 patients (44.1%), and 19 (13.9%) patients were 

Table 1. Descriptive statistics of demographic characteristics

Median Mean ± SD Min.-max.

Age 44 46.24±14.14 18-76

Female, n (%) 102 (75) - -

Male, n (%) 34 (25) - -

Methylprednisolone, n (%) 127 (93.4) - -

IVIG, n (%) 60 (44.1) - -

Hypothyroidism, n (%) 22 (16.2) - -

Splenectomy, n (%) 46 (33.8) - -

Coronary artery disease, n (%) 12 (8.8) - -

Hyperlipidemia, n (%) 7 (5.1) - -

Diabetes mellitus, n (%) 24 (17.6) - -

Hypertension, n (%) 27 (19.9) - -

Platelet 66,500 92913.24±103353.64 0-588000

HDL 48 50.02±22.86 0-188

Triglyceride 114 128.12±74.73 0-581

TG/HDL 2.45 2.91±2.09 0.48-15.70

SD: Standard deviation, IVIG: Intravenous immunoglobulin, Min.: Minimum, max.: Maximum, TG/HDL: Triglycerides to high-density lipoprotein cholesterol
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using methyl prednisolone, IVIG, and eltrombopag, respectively. We 

observed that the parameters were similar in patients using and not 

using eltrombopag (p>0.05). The distribution of additional diseases is 

as follows: CAD in 12 patients (8.8%), hyperlipidemia in 7 patients (5.1%), 

DM in 24 patients (17.6%), HT in 27 patients (19.9%), and hypothyroidism 

in 22 patients (16.2%) (Table 1).

When the relationship between the demographic data, comorbidities, 

demographic characteristics of the patients, and an analysis of the 

TG/HDL-C ratio revealed a strong correlation between the levels of 

DM and hyperlipidemia and the ratio. In the presence of DM and 

hyperlipidemia, the TG/HDL-C value was determined to be statistically 

significant (p<0.05) (Table 2).

The relationship between the presence of CAD and demographic and 

biochemical parameters in the patients is shown in Table 3. It was 

determined that the age values of individuals with CAD, 59.5 (50 61.5), 

were found to be significantly higher the age values of individuals 

without CAD, 43 (34.5 57.5) (p=0.003). It was determined that the TG/

HDL-C values of individuals with CAD, 3.50 (2.67 4.11), were found to be 

significantly lower than the TG/HDL-C values of individuals without CAD, 

2,29 (1.47 3.38) (p=0.025) (Figure 1).

Discussion

We found that the TG/HDL-C ratios of the patients differed significantly 

among those without CAD, and the ratio suggests that it can be used 

as an independent predictor and biomarker. The coexistence of ITP 

and cardiovascular disease requires serious management by evaluating 

the thrombosis and hemorrhagic risk. In a meta-analysis of 207,515 

participants, the TG/HDL-C ratio was independently associated with a 

higher risk of cardiovascular events (10). In the cohort study conducted 

between 2010 and 2020, 9,704 participants were followed for 6 years, 

and it was concluded that TG/HDL-C may be an important unique 

biomarker to predict CVD outcomes and progression when evaluating 

cardiovascular diseases (11).

“Early diagnosis, early treatment” has become critical to the prevention 

of coronary heart disease as the incidence of the condition has increased 

Işık et al. TG/HDL-C as a Marker in ITP

Figure 1. Coronary artery disease and healthy triglycerides to high-density 
lipoprotein cholesterol (box-plot)

TG/HDL: Triglycerides to high-density lipoprotein cholesterol

Table 2. The relation of triglyceride/HDL ratio of general features of the cases

TG/HDL p

Gender
Male
Female

2.58 (1.76 3.53)
2.32 (1.47 3.40)

0.426

Methylprednisolone
Yes
No

2.46 (1.55 3.39)
1.59 (1.19 7.97)

0.905

Diabetes mellitus
Yes
No

2.92 (2.30 3.93)
2.28 (1.47 3.39)

0.012

Hypertension
Yes
No

2.75 (2.20 4.25)
2.28 (1.47 3.34)

0.097

Hypothyroidism
Yes
No

2.33 (1.48 4.54)
2.47 (1.57 3.38)

0.557

Hyperlipidemia
Yes
No

4.54 (2.32 8.58)
2.31 (1.48 3.39)

0.026

P-value Mann-Whitney U or Student’s t- obtained from the test. M: Median, Q1: Quarter 1 (p25), Q3: Quarter 3 (p75), HDL: High-density lipoprotein cholesterol

Table 3. Relationship between cardiovascular disease and biochemical parameters

Yes (n=12)
M (Q1-Q3)

No (n=124)
M (Q1-Q3) p

Age 59.5 (50-61.5) 43 (34.5-57.5) 0.003

Platelet 74,500 (15,000-141,500) 66,500 (23,000-112,000) 0.830

HDL 42 (38.5-47) 48.5 (39.5-55.5) 0.148

Triglyceride 138 (125-162) 111 (82-138.5) 0.055

TG/HDL 3.50 (2.67-4.11) 2.29 (1.47-3.38) 0.025

P-value Mann-Whitney U obtained from the test. M: Median, Q1: Quarter 1 (p25), Q3: Quarter3 (p75), TG/HDL: Triglycerides to high-density lipoprotein cholesterol



İstanbul Med J 2023; 24(1): 71-5

74

(7). Advanced age, male gender, diabetes, aberrant lipid metabolism, 
HT, smoking, impaired renal function, and inflammation are risk factors 
for vascular calcification (8-10). Although there has been improvement 
in the management of coronary heart disease, mortality rates are 
rising and the illness’s prevalence and morbidity remain significant. 
In the study, which analyzed 106,653 patients with ITP and 79,636,090 
members of the control group between 2002 and 2011, it was discovered 
that patients with ITP had a considerably greater incidence of non-ST 
segment elevation myocardial infarction than people without ITP (13).

While 17% of the patients in our study were diagnosed with DM and 
under treatment; 5% were under treatment for hyperlipidemia and had 
no additional cardiovascular outcome. The examination of the TG/HDL-C 
levels revealed a statistically significant connection (p=0.05). When 
other diseases are present in patients with ITP patients, cardiovascular 
risk evaluations are useful for making an early diagnosis. In a study that 
involved 3,131 patients and compared the rates of cataract, diabetes, 
renal failure, vascular events, lymphoma, and leukemia in those with 
and without chronic ITP, it was discovered that patients have a higher 
risk of developing many comorbidities, including hematological 
malignancies (15).

In a retrospective cohort research that included 6,591 patients with ITP 
and 24,275 control individuals, the CVD risk was assessed, and during 
a 6-year observation period, a diagnosis of CVD was reported in 392 
(5.9%) patients with ITP and 1,114 (4.5%) control patients. It has been 
determined that people with ITP are more likely to acquire CVD, and 
that people with ITP who have splenectomy are considerably more likely 
to do so (12). In our study, we found no difference in the risk between 
patients who underwent splenectomy and those who did not.

A relative risk of 1.82 (95% CI: 0.78-4.24) was revealed by the meta-
analysis in 2022. Our results show that patients with ITP who receive 
TPO-RA (eltrombopag) treatments have a non-significantly increased 
risk of thrombosis than patients with ITP who do not receive TPO-RA 
treatments (14). In our investigation, it was not discovered that using 
TPO-RA increased the frequency of cardiovascular events.

Study Limitations

Our study was designed as a retrospective-observational study. The fact 
that the cholesterol values of the patients were not checked before the 
treatment, the history of previous acute cardiac events is not known, 
the short follow-up period, the insufficiency of the number of patients, 
and the fact that it is a single-center study can be counted among the 
limitations of the study, and for this reason, this study may not reflect 
the general population. The strength of our study is that it consisted 
of hematology outpatients of a tertiary hospital with regular follow-up.

Conclusion
Limited use of steroid therapy in the future, and less frequent 
splenectomy with the widespread use of new generation therapies, 
may change the development of cardiovascular events in chronic 
patients with ITP. While the advanced age of the patients and additional 
comorbid diseases (DM, hyperlipidemia) pose a risk, the TG/HDL-C ratio 

can be used as an independent risk marker in this sense with diagnostic 
efficacy in predicting cardiovascular disease.
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Introduction
The treatment of coronary artery disease (CAD) with stent implantation 

has become a standard procedure in clinical practice. Although the 

stent implantation success rate is high, stent thrombosis and in-stent 

restenosis (ISR) continue to be problematic. ISR, which is defined as more 

than a 50% reduction in stent luminal diameter, occurs within one year 

after stent implantation in approximately 30% and 10% of patients who 

undergo bare metal stent (BMS) and drug-eluting stent (DES) implantation, 

respectively (1). Neointimal hyperplasia with infiltration of inflammatory 

cells into the stent area and development of neoatherosclerosis have been 

proposed as major contributory mechanisms in the development of ISR 

(2). Stent related factors, including stent length, diameter, and position; 

patient-related factors, including diabetes mellitus (DM), hypertension 

(HT), higher hs-C-reactive protein, low-density lipoprotein-cholesterol 
(LDL-C), and homocysteine levels; and lesion-related factors, including 
bifurcation lesions, have been found as independent predictors of ISR 
(3,4).

The atherogenic index of plasma (AIP) and atherogenic coefficient (AC), 
two biomarkers that are calculated from blood lipid parameters, could 
provide more robust information compared to single lipid parameter 
measurement. AC, which is calculated by dividing non-high-density 
lipoprotein-cholesterol (non-HDL-C) to HDL-C levels, more closely reflects 
apolipoprotein B levels, which is a superior measure of atherogenic risk 
than LDL-C levels (5). Similarly, AIP, which is derived from the logarithmic 
transformation of the triglyceride (TG) to HDL-C ratio, has been suggested 
to provide information about the equilibrium between atherogenic and 

Received: 11.12.2022
Accepted: 29.01.2023

Address for Correspondence: Cennet Yıldız MD, University of Health Sciences Turkey, Bakırköy Dr. Sadi Konuk Training 
and Research Hospital, Clinic of Cardiology, İstanbul, Turkey
Phone: +90 533 746 99 96 E-mail: cennet_yildiz@live.com ORCID ID: orcid.org/0000-0003-2456-3206

Cite this article as: Yüksel Y, Yıldız C, Ayça B, Katkat F, Efe SÇ, Karabulut D, Turhan Çağlar FN. Association 
Between Atherogenic Index of Plasma and Atherogenic Coefficient and in-Stent Restenosis After Drug-eluting 
Stent Implantation for Stable Coronary Artery Disease. İstanbul Med J 2023; 24(1): 76-82.

Introduction: Despite improvements in stent science, in-stent restenosis (ISR) remains a major problem. This study was designed 
to evaluate the atherogenic index of plasma (AIP) and atherogenic coefficient (AC) levels and their predictive values in patients who 
developed ISR after drug-eluting stent implantation for stable coronary artery disease.

Methods: One hundred ninety-nine patients with ISR and 377 without ISR were included in the study. The biochemical and 
hematological parameters of the patients were measured. The AIP and AC values were calculated.

Results: Patients with ISR had significantly longer stent length, lower stent diameter, lower ejection fraction, and higher SYNTAX 
score. They also had significantly higher levels of low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), total cholesterol, AIP, 
and AC compared to that of patients who did not develop ISR. AIP had a sensitivity of 61.3% and specificity of 72.1% for predicting 
ISR a cut-off value of 0.58. AC had sensitivity and specificity of 69.8% and 58.8%, respectively, for the presence of ISR a cut-off value of 
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of area difference under the receiver operating characteristic curve showed that AIP and AC had significantly greater area compared 
with that of LDL-C. Stent diameter, stent length, SYNTAX score, ejection fraction, AIP, and AC were the predictors of ISR.

Conclusion: AIP and AC had higher specificities compared with that of LDL-C in predicting ISR. The calculation of AIP and AC is simple 
and could be used easily in clinical practice.
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antiatherogenic factors (6). Several studies have shown that AIP and AC 
associated with the existence of DM, metabolic syndrome, CAD, and 
obesity are strongly correlated with oxidative stress (5,7-11). In this study, 
the AIP and AC values of patients with ISR after receiving a DES were 
evaluated and compared with those of the controls. We investigated 
whether AIP and AC had any value in predicting ISR development after 
DES implantation.

Methods 
We retrospectively screened coronary angiography files of 6,358 patients 
who underwent coronary angiography between August 2016 and 
February 2022 in a cardiology clinic of a tertiary hospital center. The 
clinical and demographic characteristics of the patients were picked 
from the data system. Patients who were older than eighteen years of age 

and who had stents implanted for stable CAD were included in the study. 

