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INTRODUCTION

A hernia is described as the protrusion of an organ or tissue through 
the wall of the physiological cavity. Hernias are classified according to 
their anatomical locations. The main types of anterior abdominal wall 
hernias are; inguinal (the most common, accounting for about 75-80% 
of all types), femoral, umbilical-paraumbilical, epigastric, spigelian, 
parastomal and incisional hernias.1 It is well known that the occurrence 
of hernia is a multifactorial problem incorporating anatomical weakness 
and many predisposing factors, such as genetic factors and connective 
tissue disorders.2 Hernia repair is among the most frequently performed 
surgical procedures in general surgery. More than 20 million inguinal 
hernia surgeries are performed annually worldwide, and in the United 
States, more than 80% of them are mesh repairs.3 It is obvious that, after 
the acceptance of mesh implants for hernia repair in both open and 
laparoscopic repairs, there has been an evident decrease in recurrence 
rates. Before the introduction of mesh techniques, the expected 
recurrence rates for primary inguinal hernia repairs and recurrent 

hernia repairs were 10-30% and 35%, respectively.4 The recurrence rates 
after mesh implants were 0-1.7% for tension-free repairs and 0-0.4% for 
totally extra peritoneal repairs.5 Although the recurrence rates dropped 
markedly with the use of prosthetic materials, they still produce some 
undesired outcomes such as contraction, infection and adhesion 
between the visceral side and adjacent organs. The prosthetic material 
used should allow healthy tissue in-growth for incorporation, retaining 
enough strength to resist abdominal pressure, and sufficient elasticity 
under physiological pressure and corresponding anisotropy.6 Since the 
introduction of prosthetic materials in hernia surgery, many studies 
have been conducted to find the ideal material in terms of its physical 
structure and biological responses. The majority of studies have focused 
on the physical and mechanical properties of mesh materials, such as 
their weight, pore size and filament type. The aim of this article was 
to review the main prosthetic materials, structural and mechanical 
properties of meshes, types of meshes, and currently available surgical 
synthetic meshes in hernia surgery.
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Hernia surgery is among the most common surgical procedures, and more than 80% of them are mesh repairs. Since the introduction of synthetic 
mesh materials in the 1890s, studies have continued the search for the ideal mesh material with physical, mechanical, structural properties 
and biocompatibility. It is crucial for surgeons to know the basic structural properties such as the textile fundamentals, porosity, mesh weight, 
mesh shrinkage and mechanical properties such as mesh bursting strength, elasticity and the anisotropic behavior of the mesh materials in 
order to make a proper mesh choice. First generation meshes, which are produced from single non-absorbable material are classified as macro-
porous, micro-porous or macro-porous with multifilament or microporous components. Second generation meshes are produced from more 
than one synthetic material. Polypropylene, polyester and polytetrafluoroethylene are the materials used, as in the first generation meshes. As 
a composite system, other materials such as polyvinylidene fluoride, titanium, poliglecaprone 25 and omega 3 are also combined with these 
synthetic materials. If the selected mesh is to be used for intra-peritoneal placement, it should be one with a barrier in order to reduce the risk 
of intestinal adhesions. If the selected mesh material has anisotropic properties, the orientation of the mesh is necessary in the proper direction 
to match the physiological stretchability, and hence to reduce recurrence.
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History

The first proposal to use a prosthetic material in hernia surgery was 
put forward by Billroth7 in 1890. He suggested that finding such 
material would greatly reduce the recurrence rate after hernia repair.7 
The first prosthetic material used for hernia repair were silver wire 
coils which were used by Phelps in 1894.8 Until the 1940s, several 
surgeons used handmade silver wire filigrees, which became the first 
prosthetic mesh. Due to various disadvantages such as its inertness 
in human tissues, fluid accumulation, sinus tract formation, and high 
infection rates, the use of silver filigrees was abandoned. The second 
material which was introduced as a prosthetic material in 1940 by 
Burke was tantalum. It was used until the 1950s with promising study 
reports and clinical outcomes. However, longer follow-up studies 
revealed some important disadvantages of this material, where 
the most undesired outcomes were fragmentation and fracture of 
the tantalum gauze, which made it unpopular in hernia surgery.9 
Stainless steel was another metallic material which was used in the 
1980s and it produced much better outcomes than silver filigrees 
and tantalum gauze. However, the increasing popularity of other 
synthetic materials and the use of magnetic resonance imaging 
reduced its popularity and led to its very limited use in hernia repair. 
Nylon was the first synthetic prosthetic material used for hernia 
repair, but due to hydrolytic digestion, it was reported to lose strength 
and also had to be removed in cases of infection. These undesirable 
properties made nylon inappropriate for hernia repair.2 Dr. Francis 
Usher, started to use other materials such as Teflon, Orlon, Dacron 
and Propylene in 1955. In 1958, he published a study on hernia repair 
using polypropylene (PP) mesh, and after 30 years, the Lichtenstein 
repair, which is now regarded as the “tension-free” mesh technique, 
became popular for inguinal hernia repair.10 Although the advantages 
of meshes were recognized, long-term evidence-based recollection 
of cases was required to statistically quantify their advantages. In 
2002, the European Union Hernia Trialists Collaboration participated 
in randomized trials of mesh repair, analyzed many randomized 
controlled trials and concluded that the use of surgical meshes was 
superior to other techniques.11

The Properties of Synthetic Mesh Materials

The ideal mesh should be resistant to infection, chemically 
inert, non-carcinogenic, inert to the body and its fluids, robust to 
sterilization, and able to limit hypersensitivity allergic or foreign 
body reactions.12 After the implantation of meshes, there are two 
pathways: Integration or degradation. The expected outcome is 
tissue incorporation, which is related with the material, pore size, 
filament type, density, three-dimensional structure, compliance and 
electric charge.13 The synthetic materials are mainly classified into 
two groups: Non-absorbable and absorbable. The non-absorbable 
synthetic materials are: PP, polytetrafluorethylene (PTFE), expanded 
polytetrafluoroethylene (ePTFE) and polyester (PET).2,14 The absorbable 
materials are: Polylactide, polyglycolic acid, polycaprolactone and 
polydioxanone. The most common reason for the use an absorbable 
mesh material is to prevent abdominal compartment syndrome 
with distended bowels and intra-abdominal infections.15 By allowing 
fibrous and connective tissue regeneration, absorbable materials 
give transient support to the wall of the abdomen and dissolve slowly 
by hydrolysis.16

Currently Used Non-absorbable Materials and Their Properties

Polypropylene: PP is a non-absorbable polymer and it is the 
most popular mesh material used in hernia surgery with several 
advantages compared to the other materials. PP is synthesized by 
the polymerization of propylene.16 Along with good mechanical 
stability and strength, it is resistant to biological degradation and 
it is electrostatically neutral, highly hydrophobic and non-polar.16 
Despite all these advantages, reduced flexibility, shrinkage and local 
cracks have been observed after the explantation of PP meshes.17 In 
spite of these disadvantages, because of its easy fiber manufacturing, 
durable strength, low cost and ease of handling, PP remains the 
most commonly used mesh material. Depending on the weight of 
the mesh, PP meshes may be classified as either light-weight (LW) or 
heavyweight (HW). The density of a mesh is mainly dependent on its 
textile structure and pore size along with the molecular weight of the 
polymer and the diameter of the fiber.16 The flexibility of LW meshes 
are generally better than HW meshes and also they mimic human 
tissues better.18 PP meshes are manufactured in both coated forms 
for intra-peritoneal use, and uncoated forms, for extra-peritoneal use.

Polyester: Polyester is composed of polyethylene-terephthalate (PET). 
It is a soft and compliant material suitable for mesh construction. It 
is slightly polar, more hydrophilic and hydroscopic than homochain 
hydrocarbon polymers.9 The fibers of polyester are very strong, 
tough and can resist most chemicals.16 Its textile structure may be 
mono- or multi-flament. PET surgical meshes were first used for 
inguinal and abdominal hernias in the 1960s.19 Meshes now have 
different configurations for different types of hernia repairs, such 
as incisional, inguinal and hiatal hernia repair. PET has similarities 
to PP in biological responses, such as scar formation, complications 
and side effects.20 However, degradation after long term is the most 
undesired complication as shown in some studies. Due to hydrolytic 
degradation, reduced mechanical strength up to 30% was observed in 
PET vascular grafts after 10 years, and complete implant failure was 
observed after 25 to 40 years.21

Expanded polytetrafluoroethylene: PTFE is a synthetic polymer 
consisting of carbon and fluorine with strong bonds between them.14 
Due to its chemical stability, it is inert in nature and resistant to 
degradation in the body.11 It has smaller pores sizes than PP, with 
large pores on one side and smaller pores on the other. Due to this 
property, it inhibits intestinal adhesion and also does not facilitate 
tissue in-growth in the abdominal wall, which ultimately results in 
encapsulation and weaker hernia repair.22 With the advantages 
of minimal inflammatory reaction and lower scar density for 
intraperitoneal use, correct fixation is very important, because ePTFE 
can be broken easily.23 The other important feature of this material 
is its porosity. Due to the microporous structure of its mesh, it is 
not possible for macrophages to penetrate this material in cases 
of infection, and the mesh must be removed, particularly if placed 
during an open ventral hernia repair.24

Polyvinylidene fluoride: Polyvinylidene fluoride (PVDF) is 
manufactured by the polymerization of vinylidene difluoride and is 
highly inert in nature. It is resistance to degradation and its hydrolysis 
is better than PET, with high durability and bio-stability.25 It was 
demonstrated that the mechanical properties of PVDF are highly 
stable, as it retains 92.5% of its original strength after 9 years of 
implantation.26
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It is crucial for surgeons to understand the basic physical structures and 
mechanical properties of mesh materials in order to make an informed 
choice.

The Structural Properties of Mesh

Textile Fundamentals

The manufacturing structure of a mesh may be woven, non-woven 
or knitted with mono- or multi-filament fibers as its textile structure 
(Figure 1). Due to the tightness and packed structure of woven meshes, 
they have a smaller pore size, and hence have the disadvantage of poor 
fibrous tissue ingrowth.12 Non-woven mesh structures are produced 
by the interlocking or bonding of fibers. Due to their micro-porous 
structure, they allow better fibrous tissue ingrowth and reduced 
adhesion than woven mesh.27 Most meshes are warp knitted as textile 
structures, have larger pore size and greater elasticity. The mechanical 
characteristics of knitted and woven fabrics are extremely anisotropic.28

Pore Size (Porosity)

Pore size is the main factor in the reaction of tissue to the mesh. 
Porosity simply is the ratio of the volume of voids in the mesh to the 
total volume of the mesh.29 Cell proliferation and bacterial growth are 
highly dependent on porosity. Pores must be larger than 75 µm for the 
infiltration of blood vessels, fibroblasts, collagen and macrophages. 
Large pores allow tissue integration without filling with scar tissue, 
which makes the mesh more flexible since there will be no granuloma 
bridging (Figure 2). As a part of the foreign body reaction, granulomas 
normally form around mesh fibers, and bridging is the start of the 
confluence of individual granulomas with each other. This causes 
the encapsulation of the entire mesh, which leads to a tough scar 
plate which reduces flexibility.30 The encapsulation and bridging of 

granulomas are more likely to occur in meshes with pores of less than 
800 µm. Meshes are classified according to pore size as: Very large pore: 
˃2,000 µm; large pore: 1,000-2,000 µm; medium pore: 600-1,000 µm; 
small pore: 100-600 µm and microporous (solid): ˂100 µm.31

Mesh Weight and Tensile Strength

The weight of the mesh is directly proportional to the weight and amount 
of the material used.32 According to weight, meshes are classified as: 
heavy-weight (HW), if they are above 80 g/m2; medium-weight (MW) for 
50-80 g/m2; LW for 35-50 g/m2; and ultra-lightweight, below 35 g/m2.33 
HW meshes are known to have a tensile strength up to 100 N/cm2. It was 
shown by Klinge at al.34 that the maximum force on the abdominal wall 
is about 16 N/cm2. In an in vivo study, Cobb et al.35 measured bladder 
pressures on humans while performing different activities, and the 
maximum tensile strength was determined to be between 11 N/cm2 
and 27 N/cm2. It is clear that the tensile strength of the HW meshes 
far exceeds the strength of the abdominal wall. In a porcine model, 
Cobb at al.35 tested the burst strength of meshes with different weights, 
namely HW, MW and lightweight meshes, 5 months after implantation 
and found that all meshes, regardless of their weight, had significantly 
greater strength than that of the abdominal wall. Due to less foreign 
body reaction and inflammatory response, the LW meshes had better 
tissue integration and improved mesh compliance, which caused less 
pain and discomfort.

Mesh Shrinkage

Shrinkage is the name given to the contraction in dimensions in the 
length and/or width of the mesh material post implantation. It is caused 
by the contraction of the scar tissue formed at the site of the mesh. Due 
to its smaller pores, HW mesh shrinks more due to greater scar plate 
formation. Different types of mesh materials show significant variations 

Figure 1. (a-c) Schematic view of the manufactured structure of a mesh. Woven (a) warp knitted (b) and non-woven (c).

a b c

Figure 2. (a,b) Granulomas forming around individual mesh fibers (a) and bridging where individual granulomas become confluent with each 
other and encapsulate the entire mesh (b).

a b
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in their degrees of shrinkage. Synthetic meshes show a minimum and 
maximum degree of shrinkage as follows: polyester (PET): 6.1% to 
33.6%, PTFE: 4% to 51%, and PP: 3.6% to 25.4% (Figure 3).36

Mechanical Properties of Mesh

Mesh Bursting Strength

Bursting strength defines the maximum point of exerted uniform 
pressure, under standardized testing conditions, at the correct angle in 
relation to the plane of the mesh material at which it ruptures.37 This 
strength is related with the mechanical properties, shape, structure 
density and weight of the mesh. After hernia surgery, the accepted 
maximum applied forces to the abdominal wall are as follows: 22 N/
cm2 in the craniocaudal and 32 N/cm2 in the lateral directions.38 The 
accepted groin load maximum is 16 N/cm2.39 In a study by Deeken 
et al.40-43, seven composite meshes were tested by ball bursting 
(C-QUR, Bard Supramesh, PROCEED, Parietex, BardComposix E/X, Bard 
Composix L/P, and Dual Mesh) revealing that they had a burst strength 
higher than 32 N/cm2. Different studies have shown that the human 
abdominal wall has a lower burst strength than all knitted synthetic 
meshes.41

Mesh Elasticity and Strength

A materials property in how it changes its dimensions and form 
when exposed to opposite acting forces, however regains its original 
dimensions and form when said forces diminish is called elasticity.42 
The abdominal wall has a natural elasticity of 38% at 32 N/cm2 and 
it shows a lower resilience in the longitudinal direction than in the 
horizontal direction. Mesh materials with knitted structures are 
more elasticity than those with woven structures, and they also have 
the ability to stretch in all directions.43 The elasticity exhibited by 
lightweight meshes at 16 N/cm2 is approximately 20-35%. On the other 
hand, HW meshes, at 16 N/cm2, exhibit an elasticity of 4-15%, which 
might lead to a restriction in abdominal distension30. An appropriate 
mesh tensile strength along with a suitable stretch capability of the 
material leads to less pain, less prolapse or recurrence and overall 
more functional and better results. The elongation rate of the native 
human abdominal wall is approximately 30%. Meshes with a higher 
elongation rate than 30% may stretch more than the abdominal wall, 
which may result in bulging and recurrence.40

Anisotropic Behavior of Mesh

An anisotropic material is the name given to a material that, if stretched 
in different directions, responds in different ways. Saberski et al.6 studied 
the anisotropic properties of the six most commonly used meshes: PP 
(Trelex®, Pro-Lite™, Ultrapro™), polyester (Parietex™), and PTFE-based 
(Dualmesh®, Infinit) meshes, and found that five out of these six meshes 
presented considerable anisotropic behavior. Ifinit approximately 
exhibited 20-fold, Ultrapro™ 12-fold, Trelex®, ProLite™, and Parietex™ 2.3-
2.4 fold differences between their perpendicular axes. Dualmesh® had 
the least anisotropic behavior, with an indiscernible difference between 
the axes.6 If the selected mesh material has anisotropic properties, the 
appropriate orientation of the mesh is necessary to comply with the 
physiological stretchability in order to reduce recurrence.

