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Assessment of thrombin-activatable fibrinolysis 
inhibitor levels in essential hypertension 
 
Ayla Yıldız1 , Kerem Okutur2 , Nezaket Eren3  
 
1Department of Medical Biology, Medical Biochemistry, University of Health Sciences, Başakşehir Çam and Sakura City Hospital, Istanbul, 
Türkiye; 2Department of Medical Oncology, Memorial Bahcelievler Hospital, Istanbul, Türkiye; 3Department of Medical Biochemistry, 
Avrupa Şafak Hospital, Istanbul, Türkiye 
 
 
ABSTRACT 
Objectives: Most research in this field has highlighted the significance of the fibrinolytic system in essential 
hypertension, revealing anomalies within the coagulation and fibrinolytic pathways that contribute to a hyper-
coagulable condition. We aim to investigate thrombin-activatable fibrinolysis inhibitor (TAFI) levels in indi-
viduals diagnosed with high blood pressure. 
Methods: We compared 40 newly diagnosed cases of essential hypertension, who were not receiving antihy-
pertensive medication, with 40 normotensive individuals as controls. Various parameters and TAFI levels were 
assessed in all subjects and compared between the groups. Additionally, hypertensive patients were classified 
based on whether they exhibited high or normal cholesterol levels (≥200 mg/dL). 
Results: The concentrations of TAFI were significantly higher in the hypertensive cohort compared to the nor-
motensive counterparts (116.95±29.76 and 77.72±32.78 (ng/mL) , respectively; P<0.001). In addition, the high 
blood pressure cohort exhibited a notably higher mean body mass index (BMI) in contrast to the normotensive 
group (29.55±4.82 vs. 24.93±3.07 kg/m2, respectively; P<0.001). On the other hand, the remaining results 
showed no statistically significant differences between the two cohorts. Linear regression analysis revealed 
that blood pressure status and BMI independently correlated with plasma TAFI levels. 
Conclusions: The concentrations of TAFI are elevated in patients with high blood pressure compared to indi-
viduals with normal blood pressure, irrespective of high cholesterol levels. Further exploration is necessary to 
clarify the involvement of TAFIs in the pathophysiology of primary hypertension, necessitating advanced in-
vestigatory initiatives.  
Keywords: Thrombin activatable fibrinolysis inhibitor, cardiovascular diseases, thrombosis, fibrinolysis 
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 E ssential hypertension (PHT) accounts for 85-

90% of all cases of hypertension. Hyperten-
sion represents a substantial risk factor for 

cardiovascular diseases, which stand as the foremost 
cause of mortality globally. The asymptomatic pres-
entation of primary hypertension frequently results in 

diagnostic delays and unfavorable cardiovascular con-
sequences [1]. Additionally, it induces abnormalities 
in the coagulation and fibrinolytic systems, leading to 
disruption in the balance of coagulation [2]. Throm-
bin-activatable fibrinolysis Inhibitor (TAFI) has gar-
nered growing attention in recent years regarding its 
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implications for the interplay among atherosclerosis, 
hypertension, and hemostasis. Moreover, it belongs to 
the group of metalloproteinases, acting as a proen-
zyme for carboxypeptidase. TAFI is activated by 
thrombin, leading to the inhibition of fibrin degrada-
tion, which is essential for preserving the delicate 
equilibrium between fibrinolysis and coagulation [3-
5]. In addition, circulating concentrations of this 
marker are elevated in pathologies which character-
ized by hypercoagulability. Hypertension (HT) repre-
sents a predisposing factor for the majority of these 
conditions [6].  
      In addition to its role in coagulation/fibrinolysis 
and inflammatory processes, some studies suggest a 
potential association between plasma TAFI levels and 
hyperlipidemia. Some studies have shown that Low 
low-density lipoprotein cholesterol (LDL) is a signif-
icant determinant of plasma TAFI in studies involving 
individuals with type 2 diabetes [7].  
      In previous studies, researchers observed that 
women diagnosed with hypercholesterolemia showed 
markedly elevated TAFI levels compared to women 
without this risk factor, while exploring the correlation 
between our markers and traditional cardiovascular 
risk factors [8].  
      In subsequent scientific studies demonstrating the 
effects of simvastatin treatment, it was observed that 
TAFI levels decreased significantly following simvas-
tatin therapy [9].  
      Based on these findings, it is suggested that due 
to the biochemical properties of TAFI, it could influ-
ence the relationship between hyperlipidemia and 
PHT. Therefore, additional research is necessary. Con-
sequently, we examined TAFI levels in patients diag-
nosed with PHT and hypercholesterolemia and 
meticulously controlled prospective clinical trials. 
 
 
METHODS 
 
The study involved 40 individuals newly diagnosed 
with primary hypertension and the same number of 
control groups. Primary hypertension was character-
ized by blood pressure (BP) readings ≥140/90 mmHg, 
without an identifiable secondary cause [10].  
      The exclusion criteria included kidney diseases, 
endocrine disorders, diabetes, and antilipidemic med-
ication users. This thesis was conducted at Istanbul 

Şişli Hamidiye Etfal Training and Research Hospital.  
      Comprehensive clinical patient information in-
cluding medication usage was obtained. The body 
mass index (BMI) of the individuals was determined 
through measurements of their height and weight.  
      Blood samples were obtained from participants 
following a 12-hour overnight fasting period. Serum 
was collected into tubes with a gel separator, while 
plasma was collected into tubes containing 3.2% 
trisodium citrate solution as a blood thinner. The bio-
logical materials were centrifuged according to the 
protocol, aliquoted, and stored at -80°C. Lipid profile 
tests and C-reactive protein (CRP) serum levels were 
conducted using the Abbott-Aeroset automated ana-
lyzer at Abbott Diagnostics, Illinois, USA.  
      Fibrinogen, as one of the coagulation tests, was 
assessed using the Clauss method on the ACL Ad-
vance automated analyzer (San Diego, Instrumenta-
tion Laboratory, USA). The concentrations of TAFI 
antigen used as a research kit were measured using an 
enzyme-linked immunosorbent assay (ELISA) kit. 
(American Diagnostica Inc Imunclone, USA). The 
group diagnosed with primary hypertension and the 
normotensive group were also divided into two groups 
based on high cholesterol levels (total cholesterol lev-
els ≥ 200 mg/dL and those < 200 mg/dL). As a result, 
our study continued with four groups based on these 
criteria. 
 
Statistical Analysis  
      It was conducted using the SPSS 22.0 software 
package. Descriptive statistics including mean and 
standard deviation were presented for normally dis-
tributed numerical variables. Normality of variables 
was assessed visually using histogram and probability 
graphs, as well as analytically using the Kolmogorov-
Smirnov and Shapiro-Wilk tests. Student's t-test and 
One-Way ANOVA were employed for comparisons 
between two groups and multiple groups, respectively. 
For variables that did not follow a normal distribution, 
median, interquartile range (IQR), minimum, and 
maximum values were reported, and the Mann-Whit-
ney U test was used for comparisons between the two 
groups. Statistical remarkable levels were defined as 
(P<0.050). Linear regression analysis was utilized to 
independent variables associated with TAFI antigen 
concentration. Pearson correlation analysis was ap-
plied to parameters showing homogeneous distribu-
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tion, while Spearman correlation analysis was used for 
parameters not showing homogeneous distribution. 
The statistical power of the study was computed using 
this software [11]. The study's statistical power was 
determined to be 0.80, with a significance level (α) of 
0.05 and a power of 80% (β=0.20). In our study, a 
Type II error rate of 20% and a Type I error rate of 
0.05 with a 95% confidence interval were chosen to 
achieve 80% statistical power. The sample size was 
calculated using information from a previous study, 
where the average TAFI levels were reported as 
104.91±27.43 (ng/mL) in the group with high blood 
pressure and 87.59±25.82 (ng/mL) in the group with-
out high blood pressure. 
 
 
RESULTS 
 
The basic clinical features and biochemical tests of the 
hypertensive and normotensive groups are presented 
in Table 1. While statistically significant differences 
were observed in BMI, CRP, and TAFI levels, no dif-
ferences were found between the two groups in most 

lipid profile and coagulation parameters, fibrinogen. 
(Table 1). Moreover, TAFI antigen did not signifi-
cantly differ between hypercholesterolemic and nor-
mocholesterolemic patients (98.5±37.1 and 95.1± 37.0 
(ng/mL), respectively; P=0.570)). Similarly, there was 
no remarkable disparity in TAFI levels based on hy-
pertensive and normotensive groups. After dividing 
the two groups into subgroups based on high choles-
terol levels (<200 mg/dL and ≥200 mg/dL), we com-
pared the TAFI levels between these subgroups. 
Analysis revealed no statistically significant differ-
ences in TAFI levels among the subgroups of both hy-
pertensive and normotensive individuals categorized 
by total cholesterol levels (P=0.471 and P=0.839, re-
spectively) (Fig. 1). Table 2 provides a detailed 
overview of the linear regression analysis findings re-
lated to the factors associated with serum TAFI levels. 
The data indicate that TAFI levels are independently 
associated with both BMI and essential hypertension. 
In our study, correlation analysis revealed a positive 
and significant relationship between age and BMI 
(r=0.267, P=0.017); TAFI and BMI (r=0.455, 
P<0.001); age and CRP (r=0.349, P=0.002); and fib-
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rinogen and CRP (r=0.386, P<0.001). No significant 
relationship was found among other biochemical pa-
rameters (Table 3).  
 
 
DISCUSSION 
 
The objective of this investigation was to assess TAFI 
levels in individuals with PHT who had not undergone 
any antihypertensive treatments. Upon comparison be-

tween the hypertensive and normotensive groups, it 
was observed that our markers were notably increased 
in the hypertensive group (Table 1). Additionally, the 
hypertensive group exhibited significantly higher BMI 
and CRP values compared to the normotensive group.  
      The main goal of the current study was to deter-
mine TAFI Antigen concentrations in individuals di-
agnosed with PHT who had not undergone any 
antihypertensive interventions. Upon comparison be-
tween the hypertensive and normotensive cohorts, it 
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Fig. 1. Serum TAFI levels (ng/mL); TAFI=Thrombin-Activatable Fibrinolysis Inhibitor. 
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was observed that the TAFI levels in the hypertensive 
group were markedly elevated, as delineated in Table 
1. Additionally, the hypertensive cohort exhibited no-
tably higher BMI and CRP values in contrast to the 
normotensive group. Within this dataset, linear regres-
sion analyses were conducted to explore the factors 
associated with TAFI Antigen, aiming to ascertain 
whether TAFI elevation in the hypertensive cohort re-
mained independent of BMI and CRP concentrations 
(Table 2), which were notably elevated within this 
group. Essentially, the rise in TAFI levels among hy-
pertensive individuals was determined to be linked to 
hypertension status, irrespective of BMI and CRP val-
ues (Table 2). 
      Based on the correlation analysis performed in our 
study, a statistically significant positive association 
was identified between CRP and both age and fibrino-
gen levels. Additionally, a significant positive corre-
lation was observed BMI and age, as well as between 
BMI and TAFI levels.  
      Multiple pathways might elucidate the heightened 
TAFI levels observed in PHT patients. Animal studies 
indicate TAFI's expression as an acute-phase protein 
[12]. Furthermore, this antigen elicits inflammatory 
and coagulation cascades [13, 14]. Anticoagulation 
play a role in decreasing inflammation, as inflamma-
tory conditions can lead to blood clot formation. 
Moreover, research shows that higher levels of TAFI 
are linked to markers of endothelial cell damage, such 
as thrombin-antithrombin complexes and thrombo-
modulin. This suggests a relationship between inflam-
mation, endothelial damage, and the risk of clot 
formation [15]. The presence of inflammation-induced 
endothelial dysfunction exacerbates the susceptibility 
to thrombotic events in individuals diagnosed with 
pulmonary hypertension disease [16]. Elevated levels 
of TAFI, originating from endothelial sources, may es-
calate due to endothelial damage, consequently foster-
ing a state of hypercoagulability [17]. These 
observations align with numerous studies within the 
existing literature.  
      In prior research on renal transplant recipients, 
Malyszko et al. found that hypertensive patients had 
increased levels of TAFI compared to those with nor-
mal blood pressure [18].  
      Furthermore, they noted a relationship between 
the increase in TAFI and levels of the thrombin-an-
tithrombin (TAT) complex, linking it to vascular en-

dothelial injury observed in the hypertensive group. 
This endothelial damage led to increased TAT levels, 
subsequently promoting the formation of TAT com-
plexes, which in turn heightened TAFI levels. Another 
investigation involving 72 hypertensive patients re-
ported elevated levels of both TAFI and TAT, mutually 
reinforcing their relationship [18].  
      In our study, we observed increased TAFI levels 
among hypertensive patients, while levels of Activated 
Partial Thromboplastin Time (aPTT), fibrinogen, Pro-
thrombin time (PT), TAT, and d-dimer remained un-
changed. Therefore, we concluded that the increase in 
TAFI occurred independently of coagulation cascade 
activation. Özkan et al. [19] investigated the link be-
tween hypertension and fibrinolysis anomalies. Their 
study, which included 58 hypertensive subjects and 27 
controls, revealed significantly elevated TAFI levels 
in the hypertensive group (P=0.03). Following one 
month of antihypertensive therapy, a statistically sig-
nificant reduction in TAFI levels was observed 
(P=0.037). These results agree with the findings of our 
studies, in which illustrate a positive correlation be-
tween essential hypertension and TAFI Antigen con-
centrations.  
      According to Santos et al. [20] the crucial role of 
dyslipidemia as a major risk factor for atherosclerosis 
and coronary artery disease. It was observed that dys-
lipidemia negatively impacts the hemostatic system, 
resulting in impaired fibrinolysis and a subsequent in-
crease in TAFI levels during cardiovascular condi-
tions. Unlike their research focused on examining the 
association among clinical risk factors" (such as hy-
pertension, BMI, smoking, etc.), gene polymorphisms 
(Alanin 147Thr (rs3742264), Threonin 325Ile 
(rs1926447) in the TAFI gene, and +1542C/G (rs940)) 
biochemical parameters and TAFI levels in 105 nor-
molipidemic and 109 dyslipidemic cases. They found 
significantly elevated TAFI levels in dyslipidemic in-
dividuals with concurrent hypertension, increased 
BMI, and postmenopausal status. Additionally, certain 
alleles (Alanin 147, 325 Izolosin and C) were associ-
ated with lower TAFI levels, and the polymorphism 
rs3742264 was linked to dyslipidemia in male pa-
tients. Hence, the observation of elevated TAFI levels 
irrespective of dyslipidemia in their study corroborates 
our findings [20]. Additionally, our study found a sig-
nificant relationship between BMI and TAFI, which 
supports the findings of the current study.  
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      In another study, Santamaria et al. [8] compared 
TAFI levels with various hemostatic parameters such 
as FXII, Protein C, Fibrinogen, t-PA, and von Wille-
brand Factor, considering age and gender. Contrary to 
our findings, they did not find a significant difference 
between TAFI levels and hemostatic parameters. 
However, they observed significantly lower TAFI lev-
els in female patients under the age of 30 as a notable 
finding. Moreover, they in female patients diagnosed 
with hypercholesterolemia. In addition, they con-
ducted their study specifically on female patients with 
hypercholesterolemia. In our prospective study, TAFI 
levels were measured without grouping by age. We fo-
cused solely on age and gender to maintain group ho-
mogeneity. Our findings revealed significantly higher 
TAFI Antigen levels in patients with PHT compared 
to normotensive individuals (P<0.01). There was no 
statistically significant difference in TAFI and fibrino-
gen levels between the two groups (P>0.050).  
      In this comprehensive analysis, we exclusively 
quantified TAFI Antigen concentrations. Several in-
vestigations have found a correlation between circu-
lating TAFI activity (TAFIa) and TAFI antigen 
concentrations [21, 22].  
      Although multiple investigations have identified 
a substantial correlation between TAFI levels and hy-
percholesterolemia, our study demonstrated that the 
elevation in TAFI levels among hypertensive patients 
occurred regardless of lipid level [6, 23, 24].  
Yoshimasa et al. [23] investigated 136 participants di-
agnosed with type 2 diabetes. As a result, they did not 
find a statistically significant difference between meta-
bolic parameters such as hs-CRP, insulin resistance, 
lipid levels, BMI, and PAI-1 level. Significantly, they 
observed that plasma TAFI levels correlated positively 
only with LDL cholesterol. Although they found a re-
verse correlation with Plasminogen Activator Inhibitor 
1 (PAI-1), the level of alpha-2 antiplasmin did not 
show a corresponding negative correlation with TAFI. 
In conclusion, they highlighted the importance of as-
sessing LDL cholesterol levels when examining TAFI 
in patients diagnosed with Type II diabetes mellitus. 
They emphasized the significance of the combined im-
pact of metabolic syndrome and hypercholesterolemia, 
stating that it accelerates inflammatory processes. Ad-
ditionally, they demonstrated a significant correlation 
between impaired fibrinolysis and elevated levels of 
PAI-1 and TAFI. Despite these outcomes, our study 

did not identify a statistically significant difference be-
tween TAFI and LDL cholesterol (P>0.05).  
      Elevated TAFI levels (near 126%) were associated 
with nearly a fourfold increase in the likelihood of 
acute coronary artery disease (CAD). Moreover, 
heightened TAFI levels have been linked to a substan-
tial rise the probability of ischemic stroke and repre-
sent a considerable risk factor for coronary artery 
disease [25]. Previous studies have shown an increase 
in TAFI concentrations in individuals with stable 
angina pectoris and coronary artery disease identified 
via angiography [26]. It has been pointed out that ele-
vated TAFI levels observed in metabolic syndrome 
contribute to the inhibition of fibrinolysis and accel-
erate disease progression [26, 27].  
Unlike the earlier studies referenced, our research re-
vealed no significant difference in triglyceride 
(P>0.05), LDL-cholesterol (P>0.05), and total choles-
terol (P>0.05) levels between hypertensive and nor-
motensive groups. This discovery led us to propose 
that the rise in TAFI levels could be directly caused 
by PHT.  
      Recent researches have shown that TAFIa serves 
as a promising target for addressing thromboembolic 
disorders. Presently, several studies are underway to 
develop TAFIa inhibitors for thrombosis treatment. 
However, no TAFIa inhibitor drug has been developed 
for clinical application thus far. Conversely, Toshimasa 
et al. [28] discovered a novel class of inhibitor mole-
cules containing selenium, offering new avenues for 
drug development. This discovery represents a signif-
icant advancement toward the creation of novel ther-
apeutic agents.  
      Yaoita et al. [29] investigated the effectiveness of 
drugs and TAFI values by inducing experimental 
thrombosis in rats using a renovascular hypertensive 
model. They assessed the impact of interventions in-
cluding antiplatelet, anticoagulant, profibrinolytic, and 
antioxidative agents. After antihypertensive treatment, 
they noted a decrease in PAI-1, tissue factor, and TAFI 
levels. This finding, in line with our study, implies that 
in the context of the unknown origins of hypertension, 
TAFI levels may diminish with treatment, indicating 
a positive response to therapy.  
      Another study has indicated a notable reduction in 
blood clot formation in mice deficient in TAFI when 
subjected to FeCl3-induced vena cava thrombosis, im-
plying a potential role for TAFI in pathology. In this 
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regard, numerous investigations have thoroughly ex-
plored the influence of TAFI levels or variations in the 
TAFI gene on the progression cardiovascular patholo-
gies [30].  
      Furthermore, Aso et al. [23] found that low-den-
sity lipoprotein cholesterol independently affects 
plasma TAFI levels in 105 cases diagnosed with Type 
II diabetes mellitus. Additionally, subgroup analysis 
within this study revealed significantly higher plasma 
TAFI levels in two specific groups: diabetic patients 
with hypercholesterolemia, with or without accompa-
nying metabolic syndrome [31].  
      Based on the studies, it is clear that TAFI may play 
a significant role in the process of essential hyperten-
sion and could impact post-treatment processes. Fur-
thermore, it has been implicated in various diseases 
such as ulcerative colitis [32], antiphospholipid syn-
drome [33], chronic thromboembolic pulmonary hy-
pertension [34], gestational diabetes [35], acute 
pancreatitis [36] and Deep Venous Thrombosis [37]. 
However, more studies are needed to uncover the spe-
cific role and mechanisms of TAFI in these conditions.  
 
Limitations  
      Several limitations should be mentioned for this 
study. Initially, the number of study subjects was rel-
atively small, which led to a wide range of TAFI lev-
els. Aside from this TAFI can be an auxiliary 
parameter in explaining the relationship between hy-
perlipidemia and PHT, menopausal status which has 
similar demographic etiopathogenetic, and pathophys-
iological features. Additionally, since measuring only 
TAFI antigen levels may not fully represent the en-
zyme's functional status, the measurement of TAFI ac-
tivity should also be conducted in future studies. 
 
 
CONCLUSION 
 
In conclusion, TAFI levels are higher in PHT patients 
than in normotensive individuals, and this is independ-
ent of serum cholesterol levels. Additionally, our study 
found a significant relationship between BMI and 
TAFI levels. Higher BMI was associated with in-
creased TAFI levels, suggesting that adiposity may in-
fluence TAFI concentration and its role in the 
fibrinolytic system. The precise role and mechanistic 
pathways of TAFI in the pathogenesis of PHT should 

be elucidated in further advanced studies to understand 
its potential as a therapeutic target or biomarker. 
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Investigation of the relationship between prolactin and 
infertility by expression levels of kisspeptin (KISS1), 
KISS1 receptor, neurokinin (NK), NK receptor genes 
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ABSTRACT 
Objectives: Prolactin level, which rises in the blood during pregnancy and after birth, plays a role in physio-
logical events such as metabolism and reproduction. Increased blood levels of prolactin lead to various disor-
ders. The most important of these are amenorrhea/galactorrhea and disruption of ovulation. Disruption of 
ovulation is a serious problem and can lead to infertility problems. Kisspeptin (KISS1) and Neurokinins are 
involved in the control of ovulation. This study aimed to explain the relationship between Prolactin and infer-
tility with the expression levels of KISS1, KISS1 Receptor (KISS1R), Neurokinin (NK), Neurokinin Receptor 
(NKR) genes. 
Methods: Fourty female Wistar Albino rats, 12-16 weeks old, were used in this study. Three groups were 
formed, 10 rats were in Group-1 as Control, 10 rats were in Group-2 given Saline, and 20 rats were in Group-
3 given Metoclopramide (Metpamid, Sifar Turkey). The raising effect of Metoclopramide on blood Prolactin 
levels leading to infertility was helpful to clarify the process in comparison with the other two groups not given 
Metoclopramide. 
Results: In Group-3 given Metoclopramide, the blood Prolactin levels were found to be significantly higher 
compared to Group-1 and Group-2 subjects that were not given this drug. Expression values of KISS1, KISS1R 
and NK, NKR genes were found to be significantly decreased in Group-3, where the Prolactin level increased, 
compared to the other two groups (P<0.001). 
Conclusions: In this study, it has been shown that the expression levels of Neuropeptide genes (KISS1, NK) 
are suppressed with the direct effect of hyperprolactinemia, thus decreasing the amount and functions of Neu-
ropeptides. In our study it was concluded that the negative effects of prolactin elevation on reproduction may 
be mediated by neuropeptides. 
Keywords: Fertilization, infertility, kisspeptin, neuropeptide, prolactin, reproduction 

The European Research Journal 2025;11(1):11-18

DOI: https://doi.org/10.18621/eurj.1479432

Original Article

Medical Biology

 
 I nfertility has been defined by the World Health 

Organization as a serious universal problem. It is 
estimated that approximately 17.5% of reproduc-

tive-aged couples worldwide has infertility or subfer-

tility [1]. In most cases of infertility, there are prob-
lems in the release of hormones that govern the repro-
ductive system. Hyperpolactinemia has an important 
place among these problems and this condition is more 
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common in women. While its prevalence is 0.4% in 
the adult population, it can be as high as 9-17% in 
women with reproductive disorders [2]. These values 
show the effect of Prolactin on infertility, and high 
Prolactin exerts its inhibitory effect on the hypothala-
mus [3]. It is known that there is gonadal dysfunction 
in the case of hyperpolactinemia. LH (Luteinizing 
Hormone) peak cannot occur in the anovulatory cycle 
or ovulation is prevented because the progesterone 
phase is blocked. Gonadotropin Releasing Hormone 
(GnRH) dependent LH and Follicle Stimulating Hor-
mone (FSH) releases are triggered by Kisspeptins. 
This has been demonstrated in mice and rats with mu-
tations of G protein coupled receptor 54 (GPR54). Pe-
ripherally administered Metastin (Kisspeptin) 
increases gonadotropin levels in female and male rats 
and causes ovulation in prepubertal females [4, 5]. 
Kisspeptins are members of the RF amide-related pro-
teins family and are important regulators of the GnRH 
neuroendocrine system [6].They are Neuropeptides 
that act on GPR54 receptors by deriving from a 145 
amino acid precursor protein, which is located in the 
q32 region of chromosome 1 and is transcribed by the 
gene called kisspeptin (KISS1) [7, 8]. Kisspeptin neu-
rons play a role as the primary mediator in the feed-
back control of GnRH release [9, 10]. Another protein 
found to be associated with the release of GnRH in the 
hypothalamus is Neurokinin B (NKB). This signal 
peptide is a member of the Tachykinin family and is 
involved in intracellular signaling in vertebrates and 
invertebrates. The most well-known Tachykinins in 
man are Substance P (SP), Neurokinin A (NKA), and 
NKB, all of which are commonly synthesized in the 
central nervous system. NKB and its receptor NK3R, 
which play a role in the human reproductive axis, are 
encoded by Tachykinin 3 (TAC3) and Tachykinin 3 re-
ceptor (TACR3) genes, respectively. Their mouse ho-
mologues are the Tachykinin 2 (TAC2) and 
Tachykinin 2 receptor (TACR2) genes. These genes 
are widely expressed in the central nervous system of 
humans and rodents. The expression of NKB and 
Kiss1 in the same cells in the arcuate nucleus indicates 
that they may be closely related. Indeed, studies on 
mice have shown that NKB agonist increases KISS1 
expression and thus affects GnRH and subsequently 
LH release [10, 11]. It has been stated that KISS1 and 
NKB may be related to each other, as well as to other 
hormones that have an effect on GnRH secretion in 

the living system, especially in the hypothalamus. One 
of them is Prolactin. Hyperprolactinemia prevents fer-
tilization by inhibiting ovulation with its inhibition ef-
fect on GnRH secretion. It was aimed to eliminate the 
inhibition effect of Prolactin on GnRH with the appli-
cation of Kisspeptin1 to rats with hyperpolactinemia. 
Thus, anovulation improved and ovulation occurred 
with the positive effect of KISS1 on GnRH [12].Con-
sidering all this literature information, in this study, 
we examined the related Neuropeptides we identified 
and the expression levels of their genes. Hyperpro-
lactinemia reduces the expression levels of KISS1 and 
Neurokinins, called as Neuropeptides, and their recep-
tors genes, thereby stopping their effects that increase 
GnRH secretion. Thus, high Prolactin level in the 
blood reduces the functions of these special Neuropep-
tides and their receptors, and inhibits the release of 
GnRH through them. In other words, hyperprolactine-
mia triggers this metabolic process, makes the related 
Neuropeptides and their receptors hypoactive, indi-
rectly inhibits the release of GnRH upon this hypoac-
tivation, thus providing infertility. 
 
 
METHODS 
 
Animal Model 
In this study, we created a female animal model that 
their reproduction abilities were inhibited through the 
high blood Prolactin level raised with Metoclo-
pramide. Once the Metoclopramide administration 
was stopped, reproduction was possible in the same 
female rats again, when the blood Prolactin level re-
turned to normal. This experimental animal model en-
abled to observe the increase of blood Prolactin in 
favor of infertility and also its decrease in favor of fer-
tility. This exemplary model provided an important 
knowledge base for the investigation of all infertility 
problems, including the disturbed menstrual cycle, in 
determining the negative side effects of Metoclo-
pramide-containing drugs, which have been applied 
clinically for various treatments in humans for years. 
      Three groups of Wistar Albino female rats weigh-
ing 200-250 g selected as 12-16 weeks old were used 
in this study. The number of rats was 40 in total. They 
were divided into three groups, including 10 for Con-
trolgroup,10 only Saline administered group, and 20 
only Metoclopramide (Metpamid, Sifar Turkey) ad-
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ministered group, so that we separated them as Group-
1-2-3 consecutively, as shown in Table 1. Blood Pro-
lactin levels and expression levels of KISS1, KISS1 
receptor (KISS1R), Neurokinin (NK) and Neurokinin 
receptor (NKR) genes of all these rats were examined. 
Table 1 summarizes all these three groups of female 
rats and their applications. 
      It was determined that fertilization was inhibited 
when Metoclopramide was given to female rats, and 
fertilization was reactivated when Metoclopramide 
was stopped. Thus, Group-3 was given Metoclo-
pramide for two weeks, and then blood Prolactin lev-
els of rats in all groups were measured. The values 
measured using the Prolactin ELISA immunoassay kit 
were compared. It was observed that blood Prolactin 
levels increased significantly in rats in Group-3, and 
there was no change of blood Prolactin levels in rats 
Group-1 and Group-2. Meanwhile, rats in Groups-1, 
Group-2, and 10 randomly selected rats from Group-
3 were additionally used in mRNA Expression studies. 
Vivantis RNA isolation kit (Vivantis Tecnologies Sdn 
Bhd) was used for RNA isolation. Using the Applied 
Biosystems High-Capacity cDNA Reverse Transcrip-
tion kit (Applied Biosystems™), cDNA was obtained 
from RNAs. In our study, we performed Real-Time 
(RT) PCR reaction using TaqMan Gene Expression 
Assay containing FAM stained probe designed for 
Kiss1, Kiss1 receptor, Neurokinin and Neurokinin re-
ceptor genes. Differences between Threshold cycle 
(Tc) and Crossing points (Cp) values were measured 
to determine expression levels. 
 
Ethical Permission 
      The use of experimental animals in this study was 
allowed and recorded with reference decision number 

1 approved in the 8th session of the local ethics aca-
demic authority named Cukurova University Medical 
Faculty Experimental Research and Application Cen-
ter dated 21August 2013. The animals were carefully 
treated in accordance with the guidelines confirmed 
by this official permission. 
 
Statistical Analysis 
      When summarizing the data, variables are ex-
pressed as mean ± standard deviation median (min-
max) value. The Kruskal-Wallis Test was used for 
three or more group comparisons, and then the Mann-
Whitney U test was used for pairwise comparisons or 
direct two group comparisons for expression values. 
In the evaluations of the variables, differences where 
p<0.05 were considered statistically significant. IBM 
SPSS Statistics 28.0.1 package program was used in 
the analysis of the data. Prolactin levels in Group-3 
given Metoclopramide were found to be significantly 
higher than Group-1 and Group-2 who were not given 
this drug. Expression values of Kiss1, Kiss1 receptor 
and Neurokinin, Neurokinin receptor genes were found 
to be significantly decreased in Group-3, where the Pro-
lactin level increased, compared to the other two groups 
(P<0.001). Prolactin levels were measured in these three 
groups. As a result of the analysis, Prolactin level was 
the highest in Group-3 given Metoclopramide, Prolactin 
levels were found to be low in Group-1 and Group-2, 
which were not given Metoclopramide.  
      Differences between Threshold Cycle (Ct) and 
Crossing Points (Cp) values were measured to deter-
mine expression levels. The Gene Expression levels 
of the subjects in the Control group were calculated 
with the mRNA Gene Expression Assay for compar-
isons with the other groups. 
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RESULTS 
 
It was determined that fertilization was inhibited when 
Metoclopramide was given to female rats, and fertil-
ization was reactivated when Metoclopramide was 
stopped. Thus, Group-3 was given Metoclopramide 
for two weeks, and then blood Prolactin levels of rats 
in all groups were measured.  
      Prolactin levels were measured in three groups. As 
a result of the analysis, Prolactin level was the highest 
in Group-3 given Metoclopramide, Prolactin levels 
were found to below in Group-1and Group-2, which 
were not given Metoclopramide (Table 2).  
      Expression values of KISS1, KISS1R and NK 
genes were found to be significantly decreased in 
Group-3, where the Prolactin level increased, compared 
to the other two groups (P<0.001) (Figs.1, 2, and 3). 
      No statistically significant difference was found 
in Group 3 in terms of NKR expression value 
(P=0.052) (Fig. 4).  
      Following the experimental applications,10 ran-
domly selected female rats from Group-3 were 
brought together with male rats and their pregnancy 
status was examined. It was determined that 8 of the 
rats became pregnant after 3 months, and 2 of them 
became pregnant after 4 months. 
 
 
DISCUSSION 
 
Infertility is defined as the inability to achieve preg-
nancy within 12 months despite regular vaginal sexual 
intercourse with the same partner without using any 

contraceptive method [1]. Infertility can be caused by 
various reasons. Prolactin is one of the hormones as-
sociated with infertility. The idea that high blood Pro-
lactin levels can lead to infertility by decreasing GnRH 
secretion is an important fieldof research [13]. In stud-
ies conducted to show the relationship between Pro-
lactin and infertility, blood Prolactin levels of the 
subjects were increased and fertilization decreased 
[12]. It is noteworthy that in another study, all trans-
genic female mice unable to synthesize Prolactin were 
found to be infertile [14]. In this case, if the level of 
Prolactin in the blood is zero, it is an important issue 
that should be investigated further. This may be a dif-
ferent metabolic process to compensate for the ab-
sence of Prolactin and perhaps gains more activity 
than necessary, which can also cause infertility. By the 
way, Ormandy et al detected many reproductive dis-
orders such as disruption of the menstrual cycle and 
decreased fertilization in transgenic mice with mutated 
Prolactin receptor gene [15]. In our study, blood Pro-
lactin levels of the Metoclopramide group were found 
to be significantly higher than the Control group and 
the Saline group. Owing to our experimental animal 
model, we succeeded to realize Prolactin elevation as 
endogenous and reversible. In this way, we observed 
that female rats given Metoclopramide did not become 
pregnant, but pregnancy occurred in the same rats after 
the effect of Metoclopramide was over. We noticed 
that pregnancies were absolutely normal in female rats 
in Group-1 and Group-2, which were not given Meto-
clopramide. All 10 randomly selected female rats from 
Group-3 gave birth 3 months after Metoclopramide 
administration was stopped. This development, which 
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!Fig. 1. Expression levels of KISS1 in saline and metoclopramide Groups. The difference in expression levels of KISS1 between 
Group-2 (Saline) and Group-3 (Metoclopramide) was statistically significant (P<0.001).
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Fig. 2. Expression levels of KISS1R in saline and metoclopramide groups. The difference in expression levels of KISS1R be-
tween Group-2 (saline) and Group-3 (metoclopramide) was statistically significant (P<0.001).).
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Fig. 3. Expression levels of NKB in saline and metoclopramide Groups. The difference in expression levels of NKB between 
Group-2 (saline) and Group-3 (metoclopramide) was statistically significant (P<0.001).
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Fig. 4. Expression levels of NKBR in saline and metoclopramide groups. The difference in expression levels of NKBR between 
Group-2 (saline) andGroup-3 (metoclopramide) was considered tobe borderline significant (P=0.052).
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resulted in fertilization and delivery, confirms our 
opinion about the effect of Metoclopramide, which 
triggers infertility by elevating the Prolactin level in 
the blood. If the effect of Metoclopramide is over, the 
inhibiting pressure of Prolactin on ovulation will be 
diminished, because Prolactin blood level will de-
crease to normal gradually after stopping the experi-
mental Metoclopramide administration. Bachelot and 
Binart suggested that Prolactin causes anovulation by 
inhibiting the release of GnRH and thus decreasing the 
amount of LH and FSH in the blood. However, they 
did not elucidate how Prolactin does this inhibition 
and the existence of Neuropeptides that mediate it 
[16].The results of our study enabled use to set an ex-
ample that can lead to new research on this subject. 
Meanwhile, several other studies have provided new 
evidence that Prolactin may modulate the reproductive 
axis by acting on a specific population of hypothala-
mic neurons expressing the KISS1gene [17,18].  
      Loss-of-function mutations in genes encoding 
Kisspeptins or in the KISS1R cause puberty problems 
and infertility by negatively affecting the reproductive 
system in humans and animal models [19]. In the 
study of Topaloğlu et al. [20], it was shown that hy-
pogonadotropic hypogonadism developed in all sub-
jects with KISS1 mutation. In another study, the 
suppressive effect on GnRH caused by high blood 
Prolactin levels was abolished with KISS1 injection, 
thereby returning the ovulation process to normal. The 
fact that ovulation occurs again by daily injections of 
KISS1 to female mice that become infertile with Pro-
lactin infusion confirms our comments [12]. In our 
study, we showed that elevated Prolactin decreased 
KISS1 and KISS1R expressions in female rats by 
comparing with our Control and Saline groups. 
KISS1, which has proven to play an important role in 
increasing GnRH secretion, is not the only Neuropep-
tide to undertake this task. Studies conducted in recent 
years have shown that NKB also has effects that in-
crease the release of GnRH [21]. The neuroanatomical 
relationship between Kisspeptins and NKB and the 
demonstration that both are effective in GnRH stimu-
lation and gonadotropin release suggest that these two 
Neuropeptides may mediate the effects of each other 
on puberty and fertility [22]. The data we obtained in 
our study also supports this thesis. Expression of NBP 
was significantly decreased in Metoclopramide admin-
istered subjects compared to Control and Saline groups. 