Patients with inflammatory, hematological, infectious diseases, thyroid 

function abnormalities, hepatic and/or renal failure, acute coronary 

syndrome, and BMS implantation, had stents implanted at bypass graft 

lesions were excluded. Patients who underwent DES implantation and 

developed ISR was enrolled in the study. For this purpose, angiographic 

examinations of the patients who underwent DES implantation for 

stable CAD were reevaluated. The mean follow-up period between 

percutaneous intervention and coronary angiography was 6 to 24 

months with a median of 11 months. The indications of coronary 

angiography were stable angina pectoris or the presence of myocardial 

ischemia on exercise stress test or myocardial perfusion imaging. During 

the study period, 717 patients underwent repeat coronary angiography 

after percutaneous intervention. Of these patients, 108 of them 

underwent coronary angiography with the diagnosis of acute coronary 

syndrome, 13 of them had stent implantation in venous bypass grafts, 

28 of them had bare-metal stent implantation, and 13 patients had 

severe renal, hepatic, inflammatory, or oncologic diseases and were 

excluded from the study. The remaining 536 patients constituted our 

study population. A total of 199 patients who developed ISR and 337 

patients who did not develop ISR were included as study and control 

groups, respectively. During the study period, ten operators performed 

percutaneous coronary interventions. The approval of the study was 

obtained from a University of Health Sciences Turkey, İstanbul Training 

and Research Hospital Local Ethical Committee (approval number: 

238, date: 22.07.2022) and it was conducted in concordance with 

the declaration of Helsinki. Informed consent of all patients was also 

obtained before study inclusion.

Patients were required to be in an overnight fasting state before blood 

sample collection. All blood samples were taken from the forearm vein 

in a sitting position. The biochemical and hematological parameters of 

the patients were measured. AIP was determined from the logarithmic 
transformation of the TG to HDL-C ratio. AC was computed from the 
division of non-HDL-C to HDL-C. A patient was considered a diabetic if 
she/he had blood glucose levels of greater than 125 mg/dL or was taking 
anti-diabetic drugs. HT was interpreted as systolic and/or diastolic blood 
pressures greater than 140 and 90 mmHg or taking anti-hypertensive 
drugs. Dyslipidemia was interpreted as blood levels of total cholesterol 

(TC) and LDL-C levels of greater than 200 mg/dL and 100 mg/dL, 
respectively.

The Siemens Axiom Artis Zee Cath Lab system was used for the coronary 
angiographic evaluations of the patients. Coronary angiography was 
performed from common femoral arterial access and 6F catheter was 
inserted into the arterial system with the Judkins technique. Images 
of coronary arteries from different imaging planes were obtained. 
The indication for coronary angiography was the presence of patients’ 
symptoms, ischemia on an exercise stress test, or myocardial perfusion 
scanning findings. ISR was defined as more than 50% reduction in the 
luminal diameter within the stent or within 5 mm distal or proximal to 
the stented region. The SYNTAX score for each patient was calculated 
using an online calculator.

Statistical Analysis

Distribution of the data was assessed by evaluating skewness, kurtosis 
of the data, and by use of Kolmogorow-Smirnow test. Comparisons 
of the patients who had ISR and did not have ISR were performed by 
using the Mann-Whitney U test or Independent samples-t test for the 
non-normally and normally distributed data, respectively. Receiver 
operating characteristic (ROC) curve analysis was used to check out the 
values of AIP and AC for prediction of ISR. Univariate logistic analysis 
was conducted to determine the predictors for the presence of ISR. 
Parameters that were found to be meaningful in univariate analysis 
were put into multivariate logistic regression analysis. A two-tailed p 
value of less than 0.05 was considered significant.

Results
The mean ages of the study and control groups were 63.20±10.96 years 
and 63.07±10.53 years, respectively. We did not find any differences 
between the two groups with respect to age, gender, body mass index, 
smoking habits, the presence of DM, HT, hyperlipidemia, creatinine, 
albumin, hemoglobin levels, and neutrophil, lymphocyte, monocyte, 
and platelet counts. The ISR patients had significantly longer stent 
lengths, lower stent diameters, lower ejection fractions, and higher 
SYNTAX scores. They also had significantly higher levels of LDL-C, TG, 
non-HDL-C, TC, AIP, and AC compared with those of patients without 
ISR. Statin use was lower the study group compared in the control group. 
the clinical and biochemical variables of the two groups are presented 
in Table 1.

According to the ROC curve analysis, AIP had a sensitivity of 61.3% and 
a specificity of 72.1% for predicting ISR, with a cut-off value of 0.58. It 
was found that AC had sensitivity and specificity of 69.8% and 58.8%, 
respectively, for the presence of ISR with a cut-off value of 3.44. LDL-C 
level of 111.5 mg/dL had sensitivity and specificity of 65.3% and 54% for 
developing ISR, respectively. Table 2 and Figure 1 show the ROC curve 
results of for AIP and AC. Paired comparisons of area difference under 
the ROC curve showed that AIP and AC had significantly greater area 
compared with that of LDL-C (Table 3).

Univariate logistic regression analysis demonstrated that stent 
diameter, stent length, SYNTAX score, ejection fraction, TC, HDL-C, TG, 
LDL-C, AIP, and AC were independent predictors of the presence of ISR.  
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Table 1. Clinical and biochemical variables of the two groups

Control group
restenosis (-)
(n=337)

Study group 
restenosis (+)
(n=199)

p

Age (years) 63.07±10.53 63.20±10.96 0.896

Gender (n, %) 0.343

Male 252 (74.8) 156 (78.4) -

Female 85 (25.2) 43 (21.6) -

Smoking (n, %) 0.867

No smoking 156 (46.3) 89 (16.6) -

Current smoking 126 (37.4) 79 (39.7) -

Ex smoker 55 (16.3) 31 (5.7) -

Diabetes mellitus (n, %) 119 (35.3) 76 (38.2) 0.503

Hypertension (n, %) 307 (91.1) 185 (93.0) 0.447

Hyperlipidemia (n, %) 314 (93.2) 176 (88.4) 0.059

Stent diameter (mm) 3.0 (2.75-3.25) 2.75 (2.75-3.0) <0.001

Stent length (mm) 20 (20-24) 24 (20-28) <0.001

BMI (kg/m2) 27.68 (25.30-30.10) 27.60 (25.30-29.39) 0.551

Syntax score 8 (5-13.75) 12 (7-18) <0.001

Ejection fraction (%) 56.11±7.72 52.92±9.85 <0.001

Creatinine (mg/dL) 0.88 (0.71-1.06) 0.86 (0.72-1.06) 0.750

GFR (mL/min/1.73 m2) 88 (70-101) 89 (69-103) 0.896

TC (mg/dL) 180 (147.7-218.8) 198.8 (156-237) 0.003

LDL-C (mg/dL) 109 (88.5-136.5) 125 (87-155) 0.005

Triglycerides (mg/dL) 126 (96.5-169.59 166 (124-217) <0.001

HDL-C (mg/dL) 42 (36-48.5) 39 (34-44) <0.001

Non-HDL-C 135.2 (107.2-173.2) 160 (118-196.8) <0.001

Atherogenic index of plasma 0.46 (0.33-0.61) 0.64 (0.47-0.77) <0.001

Atherogenic coefficient 3.22 (2.5-4.12) 4.15 (3.18-4.97) <0.001

Albumin (g/L) 4.1 (3.8-4.31) 4.12 (3.82-4.4) 0.030

Hemoglobin (g/dL) 13.2 (11.5-14.4) 13.3 (11.8-14.5) 0.288

Neutrophil (109/L) 5.51 (4.18-7.12) 5.12 (4.11-6.73) 0.314

Platelets (109/L) (109/L) 243 (197-287) 237 (195-291) 0.837

Lymphocytes (109/L) 2.09 (1.66-2.59) 2.18 (1.51-2.74) 0.639

Monocytes (109/L) 0.69 (0.51-0.81) 0.69 (0.54-0.85) 0.319

ACEI/ARB (n, %) 260 (77.2) 157 (78.9) 0.639

B-blocker (n, %) 292 (86.6) 177 (88.9) 0.437

Ca-channel blocker (n, %) 110 (32.8) 59 (29.6) 0.471

Diuretic (n, %) 122 (36.2) 76 (38.2) 0.645

Statin (n, %) 262 (77.7) 133 (66.8) 0.006

ASA (n, %) 296 (87.8) 163 (81.9) 0.059

Clopidogrel (n, %) 174 (51.6) 124 (62.3) 0.018

Oral anticoagulant (n, %) 44 (13.1) 30 (15.1) 0.513

Anti-diabetic (n, %) 0.338

Oral antidiabetic 91 (27) 52 (26.1) -

Insulin 29 (8.6) 25 (12.6) -

COPD 51 (15.1) 30 (15.1) 0.986

BMI: Body mass index, GFR: Glomerular filtration rate, TC: Total cholesterol, LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein cholesterol, ACEI: Angiotensin-
converting enzyme inhibitor, ARB: Angiotensin receptor blocker, ASA: Acetylsalicylic acid, COPD: Chronic obstructive pulmonary disease
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Variables that were found to have meaningful results were put into 
multivariate logistic regression analysis. We conducted two models of 
multivariate logistic regression analysis. In the first model, AIP and AC 
were included in the analysis. According to the results of multivariate 
analysis, stent diameter, stent length, SYNTAX score, ejection fraction, 
AIP, and AC were the predictors of ISR. In the second model, TG, HDL-C, 
and LDL-C were included in the analysis. The results of the second model 
demonstrated that stent diameter, stent length, SYNTAX score, ejection 
fraction, LDL-C, TG, and HDL-C were the predictors of ISR. AIP had the 
greatest odds ratio with a value of 3.979. Table 4, 5 show the results 
of the univariate and multivariate logistic regression analyses results, 
respectively.

Discussion
Our study revealed that in addition to the risk factors of stent length, 
stent diameter, SYNTAX score, ejection fraction, and lipid parameters, 
including LDL-C, HDL-C, and TG, both AIP and AC had a statistically 
significant value for predicting ISR. A comparison of the ROC curves 
demonstrated that AIP and AC each had a significantly higher area under 

the curve compared to LDL-C. Additionally, among the lipid parameters, 
AIP had the highest odds ratio for predicting ISR.

Although the incidence of ISR with DES is lower than that associated 
with BMS, ISR remains a therapeutic challenge (12). Several studies 
have investigated the risk factors for ISR, with most of finding that 
cytokines and biomarkers, such as C-reactive protein, homocysteine, 
and tumor necrosis factor-α, are associated with the presence of ISR 
(13-15). Additionally, patient-related and lesion-related risk factors have 
been assessed in various studies, which have found that stent length, 
diameter, bifurcation lesions, and the presence of DM and HT are risk 
factors for ISR (3).

Hyperlipidemia is a major factor related to the development of 
atherosclerosis. Increased levels of LDL-C stimulate inflammation, 
and cause endothelial damage and cholesterol collection in the vessel 
wall (16). However, the role of hyperlipidemia in the occurrence of ISR 
remains less clear, and studies investigating the relationship between 
hyperlipidemia and ISR have yielded weaker associations. In Kim et al.’s 
(17) study, patients with a small LDL-C particle size had higher rates of 
ISR, even after controlling for other CAD risk factors. Fang et al. (18) 
assessed the LDL-C to HDL-C ratio in acute coronary syndrome patients 
treated with percutaneous intervention and found that the ratio had a 
good predictive performance for the presence of ISR. Investigated the 
risk factors for ISR in patients treated for chronic coronary syndromes. 
Although TC, HDL-C, and TG levels did not differ between patients with 
or without ISR, LDL-C levels were significantly elevated in ISR patients 
(4). Özkalaycı et al. (19) showed that the TG glucose index, a surrogate 
marker of insulin resistance, had a better value compared the TG/HDL-C 
ratio and glucose levels in predicting all-cause mortality in ST-elevation 
myocardial infarction patients. The value of the TG glucose index in 
risk stratification and prediction of adverse events in patients with ST-
elevation myocardial infarction has also been shown in other studies 
(20). However, Xu et al. (21) did not find any association between lipid 
parameters and the development of ISR. Similarly, Li et al. (2) found no 
differences in the lipid profile of patients with or without ISR. Our results 
were align with the previous studies that found abnormalities in lipid 
parameters to be a risk factor for ISR.