Classification of Synthetic Surgical Meshes

1. First Generation Meshes

First-generation meshes are classified into three categories according 
to their structural properties as follows: 1) macro-porous meshes, 
2) micro-porous meshes, and 3) macro-porous meshes with multi-
filament or micro-porous components. Macro-porous prostheses have 
a pore size greater than 75 µm and the material of choice is PP. Micro-
porous prostheses are commonly made from e-PTFE and have smaller 
pores, usually less than 10 µm. Macro-porous prostheses containing 
microporous or multifilament components incorporate plaited multi-
filamentary threads in their architecture. They have pore sizes larger 
than 75 µm, and less than 10 µm of space between their threads.44

2. Second Generation Meshes

Due to a number of complications, such as infection, adhesions and 
recurrence, there is a continuous need to improve surgical meshes. The 
combination of more than a single synthetic material was used in the 
development of second generation meshes in order to reduce these 
complications. Almost the entirety of these meshes consist of PP, e-PTFE 
or PET combined with one another or different materials such as PVDF, 
titanium (Ti), omega-3 fatty acids, poliglecaprone 25 (PGC-25), collagen 
or beta-glucan. Second-generation meshes may be classified as:

2.1. Non-absorbable and synthetic with a barrier: To prevent bowel 
adhesion when placed intraperitoneally, absorbable or non-absorbable 
barriers are used in these prostheses. The barrier minimizes the 
biological response, limiting initial adhesion opportunity to the material. 
Therefore, it reduces the activation of cells and inflammatory cytokines. 
Therefore, the onset of an inflammatory cascade is inhibited. Omega-3 
fatty acids, ePTFE, collagen, polyurethane, oxidized regenerated 
cellulose or beta-glucan are possible barriers.2 The anti-adhesive 
characteristics of these meshes with non-absorbable or absorbable 
barriers have been shown in different experimental studies.45

2.2. Partially-absorbable and synthetic meshes: Maintaining long-
term wound strength and intraoperative handling characteristics by 
reducing the density of the biomaterial and its subsequent inflammatory 
reaction is the main goal of constructing a partially absorbable mesh.2 
Recently developed meshes have been improved with the fusion of 
non-absorbable PP and absorbable materials such as polyglactin 910 
and PGC-25.46 Polyglycolide (L-lactide-co-glycolide) and PP are the most 
frequently studied materials. These meshes cause less fibrosis, structural 
changes and chronic inflammation. Some studies have concluded that 
the use of these prostheses causes less pain and discomfort.2

Figure 3. Minimum and maximum shrinkage of synthetic meshes 
in percentages.
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2.3. Combined meshes: The major aim of these meshes is to prevent 
complications, especially the occurrence of intestinal adhesion, by 
incorporating the advantages of two different meshes. Polyester and 
PTFE combined meshes are designed in such a way that the polyester 
allows for the abdominal wall tissue in-growth and PTFE, which is 
the surface which comes into contact with the intestines, prevents 
the occurrence of intestinal adhesion, which is achieved through 
the different (small) pore size of the mesh. A recent design using a 
combination of synthetic meshes involves the construction of a mesh 
which consists of a PET or PP foundation covered with polymers which 
are absorbable. The adhesion of the intestine with the mesh typically 
occurs within 7 days of surgery.47 Therefore, it is thought that only a 
temporary barrier for adhesion is required for synthetic meshes.

3. Third Generation Meshes (Biological Prosthesis)

The basis of biological mesh materials are scaffolds of collagen acquired 
from donor sources. Fetal bovine, porcine and human dermis sources 
are processed by decellularization resulting in highly organized collagen 
sources exclusively, to remain with the dermal products included in 
bovine pericardium and porcine small intestine submucosa. The main 
goal is to provide a matrix of native cells in order to complete healing 
and synthesize connective tissue which may restore the mechanical and 
functional integrity of the abdominal wall. Since the aim of this article 
is to review synthetic meshes, we will not discuss third-generation 
meshes further.

Discussion

Since the properties of the mesh material play an important role in 
successful surgical repair, it is important to understand the properties of 
the mesh material before selecting the most suitable one for the patient. 
Recent progress has produced a significant number of variations of the 
mesh materials being used in the repair of hernias. First-generation 
meshes were mainly based on PP systems. They are classified as macro-
porous, micro-porous and macro-porous meshes with multifilament or 
micro-porous components. Second-generation meshes are composed of 
a combination multiple synthetic materials. All of them continue to use 
PP, PET or e-PTFE. They are also systemically combined with different 
materials such as PVDF Ti, PGC-25 and omega 3.44 When these composite 
meshes are applied to intraperitoneal spaces, they form minimal 
adhesions with the adjacent surfaces provided that each individual 
side of said mesh is modified to the exact requirements, so they need 
a specific orientation during implantation. For repairs of hernias 
where the mesh will contact the bowel, a composite or non-absorbable 
composite mesh is recommended.2 To inhibit bowel adhesions, intra-
abdominal placement of the prosthesis incorporating a barrier needs 
to be used. The size of the mesh used is also an important factor.45-47 
Regarding the shrinkage character of the chosen mesh, Elango et al.2 
reported that a minimum of 15x15 cm for the repair of inguinal hernia, 
and a minimum of 4 cm wider mesh than the defect for umbilical, 
ventral and incisional repair is required. As we continue to learn 
more information about the physical and mechanical properties of 
meshes, mesh selection becomes more important. For inguinal hernia 
repair, there is little argument about the mesh selection. Although 
the recurrence rates are similar between HW and LW meshes, for 
Lichtenstein repairs, it was reported that there were fewer foreign 
body sensations and less chronic pain reported by those patients who 
received a LW mesh.48 However, a longer-term follow-up study with 
5-year results revealed a higher recurrence rate for those patients 

receiving LW meshes in totally extra-peritoneal laparoscopic inguinal 
repairs, with recurrence rates of 3.8% and 1.1% for patients receiving 
LW and HW meshes, respectively. A more significant difference with 
the LW mesh for direct inguinal hernia was seen.49 Compared with the 
maximum exerted forces to the abdominal wall, the groin region has a 
relatively lower force value. Also, the flexibility of the groin region is less 
than the upper abdominal wall. Therefore, an important mechanical 
property of the mesh is its elasticity. Based on the knowledge that, at 
16 N/cm2, lightweight meshes have an elasticity range of between 20 to 
35%, and they may cause bulging above 30%, the use of such meshes 
may increase recurrence rates, especially in cases of direct inguinal 
hernia.43 Among the mesh materials, PP meshes are the most popular 
ones for inguinal hernia repair. Decision making in mesh selection for 
ventral or incisional hernias can often be a confusing problem. There 
are two important factors in such decisions, namely the patient and the 
mesh. Factors related with the patient include: The type of abdominal 
hernia, the size of the defect, the physical capacity and status of the 
patient, the type of the planned surgery (onlay- inlay placement of the 
mesh), and the risk of surgical site infection. The factors related with 
the mesh type are: The material of the mesh, the composition of the 
mesh, and the physical and mechanical properties of the mesh. For 
intra-abdominal placements, the mesh must be able to prevent bowel 
adhesions; this can include an ePTFE surgical mesh or a mesh with an 
absorbable or non-absorbable barrier. In cases of an increased risk of 
surgical site infection, a micro-porous (solid) surgical mesh may not be 
a suitable choice. Due to the micro-porous structure of the mesh, it 
is not possible for macrophages to penetrate the material in cases of 
infections, and the mesh must be removed, especially if the placement 
was carried out in the course of an open ventral hernia repair. In ventral 
hernia repairs, LW meshes have poorer outcomes compared with MW 
meshes. In a study of the open retro-muscular placement of meshes 
for incisional hernia, it was found that use of LW meshes showed a 
follow-up recurrence of 22.9%, whereas the use of MW meshes showed 
a follow-up recurrence of 10.6%, where central mesh fracture was the 
mechanism of recurrence in 46.5% of cases.50

Despite all the above mentioned knowledge about meshes and their 
materials, there are still several points which need clarification. 
Due to a lack of standardization in test protocols and terminology, 
material mechanical investigations and clinical study results are mostly 
confusing. Our knowledge about the mechanical properties of mesh 
materials may be quite satisfactory. However, considering the structural 
and mechanical properties of meshes, surgeons still have a lack of 
knowledge about the exact behaviors of the mesh implanted and the 
biologic host’s responses.

CONCLUSION

This article briefly reviews the properties of mesh materials and 
discusses which one might be most appropriate. Although there are 
several studies on this topic, there are currently no standardized test 
procedures. Although there are more than 70 types of commercially 
available meshes, it is clear that the ideal mesh has yet to be discovered. 
The fact that meshes still suffer from infection and/or contraction 
post implantation is well known. Nevertheless, adhesion amongst the 
visceral side and neighboring organs still occurs. These mentioned 
complications might lead to bowel erosion, chronic pain, hernia 
recurrence or intestinal obstruction. Most of the investigations which 
were recently published still claim that PP is the “gold standard” mesh. 
Although the properties of mesh materials are well known, the physical 
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and mechanical properties of the meshes used need to be clarified 
and must be listed on the packaging of meshes on the market. This is 
because without knowing the physical and mechanical characteristics 
of meshes, such as their elasticity, bursting strength and anisotropic 
behavior, it is not possible for surgeons to decide which mesh is the right 
one for their patient. Additionally, the correct orientation of the mesh 
is necessary according to these characteristics. Regarding the properties 
of mesh materials, the site of the hernia, the strength of the part of 
the abdominal hernia site and the physical condition of the patient 
must also be taken into consideration while selecting the proper mesh. 
Understanding the properties of the mesh material is an important 
factor which will help surgeons and will thus reduce complications 
through the application of the proper mesh material.

MAIN POINTS

•  It is crucial for surgeons to know the basic structural and mechanical 
properties of mesh materials in order to make a proper choice.

•  First generation meshes, which are produced from single non-
absorbable materials are classified as macro-porous, micro-
porous and macro-porous with multifilament or micro-porous 
components.

•  Second generation meshes are produced from more than one 
synthetic material. PP, Polyester (PET) and ePTFE are the materials 
used, as in first generation meshes.

•  With regards to the properties of the mesh material, the site of 
hernia, the strength of the part of the abdominal hernia site and 
the physical condition of the patient must also be taken into 
consideration while selecting the proper mesh.
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INTRODUCTION

The term “osteomyelitis” was first used by the French surgeo 
Chassaignac1 in 1852. Injury in adult patients (mostly open fractures) 
and hematogenous spread after an episode of bacteremia in pediatric 
patients are among the common etiological factors. It usually results 

in osteomyelitis, sequestrum and involucrum. This situation represents 
the presence of chronic osteomyelitis (CO).2

Due to the avascular nature of the sequester tissue, osteomyelitis 
is difficult to treat and can be associated with high morbidity and 
mortality for the patient. Treatment is aimed at completely eliminating 
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BACKGROUND/AIMS: Although there have been innovations in the diagnosis and treatment of chronic osteomyelitis (CO), it is still considered 
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MATERIALS and METHODS: The Scopus bibliometric database was used to identify articles related to CO. Original research articles and reviews 
made between 1940 and 2021 including the words “chronic” and “osteomyelitis” in their titles and keywords were found. Publications were 
analyzed according to their research parameters, such as publication year, authors, publication language, institutions, keywords, funding 
institutions, citations and their field of study.

RESULTS: There were a total of 2,881 publications on CO, and it was observed that the first publication was made in 1890. Among these publications, 
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the infection and maximizing the patient’s function. Historically, 
debridement of infected bone with long antibiotic regimens and 
surgical treatment has been used in the treatment of osteomyelitis.3 
Prior to the clear identification of microorganisms, the significance and 
principles of infection were not completely understood. Hence, the 
treatment of osteomyelitis consisted of the amputation of the infected 
extremity by the surgeon.2

Along with the identification of microorganisms in the treatment of 
CO and variability in age groups, the importance of multidisciplinary 
approaches has been revealed. Thus, patients were evaluated more 
effectively with a broad perspective. In conclusion, the multidisciplinary 
approach has led to great innovations and developments in the medical 
and surgical fields.4,5

With the widespread use of the Internet, many researchers can easily 
access up-to-date information in the medical literature. However, the 
increase in the number of scientific publications creates the problem 
of focusing on the research to be carried out on a subject. It can be 
seen that there has been an increase in bibliometric studies in parallel 
with the increasing number of publications, particularly after the 2000s. 
Bibliometric analysis is a statistical analysis method which allows the 
examination of scientific publications in terms of many parameters. 
Researchers can readily and quickly access data on the subjects they 
wish to study with this method.6

Although there have been previous bibliometric studies in the field of 
orthopedics, there was no up-to-date and comprehensive bibliometric 
study on CO as of the time of writing.

In this study, we aimed to present a summary of the articles published 
on CO between the dates of 1 January, 1940 and 28 September, 2021 by 
means of bibliometric analysis.

MATERIALS AND METHODS

A quantitative study was planned using the bibliometric data analysis 
method to analyze global publications on CO. The Scopus bibliometric 
database (accessed: September 28, 2021) was searched in English. 
Original research articles and reviews made between 1 January, 1940 and 
28 September, 2021 including the words “chronic” and “osteomyelitis” 
in their titles and keywords were found. Re-publications were included 
in the one-off review. Publications were analyzed bibliometrically 
according to their research parameters, such as their publication year, 
authors and institutions, keywords, funding institutions, and citations.

Ethics Committee

In this study, the Helsinki Declaration, which was revised in 2013, was 
complied with. Ethics committee approval was not required as there 
was no human or animal research.

RESULTS

There were a total of 2,881 publications on CO, and it was observed 
that the first publication was made in 1890. While the total number 
of articles was 666 (23.1%) before 1890-1979, it was found to be 857 
(29.7%) solely between 2011-2021 (Figure 1). It was observed that there 
was a significant increase in the number of articles, particularly after 
the 2000s (Figure 2).