CONCLUSION 
 
This study revealed that KISS1, KISS1R, NK and 
NKR mRNA expressions were significantly decreased 
in our subjects whose blood Prolactin levels were el-
evated by using Metoclopramide for comparison to the 
Control and Saline groups. All data are compatible 
with the literature and give an accurate idea to explain 
the inhibitory effect of Prolactin on the HPG axis. In 
light of these results, many kinds of pharmacological 
agents can be checked out, if they have any effect of 
raising blood Prolactin levels so that their biological 
effects can lead to this specific clinical outcome of in-
fertility. As a matter of fact, the present literature in 
this field is not enough to fully understand the whole 
cycle. For this reason, GnRH neuron activities, 
histopathological evaluation of the hypothalamic re-
gion, receptor functions in the uterus, and many more 
factors should also be examined in detail. 
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Is prostate-specific antigen density superior than 
prostate-specific antigen kinetics and prostate volume 
in predicting clinically insignificant prostate cancer? 
 
Sinan Avcı , Özgür Ekici , Volkan Çağlayan , Abdullah Erdoğan , Efe Önen , Uğur Akgün , Rıdvan 
Özcan , Sedat Öner  
 
Department of Urology, University of Health Sciences, Bursa City Hospital, Bursa, Türkiye 
 
 
ABSTRACT 
Objectives: In this study, we aimed to evaluate the parameters that could predict clinically insignificant prostate 
cancer (ciPCa) in men who underwent transrectal ultrasound (TRUS)-guided prostate biopsy. 
Methods: Data of patients who underwent transrectal prostate biopsy between January 2015 and November 
2019 were examined retrospectively. Free/total PSA ratio (fPSA%), serum total and free prostate-specific anti-
gen (PSA) levels, prostate volumes (PV) measured by ultrasonography, and PSA density (PSAD) values of 
the patients before biopsy were recorded. ciPCa patients were defined as patients with Gleason scores ≤6 and 
clinical stage ≤T2a (Group 1). The remaining patients (Gleason score >6 and clinical stage >T2a) were included 
in Group 2 (clinical significant prostate cancer (csPCa). The parameters examined before biopsy were compared 
between groups. 
Results: After performing the exclusion criteria, the study counts in 168 patients with the current data of 
total/free PSA levels, age, PV calculated by TRUS, rectal examination findings, and pathology reports. Group 
1 consisted of 115 patients and Group 2 consisted of 53 patients. In the univariate analysis, PV, total PSA and 
PSAD were found significantly different between groups, while age, free PSA, and fPSA% showed no signif-
icant difference between the two groups. According to the results of the multivariate analysis, the independent 
predictor of ciPCa was determined to be PSAD while total PSA and PV were not independent predictors.  
Conclusion: PSAD was found to be superior to other PSA kinetics in predicting ciPCa.  
Keywords: Prostate-specific antigen, prostate cancer, prostate-specific antigen density, prostate volume 
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 P rostate cancer (PCa) is the most commonly di-

agnosed cancer in men after lung cancer and is 
a leading cause of cancer-related deaths. In 

2020, 1.4 million people were diagnosed, accounting 
for 15% of all cancers [1]. Prostate-specific antigen 
(PSA) screening test is widely used all over the world 
for early diagnosis of the disease. However, PSA 

causes difficulties in the diagnosis of prostate cancer. 
Because the specificity of PSA is low. Therefore, var-
ious studies have been conducted to get better cancer 
prediction using different PSA kinetics such as age-
referenced PSA, Free/total PSA ratio (fPSA%), PSA 
density (PSAD), and PSA velocity [2-4]. In most stud-
ies, these diagnostic methods have been used to pre-
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dict prostate cancer patients. Their effectiveness in dis-
tinguishing clinically significant cancers has been less 
studied. However, in the diagnosis of PCa, the main 
goal is to distinguish between clinically significant 
prostate cancer (csPCa) and clinically insignificant 
prostate cancer (ciPCa) to reduce overdiagnosis. On 
the other hand, adenocarcinoma must be seen in 
prostate biopsy samples for a definitive diagnosis, but 
the cancer is detected in only 25% of all biopsies [5]. 
In addition, various complications ranging from sim-
ple hematuria to sepsis may occur as a result of 
prostate biopsy [6].  
      Therefore, in this study, we aimed to investigate 
the success of PSA kinetics and PV in forecasting 
ciPCa in order to decrease redundant biopsies and 
overdiagnosis. In addition, we aimed to determine the 
proper cut-off values of the parameters that would be 
statistically significant in predicting ciPCa. The pri-
mary outcome of the study is to investigate the role of 
PSA kinetics in predicting ciPCa patients, and the sec-
ondary outcome is to determine the cut-off values of 
these parameters in predicting ciPCa. 
 
 
METHODS 
 
For the study, ethics committee approval was obtained 
from the University of Health Sciences Bursa Yuksek 
Ihtisas Training and Research Hospital ethics commit-
tee, dated 29.01.2020 and numbered 2020/01-08. The 
data of 1901 men who underwent transrectal ultra-
sonography-guided prostate biopsy patients between 
40-80 years in a urology outpatient clinic between 
February 2015 and November 2019 were retrospec-
tively scanned. Indications for prostate biopsy was 
serum PSA levels >2.5 ng/mL and abnormal digital 
rectal examination (DRE). Patients with PSA levels 
>10 ng/mL, patients receiving 5-alpha-reductase in-
hibitor therapy, and patients with a history of any in-
vasive treatment for benign prostatic obstruction were 
excluded from the study. Additionally, patients who 
had undergone an endoscopic procedure, biopsy, uri-
nary tract infection, and urinary retention within the 
last month were also excluded from the study.  
      Serum PSA levels were obtained in ng/mL using 
chemiluminescent microparticle immunoassay 
(CMIA) before any prostate manipulation. fPSA% 

was calculated by free PSA/total PSA×100. The pa-
tients' PV was calculated by measuring three dimen-
sions of the prostate (PV = length×width×length×0.52). 
PSAD was obtained by dividing the serum total PSA 
level by the prostate volume measured by ultrasonog-
raphy. The patients included in the study are those who 
have had at least 12 core biopsies. Patients who under-
went multiple biopsies were included in the study ac-
cording to their last biopsy results, PSA levels, and 
prostate volumes from the last biopsy period.  
      Clinically insignificant prostate cancer (low-risk 
patients) was defined as Gleason score ≤6 and clinical 
stage ≤T2a. Patients who met both ciPCa criteria were 
included in Group 1, and the remaining prostate cancer 
patients were included in Group 2. Between groups, 
PSAD and prostate volume, age, total PSA, and free 
PSA were compared.  
 
Statistical Analysis  
      Statistical analysis was performed using SPSS 
version 15.0 software (SPSS, Inc., Chicago, IL, USA). 
Shapiro-Wilk test was used to interpret the suitability 
of the data to the normal distribution curve. Continu-
ous and categorical data were compared using the 
Mann-Whitney U test and Chi-square test, respec-
tively. Logistic regression multivariate analysis was 
performed to identify independent predictive factors. 
The receiver operating characteristic (ROC) curve was 
used to evaluate and compare the effectiveness of 
PSAD, prostate volume, and total PSA. P<0.05 value 
was considered statistically significant. 
 
 
RESULTS 
 
A total of 168 patients with available data were in-
cluded in the study. ciPCa consisted of 115 patients 
and csPCa consisted of 53 patients. Table 1 includes 
the baseline data of the groups and the comparison of 
the groups in terms of these parameters.  
      In univariate analysis, PV was found to be signif-
icantly higher and total PSA and PSAD were signifi-
cantly lower in Group 1 compared to Group 2. Age, 
free PSA, and fPSA% did not differ significantly be-
tween the two groups (Table 1). In ROC analysis, the 
sequence of AUCs was determined as total 
PSAD>PV> total PSA (Table 2).  
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      Multivariate analysis was applied to PSAD, PV, 
and total PSA, which were found to be significant in 
univariate analysis. According to the multivariate 
analysis results, the independent predictor of ciPCa 
was determined to be PSAD, while total PSA and PV 
were not independent predictors (Table 3). Cutoff val-
ues for PSAD, total PSA, and PV were determined for 
the prediction of ciPCa. ROC analysis revealed a cut-
off value of 0.157 ng/mL/cc with 69.8% sensitivity 

and 69.6% specificity for PSAD, and 6.31 ng/mL with 
64.2% sensitivity and 55 specificity for total PSA % 
and the cut-off value for PV is 35.5 cc, with a sensi-
tivity of 77.2% and a specificity of 55% (Fig. 1). The 
numbers and percentages of groups, and the p values 
when patients are divided according to these cut-off 
values, are shown in Table 4. The distribution of 
Group 1 patients into quartiles when grouped by 
PSAD, total PSA, and PV is shown in Table 5.  
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DISCUSSION 
 
Since PSA is insufficient to predict prostate cancer, 
both new laboratory and new imaging methods are 
being developed to predict ciPCa [7, 8]. These meth-
ods aim to reduce overdiagnosis and subsequent 
overtreatment. The desired features of these methods 
are that they are cheap, easily accessible, and non-in-
vasive. In our study, we investigated whether PSAD, 
prostate volume, total PSA, and fPSA%, which can be 
measured in peripheral blood and measured on USG, 

have a place in the prediction of ciPCa. According to 
our study results, we concluded that among PSA de-
rivatives, only PSAD can predict ciPCa.  
      The search for more specific and sensitive markers 
continues to predict ciPCa in the patient group with 
PSA values in 4-10 ng/mL. Since it is known that the 
PSA level increases as the prostate volume increases, 
Benson et al. in their article published in 1992, they 
wrote that the ratio of serum PSA level to prostate vol-
ume could facilitate the detection of PCa. In this study, 
where it was first described, PCa and BPH patients 
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were compared and a statistically significant higher 
rate was found in the PCa group [9]. PSAD is obtained 
by dividing the PSA value by the prostate volume [1]. 
As this rate increases, the probability of having csPCa 
increases.  
      Many studies in the literature have shown a rela-
tionship between PSAD and PCa. In the study of 
Yusim et al. [10], 992 patients were included. They 
showed that PSAD had a role in predicting both PCa 
and csPCa. They concluded that patients with PSAD 
value below 0.09 ng/mL were less likely to have 
csPCa [10]. Omri et al. [11] included 364 patients to 
the study and, they divided the patients into 3 groups 
according to their prostate volume (<50 cc, 50-75 cc, 

>75 cc). According to the results, PSAD was corre-
lated with csPCa in medium and low-sized prostates, 
but not in large-sized prostates [11]. Nordstrom et al. 
[12] in their study including 5291 patients, found the 
PSAD cut-off value to be lower than similar studies 
(<0.07 ng/mL/cc). According to the authors, not per-
forming a prostate biopsy in men with PSAD ≤0.07 
ng/mL/cc would prevent 19.7% of patients from 
biopsy, while 6.9% of patients with csPCa would be 
missed [12]. Kosaka et al. [13] in their study, the 
PSAD cut-off value in predicting csPCa was found to 
be 0.032 ng/mL/cc. This cut-off value is slightly 
higher than the known value. The reason for this was 
thought to be that the study group of Kosaka et al. 
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[13] consisted of patients under the age of 50. Al-
though there is heterogeneity in the cut-off value of 
the studies, the cut-off value specified in the European 
Association of Urology guidelines is 0.1-0.15 
ng/mL/cc [1]. In our study, the PSAD cut-off value 
was determined as 0.157 ng/mL/cc, in line with the 
guideline.  
      To overcome different cut-off values in PSAD, 
measuring prostate size by MRI can provide standard-
ization. In the study performed by Distler et al. [14], 
it was stated that when MRI and PSAD were com-
bined, the negative predictive value for csPCa in-
creased from 79% to 89%.  
      The free/total PSA ratio is also an important PCa 
predictor. According to biopsy pathology results in 
men with serum PSA values in the range of 4-10 
ng/mL, csPCa is detected in more than half of men 
with fPSA % <0.10. Gao et al. [15] evaluated 528 
prostate cancer and 1127 BPH patients in their study 
and they determined a wider gray zone (2.5-25 
ng/mL), contrary to what is known. According to the 
results, fPSA% was found to be the most effective pre-
dictor in patients with PSA values in this range, with 
an AUC value of 0.700 (cut-off value: 15.5%). [15]. 
In the study conducted by Shore et al. [16], the pre-

dictive effects of pro-PSA, total PSA, the prostate 
health index, and free PSA% were compared for PCa. 
fPSA% was found to be effective both in distinguish-
ing PCa-BPH and in distinguishing between aggres-
sive and non-aggressive PCa. However, the prostate 
health index was found to be superior to fPSA% in 
distinguishing between PCa and BPH. [16]. In this 
study, unlike the above studies, there was no statisti-
cally significant difference in fPSA% between the two 
groups.  
      The prostate volume provides important informa-
tion for predicting malignant prostate diseases. How-
ever, data on its use in csPCa are limited. Erdogan et 
al. [17] found that the prostate volume in the patient 
groups with PSA levels of 2.5-10 ng/mL and 10-30 
ng/mL was statistically significantly higher in the BPH 
group than in the PCa group. Chen et al. [18] stated 
in their study that lower rates of prostate cancer were 
detected in the patient group with larger prostate vol-
ume. Huang et al. [19] in their study investigated 
whether prostate volume has an additional predictive 
contribution to the prostate health index in the predic-
tion of PCa.  According to the results, they stated that 
prostate volume had no additional predictive value 
[19]. In the study we present, prostate volume was 
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found to be statistically significantly lower in the clin-
ically significant prostate cancer group but was not 
found to be a predictive factor in multivariate analysis.  
 
Limitations  
      First of the limitations of the study is that it was 
conducted with a small number of patients and a ret-
rospective method. Another limitation is operator-in-
duced differences in prostate volume measurement 
that may affect the PSAD value. 
 
 
CONCLUSION 
 
According to our results, PSAD plays an important 
role in predicting ciPCa. When deciding on biopsy, es-
pecially in patients with PSAD < 0.157 ng/mL/cc, 
benefiting from additional predictive factors will be 
beneficial to avoid overtreatment. 
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Effect of transdermally applied nitroglycerin or 
lidocaine before transradial coronary angiography on 
procedure success and complications 
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ABSTRACT 
Objectives: We investigated the effect of transdermal nitroglycerin or lidocaine application on puncture time, 
number, and complications in patients who underwent transradial coronary angiography. 
Methods: Patients with topical saline applied to the radial artery before the procedure were designated as Group 
1 (n=59), those with topical nitrate were designated as Group 2 (n=43), and those with topical lidocaine were 
designated as Group 3 (n=40). The groups' puncture time, number, and complication rates were compared. 
Results: While our average puncture time was 142±122 seconds in all patients, this time was measured as 
171±131 seconds in Group 1, 88±48 seconds in Group 2, and 157±146 seconds in Group 3 (P=0.021). During 
the procedure, radial artery spasm was observed in 15.2% of patients in Group 1, 6.9% in Group 2, and 12.5% 
in Group 3 (P=0.043). Radial artery occlusion was seen in 8% of patients in Group 1, and 2.5% in Group 3, 
while it was not observed at all in the nitrate-applied group (P=0.041). 
Conclusion: The topical application of nitroglycerin before transradial angiography is a feasible strategy to 
reduce radial puncture time and number, facilitate trans-radial catheterization, and decrease the incidence of 
radial artery spasm and occlusion. 
Keywords: Transradial coronary angiography, transdermal, nitroglycerin, lidocaine, spasm 

The European Research Journal 2025;11(1):27-33

DOI: https://doi.org/10.18621/eurj.1480019

Original Article

Cardiology

 
 N ew guidelines for myocardial revascular-

ization recommend trans-radial access as 
the standard approach unless there are pro-

cedural drawbacks [1, 2]. For diagnostic angiography 
and percutaneous coronary procedure (PCI) in coro-
nary artery disease, the transradial approach (TRA) is 
associated with less bleeding, access site complica-
tions, lower mortality, and higher patient comfort com-
pared to the TFA [3].  
      Due to the smaller vessel size in the trans-radial 
approach, some interventions are technically difficult. 

The possibility of vascular spasm may be considered 
among its disadvantages [4]. It is reported in the liter-
ature that the incidence of radial artery spasm is be-
tween 6.8% and 30% [5]. The spasm occurs due to 
decreased nitric oxide release and increased cate-
cholamine release due to mechanical stimulation and 
endothelial damage during catheter manipulations. We 
investigated the effect of transdermal nitroglycerin or 
lidocaine application on puncture time, number, and 
complications in patients who underwent transradial 
angiography. 
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METHODS 
 
Study Population  
Our study included patients who were examined at the 
Cardiology outpatient clinic between February 2023 
and August 2023 with an indication for angiography. 
Patients with acute coronary syndromes, severe heart 
failure, hemodynamic instability, uncontrolled hyper-
tension or diabetes, previous radial access site insuf-
ficiency, sensitivity to lidocaine or nitrate, and those 
with a history of coronary artery bypass surgery were 
excluded from the study.  
      Patients were randomly assigned to three groups: 
topical nitrate, topical lidocaine, and placebo. Medical 
histories of all patients included in the study were 
recorded.  
      Before the procedure, electrocardiography was 
performed, and blood pressure and pulse rates were 
noted. Group assignments were documented on a sep-
arate data sheet and were not disclosed to the doctors 
performing the procedure or to the patients. To prevent 
selection bias in patients undergoing coronary angiog-
raphy, randomization was conducted by a third party 
unaware of the patient's clinical information.  
      The study was approved by the Tekirdağ Namık 
Kemal University Non-invasive Clinical Research 
Ethics Committee (Decision date: 28.02.2023 and No: 
2023.36.02.14). 
 
Topical Cream Application  
      Patients were administered topical lidocaine or 
topical nitrate at least 30 minutes before the procedure 
on their right wrists. In sequence, 40 mg of lidocaine 
cream was applied to the topical lidocaine group, 30 
mg of nitroglycerin (NTG) ointment (Fougera NY) 
was applied to the topical nitrate group, and a topical 
lotion (selected to resemble the appearance of active 
creams) was applied to the placebo group in the radial 
artery region. Vital signs were recorded initially, 15 
minutes after the procedure, and every 30 minutes be-
fore the procedure.  
 
Radial Puncture  
      Three minutes before radial artery puncture, local 
subcutaneous anesthesia was applied with a 1 mL in-
jection of 1% lidocaine. Radial artery puncture was 
performed by an experienced cardiologist using a 20-
gauge needle and standard techniques. The working 

doctor initiated the puncture duration at the beginning 
of the procedure using a stopwatch. The puncture du-
ration was defined as the time from the needle touch-
ing the forearm at the start of the puncture to the 
complete insertion of the sheath.  
      All procedures were performed using 6F radial 
sheaths. To assess forearm pain, a verbal pain scale was 
utilized by a catheter laboratory nurse. The nurse, un-
aware of the patient's group assignment, queried and re-
ported it. All patients received intra-arterial spasmolytic 
treatment with heparin and 200 µg nitroglycerin. 
      Procedure time, puncture time (Time from subcu-
taneous lidocaine infiltration to puncture), number of 
puncture attempts, and all complications were 
recorded. Pre-discharge examinations were conducted, 
and any developed complications were noted. Before 
discharge, patients were examined by the doctor for 
local complications and clinically assessed. Blood 
pressure and pulse measurements were taken and 
recorded. One week after discharge, patients were 
called for a follow-up, examinations were repeated, 
and procedure-related complications were noted. The 
primary objective of this study was to evaluate the ef-
fect of topical lidocaine or nitrate application on punc-
ture duration and frequency. The secondary objectives 
were to investigate the effect on pain during puncture 
and evaluate its impact on complications during dis-
charge and at 1-week follow-up examinations.  
 
Statistical Analysis  
      Descriptive statistics for baseline parameters of 
continuous variables with normal distribution were 
presented as mean ± standard deviation, while those 
without normal distribution were presented as median 
(minimum-maximum). Qualitative variables were pre-
sented as numbers and percentages. The significance 
of differences in means of continuous variables was 
evaluated using the Student's t-test when the number 
of independent groups was two and the ANOVA test 
when the number of groups was three. To compare the 
group medians of continuous variables that did not ad-
here to the normal distribution, the Mann-Whitney U 
test was employed for the presence of two independent 
groups, and the Kruskal-Wallis test was used for the 
presence of three independent groups. If the Kruskal 
Wallis test statistics indicate significance, post-hoc 
Tukey or non-parametric multiple comparison tests 
were utilized to identify the conditions causing the dif-
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ference. P-value below 0.05 was considered statisti-
cally significant. All tests were performed using the 
SPSS 22.0 (SPSS Inc., Chicago, IL) software version. 
 
 
RESULTS 
 
Patients participating in our study were divided into 
three groups: group 1, the control group (n=59), group 
2, with nitrate-containing cream applied (n=43), and 
group 3, with lidocaine-containing cream (n=40) 
(Table 1). Successful puncture was achieved in 85 pa-
tients (59.9%) on the first attempt, while 57 patients 
(40.1%) required 2 or more punctures. TRA was suc-
cessfully performed in 131 patients (92.3%), while in 
11 patients (7.7%), the procedure was continued via 
the femoral artery due to puncture failure or spasm. 
The average number of punctures for all patients un-
dergoing TRA during the study was 1.7±1. 1, and the 

average radial puncture duration was 142.2±122 sec-
onds (Table 2). The most frequently observed compli-
cation was spasm during the procedure (12%), 
followed by hematoma in 12 patients (8. 5%) during 
follow-up after the procedure. During outpatient clinic 
controls, the arterial ultrasound revealed occlusion in 
the radial artery in 6 patients (4.2%). No pseudoa-
neurysm, radial artery dissection, or rupture was ob-
served in any patient throughout the study. Puncture 
time was significantly lower in Group 2. (Group 1; 
171±131 seconds, Group 2; 88±48 seconds and Group 
3; 157±146 seconds) (P=0.002) (Table 2).  
      When comparing the three groups based on the 
number of punctures, a significant difference was ob-
served (P<0.018). This difference was found to be be-
tween the group with nitrate application (Group 2) and 
the group without cream application (Group 1) 
(P=0.014), while no significant difference was ob-
served between the lidocaine group (Group 3) and the 
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group without cream application (Group 1) (P=0.675). 
Additionally, it was observed that there was a signifi-
cantly lower number of punctures in group 2 as well 
(p<0.001). It was observed that the need for femoral 
procedure in group 2 significantly decreased com-
pared to group 1 (P=0.045). In Group 1, the spasm was 

observed in 9 patients (15. 2%), and hematoma in 9 
patients (15. 2%). Radial artery occlusion was ob-
served in five patients (8.4%) in group 1. Complica-
tions developed in a total of 24 patients (40.6%) in 
Group 1, 4 patients (9.3%) in Group 2, and 9 patients 
(22.5%) in Group 3 (P=0.010). When comparing the 
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complication rates among the three groups, it was 
found that spasm, hematoma, occlusion, and total 
complications were significantly less common in 
Group 2 (P<0.05). While the puncture time of 70 pa-
tients (49.3%) in the study group was 100 seconds or 
less, the puncture time of 72 patients (50.7%) was over 
100 seconds.  
      When examining complications, in the group with 
puncture time exceeding 100 seconds, radial artery 
spasm occurred in 11 patients (15.3%), local 
hematoma in 9 patients (12.5%), and radial artery oc-
clusion in 2 patients. In the group with a puncture time 
of 100 seconds or less, radial artery spasm occurred in 
6 patients (8.6%), local hematoma in 3 patients 
(4.3%), and radial occlusion in 4 patients (5.7%). Al-
though the rates of spasm and hematoma were higher 
in the group with puncture time over 100 seconds, and 
the occlusion rate was higher in the first group, these 
differences were statistically insignificant (P=0.218, 
0.079, and 0.384, respectively). When considering 
total complications, in the group with longer puncture 
time (>100 seconds), complications were observed in 
24 patients (33. 3%), while in the group with puncture 
time ≤100 seconds, complications were observed in 
13 patients (18.6%), and this difference is statistically 
significant (P=0.045).  
      When the puncture time exceeds 104 seconds, it 
increases the risk of complications with a sensitivity 
of 62.2% and specificity of 57.1% (AUC=0.649; 
p=0.053). Looking at the subcategories of complica-
tions, when the puncture time exceeds 106 seconds, it 
also increases the likelihood of spasm with a sensitiv-
ity of 58.8% and specificity of 60% (AUC=0.678; 
p=0.082). Puncture time over 114 seconds increases 
the risk of regional hematoma with a sensitivity of 
66.7% and specificity of 63.3% (AUC=0.691; 
P=0.060) (Figs. 1a, 1b and 1c). There was no signifi-
cant difference between puncture time and radial oc-
clusion. 
 
 
DISCUSSION 
 
According to the results of our study, topical nitroglyc-
erin application is a feasible strategy to reduce radial 
puncture duration and number, facilitate trans-radial 
catheterization, and decrease the incidence of radial 
artery spasm and subsequent occlusion. Topical nitro-

glycerin effectively reduces both the number of radial 
artery punctures and the procedure duration.  
      Beyer et al. [6] study, which compared the effect 
of topical nitrate and lidocaine cream before transra-
dial angiography in 83 patients, found that the group 
treated with nitrate + lidocaine cream had a 24% larger 
radial artery diameter compared to the control group, 
which was believed to reduce endothelial damage. 
However, unlike our study, radial artery spasms oc-
curred in 25% of patients in both groups in this study, 
and no significant difference was observed. Some 
studies indicate that an increase in puncture attempts, 
pain at the access site, and spasms are risk factors for 
radial artery occlusion [7]. When the sheath size is 
larger than the arterial lumen, it may stretch the radial 
artery and cause endothelial damage. The rate of radial 
artery occlusion after arterial access seems to be re-
lated to the size of the radial sheath. While intra-arte-
rial vasodilators used in our routine practice are applied 
after sheathing, endothelial damage begins with sheath-
ing. Although the onset of action of topical nitrates is 
not as fast as intra-arterial application, topical nitrates 
are locally effective and have a longer duration of ac-
tion. As dilation begins before sheathing, it is expected 
that there will be less endothelial damage. 
      A meta-analysis incorporating previous random-
ized controlled trials has shown that nitroglycerin ad-
ministered subcutaneously reduces radial artery spasm 
and incidence of radial artery occlusion effectively [8]. 
Additionally, nitroglycerin has been effective in in-
creasing radial artery diameter. Therefore, the preven-
tion of radial artery spasm may subsequently lead to 
the prevention of radial artery occlusion. The variabil-
ity in nitroglycerin dosage may also affect the find-
ings. For example, regarding intra-arterial 
nitroglycerin dosage: both Dhrama et al. [8] and Da 
Silva et al. [9] used 500 µg. On the other hand, except 
for Coroleu et al. [10] who used 200 µg, the subcuta-
neous nitroglycerin dosage was 500 µg. Similarly, 
while subcutaneous nitroglycerin was effective in re-
ducing spasms, intra-arterial nitroglycerin was not 
found to be effective.  
      In our study, nitroglycerin was effective in reduc-
ing radial artery puncture attempts and procedure du-
ration. Multiple puncture attempts are the main cause 
of radial artery spasms. Our study suggests that the ap-
plication of topical NTG half an hour before coronary 
angiography expands the artery diameter, increases 
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successful access in a single puncture, significantly re-
duces the number and duration of punctures, facilitates 
access to the radial artery, and significantly reduces 
the need for switching to an alternative artery by re-
ducing endothelial damage and increasing the radial 
artery/sheath diameter to reduce spasm, thus reducing 
radial artery occlusion and associated complications.  
      The relationship between gender, age, body mass 
index, smoking and alcohol use, chronic diseases, and 
medications used was not shown to be associated with 
puncture duration. The prolongation of puncture du-
ration has significantly increased complications. Punc-
ture duration has been hypothesized as an important 
parameter in complications occurring at the sheath in-
sertion site. A cut-off value for puncture duration was 
investigated, and ROC analyses revealed that a punc-
ture duration exceeding 104 seconds predicted the risk 
of complications with 62.2% sensitivity and 57.1% 
specificity. When looking at the subcategories of com-
plications, a puncture duration exceeding 106 seconds 
also increased the likelihood of spasm with 58.8% sen-
sitivity and 60% specificity. A puncture duration ex-
ceeding 114 seconds increased the risk of regional 
hematoma with 66.7% sensitivity and 63.3% speci-
ficity. No significant relationship was found between 
puncture duration and radial occlusion.  
 
Limitations  
      Differences in operator experience could poten-
tially affect our results. Variations in puncture tech-
niques and equipment used, especially differences in 
sheath size in trans-radial catheterization techniques, 
are reported as indicators of radial artery occlusion and 
could influence our results. Hemostasis protocols 
could also impact our findings. Furthermore, age-re-
lated atherosclerotic changes are also potentially con-
founding variables that we could not control for. 
 
 
CONCLUSION 
 
According to the findings of our study, topical nitro-
glycerin application emerges as a feasible and straight-
forward strategy to reduce radial puncture duration 
and frequency, facilitate trans-radial catheterization, 
and diminish the incidence of radial artery spasms and 
subsequent occlusion.  
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ABSTRACT 
Objectives: Objectives: This study aims to investigate the effectiveness of peer education methods in reducing 
medical waste in operating room settings. 
Methods: A quasi-experimental design was utilized, involving 217 operating room staff who received training 
in medical waste management through a peer education program. Changes in knowledge, attitudes, behaviors, 
and the amount of medical waste generated before and after the intervention were evaluated. 
Results: Following peer education, there was a significant increase in participants' knowledge levels regarding 
proper medical waste segregation. Positive shifts in attitudes and behaviors related to medical waste manage-
ment were observed post-training. Additionally, the ratio of medical waste to general waste decreased, while 
the proportion of recyclable waste increased after the intervention. 
Conclusions: Peer education emerges as an effective method for enhancing awareness and promoting proper 
medical waste management practices among operating room staff. However, achieving significant waste re-
duction requires comprehensive approaches beyond education alone. Clear regulations, improved infrastructure, 
and the adoption of reusable products are crucial for sustainable waste reduction efforts in healthcare settings. 
Keywords: Medical waste management, peer education, operating room staff, waste reduction, behavior mod-
ification 
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 M edical waste is defined by the World Health 

Organisation (WHO) as: "Waste generated 
in the processes of diagnosis, treatment or 

immunisation of humans or animals". Medical waste 
has a negative impact on the economies of countries 
and organisations as well as potential risks to human 
health. Problems in the proper disposal of these wastes 
increase the risk of infection and injury for healthcare 
personnel. In addition, it threatens public health by 

causing the spread of microorganisms from healthcare 
facilities to the environment [1-4].  
      An increase in the amount of medical waste is ob-
served in connection with the increase in modern med-
ical practices and easier access to healthcare services 
[5]. The use of disposable materials, which have the 
advantage of reducing the risk of infection between 
patients and healthcare personnel, further increases the 
production of medical waste, especially in developed 
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countries. This leads to a rapid increase in the amount 
of medical waste that needs to be disposed of safely [6]. 
      It is generally accepted that the best way to pre-
vent non-infectious waste from entering the infectious 
waste stream is for staff working in healthcare facili-
ties to segregate waste into infectious and non-infec-
tious waste as soon as it is generated [7]. Health 
concerns and lack of knowledge lead to more medical 
waste generation. It has been found that most of the 
medical waste in the hazardous medical waste branch 
should not be thrown into the medical waste bag and 
cost savings of more than 30% can be achieved in this 
case with waste separation and correct definition of 
waste branches [8, 9].  
      Establishment of training programs to increase the 
awareness of perioperative staff members about med-
ical waste may contribute to making positive behav-
iors about waste separation more widespread in the 
institutional culture and thus reducing the amount of 
medical waste [5, 10, 11].  
      Peer education is an active learning process in 
which it is aimed to change the knowledge, attitudes, 
beliefs and skills of individuals in a similar social 
group about a specific subject through educational ac-
tivities by willing, volunteer and trained peers [12]. 
Peer education has a long history and has been used 
for different purposes to help the development of pro-
fessional behaviors for groups of different ages and 
environments [13-15]. Nowadays, in the curricula of 
most medical schools, many departments and insti-
tutes adopt peer education method as a part of their 
daily teaching as well as problem-based learning [16, 
17]. The aim of this study was to investigate the effect 
of peer education method on the reduction in the 
amount of medical waste. 
 