Table 2. ROC curve results of AIP and AC for prediction of ISR

AUC p 95% CI Cut-off Sensitivity Specificity

LDL-C 0.573 0.005 0.522-0.625 111.5 65.3 54.0

AIP 0.672 <0.001 0.623-0.720 0.58 61.3 72.1

AC 0.670 <0.001 0.622-0.718 3.44 69.8 58.8

ROC: Receiver operating characteristic, AIP: Atherogenic index of plasma, AC: Atherogenic coefficient, AUC: Area under the curve, CI: Confidence interval, LDL-C: Low-density lipoprotein 
cholesterol

Table 3. Paired comparisons of area difference under the ROC curve

z p AUC difference 95% CI

LDL-C/AIP -2.809 0.005 -0.098 -0.167- -0.030

LDL-C/AC -4.768 <0.001 -0.097 -0.137- -0.057

AIP/AC 0.069 0.945 0.002 -0.043-0.046

ROC: Receiver operating characteristic, AUC: Area under the curve, CI: Confidence interval, LDL-C: Low-density lipoprotein cholesterol, AIP: Atherogenic index of plasma, AC: Atherogenic 
coefficient

Figure 1. ROC curves of AIP, AC, and LDL-C for prediction of ISR

ROC: Receiver operating characteristic, AIP: Atherogenic index of plasma, 
AC: Atherogenic coefficient, LDL-C: Low-density lipoprotein cholesterol, ISR: 
In-stent restenosis
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Table 5. Multivariate logistic regression for the presence of in-stent restenosis

Model A

p OR 95% CI

Stent diameter <0.001 0.053 0.020-0.141

Stent length <0.001 1.348 1.258-1.446

Syntax score 0.002 1.047 1.017-1.078

Ejection fraction <0.001 0.953 0.929-0.978

Atherogenic index of plasma 0.022 3.979 1.218-12.997

Atherogenic coefficient 0.036 1.270 1.016-1.586

OR: Odds ratio, CI: Confidence interval

Model B

p OR 95% CI

Stent diameter <0.001 0.050 0.019-0.132

Stent length <0.001 1.345 1.255-1.442

Syntax score 0.002 1.048 1.018-1.079

Ejection fraction <0.001 0.954 0.930-0.978

LDL-C 0.043 1.006 1.000-1.011

Triglyceride 0.003 1.004 1.001-1.007

HDL-C 0.039 0.971 0.945-0.999

OR: Odds ratio, CI: Confidence interval, LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein cholesterol

Table 4. Univariate logistic regression for the presence of in-stent restenosis

p OR 95% CI

Age 0.896 1.001 0.985-1.018

Stent diameter <0.001 0.059 0.026-0.131

Stent length <0.001 1.325 1.248-1.408

BMI 0.164 0.969 0.927-1.013

Smoking 0.899 1.016 0.798-1.292

Syntax score <0.001 1.058 1.033-1.083

Ejection fraction <0.001 0.959 0.940-0.979

Creatinine 0.449 1.098 0.862-1.399

GFR 0.876 0.999 0.993-1.006

TC 0.002 1.005 1.002-1.009

LDL-C 0.006 1.006 1.002-1.010

Triglyceride <0.001 1.005 1.003-1.008

HDL-C <0.001 0.995 0.935-0.976

Atherogenic index of plasma <0.001 11.253 5.004-25.305

Atherogenic coefficient <0.001 1.613 1.393-1.869

Albumin 0.052 1.529 0.997-2.344

Hemoglobin 0.198 1.060 0.970-1.158

Neutrophil 0.456 0.969 0.892-1.053

Platelet 0.803 1.000 0.998-1.002

Lymphocyte 0.359 1.100 0.897-1.348

Monocyte 0.542 1.252 0608-2.570

Diabetes mellitus 0.503 1.132 0.787-1.627

Hypertension 0.448 1.291 0.667-2.499

OR: Odds ratio, CI: Confidence interval, BMI: Body mass index, GFR: Glomerular filtration rate, TC: Total cholesterol, LDL-C: Low-density lipoprotein cholesterol, 
HDL-C: High-density lipoprotein cholesterol
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The pathogenesis of ISR has not been fully elucidated and involves 
complex pathological processes. Vascular wall injury and endothelial 
denudation caused by balloon dilatation and stent implantation result in 
an inflammatory response characterized by vascular smooth muscle cell 
migration, proliferation, extracellular matrix synthesis, and neointimal 
proliferation (22). Incomplete regeneration of the endothelium leads 
to excessive uptake of lipids from circulation and foam cell formation, 
which contributes to the occurrence of neoatherogenesis (23). 
Neoatherosclerosis, which is characterized by impaired endothelial 
healing with lipoprotein migration into the subendothelium, results 
in late stent failure, including ISR and thrombosis (24,25). As such, 
inflammation and atherosclerotic progression are probably the two main 
mechanisms for the occurrence of ISR. Consistent with these findings, 
we found that increased levels of TC, LDL-C, and TG and decreased levels 
of HDL-C predicted ISR. According to the ROC curve analysis, both AIP 
and AC had higher specificities compared to LDL-C in predicting ISR. 
Moreover, among the lipid parameters, AIP had the highest odds ratio 
in predicting ISR. 

Study Limitations

This was a single -center study and had a retrospective design. We did 
not use intravascular ultrasound or optical coherence tomography for 
evaluating ISR. Our study could fail to show all confounding risk factors 
for ISR and fails to evaluate the effect of consecutive changes in AIP 
during follow-up on ISR incidence. Finally, operator experience might 
have affected the outcomes.

Conclusion
Development of ISR necessitates repeat interventions that hamper 
the quality of life of the patients and are associated with increased 
mortality. As such, secondary prophylaxis with the aim of prevention 
of ISR is critical after percutaneous interventions. Both AIP and AC had 
higher specificities compared with that of LDL-C in predicting ISR. The 
calculation of these parameters is simple and could be used easily in 
clinical practice. To confirm our findings, multicenter, randomized, and 
prospective studies are necessary.
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Introduction

Recently, peripheral nerve blocks have been frequently used in 

anesthesia practice. Infraclavicular block practice is actually a type of 

brachial plexus block that is used safely and effectively in both anesthesia 

and postoperative analgesia management in hand, wrist, and forearm 

surgeries (1). The World Health Organization classifies the relief of pain 

as a human right (2). Successful pain management ensures early patient 

ambulation and shortens the duration of hospital stay. It is also a quality 

indicator (1).

Despite significant advances in analgesia techniques, surgical procedures 

still cause moderate to severe postoperative pain in 50-70% of patients 

(3). Postoperative pain includes both inflammatory and neuropathic 

components (3). Pregabalin is an anticonvulsant agent that is widely 

used as an analgesic with membrane-stabilizing and antinociceptive 

effects for neuropathic pain. It is rapidly absorbed through the intestine 

and reaches its highest plasma concentration with 90% bioavailability 
after about an hour (4). Pregabalin is an anti-epileptic, analgesic, and 
anxiolytic agent. It binds to the α-2-δ subunit of voltage-gated calcium 
channels. Reduces the release of various excitatory neurotransmitters 
such as glutamate and prevents the development of hyperalgia (5). In 
doing so, it inhibits central sensitization and progression of pain (6). In 
this way, it can be used for perioperative and postoperative analgesia. 
Opioids are also frequently used in postoperative pain management 
despite numerous side effects (7). Use of Pregabalin has been found 
to reduce postoperative opioid consumption and opioid side effects in 
many surgical operations (3). The increase in opioid consumption led to 
increasing side effects and complications resulting from opioids.

We investigated the effect of preoperative use of 150 mg oral pregabalin 
on infraclavicular sensory block duration and opioid use (8). The 
hypothesis of this randomized controlled trial is that a single dose of 150 
mg oral pregabalin will prolong the duration of infraclavicular sensory 
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Introduction: The infraclavicular block method has been increasingly used in hand, wrist, and forearm surgery in anesthesia practice. 
Although the infraclavicular block method provides appropriate postoperative analgesic effect, patients still suffer from postoperative 
pain at high rates. Opioids are widely used for postoperative analgesia. There are many studies showings that taking oral pregabalin 
before the operation reduces postoperative pain and opioid use. In this study, we investigated the effect of preoperative use of 150 
mg oral pregabalin on infraclavicular sensory block duration and opioid use.

Methods: Ethics committee approval and patient consents were obtained for the study. The study included 60 patients between the 
ages of 18 and 65 who would undergo an American Society of Anesthesiologists I-II hand, wrist or forearm surgery. The control group 
(group K) did not take medication before the operation. The pregabalin group (group P) took 150 mg of oral pregabalin an hour 
before the operation. Ultrasound-guided infraclavicular block was applied to both groups. Patients were observed for 24 hours per 
operatively and postoperatively in terms of analgesic medication needs and complications.

Results: Postoperative analgesic use was observed to be higher in group K (p<0.05). There was no significant difference in sensory 
block and motor block initial durations in group K and group P (p>0.05). However, the sensory block completion time was statistically 
significantly longer in group P than in group K (p<0.05). There was no statistically significant difference between the motor block 
ending times of both study groups in terms of side effects (p>0.05).

Conclusion: In this study, we concluded that a single dose of 150 mg oral pregabalin treatment applied before the operation prolongs 
the infraclavicular sensory block duration and reduces the need for analgesic drugs in the first 24 hours postoperatively.
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blockade, reduce the need for peroperative and postoperative opioids, 
and mitigate the side effects that may develop due to opioid use.

Methods
The Recep Tayyip Erdoğan Training and Research Hospital Ethics 
Committee approval was obtained for this study (approval number: 137, 
date: 07.08.2019). All patients were evaluated and then were explained 
the procedure preoperatively. Oral and written consent were obtained 
from the patients. Sixty patients between the ages of 18 and 65 who 
were planned to undergo the hand, wrist, elbow, and forearm bone 
surgeries within the scope of American Society of Anesthesiologists (ASA) 
I and II were included in the study. Patients with hypersensitivity to the 
drugs to be used in the study or the substances in their composition, 
patients with severe cardiac, hepatic, renal disorders, patients who did 
not want to participate, and who did not allow infraclavicular blocking 
were excluded from the study. Patients were randomized in a computer 
environment and divided into two groups. The group that was not 
administered any medication before the operation was named the 
control group (group K), and the group that was orally administered 
150 mg pregabalin 1 h before the operation was named the pregabalin 
group (group P). The study was planned as a prospective and double-
blind study. Preoperative randomization was done by a computer. 
Postoperative follow-ups were performed by different physicians. Age, 
gender, body mass index (BMI), type of surgery, and duration of surgery 
were recorded in all patients. In the first 24 postoperative h, motor block 
and sensory block return times and analgesic needs of the patients were 
recorded. Again, possible side effectsand complications within 24 h 
peroperatively and postoperatively were noted.

An hour before the operation, the patients were taken to the preoperative 
room of the operating theater. Group P was administered 150 mg of oral 
pregabalin with a small amount of water. Patients underwent standard 
monitoring with electrocardiogram, peripheral oxygen saturation, and 
noninvasive arterial pressure. The vascular route was opened with 
18/20 G cannula and 500 mL 0.9% isotonic solution was inserted. The 
necessary space cleaning was performed using 10% povidone-iodine 
in the supine position. Then, the axillary artery and brachial plexus 
cords were imaged in both groups under ultrasound guidance using 
a linear probe (Philips-Sparq device, high-speed 5.2 mHz). Following 
up, ultrasonography (USG)-guided peripheral block needle (Stimuplex 
ultra360, 22G*80mm) was used to perform infraclavicular blocking. 30 
mL of local anesthetics, which consisted of 15 mL 0.5% bupivacaine and 
15 mL 2% Lidocaine, were administered in a way to spread in a U-shaped 
manner to the posterior, lateral, and medial cords of the brachial plexus 
observed around the axillary artery. Modified Bromage Motor Scale (4. 
normal muscle strength, 3. muscle strength decreased but overcomes 
resistance, 2. muscle strength unable to overcome resistance but gravity, 
1. tremor style muscle strength, 0. no muscle strength) was used for 
motor block. The initial motor block duration was determined as the 
duration between the time of local anesthetic administration and the 
time of scale 1. A pin - Prick test (0-no sensory block, 1-tactile sensation 
without pain, 2-no tactile sensation and pain) was used for sensory 
block. The onset duration of sensory block was determined between the 

time of local anesthetic administration and the time of Pin - Prick test 1. 
Motor and sensory block onset time was recorded.

In the peroperative period, it was planned to administer fentanyl (50 
μgr + 50 μgr) IV in case the patient felt pain. The time of fentanyl 
administration and the total amount administered were recorded. 
Patients who still felt pain after 100 h of fentanyl administration were 
treated with deep sedo-analgesia and were excluded from the study.