The majority of the articles [n=2,724 (94.55%)] were written in English; 
Russian [n=304 (10.55%)] and German [n=230 (7.98%)] are among 
the other most preferred publication languages. Moreover, it was 
determined that there were publications in 32 different languages. 
The United States was found to be the most prolific country with 484 
(16.79%) articles. Germany, China, the United Kingdom, and India were 
among the top 5 countries to publish on CO. Our country, Türkiye, on 
the other hand, was in 10th place in this regard (Figure 3).

Among the publications, 2,565 (89.03%) were research articles and 129 
(4.47%) were reviews. Five hundred sixteen (17.91%) of the articles were 

Figure 1. Numerical data of articles by years.

Figure 2. Distribution of articles by years.

Figure 3. Top 10 countries with the highest number of articles 
published.
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published in open access journals. It was observed that the China Medical 
University Hospital was the leading institution in publishing articles 
on CO (Table 1). The largest number of articles on CO were published 
in the journal Vestnik Khirurgii Imeni II Grekova [n=57 (1.97%)]. The 
most commonly used keyword was “osteomyelitis” [n=2,345 (81.39%)], 
followed by human [n=2,176 (75.5%)], article [n=1,854 (64.35%)], 
chronic disease [n=1,338] (46.44%)] and male [n=1,328 (46.09%)]. Most 
publications were in the fields of medicine [n=2,724 (94.55%)], dentistry 
[n =146 (5.06%)], and Immunology and Microbiology [n=129 (4.47%)]. 
1,156 (40.12%) of the publications had not been cited at the time of 
writing. The most cited article received 384 citations (Table 2).

The top three funding sponsors for CO studies were the National Institutes 
of Health [n=30 (1.04%)], the National Natural Science Foundation of China 
[n=27 (0.93%)], and the US Department of Health and Human Services 
[n=21 (0.72%)]. Pediatricians and rheumatologists constituted the majority 
of the most prolific authors in CO studies. Polly J. Ferguson from the IOWA 
University Pediatrics Clinic was the clinician with the most publications on 
CO among the authors, with 22 articles written by her (Table 3).

DISCUSSION 

According to our bibliometric analysis results with 22,881 articles, while 
the number of articles on CO for every 10 years published between 
1979-2010 varied between 422 and 470, a significant increase was 
observed especially between the years 2011-2021. This indicates that 
researchers value the subject of CO. Based on these data, we anticipate 
that there may be an increase in the number of articles to be published 
in the future.

CO causes bone death, soft tissue deterioration, functional impairment, 
systemic disease, and eventually significant morbidity. For the 
eradication of infection and the restoration of function, new and 
reliable techniques, both medical and surgical, have been developed. 
Surgery continues to be the focus for the treatment of CO. However, 
multidisciplinary studies are essential to achieve satisfactory results.7 In 
our study, Polly J. Ferguson from the IOWA University Pediatrics Clinic 
was the clinician with the most publications on CO among the authors 
with 22 articles. In addition to pediatricians, it is noteworthy that the 

Table 1. Top 10 institutions with the highest number of articles published

Institution Number of publications

China Medical University Hospital 21

Klinikum der Universität München 20

Julius-Maximilians-Universität Würzburg 20

China Medical University Hospital 19

National Ilizarov Medical Research Center for Traumatology & Orthopedics 19

Seattle Children’s Hospital 19

University of Iowa Carver College of Medicine 18

Technische University Dresden 15

Hospital for Sick Children University of Toronto 15

Table 2. Most cited articles

Document title Authors, year, country Source Citing count Document type, language

Use of the muscle flap in chronic 
osteomyelitis: Experimental and clinical 
correlation

Mathes Stephen J., 1982, USA Plastic and reconstructive surgery 384 Article, English

Subacute and chronic “symmetrical” 
osteomyelitis

Giedion, A., 1972, Switzerland Annales de radiologie 338 Article, English

*Homozygous mutations in LPIN2 are 
responsible for the syndrome of chronic 
recurrent multifocal osteomyelitis and 
congenital dyserythropoietic anaemia 
(Majeed syndrome)

Ferguson, Polly J., History map of the 
USA in 2005

Journal of medical genetics 282 Article, English

*Osteomyelitis and the role of biofilms in 
chronic infection

Brady, Rebecca A., 2008, USA
FEMS Immunology and Medical 
Microbiology

266 Short survey, English

*Systemic antibiotics therapy for chronicle 
osteomyelitis in adults

Spellberg B., 2012, USA Clinical Infectious Diseases 246 Article, English

The accuracy of diagnostic imaging for 
the assessment of chronic osteomyelitis: A 
systematic review and meta-analysis

Termaat MF, 2005, Netherlands
Journal of Bone and Joint Surgery 
- Series A

222 Review, English

Diagnostic Value of Sinus-tract Cultures in 
Chronic Osteomyelitis

Mackowiak, PA, 1978, USA
JAMA: The Journal of the American 
Medical Association

211 Article, English

Chronic recurrent multifocal osteomyelitis: 
Clinical outcomes after more than five 
years of follow-up

Huber, A.M., 2002, Canada Journal of pediatrics 210 Article, English

*Imaging of chronic recurrent Multifocal 
Osteomyelitis

Khanna, G., 2009, USA Radiographics 204 Article, English
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authors with the most articles were pediatricians, rheumatologists, 
and neurologists. Although surgery is the main treatment for CO, data 
demonstrate that orthopedic and plastic surgeons do not show interest 
in this subject. We believe that surgeons should share their experiences 
on CO and their innovations in follow-up and treatment methods more 
frequently in the literature.

The authors, institutions, and countries which have published the largest 
number of articles each show not only their contribution to the literature 
on a particular subject, but also their research capabilities and degree of 
influence on the subject. It is expected that these authors, institutions, 
and countries will contribute significantly to science on the subject 
they are interested in going forwards. Furthermore, some studies have 
reported that the economic size or level of development of countries 
has a significant effect on their academic publication efficiency.8,9 In 
our study, when the distribution of publications of the countries was 
examined, it was observed that most publications on CO were made by 
developed countries (USA, Germany, England, Italy, Japan, France, Spain) 
or by developing countries with large economies (China, India, Türkiye). 
As a result of our study, it was determined that our country, Türkiye, is in 
the 10th rank according to the number of publications on CO. We think 
that the interest of researchers in our country on this subject and the 
number of effective publications should be increased.

Identifying core journals with high publication and co-citation counts 
provides significant information for authors to select high-quality 
journals. Authors may not have the necessary knowledge or experience 
to select the most appropriate journals for the publication of their 
research. Therefore, the results from the current bibliographic study 
provide some guidance to clinical research authors in the field of CO.10 
In our bibliometric study, the research titled “Use of the muscle flap 
in CO: Experimental and clinical correlation”, published by Mathes 
Stephen et al. was the most cited. The other most cited articles 
are indicated in Table 2. We consider that it would be beneficial for 
researchers interested in CO to first read these studies determined by 
citation. The fact that the rate of uncited articles in our study was 40.2% 
shows the necessity of improving the level and quality of research in 
the field of CO.

When the keyword analysis was evaluated, it was seen that the keywords 
osteomyelitis, human, article, chronic disease, and male are frequently 
used in articles related to CO. In addition, the use of osteomyelitis with 
a rate of 81.39% makes us think that this keyword will assist researchers 
to reach their aims more readily on this subject. 

Until 2004, the Web of Science (WoS) database, which was among 
the publications of Tomson Reuters, was the only database used in 
bibliometric studies. With the establishment of Scopus and Google 
Scholar in 2004, the number of bibliometric databases increased.11,12 
In our study, Scopus, which is used for bibliometric analyzes and has 
the largest database feature, was preferred.

Bibliometrics is the quantitative analysis of research articles using 
mathematical and statistical methods. It includes a set of criteria to 
evaluate the impact and trends of research articles published with 
this analytic method. It can be used to identify models associated 
with publications in a particular field. Additionally, it is also a useful 
method for detecting citation data, understanding basic research 
areas, and predicting future research directions.13 In the literature, 
it was seen that bibliographic studies were conducted in the field 
of orthopedics.14-16 In our study, we examined the subject of CO, 
which is still open to debate in the follow-up and treatment of 
orthopedists, other clinicians, and patients, and had not previously 
had a bibliometric study. 

Study Limitations

One limitation of our study was that we only analyzed research 
articles and reviews published in the Scopus database. The PubMed 
and WoS databases were not included. If more than one database is 
used in bibliometric studies where thousands of articles are analyzed, 
including the same articles more than once, this may adversely affect 
the data. Another limitation of bibliometric studies is that they can 
only be conducted on publications cited and indexed in journals 
and do not include unpublished studies or publications, theses, and 
books in non-indexed journals. In our study, there was no analysis of 
the articles’ contents, and only the characteristics of the publications 
were examined.

CONCLUSION 

In this clinical study published on CO, it was found that the number 
of publications increased rapidly, particularly after the 2000s. It was 
clearly seen that the most important contribution to the increase 
in the number of publications was made by those countries with 
high economic size and development levels. It was remarkable that 
pediatricians were at the forefront of CO, which is followed up and 
treated with the contribution of many disciplines. 

Table 3. Authors with the most articles in chronic osteomyelitis research

Authors name Affiliation, country
Number of 
publications

Polly J. Ferguson University of Iowa, Department of Pediatrics, Iowa City, United States 22

Hermann Josef Girschick Vivantes Klinikum im Friedrichshain, Department of Pediatrics and Adolescent Medicine, Berlin, Germany 19

Henner Morbach Universitätsklinikum Wurzburg, Department of Pediatrics, Wurzburg, Germany 19

Fritz Schilling Johannes Gutenberg-Universität Mainz, Mainz, Germany 18

Christian Michael Hedrich
University of Liverpool, Department of Women’s and Children’s Health, Liverpool, United Kingdom Alder Hey 
Children’s NHS Foundation Trust, Department of Pediatric Rheumatology, Liverpool, United Kingdom

17

Chunhuang Tseng School of Medicine, Department of Neurology, Taichung, Taiwan 17

Yongdong Zhao University of Washington, Department of Pediatrics, Seattle, United States 16

Ronald M Laxer Hospital for Sick Children University of Toronto, Division of Rheumatology, Toronto, Canada 12

Chih Hsin Muo China Medical University, Management Office for Health Data, Taichung, Taiwan 11
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MAIN POINT

• Bibliometric studies have become very popular in recent years. It 
was the first in the literature to conduct a bibliometric study on 
a subject that should be approached multidisciplinary, such as 
chronic osteomyelitis

• In this study; It is the examining 2881 articles as a result of scanning 
the words CO in the Scopus bibliometric database between 1940-
2021.
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INTRODUCTION

The thyroid nodule is a discrete lesion that is distinguishable from 
the surrounding parenchyma in the gland.1 The prevalence of 
thyroid nodules varies among regions, and people who live in iodine-
deficient areas are more prevalent in this glandular abnormality. The 
widespread usage of ultrasound led a sizable increase in the detection 

of thyroid nodules. However, only a few percent (<5%) of these lesions 

were malignant.2,3 

Hashimoto’s thyroiditis (HT) is an autoimmune disease characterized by 

lymphocytic infiltration of the thyroid gland and it is the most common 

cause of hypothyroidism.4-6 HT most commonly occurs in women, and 
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BACKGROUND/AIMS: To assess the value of strain elastography (SE) in the distinction between benign and malignant thyroid nodules in 
patients with Hashimoto’s thyroiditis (HT).

MATERIALS AND METHODS: The study cohort consisted of 74 thyroid nodules in 69 patients with HT. Fine needle aspiration biopsy (FNAB) or 
surgical excision were used as the reference standards. Gray-scale properties (internal structure, echogenity, presence or absence of hypoechoic 
halo sign, microcalcifications, “taller than wide” sign), vascularity scores, elasticity scores and strain ratios of all nodules were noted and 
compared between benign and malignant nodules. Categorical variables were compared using the Pearson chi-square test. Correlation analyses 
were performed using the Spearman correlation test. The diagnostic performance of the SE was evaluated using receiver operator characteristic 
(ROC) curves.

RESULTS: Of the included 74 nodules, 67 (90.5%) and 7 nodules (9.5%) were benign and malignant, respectively. There were significant differences 
in echogenicity (p=0.017), peripheral halo (p=0.003), microcalcifications (p<0.001), and margin and shape (p=0.009) characteristics between 
benign and malignant nodules. There was a significant association between elasticity scores and histopathological diagnosis of the nodules 
(p<0.001). A cut-off point of 6.16 for SR value had sensitivity, specificity, PPV and NPV as 71.4%, 100%, 100% and 97.1%, respectively. Area under 
the ROC curve for the diagnostic performance of SR values in the differentiation of benign and malignant nodules was 0.797 (p=0.01)

CONCLUSION: Our study revealed that SE is an accurate diagnostic tool to characterize thyroid nodules in patients with HT and this may be 
useful to avoiding unnecessary invasive procedures.

Keywords: Thyroid nodules, Hashimoto thyroiditis, strain elastography

To cite this article: Polattaş Solak E, Şendur HN, Cerit MN, Cindil E, Özhan Oktar S, Yücel C. The Value of Strain Elastography in the Distinction 
Between Benign and Malignant Thyroid Nodules in Patients with Hashimoto Thyroiditis. Cyprus J Med Sci 2023;8(1):13-19

DOI: 10.4274/cjms.2022.2021-176

https://orcid.org/0000-0003-4818-4016
https://orcid.org/0000-0003-1690-2538
https://orcid.org/0000-0003-2878-6052
https://orcid.org/0000-0002-9345-1577
https://orcid.org/0000-0003-0112-9992
https://orcid.org/0000-0002-8014-3874


Polattaş Solak et al. Strain elastography for Thyroid Nodules in Patients with Hashimoto Thyroiditis Cyprus J Med Sci 2023;8(1):13-19

14

it demonstrates the peak incidence in the fourth and fifth decades of 
the life.7 Clinically, it is presented as diffuse enlargement of the gland 
with elevated levels of thyroid autoantibodies.8,9 Ultrasound may aid 
in the diagnosis of HT, and heterogeneous hypoechogenic parenchyma 
with increased vascularity in a diffuse enlarged gland is typical for the 
sonographic appearance of HT.10,11 However, despite this well -recognized 
appearance characterization of existing thyroid nodules on gray-scale 
sonographic evaluation in patients with HT may be challenging and 
difficult due to these parenchymal alterations. Furthermore, it has been 
reported that patients with HT have a higher risk of developing thyroid 
cancer.12,13 One study reported that the hazard ratio for developing 
thyroid cancer in HT patients was 11.8 in comparison to the control 
group.13 Therefore, in addition to gray-scale evaluation, utilization of 
relatively newer ultrasound imaging techniques may contribute to 
more accurate differentiation of benign and malignant thyroid nodules 
in patients with HT.