 
METHODS 
 
Study Design  
Ethics committee permission was obtained from SBU 
Hamidiye Medical Faculty Ethics Committee with the 
decision dated 17.06.2022 and numbered 16/4 and 
local permission was obtained from Konya City Hos-
pital Education Planning Board with the decision 
dated 02.12.2021 and numbered 12-16. The research 
conducted between 01.08.2022-02.12.2022 was de-
scriptive and quasi-experimental. The population of 

the study consisted of 320 people consisting of anes-
thesia specialist and assistant doctors, anesthesia tech-
nicians, surgical nurses and table technicians working 
in the operating room. The sample consisted of 217 
people who volunteered for the study.  
      A questionnaire form was prepared by the re-
searchers after reviewing the relevant literature. This 
questionnaire aimed to evaluate the socio-demographic 
characteristics of the participants (8 questions) and 
their level of knowledge, thoughts and attitudes (12 
questions) about medical waste generation, medical 
waste management. The questionnaire form created 
with Google Forms web application was delivered to 
the participants via social media (Whatsapp). 
      The amount of waste generated in our hospital is 
weighed separately for each clinic under the manage-
ment of the environmental management department, 
separately as medical waste, domestic waste and re-
cycling waste to be given to the company in charge of 
receiving medical waste every day. The amount of 
waste generated during the 35 days before the study 
started was obtained from the hospital environmental 
management department data. The team measuring the 
amount of waste did not know about this study.  
 
Identification and Training of Peers  
      Inclusion criteria included working in our institu-
tion and operating room as anesthesiologists, assistant 
physicians, technicians, nurses, or housekeeping staff 
and having no language barriers in communication. 
Exclusion criteria included incomplete or inconsistent 
survey forms, unwillingness to participate, and not 
working during the study period due to reasons such 
as leave or medical report.  
      A standard medical waste training should include 
definitions related to the topic, scope, legal regula-
tions, waste management processes, and health and 
safety issues. While planning the training with the em-
ployees working in the environmental management 
unit, they were asked to prioritize management 
processes and waste reduction topics. Additionally, 
fundamental issues related to medical waste manage-
ment were also covered.  
      A pre-test on medical waste was first administered 
to the target group who volunteered to be included in 
the study. After this test, a peer trainer group was iden-
tified within the target group on a voluntary basis.  
Considering that each peer trainer could reach an av-
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erage of 6-7 people, a group of 35 people was formed.  
      A peer trainer group consisting of 35 individuals 
received training twice. This training was provided by 
the same team from the environmental management 
unit, coordinated by the lead researchers. There was a 
15-day interval between the two training sessions, and 
each session lasted 90 minutes.  
      The peer educator group was selected from people 
who were willing, had strong interpersonal communi-
cation, were respected by the target group and had 
non-judgmental attitudes (18,19).  This group was en-
sured to be homogeneous in terms of profession and 
distribution to the operating rooms. The training in-
cluded waste types, waste symbols, waste color cod-
ing, separation of medical waste at source. In addition, 
the contribution of this issue to the economy, waste 
disposal methods, the use of sharps boxes, injuries 
caused by medical waste, transmitted diseases, and the 
damage of waste on environmental health were ex-
plained. In addition to slides containing theoretical in-
formation, visual training methods such as short films 
were also used in the training.  
      A part of the training presentation was dedicated 
to the content and format of the training to be imple-
mented by the peer trainers to ensure an effective and 
efficient learning experience. It was explained that 
during the training process, questions with missing in-
formation may be encountered, and in this case, ac-
cepting and expressing their deficiencies will increase 
the credibility and respectability of the learning envi-
ronment, and that this attitude will help the group to 
develop a positive attitude towards learning and to es-
tablish a better interaction with the peer trainers. In 
this process, it was stated that it would be effective not 
only to transfer information to teammates but also to 
take on a supportive and motivating role in implemen-
tation. For two weeks after the training, peer trainers 
continued to work in the field in the form of sharing 
information, experience, reminders, and demonstrat-
ing exemplary behavior. Peer trainers did not use any 
standardized training materials while sharing their 
knowledge with other employees in the work environ-
ment. However, if needed, they used materials from 
their own existing trainings.  
      After the completion of the second part of the peer 
training, the amount of waste measured by the waste 
control unit was recorded again for 35 days. At the end 
of this 35-day period, a post-test with the same ques-

tion content was administered to the entire target 
group. Pre-training and post-training tests were admin-
istered to all participants.  
      As the primary outcome of the study, the measure-
ment of the amount of operating room medical waste 
before and 35 days after the peer education was eval-
uated. As a secondary outcome, the knowledge levels 
of the all participants after peer education were meas-
ured with five questions in the post-test and evaluated 
by comparing with the pre-test results. In addition, the 
behavior-attitude levels of the participants after peer 
education were measured with seven questions pre-
pared according to the five-point Likert scale in the 
post-test and evaluated by comparing with the pre-test 
results. 
 
Statistical Analysis  
      IBM SPSS Statistics (Version 24.0. Armonk, NY: 
IBM Corp.) program was used to evaluate the findings 
of the study. In our study, for sample size analysis, a 
5% reduction after medical waste training was consid-
ered to be significant based on previous studies. In our 
8-day pilot study conducted before the study, the mean 
medical waste in the group before the training was 
403.51±22.89. In the independent groups t-test model 
created using the data of our pilot study, the partial 
Cohen's D effect size of 0.882 was used to calculate 
that 35 days of measurements should be performed in 
both groups for 95% power and maximum 5% type 1 
error. Descriptive analyses such as percentage, mean 
and standard deviation were used for measurement 
values. Significance was evaluated at P<0.05 level. 
 
 
RESULTS 
 
The study included 217 operating room staff. Of the 
217 participants, 115 (53%) were female, 108 (50%) 
had been practicing their profession for 1-5 years, and 
146 (67%) had received previous training on the sub-
ject. The distribution of socio-demographic character-
istics of the participants is given in Table 1.  
      The correct response rate to the question "In which 
waste bin should serum bags that do not come into 
contact with the patient be disposed of ?" increased 
from 90 to 125 (40% to 57.6%). However, the correct 
response rate to the question "In which waste bin 
should medication vials and serum bottles be disposed 

The European Research Journal   Volume 11   Issue 1   January 2025   36



Eur Res J. 2025;11(1):34-42 Peer education on medical waste management

of?" was 15% before the training and increased to 
27.6% after the training. A detailed analysis of the par-
ticipants' answers to the knowledge questions about 
medical waste is given in Table 2.  
      "Do you consider your knowledge on medical 
waste sufficient?" The rate of respondents who con-
sidered their knowledge sufficient before the training 
decreased after the training (4.26 and 4, respectively). 
This difference is significant (P<0.01). Additionally, 
the rate of respondents who believed that the issue in 
medical waste segregation was due to a lack of knowl-
edge was 3.71 before the training and decreased to 
3.56 after the training. This difference is also signifi-
cant (P<0.01). The comparison of the answers given 
to the 5-point Likert scale regarding the attitudes and 
behaviors of the participants with the paired t test is 
given in Table 3. 
      The change in the amount of weight before and 
after the training is given in Fig. 1. It was observed 
that the ratio of medical waste to all waste decreased 
from 8892,07 to 9569,41 (70% to 68%) in the post-
training period, while this ratio increased from 1301,2 
to 1485,48 (19% to 21%) in recycling waste, and there 
was no change in the ratio of household waste. 
 
 
DISCUSSION 
 
      In our study, we investigated the effect of training 
given to operating room staff on medical waste man-
agement using the peer education method on the re-
duction in the amount of medical waste. We observed 
that the peer education method is an effective method 
in reducing the amount of medical waste.  
      Medical waste poses a risk of infection, contami-
nation of soil and water resources, threats to ecosys-
tems and disruption of the environmental balance, as 
well as negatively affecting the cost of institutions and 
countries. Waste generation rates vary according to the 
intensity of healthcare services, location (rural or 
urban), type of healthcare facility and clinic, size of 
use of disposable products, waste classification poli-
cies and regulations, segregation and reduction prac-
tices, procurement policies and development levels of 
countries [20]. Failure to segregate waste at its source 
and mixing it with domestic waste increases medical 
waste generation [21-23].  
      Reduction of waste generation is achieved through 
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three types of activities: absolute avoidance of waste 
generation, reduction at source and reuse of the prod-
uct [24]. Effective personnel training is very important 
to reduce the amount of medical waste by segregation 
at the source [10]. In studies conducted with health-
care workers in our country, the rate of receiving train-
ing on medical waste varies between 43.5% and 
70.7% [25-27]. In our study, the rate of receiving train-
ing on medical waste was found to be 67% and this 
result is consistent with the values previously reported 
in the literature.  
      Peer education programs offered as an alternative 
to traditional methods are used for different purposes 
and for groups of different ages and environments 
[13]. Studies have shown that the use of peer educa-
tion method is effective in the skills/clinical training 
of nurse/medical students, teaching rational drug use, 
stoma care, breast self-examination, teaching physical 
examination in medical school, and organizing the 
perspective of mental illnesses [28-30]. In a study in 
which Chen and colleagues compared medical school 
students trained with traditional and peer education, it 
was found that the physical examination, written exam 
and peer evaluation scores of the students in the peer 
group were significantly higher [30].  
      In a study conducted by Öztürk et al. [31], five 
basic nursing skills that students learned for the first 
time were compared with peer education method and 
current teaching methods, and the rate of complete ap-

plication of the skills within the scope of the research 
was found to be higher in the peer group compared to 
the control group.  
      There is no literature on the implementation of a 
peer education program on medical waste manage-
ment and measuring the effects of this program. In our 
study, the results presented in Table 2 show that there 
was a significant increase in the knowledge level of 
the participants on how to properly separate medical 
waste after peer education. In particular, there was an 
increase in correct answers from 40% to 57% in the 
question of identifying the waste bin for serum bags 
that do not come into contact with the patient, and 
from 15% to 26.7% in the question of identifying the 
waste bins for drug vials and serum bottles. The peer 
education we conducted within the scope of this study 
shows that there is a significant increase in the knowl-
edge level of the participants on how to correctly dis-
tinguish and properly dispose of medical waste 
materials. This shows that peer education can be used 
as an effective method to increase awareness on med-
ical waste management and to enable healthcare per-
sonnel to play a more effective role in this field.  
      The pretest-posttest analysis of our study reveals 
that statistically significant differences were observed 
in the questions measuring attitude, behavior and 
thought (Table 3). These findings point to the potential 
of the training program to create a positive change in 
the participants' thoughts, attitudes and behaviors. In 
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particular, the fact that there were decreases in the pos-
itive answers given to the topics of considering their 
own knowledge sufficient, the effect of information 
on reducing medical waste generation and thinking 
that the problem in reducing medical waste is lack of 
information shows that the training increased the 
awareness of the participants on these issues. Our find-
ings are in line with studies indicating that awareness 
rather than knowledge is weak in medical waste re-
duction.Hassan et al. revealed that medical waste 
problems arise due to lack of awareness and reluctance 
of healthcare workers and unclear policies and laws [32]. 
      During the 35 days following the end of the train-
ing, the ratio of medical waste to general waste de-
creased from 70% to 68%, while the ratio of 
recyclable waste increased from 19% to 21% (Fig. 1).  
      Dönmez and Keskin [11] found that while the 
amount of medical waste decreased after training, 
there was a statistically significant increase in the 
amount of recycling waste and piercing-cutting waste. 
In the study of Almuneef and Memish [9], a 50 percent 
decrease was observed in the amount of medical waste 
after the implementation of a medical waste manage-
ment plan and this rate is considerably higher com-
pared to our study. The implemented medical waste 
management plan included mandatory in-service train-
ing, placement of color-coded waste bags in relevant 
areas, and waste type control.  The fact that segrega-
tion was implemented for the first time in the hospital 
increased the rate. In our hospital, color-coded sorting 
was already in place, and there were 2 boxes each for 
medical waste, recycling, household waste, sharps, 
hazardous waste in each operating room. This may be 
effective in our medical waste reduction rate being 
lower.   
      In a study of Conrardy et al. [33], they conducted 
between two large medical centers in Bethesda, Mary-
land and Washington DC, medical waste produced in 
the operating room decreased by an average of 65% 
after reusable materials were preferred in surgical ap-
plications. By choosing reusable products, a signifi-
cant reduction in the amount of waste caused by 
disposable products is achieved. This project empha-
sizes the importance of using reusable products as a 
way to reduce environmental impacts and lower costs 
in surgical practices. This suggests that factors other 
than education and awareness are effective in reducing 
medical waste.  

      Windfeld and Brooks [34] found that while many 
developed countries have legislation, there is often lit-
tle guidance on what objects can be defined as infec-
tious, and this lack of clarity leads to increased 
volumes of medical waste. Most studies in the litera-
ture have found that most of the waste generated by 
hospitals is not infectious and can therefore be disposed 
of in municipal landfills and recycling programs [35]. 
      Lack of sufficient knowledge, awareness and clar-
ity in medical waste legislation may lead to more med-
ical waste generation due to health concerns and 
safety. It is important to clearly define the scope of 
legal regulations and the definition of infectious waste 
in medical waste reduction. In hospitals that have not 
been previously trained in medical waste management 
and whose rules are not clear, making these arrange-
ments together with training can lead to serious reduc-
tions in the amount of waste, while in hospitals that 
have established this system, the contribution of train-
ing to waste reduction may be less. 
 
Limitations  
      The most important limitation of our study was the 
small number of participants and the fact that the study 
area included only one hospital. The second limitation 
is that medical waste education with peer education 
method was not evaluated comparatively with a con-
trol group. However, the fact that all operating room 
personnel worked in circulation in a common area did 
not allow the formation of separate groups. Our third 
limitation was the exclusion of surgical physicians and 
cleaning staff who collect and carry the waste bins. 
The reason for not including them was that cleaning 
personnel are regularly trained by the environmental 
management unit, while the high circulation of surgi-
cal physicians would prevent effective training. In ad-
dition, being in the same environment during the 
activities of volunteer peer trainers has the potential 
to provide training and awareness for the whole team. 
 
 
CONCLUSION 
 
In conclusion, although peer education is an effective 
method for segregation of medical waste at source, 
more than knowledge is required for knowledge to 
lead to behavioral change to a great extent. In order to 
achieve a significant reduction in the rate of medical 
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waste, multifaceted regulations are needed in addition 
to peer education. 
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Clinical and electrocardiographic predictors of left 
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ABSTRACT 
Objectives: Tachycardiomyopathy is a well-known phenomenon with reduction in left ventricular (LV) systolic 
function. In our study, we aimed to investigate the effects of idiopathic premature ventricular contractions 
(PVCs) on LV diastolic function in patients with idiopathic PVCs. 
Methods: We included 63 patients who are candidates to undergo radiofrequency ablation due to idiopathic 
PVCs (27 male, 36 female; mean age 47.9±16.6 years). Patients were classified into two groups according to 
the presence of LV diastolic dysfunction. The percentage of PVC burden was calculated by dividing the daily 
PVC burden by the total heart beat per day. Coupling interval ratio was calculated with the formula of Coupling 
interval ratio = (Coupling interval/sinus cycle length) 100. 
Results: Age, presence of q wave in D2-D3, daily PVC burden, percentage of PVC burden, left atrial volume 
index, intervenricular septum thickness, and mitral E/e’ ratio were significantly higher; male gender, peak E-
wave velocity, lateral and septal annular e' velocity were significantly lower in patients with LV diastolic dys-
function. Daily PVC burden and percentage of PVC burden were positively correlated with mitral E/e’ ratio 
and negatively correlated with lateral annular e' velocity. The coupling interval ratio was positively correlated 
with mitral E/e’ ratio. Age, daily PVC burden, and percentage of PVC burden were independent predictors of 
increased mitral E/e’ ratio. The cutoff value of the percentage of PVC burden was 15.59% for prediction of LV 
diastolic dysfunction (sensitivity: 88.9%, specificity: 66.7%).  
Conclusions: Daily PVC burden, percentage of PVC burden, and coupling interval ratio are correlated with 
echocardiographic parameters of LV diastolic function.  
Keywords: Premature ventricular contractions, coupling interval ratio, left ventricular diastolic function
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 I diopathic premature ventricular contractions 

(PVCs) have been demonstrated to have detri-
mental effects on cardiac hemodynamics and are 

associated with a reduction in left ventricular (LV) 
function [1]. Tachycardia-induced cardiomyopathy or 

tachycardiomyopathy is a well-known phenomenon 
that describes LV systolic dysfunction due to PVCs 
[1]. Previously defined risk factors for LV systolic dys-
function in patients with idiopathic PVCs are high fre-
quency of PVCs, short coupling intervals of PVCs, 
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increased PVC QRS duration, and absence of PVC-
associated symptoms such as palpitations [2-4].  
      Although idiopathic PVCs are usually well toler-
ated in patients with normal cardiac function, not only 
LV systolic function but also diastolic function has 
been adversely affected in recent studies [5-7]. These 
adverse effects may cause a deterioration of the left 
atrial (LA) structure and function, and may also trigger 
new-onset atrial arrhythmias such as atrial fibrillation 
[8]. In our study, we aimed to investigate the effects 
of idiopathic PVCs on LV diastolic function and pre-
dictors of LV diastolic dysfunction in patients who are 
candidates to undergo radiofrequency (RF) ablation 
due to idiopathic PVCs. 
 
 
METHODS 
 
Study Population  
We included 63 patients who are candidates to un-
dergo RF ablation with a 3D electroanatomic mapping 
system due to idiopathic PVCs (27 male, 36 female; 
mean age 47.9±16.6 years). Patients older than 18 
years old with predominant PVCs exhibiting ECG 
characteristics suggestive of outflow tract or other typ-
ical locations for idiopathic PVCs, frequent PVCs 
(>10% daily PVC burden) according to 24-hour Holter 
ECG monitoring, patients with symptoms associated 
with PVCs were included in the study. In order to 
eliminate negative effects on LV diastolic function, pa-
tients with permanent atrial fibrillation (AF), hyper-

tension, diabetes, renal insufficiency (serum creatinine 
>1.5 mg/dL), respiratory diseases (chronic obstructive 
pulmonary disease [COPD], chronic bronchitis, pul-
monary embolism), primary pulmonary hypertension, 
history of coronary artery disease, isolated right heart 
failure, congenital heart disease, moderate and severe 
aortic and mitral valve disease were excluded from the 
study. Patients were classified into two groups accord-
ing to the presence of LV diastolic dysfunction. All 
statistical analyses were made between the two 
groups. The Local Ethics Committee approved the 
study protocol (decision no.:06, date:12.11.2020), and 
each participant provided written informed consent.  
After assessment of detailed medical history and a 
complete physical examination, the baseline charac-
teristics of patients including age, sex, family history 
of cardiac disease and medications were recorded for 
all patients. Electrocardiogram (ECG), fasting blood 
glucose, renal function tests were performed.  
 
Echocardiographic Assessment  
      The echocardiographic assessment was performed 
using parasternal long and short axis, apical two and 
four-chamber views with a 2.5-3.5 MHz transducer 
(Philips HD11 ultrasound system, Bothell, USA) [9]. 
LV end-systolic volume (LVESV), LV end-diastolic 
volume (LVEDV), and LV ejection fraction (LVEF) 
were assessed using Simpson’s equation using the api-
cal 4-chamber view. PW Doppler and color tissue 
Doppler evaluation were performed to determine LV 
diastolic functions. Indices of LA volumes for body 
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surface area were also calculated. All echocardio-
graphic measurements were made during sinus rhythm 
and pre-PVC and post-PVC intervals were not used 
for measurements. LV diastolic dysfunction was de-
fined as the presence of one of these three criterion: 
1] mitral E/A ratio ≤0.8 or ≥2.2] average mitral E/e’ 
ratio >14, 3] Septal e’ velocity <7 cm/s or lateral e’ ve-
locity <10 cm/s according to the suggestions of 
ASE/EACVI 2016 guidelines for evaluation of LV di-
astolic function by echocardiography [10].  
 
24-Hour Holter ECG Monitoring and Electrocar-
diographic Assessment  
      24-hour rhythm holter monitorization was made 
with DMS 300-3A EKG Holter Recorder (DM Soft-
ware NV, USA). Patients were informed about the de-
vice and then were sent to their homes. After 24 hours, 
the device was removed and the recordings were ana-
lyzed and concluded with the program DM Software 
Cardio Scan 2 premier. Holter parameters were 
recorded and the data of patients and controls were 
compared. Total heart beat per day and daily PVC bur-
den were detected. The percentage of PVC burden was 
calculated by dividing the daily PVC burden by the 
total heartbeat per day. The QRS duration of PVC was 
defined as the length of time from the beginning to the 
end of the QRS complex in the lead with the widest 

QRS complex. The maximum deflection index was 
calculated with this formula: (interval between the 
onset of QRS and earliest point of maximum deflec-
tion in V5-V6) / (total QRS duration). The coupling 
interval of PVCs was measured from the onset of the 
QRS of the previous sinus beat to the onset of the PVC 
QRS. Coupling interval ratio was calculated with the 
formula of: Coupling interval ratio = (Coupling inter-
val/sinus cycle length) × 100 (Fig. 1).  
 
Statistical Analysis  
      Statistical analyses were conducted using SPSS, 
version 21.0, (SPSS Inc. Chicago, Illinois). Data are ex-
pressed as mean ± standart deviations for continuous 
variables and percentage for categorical variables. The 
Shapiro-Wilk test was used to test normality. The Stu-
dent t-test was used for continuous variables with nor-
mal distribution and the Mann-Whitney U test was used 
for continuous variables with non-normal distribution. 
Categorical variables and frequencies were compared 
with the chi-square test. Statistical significance was de-
fined as a P-value <0.05 for all comparisons. Pearson’s 
and Spearman’s correlation were used to examine the 
relationship between continuous variables. 
      The factors associated with increased mitral E/e’ 
ratio were tested in multivariate linear logistic regres-
sion analyses. Variables with a P-value <0.05 in the 
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univariate analysis were tested in the multivariate 
model. ROC analysis was made to determine the cut-
off value of the coupling interval ratio for LV diastolic 
dysfunction. 
 
 
RESULTS 
 
Comparison of Baseline Parameters  
A comparison of the baseline clinical, ECG, and 24-
Hour Holter monitoring parameters is shown in Table 
1. Age, Q wave in D2-D3, daily PVC burden, and per-
centage of PVC burden were significantly higher; 
male gender was significantly lower (p<0.05, for all) 
in patients with left ventricular diastolic dysfunction. 
LA volume index, IVS thickness, and mitral E/e’ ratio 
were significantly higher; peak E-wave velocity, lat-
eral and septal annular e' velocity were significantly 
lower (P<0.05, for all) in patients with left ventricular 
diastolic dysfunction (Table 2).  

Bivariate and Multivariate Correlations 
      Age was positively correlated with mitral E/e’ 
ratio (r=0.301, P=0.045), and negatively correlated 
with mitral E/A ratio (r=-0.383, P=0,009), lateral an-
nular e' velocity (r=-0.504, P<0.001) and septal annu-
lar e' velocity (r=-0.457, P=0.002) in bivariate analysis 
(Table 3). Daily PVC burden was positively correlated 
with mitral E/e’ ratio (r=0.545, P=0.002), and nega-
tively correlated with lateral annular e' velocity (r=-
0.401, P=0.023). The percentage of PVC burden was 
positively correlated with mitral E/e’ ratio (r=0.489, 
P=0.005), and negatively correlated with lateral annu-
lar e' velocity (r=-0.402, P=0.022). The coupling in-
terval ratio was positively correlated with the mitral 
E/e’ ratio (r=0.371, P=0.006), A scatter plot diagram 
of the relationship between the coupling interval ratio 
and mitral E/e’ ratio is shown in Fig. 2. Multivariate 
linear regression analysis showed that age (β=0.103, 
P=0.001), daily PVC burden (β=0.001, P=0.004), and 
percentage of PVC burden (β=-1.164, P=0.010) were 
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independent predictors of increased mitral E/e’ ratio 
(Table 4).  
 
ROC Curve Analysis to Determine the Predictive 
Value of Coupling Interval Ratio for LV Diastolic Dys-
function  
      The cutoff value of the percentage of PVC burden 
obtained by ROC curve analysis was 15.59% for pre-
diction of left ventricular diastolic dysfunction (sensi-
tivity: 88.9%, specificity: 66.7%). The area under the 
curve (AUC) was 0.745 (P=0.032) (Fig. 3).  

DISCUSSION 
 
To our knowledge, this is the first study to investigate 
the association of ECG characteristics of PVCs and 
LV diastolic dysfunction. The main findings of the 
present study are that: [1] Daily PVC burden, percent-
age of PVC burden, and coupling interval ratio were 
correlated with echocardiographic parameters of LV 
diastolic function such as lateral annular e' velocity 
and mitral E/e’ ratio in bivariate analysis. [2] PVC bur-
den (15.59%) predicts left ventricular diastolic dys-
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Fig. 2. Scatter plot diagram of the relationship between coupling interval ratio and mitral E/e’ ratio. 
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function with 88.9% sensitivity and 66.7% specificity.  
      PVCs are the most common cardiac arrhythmias. 
The patient population with PVCs is expanding with 
the widespread use of long-term ECG Holter monitor-
ing devices. Detrimental effects of idiopathic PVCs on 
LV systolic function which is also known as tachycar-
dia-induced cardiomyopathy is well documented. The 
factors associated with tachycardia-induced cardiomy-
opathy are widely investigated. Previously defined 
risk factors for LV systolic dysfunction in patients with 
idiopathic PVCs are high frequency of PVCs, short 
coupling intervals of PVCs, increased PVC QRS du-
ration, and absence of PVC-associated symptoms such 
as palpitations [2-4]. In our study, we found a high 

PVC burden (15.59%) and a high coupling interval 
ratio to be associated with a high mitral E/e’ ratio. In 
contrast to the fact that short coupling intervals of 
PVCs are a well-documented risk factor for tachycar-
diomyopathy, in our study, we found a long coupling 
interval ratio to be associated with LV diastolic dys-
function. This may be due to the negative effects of 
retrograde atrioventricular (AV) conduction and retro-
grade atrial depolarization on LA electrical and me-
chanical functions. Longer coupling intervals may 
increase the chance of retrograde AV conduction by 
providing enough time for the AV junction to be con-
ductive after the refractory period of the previous sinus 
beat. Retrograde AV conduction and retrograde atrial 
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depolarization after PVCs may cause dyssynchrony on 
LA contraction and may also disrupt atrioventricular 
synchrony if LA construction occurs when AV valves 
are closed. This condition further increases LV filling 
pressures. Similarly, in a recent study, the coupling in-
terval ratio was found to be higher in patients who had 
PVC-related symptoms compared to the patients with-
out symptoms even though PVC burden and age were 
similar between the two groups [11]. In this case, fur-
ther studies are needed to clarify the relationship be-
tween new-onset AF and longer coupling intervals of 
PVCs.  
      Despite their benign nature, the risk of cardiovas-
cular mortality increases with higher burdens of idio-
pathic PVCs [12, 13]. Interestingly, PVCs have been 
demonstrated to trigger atrial fibrillation when there 
is retrograde AV conduction [14, 15]. The study of 
Ofoma et al. [16] which demonstrates the association 
of PVCs with ischemic stroke also emphasizes the im-
portance of the aforementioned mechanism of AF 
pathophysiology. Recent studies demonstrated that 
clinical diagnosis of PVC increases the risk of new-
onset AF [17]. In a large population-based study, mod-
erate-to-high burden PVCs (≥1000/day) were found to 
have a higher risk of developing new-onset AF than 
the low-burden PVCs (4.91% versus 2.73%, P<0.001) 
[8]. In our study, we found high PVC burden and high 
coupling interval ratio to be associated with high LV 
filling pressures. As increased LV filling pressure is 
associated with left atrial mechanical and electrical re-
modeling, AF occurrence can be thought to be the next 
step in this pathophysiological process.  
 
Limitations  
There were some limitations in our study. The sample 
size is relatively small and our results need to be con-
firmed in future large multi-center prospective trials. 
Since our study was not a follow-up study, we could 
not determine the change of LV systolic and diastolic 
function after successful PVC ablation procedure.  
 
 
CONCLUSION 
 
Daily PVC burden, percentage of PVC burden, cou-
pling interval ratio were correlated with echocardio-
graphic parameters of LV diastolic function such as 
lateral annular e' velocity and mitral E/e’ ratio. We sug-

gest that larger and long term studies are needed to de-
termine the relationship between clinical and electro-
cardiographic factors and AF occurrence in patients 
with idiopatic PVCs.  
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Evaluation of bismuth shielding in reducing thyroid 
radiation dose during neck multidetector computed 
tomography examinations: a comparative study 
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ABSTRACT 
Objectives: This study pointed to assess the viability of bismuth protecting in lessening thyroid radiation meas-
urements amid neck multidetector computed tomography (MDCT) examinations and to explore alternative 
protecting strategies which will moderate negative impacts on picture quality. 
Methods: The study involved 20 patients undergoing neck MDCT. Thermoluminescent dosimeters (TLDs) 
were utilized to degree radiation measurements to the thyroid organ with and without bismuth protecting. 
Measurable investigations, counting combined tests t-test and Wilcoxon signed-rank test, were conducted to 
evaluate the importance of dosage decrease. 
Results: Bismuth protecting altogether diminished the radiation measurements to the thyroid organ by 43.95%, 
from 24.50 mGy to 17.59 mGy (P<0.01). The reduction was statistically significant in women (P<0.01) but 
not in men (P>0.05) due to the small sample size. No significant correlation was found between age and radi-
ation dose levels (P>0.05). 
Conclusions: Bismuth shielding effectively reduces thyroid radiation dose during neck MDCT examinations. 
However, the potential increase in image noise necessitates careful management to maintain diagnostic accu-
racy. Further research is needed to optimize shielding techniques and explore alternative methods to minimize 
radiation exposure while preserving image quality. 
Keywords: Bismuth shielding, thyroid radiation dose, neck MDCT, radiation protection 
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 A ll living organisms are continuously exposed 

to natural radiation throughout their lives. This 
exposure includes billions of particles and 

photons from cosmic rays and radionuclides present 
in the earth's crust, which pass through our bodies 
daily. In addition to natural sources, humans are ex-
posed to man-made radiation, primarily from medical 
procedures, which accounts for approximately 15% of 

total radiation exposure [1]. Radiation can be catego-
rized into ionizing and non-ionizing types, with ion-
izing radiation, such as X-rays and gamma rays, 
having the potential to cause significant biological 
damage due to its ability to ionize atoms and mole-
cules within cells [2].  
      The fast progressions in computed tomography 
(CT) innovation over the past decade have driven a 

Corresponding author: Yeliz Başar, MD.,  
Phone: +90 444 55 44, E-mail: yb772@hotmail.com 

How to cite this article: Başar Y. Evaluation of bismuth shielding in 
reducing thyroid radiation dose during neck multidetector computed 
tomography examinations: a comparative study. Eur Res J. 
2025;11(1):51-56. doi: 10.18621/eurj.1560244 

Received: October 2, 2024 
Accepted: November 14, 2024 
Published Online: November 19, 2024

Copyright © 2024 by Prusa Medical Publishing 
Available at https://dergipark.org.tr/en/pub/eurj

This is an open access article distributed under the terms of Creative CommonAttribution-NonCommercial-NoDerivatives 4.0 International License

The European Research Journal   Volume 11   Issue 1   January 2025   51

http://orcid.org/0000-0002-1321-3617
https://doi.org/10.18621/eurj.1560244
https://www.prusamp.com
https://dergipark.org.tr/en/pub/eurj
https://creativecommons.org/licenses/by-nc-nd/4.0/


Eur Res J. 2025;11(1):51-56 Bismuth shielding in neck MDCT

noteworthy increment within the number of CT exam-
inations and the volume of body locales filtered. CT 
constitutes almost 5% of all radiological examinations 
worldwide, accounting for one-third of therapeutic ra-
diation presentations [3]. Despite its diagnostic bene-
fits, CT imaging poses a substantial risk due to the 
high radiation doses involved, particularly to radiosen-
sitive organs like the thyroid gland. The thyroid is es-
pecially vulnerable during neck CT scans, where it can 
receive doses significantly higher than those from con-
ventional radiography [4].  
      Bismuth shields have been introduced as a protec-
tive measure to reduce radiation exposure to the thy-
roid during CT examinations. These protective barriers 
are capable of reducing the radiation exposure to the 
thyroid gland by roughly 30-60% [5, 6]. However, 
their employment is controversial because of possible 
negative impacts on image clarity, including height-
ened noise and distortions, which might undermine the 
accuracy of diagnoses [7]. Due to these drawbacks, 
the American Association of Physicists in Medicine 
(AAPM) has recommended against the routine use of 
bismuth shields [8].  
      Given these concerns, alternative methods such as 
the Saba shield have been explored. The Saba shield, 
which combines copper and bismuth, offers a promis-
ing solution by reducing radiation exposure without 
significantly affecting image quality [9]. The objective 
of this research is to assess how well bismuth shielding 
can decrease the amount of radiation exposure to the 
thyroid during neck multidetector computed tomogra-
phy (MDCT) scans, while also investigating different 
shielding techniques that could lessen adverse effects 
on image clarity.  
      The primary goal of this study was to examine 
how radiation exposure to the thyroid gland varies dur-
ing neck MDCT scans, especially when comparing 
procedures done with and without the use of bismuth 
shields. To achieve precise measurements, thermolu-
minescent dosimeters were employed. Additionally, 
the research aimed to determine the overall amount of 
radiation the thyroid gland receives during these diag-
nostic tests. From October to December 2007, twenty 
patients who needed neck MDCT scans at our facility 
were included in this research. The findings from this 
study are vital, offering significant insights into how 
effective bismuth shielding is at reducing radiation ex-
posure to the thyroid. 

METHODS 
 
Study Design and Sample  
This research was carried out following the approval 
from the institutional ethics committee, and informed 
consent was secured from all participants. The re-
search was carried out between October 2007 and De-
cember 2007 at the Radiology Department of an 
university hospital. A total of 20 patients (9 males and 
11 females, aged 28 to 70 years, with a mean age of 
52) who were referred for neck MDCT were included 
in the study. The primary aim of this study was to eval-
uate the differences in radiation exposure to the thy-
roid gland with the application of bismuth shielding 
versus without, employing thermoluminescent 
dosimeters (TLDs) for measurement. Additionally, the 
study sought to quantify the total radiation dose re-
ceived by the thyroid throughout MDCT procedures.  
 
Imaging Protocol  
      MDCT imaging was conducted utilizing a 
Siemens Sensation Cardiac scanner (Sensation 16, 
Siemens, Forchheim, Germany). The parameters set 
for the scanning procedure encompassed a detector 
collimation of 15, a gantry rotation duration of 0.75 
seconds, an X-ray tube potential of 120 kV, and a tube 
current measuring 230 mAs. The slice thickness was 
set to 5 mm, and the average field of view (FOV) was 
20 cm. Patients were positioned supine on the gantry, 
and images were acquired from the occiput to the tho-
racic inlet, covering the cervical region.  
 
Dosimetry  
      For each patient, a pair of thermoluminescent 
dosimeters (dimensions: 3x3x1 mm; manufactured by 
Harshaw Lif TLD-100 and Saint-Gobain Industrial 
Ceramics, Solon, Ohio) were employed. The TLDs 
were placed on the estimated thyroid tissue, 2.5 cm in-
ferior to the central prominence of the thyroid cartilage 
and 2 cm lateral to the midline, parallel to the long axis 
of the cervical spine. One TLD was covered with a 
bismuth shield, while the other was left uncovered, al-
lowing for a direct comparison of radiation doses be-
tween the shielded and unshielded sides of the thyroid.  
 