Postoperatively, patients were followed up in the orthopedics and 
traumatology service for the first 24 h. The full return of muscle strength 
was the return of the motor block. The onset of pain was also considered 
to be the time of sensory block recovery. Both time were recorded. 
Numerical rating scale (NRS) number 11 (0=no pain, 10=very severe 
unbearable pain) was used as a pain scale. It was planned to administer 
paracetamol 500 mg orally up to NRS 3 in case the patient-required 
analgesics. Administration of tramadol HCL 1-2 mg/kg i.v. was planned 
in case of insufficient paracetamol or NRS above 4.

Statistical Analysis

Statistical analyses were performed using the NCSS 2007 Statistical 
Software (Utah, USA) package software. In addition to descriptive 
statistical methods (mean, standard deviation) in the evaluation of the 
data, the distribution of the variables was examined using the Shapiro-
Wilk normality test, an independent t-test was used in the comparison of 
the binary groups of the variables with normal distribution, chi-square 
and Fisher reality test were used in the comparisons of qualitative data. 
P<0.05 was considered significant.

Results
Seventy-eight patients were enrolled in the study. Sixty eligible patients 
were analyzed. All details about the inclusion of patients in the study are 
presented in the CONSORT flowchart (Figure 1).

There was no statistically significant difference between the two groups 
in the demographic data of the patients such as age, gender, BMI, ASA, 
duration of surgery, and type of surgery (Table 1).

There were no statistical differences in the time and dose of fentanyl use 
during the operation in both study groups. Likewise, the time of the first 
postoperative analgesic use and the dose of paracetamol and tramadol 
were not found to be significant (Table 2). However, postoperative 
analgesic use was higher in the control group (p=0.01) (Table 2,  
Figure 2).

In the control group and pregabalin group, the onset durations of 
sensory block (p=0.641) and motor block (p=0.570) were not significant 
(Table 3). Sensory block ending the duration of the pregabalin group 
(p=0.0001) (1098±470.87 min) was statistically significantly shorter than 
in the control group (606.67±399.19 min) (Table 3, Figure 3). There were 
no statistical differences between the motor block -ending durations of 
both study groups (p=0.231) (Table 3, Figure 3).

There were no statistical differences between the two groups in terms of 
complications and side effects during the process of performing block 
procedures in the peroperative and postoperative periods (Table 4).
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Figure 1. CONSORT 2010 flow diagram

Table 1. Demographic and clinical characteristics in the study groups

  Control group Pregabalin group p

Age (years) 43.93±16.62 49.83±15.89 0.165*

Gender
Male 20 (66.67%) 19 (63.33%)

0.787+

Female 10 (33.33%) 11 (36.67%)

BMI 23.3±2.63 24.65±3.74 0.110*

ASA Class
Class I 8 (26.67%) 3 (10.00%)

0.095+

Class II 22 (73.33%) 27 (90.00%)

Surgery duration (min) 94.53±36.7 109.67±33.81 0.102*

Type of surgery

Wrist 2 (6.67%) 0 (0.00%)

0.117+Hand 2 (6.67%) 0 (0.00%)

Forearm 26 (86.67%) 30 (100.00%)
*Independent t-test, +chi-square test, BMI: Body mass index, ASA: American Society of Anesthesiologists

Table 2. Per operative and postoperative analgesic use in the study groups

  Control group Pregabalin group p

First fentanyl time (min) 71±29.24 71±31.9 1*

Second fentanyl time (min) 40± 85±63.64 0.667*

Per operative fentanyl dose (µg) 60±22.36 70±27.39 0.545*

Presence of analgesic use 19 (63.33%) 9 (30.00%) 0.01+

The first analgesic use time (min) 585±254.42 553.89±256.22 0.765*

Total dose of paracetamol (mg) 791.67±334.8 583.33±204.12 0.184*

Total dose of contramal (mg) 68.75±37.2 75±28.87 0.776*

*Independent t-test, +chi-square test
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Discussions
Peripheral nerve blocks are widely used in anesthesia applications. 
Especially with the introduction of ultrasonography, the success of 
blockade has increased, and complications have decreased significantly 
(9). Pain is a complex structure formed because of transmissions to 
the central and peripheral nervous systems (1). Local anesthetics 
infiltrate around the nerves and block pain transmission to the brain 
for several hours. For this reason, peripheral nerve block duration may 
be insufficient for the postoperative period and postoperative pain 
management remains an important problem  (1).

We aimed to determine the effect of premedication of pregabalin on the 
sensory and motor block time of infraclavicular block and on analgesic 
needs. In the results of our study, oral pregabalin prolonged sensory 
block duration and did not affect motor block duration. There was no 
difference in the peroperative and postoperative opioid requirements in 
the pregabalin and non-pregabalin groups. However, more analgesics 
were used in the control group in the postoperative 24-h period.

In previous studies, oral pregabalin had been administered in the dose 
range of 75-600 mg, sometimes as a single dose and sometimes with 
added doses 1-2 h before surgery. Postoperative 12th and 24th h were 
compared with the placebo group. A 150 mg dose of pregabalin was 
observed to provide adequate postoperative analgesia and opioid-
protective effect (8-10). In addition, high doses of pregabalin have more 
side effects (3). We used 150 mg oral pregabalin, as recommended 
in the literature (8-10). We also administered pregabalin to patients 
preoperatively, 1 h before surgery, to reach the maximum plasma 
concentration (30 min - 2 h) during surgical stimulation (10).

A objective of preoperative pregabalin use is to increase the duration of 
sensory block. They reported that preoperative 150 mg oral pregabalin 
contributed to postoperative sensory and motor block (11). Cegin et 
al. (9) reported that 150 mg and 300 mg oral pregabalin increased 
the motor block onset duration and sensory block ending duration 
before administering infraclavicular block and that there was no 
difference between these two doses (9). Omara et al. (11) reported that 

Figure 2. Presence of postoperatif analgesic use Figure 3. Termination of sensorial and motor blocks in the study groups

Table 3. Comprasion of sensorial and motor block initiation and termination durations in the study groups

  Control group Pregabalin group p

Initiation of the sensorial block (min) 3.1±3.21 2.77±2.21 0.641*

Initiation of motor block (min) 13.9±9.67 15.33±9.76 0.570*

Termination of the sensorial block (min) 606.67±399.19 1098±470.87 0.0001*

Termination of motor block (min) 502±256.28 604.5±386.24 0.231*

*Independent t-test

Table 4. Side effects recorded in the study groups

  Control group Pregabalin group p

Block complications 3 10.00% 2 6.67% 0.640+

Peroperative complications 0 0.00% 0 0.00% -

Postoperative complications

Nausea 7 23.33% 3 10.00% 0.166+

Vomiting 5 16.67% 5 16.67% 1+

Pruritus 5 16.67% 1 3.33% 0.085+

Dizziness 5 16.67% 3 10.00% 0.448+

Others 1 3.33% 1 3.33% 1
*Independent t-test, +chi-square test
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administration of 150 mg oral pregabalin 1 h before spinal anesthesia 
in patients undergoing orthopedic surgery prolonged the durations of 
sensory and motor blocks. They reported that this contributed to sleep 
quality on the first postoperative night (11). Panse et al. (10) found that 
there was no difference in the onset durations of motor and sensory 
blocks in patients who underwent spinal anesthesia, as in our study, but 
the duration of sensory motor block was prolonged. Unlike our study, 
they also reported that the duration of motor block was prolonged (10). 
In our study, we found that the duration of sensory block was prolonged, 
and motor block was not added to this prolongation. Kushwaha et al. 
(12) also found that in brachial plexus block with oral pregabalin, the 
duration of sensorial block prolonged and the duration of motor block 
was not affected, as we did. We believe that a prolonged duration of 
postoperative sensory block and a non-prolonged duration of motor 
block will increase the postoperative satisfaction of patients.

The side effects of pregabalin are dose-dependent and usually transient 
(13). Similar to other studies, nausea, vomiting, pruritus and dizziness 
were the most frequently observed effects in our study (13,14). However, 
there is no difference in side effects between the groups (13-15). 
There was no difference between the peroperative and postoperative 
complications and side effects of both groups. The onset durations of 
motor and sensory block were similar in both groups.

Study Limitations

Our study is subject to certain limitations. First, although 150 mg 
oral pregabalin was shown to be sufficient preoperatively in previous 
studies, using only 1 dose (150 mg) of pregabalin and not comparing 
it with other doses was a limitation. Second, the preoperative anxiety 
scores and pain level of the patients were not analyzed. Pregabalin may 
affect the preoperative pain and anxiety scores.

Conclusion
In this study, we found that a preoperative single dose of 150 mg oral 
pregabalin prolonged the duration of sensory block without affecting 
the duration of motor block and reduced the need for analgesic use in 
the first 24 h postoperatively in patients undergoing the hand, wrist, 
elbow, and forearm bone surgeries with infraclavicular block. We believe 
that further studies and experience are needed to support these results.

Ethics Committee Approval: The Recep Tayyip Erdoğan Training and 
Research Hospital Ethics Committee approval was obtained for this 
study (approval number: 137, date: 07.08.2019).

Informed Consent: Oral and written consent were obtained from the 
patients.
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Introduction

Although society has an interest in medical issues today, many people still 

do not have a sufficient level of knowledge about anesthesia practices 

and the role of an anesthesiologist in a hospital (1,2). Even many people 

do not know that the anesthesiologist is a medical doctor (3). Previous 

studies conducted revealed that the patients mostly do not know the 

anesthesiologists and do not have information about their educational 

status and are not aware of their duties in the operating room (1-3). 

Books and brochures prepared to increase the level of knowledge of 

patients for anesthesia applications have been effective (4). Information 

about anesthesia applications reduces the anxiety and stress of the 

patient (5). Additionally, patient information before anesthesia reduces 

morbidity and increases patient satisfaction (6).

There is a fear of death during surgery and the inability to wake up 

from anesthesia in our country. For this reason, patients may experience 

intense distress when will to have surgery. Increasing the level of 

knowledge of patients will help reduce these fears (7,8).

In this study, the purpose was to evaluate the relationship between the 

education level of the patients scheduled to receive anesthesia in the 

preoperative period and their knowledge and fears about anesthesia.

Methods
The study was initiated after ethics committee approval. The survey 
questions to be applied were deconstructed by scanning electronic 
databases and selected from studies similar to our purpose (9,10). 
Using the G*Power 3.1 program to calculate the sample size, the effect 
power was taken as 0.5 and the sample number was found to be 100. 
However, since the number of patients admitted to the outpatient 
clinic of our hospital was high, a higher rate of patient participation 
was planned in our study. After receiving the approval of the ethics 
committee of the University of Health Sciences Turkey, İstanbul Training 
and Research Hospital (approval number: 1729, date: 01.03.2019), the 
survey study was briefly described verbally to the patients who applied 
to the anesthesiology and reanimation polyclinic of our hospital for 
preoperative evaluation within 3 months’ period. A total of 290 patients 
between the ages of 18-75 who wanted to participate voluntarily were 
included in the study after receiving the written informed consent of the 
patients who agreed to participate in the study.

A 17-question survey was administered to the patients, which could be 
answered in an average of five minutes, questioning their gender, age, 
educational status, previous anesthesia experiences, and anesthesia-
related concerns. The questions asked the patients are presented in Table 
1. The questionnaire for illiterate patients was completed by reading by 
a doctor of anesthesiology and reanimation. A total of 40 patients who 
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could not answer all  the questions for various reasons were excluded 
from the study, and 250 patients who answered the questions completely 
were included in the study and their research answers were evaluated.

Statistical Analysis

The data were analyzed in a 95% confidence interval in the IBM SPSS 
Statistics Version 22 package program in a computer environment. 
Since the ages of the cases were not normally distributed (Kolmogorov-
Smirnov, p<0.05), Mann-Whitney U was used to compare the ages of 
men and women, Pearson chi-square, Fisher’s exact test and chi-square 
trend statistical analyses were used to compare the categorical variables 
between the groups. In the study, a p-value of <0.05 was considered 
statistically significant. In the data analysis and statistical analysis 
in multiple-choice questions, the percentages were assessed by the 
researchers using the mean and standard deviation.

Results
Of the 290 patients who applied to anesthesiology and reanimation 
outpatient clinic for preoperative evaluation, 40 patients were excluded 
from the study because they did not answer all the questions, and 250 
of the cases were included in the study. Of the patients, 124 were female 
(49.6%) and 126 were male (50.4%), with an average age of 46.2 years. 
When the educational status of the patients was evaluated, 30% were 
in primary school, 12.8% were in secondary school, 20.8% were in high 
school, 10.4% were university graduates, and 26% of the patients were 
illiterate (Table 1).