Strain elastography (SE) is an imaging technique that estimates the 
stiffness of the target tissue in response to applied external forces and 
provides qualitative and semiquantitative assessments.14,15 Previous 
studies have reported that SE may improve the diagnostic accuracy of 
conventional gray-scale ultrasound evaluation in patients with thyroid 
nodules.2,3,16-19 However, limited numbers of studies that evaluate the 
diagnostic performance of SE in thyroid nodules with concurrent HT 
patients exist in the current literature.9,20,21 In this regard, this study 
aimed to assess the value of SE in the distinction between benign and 
malignant thyroid nodules in patients with HT.

MATERIALS AND METHODS

This prospective study was approved by the Gazi University Institutional 
Review Board (approval number: 214, date: 05.23.2012) and written 
informed consent was provided by the patients. Between January and 
September 2012, all consecutive patients with HT and coexisting thyroid 
nodules were included in this study. The diagnosis of HT was made 
based on the symptoms of the patients and clinical and laboratory 
findings. The patients lacking histopathological assessment, and the 
patients with cystic or dense-calcified nodules were excluded. Finally, 
the study cohort consisted of 74 thyroid nodules in 69 patients with HT. 
Fine needle aspiration biopsy (FNAB) or surgical excision were used as 
the reference standards. The age and gender of the included patients 
were noted.

All patients were examined in the supine position using an ultrasound 
system (Hitachi EUB 7,500) with a 13-8 MHz linear transducer. The tip 
of the transducer was covered with a generous amount of ultrasound 
gel. The thyroid glands of the patients were examined in two orthogonal 
planes. After gray-scale ultrasound assessment, SE was performed for 
the detected nodules. During elastographic evaluations, the probe was 
held in the long axis of the thyroid gland to avoid potential mistracking 
artifacts that may be caused by lateral displacements originating 
from pulsations of the adjacent carotid artery. To obtain appropriate 
elastograms, repetitive external forces were applied perpendicular 
to the gland. The appropriateness of the elastograms was evaluated 
due to indicators located at the right lower corner of the screen, and 
the scores that evaluate the quality of manuel compression equal or 
higher than 3 was determined as appropriate. For all thyroid nodules 
at least 3 appropriate elastography images were obtained. Gray-scale 
ultrasound and elastography images of evaluations were recorded on a 
digital system, and two experienced radiologists assessed all images in a 

separate reading session with consensus. The patients were categorized 
into two subgroups (normal or typical for HT) according to parenchymal 
patterns of the HT disease. The patients whose thyroid gland did not 
demonstrate any parenchymal abnormality were considered a normal 
parenchymal pattern. The largest size of the nodules was measured. 
The composition, echogenicity, shape, and margin characteristics 
of the nodules and the presence of a peripheral halo and internal 
microcalcifications were noted. On color Doppler ultrasound vascularity 
of the nodules was assessed. A vascularity score was given to all 
nodules based on the vascularity characteristics of the nodules. Score 
1 was given if the nodule did not demonstrate peripheral or internal 
vascularization. Score 2 was given if the nodule demonstrated only 
peripheral vascularity (no internal vascularity). Score 3 was given if the 
nodule demonstrated both minimal peripheral and internal vascularity. 
Score 4 was given if the nodule demonstrated both extensive peripheral 
and internal vascularity.

Elasticity scores were given for the thyroid parenchymas of the 
patients according to color codes on the elastograms. Score 1 was 
given if the parenchyma demonstrated elasticity (green) in all areas. 
Score 2 was given if the parenchyma predominantly demonstrated 
elasticity and includes a few areas with low elasticity (blue). Score 3 
was given if the parenchyma demonstrated a mixture of green and 
blue colors. Score 4 was given if the parenchyma demonstrated only 
low elasticity. Similarly, elasticity scores were given for the thyroid 
nodules according to the color-coded elasticity characteristics of the 
nodules on the elastograms. Furthermore, a region of interest (ROI) 
that covers the entire nodule was placed in all thyroid nodules on 
elastograms. A second ROI was drawn on the same elastogram in the 
thyroid parenchyma adjacent to the nodule. The strain ratio (SR) was 
calculated automatically for each nodule by dividing the elasticity of 
the parenchyma to the elasticity of the thyroid nodule (Figure 1, 2).

Statistical Analysis

All statistical analyses were performed using SPSS for Windows 
version 15.0 (IBM Corp, Armonk, NY, USA). Descriptive statistics of the 
data consisted of mean ± standard deviation or median (minimum-
maximum) values. Mann-Whitney U test was used to compare 
quantitative variables. Categorical variables were compared using the 
pearson chi-square test. Correlation analyses were performed using the 
Spearman correlation test. The diagnostic performance of the SE was 
evaluated using receiver operator characteristic (ROC) curves. A p-value 
less than 0.05 was used to determine the statistical significance.

Results

The study cohort consisted of 64 (92.8%) women, and 5 (7.2%) men. 
The mean age of the patients was 49 years (range: 18 to 74 years). The 
mean size of the nodules was 16.38±8.38 mm (range: 7 to 60 mm). The 
histopathological diagnosis of the nodules was obtained using FNAB and 
post-surgical specimen assessment in 60 (81.1%) and 14 (18.9%) nodules, 
respectively. Of these 74 nodules, 67 (90.5%) nodules were diagnosed 
as benign, and 7 (9.5%) nodules were diagnosed as malignant. There 
were no significant differences in the age (p=0.59) and gender (p=0.375) 
characteristics between the patients with benign and malignant nodules. 
There were no significant differences in the mean nodule sizes between 
the benign (15.46 mm) and malignant (25.14 mm) nodules (p=0.168).

The surrounding parenchymal pattern of the nodules were assessed 
as normal for 7 (9.5%) nodules and typical for Hashimoto thyroiditis 
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Figure 1. Gray-scale ultrasound (a), color Doppler ultrasound (b), and strain elastography (c, d) images of a 18 year old female patient with 
Hashimoto thyroiditis demonstrates a round shaped solid nodule with well-defined margin characteristics. The assigned elasticity score was 1, 
and Strain ratio was calculated as 0.61. Fine needle aspiration biopsy revealed that the nodule was adenomatous nodule.

a

c

b

d

Figure 2. Gray-scale ultrasound (a), color Doppler ultrasound (b), and strain elastography (c, d) images of a 28 year old female patient with 
Hashimoto thyroiditis demonstrates a hypoechogenic solid nodule with irregular margin characteristics. The assigned elasticity score was 4, and 
Strain ratio was calculated as 10.5. The histopathological diagnosis was papillary carcinoma.

a

c
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d
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for 67 (90.5%) nodules. The composition of the nodules were solid 
and semisolid in 53 (71.6%) and 21 (28.4%) patients, respectively. The 
echogenicity of the nodules was hypoechogenic in 43 (58.1%) nodules. 
The margin characteristics were well-defined in 54 (73%) nodules. 
There were microcalcifications in 10 (13.5%) nodules. There were no 
statistical significant differences in the sonographic characteristics of 
the nodules between the parenchymal pattern subgroups (normal 
and typical for HT) of the patients (p>0.05). There were significant 
differences in echogenicity (p=0.017), peripheral halo (p=0.003), 
microcalcifications (p<0.001), and margin and shape (p=0.009) 
characteristics between benign and malignant nodules. Table 1 
represents the distribution of the sonographic characteristics of the 
benign and malignant nodules. There was a significant difference in 
vascularity scores between benign and malignant nodules (p<0.001). 
Table 2 represents the distribution of vascularity characteristics of the 
benign and malignant nodules. 

There was no significant difference in the elasticity scores of the 
nodules between the parenchymal pattern subgroups (p>0.05). There 
was a weak correlation between the elasticity scores of the nodules 
and parenchymas (Spearman’s rho: 0.308). Table 3 represents the 
distribution of elasticity scores for the nodules and parenchymas.

Among the nodules within typical for HT surrounding the parenchyma, 
91% (61/67) of the nodules were benign, whereas 9% (6/67) of the 
nodules were malignant. Among the nodules within the normal 
surrounding parenchyma, 86% (6/7) of the nodules were benign, 
whereas 14% (1/7) of the nodules were malignant. There were no 
significant differences in benign and malignant nodules between the 
parenchymal pattern subgroups (p=0.517).

On elasticity score assessment, 35 of 67 (52.2%) benign nodules showed 
score 2 characteristics, whereas 5 of 7 (71.4%) malignant nodules 
showed score 4 characteristics. There was a significant association 
between elasticity scores and histopathological diagnosis of the nodules 
(p<0.001). Table 4 represents the distribution of elasticity scores for 
the benign and malignant nodules. The sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) of elasticity 
score 4 in the differentiation of malignant thyroid nodules were 71.4%, 
95.5%, 62.5%, and 97% respectively. The area under the ROC curve 
(AUROC) for the diagnostic performance of the elasticity score in the 
differentiation of benign and malignant nodules was 0.902 (p<0.001) 
(Figure 3). The means of SR values for benign and malignant nodules 
were 1.44±0.86 and 7.46±4.82, respectively. There was a significant 
difference between SR values of benign and malignant nodules 
(p=0.01). AUROC for the diagnostic performance of SR values in the 
differentiation of benign and malignant nodules was 0.797 (p=0.01). 
If a cut-off point was determined as 6.16 for SR value, the sensitivity, 
specificity, PPV, NPV, and diagnostic accuracy were 71.4%, 100%, 100% 
97.1%, and 97.3%, respectively.

DISCUSSION

The combination of superficial location of the thyroid gland and wide 
usage of sonography in a clinical setting contributes to detection of a 
large number of thyroid nodules in daily practice. Although malignant 
transformation of thyroid nodules is rare, it constitutes a diagnostic 
challenge. This challenge may become more complicated when thyroid 
nodules occur in patients with HT. The current study revealed that 
qualitative and semiquantitative assessments depending on SE can 

Table 1. The distribution of sonographic characteristics of the benign and malignant nodules

Characteristics of the nodules
% (number of nodules/total)

p
Benign Malignant Total

Composition of nodule
Solid 68.7 (46/67) 100 (7/7) 71.6 (53/74)

0.181
Semisolid 31.3 (21/67) 0 (0/7) 28.4 (21/74)

Echogenicity

Hyperechogenic 19.4 (13/67) 0 (0/7) 17.6 (13/74)

0.017Isoechogenic 26.9 (18/67) 0 (0/7) 24.3 (18/74)

Hypoechogenic 53.7 (36/67) 100 (7/7) 58.1 (43/74)

Peripheral halo
Present 59.7 (40/67) 0 (0/7) 54.1 (46/74)

0.003
Absent 40.3 (27/67) 100 (7/7) 45.9 (34/74)

Microcalcifications
Present 7.5 (5/67) 71.4 (5/7) 13.5 (10/74)

<0.001
Absent 92.5 (62/67) 28.6 (2/7) 86.5 (64/74)

The margin characteristics
Well-defined 79.1 (53/67) 14.3 (1/7) 73 (54/74)

0.001
Irregular 20.9 (14/67) 85.7 (6/7) 27 (20/74)

“Taller than wide” sign
Yes 4.5 (3/67) 42.9 (3/7) 8.1 (6/74)

0.009
No 95.5 (64/67) 57.1 (4/7) 91.9 (68/74)

Table 2. The distribution of vascularity characteristics of the benign and malignant nodules

Vascularity scores Benign Malignant Total

1 10 (14.9%) 2 (28.6%) 12 (16.2%)

2 25 (37.3%) 0 (0%) 25 (33.8%)

3 29 (43.3%) 0 (0%) 29 (39.2%)

4 3 (4.5%) 5 (71.4%) 8 (10.8%)

Total 67 (100%) 7 (100%) 74 (100%)
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successfully differentiate benign and malignant nodules in patients with 
HT and this may be helpful in reduce unnecessary invasive procedures 
for thyroid nodules in HT patients. 

Anderson et al.11 analyzed the sonographic appearances of nodular HT 
patients, and the authors concluded that the sonographic and vascularity 
features of nodular HT show wide variations. The authors found that the 
nodules in patients with HT were most commonly hypoechogenic (47%), 
and showed well-defined (60%) margin characteristics. In their study, 
20% of the nodules had calcifications. The current study revealed that 
58.1% of the nodules were hypoechogenic; 73% of the nodules had well-
defined margin characteristics, and microcalcifications were present in 
13.5% of the nodules. These findings may be considered in accordance 
with the aforementioned study. Conversely, in that study, Anderson et 
al.11 found that 45% (29/64) of cases occurred within normal thyroid 
parenchymal features, whereas 55% (35/64) of cases occurred within 
the parenchyma that has typical sonographic features of HT. In the 
current study, only 10% (7/69) patients demonstrated normal thyroid 

parenchymal features on sonography. Moreover, Anderson et al.11 also 
found that 35% of the nodules were hypervascular, while 29% of the 
nodules were avascular. In our study, we found that 16.2% (12/74) 
and 50% (37/74, both score 3 and 4) of the nodules were avascular 
and hypervascular, respectively. The differences in sonographic and 
vascularity features of the nodules between the studies are more likely 
due to potential regional variabilities in nodular HT characteristics.

Cappelli et al.9 investigated the predictive value of SE in benign thyroid 
nodules in patiens with co-existing HT. In their study cohort, of the 
included 242 nodules, 230 (95%) nodules were benign. On elastograms, 
they found that 79.1% of benign nodules demonstrated elasticity (score 
1) in the whole nodule. However, when they categorized the nodules 
into two subgroups according to parenchymal patterns (mild/moderate 
versus severe hypoechogenicity) of the gland, they found that the 
sensitivity of score 1 elasticity on nodules decreased from 75% to 50% in 
the severe hypoechogenic group. In our study, the distribution of benign 
(90.5%) and malignant (9.5%) nodules in HT patients was similar to the 
study cohort of Cappelli et al.9 We found that 80.6% (54/67) of benign 
nodules demonstrated score 1 and 2 features on elastograms and this 
may be considered as in line with the findings of Cappelli et al.9

We found a weak correlation between the elasticity scores of the nodules 
and the gland parenchymas. As lymphocytic infiltration and fibrosis 
occur in the gland parenchyma of patients with HT, it causes hard tissue 
characteristics in the gland. This also has the potential to affect the 
nodule elasticity as the elasticity of the background parenchyma of the 
nodule may contribute to its elasticity.

Şahin et al.20 investigated the role of SE in distinguishing benign and 
malignant thyroid nodules in patients with HT. Their study chort 
consisted of 267 (92.1%) benign and 23 (7.9%) malignant nodules. The 
distribution of benign and malignant nodules in their study was quite 
similar to the current study. They reported that the elasticity score 
equal or higher than 3 had 82.6% and 50.9% sensitivity and specificity, 
respectively, for detecting malignant nodules. In the current study, 
the sensitivity and specificity values for elasticity score 4 in detecting 
malignant thyroid nodules were 71.4% and 95.5%, respectively. 
Moreover, Şahin et al.20 found that a value of 2.45 for the strain index 

Figure 3. Receiver operating characteristic curve of strain ratio for 
diagnosis of benign and malignant thyroid nodules. 