Statistical Analysis  
      The measurement of the radiation dose absorbed 
by the thyroid gland was carried out through TLDs, 
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with an evaluation of the bismuth shield's efficiency 
in mitigating this dose. Statistical analyses were exe-
cuted employing NCSS 2007 & PASS 2008 Statistical 
Software, based in Utah, USA. This included the com-
putation of descriptive statistics, such as the mean and 
standard deviation. For the comparison of normally 
distributed quantitative data, the paired samples t-test 
was utilized, whereas the Mann-Whitney U test and 
the Wilcoxon Signed Rank test were employed for 
data that did not follow a normal distribution. Addi-
tionally, Pearson correlation analysis was performed 
to examine the linkage between the age of the subjects 
and the received radiation dose. A P-value below 0.05 
was established as the threshold for statistical signifi-
cance. 
 
 
RESULTS 
 
This research sought to assess the effect of bismuth 
shielding on the amount of radiation absorbed by the 
thyroid gland during neck MDCT scans. The use of 
TLDs allowed for precise measurement of radiation 
exposure, comparing the shielded and unshielded 
lobes of the thyroid.  
      The results demonstrated a statistically significant 
reduction in radiation dose to the thyroid gland when 
bismuth shielding was applied. The average TLD dose 
for the shielded side was 17.59±6.24 mGy, compared 
to 24.50±8.43 mGy for the unshielded side, indicating 
a reduction of 43.95%±28.72% (P<0.01). This sub-
stantial reduction highlights the efficacy of bismuth 
shields in mitigating radiation exposure to organs sen-
sitive to radioactivity.  
      The percentage reduction in TLD average dose for 

the shielded side compared to the unshielded side was 
calculated as 43.95%±28.72%.  
      In females, the mean dose of TLD for the side pro-
tected by shielding was markedly less in comparison 
to the side without protection, with the difference 
being statistically significant (P=0.003). In males, the 
mean dose on the shielded side was also reduced; 
however, this reduction did not achieve statistical sig-
nificance, which could be attributed to the limited size 
of the sample (P>0.05).  
      The study indicated no substantial disparity in the 
average doses of TLD for both males and females, re-
gardless of whether the measurement was taken on the 
shielded or unshielded sides, as evidenced by a P-
value greater than 0.05 (Table 1).  
      There was no statistically significant association 
identified between age and the average dose levels of 
TLD on both the shielded and unshielded sides, as ev-
idenced by a p-value greater than 0.05 (Table 2). 
 
 
DISCUSSION 
 
In our study, we investigated the average radiation ex-
posure of the thyroid gland in 20 patients referred to 
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our department for neck MDCT scans. Our analysis 
focused on evaluating the effectiveness of bismuth 
shielding in reducing this exposure. TLDs were uti-
lized to quantify the thyroid gland's radiation dose. 
One dosimeter was covered with a bismuth shield, 
while the other was left uncovered, thus protecting one 
lobe of the thyroid gland while leaving the other un-
protected. The calculated radiation dose for the unpro-
tected thyroid lobe was 24 mGy, whereas the dose for 
the protected lobe was measured at 17.50 mGy. This 
suggests that employing a bismuth shield can decrease 
the superficial radiation exposure to the thyroid gland 
by an estimated 43.95%.  
      Humans are exposed to natural background radia-
tion daily from the earth, air, food, and cosmic rays. 
The majority of this background radiation comes from 
radon gas and its decay products. The average annual 
dose from natural background radiation worldwide is 
estimated to be between 1 and 10 mGy, with an aver-
age of approximately 2.4 mGy/year, half of which (1.2 
mGy/year) is due to radon and its decay products [3]. 
However, due to the mixed nature of many radiation 
sources, the exact percentage of low LET natural 
background radiation is difficult to estimate.  
      Beyond the natural background radiation, human 
beings are subjected to artificial sources of radiation, 
encompassing the medical, research, and industrial ap-
plications of radioactive substances and X-ray equip-
ment. A study conducted in 1987 found that 82% of 
the annual radiation exposure of the U.S. population 
was from natural background radiation, while 18% 
was from man-made sources [10]. Medical X-rays and 
nuclear medicine account for 79% of human-made ra-
diation exposure, while consumer products (e.g., to-
bacco, building materials, televisions, and computer 
screens) account for 16%, and occupational exposure, 
nuclear explosions, and nuclear fuel cycles account for 
less than 5%.  
      Over the last ten years, the swift advancement in 
CT technology and its applications in the clinical field 
have contributed to a notable rise in both the frequency 
of CT scans and the extent of body area covered per 
scan. Presently, CT scans represent 5% of global radi-
ological procedures and a third of the total medical ra-
diation exposure [11]. The proliferation of CT usage 
is ongoing, now comprising 15% of all diagnostic 
processes and 75% of the cumulative diagnostic radi-
ation dose in major healthcare facilities [12]. However, 

unlike other X-ray-based examinations, CT scan pa-
rameters vary widely in practical applications, even 
though they are generally the same for most patients 
[13].  
      Numerous methodologies have been formulated 
to minimize radiation exposure while ensuring the ef-
fective utilization of CT imaging, taking into account 
the clinical justifications, the patient's age or physique, 
and the specific region under examination. [14]. In 
1993, the United Nations Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR) docu-
mented that an estimated 93 million CT scans were 
conducted globally each year. This translates to a rate 
of 16 scans per 1,000 individuals [3]. The advent of 
helical and multi-slice CT technologies has markedly 
elevated the application of CT in the fields of vascular, 
cardiac, and oncological imaging, consequently am-
plifying the associated radiation exposure [15].  
      Research has demonstrated that the application of 
bismuth shielding can significantly mitigate radiation 
exposure to superficial radiosensitive organs, notably 
the thyroid gland. Investigations have documented re-
ductions in radiation doses that vary between 25% and 
84%, influenced by variables including the type of 
scanner utilized and the configuration of the shielding 
[5]. However, bismuth shields can also introduce 
image noise and artifacts, which can be mitigated by 
using foam spacers to increase the distance between 
the shield and the organ, thereby maintaining accept-
able image quality for diagnostic purposes [16].  
      In our study, the use of bismuth shielding reduced 
the radiation dose to the thyroid gland by approxi-
mately 43.95%. This outcome aligns with prior re-
search, which has corroborated the efficacy of bismuth 
shields in diminishing radiation exposure to the thy-
roid [9]. However, it is important to note that the use 
of bismuth shields can also increase image noise, 
which can affect diagnostic accuracy.  
      In light of the increased risk for radiation-induced 
thyroid malignancies, it is imperative to minimize ex-
posure to the thyroid gland during computed tomog-
raphy (CT) scans. It is essential for patients to be 
thoroughly briefed on the necessity of the procedure 
as well as the potential immediate and long-term con-
sequences of radiation exposure, allowing them to 
make an informed decision regarding their participa-
tion in the scan. The justification for MDCT must be 
rigorously evaluated, with a preference for alternative 
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diagnostic methods when feasible. Employing low-
dose protocols is crucial to diminish the radiation 
dosage, and protective measures for superficial ra-
diosensitive organs, including the thyroid, breasts, and 
gonads, should be implemented. Furthermore, it is 
vital to educate clinicians who refer patients for CT 
scans about the hazards associated with radiation ex-
posure. Particular care should be taken with vulnerable 
patient populations, such as children and women 
younger than 40 years, to circumvent unnecessary 
scans whenever possible. 
 
 
CONCLUSION 
 
The findings of our research indicate that employing 
bismuth shielding substantially decreases the radiation 
exposure to the thyroid gland in neck MDCT scans. 
Nonetheless, it is imperative to meticulously address 
the resultant elevation in image noise and artifacts to 
preserve diagnostic precision. Additional studies are 
essential to refine shielding strategies and explore al-
ternative approaches for reducing radiation exposure 
without compromising the quality of the images. 
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ABSTRACT 
Objectives: It is aimed to determine the needs of family members whose patients are hospitalized in surgical 
intensive care unit. 
Methods: Data were collected from 150 family members hospitalized in the surgical intensive care unit of a 
large university hospital. Data were collected using the Patient Relative Introduction Form and the Patient Rel-
atives' Needs Scale in Intensive Care Units (CCFNI=Critical Care Family Need Inventory).  
Results: Of the participants, 25.3% are female, while 68.7% are married. While 71.3% of the participants 
stated that they received information from their patients in the days following admission, only 4% of the par-
ticipants were informed about intensive care; all participants stated that they were not given any pamphlets or 
brochures about intensive care. Among the healthcare professionals, doctors were identified as the individuals 
who establish solid and reliable communication, with 53% of the participants. 
Conclusions: It has been determined that the needs of patient relatives are very important, with the most crucial 
need being to know the patient's chances of recovery. Meeting all the physical, mental, and psychosocial needs 
of patients and their relatives receiving treatment in intensive care units can only be achieved through assess-
ments and taking necessary precautions. This approach aligns with a family-centered care approach and estab-
lishes a quality healthcare service infrastructure. This research provides data on patient experiences and the 
needs of patient relatives. 
Keywords: Surgical intensive care, nursing care, family requirements, family members' needs 
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 I ntensive Care Units (ICU), where intensive treat-

ment/care practices are provided to critically ill 
patients and are isolated areas, differ from other 

care settings in hospitals [1, 2]. Consequently, with the 
admission of a patient to the intensive care unit, dif-
ferent crises arise for the patient and their family [3]. 
Factors contributing to the emergence of crises include 
restricted interaction with the patient and family, the 
patient's critical condition and risk of mortality, 

changes in the family's routine life, increased need for 
information about the patient's health status, rules of 
the institution or ICU that family members must ad-
here to, and the family's financial difficulties [4]. Plan-
ning and providing care in the intensive care unit may 
lead to neglecting or overlooking details of the pa-
tient's condition, despite aiming to alleviate the phys-
ical and psychological stress experienced by the 
patient [5].  
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      The survival of the patient as a loved one, along 
with physical changes and adverse effects within the 
family, is noteworthy. Before the occurrence of family 
events, only a 1.2% rate of health problems was expe-
rienced, but after the patient's illness, this rate in-
creased to 17.9%; common health issues frequently 
reported among family members include the onset of 
insomnia, changes in eating and drinking habits, and 
disturbances in bowel habits [6].  
      In Molter's study, "hope needs" were identified as 
universal components of the patient's relatives. In ad-
dition, other significant circumstances such as access 
to adequate and reliable information and the hospital 
staff's attitude towards patient information are given 
as consequential outcomes. Despite the provision of 
alternative resources for meeting family needs, patient 
families desire these services to be addressed by 
healthcare providers supported by physicians and 
nurses [7].  
      In other studies, the needs of family members dur-
ing the intensive care period are ranked as informa-
tion, trust, and closeness [8-10]. Family members 
express the desire to know that their loved ones are 
being well cared for and indicate that they want to re-
ceive information on this at least once a day [11].  
      There are studies conducted using different meth-
ods to determine the needs of patient families [4, 12-
15]. Through identifying these needs, quality 
counseling and education will be provided to families 
based on their priority needs, ensuring continuity of 
nursing care and comprehensive care, assisting in re-
ducing recurrent admissions, and preventing compli-
cations. It is believed that early detection will lead to 
an increase in the quality of life for intensive care pa-
tients and their families. However, in our country, es-
pecially in surgical intensive care, the number of 
studies aimed at determining the needs of patient fam-
ilies is limited [6, 13, 16]. The conducted studies 
mostly focus on general intensive care family needs. 
In this context, this study aims to determine the needs 
of family members of patients admitted to surgical in-
tensive care. 
 
 
METHODS 
 
Population and Sample of the Research  
This study is a descriptive and cross-sectional study. 

In the study, data on patients and family members who 
met the sampling criteria for Determination of Family 
Needs of Surgical Intensive Care Unit Patients were 
collected. Research data were collected after Ethics 
Committee approval (2021/037), approval of the in-
stitution where the research would be conducted, and 
consent of the volunteer family members.  
      Interviews were conducted with the relatives of the 
patients who volunteered to participate in the study by 
face-to-face interviews inside or outside the hospital.  
 
Data Collection Forms and Explanations  
Patient Relative Introduction Form 
      In the study, a 35-question form prepared by the 
researchers by reviewing the literature, including de-
mographic characteristics, degree of closeness, dura-
tion of stay in surgical intensive care, number of 
hospitalizations in surgical intensive care, days of hos-
pitalization in surgical intensive care, and questions 
about surgical intensive care and hospital was used [6, 
13, 17]. 
 
Patient Relatives' Needs Scale in Intensive Care Units 
      In order to determine the needs of family members 
of patients hospitalized in the intensive care unit, the 
Critical Care Family Need Inventory (CCFNI=Critical 
Care Family Need Inventory) developed by Molter [7] 
in 1979 will be used. The scale was developed as a 
clinical tool to emphasize the importance of the needs 
of families with patients in intensive care and to meas-
ure family needs.  
      Reliability and validity studies have been con-
ducted in many languages and cultures. A validity-re-
liability study was conducted by Büyükçoban et al. 
[13] to adapt the scale to the Turkish population. The 
Cronbach's alpha value of the original scale was found 
to be 0.93.  
      The NMMRS consists of 40 questions and is 
graded from 1 to 4 (1=Unimportant, 2=Slightly im-
portant, 3=Important, 4=Very important). There are 
five need sub-dimensions in the scale: "Trust", "Infor-
mation", "Proximity", "Support", "Comfort". The 
questions belonging to the "Information" sub-dimen-
sion in the scale; 2-3-9-11-13-14-17-33-34, questions 
belonging to the "Trust" sub-dimension; 4-12-15-38-
39, questions belonging to the "Proximity" sub-dimen-
sion; 8-26-32-35-36-37-40, questions belonging to the 
"Support" sub-dimension; 1-5-7-10-16-21-22-23-24-
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27-28-30-31, questions belonging to the "Comfort" 
sub-dimension; 6-18-19-20-25-29 [13]. The relatives 
of the patients were asked to rate each item between 
1-4 points, and each need expression in the scale was 
evaluated with "Unimportant" 1 point, "Less Impor-
tant" 2 points, "Important" 3 points, and "Very Impor-
tant" 4 points. In the scoring of the data, each need 
item is collected within the need sub-dimensions to 
which it belongs.  
      However, the "Trust, Information, Proximity, Sup-
port, Comfort" sub-dimensions of the scale are evalu-
ated separately. Lower scale sub-dimension mean 
scores indicate that the needs are decreasing, while 
higher mean scores indicate that the needs are increas-
ing. Permission for the use of the CCFNI was obtained 
from the author via e-mail.  
 
Statistical Analysis  
      R vers. 2.15.3 program (R Core Team, 2013) was 
used. Minimum, maximum, mean, standard deviation, 
median, first quartile, third quartile, frequency and 
percentage were used to report the study data. The 
conformity of quantitative data to normal distribution 
was evaluated by Shapiro-Wilk test and graphical 
analysis. Independent groups t test was used in the 
evaluations of the variables showing normal distribu-

tion between two groups. Mann-Whitney U test was 
used in the evaluations of variables that did not show 
normal distribution between two groups, Kruskal-Wal-
lis test and Dunn-Bonferroni test were used in the 
evaluations between more than two groups. Pearson 
correlation analysis was used to determine the level of 
relationship between quantitative data. Cronbach's 
alpha coefficient was used to determine the internal 
consistency of the scale items. Statistical significance 
was accepted as P<0.05. 
 
 
RESULTS 
 
The ages of the participants ranged between 18 and 69 
years and the duration of the patients' stay in intensive 
care unit ranged between 1 and 77 days. The daily 
time spent by the patient's relatives in the hospital var-
ied between 1 and 18 hours. While 25.3% of the par-
ticipants were female; 68.7% were married. While 
10% of the participants were literate, the rest were dis-
tributed as primary, high school and higher education; 
24% were self-employed, 42.7% were public employ-
ees, 6% were housewives, 8% were retired, 19.3% 
were unemployed and only 10% of them had an in-
come higher than their expenses. 26% of the partici-
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pants live far away from the hospital and 95 of them 
live in their own homes. 70% of the participants used 
the hospital canteen to meet their basic needs (Table 1). 
      While 71.3% of the participants stated that they 
received information from their patients in the days 
following hospitalization, only 4% of the participants 
were informed about intensive care and all of the par-
ticipants stated that they were not given booklets or 
brochures about intensive care. 65.3% of the partici-
pants stated that the care of other family members was 
disrupted due to the needs and care of their relatives 
in intensive care, 56% stated that their responsibilities 
at home, 70.7% stated that their family relationships 
and 91.3% stated that their social life was affected. 
57.3% of the participants stated that there was an in-
crease in their current health problems; 71.3% stated 
that they could communicate with caregivers and treat-

ment providers (Table 2).  
      When the distribution of healthcare professionals 
from whom family members received information 
about the condition of their patients was examined, it 
was determined that 64.7% and 56% of the healthcare 
professionals were doctors in the first and the follow-
ing days after hospitalization, respectively; again, 
among the healthcare professionals, doctors were the 
ones with whom the participants established strong 
and reliable communication with 53% (Table 3).  
      The number of items, possible score ranges, min-
imum-maximum, medians, means, standard deviations 
and internal consistency values of the scale sub-di-
mensions of the Patient Relatives' Needs Scale in In-
tensive Care Units, which are comfort, closeness, trust, 
information and support, are given in Table 4.  
      There was no statistically significant difference 
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(P>0.05) between the total score and sub-dimensional 
scores of the CCFNI and the duration of daily stay in 
the hospital and gender of the participants.  There was 
a statistically significant difference (P<0.05) between 
the total score and sub-dimensions of the CCFNI and 
the participants' age, length of stay in the intensive 
care unit, marital status, social security, occupation, 
proximity to the patient, place where basic needs are 
met - hospital canteen, presence of other dependent 
person, affecting home responsibilities, and history of 
health problems. It was determined that there was a 
statistically significant correlation only between the 
total score and sub-dimensions of the CCFNI and the 
participants' place of residence; support, comfort sub-
dimensions and accommodation-hospital canteen; 
trust, CCFNI total score and restriction of social life; 
trust, closeness, CCFNI total score and affecting re-
sponsibilities at home; knowledge, trust, comfort, 
CCFNI total score (P<0.05) (Table 5).  
      It was found that there was a statistically signifi-
cant positive correlation between the participants' 
CCFNI Knowledge scores and Trust (r=0.913, 
P<0.001), Proximity (r=0.827, P<0.001), Support 
(r=0.851, P<0.001), Comfort (r=0.812, P<0.001) sub-
dimension and total (r=0.949, P<0.001) scores. It was 
found that there was a statistically significant positive 
relationship between the participants' CCFNI Trust 
scores and closeness (r=0.849, P<0.001), support 
(r=0.733, P<0.001), comfort (r=0.772, P<0.001) sub-
dimension and total (r=0.886, P<0.001) scores. It was 
found that there was a statistically significant positive 
correlation between the participants' CCFNI Intimacy 
scores and Support (r=0.810, P<0.001), Comfort 

(r=0.812, P<0.001) sub-dimension and total (r=0.910, 
P<0.001) scores. It was found that there was a statis-
tically significant positive relationship between the 
participants' CCFNI Support scores and Comfort 
(r=0.822, P<0.001) sub-dimension and total (r=0.950, 
P<0.001) scores. It was found that there was a statis-
tically significant positive correlation between the par-
ticipants' CCFNI Comfort scores and total (r=0.902, 
P<0.001) scores (Table 6). 
 
 
DISCUSSION 
 
Since the hospitalization of the patient in the intensive 
care unit is usually the result of an acute situation, a 
stressful and difficult process begins for the family 
members, for which they are not prepared and will 
face unknown things [18, 19]. They feel hopeless and 
helpless if there is no one to give them information 
and meet their needs. Therefore, it is necessary to 
know what family members need in order to success-
fully complete this process [20]. In recent years, many 
studies have been conducted to determine the concerns 
and needs of family members with patients in inten-
sive care, and interventions to increase the well-being 
of both patients and family members have come to the 
agenda. In this context, it is generally recommended 
to improve communication, support systems and pro-
vide a relaxing/appropriate physical environment [20].  
      In a study conducted in our country to determine 
the needs of 201 relatives of patients with patients in 
the intensive care unit, it was found that seven of the 
10 needs perceived as the most important by family 
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members were related to information, and the top three 
were the need to be informed about the patient's con-
dition once a day, to make explanations in an under-
standable language and to inform the patient's home 
about changes in the patient's condition by telephone, 
followed by the need to "make sure that the patient is 
given the best care" and "to answer questions hon-
estly" [20]. Similarly, in the study conducted by Sucu 
et al. [21] with 353 relatives of patients in order to de-
termine the needs defined by family members with 
critically ill patients in the emergency department and 
the status of meeting these needs; it was found that 
nine of the ten most important needs were related to 
information; eight of the needs stated as important by 
the relatives of the patients were met by health profes-
sionals, although not one hundred percent, and these 
needs were mostly met by physicians.  
      Eroğlu et al. [22] conducted a study to determine 
the satisfaction levels of 152 patients and their rela-
tives hospitalized in the intensive care unit of a uni-
versity hospital and found that the relationship 
between nurses, patients and their relatives directly af-
fected the patient's degree of well-being and satisfac-
tion with the service provided. In addition to saving 
life and maintaining vital activities, supporting the pa-
tient and his/her family is among the main duties of 
the intensive care team [23, 24].  
      In the study conducted by Öztürk and Cerit [25], 

the average age of the patients' relatives was between 
18 and 80, while in our study, the ages of the partici-
pants ranged between 18 and 69. In the same study, it 
was determined that 60% of the patients' relatives were 
female and 48% were primary and secondary school 
graduates; in the study conducted by Aykin [26], the 
ages of the patients' relatives ranged between 18 and 
35 years and above, 54% of them were female and 
28% were primary school graduates; in our study, 10% 
of the participants were literate, while the rest were 
distributed as primary, high school and higher educa-
tion. In the study conducted by Boyraz [27], it was 
seen that the total scores of the needs were higher in 
those who graduated from primary school than those 
who graduated from higher education.  
      Accordingly, when the arithmetic score values of 
the sub-dimensions of the met needs inventory of the 
patients' relatives are analyzed, it is seen that the high-
est score is obtained from meeting the need for trust 
(2.55±0.54) and the lowest score is obtained from the 
sub-dimension of meeting the need for comfort 
(1.60±0.37) [25]. In our study, when the arithmetic 
score values of the sub-dimensions of the met needs 
inventory of the patient's relatives were examined, it 
was seen that they received the highest score from the 
sub-dimension of meeting the support needs 
(43.27±7.30) and the lowest score from the sub-di-
mension of meeting the trust needs (18.26±1.93).  
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      In the study conducted by Öztürk and Cerit [25], 
46% spent the night in hospital gardens, on benches, 
54% spent the night in their homes because they 
wanted to be with the patient at all times, 91% wanted 
to have a place where they could spend the night 
nearby, while in our study, 26% of the participants 
lived far from the hospital and 95 of them stayed in 
their own homes.  
      In the study conducted by Aykin [26], it was ob-
served that 65% of the patients' relatives stated that 
staying with the patient in the hospital affected their 
responsibilities at home, while 35% stated that it did 
not. 65.3% of the participants indicated that the care 
and needs of their relatives in the intensive care unit 
disrupted the care of other family members, and 56% 
stated that their household responsibilities; 70.7% 
mentioned their family relationships, and 91.3% men-
tioned their social life were affected. In a study by 
Öner et al. [28], 20% of the participants stated that 
being a companion next to the patient affected their 
work life, 4.6% mentioned their school life, 45.3% 
mentioned their family life, and 50% reported experi-
encing various health problems. In our study, 57.3% 
of the participants stated an increase in existing health 
problems. 
 
 
CONCLUSION 
 
It was found that the needs of patients' relatives are 
very important and the most important need is to know 
the patient's chance of recovery. Meeting all physical, 
psychological and psychosocial needs of patients and 
their relatives treated in intensive care units can only 
be achieved by making evaluations and taking neces-
sary measures. This approach overlaps with the fam-
ily-centered service approach and creates the 
infrastructure for quality health care. This study pro-
vides data on patient experiences and the needs of pa-
tient relatives. We recommend that similar studies be 
conducted as indicators of improvement and that in-
stitutional or individual efforts be made to address 
these problems identified in clinical settings. 
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Comparative analysis of purse-string method versus 
conventional methods for stoma closure  
 
Amil Hüseynov1 , Veli Vural2  
 
1Department of General Surgery, Medicana International Istanbul Hospital, İstanbul, Türkiye; 2Department of General Surgery, Akdeniz 
University Faculty of Medicine, Antalya, Türkiye 
 
 
ABSTRACT 
Objectives: Stoma surgery, essential for treating conditions like Crohn's disease, colorectal cancer, and diver-
ticular disease, requires effective closure techniques to minimize postoperative complications and enhance pa-
tient outcomes. This study aims to compare the purse-string technique with traditional closure methods, 
emphasizing postoperative outcomes and complications. 
Methods: This study retrospectively reviewed the medical records of 44 patients who underwent stoma closure 
at Antalya University Hospital between August 2015 and November 2019. Twenty-one patients underwent the 
purse-string (PS) method and twenty-three underwent conventional methods (CM). Patient demographics, such 
as age, sex, body mass index, and medical history, were recorded. Variables such as surgical duration, compli-
cation rates, and recovery periods were meticulously analyzed. 
Results: The analysis indicated that patients treated with the PS method had notably reduced infection rates 
(9.5% in PS vs. 21.5% in CM) and quicker healing times compared to conventional methods. The circular 
suture pattern of the PS method demonstrated greater efficacy in minimizing postoperative complications. 
Complications were observed in 21.5% of patients with CM and 9.5% of patients with the PS method. Notably, 
systematic reviews have shown that the PS closure technique reduces surgical site infection (SSI) rates, although 
its impact on the length of hospital stay remains uncertain. 
Conclusion: The PS method shows a significant advantage over traditional techniques in stoma closure. Its 
benefits in lowering infection rates and promoting quicker recovery emphasize its potential as a preferred 
method in surgical practice. The study advocates for the broader adoption of the PS method in clinical settings, 
given its positive impact on patient outcomes. 
Keywords: Purse-string technique, conventional method, postoperative complications, stoma closure 
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 A  stoma is an artificial opening created in the ab-

dominal wall as a surgical solution for various 
conditions, including colorectal cancer, in-

flammatory bowel disease, diverticular disease, and 
abdominal trauma. This allows the output of the colon 
(colostomy), ileum (ileostomy), or urinary tract 

(urostomy) to be collected in a bag. All surgical pro-
cedures that redirect the normal movement of bowel 
contents to the outside of the body when a portion of 
the bowel becomes diseased or is removed are referred 
to as stoma (ostomy) [1, 2]. Creating an ostomy in-
volves bringing a part of the bowel through the ab-
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dominal wall, allowing waste to exit the body through 
this opening instead of passing through the anus [3]. 
The most common underlying conditions requiring 
stoma surgery are colorectal cancer, bladder cancer, 
ulcerative colitis, and Crohn's disease [4]. Another 
condition leading to stoma formation is inflammatory 
bowel disease, including colitis, ulcerative colitis, and 
Crohn's disease, which are the most frequent causes 
of ileostomy formation [5]. Although stoma formation 
is a straightforward intervention, its outcomes can be 
complex and potentially life-threatening. It is typically 
performed at the end of a lengthy and intricate surgical 
procedure [6].  
      Poorly performed stoma operations complications 
such as leakage, prolapse, parastomal hernia, and re-
traction may occur. The procedure can prolong pa-
tients' lives and help them return to a healthy life, but 
it can also cause various physiological, social, and 
psychological problems [7]. Individuals with a stoma 
frequently experience psychological challenges, in-
cluding depression, anxiety, altered body image, low 
self-esteem, sexual difficulties, denial, loneliness, de-
spair, and stigmatization [8]. Social issues may involve 
decreased interest in and participation in social activ-
ities, reluctance to travel, reduced work activity, and 
strained relationships [9, 10]. Closing stomas as 
quickly and efficiently as possible can positively im-
pact patients' quality of life. Although stoma closure 
is considered minimally invasive, surgical site infec-
tion (SSI) is a common complication. SSI incidence 
following stoma closure ranges from 2% to 41%, pri-
marily due to bacterial contamination of the skin 
around the stoma [11, 12]. The purse-string method 
(PS), introduced in 1997, reduces SSI risk and pro-

vides better cosmetic results [13]. Research on the ef-
fectiveness of PS is limited, but some studies suggest 
that placing a Penrose drainage tube under the subcu-
taneous tissue and using superficial incisions can help 
control SSI [1, 3].  
      This study aims to compare the purse-string 
method with conventional methods for stoma closure 
to determine the most effective and safe technique. By 
evaluating different surgical techniques and their im-
pact on wound healing and complications after stoma 
closure, we can improve patient outcomes and en-
hance the quality of life for patients. 
 
 
METHODS 
 
The medical records of 44 patients who had their 
stomas closed were retrospectively reviewed. Between 
August 2015 and November 2019 at Akdeniz Univer-
sity Hospital, 21 patients who underwent the Purse-
String (PS) method and 23 patients who underwent the 
Conventional Method (CM) were compared.  
 
Purse-String (PS) Method Group 
      This group consisted of 21 patients who under-
went stoma closure using the purse-string closure tech-
nique. This method involves creating a circular 
purse-string suture around the stoma site to minimize 
wound tension and reduce the risk of SSI.  
 
Conventional Linear Closure (CM) Method Group  
      This group included 23 patients who underwent 
the conventional linear closure technique. This method 
typically involves making an elliptical incision around 
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the stoma site and closing the wound linearly, which 
is commonly used for stoma closure.  
      Medical charts were examined for patient demo-
graphics, including age, sex, body mass index, and 
medical history such as the presence of diabetes, 
chronic obstructive pulmonary disease, cardiovascular 
disease, liver dysfunction, alcohol consumption (cat-
egorized as normal, moderate, or non-drinker), smok-
ing (within one year prior to surgery), medication 
records, American Society of Anesthesiologists (ASA) 
score, and preoperative blood values for both PS and 
CM groups. This study received approval from the Ak-
deniz University Ethics Committee (23.11.2019/963).  
      Patients were included in the study if they were 
between 18 and 80 years of age, underwent elective 
stoma closure surgery for benign or malignant condi-
tions such as colorectal cancer or inflammatory bowel 
disease, and had no history of abdominal radiation or 
chemotherapy within six months before surgery. All 
patients provided written informed consent to partici-
pate in the study. Patients were excluded if they had 
severe comorbidities such as uncontrolled diabetes or 
end-stage renal disease, a history of recurrent inci-
sional hernias, ongoing infections at the stoma site, 
were pregnant or breastfeeding, or had incomplete 
medical records.  
      A Wound Site Assessment Survey was adminis-
tered to all patients after obtaining written informed 
consent. SSI was defined as the presence of cellulitis 
or purulent discharge, with or without a positive bac-
terial culture, within 30 days after surgery (based on 
the CAE 1992 Centers for Disease Control and Pre-
vention definition) (Table 1). Surgical wounds were 
routinely observed and assessed by the surgical team 
and monitored until 30 days post-operation. 
 
Surgical Technique  
      All patients received preoperative mechanical 
bowel preparation. Prophylactic antibiotics (Cefazolin, 
1g/day) were administered after the induction of gen-
eral anesthesia. The skin surrounding the sutured stoma 
was removed, maintaining a margin of approximately 
3-5mm. The bowel routes leading to the stoma were 
extracted from the abdominal cavity, and the sutured 
stoma was dissected. A functional end-to-end anasto-
mosis or Albert-Lembert anastomosis was then per-
formed. The peritoneum and rectus fascia were closed 

using Vicryl 1.0. The open ileostomy/colostomy was 
sutured, and the wound was irrigated with 500 ml of 
saline. Antibiotics were administered for three days 
postoperatively.  
 
Statistical Analysis  
      Data were analyzed using Pearson's Chi-square 
and Fisher's exact tests for categorical variables. Con-
tinuous variables are presented as median (range) val-
ues. The Mann- Whitney U test was used for statistical 
comparison between groups. A P value of <0.05 was 
considered statistically significant. All analyses were 
performed using IBM SPSS Statistics software, ver-
sion 2.0 (USA). 
 
 
RESULTS 
 
Patient characteristics such as gender, age, Body Mass 
Index, ASA Score, and preoperative comorbidities are 
summarized in Table 2. There was no significant dif-
ference between the PS and CM groups in terms of 
age, gender, body mass index, preoperative comorbidi-
ties, ASA scores, and operative blood values.  
      The perioperative factors and postoperative com-
plications of the PS and CM groups are summarized 
in Table 3. Postoperative bleeding was observed in 1 
patient (4.3%) in the CM group. Anastomotic leakage 
was not observed in either group. The overall compli-
cation rates did not differ significantly between the 
CM and PS groups (P=0.346). The median postoper-
ative hospital stay was 5 days (range, 3–19 days) in 
the CM group and 6 days (range, 3–24 days) in the PS 
group. The median operation time for the CM group 
was 67 minutes (range, 34-213 minutes) and 54 min-
utes (range, 40-190 minutes) for the PS group; this dif-
ference was not statistically significant (P=0.387). The 
median blood loss was 18 ml (range, 0-130 mL) in the 
CM group and 22 ml (range, 0-130 ml) in the PS group 
(P=0.226). The median wound length in the PS group 
was 0.6 cm, significantly shorter than the CM group's 
6 cm (P<0.001). Postoperative complications revealed 
that SSI was observed in 4 patients (17.3%) in the CM 
group, whereas no SSI was observed in the PS group. 
A significant difference was noted in the incidence of 
superficial incisional SSI between the PS and CM 
groups (P=0.054) (Table 3). 
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DISCUSSION 
 
Intestinal stomas involve surgically bringing a portion 
of the small or large intestine through the anterior ab-
dominal wall. While the fundamental principles of 
stoma formation are typically the same, various con-
figurations are used for different indications. A divert-
ing stoma prevents fecal flow from reaching the distal 
intestine to treat or prevent anastomotic leakage and 
is necessary in cases of sacral or perineal infections at 

risk due to constant fecal contact [14]. Permanent 
stomas are required when pathological anatomy pre-
vents the restoration of gastrointestinal continuity, 
when patient comorbidities prohibit further surgery, or 
when re-anastomosis would adversely affect the qual-
ity of life [15]. The optimal skin closure technique fol-
lowing loop ileostomy reversal in stoma surgery has 
not yet been established [16].  
      Our study found that the PS technique signifi-
cantly reduces SSI and provides better cosmetic results 
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compared to conventional methods. There was no sig-
nificant difference in operation time, length of hospital 
stay, or wound healing time between the groups. This 
finding is consistent with previous studies showing 
similar operation times and recovery periods for dif-
ferent stoma closure techniques. Patient characteris-
tics, such as age, gender, body mass index, 
preoperative comorbidities, AS scores, and operative 
blood values, were comparable between the PS and 
CM groups, indicating that differences in outcomes 
are likely due to the closure techniques rather than pa-
tient demographics. Our findings align with Pokorny 
et al. [17], who reported similar complication rates, 
with 3% mortality, 20% wound infection, 10% bowel 
obstruction, and 5% anastomotic leakage. Similarly, 
Song et al. [18] reported a 32.7% complication rate 
in 55 patients after ileostomy reversal, including 
wound infection (24.3%), small bowel obstruction 
(16.4%), and incisional hernia (7.9%).  
      Kim et al. [19] found a 19.7% complication rate 
in 164 patients. Our study observed complications in 
21.5% of patients with CM and 9.5% of patients with 
PS, supporting the evidence that the PS method results 
in fewer complications. The treatment of SSIs requires 
wound drainage, regular wound care, and sometimes 
antibiotics. However, cosmetic outcomes are often un-
satisfactory, and the healing period is extended. Atal-
lah et al. [20] reported better cosmetic outcomes with 
the PS technique, which our study corroborates.  
      Reid et al. [21] conducted a randomized clinical 
study comparing the PS method with conventional 
closure, finding a significantly lower infection rate for 
the PS group (0%) compared to the control group 
(36.6%). The healing time was also shorter in the PS 
group (3.8 weeks) compared to the conventional group 
(5.9 weeks). Patient satisfaction was higher in the PS 
group (70%) compared to the other group (20%) [21]. 
These findings are consistent with our results, where 
the PS group showed a significantly shorter wound 
length and fewer SSIs.  
      In a systematic review by Li et al. [22], the PS 
method was found to be the best skin closure tech-
nique in terms of reducing SSI after stoma reversal. 
Conventional techniques may lead to higher SSI rates 
due to inadequate drainage of subcutaneous exudate, 
increasing the risk of wound separation, incisional her-
nia, prolonged hospital stay, and higher healthcare 
costs. Additionally, delayed wound healing, unsightly 

scar formation, and poor cosmetic results are more 
likely in the conventional group [23].  
      Our study found a median wound length of 0.6 cm 
in the PS group compared to 6 cm in the CM group 
(P<0.001), indicating significantly better cosmetic out-
comes with the PS technique. The incidence of super-
ficial SSI was also lower in the PS group (0%) 
compared to the CM group (17.3%) (P=0.054), sup-
porting the superiority of the PS method in preventing 
infections.  
      In summary, the PS method demonstrates signifi-
cant advantages over conventional methods in reduc-
ing SSIs, improving cosmetic outcomes, and 
enhancing patient satisfaction. Further long-term stud-
ies are needed to confirm these benefits and establish 
the most effective closure technique for stoma rever-
sal.  
 