In the questions where the anesthesia information was evaluated 
according to the educational status of the patients, the patients were 
asked “Do you know what surgery you will have?”. When 128 patients 
answered “Yes” to this question were examined, it was seen that primary 
school graduates ranked first with 77.3% and university graduates 
followed them with 73.1%. Of the 122 patients who answered “No,” the 
highest proportion was found to be in illiterate people (61.5%).

To the question, “What does an anesthesiologist do?”, 54% of the patients 
gave the correct answer, and the highest number of university graduates 
of the patients had an idea about this issue compared to 80.7%.

To the question, “Do you know why you came to the anesthesia clinic?”, 
69.6% answered “Yes” and 30.4% answered “No.” When examining the 
cases that answered “Yes,” it was observed that this was the highest 
rate among university graduates with 100%, while 76.9% of those who 
answered “No” were made up of a non-literate group.

To the question, “Who decides if the patient is fit or not to be able to have 
surgery?”, whereas 60.4% of the patients answered “anesthesiologist,” 
it was observed that the largest proportion of these patients were 
university graduates 84.6%, and the lowest proportion belonged to 
illiterate ones.

To the question, “Who applies anesthesia during surgery?”, whereas 
60.4% of the total number of patients gave the correct answer to the 
question, it was found that the highest proportion of this group were 
university graduates (84%) and 32.4% of the patients responded to the 
doctor who would perform the surgery.

To the question, “Who monitors the patient’s vital functions such 
as heart rate and blood pressure during surgery?”, whereas 67.2% of 
anesthesiologists answered the question, the highest proportion of 
university graduates was 88.4%, and the lowest proportion of illiterate 
people was 24.6%.

To the question, “Who ensures that the patient wakes up comfortably 
after surgery?”, 48.4% of the patients answered anesthesiologist, while 
the surgeon’s answer was the least given with 12%. When those who 
gave the correct answer to this question were investigated, the highest 
proportion was found with 53.8% in university graduates (Table 2).

In the questions where the anesthesia fears of patients were evaluated 
according to their educational status, 66.8% of patients answered  the 
question “Do you want to be informed in detail by the anesthesia 
doctor before surgery?” as they want to receive detailed information, 
while 10.4% of patients stated that they did not want to receive detailed 
information for fear of worrying.

The patients who had anxiety fear were highest among primary school 
graduates, while this rate was the lowest among university graduates, 
and 6.4% of the patients answered “No” to this question with the least 
proportion.

To the question, “Are you afraid of anesthesia?”, 39.6% of patients 
answered “Yes,” while this rate was the highest among the illiterate 
58.4%, followed by university graduates 38.4%, and the lowest was 
primary school graduates at 28%.

To the question, “What are your fears about the anesthesia process?”, 
while 50.4% of the patients had the highest fear that they would 
experience pain, 30.4% of the patients stated that they had no fear and 
20.8% of the patients felt that they could not wake up from anesthesia, 
while 10% of the patients stated that they had a fear of death. The 
fear of pain was the highest among the illiterate at 66.1%, while the 
second place was occupied by university graduates at 57.6%. The fear of 
death was found to be the highest among university graduates. While 
30.4% of the patients stated that they did not have any fear, the highest 
proportion of those who were illiterate 30.7% gave this answer (Table 3).

To the question, “What do you think about the pain after surgery?”, 
52.4% of the patients answered “a normal condition and is tolerable.” 
The highest proportion of these patients was university graduates 
(69.2%). In this study, 20% of the patients answered that the pain would 
be unbearable and the highest proportion of these patients was illiterate 
36.9% (Table 3).

Ferlengez et al. Evaluation of Anesthesia-related Knowledge of Patients

Table 1. Demographic data for the patients

n (%)   %

Gender
Female 124 49.6

Male 126 50.4

Educational status

Primary 75 30

Secondary 32 12.8

High school 52 20.8

University 26 10.4

Illiterate 65 26
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Discussion

In this study, it was concluded that the level of knowledge about 

anesthesia increases as the level of education of patients increases, but 

the fears of patients related to anesthesia are similar.

Recently, many studies have been conducted to investigate the 

knowledge of patients with anesthesia applications and anesthesiologists 

(11,12). In developing countries, the perception of anesthesia and the 
role of the anesthesiologist are still lagging behind the developed world 
(13). Anesthesiology gradually progressed after the first application of 
anesthesia in 1846 and has reached an important point in the field of 
medicine (14). Unfortunately, it is not known to many individuals that 
anesthesiology is a branch that requires special expertise or even that 
an anesthesiologist is a doctor. In the studies conducted, the knowledge 

Table 2. Distribution of anesthesia information according to the educational status of patients

Primary,  
(%)   

Secondary, 
(%)              High, (%)         University, 

(%)
Illiterate, 
(%)   

Total,  
(%) p

Do you know what 
surgery you will have?

Yes 58 (77.3) 13 (40.6) 25 (48.1) 19 (73.1) 25 (21.7) 128 (51.2) <0.001

No 17 (22.6) 19 (59.3) 27 (51.9) 7 (26.9) 40 (61.5) 122 (48.8) <0.001

Have you ever heard 
of such a word as 
“anesthesia”?

Yes 69 (92) 26 (81.2) 49 (94.2) 26 (100) 56 (86.1) 226 (90.4) 0.081

No 6 (8) 6 (18.7) 3 (5.7) 0 (0) 9 (13.8) 24 (9.6) 0.081

What does an 
anesthesiologist do?

Puts the patient to sleep 
who will have surgery

24 (32) 8 (25) 5 (7.9) 2 (7.7) 24 (6.9) 63 (25.2) <0.001

He puts the patient who 
will have surgery to sleep, 
follows and wakes him up 
during the operation

41 (54.6) 16 (50) 42 (31.1) 42 (80.7) 13 (20) 135 (54) <0.001

Does the surgery 2 (2.6) 0 (0) 0 (0) 0 (0) 2 (3.1) 4 (1.6) <0.001

Not know 8 (16.6) 8 (25) 5 (10.4) 5 (9.6) 26 (40) 48 (19.2) <0.001

Do you know why you 
came to the anesthesia 
clinic?

Yes 59 (78.6) 23 (71.8) 51 (98.1) 26 (100) 15 (23.1) 174 (69.6) <0.001

No 16 (21.3) 9 (28.1) 1 (1.9) 0 (0) 50 (76.9) 76 (30.4) <0.001

Who decides whether the 
patient is fit to undergo 
surgery or not?

The doctor who will perform 
the operation

6 (8) 12 (37.5) 11 (21.1) 4 (15.3) 48 (73.8) 81 (32.4) <0.001

Anesthesiologist 61 (81.3) 20 (62.5) 38 (73.1) 22 (84.6) 10 (15.3) 151 (60.4) <0.001

Nurse 1 (1.3) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.4) <0.001

Not Know 7 (9.3) 0 (0) 3 (5.7) 0 (0) 7 (10.7) 17 (6.8) <0.001

Who performs anesthesia 
during surgery?

The doctor who will perform 
the operation

6 (8) 12 (37.5) 11 (21.1) 4 (15.3) 48 (73.8) 81 (32.4) <0.001

Anesthesiologist 61 (81.3) 20 (62.5) 38 (73.1) 22 (84.6) 10 (15.3) 151 (60.4) <0.001

Nurse 1 (1.3) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.4) <0.001

Do not know 7 (9.3) 0 (0) 3 (5.7) 0 (0) 7 (10.7) 17 (6.8) <0.001

Who monitors the 
patient’s vital functions 
such as heart rateand 
blood pressure during 
surgery?

The doctor who will perform 
the operation

7 (9.3) 4 (12.5) 2 (3.8) 0 (0) 12 (73.8) 25 (10) <0.001

Anesthesiologist 59 (78.6) 22 (68.7) 48 (92.3) 23 (88.4) 16 (24.6) 168 (67.2) <0.001

Nurse 1 (1.3) 1 (3.1) 0 (0) 2 20 (7.6) 24 (9.6) <0.001

Technician 1 (1.3) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.4) <0.001

Do not know 7 (9.3) 5 (15.6) 2 (3.8) 1 (3.8) 17 (26.1) 32 (12.8) <0.001

Who ensures a 
comfortable awakening of 
the patient after surgery?

The doctor who will perform 
the operation

8 (110.6) 5 (15.6) 2 (3.8) 1 (3.8) 14 (21.5) 30 (12) <0.001

Anesthesiologist 40 (53.3) 13 (40.6) 35 (67.3) 22 (84.6) 11 (16.9) 121 (48.4) <0.001

Nurse 10 (13.3) 4 (12.5) 4 (7.6) 1 (3.8) 24 (36.9) 43 (17.2) <0.001

Do not know 10 (13.3) 10 (31.2 11 (21.1) 2 (7.6) 16 (24.6) 56 (22.4) <0.001

Who ensure that the 
patient wakes up 
painlessly after surgery?

The doctor who will perform 
the operation

18 (24) 3 (9.3) 6 (11.5) 1 (3.8) 13 (20) 41 (16.4) 0.061

Anesthesiologist 26 (34.6) 14 (43.7) 15 (28.8) 14 (53.8) 14 (21.5) 83 (33.2) 0.061

Nurse 9 (12) 4 (12.5) 12 (23.1) 5 (19.2) 16 (24.6) 46 (18..4) 0.061

Do not know 22 (29.3) 11 (34.3) 19 (36.5) 6 (23.1) 22 (33.8) 80 (32) 0.061
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acquisition rate with anesthesia was 5.8% in the study by Şahinkaya et 

al. (9) in Denizli, 17.7% emphasized that the patient did not hear the 

word anesthesia (15,16). In their survey study, showed that there is a 

significant relationship between educational status and the level of 

knowledge about anesthesiology (DEC1). In our study, similarly, it was 

observed that as the level of education increased, the level of knowledge 

of the patients also increased. It was concluded in our study that 9.6% 

of patients did not hear the word anesthesia. We consider that the high 

number of illiterate patients participating in our study is associated with 

this result. The highest proportion was in secondary school graduates 

and the lowest was in university graduates.

Despite the innovations in anesthesia and the important role of 

anesthesiologists, Kong et al. (17) emphasized that patients know very 

little about anesthesiologists and their tasks, whereas Marulasiddappa 

and Nethra (18) documented that patients have insufficient knowledge 

about anesthesia and the role of anesthesiologists in developing and 

developed countries. In their study, reported that 48% of the patients 

stated that anesthesia should be performed by an anesthesiologist. 

Gençay and Aydın (19) emphasized that this ratio was 90% (11). In our 

study, this rate was found to be 60.4%. Similarly, the level of knowledge 

about anesthesia applications was also questioned with the question 
“Who decides if the patient is suitable to be operated on?” and we 
received the answer “anesthesia physician” at a rate of 60.4%. When our 
results were examined, it was found that illiterate people had the lowest 
rate of knowledge in both questions.

According to Bataineh et al. (20), the patients were asked questions 
about the intraoperative roles of the anesthesiologist and it was 
emphasized that the most obvious answers to the cases were to put the 
patients to sleep with 75%, to monitor them throughout the operation 
with 73%, to wake the patients with 72%. In their studies, Yoldaş et al. 
(11) reported that 54.6% of their patients knew that vital sign monitoring 
was performed by an anesthesiologist. In our study, it was also seen that 
67.2% of the patients had information about the intraoperative tasks of 
the anesthesiologist, and the highest proportion of university graduates 
dominated the subject. We think that the high level of this information 
in patients is related to advanced technology.

The fact that the anesthesiologist introduces himself at the preanesthetic 
visit, informs them about anesthesia, and informs the patients about 
possible complications reduces the anxiety levels of the patients (21). 
Informing the patient will suppress the patient's fears and increase 

Table 3. Patients’ fears according to their educational status

Primary, 
n (%)   

Secondary, 
n (%)              

High, 
n (%)         

University, 
n (%)

Illiterate, 
n (%)   

Total, 
n (%) p

Do you want to be 
informed in detail by the 
anesthesiologist before 
the operation?

Yes, I would like detailed 
information

54 (72) 25 (78.1) 37 (71.1) 24 (92.3) 32 (49.2) 172 (68.8) <0.001

Yes, but I would not like to 
have too detailed information 
for the fear that I will worry

10 (13.3) 3 (9.3) 4 (7.7) 1 (3.8) 8 (12.3) 26 (10.4) <0.001

No, I would not 4 (5.3) 1 (3.1) 10 (19.2) 0 (0) 1 (1.5) 16 (6.4) <0.001

I do not know 7 (9.3) 3 (9.3) 1 (1.9) 1 (3.8) 24 (36.9) 36 (100) <0.001

Are you afraid of 
anesthesia?