Table 3. The distribution of elasticity scores for the nodules and parenchymas

Elasticity scores of the nodules
Elasticity scores of parenchymas

1 2 3 4 Total

1 13 (68.4%) 2 (10.5%) 4 (21.1%) 0 (0%) 19 (100%)

2 4 (11.1%) 29 (80.6%) 3 (8.3%) 0 (0%) 36 (100%)

3 2 (18.2%) 4 (36.4%) 4 (36.4%) 1 (9,1%) 11 (100%)

4 2 (25%) 5 (62.5%) 1 (12.5%) 0 (0%) 8 (100%)

Total 21 (28.4%) 40 (54.1%) 12 (16.2%) 1 (1,4%) 74 (100%)

Table 4. The distribution of elasticity scores for the benign and malignant nodules

Elasticity scores Benign Malignant Total

1 19 (100%) 0 (0%) 19 (100%)

2 35 (97.2%) 1 (2.8%) 36 (100%)

3 10 (90.9%) 1 (9.1%) 11 (100%)

4 3 (37.5%) 5 (62.5%) 8 (100%)

Total 67 (90.5%) 7 (9.5%) 74 (100%)
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had 73.9% and 73% sensitivity and specificity, respectively, for detecting 
malignant nodules. On the other hand, Wang et al.21 reported that 
5.03 (sensitivity 75%, specificity 92.1%) was the best cut-off point for 
differentiating benign and malignant thyroid nodules in patients with 
HT. In our study, a value of 6.16 for SR had 71.4% and 100% sensitivity 
and specificity, respectively. Differences in the ROI selection criteria 
and potential reader variabilities may lead to these discordant results 
between the studies. Moreover, Dietrich et al.22 reported that for 
determining benign and malignant thyroid nodules by using SR values, 
there is no agreement on the best cut-off point. 

To maintain the quality of patient care, it is desirable to avoid 
unnecessary invasive procedures. In a systematic review and meta-
analysis,3 it has been concluded that sonoelastography is an accurate 
adjunctive technique for evaluating thyroid nodules and it may be 
helpful to decrease the number of FNAB. Among the 55 nodules that 
demonstrated elasticity score 1 or 2 features in this study, only 1 (1.8%) 
nodule had a malignant diagnosis. In this context, in patients with HT, 
if a nodule has an elasticity score 1 or 2 characteristics on elastograms, 
to reduce the number of unnecessary biopsies follow-up may be 
preferrable rather than FNAB.

Study Limitations

The current study has limitations. First, the number of included nodules 
was small. Second, this study did not evaluate inter- and intraobserver 
variabilities, which have the potential to lead to wide variations in 
diagnostic performance of SE. Therefore, future studies with a larger 
number of nodules that additionally evaluates inter- and intraobserver 
variabilities will be more impactful.

CONCLUSION

Our study revealed that SE is an accurate diagnostic tool to characterize 
thyroid nodules in patients with HT and this may be useful to avoid 
unnecessary invasive procedures. 

MAIN POINTS

•  SE can be useful in the distinction between benign and malignant 
thyroid nodules in patients with Hashimoto thyroiditis.

•  SE as an adjunctive tool to ultrasound can reduce the number of 
benign biopsies in patients with Hashimoto thyroiditis.

•  Elasticity scores had a significant association with histopathological 
diagnosis of the thyroid nodules.
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INTRODUCTION

Cancer incidence is increasing, and it is predicted to result in 13 million 
deaths in 2030.1 Breast cancer is the most common cancer affecting 
women worldwide, and its incidence is also projected to increase due 
to multifactorial variables, including lifestyle changes and increased 
average lifespan.2 Apoptosis evasion is one of the hallmarks of cancer, 
including breast cancer, which enables the tumor cells to thrive despite 
the presence of anti-apoptotic signals.3 Apoptosis, or programmed cell 
death, is induced by cell-intrinsic and extrinsic signals and is vital in 

tissue development, homeostasis, and the removal of dysfunctional 

cells, such as tumor cells, from the body.4 This process is mediated by 

the serial activation of the caspase enzymes, which culminates in DNA 

fragmentation, the formation of apoptotic bodies, and the clearance of 

the apoptotic cell by phagocytic cells. 

Cancer cells achieve apoptosis evasion by downregulating pro-apoptotic 

proteins such as Bcl-2-associated X (Bax) protein and upregulating anti-

apoptotic proteins, such as B-cell lymphoma 2 (Bcl-2) protein.5 Since 
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the administration of most chemotherapeutics leads to apoptosis 
induction, apoptosis resistance also promotes therapy resistance.5 
Therefore, anti-apoptotic mechanisms in a tumor enable its survival, its 
resistance to therapy, and its recurrence. Targeting molecules to reverse 
apoptosis evasion in tumors can restrict tumor growth and overcome 
therapy resistance. However, since apoptosis is a normal physiological 
process, the choice of target molecule must be tumor-specific to avoid 
deleterious side effects.

In solid tumors, the tumor microenvironment (TME) can promote 
tumor survival, invasiveness, and metastasis.6 The TME can be 
defined as non-cancerous cells and structural components which 
surround the tumor cells. Although the structure of TME might vary 
slightly among tumor types, it generally consists of stroma cells (e.g., 
fibroblasts), leukocytes, blood vessels, and extracellular matrix (ECM).6 
The TME can support tumor progression in many ways, including by 
acting as a growth factor reservoir, modifying cell adhesion, providing 
nutrients through angiogenesis, and preventing immune cells from 
reaching the tumor.7 Some components of the tumor TME, such as 
growth factors and matricellular proteins, have also been shown to 
be involved in apoptosis evasion of solid tumors.8 Tenascin-C (TN-C) 
is one of the multimeric matricellular proteins in the TME which can 
promote tumor survival and spread by inducing apoptosis resistance, 
epithelial-mesenchymal transition, immune evasion, cell proliferation, 
and ECM degradation.9,10 Normally, TN-C is found in the embryo near 
migrating cells, at the interaction sites of epithelial and mesenchymal 
cells, and in developing connective tissue.11 TN-C expression after 
birth is highly restricted, with only minimal expression in tissues 
which withstand tensile stress, such as tendons and ligaments and in 
lymphoid organs (thymus, spleen, bone marrow etc.), where there is 
high cell turnover.12 Despite its restricted expression in normal healthy 
tissues, it is consistently upregulated in solid tumors with prognostic 
significance.13 TN-C has emerged as an ideal target for gene silencing 
oncotherapy approaches since its expression is highly restricted to 
tumors in adults. It is an especially optimum candidate for clustered 
regularly interspaced short palindromic repeats (CRISPR)/Cas9-based 
therapies. CRISPR/Cas9 technology is the latest and the most influential 
genome-editing technology which can create permanent changes (i.e., 
knock-in, knock-out, and correction of genes) in the genome.14 Since the 
created changes in the genome are irreversible, the target gene should 
be, like TN-C, highly specific only to the tumors.

TN-C is highly expressed and associated with a poorer prognosis in 
breast cancer.13 It is expressed both by the stromal cells in the TME and 
breast cancer cells.11 TN-C expression in breast cancer is correlated with 
lymph node and lung metastasis, tumor size, increased angiogenesis, 
and treatment resistance and rapid invasiveness.15-17 TN-C can mediate 
these effects by decreasing cell adhesion, promoting cell survival and 
angiogenesis, and suppressing immune responses.18 It has been shown 
that TN-C levels are especially high in the most aggressive breast cancer 
subtype, triple-negative breast cancer (TNBC), due to the autophagy 
deficiency of these cells.19 This is important because TNBC is negative 
for estrogen receptors, progesterone receptors, and human epidermal 
growth factor receptor 2 expression, meaning that treatment targets 
such as endocrine receptors normally exploited in other subtypes are 
absent in TNBC.20 Therefore, TN-C is an important therapeutic target 
for TNBC, for which such targets are scarce. The TME is shown to be 
involved in immunomodulation and tumor progression in TNBC, and 
so, when using a TN-C-based gene therapy, the interaction between the 
TME and TNBC can potentially be reprogrammed.21

As a specific target for oncotherapies, TN-C has been shown to be 
involved in apoptosis resistance in multiple cancer types, including 
TNBC. One previous study showed that targeting TN-C with RNA 
interference induces apoptosis in human TNBC cell lines.22 Moreover, 
in breast cancer cell cultures, TN-C reverses the cell cycle arrest induced 
by doxorubicin by inhibiting p21.23 In a study of pancreatic cancer cells, 
it was shown that TN-C induced anti-apoptotic proteins Bcl-Extra-Large 
protein and Bcl-2 and it decreased caspase activity by activating the 
ERK1/2/NF-κB/p65 cascade, delineating a mechanistic link between 
TN-C expression and apoptosis evasion.24

To the best of our knowledge, no study has thus far used CRISPR/Cas9 
to decrease TN-C expression in TNBC. Thus, the aim of this study was 
to knock down the TN-C gene using the effective genome-editing tool 
CRISPR/Cas9 in order to inhibit the growth of TNBC cells via apoptosis 
and hence, provide a foundation for a new gene therapy approach in 
TNBC.

MATERIALS AND METHODS

Materials

TN-C positive, human TNBC cell line MDA-MB-231 [American Type Cell 
Collection (ATCC® HTB-26™)] was purchased from ATCC (Manassas, VA, USA). 
The cells were maintained in a cell culture medium composed of high 
glucose DMEM medium (Sigma-Aldrich, St. Louis, MO, USA), 10% heat-
inactivated fetal bovine serum (Capricorn Scientific, Ebsdorfergrund, 
Germany), 100 I.U/mL penicillin and 100 µg/mL streptomycin (both from 
Capricorn Scientific, Ebsdorfergrund, Germany), and 2 mM L-glutamine 
(Sigma-Aldrich, St.Louis, MO, USA). The cells were passaged twice a 
week using trypsin/EDTA (Wisent BioProducts Quebec, Canada) for the 
chemical detachment of the cells from the culture flasks, and Ca+2-and 
Mg+2-free 1X PBS (Wisent BioProducts Quebec, Canada) for cell washes.

A plasmid coding for two TN-C-specific single guide RNAs (sgRNA) 
(CTGTTTCGAAGGCTACGCCG and CGGGAGAGGCGGGTGACAGT) and Cas9 
enzyme on a single plasmid was synthesized from VectorBuilder 
(Chicago, IL, USA). A control plasmid containing scrambled sgRNA 
(sequence: GCACTACCAGAGCTAACTCA) and Cas9 enzyme was purchased 
from Origene (Rockville, MD, USA).

The cell transfections were carried out using a nanoparticle-based 
transfection agent, Lipofectamine 3000 (Invitrogen-Thermo Fisher 
Scientific, Waltham, MA, USA).

Cell proliferation studies were performed using 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma-Aldrich, St. Louis, 
MO, USA) and dimethylsulfoxide (DMSO) (Merck, Kenilworth, New 
Jersey, USA).

In vitro Transfection 

Transfection of MDA-MB-231 cells by the CRISPR/Cas9 plasmids was 
accomplished by the reverse-transfection method, according to the 
manufacturer’s protocol. The plasmids used in transfections were 
scrambled sgRNA CRISPR/Cas9 plasmid (1 µg) as a control and 1 µg of the 
TN-C CRISPR/Cas9 plasmid. A plasmid (µg): p3000 (µL): Lipofectamine (µL) 
ratio of 1:3:2 was used to complex the plasmids with the transfection 
reagents. The total volume was increased to 50 µL with a reduced serum 
medium, Opti-MEM (Thermo Fisher Scientific, Waltham, MA, USA). The 
complexed plasmid was mixed with 150,000 cells in 450 µL of complete 
medium and plated in triplicate on 24-well culture plates.
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For the proliferation studies, the same plasmid-to-transfection agent 
ratio was adjusted for a total volume of 100 µl (200 ng of each plasmid) 
and the cells were plated on 96-well plates.

Real-Time PCR

The knock-down effect of the TN-C CRISPR/Cas9 plasmids on TN-C mRNA 
levels was assessed by real-time PCR (RT-PCR). First, RNA was isolated from 
the cells 3 days after the transfection according to the manufacturer’s 
protocol (RNeasy Mini Kit, Qiagen, Hilden, Germany). After the 
spectrophotometric confirmation of RNA quality (A260/A280=2), cDNA 
was synthesized using 0.5 µg of RNA. cDNA synthesis was performed by 
reverse transcription according to the manufacturer’s protocol (ImProm-
II Reverse Transcription System, Promega, Madison, WI, USA).

Primers specific to the human TN-C mRNA were used for the 
RT-PCR reaction (forward: AGAGAACCAGCCAGTGGTGT, reverse: 
GCCTGCTCCTGCAGTACATT). The TN-C mRNA levels were normalized 
using GAPDH mRNA levels as an internal control and the primers 
with sequences provided in a previous study were used.25 The RT-PCR 
reactions were carried out in triplicate for each group, using the SYBR 
Green PCR Master Mix (Thermo Fisher Scientific, Waltham, MA, USA) 
in QuantStudio™3 (Thermo Fisher Scientific, Waltham, MA, USA). TN-C 
mRNA levels were relatively quantified using the ΔΔCt calculation.

Apoptosis

The effect of reducing the expression of the TN-C gene on cell apoptosis 
was investigated using flow cytometry by staining with the ImmunoStep 
FITC Annexin-V Apoptosis Detection Kit with propidium iodide (PI) 
(Salamanca, Spain). The cells were detached from the plates 48 hours 
after transfection and washed 3 times with 1X PBS. The cells were stained 
according to the manufacturer’s protocol. To correct for fluorescence 
spillover, the cells were also stained with Annexin-V only and PI only. 
The stained cells were visualized using the BD FACSAria cytometer (BD 
Biosciences, Franklin Lanes, NJ, USA) and analyzed using Infinicyt 2.0 
software (Cytognos, Salamanca, Spain). Unstained untransfected cells 
were used to gate the quadrants in the dot plots. 

Cell Cycle Analysis

A flow cytometry-based cell cycle kit containing RNAse, PI, and detergent 
was used to determine the effect of TN-C knockdown on the cell cycle 

(Cytognos, Salamanca, Spain) on day 2 post-transfection. PI enters through 
the cell membrane as it is permeabilized by a detergent, and then PI 
binds only to DNA since RNAse removes all RNA from the cell. Therefore, 
the amount of DNA in the cell could be determined, providing an indirect 
indicator of cell cycle phases. Similar to the apoptosis assay, the cells 
were trypsinized and washed 3 times with 1X PBS. Then, 200 µL of the 
ready solution was added, and after a 10-minute incubation at room 
temperature in the dark, the cells were immediately visualized using the 
BD FACSAria cytometer and analyzed using Infinicyt 2.0 software.

Cell Proliferation 

The effect of transfection with TN-C CRISPR/Cas9 on cell proliferation 
was assessed by the formation of formazan salt by the living cells after 
the addition of MTT. The change in cell proliferation and hence cell 
number was measured as the difference in the amount of formazan 
formed. Three days after the transfection, the cell media was removed, 
and 0.5 mg/mL MTT in complete medium was added. The cells were 
incubated for 4 hours in a humidified incubator at 5% CO

2 
and 37 °C 

to allow MTT to be converted into formazan. The insoluble formazan 
salt was subsequently dissolved by DMSO. The colorimetric reading was 
measured at 570 nm and 690 nm by a microplate reader (SmartSpec 300, 
Bio-Rad, Hercules, CA, USA). The absorbance at 690 nm was subtracted 
from that at 570 nm to obtain a corrected reading.