Limitations  
      There are some limitations in our study. Our study 
was planned retrospectively and the number of pa-
tients was limited. New studies with larger patient 
groups are needed. Thus, more risk factor analyses 
could be performed. 
 
 
CONCLUSION 
 
Our research results indicate that the purse-string tech-
nique results in significantly fewer surgical site infec-
tions and improved cosmetic outcomes compared to 
the conventional technique. Further studies with long-
term follow-up are needed to confirm the potential 
benefits of the purse-string technique in reducing in-
cisional hernias and improving cost-effectiveness. Sur-
gical site infections present a substantial economic 
burden due to prolonged hospital stays, medication 
treatments, and increased overall treatment costs. The 
higher rate of surgical site infections in the conven-
tional group may contribute to higher medical ex-
penses. Additional costs associated with healthcare 
personnel providing continuous wound care in the 
conventional group should also be considered.  
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ABSTRACT 
Objectives: Myotonic dystrophy type 1 (DM1) is an autosomal dominant disorder characterized by myotonia, 
atrophy, and muscle weakness.  Even though myotonic discharges can be shown on electromyography in DM1 
instances, it is still difficult to distinguish DM1 clinically from other myotonic disorders. We aimed to examine 
the relationship between DM1 and myotonia.  
Methods: Data from 22 patients who had myotonia were analyzed retrospectively. Patients with DM1 (n=9) 
and non-DM1 myotonia (n=13) were categorized by genetic testing.  
Results: There was a significant difference in the incidence rates of myotonia (P=0.0001) between 8 out of 9 
DM1 patients (89%) and 1 out of 13 non-DM1 (8%). Myotonic discharges were seen in 7 of the 9 DM1 (78%) 
patients. On the other hand, only 2 out of 13 (15%) patients with non-DM1 had myotonic discharges. There 
was a statistically significant difference in the incidence rates across the groups (P=0.003). In this study, we 
also encountered three siblings with DM1. We observed myotonia and muscle weakness in the twins, indicating 
there is a possibility of anticipation being seen in their grandchildren in the future.  
Conclusion: Genetic counseling is crucial for understanding disease variability, aiding in better DM1 man-
agement. 
Keywords: Myotonic dystrophy type 1 (DM1), DM1 protein kinase gene, myotonia, CTG repeats
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 M yotonic dystrophy type 1 (DM1) is an auto-

somal dominant disorder characterized by 
myotonia, atrophy, and muscle weakness 

[1]. An increase in CTG causes this condition repeats 
in the 3′ untranslated region (3′UTR) of the DM1 Pro-
tein Kinase (DMPK) gene. This microsatellite typi-
cally has 5-37 repeats, but at 50 repetitions or more, it 
becomes pathogenic because the enlarged CUG re-
peats (CUGexp) generate ribonuclear foci, which 
make the resultant RNA poisonous. RNA-binding pro-

teins are bound and sequestered by hairpin structures 
seen in these foci [2]. DM1 patients frequently have 
myotonia, which is defined as having trouble releasing 
a contracted muscle [3, 4].  
      Myotonia is a unique electrodiagnostic result that 
is seen during the needle section of an electromyog-
raphy (EMG) investigation. The structure and sound 
of EMG myotonia are distinctive, and when the 
recording needle is introduced into a muscle that is at 
rest, the usual dive bombardment sound is audible 
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rather than electrical silence [5, 6]. In both the upper 
and lower extremities, myotonia is evident in the prox-
imal and distal muscle groups [7]. Myotonia is a dis-
ease-specific clinical and electrodiagnostic indication 
that arises from skeletal muscle chloride channel fail-
ure [8]. Myotonia is associated with myotonic dis-
charges on EMG. Myotonic discharges are easily 
recognized on electrodiagnostic testing because of the 
waxing and waning discharges [7].  
      Myotonic dystrophy is now classified as type 1 
DM1 for the classic form and type 2 DM2 for the more 
recently discovered variation. Myotonia (present in 
90% of affected individuals) and muscle dysfunction 
(weakness, pain, and stiffness) account for 82% of the 
symptoms of myotonic dystrophy type 2 DM2. Less 
frequently occurring conditions include subcapsular 
cataracts, cardiac conduction defects, and insulin-in-
sensitive type 2 diabetes mellitus. While myotonia has 
been documented in the first ten years of life, it usually 
manifests in the third decade, usually with episodic or 
fluctuating excruciating muscular pain and weakening 
of the flexors in the neck and fingers. Rarely does my-
otonia result in severe symptoms [9]. DM2 is the sole 
additional hereditary form of multisystem myotonic 
dystrophy that has been discovered thus far. DM2 is 
caused by pathogenic polymorphisms in CNBP. 
CNBP intron 1 may include a complex repeat motif, 
(TG)n(TCTG)n(CCTG)n. DM2 is brought on by the 
CCTG repetition expanding. Counting the CTG re-
peats in myotonic dystrophy protein kinase (DMPK) 
allows one to distinguish between DM1, DM2, and 
other hereditary myopathies. To rule out other causes 
of muscle disease, further testing with EMG, serum 
CK levels, and/or muscle biopsy is frequently neces-
sary if the DMPK CTG repeat length is within the nor-
mal range and DM2 has been ruled out by molecular 
genetic testing of CNBP.  
      During both meiosis and mitosis, the mutant 
DMPK CTG is unstable. Somatic mosaicism fre-
quently results from the instability during mitosis. The 
afflicted people may exhibit mutations with varying 
sizes within a single tissue type or mutations with 
varying sizes across many tissue types. The patient 
population's diverse spectrum of clinical characteris-
tics might perhaps be attributed to somatic mosaicism 
arising from mitotic instability [10, 11]. In the mean-
while, during the allele's transmission to the following 
generation, meiotic instability may cause changes in 

the CTG's size. In most cases, the size will increase, 
leading to more severe clinical symptoms known as 
anticipation and an earlier age of start. An individual 
with severe, early-onset diabetes usually gets the en-
larged mutant allele from the mother [12, 13].  
      Our study aimed to investigate the relationship be-
tween myotonia in patients with DM1 by retrospec-
tively analyzing their genetic report. Additionally, we 
sought to highlight the importance of genetic counsel-
ing for patients with myotonic dystrophy and their 
family members. 
 
 
METHODS 
 
We examined patients treated at Umraniye Training 
and Research Hospital from 2020 to 2024 for electro-
diagnostic testing. Cases having verified gene test 
findings and myotonic discharges on the EMG were 
chosen. The research excluded patients who were on 
cholinesterase inhibitors or any other drug that might 
reduce myotonic discharges. The results of gene tests 
were used to divide the patients into two groups: the 
DM1 group and the non-DM1 myotonia group. Pa-
tients in the DM1 group had amplifications of the 
DMPK gene including more than 50 CTG trinu-
cleotide sequence repeats. Patients without DM1 val-
idated by gene testing made up the non-DM1 
myotonia group. Both percussion and requesting the 
patient to carry out bodily actions like opening their 
eyes or squeezing their hand were used to demonstrate 
clinical myotonia.  
      Peripheral blood samples were taken after written 
consent was obtained from the patients. Genomic 
DNA was extracted from EDTA-anticoagulated pe-
ripheral blood using standard methods. DNA extrac-
tion from the blood sample was performed using a 
semi-automatic robot as recommended by the manu-
facturer (Qiagen). Concentration and quality control 
of DNA samples (260/280 nm and 260/230 nm values) 
were determined by fluorometric (Qubit v3.0) and UV 
spectrophotometry. We brought the reagents to room 
temperature. Vortex Primer Mix and PCR Mix were 
then spun briefly to remove debris from the cover. We 
mixed the enzyme gently by inverting or pipetting. 
Following the recipe given above, we prepared a Mas-
ter Mix that calculates the number of samples and con-
trols. We mixed briefly by pipetting or Vortex Master 
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Mix. For each sample, we transferred 21.5 µL of Mas-
ter Mix into each 0.2 ml PCR tube. We added 1 sample 
of DNA (1-5 ng per reaction) to each PCR tube. We 
prepared a positive control PCR tube using the DNA 
provided in the kit and added 1 µl of sterile Direct Q 
dd H2O instead of DNA for the negative control. We 
vortexed each PCR tube. We made sure that no drops 
remained on the tube wall or lid. We placed the tubes 
in the thermal cycler. We used the following PCR pro-
gram for amplification of all markers. The PCR prod-
ucts were incubated for three minutes at −20°C on ice 
or in a cold box. We centrifuged the plate for 10 sec-
onds at 1000xg to get bubbles out of the wells. We 
placed the plate in the Genetic Analyzer and started 
the run. Samples were analyzed using Applied Biosys-
tems® fragment analysis software compatible with the 
Genetic Analyzer for GT DM1 Detector. The program 
of PCR reaction was designed as follows: Initial De-
naturation, 95°C 5 min; Denaturation, 95°C 1 min; 

Primer Annealing, 63°C 70 sec; Extension, 72°C 80 
sec; Final Extension, 72°C 10 min; 30 cycles.  
 
Statistical Analysis  
      The two-sample Pearson's chi-square test was 
used to assess the myotonia occurrence rate between 
the myotonic DM1 and non-DM1 groups. The statis-
tical analyses were performed using SPSS version 21 
at a significance level of P<0.05. Patients in the second 
group did not have DM1 validated by gene testing. 
 
 
RESULTS 
 
Individuals were divided into the DM1 and non-DM1 
groups after being analyzed using Applied Biosys-
tems® fragment analysis software compatible with the 
Genetic Analyzer for GT DM1 Detector (Fig. 1).  
      Following gender and age-based case matching 
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!

!

!Fig. 1. DMPK gene 3'UTR region CTG repeat MLPA fragment analysis images. MLPA fragment analysis images of DM1 
cases are shown here (A-F). The CTG repeat was over 50, and it has been genetically proven that the diagnosis is DM 1. 
MLPA=multiplex ligation-dependent probe amplification, DM1=muscular dystrophy type 1. 
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between the two groups, a total of 22 people were in-
cluded in the study. Table 1 displays clinical symp-
toms, EMG readings, and gene test findings. Nine 
patients with mean age of 33.22±12.76 years com-
prised the DM1 group. They were all myotonic. This 
non-DM1 myotonia group consisted of thirteen pa-
tients with mean age of 31.38±16.89 years. Age and 
gender did not significantly differ across the groups 
(P=0.360 and P=0.899, respectively).  
      Seven of the nine patients in the DM1 group, or 
almost 78% of the total, had myotonic discharge. My-
otonic discharge was seen in one patient out of the 13 
in the non-DM1 myotonia group, representing an in-
cidence rate of around 8%. There were notable varia-
tions in occurrence rates between the DM1 and 
non-DM1 myotonia groups (χ2=8.56, P=0.003). Fur-
thermore, there was a significant difference in the in-
cidence rates of myotonia (P=0.0001) between 8 out 
of 9 DM1 patients (89%) and 1 out of 13 non-DM1 
myotonia patients (8%).  
      In one household, we found three siblings. The 
younger sister, case 20, had a normal number of repe-
titions (13/13). Cases 19 and 16 are twin sisters, with 
DMPK 3'UTR CTG repeat counts of 13/>50. The 
mother of this family likewise had identical clinical 
signs but passed away, thus genetic testing could not 
be performed. The father was taken at an outside facil-
ity and genetic testing was verbally reported as normal. 
 
 
DISCUSSION 
 
We discovered a link between DM1 and myotonia. 
DM1 was significantly correlated with myotonia in the 
present research. This aligned with the findings of ear-
lier investigations. Research revealed that distal motor 
weakness and related clinical and electrical myotonia 
are common in DM 1 patients [14, 15]. Myotonia 
might be a sign or symptom that leads people to in-
quire about genetic testing.  
      Moreover, we encountered three siblings includ-
ing two twin patients in this study. The fact that their 
mother had the same symptoms and died at a young 
age suggests myotonic dystrophy, even if there is no 
opportunity for genetic testing. In addition, the fact 
that her father's genetic test was normal strengthens 
the possibility. We observed that muscle weakness and 
myotonia were prominent in the twin sisters. This is 

evidence of anticipation and demonstrates the neces-
sity of genetic counseling for patients and family 
members. Genetic counseling provides critical infor-
mation for family planning. Understanding the risks 
of passing on an expanded allele can help prospective 
parents make informed decisions. For instance, they 
might consider preimplantation genetic diagnosis or 
other reproductive options to reduce the risk of having 
a child with severe DM1 [16]. Counseling helps fami-
lies understand the potential variability in disease pres-
entation and progression due to genetic instability. This 
knowledge is crucial for preparing for the care needs 
of affected individuals and setting realistic expectations 
regarding the disease's impact on quality of life. 
      Because of the incredibly low incidence rate, this 
study's limited sample size is one of its limitations. In 
the future, larger sensitivity and specificity investiga-
tions will be required to validate these results. More-
over, our study examined the CTG repeat in the 3' 
UTR using classical PCR. However, while classical 
PCR can confirm whether the CTG repeat is over 50 
or not, it is difficult to determine whether the CTG re-
peat is between 100-1000 or even over 1000, that is, 
it is difficult to decide which of the mild, classical and 
congenital subtypes it is. For this reason, it is neces-
sary to use the Southern blotting. As we all know, hav-
ing a Southern blotting device in every laboratory is 
impossible. For this reason, we are also unable to test 
the subtypes of DM1 in our study. We were unable to 
perform Southern blotting and prove that the patients' 
CTG repeat count was over 100. 
 
 
CONCLUSION 
 
Our study confirms that myotonia may be an important 
sign of DM1 associated with DMPK gene mutations. 
The strong correlation between DM1 and myotonia and 
the anticipation observed in familial cases emphasize 
the importance of genetic counseling. This counseling 
is crucial for family planning and understanding dis-
ease variability, aiding in better preparation and man-
agement of DM1's impact on quality of life. 
 
Ethics Committee Approval  
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sent. This study was approved by the Ethical Commit-
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Increasing cumulative cabergoline dose in patients with 
prolactinoma improves metabolic parameters 
independently of decrease in prolactin levels  
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ABSTRACT 
Objectives: In prolactinoma patients treated with cabergoline, all of whom achieved normoprolactinemia, lon-
gitudinal changes in metabolic parameters and the factors influencing these changes were investigated.  
Methods: This retrospective-longitudinal study was conducted at a pituitary disease center. Medical records 
of newly diagnosed prolactinoma patients between 2013 and 2023 were reviewed. After applying exclusion 
criteria, 102 prolactinoma patients were included in the final analysis. Clinical and laboratory parameters of 
prolactinoma patients were recorded. Metabolic parameters assessed were fasting plasma glucose, lipid levels, 
fasting insulin levels, HbA1c levels, and Homeostatic Model Assessment-Insulin Resistance (HOMA-IR) lev-
els. Subsequently, metabolic parameters assessed at the initial and final visits were compared, and factors in-
fluencing these parameters were analyzed. 
Results: All prolactinoma patients were treated with cabergoline, and all were in remission at their final visit. 
The treatment significantly reduced fasting plasma glucose, HbA1c, and LDL cholesterol levels (P<0.05). Al-
though there were improvements in other lipid parameters, fasting insulin, BMI, and HOMA-IR compared to 
baseline, the differences were not statistically significant. A correlation analysis was conducted to identify fac-
tors influencing fasting plasma glucose, HbA1c, and LDL cholesterol levels at the final visit in prolactinoma 
patients. The analysis revealed that only the cumulative dose of cabergoline significantly impacted all three 
metabolic parameters (P<0.05).  
Conclusions: Cabergoline not only balances prolactin levels but also directly improves metabolic health. Cur-
rent and future evidence clearly indicates that dopamine agonists like cabergoline could be an effective treat-
ment not only for patients with prolactinomas but also for individuals affected by metabolic disorders without 
hyperprolactinemia. 
Keywords: Cabergoline, prolactinoma, glucose profile, lipid profile, metabolism
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 P rolactinomas are the most common pituitary tu-

mors [1]. A high amount of secreted prolactin 
leads to well-known effects such as gonadal 

dysfunction and galactorrhea [2]. However, it also 
leads to many systemic disorders. One of these is its 
effect on metabolism. Recently, some negative effects 
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of hyperprolactinemia on glucose and lipid metabo-
lism have been demonstrated [3]. Furthermore, nor-
malizing prolactin levels through treatment can bring 
back metabolic disturbances in patients with prolactin-
oma [4]. Previous studies have reported hyper-
glycemia, hyperlipidemia, and increased BMI in 
patients with prolactinoma. Dopamine agonists, par-
ticularly cabergoline, one of the primary treatments 
for prolactinoma, have been shown to have beneficial 
effects on these metabolic disturbances [3-5]. This 
metabolic restoration is attributed to prolactin's nor-
malization, gonadal functions' improvement, and the 
positive metabolic effects of the dopamine agonists 
used for treatment [5]. Observing the change in meta-
bolic parameters of prolactinoma patients reveals that 
both the hormone prolactin and the dopamine agonists, 
which inhibit the release of this hormone in metabo-
lism, will make an essential contribution to our under-
standing. This study focused on the longitudinal 
changes in metabolic parameters in a group of pro-
lactinoma patients treated with cabergoline, all of 
whom achieved normoprolactinemia. Factors influ-
encing the altered metabolic parameters were also in-
vestigated. 
 
 
METHODS 
 
Study Design and Patients  
The study adhered to the ethical principles for medical 
research involving human participants described in the 
World Medical Association's Declaration of Helsinki. 
The Ethics Committee of Istanbul University-Cerrah-
pasa approved the study (Approval Number: 
16.10.2023-711105). This retrospective-longitudinal 
study was conducted at a pituitary disease center. 
Medical records of patients newly diagnosed with pro-
lactinoma were reviewed between January 2013 and 
January 2023. The inclusion criteria were: i) adult pa-
tients over 18 years of age, ii) patients clearly diag-
nosed with prolactinoma based on guidelines [6], iii) 
patients treated with cabergoline, and iv) patients reg-
ularly followed up for at least six months. The exclu-
sion criteria were: i) patients with hyperprolactinemia 
due to causes other than prolactinoma [7], ii) patients 
followed without treatment (those whose treatment 
was completed or those in a drug holiday), iii) patients 

treated with bromocriptine, iv) patients treated with 
surgery or radiotherapy, v) patients with incomplete 
metabolic evaluations at diagnosis and during follow-
up, vi) patients receiving medical treatment for dia-
betes, hyperlipidemia, or obesity, vii) patients with 
hypopituitarism (however, patients with gonadal dys-
function at diagnosis whose gonadal function im-
proved with cabergoline treatment were included), and 
viii) patients with insufficient follow-up duration.  
      The medical follow-up records obtained the pa-
tients' clinical and laboratory data and medication use. 
Data on medication use, duration, dosage, and inter-
vals were reviewed from a government digital data-
base (https://medeczane.sgk.gov.tr/doktor/login.jsp), 
which provides information on the history of pre-
scribed medications.  
      Metabolic parameters evaluated at the initial and 
final visits were then compared, and factors influenc-
ing these metabolic parameters were analyzed.  
 
Patient Management and Definitions  
      Medical therapy with dopamine agonists (DAs) 
was recommended as the initial treatment approach for 
patients diagnosed with prolactinoma. Cabergoline 
was initiated at 0.25-0.5 mg per week, and the DA 
dose was gradually increased until prolactin levels 
normalized. In this study, remission was defined as pa-
tients in whom symptoms had resolved, tumor pro-
gression was absent, and prolactin levels were below 
20 ng/mL. Remission status was monitored every six 
months by evaluating symptoms and measuring pro-
lactin levels.  
 
Collected Data  
      The following parameters were examined in pro-
lactinoma patients: age, sex, height, weight, body mass 
index (BMI), presenting symptoms, disease duration, 
duration of cabergoline use, cumulative cabergoline 
doses, comorbid conditions, and data on other med-
ications. At the time of diagnosis and the final visits, 
the following were recorded: pituitary adenoma size, 
prolactin levels, anterior pituitary hormone levels, 
fasting plasma glucose, lipid levels, fasting insulin lev-
els, and HbA1c levels. Homeostatic Model Assess-
ment-Insulin Resistance (HOMA-IR) levels were 
calculated using the formula: fasting plasma glucose 
(FPG) (mg/dL) × fasting insulin (µU\mL) / 405 [8]. 
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Biochemical Assays  
      Fasting blood samples were collected between 
8:00 and 9:00 AM. Prolactin levels were measured 
using an electrochemiluminescence immunoassay 
(ECLIA). FPG, insulin, total cholesterol, low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), 
and triglycerides were measured using enzymatic col-
orimetric or immunoturbidimetric methods on 
Roche/Hitachi Cobas c systems.  
 
Radiological Evaluation  
      High-resolution magnetic resonance imaging 
(MRI) of the pituitary gland and hypothalamic region 
was performed on all patients. Images were obtained 
using 1.5 Tesla MRI machines until 2018, after which 
a 3 Tesla MRI machine was used. The presence of a 
hypointense lesion following the intravenous injection 
of gadolinium indicated a pituitary adenoma. Lateral-
lateral, dorsoventral, and craniocaudal diameters were 
measured, and the largest adenoma diameter was used 
for analyses. 
 
Statistical Analysis  
      Statistical analyses were performed using the Sta-
tistical Package for the Social Sciences (SPSS) soft-
ware (version 27.0). The data were first analyzed for 
normality using the Kolmogorov-Smirnov test. Con-
tinuous variables were expressed as mean ± standard 
deviation (SD) and median (interquartile range [IQR]). 
Student's t-tests or analysis of variance (ANOVA) 
were used to compare means between groups with a 
normal data distribution. Medians were compared 
using the Mann-Whitney U test and the Kruskal-Wal-
lis test. Spearman's rank and Pearson correlation tests 
were employed to calculate correlation coefficients be-
tween continuous variables. Frequencies were com-
pared using Pearson's chi-square test and Fisher's 
exact test. A paired-sample t-test was used to deter-
mine whether the baseline metabolic parameters dif-
fered from the final visit values. Results were analyzed 
with a 95% confidence interval, and a P-value < 0.05 
was considered statistically significant.  
 
 
RESULTS 
 
Characteristics of Patients  
The records of 328 newly diagnosed prolactinoma pa-

tients were reviewed. After applying the exclusion cri-
teria, 102 patients were included in the final analysis. 
Table 1 presents the general characteristics of the pa-
tients.  
 
      Changes in Metabolic Parameters During Treat-
ment  
      The changes in metabolic parameters evaluated at 
the time of diagnosis and the final visit in prolactin-
oma patients are presented in Table 2. Treatment sig-
nificantly reduced FPG, HbA1c, and LDL cholesterol 
levels (P<0.05 for all). Although there was an im-
provement in other lipid parameters, fasting insulin, 
BMI, and HOMA-IR compared to the baseline, the 
differences were not statistically significant.  
      Initially, 12 patients had impaired fasting glucose. 
After treatment, FPG returned to normal in six patients 
(50%). Data on glucose metabolism of these 12 pa-
tients are shown in Table 3. FPG, HbA1c, insulin, and 
HOMA-IR changes in patients with impaired glucose 
metabolism were statistically significant (P<0.05 for 
all). Although there was a decrease in all glucose pa-
rameters compared to the baseline after treatment in 
90 patients with normal glucose metabolism at the be-
ginning, only the reduction in HbA1c was significant 
(P<0.01, Table 4). Hypoglycemia, defined as FPG < 
65 mg/dL [9], was not observed in any patient.  
      There were 25 patients with LDL cholesterol lev-
els >130 mg/dL at diagnosis. In 10 (40%), LDL cho-
lesterol level decreased to normal after cabergoline 
treatment. This group's LDL cholesterol change was 
significant (baseline: 165.6 mg/dL, last visit: 140.6 
mg/dL, P=0.002). There were 20 patients with triglyc-
eride levels above 150 mg/dL at diagnosis. After 
cabergoline treatment, the triglyceride level of seven 
patients (35%) returned to normal. The triglyceride 
change in this group was insignificant (baseline: 273.9 
mg/dL, last visit: 215.1 mg/dL, P=0.141). There were 
12 patients with HDL cholesterol levels <50 mg/dL in 
women and <40 mg/dL in men at diagnosis. After 
cabergoline treatment, HDL cholesterol increased to 
normal in six patients (50%). However, this increase 
was not statistically significant (baseline: 36.9 mg/dL, 
last visit: 40.9 mg/dL, P=0.082). 
 
      Factors Affecting the Changing Metabolic Param-
eters  
A correlation analysis was performed to identify fac-
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tors influencing the fasting plasma glucose, HbA1c, 
and LDL cholesterol levels measured at the final visit 
in prolactinoma patients. The results are presented in 
Table 5. The analysis showed that only the cumulative 
dose of cabergoline used significantly affected all 
three metabolic parameters (P<0.05 for all). 

DISCUSSION 
 
In this study, the metabolic changes in a group of pro-
lactinoma patients treated with cabergoline were lon-
gitudinally evaluated. After a median follow-up of 
three years, the patients' fasting plasma glucose, 
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HbA1c, and LDL cholesterol levels significantly de-
creased compared to baseline. In patients with initially 
impaired glucose metabolism, glucose metabolism re-
turned to normal in 50% of patients with treatment. In 
addition, 40% of patients with high LDL cholesterol 
levels achieved normal LDL levels with cabergoline 
treatment. Moreover, a significant relationship was 
found between these parameters and the cumulative 
dose of cabergoline used. It was observed that as the 
cumulative cabergoline dose increased, the reductions 
in these metabolic parameters were more pronounced.  
It is well-established that elevated prolactin levels in 
prolactinoma patients are associated with metabolic 
disorders [3]. Previous studies have reported hyper-
glycemia, hyperlipidemia, and increased BMI in pa-
tients with prolactinoma [10-37]. Dopamine agonists, 
particularly cabergoline, one of the primary treatments 
for prolactinoma, have been shown to have beneficial 
effects on these metabolic disturbances. In patients 
who achieve normoprolactinemia with treatment, im-
provements in metabolic abnormalities are observed 
[24-28]. These improvements are attributed to normal-
ization of prolactin levels and the positive metabolic 

effects of cabergoline [31-33]. The beneficial effects 
of dopamine agonists on metabolic disorders have 
been demonstrated even in patients without hyperpro-
lactinemia [24].  
      Prolactin receptors have been identified in insulin-
secreting pancreatic beta cells [16]. Elevated prolactin 
levels lead to an increase in both beta cell mass and 
insulin secretion [17]. Additionally, dopamine recep-
tors (D2DR) are also present in beta cells, and the ad-
ministration of dopamine agonists, such as 
cabergoline, reduces insulin secretion from the pan-
creas [38]. Glucose profile and insulin resistance im-
provements have been reported in prolactinoma 
patients following cabergoline treatment [26, 27]. 
Long-term cabergoline therapy has been shown to re-
duce fasting insulin and HOMA-IR levels, correlating 
with the cumulative dose of cabergoline [33]. In our 
study, fasting plasma glucose and HbA1c levels sig-
nificantly decreased with treatment. However, al-
though insulin and HOMA-IR levels decreased 
compared to baseline, the changes did not reach sta-
tistical significance. The improvement in glucose pro-
files observed in our study was strongly correlated 
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with the cumulative cabergoline dose. Our findings 
support the hypothesis that, in addition to prolactin 
normalization, cabergoline has a beneficial effect on 
glucose metabolism regulation.  
Dyslipidemia has been frequently reported in pro-
lactinoma patients and is characterized by increased 
total cholesterol, LDL, triglycerides, and decreased 
HDL levels [35, 36, 39]. Hyperprolactinemia is 
thought to be responsible for this unfavorable lipid 
profile by inhibiting apolipoprotein biosynthesis [37]. 
In our study, improvements in lipid metabolism were 
observed after treatment compared to baseline. No-
tably, there was a significant reduction in LDL levels 
following treatment. Although positive changes were 
also noted in other lipid parameters, these did not 
reach statistical significance. Additionally, the im-
provement in the lipid profile was correlated with the 
cumulative dose of cabergoline used.  
      Hyperprolactinemia can lead to increased appetite, 
weight gain, and obesity [10-14]. Prolactinoma pa-
tients have been reported to have higher body fat mass 
than healthy controls [39]. Moreover, elevated pro-
lactin levels may result from metabolic risk factors 
such as waist circumference and visceral fat accumu-
lation. It is believed that long-term treatment with 
cabergoline may improve waist circumference and 
body composition. Notably, in hypogonadal male pro-
lactinoma patients, the addition of testosterone re-
placement therapy to cabergoline treatment has been 
associated with more pronounced improvements in 
body composition [40]. In our study, although a de-
crease in BMI was observed after treatment in pro-
lactinoma patients, it did not reach statistical 
significance. This may be due to excluding hypogo-
nadal patients receiving replacement therapy, in whom 

improvements are likely more pronounced. Addition-
ally, our study did not perform waist circumference 
and visceral fat measurements, which may explain the 
lack of significant changes observed.  
      This study confirmed that metabolic improve-
ments were observed in prolactinoma patients when 
disease control was achieved through treatment. Our 
results suggest that these improvements may be attrib-
uted not only to the achievement of normoprolactine-
mia but also to the beneficial metabolic effects of 
cabergoline. However, our study has some limitations. 
First, the causal relationship at the molecular level be-
tween metabolic parameters, prolactin, and cabergo-
line was not established. Nevertheless, the metabolic 
improvements observed in a relatively large cohort 
with long-term follow-up are likely attributable to pro-
lactin normalization and cabergoline treatment. Addi-
tionally, only patients without gonadal dysfunction 
were included in the study, meaning that the results 
are independent of gonadal replacement therapy. Since 
all patients achieved normoprolactinemia, the findings 
likely reflect the positive metabolic effects of caber-
goline. Another limitation is that patients treated with 
other modalities, such as surgery, were excluded. 
However, surgery in our center is typically reserved 
for more challenging prolactinoma cases [41, 42], 
which often present with additional hormonal distur-
bances that could affect the outcomes [43]. A further 
limitation is the lack of advanced metabolic assess-
ments. Due to the study's retrospective nature, more 
detailed evaluations, such as oral glucose tolerance 
tests, apolipoprotein measurements, waist circumfer-
ence, and body composition analyses, were unavail-
able. Future prospective, large-scale, and 
molecular-level studies could provide stronger evi-
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dence and highlight metabolic restoration as a thera-
peutic goal in prolactinoma patients. 
 
 
CONCLUSION 
 
Prolactin is a hormone with widespread metabolic ef-
fects, and elevated prolactin levels have been clearly 
shown to negatively impact metabolism in prolactin-
oma patients. Achieving normoprolactinemia through 
appropriate treatment is critical in restoring these pa-
tients' metabolic balance. However, cabergoline pro-
vides direct metabolic benefits beyond normalizing 
prolactin levels. Current and future research suggests 
that dopamine agonists like cabergoline may represent 
a powerful therapeutic option not only for prolactin-
oma patients but also for individuals suffering from 
metabolic disorders who do not have hyperprolactine-
mia. This opens up a new and promising treatment av-
enue for managing metabolic disorders in broader 
patient populations with dopamine agonists. 
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Diagnostic performance of ultrasound versus 99mTc-
sestamibi scintigraphy in preoperative depiction and 
localization of parathyroid adenoma in patients with 
primary hyperparathyroidism  
 
Ercüment Gürlüler  
 
Department of General Surgery, Faculty of Medicine, Bursa Uludağ University, Bursa, Türkiye 
 
 
ABSTRACT 
Objectives: To evaluate diagnostic performance of ultrasound (US) and 99mTc-sestamibi scintigraphy (MIBI) 
in preoperative depiction and localization of parathyroid adenoma in patients with primary hyperparathyroidism 
(PHPT) 
Methods: A total of 645 patients (mean age: 52.3 [range; 18-81] years, 72.9% were females) who underwent 
parathyroidectomy for PHPT due to histopathologically-confirmed adenoma were included in this retrospective 
cohort study. The accuracy of preoperative US and MIBI in the depiction and localization of parathyroid ade-
nomas was evaluated with respect to intraoperative localization. 
Results: Preoperative MIBI was more accurate than preoperative US in identifying upper right (6.2% vs. 2.6%) 
and upper left (7.5% vs. 3.8%) orthotopic adenomas, and ectopic adenomas (1.5% vs. 0.7%). Failure to identify 
an adenoma was less commonly noted on preoperative MIBI than on preoperative US (26.9% vs. 32.8%). The 
US mainly failed to diagnose the adenomas located in the upper left (27.4%), lower left (25.9%) and upper 
right (19.3%) orthotopic sites, while MIBI mainly missed those located in the lower left (36.2%), lower right 
(24.7%) and upper left (20.1%) orthotopic sites. True-positive depiction rates on the preoperative US (60.4% 
for ≤250 mg, 80.3% for ≥901 mg) and MIBI (56.7% for ≤250 mg, 86.7% for ≥901 mg) were increased as the 
parathyroid weight increased. 
Conclusions: Our findings indicate inconclusive results in the identification of parathyroid adenoma in nearly 
one-third of cases with both US and MIBI and the side-specific and site-specific variations in their performance. 
Hence, the combined use of these imaging modalities may be of great clinical value in the precise preoperative 
depiction and localization of parathyroid adenomas. 
Keywords: Primary hyperparathyroidism, preoperative imaging, ultrasound, 99mTc-sestamibi scintigraphy, 
parathyroid adenoma, localization 
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 P rimary hyperparathyroidism (PHPT), a com-

mon endocrine disorder associated with an 
overactive parathyroid gland, is caused by a 

parathyroid adenoma in majority of cases, followed 
by hyperplasia and rarely carcinoma of the parathyroid 
gland [1].  
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      Surgical resection of pathological parathyroid 
glands via bilateral neck exploration (BNE) or mini-
mally invasive focused parathyroidectomy (MIP) is the 
only definite treatment for PHPT [2]. Owing to an im-
proved presurgical imaging technology enabling the 
implementation of a less extensive but similarly effec-
tive surgical approach, a dramatic shift has occurred in 
the surgical practice over the last two decades, with in-
creasing use of MIP over traditional BNE in PHPT pa-
tients [2, 3]. Hence, MIP has become the surgery of 
choice in solitary adenomas, which provides high sur-
gical cure rates along with lower complication rates, 
shorter surgery duration, and hospital stay, and im-
proved cosmetic results when compared to BNE [4, 5]. 
      Accordingly, preoperative imaging has become in-
creasingly important in clinical practice as the success 
of MIP is highly dependent on the accurate preopera-
tive detection and localization of abnormal parathyroid 
lesions [6,7]. Preoperative imaging enables not only 
the lateralization and the exact location of abnormal 
glands but also helps the surgeon with the qualification 
of patients who would be better served with BNE or 
MIP [4, 5].  
      The ultrasound (US) and 99mTc-sestamibi scintig-
raphy (MIBI) are considered the first-line imaging 
modalities for the preoperative detection and localiza-
tion of parathyroid adenomas [4, 6-9]. However, the 
reported sensitivities of neck US and MIBI scans 

range from 65% to 81.4% and from 61.0% to 90.6%, 
respectively, and up to 20% of preoperative imaging 
results are considered inconclusive [4, 8, 10, 11].  
      Nonetheless, most of the studies addressing the di-
agnostic performance of preoperative imaging modal-
ities are small scale studies without detailed analysis 
of adenoma localization (i.e., lateralization or site-spe-
cific characteristics) and the optimal preoperative lo-
calization technique remains to be inconclusive [6, 8, 
10-12].  
      This retrospective single-center study aimed to 
comparatively evaluate the performance of preopera-
tive imaging modalities (US and MIBI) in preopera-
tive depiction and localization of parathyroid adenoma 
in a homogenous surgical cohort of patients with 
PHPT, using a detailed 4-quadrant side/site-specific 
analysis. 
 