Yes 21 (28) 11 (34.3) 19 (36.5) 10 (38.4) 38 (58.4) 99 (39.6) 0.006

No 54 (72) 21 (65.6) 33 (63.5) 16 (61.6) 27 (41.5) 151 (60.4) 0.006

What are your fears 
about the anesthesia 
process? (you can mark 
more than one)

I’ll feel pain 40 (53.3) 15 (46.8) 13 (25) 15 (57.6 43 (66.1) 126 (50.4) <0.001

I will have nausea and 
vomiting

9 (12) 4 (12.5) 6 (11.5) 4 (15.3) 6 (9.2) 29 (11.6) 0.944

I can not wake up from 
anesthesia

21 (28) 9 (28.1) 9 (17.3) 7 (26.9) 6 (9.2) 52 (20.8) 0.047

I wonot recognize the 
surroundings

3 (4) 2 (6.2) 8 (15.3) 1 (3.8) 1 (1.5) 15 (6) 0.025

My throat will hurt 3 (4) 0 6 (11.5) 3 (11.5) 1 (1.5) 13 (5.2) 0.039

I wonot be able to fully wake 
up from surgery

4 (5.3) 3 (9.3) 7 (13.4) 6 (23.1) 1 (1.5) 21 (8.4) 0.007

I’ll lose my blinker and do 
things I don't want to

8 (10.6) 5 (15.6) 19 (36.5) 9 (34.6) 6 (9.2) 47 (18.8) <0.001

I will die 6 (8) 5 (15.6) 2 (3.8) 5 (19.2) 7 (10.7) 25 (10) 0.188

I do not have any fears 17 (22.6) 11 (34.3) 22 (42.3) 6 (23.0) 20 (30.7) 76 (30.4) 0.164

What do you think about 
postoperative pain?

A normal condition, tolerable              42 (56) 18 (56.2) 30 (57.6) 18 (69.2) 23 (35.3) 131 (52.4)

<0.001

This is an indicator of recovery 5 (6.6) 5 (15.6) 6 (11.5) 4 (15.3) 17 (26.1) 37 (14.8)

Pain medication should be 
used

10 (13.3) 5 (15.6) 13 (2) 3 (11.5) 1 (1.5) 32 (12.8)

It is an unbearable condition 18 (24) 4 (12.5) 3 (5.7) 1 (3.8) 24 (36.9) 50 (20)
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their confidence in the health system (22). While 68.8% of our patients 

requested to be informed, 10.4% stated that they did not want detailed 

information in order not to worry. Most patients who wanted to inform 

were university graduates.

According to Ruhaiyem et al. (23), it was emphasized that 88% of the 

patients experienced fear before surgery and most of their fears were 

fear of postoperative pain at 77.3%, followed by the fear of intraoperative 

awareness at 73.7%. According to Çelik and Edipoglu (24), it was found 

that the greatest fear of patients was pain in 49.2% of cases, followed 

by the fear of death in 26.7%. Lim et al. (25) stated that the fear of 

not being able to wake up from anesthesia was the highest in elderly 

patients. Gençay and Aydın (19) reported that the fear of not being able 

to wake up in 53% of patients, the fear of pain in 17.5% of patients, 

and the fear of death in 10% of patients were emphasized. In our study, 

it was found that 39.6% of patients had fears about anesthesia, while 

in our study, we found that 58.4% of illiterates were the highest in 

this group, while the university graduates ranked second with 38.4%. 

In our study, it was found that 50.4% of patients felt pain in the first 

place, 20.8% felt inability to wake up from anesthesia, and 10% felt a 

fear of death, similar to other studies. Also, there was no relationship 

between education level and anesthesia-related fears. Since our study 

aimed to evaluate the relationship between education level and fears 

about anesthesia, the relationship between age-related fears was not 

evaluated. When we questioned thoughts about pain, we concluded 

that 52.4% of patients considered it a normal condition and university 

graduates think about it at a higher rate.

Study Limitations

Since this study was based on volunteerism, randomization could not be 

performed. Our study aim was explained in detail to each patient who 

came to the anesthesia clinic of our hospital for a preoperative visit, but 

those who wanted to participate could be included in our study. For this 

reason, the distribution of literacy levels in our sample did not come 

out at close values to each other. In our study, there are at least n=26 

university graduate patients. To investigate the knowledge and concerns 

of patients about anesthesia, new prospective, randomized, new 

studies are needed whose literacy levels do not differ from each other. 

In our study, we think that the previous experience may be effective in 

addition to the education level of the findings, there is a need for more 

comprehensive studies on this subject.

Conclusion
In our study, it was seen that as the level of education of the patients 

increased, the level of knowledge about the anesthesiologist and 

anesthesia increased. However, it was concluded that the fears associated 

with anesthesia were similar, regardless of the level of education. We 

believe that introducing anesthesia physicians to themselves and 

informing patients about the anesthesia methods to be applied in the 

preoperative evaluation will increase the patient’s level of knowledge 

about anesthesia and physicians and reduce their fears related to 

anesthesia.
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Introduction

Hypertension (HT) is one of the most common preventable cardiovascular 

risk factors (1-3). An increase in the prevalence of HT is observed with the 

aging population, and it is predicted that it will affect approximately 1.5 

billion people worldwide by 2025. HT is a global public health problem 

that causes end-organ damage, leading to complications such as 

myocardial infarction, cerebrovascular disease, and renal failure because 

of delays in early diagnosis and treatment (4). The exercise test is a non-

invasive, inexpensive, and easy diagnostic method used by clinicians for 

many years to assess the effectiveness and functional capacity of the 

therapy applied in the diagnosis of cardiovascular diseases (5). During 

the exercise test, blood pressure (BP) and electrocardiography (ECG) 

recordings were taken at the initial stage and all stages of the test. During 

exercise, BP increases because of the rise in cardiac output that occurs 

to fulfill the increased metabolic requirements of the body. In some 

individuals, BP rises excessively during exercise, and systolic BP increases 

to 210 mmHg or more in males and 190 mmHg or more in women. 

This group is considered to be patients with an excessive hypertensive 

response to exertion (6). The response to high BP that occurs when 

exercising is multifactorial and its mechanism is unclear. The higher BP 

response to exercise has been associated with endothelial dysfunction, 

increased vascular resistance, and morphological abnormalities of 

peripheral arteries (7,8). Patients who are normotensive before the 

exercise test and who experience an excessive BP response during the 

test are at risk of developing HT during subsequent follow-up, according 

to research (9). Patients in the Framingham Heart Study who had an 

elevated BP response after an exercise test developed HT during their 

8-year follow-up (10).

The surface ECG measurements QT dispersion (QTd) and Tp-e interval 

demonstrate the heterogeneity of ventricular repolarization. The literature 

has demonstrated that individuals with HT have longer QTd and Tp-e 

intervals, which demonstrate cardiac repolarization heterogeneity (11-
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13). Recently, a novel ECG measure called frontal QRS-T angles has been 
employed to demonstrate ventricular repolarization heterogeneity. It is 
easily calculable using data from ECG and known as the angle between 
the QRS and T-axis. The association between various diseases and QRS-T 
angle has been demonstrated in earlier investigations (14-17).

Previous studies have examined how QRS-T angle and HT are related. 
We compared the frontal QRS-T angle, which depicts ventricular 
repolarization heterogeneity, between participants who responded to 
the exercise test with elevated BP and a control group.

Methods
Patient population: The study included patients who visited the 
cardiology clinic between January 2017 and January 2022 and 
underwent a treadmill exercise test. Excessive hypertensive response to 
exertion was defined as systolic BP increase of 210 mmHg or more in 
men and 190 mmHg or more in women (6). The patient group consisted 
of people who responded to the exercise test with elevated BP, and the 
control group included people who responded to the exercise test with 
normal BP. Retrospective reviews of patient data, laboratory results, 
and electrocardiographic parameters were performed using hospital 
information system data. The following patients were excluded from 
the current study: Those with a history of HT or taking antihypertensive 
medication, those with a history of diabetes, those with severe valve 
pathology, left ventricular hypertrophy, those taking oral contraceptives, 
hormone replacement therapy, or steroids, those with known coronary 
artery disease, cancer, thyroid dysfunction, or those who were pregnant 
at the time of diagnosis. The University of Health Sciences Turkey, 
İstanbul Bakırköy Dr. Sadi Konuk Training and Research Hospital Local 
Ethics Committee approved the study protocol (approval number: 2022-
10-07, date: 23.05.2022).

Echocardiography: The same cardiologist who evaluated the patients 
for our study used the EPIQ 7C, S5-1, and X5-1 transducer from Philips 
Healthcare (Andover, Massachusetts). Before the surgery, the patients 
were placed in the left lateral decubitus position. By the standards of 
the American Society of Echocardiography recommendations, imaging 
was carried out through the parasternal long and apical windows (18). 
This research excluded patients with significant valve pathology, left 
ventricular hypertrophy, and heart failure.

Frontal QRS-T angle: All patients underwent 12-lead ECG using the 
(Mortara Instrument ELI 250) equipment in the supine position at a 
speed of 25 mm/s and voltage of 10 mm/mv before the exercise test, 
after resting for at least 15 min. With the use of a magnifying lens, the 
same cardiologist computed each measurement. The data in the ECG 
device’s report section were used to calculate the QRS and T-wave axis. 
The frontal QRS-T angle was identified as a difference between the QRS 
and T-axis. Figure 1 shows the frontal QRS-T angle calculation method.

Exercise stress test: Exercise stress testing was performed on research 
participants using the Bruce protocol (Schiller, Cardiovit Cs-200). 
Throughout the test, the patient’s BP and ECG were checked and recorded 
every three minutes. BP readings below 210 mmHg for males and 190 
mmHg for women were deemed excessive BP responses to exertion (12). 
The exercise test was stopped if the heart rate was exceeded by more 

than 85% of the target heart rate, if the ECG recordings revealed ischemia 

abnormalities, if the systolic BP dropped by more than 10 mmHg, or if 

the patient requested that the test be stopped because of a complaint.

Biochemical parameters: Biochemical parameters of the patients 

were measured using the AU5800 Clinical Chemistry System (Beckman 

Coulter, INC, California, USA) device, and hematological parameters with 

the XT-400Oi Hematology Analyzer (Sysmex, Kobe, Japan). A BP Holter 

device was used to measure 24-h ambulatory BP in all trial participants 

(Suntech, Bravo 24-HR ABP), and white-coat HT was eliminated.

Statistical Analysis

All statistical analysis was performed using the NCSS 2007 (Kaysville, 

Utah, USA). The Independent sample t-test and the Mann-Whitney U 

test were used to analyze the study data. The Independent sample 

t-test was used to compare normally distributed parameters, and the 

Mann-Whitney U test was used to compare non-normally distributed 

parameters between the patient and control groups. Comparing 

qualitative data was performed using the pearson chi-square test. To 

ascertain the impacts on risk categories, a multivariate analysis was 

conducted. The cut-off value was determined using receiver operating 

characteristic analysis. Statistical significance was assessed at the p<0.01 

and p<0.05 levels.

Results

Basic demographic and laboratory findings: Table 1 presents the 

demographic details of the research participants. A total of 101 

participants were included, of whom 53 were the control group and 

48 showed high BP response to the exercise test (patient group). The 

mean age was 47.23±9.28 in the patient group and 45.07±7.76 years 

in the control group (p=0.663). Body mass index (BMI) was different 

between the two groups (27.34±2.32 and 23.2±1.95; p=0.021). In Table 

2, laboratory data comparisons are shown. The white blood cell count 

was substantially greater in the patient group when the hematological 

parameters were analyzed (7.51±1.48 and 7.38±2.01; p<0.001). Serum 

HDL levels were substantially lower in the patient group compared with 

the control group (43±8.01 and 54.83±12.28; p<0.001). 

Böyük et al. Blood Pressure Response to Exercise Test

Figure 1. Frontal QRS-T angle measurement using a 12-lead surface ECG

ECG: Electrocardiography



İstanbul Med J 2023; 24(1): 94-9

96

ECG findings: Table 3 shows the comparison of the heart rates, PR 

duration, QRS duration, and frontal QRS-T angle between the patient 

and control groups using ECG measurements. The frontal QRS-T angle in 

the patient group was found to be substantially wider than in the control 

group (36.09±14.51 and 20.46±8.12; p<0.001). Other ECG parameters 

across the two groups did not significantly differ from one another. 