Statistical Analysis

Statistical analysis was conducted using GraphPad Prism Software 
version 7.00 for Windows (GraphPad Software, San Diego, California, 
USA). Student’s t-test was used to test for statistical significance. Values 
of p-smaller than 0.05 were considered statistically significant (*p<0.05; 
**p<0.01).

RESULTS

CRISPR/Cas9 Plasmids Successfully Downregulate TN-C Expression

Transfection success was investigated by observing green fluorescent 
protein (GFP) fluorescence under a fluorescent microscope. There 
were GFP-positive cells 24 hours after transfection in TN-C CRISPR/Cas9 
and scrambled CRISPR/Cas9 plasmid-transfected cells, confirming a 
successful transfection (Figure 1). 

The TN-C relative expression study using RT-PCR showed that 3 days 
after the transfection, TN-C mRNA levels were significantly lowered 
(p=0.0007) to half of the level in the cells transfected with the scrambled 
control (Figure 2).

Figure 1. GFP fluorescence 24 hours after transfection with (a) TN-C CRISPR/Cas9 and (b) Scrambled CRISPR/Cas9 plasmids.

GFP: Green fluorescent protein, TN-C: Tenascin-C, CRISPR: Clustered regularly interspaced short palindromic repeats.

a b
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TN-C Genome Editing Induces Apoptosis in the Cancer Cells 

The effect of TN-C genome editing by CRISPR/Cas9 on apoptosis was 
investigated 48 hours after transfection. With the onset of apoptosis, 
phosphatidyl serine, normally found in the inner layer of the cell 
membrane, is exposed on the outer layer, where Annexin-V can bind to it. 
Therefore, Annexin-V positive cells show the cell population in the early 
apoptotic phase. With the progression of apoptosis, PI can enter the cell 
due to increased cell permeability. Thus, double staining with Annexin-V 
and PI indicates late apoptosis. A representative result of four independent 
experiments is shown in Figure 3. TN-C genome editing increased the 
percentage of cells both in the early and late apoptotic stages, where the 
percentage was almost doubled for the late apoptotic cells.

Cell Cycle Distribution 

As the literature shows that TN-C can affect the cell cycle, experiments 
were carried out to investigate whether reducing TN-C expression with 
the TN-C CRISPR/Cas9 plasmid alters cell distribution within the cell 

cycle phases. TN-C downregulation led to G0/G1 cell cycle arrest as the 
percentage of cells at this phase and in apoptosis (Figure 4, far left) 
increased, and the percentage of the cells in the later phases, namely 
S and G2/M phases decreased, relative to the scrambled CRISPR/Cas9 
control.

Transfection with the TN-C CRISPR/Cas9 Plasmids Decreased TNBC 
Cell Proliferation

Three days after the transfection, cell proliferation was examined using 
the MTT assay. Comparing the cell proliferation of the scrambled control 
transfected cells and TN-C CRISPR/Cas9 transfected TNBC cells revealed 
that the proliferation/cell numbers were halved by TN-C gene editing 
(p=0.0022) (Figure 5). 

DISCUSSION

It has become increasingly apparent that the TME plays an enabling 
role in the maintenance and propagation of tumors. There is a two-way 
relationship between the tumor and its microenvironment, such that 
they reciprocally shape each other via chemokines, proteins, growth 
factors, and remodeling enzymes.8 In light of this understanding, 
treatment strategies that regard the tumor as a “complex organ” and 
target the TME constituents have a promising therapeutic potential.

Breast cancer is projected to remain an important public health concern 
worldwide. TNBC specifically is an important threat to women’s health 
globally since it has been refractory to the developments in diagnostic 
and therapeutic approaches. Addressing women’s health issues such 
as breast cancer is integral to meeting the United Nation’s Sustainable 
Development Goals (specifically Goals 3 and 5). Furthermore, research 
also shows that improving women’s well-being alleviates the emotional 
and physical burden of disease and contributes to national productivity 
and economic advancement.26 Therefore, we sought to provide a 
foundation for a new TNBC gene therapy approach by combining TME-
targeting and the latest breakthrough in molecular biology, CRISPR/Cas9 
technology. TN-C is one of the proteins found in the TME which sculpts 
the microenvironment to the benefit of the breast cancer cells, both 
in the primary site and the metastatic niche.27,28 As TN-C expression is 
highly specific to cancer cells, it was chosen as the ideal knock-down 
target for the CRISPR/Cas9 system. Apoptosis evasion is a key mechanism 

Figure 2. TN-C mRNA levels 3 days after transfection in the control 
and the experimental groups.

TN-C: Tenascin-C.

Figure 3. The percentage of cells alive (Annexin-V-, PI-) in early apoptosis (Annexin-V+, PI) and late apoptosis (Annexin-V+, PI+) in the control 
and the experimental groups. (Note: Annexin staining is depicted on the x-axis, and PI staining, the y-axis).

PI: Propidium iodide.
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to target because it enables both tumor survival and therapy resistance, 
so reversing this evasion concomitantly opens up many therapeutic 
windows. In this study, we showed that TN-C downregulation by this 
system induced apoptosis in the aggressive MDA-MB-231 cell line 
and led to G1 arrest with a statistically significant decrease in cell 
proliferation. This shows that this system is viable for testing in more 
advanced studies, alone or in combination with other therapies.

CRISPR/Cas9 plasmids are usually challenging to transfect because of their 
large size due to the Cas9 enzyme and the strong promoters used. The TN-
C-specific CRISPR/Cas9 plasmid and the control scrambled CRISPR/Cas9 
plasmid used in this study were both large (10 kb). However, by increasing 
the amount of the complexation agent p3000 in the transfection kit, 
successful transfection was achieved, as shown by the GFP fluorescence 
images of the cells 24 hours post-transfection. The difference in the 
intensity of GFP fluorescence between the two plasmids can be attributed 
to the different GFPs coded on the plasmids, namely enhanced GFP on 
TN-C CRISPR/Cas9 plasmid and turbo GFP (tGFP) on the scrambled control 
under the control of CMV promoter and the promoter of the elongation 
factor-1 alpha (EF-1 alpha), respectively. EF-1 alpha has been shown 
to express the GFP gene more strongly than the CMV; therefore, the 
fluorescence from the scrambled control cells was stronger.29

Within the 3 days of transfection, there was approximately a 49% 
decrease in TN-C mRNA levels, demonstrating that two sgRNAs on the 
CRISPR/Cas9 plasmid can successfully target the TN-C gene. Two sgRNAs 
that target the initial exons of the large TN-C gene were used due to the 
size of the gene, which has 29 exons. The choice of exons to be targeted 
is especially important for genes such as TN-C because 9 of its exons 
can be alternatively spliced. Given that those sgRNAs targeting loci 
closer to the transcription start site result in better editing efficiency, 
the initial exons were successfully targeted by the sgRNAs used in this 
study.30 It is known that the higher the number of cell cycles that the 
cell populations undergo, the higher the editing efficiency. Since MDA-
MB-231 is a rapidly proliferating cell line, the high editing efficiency 
we observed is expected. The silencing efficiency during the later days 
can also be investigated to examine whether the edited cells have a 
selective disadvantage in the cell population pool. The latest addition 
to the chemotherapeutic arsenal against metastatic TNBC are poly 
(ADP-ribose) polymerase (PARP) inhibitors, such as Olaparib.20 These 
inhibitors direct the cells to error-prone DNA damage repair (non-
homologous end-joining), creating lethal mutations in the cell.31 Since 
the CRISPR/Cas9-based knock-down and knock-out studies also rely on 
the mistakes made during the DNA-damage repair in non-homologous 

Figure 4. The distribution of the cells that are apoptotic and in different phases of the cell cycle, as evaluated by flow cytometric staining.

TN-C: Tenascin-C, CRISPR: Clustered regularly interspaced short palindromic repeats.

Figure 5. The effect of transfection with the control and TN-C CRISPR/Cas9 on cell proliferation.

TN-C: Tenascin-C, CRISPR: Clustered regularly interspaced short palindromic repeats.
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end-joining, it is highly probable that combining PARP inhibitors with 
this CRISPR/Cas9-based therapy would enhance knock-down efficiency, 
leading to a synergistic anti-tumor response in TNBC.

A higher percentage of cells were found in early apoptosis in the 
scrambled control and TN-C CRISPR/Cas9 transfected cell groups than in 
the untransfected cells. The cell death and decrease in cell proliferation 
observed in the scrambled control transfected cells can be attributed to 
the expression of Cas9 and GFP which put extra strain on the cellular 
resources, which can lead to a decrease in proliferation and even 
apoptosis. Nevertheless, the early and late apoptotic cell percentages 
in the TN-C edited cell population were markedly higher than in the 
scrambled control cells. In future studies, using multicaspase flow 
cytometric staining or demonstrating caspase-3 activity would further 
support these findings. However, it is clear from the apoptosis and 
cell cycle analysis that TN-C downregulation induced apoptosis which 
yielded meaningful decreases in the number of TNBC cells and this 
is one of the ultimate goals of oncotherapies. TN-C can mediate anti-
apoptotic effects by binding to growth factor receptors through its 
epidermal growth factor-like domain and induction of the ERK/NF-
κB pathway.24,32 This pathway can then lead to the activation of anti-
apoptotic cells and cyclin D1 which reduce apoptosis and induce cell 
cycle progression.33 Metastatic disease is the major cause of morbidity in 
TNBC, and metastatic TNBC cells have been shown to be more resistant 
to apoptosis. Therefore, the TN-C genome editing system could also be 
studied for use against metastatic TNBC.

The observed difference in cell proliferation can potentially be 
attributed to increased apoptosis and decreased proliferation since the 
pleiotropic effects of TN-C include cell cycle modulation. A study on 
the pancreatic ductal adenocarcinoma cells showed that TN-C addition 
to the cultures prompted G1/S transition.24 Another study showed that 
TN-C promotes progression into the S phase via AKT signaling, leading to 
enhanced cyclin D1 expression. Cyclin D1 then complexes with CDK4 to 
free E2F from retinoblastoma protein to enable G1/S transition.10 From 
these data, it could be deduced that the downregulation of TN-C would 
decrease G1/S transition. In the present study, this deduction has been 
confirmed. TN-C downregulation increased the number of cells in the 
G0/G1 phase, and the percentage of cells in the other phases decreased, 
consistent with previous studies. Drug-resistant disease is one of the 
primary challenges in treating TNBC, resulting in high mortality. 
Previous research has shown that TN-C can aid in doxorubicin resistance 
by reversing G1/S arrest via p21 inhibition.23 We demonstrated that TN-C 
downregulation led to G1 arrest, and we propose that this approach 
could be assessed for reversing doxorubicin resistance and testing a 
doxorubicin combination therapy.

Study Limitations

The main limitation of this study is that only one TNBC cell line was used 
and another TN-C expressing TNBC should be used in order to confirm 
our findings. Evidence is also needed to show that different levels of 
silencing correlate with the amount of apoptosis induced. Furthermore, 
the silencing efficiency for the later time-points could be investigated 
in order to determine whether the edited cancer cell percentage would 
decrease due to the reduced fitness of these cells.

CONCLUSION

This study demonstrated for the first time that TN-C downregulation by 
the CRISPR/Cas9 system successfully induced apoptosis and G1 arrest in 

the human TNBC cell line. These results warrant further testing via the 
examination of combinatorial therapies with chemotherapeutic drugs 
and studies on reversing drug resistance. By formulating a viral or a 
non-viral vector, this approach could also be tested within in vivo gene 
therapy settings in an animal cancer model.

MAIN POINTS

•  TNBC is an important problem for women’s health globally.

•  A tumor-promoting matricellular protein, TN-C, was successfully 
downregulated using CRISPR/Cas9 technology in TNBC cells, for 
which there is an urgent need for new therapeutic targets.

•  TN-C downregulation induced apoptosis and inhibited G1/S 
transition, leading to a significant reduction in TNBC cell numbers. 

•  These data provide a strong foundation for further studies focusing 
on designing a new TN-C-based gene therapy approach using the 
powerful CRISPR/Cas9 system in TNBC cells.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine disorder 
characterized by hyperandrogenism, ovulatory dysfunction and 
polycystic ovarian morphology, with excessive androgen production 
by the ovaries.1 PCOS is the most frequent endocrinological disorder 
among women of reproductive ages leading to a number of health 
complications.1,2 An international consensus definition of PCOS has been 
published, which defines PCOS as at least two of the following criteria: 
Reduced or no ovulation; clinical and/or biochemical signs of excessive 
secretion of androgens; and/or polycystic ovaries (the presence of at 

least 12 follicles measuring 2-9 mm in diameter, an ovarian volume in 
excess of 10 mL, or both).3

In terms of ovarian functions, PCOS is a syndrome of ovarian dysfunction 
characterized by an accumulation of incompletely developed follicles 
in the ovaries because of anovulation. Clinical manifestations include 
menstrual dysfunction, oligomenorrhea or amenorrhea, infertility, 
hirsutism and acne.4 Insulin resistance affects 50-70% of women with 
PCOS, gradually ending up with co-morbidities such as hypertension, 
dyslipidemia, glucose intolerance, leading to diabetes and metabolic 
syndrome.5
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Although the physiopathology of PCOS is unknown, most studies imply 
familial heritage. Some clinical genetic studies indicate an autosomal 
dominant inheritance, while others reveal a complex trait of oligogenic 
basis. On the other hand, the heterogeneity of phenotypic features 
point to the contribution of environmental factors.6 Genetically 
transmitted β-cell dysfunction and high androgens, dyslipidemia and 
insulin resistance serum markers in families of women with PCOS, 
including the male population have been demonstrated.7,8 The majority 
of PCOS patients exhibit metabolic dysfunction with insulin resistance, 
hyperinsulinaemia and an increased risk for type 2 diabetes mellitus, 
gestational diabetes and other pregnancy-related complications, 
cardiovascular events and endometrial cancer.9-13 

PCOS is classified into four separate phenotypes (A-D), according to the 
presence or absence of three characteristics: hyperandrogenism (either 
biochemical or clinical), ovulatory dysfunction and polycystic ovarian 
morphology. Only phenotype A requires all three features of PCOS to 
be present. The various diagnostic criteria currently available for PCOS 
include a greater or fewer number of PCOS phenotypes.11

The prevalence of PCOS is remarkably similar worldwide. The prevalence 
of clinically evident PCOS in women of reproductive ages from the United 
States, Europe, Asia and Australia ranges between 5% and 9% based on the 
original 1990 US National Institutes of Health (NIH) diagnostic criteria. 
Using the broader 2003 Rotterdam criteria now accepted internationally, 
the prevalence of PCOS ranges from 5.5% to 19.9%.11

PCOS is reported to be diagnosed in 4-10% of women attending 
gynecology clinics in high income countries.14  In some European 
studies, the prevalence of PCOS has been reported as being 6.5-8%.14,15 
The prevalence of PCOS may be in the range of 15-20% using the criteria 
of the European Society for Human Reproduction and Embryology/
American Society for Reproductive Medicine (ESHRE/ASRM).5 However, 
among unselected general female populations of different ethnicities, 
PCOS rates using other criteria were found as follows: Caucasians 5.5% 
(NIH: 1990); African-American and Afro-Brazilian 7.4% (NIH: 1990); 
Chinese 2.2% (NIH: 1990), 5.6% (ESHRE/ASRM, Rotterdam 2003); and 
Middle East (Iranian and Turkish) 6.1% (NIH: 1990), 16.0% (ESHRE/ASRM, 
Rotterdam 2003), 12.6% (AES, 2006).4,16 Diagnostic criteria for PCOS 
include clinical or biochemical hyperandrogenism, oligo/anovulation 
and polycystic ovarian morphology according to ESHRE/ASRM 2012 
criteria while clinical or biochemical hyperandrogenism and persistent 
oligo-/anovulation according to Endocrine Society 2013 criteria.16 As 
a consequence, the worldwide prevalence of PCOS shows variations 
according to the diagnostic criteria used. Greater estimates of PCOS 
prevalence with the ESHRE/ASRM Rotterdam 2003 and Androgen Excess 
and PCOS Society (AE-PCOS) 2006 criteria are largely attributed to their 
more expansive definition and inclusion of additional phenotypes.16 
However, the results of PCOS studies largely depend on how the 
study population and the PCOS phenotypes were defined. Since the 
assessment of the PCOS phenotype is a complex process, study results 
may reflect underreporting due to the limitations of more intensive 
investigations.15,16 

Aim: The aim of this study was to determine the status and features of 
PCOS and to investigate the treatments provided to patients diagnosed 
in the Near East University Hospital in Nicosia, North Cyprus, where no 
previous data on this issue was available in a search of the literature. 
The time period of this study was set as 1st September, 2015 to 31st 
August, 2019.