 
METHODS 
 
Study population  
A total of 645 patients (mean age: 52.3 [range; 18-81] 
years, 72.9% were females) who underwent parathy-
roidectomy for PHPT due to histopathologically-con-
firmed adenoma were included in this single-center 
retrospective cohort study conducted at a tertiary care 
general surgery clinic between January 2005 and June 
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2023. The presence of preoperative US and MIBI re-
ports, and the confirmed postoperative histopatholog-
ical diagnosis of parathyroid adenoma or hyperplasia 
were the study's inclusion criteria. Patients without pre-
operative imaging data (US or MIBI), those without a 
confirmed histopathological diagnosis of adenoma or 
hyperplasia, and those with postoperative recurrence 
or persistence were excluded from the study.  
      Written informed consent was obtained from each 
participant. This study was conducted in accordance 
with the ethical principles stated in the “Declaration 
of Helsinki” and approved by the Bursa Uludag Uni-
versity Clinical Research Ethics Committee (Date of 
Approval: 19/09/2023; Protocol No: 2023-17/60).  
 
Assessments  
      Patient demographics (age, gender), preoperative 
parathyroid hormone (PTH) and calcium levels, and 
preoperative imaging data on 4-quadrant adenoma lo-
calization were recorded in each patient. The accuracy 
of preoperative US and MIBI in depiction and local-
ization of parathyroid adenomas was evaluated with 
respect to intraoperative localization which was de-
fined as a reference of the localization diagnostics. The 
intraoperative parathyroid adenoma localization and 
the true-positive US and MIBI depiction rates were 
also evaluated with respect to parathyroid weight.  
 
Statistical Analysis  
      Statistical analysis was performed using IBM 

SPSS Statistics (IBM Corp. Released 2012. IBM 
SPSS Statistics for Windows, version 22.0. Armonk, 
NY: IBM Corp). Descriptive statistics were reported 
including means and ranges for continuous variables 
and percentages for categorical variables. Data were 
expressed as mean, median (minimum-maximum), 
and percent (%) where appropriate. 
 
 
RESULTS 
 
Patient Demographics, Preoperative Laboratory 
Findings, and Surgery Type  
The mean patient age was 52.3 (range: 18-81) years, 
and females composed the 72.9% of the study popu-
lation. Median levels for preoperative serum calcium 
and serum PTH were 9.1 (8.3-13.2) mEq/L and 148 
(111-1867) pg/mL, respectively (Table 1).  
All patients with solitary adenoma detected on preop-
erative imaging were operated with MIP (n=356, 
55.2%), while those with multi-gland disease or sus-
picious/negative imaging were operated with BNE 
(n=289, 44.8%). The operation was initially started 
with MIP but then converted to BNE in 50 of 289 
BNE-operated patients (Table 1).  
 
Preoperative Imaging with Respect to Intraoperative 
Localization   
      Intraoperative localization revealed that most of 
parathyroid adenomas were located inferiorly (73.2%) 
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including the lower left (40.4%) or lower right 
(32.8%) orthotopic sites. Preoperative US and MIBI, 
although at a lower rate than the intraoperative assess-
ment, identified the lower right (27.2% and. 25.9%) 
and the lower left (31.9% vs. 30.8%) orthotopic ade-
nomas with similar accuracy (Table 2).  
      Intraoperatively, only 21.7% of parathyroid ade-

nomas were located superiorly including the upper left 
(12.8%) or upper right (8.9%) orthotopic sites, while 
ectopic (2.9%) and bilateral (1.8%) adenomas were 
the least commonly identified ones (Table 2).  
      The preoperative MIBI, compared with the preop-
erative US, was more accurate in identifying adeno-
mas in the less-common localizations such as the 
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upper right (6.2% vs. 2.6%) and the upper left (7.5% 
vs. 3.8%) orthotopic adenomas, as well as the ectopic 
(1.5% vs. 0.7%) adenomas. Failure to locate an ade-
noma was less commonly noted on preoperative MIBI 

than on preoperative US (174 missed locations 
[26.9%] vs. 212 missed locations [32.8%], respec-
tively) (Table 2).  
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Fig. 2. Preoperative imaging success in localization of adenoma with respect to parathyroid weight. 
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Distribution of Missed Locations by Preoperative US 
(n=212) and MIBI (n=174)  
      Overall, preoperative US mainly missed the ade-
nomas located in the upper left (27.4%), lower left 
(25.9%) and upper right (19.3%) orthotopic sites. 
Lower left (36.2%), lower right (24.7%) and upper left 
(20.1%) orthotopic sites comprised the majority of 
missed adenoma localizations on preoperative MIBI 
(Table 3, Fig. 1).  
      The left-sided adenomas were more disadvanta-
geous than the right-sided adenomas in terms of being 
recognized on preoperative imaging, regardless of the 
imaging modality; whereas US more accurately iden-
tified the inferiorly located adenomas and MIBI more 
accurately identified the superiorly located adenomas 
(Fig. 1).  
 
Intraoperative Localization and True-positive US and 
MIBI Depiction Rates According to Oarathyroid 
Weight  
      Intraoperative findings revealed that parathyroid 
weight groups were equally presented in unilateral 
adenoma cases, while parathyroid weight <500 mg 
was more common than greater parathyroid weights 
in bilateral and ectopic adenomas (Table 4).  
True-positive depiction rates on preoperative US 
(from 60.4% for ≤250 mg to 80.3% for ≥901 mg) and 
MIBI (from 56.7% for ≤250 mg to 86.7% for ≥901 
mg) were increased as the parathyroid weight in-
creased (Table 4, Fig. 2). 
 
 
DISCUSSION 
 
In this single-center retrospective study in a homoge-
nous surgical cohort of PHPT patients treated over 18 
years, preoperative imaging failed to identify nearly 
one-third of parathyroid adenomas detected intraop-
eratively (32.8% by US and 26.9% by MIBI). Regard-
ing intraoperative findings, the US and MIBI 
modalities showed similar accuracy in correctly iden-
tifying the adenomas located in more prevalent 
anatomic sites (i.e., inferior orthotopic sites). How-
ever, their performance differed in less-prevalent 
anatomic sites (i.e., superior orthotopic sites, ectopic 
location) in favor of MIBI. Specifically, both the US 
and MIBI failed to localize primarily the left-sided 
adenomas, along with a site-specific variation in the 

risk of a missed diagnosis. This risk of a missed diag-
nosis was lower with US for the adenomas located in 
the inferior orthotopic sites and was lower with MIBI 
for those located in the superior orthotopic sites.  
      Our intraoperative assessment revealed that most 
parathyroid adenomas were located inferiorly (73.2%) 
at the lower left (40.4%) or lower right (32.8%) ortho-
topic sites, while 21.7% were located superiorly at the 
upper left (12.8%) and the upper right (8.9%) ortho-
topic sites and only 2.9% were ectopic adenomas. 
These findings support the consistently reported pre-
ponderance of lower orthotopic sites as the most com-
mon parathyroid adenoma location in large series of 
PHPT patients, including those from Turkey which in-
dicated the lower left location in more than 40% of 
adenomas [10, 13, 14].  
      In our cohort, preoperative MIBI was associated 
with certain advantages over the US such as the lower 
rate of missed diagnoses overall (26.9% vs. 32.8%, re-
spectively), and more common diagnoses of superiorly 
located adenomas and ectopic adenomas. Similarly, 
previous studies from Turkey also indicated the asso-
ciation of MIBI vs. US with a more common detection 
of single parathyroid adenoma, as well as with a 
higher sensitivity (70 vs. 60% and 92.17 vs. 75.89%), 
accuracy (90.9 vs. 87.1% and 87.60 vs. 70.25%) and 
positive predictive value (PPV; 94.64% vs. 90.43%) 
in identifying parathyroid adenomas [15, 16]. Also, in 
a meta-analysis of 12 studies on the performance of 
preoperative imaging in identifying parathyroid ade-
nomas, the pooled sensitivity of the US and MIBI was 
found to be similar (83% vs. 80%), while the pooled 
estimate of MIBI specificity was significantly higher 
than the US [17].  
      Indeed, technical advances, such as hybrid Single 
Photon Emission Computed Tomography/ Computed 
Tomography (SPECT/CT) acquisition is considered 
likely to account for the higher sensitivity, specificity, 
and accuracy of MIBI compared to US, enabling a 
more precise preoperative depiction of parathyroid 
adenomas, mainly those in ectopic locations (i.e., retro 
tracheal, retrosternal, upper mediastinal and in-
trathymic regions) [4, 6, 9, 11].  
      Accordingly, in a recent study with 213 PHPT pa-
tients, preoperative MIBI SPECT/CT was found to 
show higher sensitivity (84% vs. 72%) and accuracy 
(80% vs. 71%) compared to the US, and to enable 
greater anatomical precision (75.8% vs 68.7%) even 
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in the case of ectopic glands or coexisting thyroid 
pathology [11].  
      Moreover, in a recent study by Van den Bruel et 
al. [7] in 104 PHPT patients, the correct identification 
and misclassification rates by US and MIBI for the 
upper (70.7% and 48.3% on US; 54.1% and 55.0% on 
MIBI) and lower (78.7% and 10.4% on US; 59.3% 
and 2.9% on MIBI) adenomas showed that nearly one-
third of superior adenomas detected intraoperatively 
were called inferior by preoperative imaging. Indeed, 
in accordance with the embryological development of 
the parathyroid glands from the branchial pouches, the 
lower and upper parathyroids are more correctly called 
P3 and P4, respectively by virtue of cross-migration 
from the respective pockets, while the superior 
parathyroid glands growing downwards posteriorly 
can be mistaken for the lower ones. This upper/lower 
mispositioning by imaging is suggested to be related 
to the inability to visualize anatomical landmarks (i.e., 
the recurrent laryngeal nerve, inferior thyroid artery) 
as a reference point, by any imaging modality [7, 18].  
Considering the risk of misdiagnosis attributable to 
each preoperative imaging modality, our findings in-
dicate the left-sided orthotopic glands to be less often 
diagnosed by both US and MIBI, along with higher 
performance of US for inferiorly located adenomas 
and that of MIBI for superiorly located and ectopic 
adenomas. Nonetheless, there is no current universally 
accepted algorithm for imaging localization in the set-
ting of PHPT, while the studies also revealed contro-
versial data on the overall, and site- or side-specific 
diagnostic performance of preoperative imaging 
modalities in PHPT patients.  
      In a retrospective series of 1089 operated PHPT 
patients by Iwen et al., MIBI and US were associated 
with failure to identify the gland in 29.8% and 29.4% 
of patients, respectively, while ectopic and orthotopic 
upper glands were much less often diagnosed by both 
MIBI and US [10]. Iwen et al. [10] also reported that 
the sensitivity of US and MIBI was higher for lower 
left (68.9% and 72%, respectively) adenomas, while 
their specificity was higher for upper right (99.2% and 
99.1%, respectively) adenomas.  
      Adkisson et al. [12] reported the association of 
both US and MIBI with similarly high rates of accu-
rate preoperative identification of inferiorly located 
adenomas, whereas a higher rate of accurate adenoma 
localization by US compared to MIBI (63% vs. 41%). 

De Simone et al. [19] reported the correct detection 
and failure rates for superior adenomas (56.25% and 
43.75% for US and 37.5% and 62.5% for MIBI) and 
inferior adenomas (86.66% and 13.33% for US and 
68.88% and 13.33% for MIBI), indicating higher sen-
sitivity of US for inferior solitary adenoma and lower 
sensitivity of MIBI for superior adenoma. Other stud-
ies also reported higher accuracy (93% vs. 90% and 
93 vs. 63%) and sensitivity (98% vs. 93%, 88.0% vs. 
63.0% and 91.5 vs. 56.1%) of US vs. MIBI in the pre-
operative localization of parathyroid adenomas [6, 20].  
      Nonetheless, for such retrospective series studies 
over long time periods, the imaging findings are sub-
ject to interobserver differences or change in hospital 
protocols over time [10]. Importantly, there are certain 
factors affecting the diagnostic accuracy of preopera-
tive imaging for localizing abnormal glands, such as 
differences in patient population (better performance 
in SGD than in MGD), differences in imaging acqui-
sition (lower diagnostic accuracy for use of planar 
scintigraphy imaging alone vs. in combination with 
SPECT), the method of analysis used for imaging re-
sults and surgical reference standards (per-patient or 
per-lesion/quadrant), concomitant thyroid pathology 
(decreases US sensitivity), gland weight, the size of 
adenoma (higher MIBI sensitivity for larger adeno-
mas) and cellular composition of abnormal parathy-
roid nodules (higher MIBI sensitivity for oxyphil 
cells) [2, 4-6, 11, 21].  
      Notably, the association of greater parathyroid 
weight with increased likelihood of true-positive de-
piction rates on US (>80% detection rate for weight 
>501 mg) and MIBI (>86% detection rate for weight 
>901 mg) in our study supports the impact of the 
parathyroid weight on the success rate of localization 
studies with decrease in the localization sensitivity for 
the minimally enlarged parathyroid adenomas on pre-
operative imaging [11, 21-24]. Accordingly, previous 
studies indicated significantly lower parathyroid 
weights in patients preoperatively mis-localized on US 
[22], improved MIBI-PS sensitivity when the gland 
weight is greater than 600 mg [21] as well as signifi-
cantly higher parathyroid weight in MIBI-positive 
cases than in MIBI-negative cases (1145.9 mg vs. 
692.2 mg) [11].  
      MIP is the preferred surgical approach in patients 
with single-gland disease (solitary adenoma) detected 
on preoperative imaging, while BNE is performed in 
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patients with multi-gland disease (>2 abnormal 
glands) or with negative imaging [2, 4, 5]. In the cur-
rent study, the operation was initially started as MIP 
but then converted to BNE in 50 (7.7%) patients, em-
phasizing the role of a focused surgical approach even 
when preoperative imaging modalities indicate a sin-
gle adenoma, and surgeons should always be prepared 
to convert from a MIP into BNE if intraoperative find-
ings show multiglandular disease [4, 6, 8, 10, 14].  
      In fact, given the likelihood of inconclusive results 
in nearly one-third of PHPT patients by use of US or 
MIBI alone, and site-specific advantages pertaining to 
each modality, the combination of both methods may 
be of great clinical value to obtain the best diagnostic 
results for precise preoperative visualization of 
parathyroid adenoma [4, 6, 8, 9, 25]. US-scan is an op-
erator- and instrument-dependent procedure limited to 
the anterior region of the neck which is also hampered 
by the concomitant thyroid pathology [4, 9, 25]. How-
ever, MIBI-scan, recently integrated with CT-SPECT 
technique, ranges up to the mediastinum, and is con-
sidered an operator-independent procedure less ham-
pered by thyroid enlargement and ideal for ectopic 
sites [6, 8, 9]. In this regard, the integration of US and 
MIBI procedures offers greater opportunity for 
side/site location [4, 6, 8, 9, 25]. Many studies indi-
cated the favorable performance of the combined use 
of US and MIBI-SPECT/CT in terms of accuracy of 
preoperative imaging in the setting of PHPT, based on 
the superiority of MIBI to US in detection of ectopic 
adenomas, the consideration of US to be useful in 
cases with low intensity retention of MIBI and the 
widespread availability and cost-effectiveness of this 
strategy [4, 6, 8, 9, 26-30].  
 
Limitations 
      This study has some limitations. First, due to ret-
rospective single-center design, establishing the tem-
porality between cause and effect as well as 
generalizing our findings to overall PHPT population 
seems difficult. Second, while the findings were 
achieved in a homogenous surgical cohort of PHPT 
patients treated over an 18-year period, inter-operator 
variability in radiological imaging is another potential 
limitation with likely effects on results. Third, inability 
to assess the potential impact of imaging studies on 
the surgical approach, due to retrospective design, as 

well as the likelihood of overestimated preoperative 
imaging performance due to inclusion of only surgical 
patients are other limitations. 
 
 
CONCLUSION 
 
In conclusion, this retrospective analysis in a homog-
enous surgical cohort of PHPT patients revealed the 
association of preoperative imaging modalities with 
inconclusive results regarding the identification of 
parathyroid adenoma in nearly one-third of cases. 
Left-sided orthotopic glands were less often diagnosed 
by both US and MIBI, along with higher performance 
of US for inferiorly located adenomas and that of 
MIBI for superiorly located adenomas as well as ec-
topic adenomas. Given the side-specific and site-spe-
cific variations in the performance of each imaging 
modality, our findings emphasize the likelihood of 
combined use of both modalities to be of great clinical 
value in the precise preoperative depiction and local-
ization of parathyroid adenomas in patients with 
PHPT.  
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Corneal topographic and aberrometric changes in 
patients with acquired blepharoptosis after levator 
resection surgery  
 
Ayna Sariyeva Ismayilov , Derya Doğanay , Muhammed Yelkovan  
 
Department of Ophthalmology, Bursa Yüksek İhtisas Training and Research Hospital, University of Health Sciences, Bursa, Türkiye 
 
 
ABSTRACT 
Objectives: To evaluate changes in corneal topography and aberrometry in patients with acquired blepharop-
tosis after levator resection surgery. 
Methods: This prospective, interventional study evaluated 30 eyelids of 19 patients who underwent levator 
resection surgery for acquired blepharoptosis with fair and good levator function (LF). Patients underwent 
corneal topography before and 3 months after surgery. 
Results: Eleven patients had bilateral, and 8 patients had unilateral surgery. There were significant decreases 
in steep keratometry (K2) (preoperative: 46.21±5.02, postoperative: 44.58±2.11, P=0.046) and corneal astig-
matism (preoperative: 2.98±0.61, postoperative: 1.59±1.50, P=0.034). There were no statistically significant 
differences between the preoperative and postoperative values of flat keratometry (K1) (P=0.585), mean ker-
atometry (Kmean) (P=0.122), axis of corneal astigmatism (P=0.548), central corneal thickness (P=0.350), an-
terior chamber depth (P=0.747) and anterior chamber volume (P=0.679). The root mean square (RMS)-higher 
order aberrations (HOA) (P<0.001), RMS-Coma (Z₃¹) (P<0.001), and RMS-Trefoil (Z₃³) (P=0.005) decreased 
significantly. Preoperative and postoperative values of the seconder astigmatism (P=0.345), RMS-spherical 
aberration (Z₄⁰) (P=0.255), and RMS-Quadrafoil (Z₄⁴) values were found similar.  
Conclusions: Levator resection for acquired blepharoptosis can improve the topography and aberrometry 
measurements of the cornea 3 months after surgery.  
Keywords: Blepharoptosis, levator resection surgery, corneal topography, corneal higher-order aberrations, 
RMS-HOA, dry eye 
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 B lepharoptosis, also known as “ptosis,” is the 

unilateral or bilateral drooping of the upper 
eyelid in the primary gaze position of the eye. 

It is classified as congenital or acquired. Congenital 
ptosis is a myogenic origin in which the levator muscle 
improperly develops and occurs at birth or in the first 
year of life. Acquired ptosis appears later and can be 

sub-classified: neurogenic, myogenic, aponeurotic, 
mechanical, and traumatic. The most common is 
aponeurotic ptosis, which develops due to involutional 
changes, dehiscence, or disinsertion of aponeurosis [1, 
2]. The estimated prevalence of ptosis in the adult pop-
ulation varies between 4.7% and 13.5% [3-5].  
      Blepharoptosis may cause both appearance-related 
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anxiety and poor visual quality [6, 7]. In patients with 
blepharoptosis, visual field loss, refraction changes, and 
decreased contrast sensitivity have been shown [8-10]. 
      Depending on the severity of blepharoptosis and 
levator function (LF), various surgical procedures, in-
cluding levator resection, frontalis suspension, 
mullerectomy, and Fasanella-Servat are applied in the 
treatment [11-13]. Many ocular surgeons prefer leva-
tor resection in eyes with LF greater than 4 mm, and 
most of them believe that levator resection results in a 
better lid contour and position than frontalis suspen-
sion [14]. It has been reported that after the levator 
procedure, the mean corneal astigmatism decreased by 
0.25 diopters (D), and contrast sensitivity improved 
significantly postoperatively [15, 16].  
      Levator resection surgery may affect corneal to-
pography and higher-order aberrations (HOAs) since 
it eliminates the effect of the drooping upper eyelid on 
the ocular surface and corneal curvature. In particular, 
the impact of levator resection surgery on HOAs is not 
fully understood, and there are few studies on this sub-
ject in the literature. The present study evaluated 
changes in corneal topography and aberrometry in pa-
tients with acquired blepharoptosis after levator resec-
tion surgery. 
 
 
METHODS 
 
This prospective, interventional study evaluated 30 
eyelids of 19 patients who underwent levator resection 
surgery for acquired blepharoptosis with fair and good 
LF at a single center between June 2023 and Decem-
ber 2024. The ptosis of all included patients was char-
acterized by aponeurotic ptosis. The hospital's local 
ethics committee approved the study (number: 2011-
KAEK-25 2023/05-14-31.05.2023). The study ad-
hered to the tenets of the Declaration of Helsinki. 
Written informed consent was obtained from each pa-
tient before surgery.  
      The patients underwent a routine ophthalmologic 
examination, including best corrected visual acuity 
(BCVA) (Snellen’s chart and converted to the loga-
rithm of the minimal angle of resolution (logMAR)), 
intraocular pressure (IOP), and biomicroscopic exam-
ination. Schirmer strips were used for the Schirmer I 
test in the outer third of the lower lid fornix without 
topical anesthesia, and the wet distance was measured 

after 5 minutes. It was considered abnormal if the 
measurements were ≤10 mm [17]. Tear breakup time 
(TBUT) was measured after using fluorescein dye as 
the time between the last blink and the first break in 
the dye on the cornea under biomicroscopic examina-
tion at x10 magnification with a cobalt blue filter. If 
the TBUT measurements were <5 s, it was interpreted 
as suggestive of dry eye [18].  
      Patients with gross eyelid pathologies other than 
acquired blepharoptosis, such as entropion or ectro-
pion, previous corneal or eyelid surgery, pterygium, 
keratoconus, any corneal opacity, wearing contact 
lenses, strabismus, or syndromes such as Marcus 
Gunn jaw winking syndrome were excluded.  
 
Blepharoptosis Evaluation  
      The position of the upper eyelid was evaluated in 
the primary gaze. Margin-reflex distance 1 (MRD1) is 
the distance between the upper eyelid margin and the 
corneal central light reflex in the primary position. 
Vertical fissure height (VFH) is the distance between 
the upper and lower lid margin. LF was determined by 
asking the patient to look up and down while pressing 
on the eyebrow and measuring the excursion of the 
upper eyelid margin. The distance ≤ 5 mm was classi-
fied as poor, 6-11 mm as fair, and ≥12 mm as good LF 
[19]. Levator resection was planned for patients with 
fair to good LF (>5 mm).  
 
Corneal Topographic Measurements  
      Corneal topography and aberrometry were con-
ducted using the Sirius device (CSO, Florence, Italy) 
before the surgery and 3 months postoperatively. Sir-
ius imaging system combines a rotating Scheimpflug 
camera and Placido disk technology. Three precisely 
focused, centered, and aligned images were captured 
for each eye, and patients were instructed to blink 
twice to ensure a smooth corneal surface and repro-
ducible measurement. To ensure uniformity in meas-
urements, the upper eyelid was mechanically lifted in 
all eyes immediately before the aberrometry examina-
tion to visualize the centers of gravity. The same ex-
perienced technician took all measurements. To 
minimalize diurnal vaiations, all measurements were 
taken between 9 AM and 12 AM. The daytime to pre-
vent diurnal variation. K1 (anterior corneal surface, 
flat keratometry), K2 (anterior corneal surface, steep 
keratometry), Kmean (anterior corneal surface, mean 
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keratometry), central corneal thickness (CCT), ante-
rior chamber volume (ACV), anterior chamber depth 
(ACD), corneal astigmatism, axis of corneal astigma-
tism and total corneal optical aberration data root 
mean square (RMS)-HOA, RMS-Coma, RMS-Trefoil, 
Seconder astigmatism, RMS-Spherical aberration and 
RMS-Quadrafoil were compared preoperatively and 
at least 3 months postoperatively. Internal software au-
tomatically produces corneal wavefront data from 
aberrometry readings using Zernicke polynomials. 
The topography device produces total corneal aberra-
tions based on four different pupil sizes (3, 5, 6, and 7 
mm). For analysis standardization, all Zernicke coef-
ficients and RMS values for 6-mm pupil size were 
evaluated for all eyes, and Zernicke coefficients higher 
than fifth order were not determined.  
 
Surgical Technique  
      The same oculoplastic surgeon (D.D.) performed 
levator resection surgery under local anesthesia. The 
site of the proposed lid crease was marked. Lidocaine 
hydrochloride (20 mg/mL) and epinephrine (0.0125 
mg/mL) were injected subcutaneously into the eyelid. 
After the skin and orbicularis oculi incision, the orbital 
septum was opened to expose preaponeurotic fat, a 
landmark for the levator muscle. Preaponeurotic fat re-
tracted and levator muscle exposed. The levator muscle 
was separated from its insertion. Double-armed 6-0 
coated polyglactin 910 (Vicryl) sutures passed through 
the tarsus. Eyelid position was evaluated intraopera-
tively. The measured excess part of the muscle was re-
sected. The skin and orbicularis were closed. 

Statistical Analysis  
      Statistical analyses were performed using the 
SPSS software version 22 (IBM Corp., Armonk, NY, 
USA). Variables were examined using Shapiro-Wilk’s 
test to determine distribution. The distribution of the 
data was normal. Continuous data are presented as 
mean ± standard deviation. Categorical characteristics 
are presented as numbers (%). The paired sample t-
test was performed to compare preoperative and post-
operative values, and P-value of <0.05 was considered 
statistically significant. 
 
 
RESULTS 
 
Thirty eyelids with acquired blepharoptosis from 19 
patients (7 females and 12 males) with a mean age of 
65.25±15.12 (range: 24-82) years were included in the 
study. The mean MRD1 of the patients was 0.69±0.90 
mm (range: 0-3) preoperatively and 3.86±1.23 (range: 
3-7) mm postoperatively (P<0.001). The mean VFH 
was 6.57±2.74 (range: 3-12) mm preoperatively and 
10.33±2.45 mm (range: 6-17) postoperatively 
(P<0.001). The LF of the patients were 10.68±3.85 
mm (range: 6-17) preoperatively and 14.01±0.11 mm 
(range: 7-20) postoperatively (P=0.045). Preoperative 
BCVA (logMAR) was 0.187±0.508 (range: 0-0.096), 
and postoperative BCVA (logMAR) was 0.141±0.602 
(range: 0-0.070) (P=0.652).  
      The patients' mean Schirmer I test results were 
14.95±8.07 mm (range: 10-20) preoperatively and 
15.65±6.65 mm (range: 10-14) postoperatively 
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(P=0.405). The preoperative mean TBUT was 
6.76±4.63 s (6-15), and the postoperative mean TBUT 
was 7.88±6.75 s (range: 6-16) (P=0.554).  
      Topographic data in the preoperative period and 
in the postoperative 3rd month are presented in Table 
1. There were no statistically significant differences 
between the preoperative and postoperative values of 
K1 (43.10±1.47 and 42.97±1.47, respectively; 
P=0.585), K mean (44.44±2.45 and 43.73±1.37, re-
spectively; P=0.122), axis of corneal astigmatism 
(74.50±61.76 and 82.83±62.80, respectively; 
P=0.548), CCT (533.80±51.66 and 528.15±52.43, re-
spectively; P=0.350), ACD (2.98±0.59 and 2.99±0.58, 
respectively; P=0.747) and ACV (137.32±47.65 and 
139.72±46.44 mm3, respectively; P=0.679) parame-
ters. While preoperative K2 was 46.21±5.02, the post-

operative K2 was 44.58±2.11 (P=0.046). Preoperative 
corneal astigmatism was 2.98±0.61, and postoperative 
corneal astigmatism was 1.59±1.50 (p=0.034).  
      Wavefront aberration data for the total corneal sur-
face in the preoperative period and in the postoperative 
3rd month are presented in Table 2 and Fig. 1. The 
RMS-HOA in the 6 mm optical zone was 2.271±0.815 
µm, which decreased significantly to 1.241±0.591 µm 
(P<0.001). The RMS-Coma (Z₃¹) was 2.941±0.731 
µm, which significantly reduced to 0.424±0.642 µm 
(P<0.001). While preoperative RMS-Trefoil (Z₃³) was 
2.054±1.425 µm, postoperative RMS-Trefoil (Z₃³) was 
0.583±1.265 µm (P=0.005). Preoperative and postop-
erative values of the seconder astigmatism (P=0.345), 
RMS-spherical aberration (Z₄⁰) (P=0.255), and RMS-
Quadrafoil (Z₄⁴) (P=0.715) values were found similar. 
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Fig. 1. Changes in corneal HOAs postoperatively.  

(RMS=Root mean square, HOA=High-order aberrations) 
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DISCUSSION 
 
Levator resection surgery may improve visual function 
by removing the eyelid covering the pupil and chang-
ing corneal shapes [20]. It may modify the pressure on 
the opposing cornea and alter preexisting corneal cur-
vature. This study investigated the effects of levator 
resection surgery on corneal topography in patients 
with acquired blepharoptosis. Cadera et al. [21] found 
that 36% of the study eyes' astigmatism changed by 
more than 0.75 D. Their results were similar for both 
fascia lata sling and levator resection [21]. Garima et 
al. [22] reported that the mean preoperative astigma-
tism was 1.28 D while the mean postoperative astig-
matism was 1.71 D.  Another study showed an average 
decrease of 0.18 D in astigmatism after congenital pto-
sis surgery [23]. This study found that postoperative 
corneal astigmatism decreased statistically signifi-
cantly by an average of 1.39 D. In addition, it was ob-
served that both K1 (from 43.10±1.47 to 42.97±1.47) 
and K2 (from 46.21±5.02 to 44.58±2.11) decreased 
postoperatively. The decrease in K2 was statistically 
significant. Our results matched the results of Islam et 
al. [24] found that K1 decreased from 43.00±1.28 pre-
operatively to 42.88±1.37 postoperative, and K2 de-
creased from 44.11±1.22 preoperatively to 43.99±1.44 
postoperative. In another study, K1 and K2 changes in 
the 1st and 3rd months after ptosis surgery were not 
found to be significant [25]. These heterogeneous re-
sults of ptosis surgery on the cornea may depend on 
the type of topography devices used, the age of the pa-
tients (congenital or acquired), different races (eyelid 
morphology), and different follow-up periods.  
      Third-order and above aberrations are defined as 
RMS-HOAs. HOAs are an index of visual quality, and 
their reduction increases contrast sensitivity [26]. The 
anterior corneal surface is an essential contributor to 
the total HOAs of the eye. The impact on the corneal 
shape of the eyelid is mainly exerted on the anterior 
ocular surface. Shen et al. [27] reported that both the 
vertical coma and the vertical trefoil of the anterior 
corneal HOAs showed a significant difference be-
tween the ptosis and control groups. The upper eyelid 
pressure exerted on the cornea in a vertical direction 
is the likely optical explanation for the significant in-
crease in vertical corneal aberrations since the upper 
eyelid drops. At the end of this study, it was observed 
that RMS-HOA, RMS-Coma, RMS-Trefoil, second-

ary astigmatism, RMS-Spherical aberration, and 
RMS-Quadrafoil decreased in the 3rd postoperative 
month. However, the decreases in RMS-HOA, RMS-
Coma, and RMS-Trefoil were statistically significant. 
Safari et al. [28] reported that ptosis surgery for con-
genital upper eyelid ptosis corrected vertical coma in 
aberrometry, and as corneal astigmatism is > 1D, post-
operative aberrometric changes are more pronounced. 
Han et al. [29] reported that third-order and coma-like 
aberrations were significantly reduced in patients who 
underwent levator resection. As a result, levator resec-
tion surgery may positively affect the quality of vision 
by reducing HOAs.  
      Upper eyelid surgery may cause postoperative dry 
eye symptoms by affecting meibomian, lacrimal and 
auxiliary tear glands, and orbicularis muscle by nega-
tively impacting tear production. However, this effect 
has been shown to disappear within a few days [30].  
For longer follow-ups, postoperative blinking recov-
ery and eye dryness reduction may also improve post-
operative HOAs. In this study, the postoperative 
Schirmer I test and TBUT increased slightly, but this 
increase was not statistically significant.  
 
Limitations  
      The study's strengths are that it is prospective and 
examines dry eye parameters to observe the effect of 
aberrations. Its limitations are that it is a single-center 
study with a small sample size and a short follow-up 
period. Studies with larger patient groups and longer 
follow-up periods are needed. 
 