BMI [odds ratio (OR): 2.63; 95% confidence interval (CI): 1,517-4,559; 

p<0.001] and QRS-T angle (OR: 1,189; 95% CI: 1,083-1,305; p<0.001) 

independently predicted patients with high BP in the multivariate 

logistic regression analysis (Table 4). As a result, individuals with high BP 

who responded to exercise were predicted to have a frontal QRS-T angle 

≥27.5º with 71% sensitivity and 75% specificity (area under the curve: 

0.831; 95% CI: 0.75-0.91; p<0.001) (Figure 2, Table 5).

Discussion

The frontal QRS-T angle is simple to measure using a surface ECG. The 

frontal QRS-T angle was considerably higher in patients who responded 

to the exercise test with higher BP in comparison to the control group, 

which was the major finding. To the best of our knowledge, this study is 

the first to demonstrate a relationship between the frontal QRS-T angle 

and elevated BP response to exercise.

Table 1. Comparison of the basic demographic and clinical characteristics between the groups

Variables Patient group (n=48) Control group (n=53) p-values

Gender, male, n (%) 21 (43.8) 26 (49.1) 0.593

Age, years 47.23±9.28 45.07±7.76 0.663

Body mass index 27.34±2.32 23.2±1.95 0.001

Smoking, n (%) 11 (22.9) 10 (18.8) 0.236

Rest BP, mmHg

Systolic 125±12 122±16 0.142

Diastolic 78±8 76±10 0.211

Maximum BP during exercise, mmHg

Systolic 212±24 187±28 0.001

Diastolic 94±10 88±12 0.041

Proportion achieving target heart rate 34 (70) 48 (90) 0.022

Exercise capacity and metabolic equivalents 7.4±2.1 10.3±3.2 0.043

BP: Blood pressure

Table 2. Comparison of laboratory parameters between the groups

Variables Control group, (n=53) Patient group, (n=48) p-values

Glucose, (mg/dL) 94.15±14.26 (93) 95.2±9 (92.5) 0.529

Creatinine, (mg/dL) 0.85±0.13 (0.87) 0.69±0.1 (0.68) 0.200

AST, (IU/L) 22.47±12.95 (22) 17.07±4.02 (17) 0.466

ALT, (IU/L) 23.7±15.03 (21) 15.68±5.82 (15) 0.500

Total cholesterol, (mg/dL) 193.38±36.54 (192) 200.28±38.49 (205) 0.511

Triglycerides, (mg/dL) 172.62±97.15 (148) 139.11±82.41 (108.5) 0.960

LDL, (mg/dL) 119.51±44.4 (111) 117.26±33.67 (121) 0.836

HDL, (mg/dL) 54.83±12.28 (54.5) 43±8.01 (42) 0.001

White blood cells (103/µL) 7.38±2.01 (7.18) 7.51±1.48 (7.15) 0.001

Hemoglobin, (g/L) 15.25±1.14 (15.2) 13.1±1.22 (13.2) 0.701

Thrombocyte, (103/µL) 242.15±66.51 (235) 273.67±63.73 (270) 0.450

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, LDL: Low-density lipoprotein, HDL: High-density lipoprotein

Table 3. Comparison of the electrocardiographic parameters between the groups

Variables Control group, (n=53) Patient group, (n=48) p-values

Heart rate 77.13±11.97 79.45±12.98 0.353

QRS time (ms) 90.48±9.26 90.74±11.62 0.903

PR interval (ms) 152.65±21.27 147.68±17.86 0.205

P wave (ms) 96.65±5.62 97±5.49 0.750

Frontal QRS-T angle (º) 20.46±8.12 36.09±14.51 0.001
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Studies on normotensive groups without a history of HT but with an 

excessive BP response during an exercise test have also been conducted 

(18). In healthy subjects performing the test, there is a progressive 

increase in BP brought on by an enhanced cardiac output. However, 

during the exercise test, some individuals with confirmed normotension 

experience an abnormal rise in BP. According to studies in the literature, 

the group with an excessive BP response during the exercise test is more 

likely to develop HT during their follow-up (19). The high BP response 

to the exercise test group in the CARDIA trial, which comprised 3,741 

young adults with normotension, was linked to the onset of HT over 

a 5-year follow-up (20). Similar to this, participants in the 8-year-long 

Framingham Heart Study who had an elevated BP response to exercise 

were linked to the emergence of HT (10). It is well known that with an 

increase in the BMI, the prevalence of HT also increases. The mean BMI 

was found to be 26.8 kg/cm2 in the PATENT research, which was carried 

out to determine the prevalence of HT in our country (21). BMI and non-

dipper HT were shown to be correlated in a study of 269 people with 

newly diagnosed HT (22). BMI is a reliable predictor of the higher QRS-T 

angle (23). Similar to previous studies, the BMI was a predictor of QRS-T 

angle in our study.

The angle difference between the QRS and T waves, which is used to 

determine QRS-T angle, is a novel measure of the heterogeneity of 

cardiac repolarization (14). Two approaches may be used to compute 

it. Calculating the QRS-T angle is challenging and needs specialized 

software however, the surface ECG report section may be used to quickly 

compute QRS-T angle (24). It has been demonstrated that a QRS-T angle 

is associated with increased left ventricular mass and poor prognosis 

(14,25). There are studies in the literature that demonstrate a correlation 

between the frontal and spatial QRS-T angles. Previous investigations 

have demonstrated a correlation between the frontal QRS-T angle and 

coronary artery disease severity. In a study including 1,299 patients who 

underwent coronary angiography, those with a QRS-T angle greater than 

90º had a higher frequency of two or three-vessel disease. A high QRS-T 

angle was detected in postoperative atrial fibrillation (26). Tanriverdi 

et al. (27) demonstrated that in individuals without left ventricular 

hypertrophy, QRS-T angle was higher in the non-dipper hypertensive 

group than in the dipper group. Bağcı and Aksoy (28) revealed that in pre-

hypertensive patients, QRS-T angles were higher than in normotensive 

individuals. Collagen deposition in myocytes has been shown in pre-

HT. Fibrosis leads to disruption of the homogenous structure of the 

ventricle (29). Echocardiographic imaging can not exclude pathological 

myocardial fibrosis.

Study Limitations

The relationship between patients with high BP reaction to an exercise 

test and frontal QRS-T angle requires more research with larger patient 

populations and longer-term follow-up. However, there was no study 

conducted on the relationship between excessive BP response and 

QRS-T angle.

Table 4. Multivariate analysis of independent predictors of excessive BP response to the exercise test

  Odd’s ratio
95% Confidence interval p-values

Lower Upper

Body mass index 2,630 1,517 4,559 0.001

HDL 1,012 0.950 1,078 0.710

Frontal QRS-T angle 1,189 1,083 1,305 0.001

White blood cell 22,213 1,887 261,496 0.014

Neutrophil 0.015 0.001 0.677 0.031

Neutrophil/lymphocyte 213,273 4,870 9239.389 0.005

BP: Blood pressure, HDL: High-density lipoprotein

Table 5. ROC analysis of the frontal QRS-T angle

95% confidence interval

Cut-off value AUC Sensitivity Specificity Lower Upper

Frontal QRS-T angle (º) ≥27.50 0.831 0.717 0.750 0.754 0.910

ROC: Receiver operating characteristic, AUC: Area under the curve

Figure 2. ROC curve analysis of the frontal QRS-T angle in predicting the 
excessive BP response to the exercise test

ROC: Receiver operating characteristic, BP: Blood pressure
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Conclusion
ECG measurements may be crucial in identifying individuals who are 

at risk of developing HT in the future. Cardiovascular events may be 

avoided by early identification of individuals who are predisposed to 

developing HT and early initiation of antihypertensive medication. 

To support these results, larger and more randomized controlled 

investigations are required.
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Introduction
The Coronavirus disease-2019 (COVID-19) pandemic caused significant 

changes in the lives of people of all age groups. Social isolation measures 

have reduced face-to-face interactions and increased the time spent 

online (1). Some measures implemented during the pandemic were as 

follows: Education was suspended, online education was started, schools, 

gyms, places of worship, restaurants, shopping centers, entertainment 

venues, and restaurants were closed, and long and comprehensive 

quarantine and curfew were applied. These changes brought some risks. 

However, due to the maturation and transition period, adolescents are 

more vulnerable to the changes and effects of this period (2). A high rate 

of increase has been observed in the use of digital technologies among 

adolescents during the pandemic (3). In addition to the positive effects 

of the internet, there are  some negative consequences of heavy internet 

use. With the increasing use of digital technology, adolescents' spending 

most of their time on the internet has exposed them to various potential 

cyber problems. Especially, internet addiction (IA) and cyberbullying (CB) 
have an important place among these cyber problems.

IA is described as intense use of the internet despite the negative effects 
on the person’s life, loss of control in internet use, an irresistible desire 
to use, the development of tolerance, unsuccessful attempts to reduce/
quit using the internet, and feeling irritable, depressed, and nervous 
due to internet overuse (4). Children’s increased online time because 
of the interruption of daily life-increased feelings of loneliness, and 
the school closures have increased the risk of IA. Among the studies 
reporting an increase in addictive behaviors associated with internet 
use during the pandemic, most of them are in the adult population (1). 
Merely, some studies have reported that IA in children and adolescents 
increased during the pandemic. For example, Dong et al. (5) reported 
that IA and problematic internet use increased among Chinese children 
and adolescents during the pandemic. The rate of IA in adolescents is 
higher than that in adults. The underdeveloped frontal cortex, which is 
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responsible for executive control and emotional regulation, immature 
cognitive control, low problem-solving and coping skills, and finding 
a sense of belonging, autonomy, and power on the internet play a 
role in adolescents being riskier (6). It has been reported that there 
has been an increase of 8-38% in the use of digital technologies by 
adolescents worldwide from 2019 to 2021 (7). This increase may have 
positive effects on mental health and coping with negative emotions 
during the pandemic. It is argued that using digital technologies can 
reduce loneliness, feelings of insecurity and stress, and increase social 
connections and self-esteem (3). Although there are useful sides to 
using the internet, in the literature, more attention has been paid 
to the negative effects rather than the positive effects. However, a 
better understanding of the relationship between the pandemic and 
adolescent ’ IA is still needed.

Apart from IA, the online world contains risks that can affect human 
life and functionality just like the real world. In particular, CB and cyber 
victimization (CV) are some examples of them. Today, a new environment 
has emerged where adolescents can bully each other, and as a result, 
cyberbullies and CB victims have emerged. Looking at the effects of 
CB on young people, it has been shown that it is associated with an 
increased risk of suicide and depressive symptoms, and it can also have 
negative effects on confidence, self-esteem, and peer relationships 
(8). CB is described as offensive, intentional, and recurrent action by a 
person or a group using digital technologies against a victim who has 
difficulty defending himself (9). In line with this, CV is defined as being a 
victim of harassment, receiving offensive and/or threatening messages 
or emails, slandering, and sending embarrassing pictures through 
digital technologies (10). Studies have shown that CB is associated 
with more negative outcomes compared to traditional bullying due to 
its unique features such as anonymity and being targeted in front of 
a larger community (11,12). Studies have reported that the prevalence 
of CV ranged from 10% to 40% (13), and CV has been an increasingly 
serious handicap for young people (14,15). Researchers point out that 
the consequences of the pandemic may cause increased risks related to 
CB in children (16-18).

IA and CB have been shown to be associated with lower mental well-being 
(19). In adolescents, IA has been associated with anxiety and depression 
(20,21). Similarly, victims of CB experience more psychological, 
emotional, and social problems than their peers (22,23). The excessive 
use of digital technologies, which is reported to be a method of coping 
with the stress brought by the pandemic, may increase the symptoms of 
anxiety and depression by increasing the risk of adolescents in terms of 
IA and CB (24). The anxiety and depressive symptoms associated with CB 
and IA can cause significant functional disruption that may negatively 
affect daily life, adversely affect friend-family relationships, or lead to 
psychiatric problems that require treatment in the future (25). There 
is limited knowledge in the literature about risky cyber behaviors of 
adolescents and its relationship with psychiatric symptoms during the 
pandemic.

In our study, we assumed that the pandemic process increased risky 
cyber behaviors such as IA, CB, and CV in adolescents. We showed 
their changes during the pandemic by comparing them with the pre-
pandemic period and to find the relationship between these behaviors 
and symptoms of anxiety and depression.