MATERIALS AND METHODS

Study type: The study was a descriptive records-based study.

Diagnostic and inclusion criteria: In order to establish a diagnosis of 
PCOS, the criteria of the ESHRE/ASRM Rotterdam Conference of 2003 
or the AE-PCOS Conference 2006 were used in the Near East University 
Hospital. According to these criteria, the following parameters were 
considered sufficient for the diagnosis of PCOS: Clinical and biochemical 
hyperandrogenism, ovulation irregularity and/or polycystic ovary 
morphology.10

Study design and setting: The study was conducted between the 2nd 
and 9th of August, 2019 via an investigation of the patient records of the 
Gynecology and Obstetrics Clinics of the Near East University Hospital. 
The study group included those patients diagnosed as PCOS starting 1st 
September, 2015 until 31st August, 2019. All of the patients registered 
with this diagnosis were admitted into this study without exclusion. 
The data were obtained from the information system of the Near East 
University Hospital with the permission of the chief physician of the 
hospital.

Study tool: The data were collected and recorded by a data collection 
form designed and structured by the researchers. The details of the 
records of each patient were entered into the data collection form 
individually.

Statistical Analysis

The data were analyzed using IBM-SPSS (Statistical Package for the Social 
Sciences) version 18 (SPSS Inc., Chicago, IL, USA). Descriptive statistics 
including frequency, percentage, mean, and standard deviation were 
calculated to describe the characteristics of the study sample. Bivariate 
analysis using the chi-squared test was performed to examine the 
relationships between independent variables with a significance level 
set at p<0.05. 

Permission from the Near East University Gynecology and Obstetrics 
Department and the Chief Physician of the Near East University Hospital 
was obtained and consent and approval of the Near East University 
Ethics Committee with report number YDU/2019/71-869 was provided.

RESULTS 

In this descriptive study, the records of 819 patients diagnosed as PCOS 
among 45,677 patients presenting to the Gynecology and Obstetrics 
Clinics of the Near East University Hospital between 1st September, 2015 
and 31st August, 2019 were studied. The detailed history of 80 patients 
were not recorded in the system, other than their diagnosis as PCOS.

The results are given under the headings of age distribution, family 
history, symptoms and findings, diagnosis and treatments. The age 
distribution, the status of family history and prior drug use history of the 
patients followed up with the diagnosis of PCOS are presented in Table 1.

Of the total patients, 41.5% were in the 20-24 year age group. The 
mean age of the PCOS patients was 27 years, with a minimum age of 
15 and maximum age of 50. Only 5 patients (0.7%) had a family history 
according to their records. Of the 232 patients under drug therapy prior 
to admission, 42.2% were reported as taking contraceptive drugs and 
78.0% as using other medications (Table 1).



Asut et al. Polycystic Ovary Syndrome in North CyprusCyprus J Med Sci 2023;8(1):27-33

29

The analysis of the patients followed up with the diagnosis of PCOS at the 
Near East University Hospital showed that 8.4% of the patients (69 patients) 
had undergone surgical interventions, while 2.2% (18 patients) of them 
had experienced gynecologic/obstetric operations prior to admission.

Table 2 indicates the presenting and later symptoms and signs of 
the PCOS patients diagnosed at the Near East University Hospital. Of 
the patients with recorded data, 45.9% were admitted to the hospital 
with complaints of menstrual irregularity, followed by the desire for 
offspring, hirsutism and dermatological problems as the major causes 
of presentation to the hospital. Leading symptoms at a later stage of the 
disease included oligomenorrhea, hirsutism and acne. In addition, data 
from the records showed that 78.6% of the patients diagnosed as PCOS 
had ultrasonographic findings of polycystic ovaries (Table 2).

The laboratory investigations requested of the patients followed up 
with the diagnosis of PCOS at the Near East University Hospital are 
given in Table 3. The patient records revealed that hormone profile, 
vaginal smear, thyroid function tests and HOMA-IR (insulin resistance) 
were the laboratory tests most commonly requested for those patients 
with PCOS, the leading test among the total being hormone profile with 
83.5%, followed by vaginal smear with 14.4% (Table 3).

The details about drug therapies provided for the PCOS patients 
diagnosed at the Near East University Hospital are shown in Table 4. 
Among the records of the 819 PCOS patients registered, 759 patient 
records had pharmacotherapy information, 431 of whom were stated 
as receiving drug therapy and 328 as receiving no drug therapy. Of 
the total 431 records with information regarding pharmacologic 
therapies, 69.4% were taking oral contraceptives and progesterone. Oral 
contraceptive medications were prescribed for 39.2% of the patients 
while 29.0% received progesterone therapy. Antibiotics, metabolic drugs 
and supplements were the following groups of medications in order of 
frequency recommended for the PCOS patients.

Metformin was reported to be prescribed for 5.3% of the patients. Other 
ovulation stimulators used included clomiphene, dopamine agonists, 
estrogen agonists and aromatase inhibitors. Dermatologic and other 
medications were prescribed for 6% of the patients (Table 4).

Reporting of a PCOS symptom at first presentation to the hospital 
according to age groups is given in Table 5. A significant difference was 
illustrated between the age groups regarding the existence of symptoms 
at first presentation. Those patients under 25 years of age had symptoms 
regarding PCOS at their first visit to the hospital at significantly higher 
levels than those patients 25 years or older (χ2 =13.0, p<0.01) (Table 5).

DISCUSSION

This study was conducted using the patient registration system of a 
university hospital in North Cyprus.

The frequency of PCOS was established as 1.8% among the gynecologic 
patients, lower than reported in the literature for the same age group of 
patients in similar settings. PCOS was reported to be diagnosed in 4-10% 
of women attending gynecology clinics in high income countries.14

According to our review of the literature, the prevalence of PCOS 
among women had not been investigated in North Cyprus until the 
present time. Therefore, a comparison with previous research was not 
possible and our study may be part of the initial research on this issue 
in this country.

The incidence and prevalence of PCOS among women seeking 
healthcare at primary healthcare settings was found to be low, 
indicating that PCOS is an under-recognized condition at the broadest 
level of the healthcare systems.13 Prevalence studies from several 
countries have reported PCOS frequencies, such as 6.6% for Spain, 5% 
for Türkiye, 2.2% for the Peoples Republic of China and 1.6% for the 
USA.9 A study in the UK found an overall incidence rate of 1.84% for 
the time period 2004-2014, with women aged 20-24 years and women 
living in deprived areas having the highest incidences. The prevalence 
of PCOS for the year 2014 was estimated to be approximately 2%, 
reflecting a lower level of this syndrome, similar to our study.17 

Although our study group included gynecologic patients, the frequency 
of PCOS was 1.8%, lower than the reported 4-10% in the literature for 
the same age group of patients in similar settings.14 In a cross-sectional 
study representing the South Cyprus population, the overall prevalence 

Table 1. Age distribution, family history and drug use history of those patients with a diagnosis of PCOS at Near East University Hospital (Nicosia: August, 
2019)

Age group (n=814) n %

<20 36 4.4

20-24 338 41.5

25-29 218 26.8

30-34 137 16.8

35-39 61 7.5

≥40 24 3.0

Mean ± SD: 27±5.8 Median: 25 Minimum: 15 Maximum: 50

Family history (n=756)

Yes 5 0.7

No 751 99.3

Drug use history on record (n=232)*

PCOS-related drugs** 98 42.2

Other drugs (none PCOS-related) 181 78.0

*Limited to information in the patient records, **PCOS related drugs: Contraceptive drugs (cyproterone and estrogen, dienogest and ethinylestradiol, ulipristal, dienogest and estrogen, 
medroxyprogesterone, drospirenone and ethinylestradiol), PCOS: Polycystic ovary syndrome, SD: Standard deviation.
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of PCOS among women was found to be 6.1%, much higher than the 

results of our study. The age group with the highest rate in this study 

of the South Cyprus population was the 25-44 age group women with 

16.0%, followed by the 18-24 age group with 8.6%.18 

Additionally, the prevalence of PCOS was found to be higher using 

the ESHRE-ASRM Rotterdam Conference 2003 and AE-PCOS Society 

conference 2006 criteria, as compared to the NIH 1990 criteria. Since 
the former two criteria were used in our clinics and the setting is a 
tertiary university hospital, the present frequency finding was much 
lower than the expected values, indicating an under-diagnosis of this 
syndrome, which may be attributed to the private status of the university 
hospital and also some missing data in the records. As PCOS is more a 
condition of deprived populations, more patients probably seek health 

Table 2. The presenting and later symptoms and signs of patients followed up with a diagnosis of PCOS at the Near East University Hospital (Nicosia: August, 2019)

Presenting symptom (n=758) n %

Menstrual irregularity 348 45.9

Desire for offspring 57 7.5

Hirsutism 47 6.2

Dermatological problem 47 6.2

Pain 41 5.4

Amenorrhea 41 5.4

Vaginal secretion 35 4.6

Check-up 31 4.8

Pregnancy monitoring 27 3.5

Hemorrhage 25 3.2

PCOS control 20 2.6

Dysmenorrhea 13 1.7

Metabolic disorder 12 1.5

Infertility 5 0.7

Urinary infection 4 0.5

Other infection 2 0.3

Abdominal mass 2 0.3

Abortion 1 0.1

Later symptoms and signs

Oligomenorrhea (n=759) 424 55.9

Hirsutism (n=759) 192 25.3

Acne (n=759) 87 11.5

Polycystic ovaries on ultrasound (n=760) 597 78.6

PCOS: Polycystic ovary syndrome.

Table 3. The records of the laboratory investigations requested of the patients followed up with a diagnosis of PCOS at the Near East University Hospital 
(Nicosia: August, 2019) 

Investigation (n=480) n %

Hormone profile 401 83.5

Vaginal smear 69 14.4

Thyroid function tests 27 5.6

HOMA-IR (insulin resistance) 26 5.4

Complete blood count test 21 4.4

Urinary analysis 14 2.9

Hepatic function tests 7 1.5

Fasting blood glucose 7 1.5

Tumor markers 6 1.3

Glucose tolerance test 5 1

Magnetic resonance imaging 3 0.7

Chorionic villus sampling 3 0.7

Hysterosalpingography 2 0.4

PCOS: Polycystic ovary syndrome.
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services at state institutions in Cyprus or in Türkiye. However, the socio-
demographic features of the patients were not recorded in sufficient 
detail in the records used in the current study. Thus, further analysis 
in regard to other sociodemographic features other than age was not 
possible. Regarding family history, no evidence was found suggesting 
familial transmission among the majority of the patients.

Additionally, the assessment of the PCOS phenotype is a complex process 
and due to the unavailability of some investigations, study results may 
reflect lower prevalences.15,16 This may be one of the other reasons for 
the lower prevalence found in our study.

The findings of the current study were in agreement with previous 
studies conducted in other studies.18 Among the patients diagnosed 
as PCOS, two or more of the PCOS criteria of menstrual irregularity, 
polycystic ovary morphology, and/or hyperandrogenism-hirsutism were 
present in 80% of the cases. Similarly, 75% of the patients had two or 
more of these criteria in another study conducted in Denmark.19 

According to the European survey of diagnosis and management of 
PCOS among European Society of Endocrinology members, NIH criteria 
were utilized for PCOS diagnosis by the majority of the respondents.20 
The respondents were most likely to select menstrual irregularity as the 
most frequent criteria used for PCOS diagnosis, followed by hirsutism 
and biochemical hyperandrogenism, similar to our study as menstrual 
irregularity was the first and hirsutism the third ranked findings 
reported (Table 2).

The most frequent biochemical parameters in the differential diagnosis 
of hyperandrogenism were total testosterone or free androgen index, 
contrary to our findings regarding laboratory tests, which did not 
include all of these tests.20

Treatment is recommended to be in alignment with the complaints 

and needs of the patients and should involve lifestyle changes targeting 
metabolic abnormalities, medications and surgery for the management 
of excess weight, androgen suppression and/or blockade, endometrial 
protection, reproductive therapy and the treatment of psychological 
features.11,20

In the current study, 40.4% of the 431 patients prescribed medications 
were reported as receiving oral contraceptives and 29% as receiving 
progesterone. Totally, 16.6% of the patient records with pharmacotherapy 
information indicated the use of ovulation stimulators. 

Metformin use was only 5.3% in our study, considerably less than 
reported in the literature. In a study from the USA, metformin 
comprised 75% of the drugs administered to PCOS patients.9 However, 
the rate of metformin use was lower in the UK study covering 2004-2014 
at 10.2%. In this UK study, the proportion of women with a prescription 
in the 24 months after their PCOS index date varied by drug type: 
10.2% metformin, 15.2% combined oral contraceptives, 18.8% acne-
related treatments, and less than 5% for clomiphene, spironolactone, 
cyproterone and eflornithine.17 The use of oral contraceptives was 
much higher in our study than was found in the UK study, although 
metformin use was lower. 

In the European survey, the most common treatments for patients 
with PCOS were metformin (33%), lifestyle modification (25%), oral 
contraceptives (22%), antiandrogens (13%), cosmetic procedures for 
hirsutism (8%) and a number of different combinations of these agents 
or methods. More direct treatments of infertility included clomiphene 
citrate alone or in combination with metformin, prescribed at rates of 
9% and 23%, respectively, whereas only 6% used other methods for the 
induction of ovulation.20 The treatment options in the present study were 
similar to the current literature, except for the low rate of metformin use.