 
CONCLUSION 
 
Levator resection surgery reduced K2, corneal astig-
matism, RMS-HOA, RMS-Coma, and RMS-Trefoil 
values in the postoperative 3rd-month.  
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ABSTRACT 
Objectives: Diagnosis of benign bone tumors is one of the diagnostic questions in the clinical practice which 
has an impact on the patient's quality of life. The work aimed to define the radiographic and histologic com-
plementary diagnosis for benign bone tumors. 
Methods: The present cross-sectional study included one hundred and forty-two patients with benign bone 
and soft tissue tumors referred to and followed up in the Adana Seyhan Hospital over a study period of 2010 
to 2023. Patients were categorized based on the tumor type and radiological imaging was done through X-ray, 
Computed Tomography (CT), and Magnetic Resonance Imaging (MRI) scans. These results were then com-
pared to histopathologic outcomes. Diagnostic indices such as the percentage accuracy, sensitivity, specificity, 
and positive and negative predictive values were estimated. 
Results: In the study, 43.7% of the tumors were cartilaginous. MRI had the highest diagnostic accuracy (sen-
sitivity of 96.9%, specificity of 83.3%, P<0.05). X-ray showed sensitivity of 90.8% and specificity of 66.7%, 
while CT showed sensitivity of 92.3% and specificity of 58.3%. A strong correlation was observed between 
radiologic and histopathologic findings (r=0.87, P<0.001). 
Conclusions: Out of the histopathological features, there is a closely related association between the radio-
logical and histopathological appearances in the diagnosis of benign bone tumors. Magnetic Resonance Imaging 
appears to be the only imaging modality with high accuracy of diagnosis. The concomitant interpretation of 
radiologic and histopathologic features allows for a considerable enhancement in diagnostic specificity. 
Keywords: Benign bone tumors, radiological diagnosis, histopathological correlation 
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 Benign bone tumors are those tumors that de-

velop in the bones and do not display any ma-
lignant characteristics. Generally, these tumors 

are benign and slow-growing, with a lack of invasive 
behavior [1]. However, they can precipitate clinically 
relevant issues, for example, pain, edema, and patho-
logic fracture based on the area of involvement [2]. 
Therefore, it is essential to address the various chal-

lenges associated with diagnosing and treating benign 
bone tumors, as this impacts the overall well-being of 
affected patients and may subject them to unnecessary 
aggressive therapies [3]. Hence, early and correct 
identification of benign bone tumors is significant [4].  
      Radiography, Computed Tomography (CT) scans, 
and Magnetic Resonance Imaging (MRI) serve as im-
portant imaging techniques for the diagnosis of benign 
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bone tumors. However, some benign lesions may pres-
ent with radiological features that may mimic those of 
malignant lesions, leading to misdiagnosis [5]. 
Histopathologic examination is considered the gold 
standard in diagnosing these lesions. Nevertheless, the 
radiological and pathological findings are often incon-
sistent with each other [6]. Hence, it is necessary to 
assess the correlation between radiological assessment 
and histomorphological analysis of biopsied tissue to 
systematically analyze benign bone tumors.  
      The first research question of this study is there-
fore as follows: Is there a correlation between radio-
logical and histopathological diagnosis of benign bone 
tumors? Supporting hypotheses are as follows: (1) For 
208 patients, radiologic findings correlated with 
histopathologic diagnosis show that the method has 
high sensitivity and specificity. (2) Some specific ra-
diologic features of a tumor may suggest one 
histopathologic subtype or another. (3) This may en-
hance radiologic and histopathologic correlation for 
heightened diagnostic performance.  
      Few articles can be found in the literature that 
focus on detailed investigations of the correlation of 
radiological and histopathological appearances of be-
nign bone tumors [7]. Particularly in Turkey, there is 
no large-scale study on this subject. The aim of the 
current study is to address this lack of research and 
provide new insights for clinical practices.  
      This study investigates the relationship between 
the radiologic and histopathological diagnosis of be-
nign bone tumors for improving diagnostic accuracy 
in pathology [8]. Furthermore, the correlation between 
radiological and histopathological findings of different 
subtypes of benign bone tumors will be elucidated in 
detail, and a flowchart is planned to be designed to as-
sist clinicians during the diagnosis. 
 
 
METHODS 
 
Cross-sectional study intended to examine the rela-
tionship between radiological and histopathological 
characteristics in benign bone and soft tissue tumors. 
Patients monitored from 2010 to 2023 at the Orthope-
dics and Traumatology Clinic of Adana Seyhan Hos-
pital were analyzed. Patients diagnosed with benign 
bone and soft tissue tumors were enrolled at our cen-

ter. Some of the most widely used equipment are X-
ray, CT, and MRI systems.  
 
Study Population  
      The age of patients ranged from 18 to 75 years, 
with a balanced distribution between male and female 
participants. Patient selection was carefully controlled 
for demographic factors to ensure representative sam-
pling across different socioeconomic groups. For in-
clusion in the study, patients needed to be 18 years or 
older, have a confirmed diagnosis of benign bone or 
soft tissue tumors, have complete radiologic and 
histopathological data available, and provide written 
informed consent. We excluded patients who had ma-
lignant tumors, were under 18 years of age, had in-
complete radiological or histopathological data, were 
pregnant, had previous surgical intervention at the 
tumor site, or had concurrent systemic diseases affect-
ing bone metabolism.  
      This cross-sectional study was conducted at the 
participants were patients registered in Adana Seyhan 
Hospital. For the study material, all relevant radiolog-
ical imaging techniques necessary for tumor diagnosis 
were applied according to standard protocols. Partici-
pants All patients were selected according to the aims 
and hypotheses of this clinical study, as long as com-
plete radiologic and histopathologic data was avail-
able. To improve the scientific validity of the study, 
selection criteria were carefully established. Since this 
was a cross-sectional study, it was possible to evaluate 
tumor classification radiological and histopathological 
data during that period. Randomization of patients and 
blinding were used factors to reduce bias. This study 
was conducted on participants recruited randomly and 
to prevent bias, the data during analysis was blinded.  
      The present research conformed to the guidelines 
of the Declaration of Helsinki of 1964. The current re-
search received clearance from the Adana City Clini-
cal Research Ethics Committee. Accordingly, written 
consent was obtained from the participants, and the 
ethics committee identification number for the study 
is 129. Meeting Number: 4, Date: 15.08.2024.  
 
Statistical Analysis  
      Statistical analyses were performed using SPSS 
version 25.0 (IBM Corp., Armonk, NY, USA). De-
scriptive statistics were presented as means and stan-
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dard deviations for continuous variables and as fre-
quencies and percentages for categorical variables. 
The diagnostic performance evaluation included cal-
culations of sensitivity, specificity, positive and nega-
tive predictive values, and overall diagnostic accuracy. 
We performed Receiver Operating Characteristic 
(ROC) curve analysis and calculated the Area Under 
the Curve (AUC) values. The relationship between ra-
diological and histopathological findings was assessed 
using Spearman's rank correlation coefficient, while 
inter-observer reliability was evaluated using Cohen's 
kappa coefficient. Missing data were handled using 
multiple imputation techniques. Statistical signifi-
cance was set at P<0.05 for all two-tailed tests, and 
Bonferroni correction was applied for multiple com-
parisons to control for Type I error. 
 
 
RESULTS 
 
Among the 142 benign bone and soft tissue tumors an-
alyzed in our study, cartilaginous tumors were the pre-
dominant type, comprising 43.7% of all cases. Of 
these, osteochondroma was the most common subtype 
(26.8%), followed by enchondroma (14.8%). Os-
teogenic tumors and vascular tumors represented 
12.7% and 8.5% of cases, respectively. Various other 
tumor types constituted the remaining 30.2% of the 
total cases (Table 1).  
      When comparing methodical radiological diag-
nostic methods and histological diagnosis, it was clear 
that among the benign tumors, X-ray which is usually 
a sensitive test (90.8%) had its specificity at 66.7%.  
CT was able to identify an average of 92.3% correctly 
positive cases while reporting 58% correctly negative. 
It appeared that sensitivity analysis pointed out MRI 
having the greatest diagnostic sensitivity of 96%. 
Specificity also reported good range at 83% while sen-
sitivity stood at 90%. It would therefore seem feasible 
that each of the imaging methods is capable of char-
acterizing and positioning benign neoplasms appropri-
ately. However, in the focused study concerning 
benign neoplasms, MRI turned out to be the most sen-
sitive technique (Table 2).  
      As per the findings of the study, the X-ray imaging 
technique demonstrated efficacy in diagnosing a be-
nign bone and soft tissue tumor with a sensitivity and 
specificity of 90.8% and 66.7% respectively, however, 

it was established that the imaging technique has the 
risk of underutilizing benign tumors with a negative 
predictive value of 40.0%. The sensitivity analysis 
showed that CT had a sensitivity of 92.3%, slightly 
higher than that of the X-ray. The analysis of specific 
lesion types revealed that certain features were asso-
ciated with varying diagnostic accuracy. For example, 
parietal lesions, perilesional lesions, and insular cortex 
lesions were associated with a sensitivity of 73% and 
were likely to misdiagnose benign tumors with a 
specificity of 58.3%. The most notable containing 
96% sensitivity was MRI, which made it the most use-
ful in diagnosing the disease over other diagnostic 
modalities. MRI showed a positive predictive value of 
90% while the negative predictive value was 39%, and 
the overall accuracy was 87.3%, making it more ef-
fective in identifying patients with benign lesions with 
a sensitivity of 71% and a negative predictive value of 
71.4%. The degree of diagnostic capacity of MRI was 
also established with a positive predictive value of 
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98.4% (Table 3).  
      These results were supported by other findings 
when it came to diagnostic performance criteria and 
similar F1 scores of X-ray, CT, and MRI of 93.7%, 
94.1%, and 97.6%, respectively. The smallest percent-
age of false positives was 16.7% for MRI, 33.3% for 
CT, and 41.9% for X-ray, as demonstrated in Fig. 1. 
In addition, radiological imaging modalities were cor-
related with histopathological examination to illustrate 
the applicability of each approach in disclosing nu-
merous peculiarities of benign bone tumors (Fig. 2 and 
Fig. 3). 
 
 
DISCUSSION 
 
This investigation aimed to explore the relationship 
between radiographic and histologic features of benign 
bone neoplasms while providing insights for more ac-
curate diagnosis. Our findings revealed a strong cor-

relation between radiological characteristics and 
histopathologic diagnosis in benign bone tumor cases. 
It was observed that radiologic findings are sensitive 
and specific in indicating the histopathologic findings. 
Particular radiologic features were noticed to suggest 
some of the histopathologic subtypes of the tumor. In 
addition, this approach of integrating radiologic with 
histopathologic results in determining the benign bone 
tumor diagnosis was significantly effective. These re-
sults demonstrate that combining both approaches is 
crucial for the accurate diagnosis of benign bone tu-
mors, and the findings presented here will serve as a 
valuable resource for clinicians.  
      According to our study, the sensitivity of MRI is 
96 percent. Specificity was 83%, the sensitivity of the 
test was 9.3% in the diagnosis of benign bone tumors, 
and similar findings were observed in other studies in 
the literature. Schenker et al. [9] also observed a high 
sensitivity of MRI in the diagnosis of epithelioid he-
mangioma. X-ray imaging showed 90.8% sensitivity 
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Fig. 2. Aneurysmal bone cyst. a) Axial CT, image showing the expansile lytic lesion, b) Sagittal CT image demonstrating the 
extent of the lesion. 
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and 66.7% specificity in our study with results similar 
to those found in the CBCT study by Gröbe et al. [10]. 
The sensitivity of 92.3% and specificity of 58.3% re-
ported in this study are in agreement with those 
recorded in the literature regarding the effectiveness 
of methods used in the early detection of oral cavity 
cancers and highlight the merits of the existing screen-
ing procedures [11]. Moreover, it should be noted that 
the results of our study, which demonstrated a strong 
correlation between radiological and pathological fea-
tures of the disease, were also reported by Meyer et 
al. in the cohort of patients diagnosed with systemic 
mastocytosis [12].  
      In our study, the most frequently observed sub-
types during the histopathological assessment of be-
nign bone tumors were in agreement with the literature 
review as well. Similar to the study by Collins et al. 
[13], ossifying fibroma cases occupied an important 
place in our study. As highlighted in the study by 
Gupta et al. [14], the critical importance of histopatho-
logical examination in tumor staging and grading was 
confirmed in our study. As observed in the study by 
Hingsammer et al. [15], a strong correlation was iden-
tified between histopathologic findings and radiologic 

findings in our study. Furthermore, as emphasized in 
the study by Pereira et al. [16] on fibrous dysplasia, 
the importance of the correct definition of histopatho-
logic subtypes in terms of clinical management was 
demonstrated in our study.  
      In this regard, a uniform radiological and 
histopathological evaluation of benign bone lesions 
was rather satisfactorily presented in our study. This 
conclusion is also found in similar studies in the liter-
ature. Vadalà et al. [17] emphasized that radiological 
and histopathological findings were complementary 
to each other. Our study pointed out that the combina-
tion of radiological and histopathological correlation 
led to greater diagnostic efficiency, similar to the find-
ings by Lennerås et al. [18]. Furthermore, as observed 
in the study by Zhou et al. [19], our study revealed that 
specific radiologic features may indicate certain 
histopathologic subtypes. The novel feature of this 
study is that it advances the understanding of bone au-
tograft sterilization methods by integrating radiologi-
cal, biomechanical, and histopathological evaluations, 
showcasing how these approaches aid in determining 
the most effective techniques for limb salvage surgery 
[20].  
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      Some of the individual radiologic features were 
found intently in that they corresponded to certain 
histopathologic subtypes. For instance, the “owl-like” 
appearance that is observed in patients with osteoid 
osteoma was noted in the imaging studies, and even 
histopathological results corroborated it. The need of 
radiologic-histopathologic correlation is also sup-
ported by the finding of the study conducted by 
Chaudhary et al. [21]. The 'ground-glass' appearance 
is a characteristic radiological feature often observed 
in fibrous dysplasia, as highlighted in the context of 
sinonasal diseases and their radiological evaluation in 
this study [22] as well as in our study. The location at 
the epiphysis and mode of calcification seen in cases 
of chondroblastoma in our study were comparable 
with those described by Buonomo et al. [23]. The 
unique contribution of our study to the literature is that 
it demonstrated in a larger patient population that the 
combined evaluation of radiologic and histopathologic 
findings increases diagnostic accuracy, as in the study 
by Seyedmajidi et al. [24].  
 
Limitations 
      This study has a large patient sample, a thorough 
description of different radiological methods (X-ray, 
CT, and MRI), and a meticulous study of the 
histopathological data. Even with the said strengths, it 
should be noted that a limitation of this study is the 
fact that it is a single center and therefore the design 
itself may impose limitations on the generalizability 
of the findings. On the other hand, the limited amount 
of information for particular types of benign bone tu-
mors which are uncommon may also be seen as a 
shortcoming. In practical applications of our study, it 
is shown that concerning the evaluation of suspicious 
lesions, MRI should always be used rather than other 
imaging modalities and that a combined assessment 
of imaging findings and histopathological results im-
proves the accuracy of diagnosis. Therefore, a multi-
disciplinary approach to the diagnosis of benign bone 
tumors and close collaboration between radiologists 
and pathologists are recommended.  
 
 
CONCLUSION 
 
A high correlation between the histologic and the ra-
diologic impression was achieved in the evaluation of 

benign skeletal neoplasia in this investigation. The 
study states that MRI was most effective as an imaging 
modality. It is basic knowledge that some imaging fea-
tures are specific for certain histopathology. It has also 
been noted that the combination of Diagnostic Imag-
ing and Diagnosis permits a better diagnosis. Consid-
ering these observations, a multidisciplinary approach 
is recommended in the diagnosis and treatment of be-
nign bone tumors, in which all imaging techniques 
work closely with the pathology department. 
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Analysis of skin health management through 
telemedicine and mobile health in dermatology in the 
post-COVID era 
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ABSTRACT 
Mobile health has made significant strides in the field of tele-dermatology (TD) following the developments 
post the COVID-19 pandemic. The application of telemedicine and mobile health to dermatology holds the 
potential to enhance the quality of healthcare for citizens and streamline workflows in the healthcare domain, 
hence this subject is of great importance. This research encompasses the last three years. A comprehensive 
overview examining the opportunities, perspectives, and encountered challenges regarding the integration of 
TD with mHealth has been provided. The narrative review methodology is based on (I) conducting research 
via PubMed and Scopus, and (II) conducting compliance assessment using the proposed parameters. The out-
come of the research indicates rapid progress in the integration of TD with mobile health during the COVID-
19 pandemic. This integration has facilitated the monitoring of dermatological issues and allowed for remote 
specialist visits, thereby reducing face-to-face interactions. Artificial intelligence and mobile applications have 
empowered citizens to take a more active role in their own healthcare, which is distinct from other imaging 
areas where information exchange is limited only to professionals. Opportunities that TD can offer in the field 
of mobile health include enhancing service quality, increasing the efficiency of healthcare processes, reducing 
costs, and providing more accessible care. This is applicable not only to conditions like acne, vitiligo, psoriasis, 
and skin cancers but also to other conditions. Integration with artificial intelligence and augmented reality 
(AR), along with the use of wearable sensors, are expected as future developments. However, the integration 
of TD with mobile health brings along issues and challenges related to regulation, ethics, cybersecurity, data 
privacy, and device management. These issues, along with the involvement of citizens in the process, should 
be addressed by scientists and policymakers.  
Keywords: Telemedicine, mobile health, dermatology, tele-dermatology
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 T elemedicine's application in dermatology, 

commonly termed tele-dermatology (TD), 
encompasses two distinct approaches: syn-

chronous (real-time, RT) TD and asynchronous (store-
and-forward, SaF) TD. The SaF model allows for 

asynchronous consultations between patients and der-
matologists, effectively reducing wait times for appoint-
ments. Conversely, RT TD employs video conferencing 
for immediate patient-doctor interaction and remains a 
popular method in dermatology practice [1, 2]. 
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      TD has witnessed significant growth since 1995, 
with an abundance of related literature. A specific 
search strategy conducted on PubMed revealed 1287 
related articles, with 590 (45.8%) published post-Jan-
uary 2020, aligning with the COVID-19 pandemic. 
TD enhances the quality of healthcare services, posi-
tively impacting the healthcare system including pa-
tients, general practitioners, and specialists. This 
enhancement is evident in improved monitoring, treat-
ment, and overall healthcare processes, contributing 
to increased satisfaction among all involved parties [3, 4]. 
      The integration of mobile health (mHealth) with 
TD introduces a synergistic advancement in dermatol-
ogy. TD, leveraging digital health solutions, can sig-
nificantly reduce or eliminate the necessity of physical 
travel, delivering treatments directly to the patient's 
location. mHealth, through specific applications on 
smartphones or tablets, democratizes dermatological 
care, enabling users to manage their conditions via vir-
tual consultations and self-care applications. This in-
tegration marks a departure from traditional digital 
imaging fields such as digital radiology and pathology 
[5, 6]. 
      In addition to the opportunities and challenges 
seen in other digital imaging disciplines, this paper 
also explores unique prospects and challenges in the 
integration of mHealth with TD. This integration plays 
a pivotal role in reshaping dermatological practices 
and enhancing patient engagement, highlighting its 
significance in the field [7, 8].  
      The scholarly focus on this topic, especially against 
the backdrop of the mobile technology boom, is rela-
tively recent, with literature available on PubMed dat-
ing back to 2012. The growing interest in this area 
aligns with the advancements in mobile technology. 
      The search strategy used in this study involved tar-
geting both teledermatology and digital dermatology 
and their intersections with mobile health applications. 
The findings indicate that, as of the date of this re-
search, 87 studies were identified, with 40 (45%) pub-
lished since January 1, 2020, during the COVID-19 
pandemic. This period has notably spurred innovation 
in biomedical technologies, including TD. This narra-
tive review aims to provide an overview of the devel-
opments in TD and mHealth integration over the past 
three years, identifying opportunities, challenges, and 
offering guidance for clinicians, researchers, and pol-
icymakers. The specific objectives include assessing 

the evolution of studies in this field; evaluating the 
current state of TD and mHealth, highlighting their 
strengths and limitations; identifying potential benefits 
of integration such as improved diagnostic accuracy 
and patient outcomes; exploring challenges like data 
privacy and regulatory issues; and providing best prac-
tice recommendations for implementation in derma-
tology. The studies discussed offer insights into both 
research directions and indirectly highlight gaps and 
bottlenecks [9]. 
 
 
EMERGİNG TRENDS İN TELE-DERMATOL-
OGY AND MOBİLE HEALTH INTEGRATİON 
 
Responding to the COVID-19 Pandemic  
The burgeoning interest in tele-dermatology (TD) 
prior to the COVID-19 pandemic is well-documented 
through significant studies [10-19]. These studies re-
flect the maturity of this technology, transcending its 
nascent stage. Clark et al. [19], in a systematic review 
conducted at the end of 2018, underscored the global 
access to mobile phones (4–6 billion users) and 
posited TD as a viable tool for diagnosis and manage-
ment in dermatology. They offered a thorough assess-
ment of mobile phone technology's integration in 
dermatology, probing the accuracy and concordance 
of mobile TD compared to traditional face-to-face 
consultations for skin condition diagnoses. Done et al. 
[18] explored an interoperable informatics client-
server system (VA Telederm) comprising a web server 
and client-accessing apps. VA Telederm, designed for 
integration into the US Veterans Health Administra-
tion's existing TD workflow, showcased the feasibility 
of using mobile technology for consultative store-and-
forward dermatology in large healthcare organizations. 
Koh et al. [17] examined the potential of mobile TD 
in facilitating skin self-examinations (SSEs) and en-
hancing melanoma monitoring and detection. Their 
study evaluated consumer acceptability and expecta-
tions of a mobile health app designed for SSE instruc-
tion and consumer-performed mobile teledermoscopy. 
Silveira et al. [16] conducted a study in Brazil on a 
mobile application developed for aiding skin cancer 
diagnosis, demonstrating its potential and reliability. 
The study indicated its viability as an auxiliary option 
in regions with limited access to dermatology clinics. 
Akdeniz et al. [15] focused on encouraging primary 
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healthcare professionals to engage actively in early 
skin cancer diagnosis among nursing home residents. 
They emphasized the significance of integrating 
mHealth with TD, suggesting dermoscopy courses and 
web or smartphone-based applications to support 
healthcare professionals in early skin cancer detection. 
Shambi et al. [14] investigated acne apps, assessing 
their features and overall quality in facilitating clinical 
management. Their findings indicated the effective-
ness of mobile acne apps in self-management and col-
laborative management of acne, despite variability in 
app quality and the absence of certain crucial features 
for effective clinical management. Marwaha et al. 
[13] evaluated the efficacy and value of TD compared 
to face-to-face workflows in diagnosing lesions. Their 
study, examining risks associated with biopsy and can-
cer diagnosis across different workflows, underscored 
the importance of mHealth implementation for TD ef-
fectiveness. Damsin et al. [12] provided a synthesis 
of the TeleSPOT project objectives, focused on early 
melanoma detection through TD in general practice. 
TeleSPOT utilized smartphone-based pigmented le-
sion diagnosis and an online taskforce to aid derma-
tologists in distinguishing suspect pigmented skin 
lesions. Tongde et al. [11] highlighted the growing in-
tegration of mobile apps in the medical field, with der-
matology being no exception. They reviewed various 
types of dermatology apps, including those for TD, 
self-surveillance, disease guides, reference, der-
moscopy, and others, analyzing their popularity in the 
Apple App Store.  
 
 
THE UNPRECEDENTED IMPACT OF THE 
COVID-19 PANDEMİC 
 
The Idea of the Overview  
The last three years have witnessed a significant surge 
in interest in TD and its integration with mobile health 
(mHealth), largely due to the COVID-19 pandemic 
[10]. The pandemic has been a catalyst for TD's amal-
gamation with mHealth and artificial intelligence, in-
fluencing remote diagnoses of general skin 
pathologies and specific pathological conditions in-
dicative of COVID-19.  
      The transfer of image detection tools into the 
hands of citizens, a necessity for protecting vulnerable 
groups and maintaining social distancing, has not 

completed the transition process. This shift has in-
evitably exposed critical issues, leading to a paradigm 
change in citizen–patient and doctor–specialist rela-
tionships, a contrast to the practices in teleradiology 
or telepathology. This new paradigm involves citizens 
as operators/technologists, raising significant implica-
tions including digital divide, privacy, data security, 
technology, standardization, ethics, and specific train-
ing of use. The integration of AI with patient-held apps 
has further broadened the scope of this field, prompt-
ing reflections by scholars, developers, and decision-
makers. [20]. 
 
 
RESULTS 
 
All studies passed the qualification step of Algorithm. 
The search yielded 40 relevant studies [21-60] since 
the onset of the COVID-19 pandemic.  
      The analysis categorized the contributions into 
various emerging fields of interest, including oppor-
tunities in TD and mHealth, development and testing 
methodologies, integration models, and challenges 
and bottlenecks. Some studies overlapped these cate-
gories, addressing multiple issues.  
      The categorization revealed specific fields of in-
terest: opportunities in TD and mHealth, development 
and implementation methodologies, integration mod-
els, and identification of problems and bottlenecks.  
 
Opportunities of TD and mHealth  
      Studies in this sector unanimously agreed on the 
promising prospects of tele-dermatology (TD) in mo-
bile health (mHealth), emphasizing its role in enhanc-
ing overall service quality [21, 26, 27, 31, 33-35, 
40-45, 48, 50-60]. Evidence suggests that TD and 
mHealth can improve care quality, healthcare 
processes, cost efficiency, and patient satisfaction, 
while reducing the stress on healthcare facilities. Spe-
cific studies have delved into various aspects, includ-
ing potential bottlenecks, care models, and 
development requirements.  
      For instance, Gandhi et al. [21] highlighted a TD 
application's accuracy in diagnosing vitiligo. Handa et 
al. [42] assessed acceptance and opinions of TD dur-
ing the COVID-19 pandemic, noting its effectiveness 
as an alternative to in-person visits. Hampton et al. 
[44] evaluated an app's usability for guiding skin care, 
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finding it user-friendly. Yotsu et al. [45] explored an 
app (eSkinHealth) for disease management in sub-Sa-
haran Africa. Tognetti et al. [51] reviewed an AI-
based TD service for melanoma screening, noting its 
potential for widespread use. Peracca et al. [52] ex-
amined the feasibility and usage frequency of mobile 
mHealth tools in TD. The TELESPOT project [57] in 
Belgium developed a smartphone-based dermoscopy 
app with success in user-friendliness and effective-
ness. Sondermann et al. [59] showed that TD and 
mHealth successfully reduced spatial and temporal 
barriers in dermatology care.  
 
Development, Implementation, Testing, and 
Shared Methodologies  
      Five studies focused on design specifics and pro-
cedures in this field. Ritvi et al. [27] detailed a smart-
phone app in Norway for referring skin lesion cases 
to dermatologists, reducing unnecessary specialist 
consultations. Abbott et al. [43] proposed a guideline 
for capturing high-quality clinical images. Po Harvey 
Chin [50] developed a mHealth tool for remote self-
assessment of digital ulcers. Huang et al. [55, 56] in-
vestigated the Nuru-goTM Derma device, a 
cost-effective tool for preliminary triage and remote 
diagnosis through teledermoscopy.  
 
TD, mHealth, and the Integration Models 
      Six studies concentrated on the models of TD and 
mHealth and their implications. Trinh et al. [53] as-
sessed organizational readiness for implementing a pa-
tient-facing mobile TD app. Veronese et al. [54] 
piloted a care model for elderly patients in senior liv-
ing communities. Kho et al. [41] explored different 
business models in TD and mHealth. Yadav et al. [35] 
assessed patient satisfaction with a hybrid TD model 
during the pandemic. Johnson et al. [26] identified 
barriers and facilitators in monitoring low-risk skin le-
sions. Kling et al. [34] found that TD and mHealth 
increased follow-up care capacity but did not signifi-
cantly improve care transition timeliness.  
 
Problems and Bottlenecks  
Six studies tackled the challenges in TD and mHealth. 
Lull et al. [31] evaluated German apps for psoriasis, 
emphasizing the importance of involving patients in 
app development. Han et al. [48] focused on privacy 
and security in healthcare, proposing a zero-water-

marking scheme. Vestergard et al. [58] discussed the 
accuracy of TD in skin cancer recognition. Cronin et 
al. [60] reported how camera distance and angle can 
affect color accuracy in medical photography. Sun et 
al. [33, 40] highlighted issues in application standards 
and consent procedures in digital skin imaging.  
 
Data Synthesis from the Observational Studies  
      Three observational studies [39, 46, 47] revealed 
various insights. Mostafa and Hegazy [39] showed 
high satisfaction and efficiency in using TD and 
mHealth in Cairo, Egypt. Dusendang et al. [46] com-
pared different TD workflows and their impact on der-
matology service utilization. Gimeno-Vicente et al. 
[47] assessed the emotional impact of WhatsApp con-
sultations on dermatologists, noting negative effects 
and a preference for moderated use.  
      In summary, these sections synthesize a wealth of 
findings in TD and mHealth, covering opportunities, 
developmental methodologies, integration models, 
and identified challenges, thereby providing a com-
prehensive view of the current state and future poten-
tial in this evolving field.  
 
Data Synthesis from Randomized Clinical Trials  
      The overview returned two randomized clinical 
trials (RCTs) [37, 49]. Domogalla et al. [37] high-
lighted the use of a disease management smartphone 
app to improve the mental health of patients with pso-
riasis. The study found that the app was able to induce 
a significant reduction in HADS-Depression scores, 
although further research is needed to assess the app’s 
use frequency and its relationship with the patient out-
comes. Zhang et al. [49] focused on the development 
of an image-AI-based system called Skin-Teller App 
to assess the severity of psoriasis. The study found that 
the model outperformed the average performance of 
43 experienced dermatologists, with a 33.2% perform-
ance gain in the overall PASI score. The app has been 
used in multiple hospitals and has been confirmed to 
be an excellent alternative for accurate assessment by 
dermatologists and chronic disease self-management 
in patients with psoriasis. 
Considered together, these two studies showed that the 
TD integration with mHealth: 
      •Improved access to healthcare: TD and mHealth 
can improve access to healthcare services for patients 
who may face geographic, financial, or other barriers 
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to in-person appointments.  
      •Increased efficiency: TD and mHealth can help 
to reduce wait times and streamline the triage and 
treatment processes. 
      •Better patient outcomes: TD and mHealth can 
lead to better patient outcomes, such as more accurate 
diagnoses and improved management of chronic skin 
conditions.  
      •Enhanced patient engagement: TD and mHealth 
can empower patients to take a more active role in 
their healthcare by providing them with tools and re-
sources to better manage their skin health.  
      •Improved mental health: The use of disease man-
agement smartphone apps may improve the mental 
health of people with psoriasis.  
 
Data Synthesis from the Reviews  
      The reviews covered various aspects of the inte-
gration of TD and mHealth, sometimes in the context 
of the COVID-19 [22-25, 28-30, 32]. Glines et al. 
[22] studied the impact of technology, particularly im-
aging technologies, on the field of dermatology. The 
article discussed the use of TD and mHealth to im-
prove diagnostic accuracy and provide access to der-
matologic evaluations for underserved communities 
and those in rural settings. It was suggested that incor-
porating digital dermatology into clinical practice re-
quired legal frameworks to be addressed and 
reimbursement policies to be updated in order to ben-
efit patient care. Petracca et al. [23] evaluated the im-
plementation of a mobile TD app at three Department 
of Veterans Affairs sites using a properly designed ap-
proach. The study evaluated the organizational readi-
ness for change (ORC) and identified enablers, 
obstacles, and factors affecting its implementation. 
The results showed a high readiness for change, with 
an ORC score of 4.2 out of 5. The study by Marasca 
et al. [24] was a review of the scientific literature on 
the applications of TD and mHealth for inflammatory 
skin diseases. The study found that TD and mHealth 
have been demonstrated to increase access to re-
sources in the health domain, improving the access to 
specific dermatological care for people living in re-
mote areas. Kevderiane et al. [25] reviewed and dis-
cussed the use of TD and mHealth in the care of 
allergic diseases of the skin. This was studied both in 
everyday life and in the context of COVID-19. The re-
view discussed the TD and mHealth applications and 

their practical benefits for clinical trials. The study 
highlighted a high level of patient satisfaction. How-
ever, the review also discussed some of the limitations 
and challenges of these technologies. Havelin et al. 
[28] specifically reviewed the use of TD and mHealth, 
including AI, in managing psoriasis. The authors con-
ducted literature searches and reviewed research pub-
lications linked to apps containing the keyword 
“psoriasis” to answer key questions relating to this 
field. In addition, they searched for apps dedicated to 
“psoriasis” on the analytic website 
www.appannie.com and reviewed research publica-
tions linked to these apps. Lee et al. [29] discussed 
how the COVID-19 pandemic affected dermatology 
and how TD became a popular alternative to in-person 
visits. Mobile TD, which allows patients to monitor 
and forward images of suspicious skin lesions to der-
matologists for remote medical evaluation, was shown 
to represent a useful communication tool between 
medical practitioners and patients. AI technology was 
also used to assess clinical images for skin cancer. The 
authors concluded that there is a future for TD and 
mHealth in skin cancer detection, based on the incor-
poration of direct-to-consumer mobile dermoscopy 
with mole-scanning artificial intelligence. Perrone et 
al. [30] discussed the various areas of telemedicine 
that have evolved during the COVID-19 pandemic, in-
cluding teleradiology, telecardiology, and TD and 
mHealth. The latter has enabled the early identification 
of diseases through diagnoses of cutaneous signs. AI 
has also enabled the early diagnosis and monitoring of 
infections. Greis et al. [36] highlighted the advantages 
of mHealth and AI in dermatology, particularly in 
African countries with limited medical care and long 
distances between patients and physicians. However, 
the challenge of ethnic variation needed to be ad-
dressed to improve the accuracy of automated algo-
rithms. To achieve this, the authors concluded that 
there must be an increase in the quantity of available 
clinical data, which would require the active partici-
pation of local healthcare providers and the dermato-
logical community. Blum et al. [38] discussed the 
advantages and potential risks of using artificial intel-
ligence in dermato-oncology, particularly for skin can-
cer diagnosis and treatment. The advantages included 
increased efficiency and the ability for medical pro-
fessionals to focus on patients, while the potential risks 
included a lack of trust and misclassification of benign 
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lesions. The work also mentioned that smartphone 
apps could be useful for disease-specific information, 
but they required clear guidelines and proper imple-
mentation. Mbunge et al. [32] proposed a systematic 
review on the use of TD and mHealth in South Africa 
during the COVID-19 pandemic. The researchers 
found that South Africa adopted various digital solu-
tions based on mobile technology during the pan-
demic, including SMS services, messengers (for 
example, WhatsApp), mHealth apps, eHealth and 
telemedicine, AI, chatbots, and robotics. However, 
these technologies faced many obstacles, including 
managerial and financial barriers, legal and policy bar-
riers, infrastructure and technology barriers, and cul-
tural barriers. The authors recommended that energy 
be invested in community networks, especially in 
rural/remote areas, to modify mHealth policies, to de-
velop sustainable strategies for the mobilization of re-
sources, and to link accessible worldwide initiatives 
supporting this mobile technology.  
The reviews considered herein identified the following 
opportunities and problems, in which AI was also con-
sidered an element:  
 
OPPORTUNITIES 
      •TD and mHealth can provide access to special-
ized care and improve patient outcomes.  
      •TD and mHealth can increase access to health-
care resources, improving access to specialized centers 
for people living in remote areas.  
      •TD and mHealth can enable the early identifica-
tion of patients through diagnoses of cutaneous signs.  
      •mHealth and AI can be useful in dermatology, 
particularly in African countries with limited medical 
care and long distances between patients and physi-
cians.  
      •TD and mHealth can be useful for disease-spe-
cific information, screening, disease surveillance, 
medication compliance, and communication during 
pandemics.  
      •Incorporating digital dermatology into clinical 
practice can improve diagnostic accuracy and provide 
access to dermatological evaluations for underserved 
communities and those in rural settings. 
 