Methods
Ethical approval of the study was obtained from the University of Health 
Sciences Turkey, İstanbul Bakırköy Dr. Sadi Konuk Training and Research 
Hospital Clinical Research Ethics Committee (approval number: 2021-07-
09, date: 05.04.2021). All participants and their parents provided written 
informed consent. This cross-sectional study was conducted as an online 
survey in April-May 2021. Middle and high school students aged between 
11 and 18 were included in the study. After the participants were given 
detailed information about the research, the sociodemographic data 
form and scales were applied to the volunteers via Google e-forms. 
The participants were asked to fill out the applied scales twice: First, 
according to the pre-pandemic period, and second, according to the 
pandemic period.

With the sociodemographic data form prepared by the researchers, 
information about the participant’s age, gender, school/education, 
economic status (classified according to the country’s official 
poverty line), and family/parent characteristics were collected. The 
sociodemographic data form was filled in by the parents, and all other 
scales were filled in by the young people who participated.

Internet Addiction Scale

Internet Addiction scale (IAS) is a valid and reliable IAS developed by 
Young (Cronbach’s alpha: 0.91) (26). Consisting of 20 items, this scale is 
a six-point Likert-type scale. Participants answer each item as “never,” 
“rarely,” “sometimes,” “often,” “very often” and “always” and the items 
are scored 0, 1, 2, 3, 4, and 5 points. Higher scores mean more risk for IA.

Cyberbullying Scale

The Cyberbullying scale (CBS) is a valid and reliable scale that evaluates 
CB behavior of adolescents (Cronbach’s alpha: 0.86) (27). The CBS had 24 
items. Participants answer each item as “always,” “mostly,” “sometimes” 
and “never, and the items are scored 4, 3, 2, and 1 point, respectively. 
Higher scores indicate greater levels of CB.

Cyberbullying Sensibility Scale

The Cyberbullying sensibility scale (CBSS) is developed to detect 
adolescents’ sensibility for CB (Cronbach’s alpha: 0.87) (28). The CBSS had 
14 items. Participants answer each item as “yes,” “sometimes” and “no”, 
and the items are scored 3, 2, and 1 point, respectively. Higher scores 
indicate greater levels of CB sensibility.

Cyber Victimization Scale

The scale is designed to assess the CV level (Cronbach’s alpha: 0.86) 
(29). The Cyber Victimization scale (CVS) had 24 items on the scale. Each 
item has binary options (no/yes), with “no” receiving 1 point and “yes” 
receiving 2. Higher scores indicate higher levels of CV.

Revised Child Anxiety/Depression Scale-child Version

The scale is a 47-item, 4-point Likert-type questionnaire designed to 
evaluate anxiety, obsessive-compulsive, and depressive symptoms in 
children and adolescents. The scale grants a total anxiety score and a 
total anxiety/depression score. The Cronbach’s alpha values for the total 
scale were 0.95 (30).

Uğur Tekin. Adolescents’ Risky Cyber Behavior and Pandemic
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Statistical Analysis

Statistical analyses were performed using the IBM Statistical Package for 

the Social Sciences Statistics 22 statistical software package program. The 

statistical data were expressed using the mean and standard deviation. 

Comparisons between the pre-pandemic and the pandemic periods 

were compared using the Wilcoxon signed-rank test. Correlations of 

scale scores with revised child anxiety/depression scale-child version 

(RCADS-CV) scores in the pandemic were analyzed using Spearman’s 

rank correlation coefficient for non-parametric variables. A value of 

p<0.05 and p<0.01 were considered statistically significant levels. 

Results

The sample of the study consisted of 111 young people, 74 girls, and 

37 boys. The sociodemographic characteristics of the sample are 

summarized in Table 1.

Scale scores of the pandemic and the pre-pandemic period were 

compared using the Wilcoxon signed‐rank test since the data were not 

normally distributed. We observed that the IAS, CBS, and CBSS scores 

were significantly higher in the pandemic period compared with the 

pre-pandemic period. However, there was no significant difference in 

the CVS scores between the two periods. The mean values of the various 

scale scores are shown in Table 2.

The Spearman rho correlation coefficient was performed to evaluate 

the relationship between cyber scale and RCADS-CV scores during the 

pandemic period. The IAS scores showed moderate and strong positive 

correlations with all RCADS-CV sub-scores. While the CVS and CBSS scores 

showed low and moderate positive correlations with all RCADS-CV sub-

scores (except the CVS and separation anxiety), CBS scores showed low 

positive correlations with some RCADS-CV sub-scores, including panic, 

social anxiety, total anxiety, and total anxiety and depression. The mean 

values of the RCADS-CV scores and their correlations with the various 

cyber scale scores are presented in Table 3.

Table 1. Sociodemographic characteristics of the sample

n (%)

Female gender 74 (67%)

Age (mean, year ± SD)
13.7±2.05
Min.: 11
Max.: 18

Education

Middle school 70 (63%)

High school 41 (37%)

SES

Low 52 (47%)

High 59 (53%)

Mother 

Age (mean ± SD) 41.7 ± 5.25

University education* 46 (41%)

Father 

Age (mean ± SD) (y) 45.2 ± 6.7

University education* 59 (53%)

Divorced Parents 4 (3.6%)

SES: Socioeconomic status, SD: Standard deviation, y: Years, Min.: Minimum, Max.: 
Maximum, *: Number of parents with university or higher education

Table 2. Comparison of cyber scales’ scores of the pandemic period with the pre-pandemic period

Pre-pandemic period Pandemic period

Mean ± SD Mean ± SD z p*

IAS scores 20±16.3 27.08±18.5 -7.227 <0.001

CBS scores 24.41±1.63 24.55±1.75 -2.623 0.009

CBSS scores 35.26±6.43 35.61±6.38 -2.382 0.017

CVS scores 24.78±2.65 24.88±2.69 -0.983 0.326

IAS: Internet Addiction scale, CBS: Cyberbullying scale, CBSS: Cyberbullying Sensibility scale, CVS: Cyber Victimization scale, SD: Standard deviation

Table 3. Correlations of cyber scales’ scores with RCADS-CV scores in pandemic

IAS scores CBS scores CBSS scores CVS scores

Mean ± SD r r r r

Separation anxiety 50.75±10.92 0.460** 0.123 0.246** 0.112

Generalized anxiety 47.95±13.38 0.408** 0.149 0.400** 0.318**

Panic 48.86±11.6 0.513** 0.289** 0.262** 0.353**

Social anxiety 44.36±13.32 0.573** 0.261** 0.254** 0.227*

OCD 48.09±11.65 0.540** 0.094 0.335** 0.207*

Depression 51.58±15.43 0.648** 0.182 0.292** 0.363**

Total anxiety 46.98±13.17 0.596** 0.252** 0.350** 0.313**

Total anxiety and depression 48.03±14.41 0.632** 0.243* 0.341** 0.342**

RCADS-CV: Revised Child Anxiety and Depression Scale-Child Version, IAS: Internet Addiction scale, CBS: Cyberbullying scale, CBSS: Cyberbullying Sensibility scale, CVS: Cyber Victimization 
scale, **: The correlation is significant at the 0.01 level (2-tailed), *: The correlation is significant at the 0.05 level (2-tailed)
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Discussion
The psychological and behavioral effects of the COVID-19 pandemic 
on children have just begun to be understood. In the current study, 
we examined risky behaviors of adolescents related to the cyber 
environment such as IA and CB during the pandemic period. The 
widespread use of the internet as a strategy for coping with stress in 
such a stressful period is an expected outcome. In adolescence, the risks 
of the cyber environment are likely to increase as the time spent online 
increases. Moreover, it can be expected that depression and anxiety 
levels may be associated with these risky cyber behaviors. Our study has 
demonstrated relevant results on these issues. A significant increase was 
observed in the IA, CB, and CBS scores of adolescents compared with 
the pre-pandemic period. However, no significant change was found in 
the CV score. Additionally, it was shown in the current study that during 
the pandemic, IA was strongly associated with an increase in all kinds 
of anxiety and depressive symptoms. Moreover, it was found that, while 
CB was associated with only panic and social anxiety symptoms, CBS and 
CV were associated with all kinds of anxiety and depressive symptoms 
(excluding separation anxiety).

In recent decades, with the development of technology, communication 
and the use of media has evolved and become widespread through 
internet-based devices. These developments have made positive 
contributions to coping with the isolation caused by the measures taken 
during the pandemic (3). However, overuse can have some risks and 
negative consequences. In one study, adolescents spend 4-6 h a day in 
front of the screen for recreational activities and more than 6 h a day 
for educational purposes during the pandemic (31). In another study, 
it was shown that the total daily screen time increased from 87.1 to 
334.3 min in children (32). In this way, while getting away from the 
negative experiences created by the pandemic, being more online 
in the cyber world caused children and adolescents to have internet-
based addictive behaviors (1). The findings of our study support the 
reports in the literature that adolescents’ IA has increased during the 
pandemic. However, our study found that all types of anxiety and 
depressive symptoms were strongly associated with increased IA 
during the pandemic. It has been argued that problematic internet use 
may be operating as a new type of emotion regulation method (33). 
Emotion regulation is a critical skill that develops during childhood and 
adolescence for coping with difficult life events and intense emotions 
(34). In this respect, it can be speculated that addictive internet use has 
been used as a method of the regulation (or dysregulation) of negative 
emotions by adolescents in the pandemic (35).

As a vicious circle, while real-life problems push the individual into the 
virtual world, the increase in the time spent in the virtual world and the 
decrease in the time spent offline cause more and more problems (36). 
CB and CV are other important aspects of this vicious circle. The increase 
in the rate of being online and having devices such as smartphones 
during the pandemic process has been considered a factor that increases 
interactions and bullying in the cyber world (18,37). However, there are 
studies have reporting different results in this regard. For example, 
a study from the US reported that school-age CB decreased in the 
pandemic compared with the pre-pandemic period (38). The authors 
attributed this finding to the reduction of in-person bullying with school 

closures and argued that consistent with previous evidence referring 
that CB rarely occurs independently of personal bullying. However, 
in another study involving 240 youth aged 17 and over, no significant 
increases were found in CB during the pandemic (39). This study was 
interpreted as a decrease in face-to-face interaction with peers during 
periods of social isolation, making CB less attractive. Contrary to these 
studies, we found in our study that adolescents’ CB and CBS increased, 
whereas CV did not change. These different results may be related to the 
fact that these two studies were conducted in older age groups compared 
with our study. In line with our results, another study reported that the 
frequency of CV did not increase among adolescents during quarantine 
due to the pandemic (40). Although there is no study in the literature 
on the CBS of adolescents during the pandemic, we interpreted the 
finding of increased CBS as consistent and supportive with the finding 
of increased CB and may contribute to the understanding of the reason 
for this increase. There may be different explanations for the increase 
in CB and the absence of a change in CV. Those who have experienced 
CV may have given up reporting it and seeking support because of 
the embarrassment they experienced (40). Our finding that can be 
interpreted in parallel and in support of this interpretation was that 
CB was not associated with most anxiety symptoms, whereas CV was 
associated with almost all anxiety and depression complaints.

Some of the key strengths of our work are as follows. First, the study 
focused on the adolescent age group. It is important to investigate the 
impact of the pandemic on adolescents since they are important actors 
in the cyber world and are in a vulnerable life period. The second point, 
the risky cyber behaviors evaluated in the study was attempted to be 
examined by taking the pre-pandemic period as the baseline. Finally, 
risky cyber behaviors have been extensively researched by examining 
CB, CBS, and CV as well as IA.

Study Limitations

Our study had some limitations. First, our study has a modest sample 
size. Compared to online surveys in the literature, the sample size of 
our study was relatively small. Second, not dealing with data such as the 
purpose and duration of screen use is one of the important limitations 
of our study. Since online surveys often carry biases, another limitation 
of the study is that the data were collected online. Additionally, the 
results of the study are based on correlational analysis, and a causal 
relationship cannot be established based on the data of this cross-
sectional study. In future studies, there is a need to conduct follow-
up studies in a large sample, to examine the effect of the pandemic 
on cyber behaviors, and to examine the course of these risky cyber 
behaviors after the pandemic.

Conclusion
The results of this study indicate that the COVID-19 pandemic and 
associated events have a negative impact on the risky cyber behaviors 
of adolescents. During the pandemic, an increase was observed in 
adolescents’ IA and cyberbullying behaviors, as well as their sensitivity to 
cyberbullying levels compared to the pre-pandemic period. Risky cyber 
behaviors of adolescents during the pandemic period were associated 
with anxiety and depression symptoms. Consequently, our findings 
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point to the importance of supervising adolescents in cyberspace and 
providing them with psychosocial support during stressful global events 
such as pandemics.
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