PROBLEMS 
      •The adoption and implementation of TD and 
mHealth technologies, including those integrated with 

AI, face technical issues, legal frameworks, and regu-
latory barriers. 
      •Incorporating digital dermatology into clinical 
practice requires legal frameworks to be addressed and 
reimbursement policies to be updated to benefit patient 
care.  
      •Technical issues can negatively affect the adop-
tion of TD and mHealth technologies.  
      •The challenge of ethnic variation needs to be ad-
dressed in order to improve the accuracy of automated 
algorithms.  
      •TD and mHealth technologies face infrastructural 
and technological barriers, organization and financial 
barriers, policy and regulatory barriers, as well as cul-
tural barriers.  
 
 
CONCLUSION 
 
The topic explored in this overview, concerning the 
integration of Digital Dermatology and Telemedicine 
(TD) with mobile health (mHealth), is notably intri-
cate. Both technologies have historically faced signif-
icant challenges when integrating into the healthcare 
domain.  
      Telemedicine inherits regulatory issues similar to 
telemedicine and e-Health, which were only partially 
addressed during the COVID-19 pandemic. The inte-
gration of mHealth, a relatively new technology in its 
connection with digital health imaging, primarily re-
lies on smartphone applications. While it offers oppor-
tunities to reach a wider population, it also presents its 
own set of challenges.  
      The integration of mHealth with digital dermatol-
ogy and TD has accelerated during the COVID-19 
pandemic, providing new possibilities for citizens and 
healthcare stakeholders. This review aims to con-
tribute by assessing the current state of integration in 
this field. Our study adopts a narrative review ap-
proach, particularly useful in emerging scientific fields 
with limited medical knowledge. Narrative reviews, 
alongside systematic reviews, play an essential role in 
building knowledge in these young sectors. In this nar-
rative review, we formulated research questions, fol-
lowed a standardized checklist, and employed a 
well-defined review process to connect the various 
specific issues addressed in this field.  
      The overview reveals several opportunities in this 
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area, accelerated by the urgency created during the 
COVID-19 pandemic. Moreover, evidence suggests 
that this technology was maturing even before the pan-
demic. By the end of 2018, with a significant portion 
of the global population having access to mobile 
phones, TD had the potential to be a valuable tool for 
diagnosis and management when integrated with 
mHealth. The integration of mHealth-based solutions 
into TD presents a novel paradigm in image diagnos-
tics, enabling citizens to actively participate in their 
healthcare. Self-diagnosis apps have emerged across 
various categories in dermatology, including TD, self-
surveillance, disease guidance, reference, dermoscopy, 
conferences, education, photograph storage, sharing, 
and journal apps. The ability for self-diagnosis in der-
matology represents a significant technological ad-
vancement, with applications ranging from monitoring 
acne, vitiligo, psoriasis, and skin cancers. These op-
portunities extend to diverse populations, including 
young people, frail individuals, the elderly, and those 
in disadvantaged areas. The availability of robust 
client and server architectures for storing images also 
facilitates professional training in dermatology. Simi-
larly to digital pathology, which allows remote access 
to electronic slides via smartphones, digital dermatol-
ogy provides smartphone access to a repository of dig-
ital images, simplifying training and freeing up 
laboratories for more critical tasks.  
      The overview also highlights various challenges 
and barriers in this sector. While mobile devices have 
proliferated worldwide, the issue of the digital divide 
persists, particularly concerning infrastructure and de-
vices in disadvantaged regions. Digital literacy, par-
ticularly among the elderly population, also poses a 
challenge. The central role of citizens in connecting to 
healthcare services transforms them into de facto op-
erators/technologists. This places a substantial respon-
sibility on app- and hardware-based smartphone tools, 
necessitating attention to aspects like cybersecurity, 
standardization, technological innovation, and ethics. 
In addition to mobile technology, artificial intelligence 
(AI) is emerging as a game-changer in healthcare. In-
tegrating AI with TD and mHealth introduces new 
complexities, including issues of trust, time required 
for assessing benign lesions, insufficient medical 
knowledge for interpreting AI decisions, rapid follow-
up in case of incorrect AI classifications, medico-legal 

concerns, reimbursement challenges, and limitations 
in providing adequate assistance based on AI-gener-
ated images. Moreover, various domains of interven-
tion are emerging in this area, encompassing 
technologies and ethical considerations. By shifting 
the focus to decision-makers and diagnosticians, the 
overview underscores that challenges on the patient's 
side, such as image capturing issues, translate into dif-
ficulties for diagnosticians. The lack of guidelines, 
specific legislation, clear reimbursement procedures, 
and well-defined workflows further complicate the di-
agnostic process. Ultimately, the satisfaction of all ac-
tors in the mHealth process, including citizens, 
depends on the quality of images, ease of data upload, 
efficient data exchange, medical reimbursement, and 
medico-legal aspects.  
      As observed in the overview, artificial intelligence 
has made a significant contribution to TD and its inte-
gration with mHealth. This integration signifies a 
promising trajectory for future development. Chal-
lenges in this path, including regulatory and ethical as-
pects, mirror those in other imaging disciplines such 
as digital pathology and radiology. However, the ac-
tive involvement of citizen-patients-operators neces-
sitates unique attention in this integration process. 
Training AI algorithms to eliminate population bias, 
collecting more clinical data, and involving local 
healthcare providers and dermatological communities 
are crucial steps for enhancing AI's efficacy and us-
ability in dermatology. Augmented reality presents an-
other promising development area, with applications 
in patient-centric settings, medical education, training, 
and cosmetology. AR holds potential for improving 
education outcomes, enhancing dermatological condi-
tion measurement, and expanding clinical interven-
tions. Wearable devices offer additional integration 
possibilities. These devices are increasingly empow-
ering citizens to engage in virtual healthcare through 
interconnected tools.  
      In conclusion, the integration of mHealth, AI, AR, 
and wearable devices in TD and digital dermatology 
presents an attractive development scenario. Citizens, 
as active participants in monitoring and treatment 
processes, can connect with virtual healthcare through 
these integrated tools. However, addressing the com-
plexities of integration requires collaborative efforts 
from scholars, healthcare professionals, and policy-
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makers across various intervention domains. This col-
laborative approach is essential to ensure the respon-
sible and effective integration of TD and mHealth into 
the healthcare ecosystem.  
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ABSTRACT 
Major Neurodegenerative Disorders (MNDs) impact a large number of individuals globally. Individuals with 
neurodegenerative diseases have a significant problem due to the gradual development of communication dif-
ficulties. This is a review article to address the latest ways to manage and help individuals with language prob-
lems because of neurological diseases like Alzheimer's disease, mild cognitive impairment (MCI), and primary 
progressive aphasia (PPA). In the beginning we'll discuss the diseases, and then we'll be discussing how to 
treat them. The therapies used for Alzheimer's disease and PPA have been subject to extensive research. There-
fore, the techniques follow a more structured way. However, there is a limited number of research in MCI and 
the strategies used in MCI mostly concentrate on enhancing the communication abilities of patients and their 
caregivers. There is a need for more research to increase approaches for speech and language therapy, as there 
is limited research on intervention in Turkish patients with MCI, PPA and Alzheimer's disease. It is critical to 
have evidence-based practice in MNDs, and more research is required to understand the effectiveness of speech 
and language therapy.  
Keywords: Major neurodegenerative disorders, Alzheimer's disease, primary progressive aphasia, dementia, 
speech and language therapy 
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 Major Neurodegenerative Disorders (MNDs) 

can be categorized based on their clinical 
symptoms, with extrapyramidal and pyram-

idal movement abnormalities, language deficits and 
cognitive or behavioral problems being the most 
prevalent [1]. Language difficulties are commonly 
seen in several neurodegenerative diseases, typically 
appearing as a prominent symptom in the early stages, 
as in the case of Primary Progressive Aphasia (PPA) 
[2]. Language impairments may also be present along-
side other cognitive problems, as shown in 
Alzheimer's disease (AD) [3]. Recent developments 

in our comprehension of the neuroscience of language 
have led to the revision of certain initial concepts 
about language recovery.  
      In clinical application, there are limited studies 
and reviews on people with MND and the speech ther-
apy approaches that are generally used with them. So, 
it is very important to understand the difficulties that 
they have and to manage their situations.  People with 
MND need to have speech and language therapy to 
preserve their speech and language abilities. Speech-
language therapy is tailored to address the specific 
needs of these individuals. When individuals are im-
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pacted by MND, they exhibit a gradual decline in 
many abilities, with a significant focus on speech and 
language function.  
      This review examines the current treatment and 
intervention strategies for language difficulties caused 
by MNDs such as AD, MCI, and PPA. Firstly, we will 
start by explaining the diseases and then the therapy 
approaches will be outlined.  
 
 
MILD COGNITIVE IMPAIRMENT (MCI) 
 
MCI is a defined condition characterized by cognitive 
deterioration that exceeds what is often predicted for 
an individual's age and level of education, but does not 
significantly interfere with their everyday activities. 
Therefore, it is different from dementia, since dementia 
involves more severe and extensive cognitive deficits 
that significantly impact everyday functioning [4]. 
      Petersen et al. [5] were the first to establish spe-
cific criteria for diagnosing MCI. The criteria for di-
agnosis are as follows: (a) subjective complaint of 
memory loss, (b) objective impairment of cognitive 
capacity, (c) preserved general cognitive function, (d) 
intact activities of daily life, (e) person does not fulfill 
criteria for dementia. Individuals who fulfill these spe-
cific requirements have a higher likelihood of getting 
Alzheimer's disease compared to the general popula-
tion [5, 6].  
      For MCI assessment, the following six areas of 
cognition were chosen for examination: language, vi-
sual-spatial construction ability, learning and memory, 
complex attention, social cognition, and executive 
function [7]. As the language is a significant domain 
in MCI, Speech-language pathologists (SLPs) are very 
important for assessing and treating patients with 
MCI. They are responsible for providing cognitive-
communication training or rehabilitation to patients 
with MCI.  
      The most often reported language performance 
impairment in patients with MCI is a decline in verbal 
fluency, which is assessed by asking individuals to list 
as many objects as they can within a certain category 
[8-10]. Also, when confrontational naming was as-
sessed, it was evident that they have difficulty in nam-
ing objects, famous people and buildings [11]. It is 
very important to notice and determine the changes in 
language characteristics of MCI patients and create 

specific therapeutic programs for them.  
      There are limited studies in the Turkish language 
conducted with Turkish speaking MCI patients [12]. 
As a result of their study, they found that nonword rep-
etition test and narrative comprehension, and story 
grammar scores were significantly different between 
a MCI patient and healthy aging participants.  
      Traditionally, language intervention has aimed to 
enhance the communication skills of individuals. Lan-
guage difficulties are a substantial problem for most 
individuals with MNDs, especially as the condition 
progresses. Initial indicators of communication im-
pairment appear as challenges in word retrieval, espe-
cially with terms associated with known individuals 
or items [13].  
      Assessment and speech-language therapy for MCI 
can be varied according to the patients and their daily 
lives. There are some specific language therapy op-
tions, speech-language therapists (SLTs) can offer cog-
nitive-communication training or rehabilitation to 
individuals with MCI and early-stage dementia caused 
by AD. Speech and language therapy aims to assist pa-
tients in managing their condition, enhancing their 
functional abilities, improving their quality of life, and 
preparing them for future decline. [14, 15]. Recent re-
search indicates that cognitive rehabilitation may ex-
tend the duration of independence in patients with 
MCI [16]. Many individuals with dementia reside in 
their home environment and get aid and supervision 
from caregivers. Therefore, it is better to educate pa-
tients’ caregivers and provide counseling activities to 
patients with MCI or dementia who are residing in the 
community [17].  
      Also, engaging in discussions about long-term 
planning is crucial for all patients, particularly older 
adults, and especially those who may be dealing with 
a progressive illness. This ensures that their care aligns 
with their desired outcomes. The primary responsibil-
ity for conducting these discussions will usually fall 
on the patient's primary care clinician or social worker, 
while the SLT can provide valuable assistance and 
support.  
      SLTs have access to several methods to assist pa-
tients in properly expressing their desires. They might 
also use strategic planning as part of their therapeutic 
objectives. Given that the patient resides in the com-
munity, the objectives should prioritize enhancing 
safety within their home environment and facilitating 
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their normal activities. Goals may also prioritize the 
development of augmentative and alternative commu-
nication (AAC) techniques, such as Memory Books. 
Initiating the creation of mnemonic devices at an early 
stage can perhaps alleviate the apprehensions of indi-
viduals who are apprehensive about their future memory 
and communication abilities. Formal dementia-based 
caregiver training programs can be beneficial for care-
givers, such as family members and friends, since they 
provide assistance for readiness and long-term care. 
SLTs can also assist by offering communication part-
ner training.  
      While the SLT does not have the responsibility to 
directly treat psychological conditions, it is suitable and 
beneficial for the SLT to anticipate and recognize these 
emotions. The SLT should create a secure environment 
for the patient to express their feelings, particularly 
when they are related to their cognitive-communication 
objectives. Additionally, the SLT should be aware of 
when and where to refer the patient for assistance. 
SLTs can assist the patient in addressing grief by work-
ing together to establish cognitive-communication ob-
jectives that prioritize reducing distress and enhancing 
resilience, functionality, safety, and purposeful exis-
tence.  
 
 
ALZHEIMER’s DISEASE (AD) 
 
Cognitive-communication impairments are a signifi-
cant feature of AD, and communication difficulties 
can arise as early as the first stage of the condition 
[18]. Impairments in the areas of language compre-
hension and expression are associated with memory 
and other forms of cognitive decline [19]. According 
to Bayles et al. [20], the cognitive communication 
problem that occurs in AD is characterized by severe 
deficiencies in identifying, describing, writing, and 
pragmatics. These deficits are dependent on the pro-
gression of the disease. The deterioration of this lan-
guage seems to follow a hierarchical pattern, where 
the language forms that are learnt last in the order of 
language development deteriorate first [21].  
      In the early-stages of dementia caused by AD, lan-
guage abilities and other cognitive abilities are ad-
dressed in order to assist patients in managing their 
condition, optimizing their functional abilities, en-
hancing their quality of life, and preparing for future 

deterioration [14, 15]. Early stages are distinguished 
by anomia repetitions, and periphrasis, whereas apha-
sic-like language develops later in the course of the 
disease [22]. Semantic mistakes (e.g. trouble choosing 
the right word, limited vocabulary) are common [23], 
and semantic [24] and letter fluency [25] issues may 
be noticed. As the disease progresses, all language 
modalities are affected.  
      Morello et al. [26] investigated the impacts of 
non-pharmacological interventions on individuals 
with AD. Their study results indicated that lexical-se-
mantic approaches and treatments that target multiple 
cognitive domains, including language, are potentially 
efficacious. Recent research has shown significant ad-
vantages of language rehabilitation on its own, as well 
as when combined with other cognitive activities. The 
studies that demonstrated more significant improve-
ments were the ones that employed comprehensive 
language-cognitive intervention programs [27-30].  
      The limited amount of data on dedicated language 
rehabilitation may be attributed to the lack of research 
that specifically targets language therapy and com-
pares them to broad cognitive interventions. Future re-
search should prioritize the investigation of exclusive 
language rehabilitation and the comparison of lan-
guage and cognitive therapy methodologies.  
 
 
PRIMER PROGRESSIVE APHASIA (PPA) 
 
PPA is a subtype of dementia that is characterized by 
a decline in language skills while memory remains rel-
atively intact. Over an extended period, the primary 
indications and manifestations may be limited to the 
domain of language [31]. PPA refers to a collection of 
neurological conditions characterized by significant 
speech and language impairment [32]. The language 
problem seen in individuals with PPA may present as 
agrammatic, logopenic, or semantic aphasia, which is 
determined by the specific anatomical distribution of 
cortical atrophy [33].  
      This syndrome is characterized by a language dis-
order that originates from neurodegeneration and man-
ifests relatively independently of other significant 
neurological symptoms for the initial one to two years 
following onset. Furthermore, this disorder maintains 
its predominance for the majority of the disease tra-
jectory. The onset typically arises prior to the age of 
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65, and its prevalence is roughly equivalent between 
the sexes [33].  
      Three variants of PPA have been identified as (1) 
agrammatic (PPA-G), (2) semantic (PPA-S), and (3) 
logopenic according to the nature of the language im-
pairment; each is associated with a clinically consis-
tent distribution of peak cortical atrophy [34, 35]. The 
subtypes of PPA are as follows [36]:  
      1. PPA-G: PPA with agrammatism refers to a con-
dition marked by slow and difficult speech, difficulty 
in producing and/or understanding grammatically cor-
rect sentences, and varying levels of difficulty in re-
calling words, with some ability to understand 
individual words remaining intact. Comprehension of 
sentences is hindered when dealing with highly chal-
lenging morphosyntactic structures, such as negative 
passives and clauses with negative objects.  
      2. PPA-S: In this variety, it is typical to observe 
semantic paraphasias, which refer to the substitution 
of a more familiar exemplar within the same category. 
For example, the word "dog" may be used instead of 
"hyena". During the early phase, the abilities to artic-
ulate, understand and produce sounds, organize sen-
tence structure, and repeat information are preserved. 
As the condition advances, the ability to produce lan-
guage may become "vacant", lacking in nouns and 
mostly consisting of imprecise placeholders like 
"thing", as well as function words like "this" or "the". 
The ability to spontaneously name items is signifi-
cantly decreased, and typically, providing several 
choices does not lead to improved performance.  
      3. PPA-L: PPA has also been associated with "lo-
gopenic" language output, which is characterized by 
problems in choosing words and decreased output. 
This type of language output is syntactically simple 
yet correct. This variety is characterized by phonemic 
paraphasias, which refer to the substitution of sounds 
within single words, such as saying "tamp" instead of 
"lamp".  
      Significant advancements have been achieved by 
speech and language therapists (SLTs) in comprehend-
ing the broader ramifications of these communication 
challenges on the quality of life, interpersonal connec-
tions, and daily functioning of individuals with PPA 
[37]. This has influenced the development of a number 
of crucial intervention strategies and the speech and 
language therapy literature, such as lexical retrieval 
therapies, script therapy, communication partner train-

ing, communication aides, and multimodal communi-
cation therapy [38].  
      Volkmer et al. [32] suggested that impairment-
based approaches, compensatory-based approaches, 
group education and support and therapeutic models – 
heading to a person-centered approach can be used for 
patients with PPA. Impairment-based methods use par-
ticular techniques for word retrieval, including seman-
tic feature analysis and phonemic component analysis. 
In addition, script training may also be used as a ther-
apeutic strategy to assist individuals with PPA-G. Ad-
ditionally, individuals with PPA may benefit from the 
use of alternative and augmentative treatment ap-
proaches. These strategies are very effective in facili-
tating communication in daily life activities and 
provide patients with a means to express themselves. 
When it comes to providing opportunities for social-
ization, group treatments are quite beneficial, and 
speech therapy techniques that are especially cus-
tomized to the individual are also highly significant. 
Individuals who have PPA may benefit from using the 
Life Participation Approach for Aphasia [39] as a 
framework to develop therapeutic goals for them. 
 
 
CONCLUSION 
 
Speech, language, and communication problems are 
experienced by people with MCI, PPA, and AD, as 
well as their carepartners. These challenges have a 
detrimental effect on the individuals' ability to partic-
ipate in social activities and their mental health. De-
mentia-related disorders are progressive and require 
individualized interventions to optimize cognitive and 
communicative functioning throughout the disease 
course [40].  
      Recommendations for speech and language ther-
apy treatments should be made on a regular basis for 
individuals who have MND. A wide range of therapies 
may be provided by speech and language therapists in 
order to adjust the needs of individuals who have 
MND and the families of those individuals. During 
speech and language therapies, different approaches 
can be used such as impairment based approaches, 
family counseling and partner training and alternative 
augmentative communication. 
      Further investigation is necessary in this field to 
substantiate the clinical practice of SLTs and improve 
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the quality of life for patients. Also, evidence-based 
practice manuals are particularly required to be effec-
tive in clinical settings.  
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Clinical and genetic diagnosis of two Turkish patients 
with hereditary spherocytosis 
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ABSTRACT 
Hereditary spherocytosis is a congenital disorder caused by defects in the erythrocyte membrane. It is charac-
terized by hemolytic anemia, jaundice, splenomegaly, and cholelithiasis. The clinical presentation is variable. 
Especially in the neonatal period and cases without a family history, it isn't easy to diagnose with classical ap-
proaches. Here, we describe the genetic findings of a 1.5-month-old and a 2-month-old girl diagnosed with 
hereditary spherocytosis in Turkish families. Both cases presented with severe anemia and jaundice. Sphero-
cytes were frequently seen in peripheral blood smears. Targeted next-generation sequencing (NGS) revealed 
that the 1.5-month-old girl was heterozygous for a novel frameshift mutation c.1617del (p.Leu540CysfsTer31) 
in exon 15 of the ANK1 gene, while the 2-month-old girl was heterozygous for a mutation c.1912C>T 
(p.Arg638Ter) in exon 13 of the SPTB gene, which leads to abnormal protein truncation. Parents did not carry 
these mutations. To our knowledge, the ANK1 mutation identified in a 7-month-old girl has not been reported 
previously. NGS may be helpful in diagnosing hereditary spherocytosis, especially in atypical cases. 
Keywords: Hereditary spherocytosis, hemolytic anemia, neonatal jaundice, gene mutation 
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H ereditary spherocytosis (HS) is the most 
common inherited hemolytic anemia caused 
by gene mutations encoding erythrocyte cell 

membrane and skeletal proteins [1]. The prevalence 
of HS, which occurs in all racial groups and is espe-
cially common in individuals of Northern European 
origin, is reported as one case in 2000-3000 individu-
als [1, 2]. The prevalence in Turkey is unknown [3]. 
The clinical manifestations of HS are highly variable, 
ranging from almost asymptomatic disease to life-
threatening anemia, severe splenomegaly, and/or se-
vere bilirubinemia, even within the same family [2, 4, 
5]. HS is most commonly associated with dominant 
inheritance (75%). The remaining cases represent au-
tosomal recessive (OR) inheritance or de novo muta-

tions in some sporadic cases [4, 5, 6]. HS is caused by 
defects in erythrocyte membrane proteins, including 
ankyrin, band 3, alpha-spectrin, beta-spectrin, and pro-
tein 4.2, encoded by the ANK1, SLC4A1, SPTA1, 
SPTB, and EBP42 genes, respectively [7, 8]. ANK1 
and SPTB mutations constitute the most common 
causes of typical autosomal dominant HS, while au-
tosomal recessive inheritance frequently involves 
SPTA1 and EBP42 gene variants [8, 9]. De novo 
ANK1 and SPTB variants are relatively rare in HS [7, 
9]. In this report, we have identified, through next-gen-
eration sequencing (NGS), a novel ANK1 frameshift 
mutation causing HS in the first case and an SPTB 
mutation leading to abnormal truncation of the protein 
previously described in the literature in the second case.  
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CASE PRESENTATION  
 
Case 1  
A 1.5-month-old baby girl with no other known dis-
ease was admitted with the complaint of decreased 
sucking and jaundice. The baby was born as a 
monozygotic twin at 34 weeks of gestation, weighing 
2030 grams, and received phototherapy treatment after 
birth and erythrocyte suspension twice during her 3-
week follow-up in the neonatal intensive care unit. 

There was no consanguinity between the parents, and 
there was no other blood disease in their family. Phys-
ical examination revealed pallor of the skin and icterus 
in the sclera. Laboratory investigations revealed mod-
erate anemia, reticulocytosis, and indirect hyperbiliru-
binemia on a complete blood count. A peripheral 
smear was evaluated, and there was no significant in-
crease in spherocytes. The direct Coombs test was 
negative. Hemoglobin electrophoresis revealed no ab-
normal hemoglobin variant. At 10 days of age, the os-
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motic fragility test (OFT) result was negative. The glu-
cose-6 phosphate dehydrogenase and pyruvate kinase 
enzyme levels were within normal limits (Table 1). 
Alpha and beta-globin genetic analyses excluded 
alpha and beta-thalassemia. Abdominal ultrasonogra-
phy showed no splenomegaly. Genetic analysis was 
performed by NGS to determine the cause of unex-
plained hemolysis. Genetic analysis revealed that she 
was heterozygous for a c.1617del (p.Leu540Cysf-
sTer31) frameshift mutation in exon 15 of the ANK1 
gene. It was determined that neither of her parents car-
ried this mutation. Our patient received her first trans-
fusion at 12 days of age and has required a total of 6 
red blood cell transfusions to date. Our patient is now 
1.5 years old, and the last red blood cell transfusion 
was given at 14 months of age. Initially, an average of 
one transfusion per month was performed, and the 
transfusion rates gradually decreased during follow-
up. Her hemoglobin levels have ranged between 9 
g/dL and 10 g/dL. She is receiving folate supplements 
and is being followed up intermittently in our clinic 
with supportive measures without a splenectomy.  
 
Case 2  
      A term infant with a birth weight of 3000 grams 
was admitted on the 2nd postnatal day because of skin 
jaundice. There was no consanguinity between the 
parents, and there was no family history of hereditary 
hematologic disease. Investigations revealed anemia 
and reticulocytosis. The direct Coombs test was neg-
ative. Total bilirubin was 22.5 mg/dL and direct biliru-
bin was 0.7 mg/dL, and she was hospitalized in the 
neonatal intensive care unit because of indirect hyper-
bilirubinemia. Phototherapy treatment was started. In 
the follow-up, Hb decreased to 7 g/dl, and erythrocyte 
suspension was given. The glucose-6 phosphate dehy-
drogenase and pyruvate kinase levels were normal. No 
abnormal variant was found on hemoglobin elec-
trophoresis. A peripheral smear showed few sphero-
cytes, polychromasia, and rare nucleated red blood 
cells. At 7 days of age, the OFT test result was nega-
tive (Table 1). Abdominal ultrasonography showed no 
splenomegaly. NGS of genomic DNA obtained using 
periferic blood samples demonstrated heterozygosity 
for SPTBc.1912C>T (p.Arg638Ter). Her parents were 
screened for mutations, and none of them had muta-
tions. The first blood transfusion was performed at 15 
days of age in the neonatal period, and a total of 13 

times red blood cells were administered. Our patient 
is now 3 years old, and the last red blood cell transfu-
sion was given at 30 months of age. Initially, blood 
transfusion requirements were more frequent, but 
transfusions' frequency gradually decreased during 
follow-up, and Hb levels ranged between 9 g/dL and 
10 g/dL. Folic acid supplementation is continued. 
 
 
DISCUSSION 
 
Hereditary spherocytosis is rarely encountered in the 
neonatal period, and the diagnosis might become dif-
ficult if there is no known family history [8, 10]. Here, 
we describe two cases with no family history, one con-
firmed by NGS in the ANK1 gene and the other in the 
SPTB gene.  
      Hereditary spherocytosis is usually diagnosed in 
childhood. Anemia, jaundice, and splenomegaly are 
the main clinical features [5, 11]. The diagnosis is usu-
ally made on clinical suspicion, including family his-
tory and typical biological signs of HS (increased 
MCHC>36 g/dL, spherocytic cells in blood smears, 
non-immune hemolytic anemia, positive osmotic 
fragility test) [5, 12, 13]. Although increased sphero-
cytes in the blood smear are useful in the diagnosis of 
HS, they can also be seen in immune hemolytic ane-
mia, sepsis, ABO incompatibility, and glucose-6 phos-
phate dehydrogenase enzyme deficiency [5, 10, 14]. 
In addition, approximately 10% of patients with HS 
may not have spherocytes in the peripheral smear, and 
as a result, may be misdiagnosed [11]. Furthermore, 
although the OFT test is a confirmatory test for diag-
nosing HS, its sensitivity and specificity are low [14]. 
False-negative results may be observed in OFT tests 
in patients with iron deficiency and obstructive jaun-
dice. The OFT test may also be false positive in hered-
itary elliptocytosis and autoimmune hemolytic anemia 
[10, 14, 15]. The OFT test also has some pitfalls when 
used in neonates. In neonates, HS erythrocytes are 
more sensitive to osmotic lysis than normal erythro-
cytes due to the reduced membrane surface area. 
Therefore, it is recommended to use neonatal osmotic 
fragility curves instead of adult curves. In addition, the 
OFT test can’t distinguish spherocytes seen in HS 
from spherocytes resulting from other causes, such as 
ABO incompatibility [16, 17]. In cases with an atypi-
cal course and no family history of HS, genetic studies 
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identify the clinical presentation of hereditary blood 
diseases [6, 11, 13]. The two cases in our study have 
had unexplained hemolysis and indirect hyperbiliru-
binemia since the neonatal period. There was no fam-
ily history. OFT tests were negative. The glucose-6 
phosphate dehydrogenase and pyruvate kinase tests 
were negative. Therefore, we used the NGS panel to 
identify the responsible genes for hematologic disor-
ders in these patients. In our first patient, we found a 
de novo ANK1 c.1617del (p.Leu540CysfsTer31) 
frameshift mutation, which had not been previously 
described in the literature. In the other patient, we de-
tected the SPTB c.1912C>T (p.Arg638Ter) mutation 
previously defined in the literature and reached the di-
agnosis this way [18, 19].  
      Molecular genetic testing can be used as an effec-
tive way to reach an accurate clinical diagnosis. For 
this purpose, NGS-based genetic tests have provided 
an alternative to conventional tests, especially in the 
diagnosis of genetic disorders showing phenotypic and 
genetic heterogeneity, and the use of the tests has 
begun to increase gradually [10, 20].  
      Five genes have been identified as responsible for 
HS (SPTA1, SPTB, ANK1, SLC4A1, and EPB42) 
(4, 15). ANK1 mutations are the most common among 
this group and account for approximately half of all 
HS. Park et al. [21] confirmed that heterozygous 
ANK1 mutations account for 52% of all Korean pa-
tients. Nakanishi et al. [22] found that ANK1 muta-
tions are involved in approximately 31% of Japanese 
HS patients. The majority of reported mutations, in-
cluding nonsense, end-joining, and frameshift muta-
tions, were predicted to result in protein truncation [1, 
10]. More than 60 mutations have been identified in 
ANK1 [23]. However, this is the first case of HS 
caused by a frameshift mutation in exon 15 of the 
ANK1 gene.  
      Another protein that plays an important role in 
erythrocyte membrane stability is beta-spectrin en-
coded by the SPTB gene [23]. The SPTB mutation is 
the second most common pathologic mutation in HS 
after the ANK1 mutation, and this mutation is respon-
sible for approximately 20% of HS cases [1, 12]. In a 
Korean study, 25 patients with HS were reported to 
carry mutations in ANK1 (n=13) or SPTB (n=12). In 
another study conducted in China, 13 mutations in 
ANK1 and 10 mutations in SPTB were observed in 
23 patients. In a study conducted in Japan, ANK1 vari-

ants were the most common and were observed in 
46% (6/13) of patients, while SPTB variants were 
identified in 31% (4/13). To date, most gene defects 
in SPTB (splicing, nonsense variants, and frameshift 
variants) usually result in exon skipping, mRNA tran-
script instability, or truncated synthesis of beta-spec-
trin proteins [7, 99. In a recent study, 6 frameshift, 5 
nonsense, and 1 insertion error mutations were re-
ported in the SPTB gene [12]. In the second case, we 
described a mutation that abnormally shortens the pro-
tein in the 13th exon of the SPTB gene, which was 
previously reported in the literature.  
      The genotype-phenotype correlation of HS is cur-
rently unclear [10, 13]. The complexity of mutations 
and gene regulation may explain the heterogeneity of 
clinical manifestations [13]. Patients with ANK1 gene 
mutations are more prone to anemia and have a higher 
reticulocyte count compared to those without this mu-
tation. Clinical findings may also vary according to 
ANK1 mutation sites. It has been suggested that spec-
trin-binding or regulatory mutations in the ANK1 gene 
may be associated with more severe anemia. However, 
co-inheritance of mutations in iron and bilirubin me-
tabolism and erythrocyte defects may affect pheno-
typic variability in HS. This phenotypic variability 
may depend on age and race [24]. As a result, the 
severity of the disease may differ between individuals 
even if the site is the same [10, 13]. Therefore, we 
should combine clinical, erythrocyte morphology, bio-
chemical, and genomic data in the diagnosis of HS 
[23]. In this article, we demonstrated two different mu-
tations that may explain the clinical picture in two pa-
tients with no family history, who received the first 
transfusion in the neonatal period and continued to re-
quire transfusion in the follow-up. Although severe 
anemia was observed in the early period in both pa-
tients, the frequency of transfusion decreased with age.  
      Because of HS's phenotypic and genetic hetero-
geneity, it is difficult to diagnose, especially in atypical 
cases. Genetic diagnosis has gained more importance 
since traditional diagnostic tests miss the diagnosis of 
HS due to late results.  
      The NGS method is now becoming prominent in 
suspected erythrocyte membrane disorders, both in 
terms of reaching a diagnosis in a shorter time and in 
terms of efficiency, and the use of NGS is becoming 
increasingly widespread [11, 13, 14]. This genetic 
technology also provides information for potential ge-
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netic counseling and future research [13, 14].  
      The first line of treatment is supportive care. Pho-
totherapy is often given to newborns, and transfusions 
are given in severe cases. In the older age group, blood 
transfusions may be required during hemolytic crises. 
Splenectomy may be useful in cases of HS and pro-
longs the life span of erythrocytes [4, 13]. However, 
the risk of infection is a disadvantage of splenectomy 
in childhood. The diagnosis should be confirmed by a 
genetic diagnosis before splenectomy. In addition, fo-
late supplementation is recommended for moderate-
to-severe forms of HS [20]. Both of our patients 
received phototherapy treatment, and erythrocyte sus-
pension support in the neonatal period and folate treat-
ment was started in both cases.  
 
 
CONCLUSION 
 
In conclusion, mutations related to HS were identified, 
and the diagnosis was reached in two patients who had 
no family history and had required intermittent blood 
transfusions since the neonatal period. The lack of tra-
ditional diagnostic methods, especially in newborns 
with unclear clinical features and no family history, 
shows that the use of NGS is necessary for diagnosis. 
Molecular diagnosis and genetic counseling can pre-
dict the prognosis of young patients with HS. 
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