Table 4. Drug therapies provided for the patients followed up with a diagnosis of PCOS at the Near East University Hospital (Nicosia: August, 2019)

Pharmacotherapies (n=431) n  % 

Oral contraceptives 174 40.4

Progesterone 125 29.0

Antibiotics 81 18.8

Metabolic drugs (anti-diabetics, thyroid hormones…) 54 12.5

Supplements (vitamins, ferrum...) 53 12.3

Ovulation stimulators

Metformin 23 5.3

Dopamine agonists 19 4.4

Estrogen agonists (tamoxifen...) 17 3.9

Other ovulation stimulators (clomiphene, aromatase inhibitors) 13 3.0

Other drugs

(Dermatologic agents and others) 26 6.0

Table 5. The distribution by age groups of the PCOS patients according to the existence of symptoms at first presentation to the hospital (Nicosia: August, 2019)

Age group

PCOS symptom at first presentation (n=758) Under 25 years 25 years of age or over Total

n % n % n %

Existent 309 88.5 322 78.7 631 83.2

Non-existent 40 11.5 87 21.3 127 16.8

X2=13.0, p<0.01. PCOS: Polycystic ovary syndrome.
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Regarding the lack of population level data on the prevalence and 
distribution of common benign women’s health diseases, including 
PCOS in North Cyprus, the Cyprus Women’s Health Research initiative 
will be the first cross-sectional study to evaluate these conditions, 
aiming to recruit 8,000 women of reproductive age and establish a 
cohort of women in North Cyprus. The results of this large-scale study 
are expected to shed light on the definite data on this condition of 
women as well as others.21

The current study has shown that only half of the patients diagnosed 
as PCOS continued their follow-up for this disease as recommended. 
Under-diagnosis and lack of monitoring may lead to rapid conversion 
of metabolic disorders for PCOS patients. This lack of treatment results 
in increased risks of type 2 diabetes, atherosclerosis and endometrium 
cancer.10,11 Therefore, there is a need for programs to effectively monitor 
and treat patients diagnosed as or suspected of PCOS through accurate 
data keeping and registration systems. These patients should be 
informed and monitored closely and regularly regarding the possible 
risks of this syndrome.

Study Limitations 

The lack of full data of the patients’ records in the system is considered 
to be a limitation of this study. The data and results of this study 
are limited by the information covered in the records. There was 
considerable missing data in the system. There is definitely a need for 
a more comprehensive record-keeping and monitoring system in order 
to allow for a better follow-up of these patients. Due to the descriptive 
nature of this study, the results may show hints of the actual situation, 
which may only be derived from representative studies. The lower PCOS 
rate may be attributed to the private status of the hospital, as well as 
the insufficiency of the records.

CONCLUSION 

Based on the NIH’s diagnostic criteria, there is a similar prevalence 
of PCOS across countries. Some studies have shown some differences 
between geographical locations and ethnic groups. However, the existing 
data is not conclusive enough to decide whether or not there are any 
significant differences in the prevalence of PCOS across geographical 
locations, racial or ethnic groups.9

Different diagnostic criteria may be one of the factors for the 
considerable variations in the prevalence of PCOS. In spite of the efforts 
for diagnosis, a large percentage of women are anticipated to remain 
undiagnosed even after visiting multiple health care providers. This 
finding points to the need for ethnicity-specific guidelines for PCOS in 
order to prevent under- or over-diagnosis of this condition because 
under-diagnosis may lead to rapid conversion of metabolic disorders 
for patients, whereas over-diagnosis may cause negative psychological 
effects on patients, worsening the major symptoms of PCOS. 

This was a descriptive record-based study, covering only the patients of 
a university hospital; thus it was not representative of the North Cyprus 
population, but it shed light on the features of a group of women with 
PCOS in this community. Our findings point to the probability of under-
diagnosis compared to the international data presented in the medical 
literature. There is a need for representative studies of the whole 
country for a full picture of this issue and to prevent patients from being 
undiagnosed. Further knowledge about this specific women’s health 

problem in the population of this geography may enlighten the road 
map in order to take effective measures for this issue and may be of 
assistance for interventions in similar communities.

What this paper contribues

The results of this study imply under-recognition of PCOS among 

the population of women in North Cyprus, which may lead to rapid 

conversion of metabolic disorders. 

Only half of the patients diagnosed as PCOS continued their follow-up 

for this disease as recommended. 

Under-diagnosis and a lack of monitoring result in increases in risks for 

type 2 diabetes, atherosclerosis and endometrium cancer.

Therefore, the results of this study point to a need for programs to 

effectively diagnose, treat and monitor those patients diagnosed as or 

suspected of PCOS, including accurate data keeping and registration 

systems, in order to improve women’s health.

MAIN POINTS

•  In the current study, the status of polycystic ovary syndrome (PCOS) 
was investigated retrospectively among patients of a university 
hospital in North Cyprus, where no previous research on this issue 
had been conducted.

•  Among the 819 PCOS patients found for the time period of 2015-2019, 
78.5% displayed polycystic ovary morphology via ultrasonography 
and a minority (0.7%) had a family history.

•  PCOS patients comprised 1.8% of the total patients of the gynecology 
clinic, lower than the expected value, although ESHRE/ASRM 
Rotterdam Conference 2003 and AE-PCOS Conference 2006 criteria 
were used.

•  The results point to the need for further research and effective 
interventions in this community for this specific women’s health 
problem in order to prevent complications.
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INTRODUCTION

Tourniquets are commonly used in the proximal region for limb 
operations to control bleeding in orthopaedic surgery. A tourniquet 
can cause ischemic-reperfusion injury (IRI) when applied in extremity 
surgery, cardiac surgery, thromboembolic events, revascularization, 
organ transplantation, and ischaemia restoration-induced severe 

hypotension and hypovolemic shock.1 Anaerobic glycolysis is induced 

during ischaemia, followed by the release of pro- and anti-inflammatory 

cytokines, polymorphonuclear neutrophil activation and reperfusion. 

Simultaneously, platelet adhesion to the vascular endothelium occurs 

due to the production of reactive oxygen species (ROS) and the release 

of vasoactive factors. These free oxygen radicals trigger enzymatic 
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BACKGROUND/AIMS: Ischemia-reperfusion injury (IRI) occurs due to the release of free oxygen radicals after tourniquet usage. Following 
tourniquet application, parameters such as ischemia modified albumin (IMA), total antioxidant status (TAS) and total oxidant status (TOS) 
become more frequently studied in order to reveal IRI. The aim of this study was to compare the effects of both infraclavicular block (ICB) and 
general anaesthesia (GA) on IRI in a prospective randomized controlled manner.

MATERIALS AND METHODS: Sixty patients undergoing extremity surgery with tourniquet were randomized in two groups (the ICB group ICB and 
the GA group GA). In the group ICB, anaesthesia using USG linear probe was applied via a lateral-sagittal technique. Conversely, anaesthesia was 
inducted with propofol and was maintained with 2-3% sevoflurane, 50% O

2
/air mixture in the group GA. Blood samples were drawn before ICB 

and the induction of GA (T1), and again 2 hours after tourniquet opening (T2). Serum TAS, TOS and IMA levels were calculated using diagnostic 
kits.

RESULTS: A total 47 patients were evaluated in both groups. There was no statistical significance within or between the two groups in terms of 
their IMA, TAS and TOS values at T1 and T2 (p>0.05). In addition, there was no statistical significance within or between either group in terms 
of IMA, TAS and TOS values according to their tourniquet times (0-60 and 61-120 min) (p>0.05).

CONCLUSION: Infraclavicular nerve block and GA were not superior to each other in preventing IRI associated with a tourniquet duration of up 
to 120 min.
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reactions, such as the peroxidation of polyunsaturated fatty acids 
or plasma lipoproteins, leading to the oxidative destruction of cell 
membranes, the production of toxic reactive metabolites and damage 
to the structure of DNA, proteins and lipids.2 The production of free 
radicals causes hypoxia, acidosis, sodium-calcium pump disturbance 
and tissue damage, leading to increased ischaemia-modified albumin 
(IMA) production.3 Total antioxidant status (TAS), an indicator of 
antioxidant activity, counteracts oxidative stress and reperfusion 
damage. The production of ROS increases, whereas TAS decreases as 
a result of oxidative stress. Total oxidant status (TOS) is related to ROS 
production.4

During elective orthopaedic surgery, tourniquet-induced skeletal 
muscle ischaemia results in the oxidation of muscle proteins.5 However, 
tourniquet-induced ischaemia and its immediate effects on human 
skeletal muscle cells have rarely been documented.6 In this study, we 
investigated the effects of infraclavicular block (ICB) on tourniquet-
induced ischaemia reperfusion upper extremity injury in a prospective 
study. These parameters were also compared between whole groups 
according to different tourniquet times during surgery (0-60 and 61-120 
min).

MATERIALS AND METHODS

Study Group

This study was approved by the Ethics Committee of Selçuk University 
Faculty of Medicine (approval number: 07.03.2018/2018/05), and all 
the patients provided informed consent. The study group comprised 
60 males and females, aged between 18 and 65 years with American 
Society of Anesthesiologists (ASA) physical status 3-3 undergoing routine 
upper extremity surgery with a pneumatic tourniquet. The exclusion 
criteria were as follows: cardiac, metabolic, renal, or hepatic diseases; 
systemic rheumatological diseases; inflammatory, autoimmune, or 
peripheral vascular diseases; symptomatic diabetic microangiopathy 
(diabetic foot, diabetic retinopathy, etc.); known limb ischaemia; deep 
vein thrombosis; or hemodynamic instability. Additional exclusion 
criteria were a history of cancer, a history of coronary artery disease 
within the previous year or extremity surgery within the previous 3 
months, drug use which could impair acid-base balance, steroid drug 
use, alcohol consumption and smoking.

Sample Size Calculation and Group Allocation

The sample size in each group was determined according to the method 
of Omür et al.7 According to a power analysis, to achieve a power of 
0.830 and a significance of p=0.05, 22 patients were required in each 
group. However, to take into account possible data loss, a minimum of 
30 patients were required per group.

The patients were given the choice of ICB or general anaesthesia (GA). 
Patient recruitment continued until there were 30 patients in each 
group. On reaching the required patient number (n=30) in one group, 
the patient were not enrolled into the other group, as the patient’s 
choice of anaesthesia method was directed by the group allocation. 

Anaesthesia Induction

The patients were taken to the operating room without any 
premedication. On arrival in the operating room, each patient was 
monitored using a standard electrocardiogram and pulse oximetry, 
capnography, respiratory rate and non-invasive arterial pressure 

measurements. Immediately prior to anaesthesia, all the patients 
received 0.9% sodium chloride solution administered via intravenous 
infusion.

Infraclavicular Block Group 

Each patient in the ICB group was placed in a supine position, with the 
patient’s head turned to the opposite side of the block. The skin over 
the interscalene block area was sterilized with 10% povidone iodine. 
The block was applied using a My Lab 30 USG (Esaote, Florence, Italy) 
multi-frequency linear probe (10-18 MHz). The USG linear probe was 
applied using a lateral-sagittal technique, when applying ICB. A 100 
mm 22-G nerve stimulation needle relative to the artery in the USG 
image was directed at 3-6-9 clockwise. The position of the needle with 
the neurostimulator was confirmed by observing rhythmic contraction 
movements of the hand and wrist. Then, 10 mL of 2% prilocaine 
and 10 mL of 0.5% bupivacaine (total dose=20 mL) were given as an 
intermittent negative aspiration as a local anaesthetic mixture. The 
U-shaped spread of local anaesthesia around the three branches of the 
brachial plexus was confirmed by ultrasound.

General Anaesthesia Group

In the GA group, the patients were anesthetized with 2 mg/kg of 
propofol, 2 mg/kg of fentanyl and 0.6 mg/kg of rocuronium at the 
beginning of GA induction. The patients were intubated after 2 min 
of muscle relaxation. Anaesthesia was maintained by administering 
2-3% sevoflurane, 50% O

2
/air and 0.1 mg/kg/dk remifentanil infusion. 

At the end of the operation, the return of spontaneous breathing was 
provided with sugammadex (4 mg/kg), and the patients were extubated.

Data Collection and Measurements

Blood samples were drawn before ICB and the induction of GA, and 
these values were accepted as T1 values before tourniquet application. 
A pneumatic tourniquet routinely used in upper extremity procedures 
was inflated just before surgery to maintain the patient’s mean systolic 
blood pressure above 100 mmHg. Blood samples were drawn again 2 
hours after tourniquet opening, and these values were accepted as T1 
values too. The blood samples were collected in ependurach tubes and 
stored at -20 °C. Serum IMA levels were measured spectrophotometrically 
using a spectrophotometer (Lambda, PerkinElmer, Massachusetts, USA) 
and the albumin-cobalt binding method. The results were recorded 
in absorbance units. Colorimetric method kits were used for the 
measurement of serum TAS and TOS levels. TAS and TOS levels were 
calculated (μmol H

2
O

2
 equivalent/L) using commercially available 

diagnostic kits. The TAS, TOS and IMA levels in the groups were also 
measured at different tourniquet times: 0-60 min and 61-120 min. 

In both groups, intravenous ephedrine (5-10 mg) was administered if 
the systolic blood pressure decreased by more than 30% as compared 
with the baseline value. Atropine was administered when the patient’s 
heart rate decreased below 50 beats/min.

Statistical Analysis

Statistical analysis of the data was performed using SPSS 21.0 (Statistical 
Program for Social Sciences, Chicago, IL, USA). The Kolmogorov-Smirnov 
test was performed to determine the normality of the data distribution. 
A t-test was used for comparisons of data with a normal distribution, 
and the non-parametric Mann-Whitney U test was used for data without 
a normal distribution. Demographic data and descriptive statistics of 
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continuous variables are presented as mean ± standard deviation. 
A chi-squared test was used to evaluate categorical data. A t-test was 
applied for between-group comparisons of measurements. A repeated 
measures analysis of variance was used to examine whether intra-group 
comparisons (T1 vs T2) showed a significant change, and a paired t-test 
was used for within-group comparisons. A Bonferroni correction was 
performed for evaluations of repeated measurements within groups. A 
value of p<0.05 was considered statistically significant.

RESULTS

In total, 60 patients were included in this study. In the ICB group, blood 
samples from four patients were not available because of deteriorated 
blood samples and/or changes in the anaesthesia method from block 
to GA due to the patients’ pain. In the GA group, some samples were 
not available to use because of deteriorated blood samples and/or 
prolonged operation times. Thus, in the final analysis, 26 patients were 
included in the ICB group, and 28 patients were included in the GA 
group. Detailed information on the enrolment of the patients into this 
study is shown in the CONSORT flow diagram in Figure 1. When the 
demographic and clinical results of the patients were evaluated, there 
were no between-group differences in terms of age, gender, body mass 
index, ASA status, operation time, anaesthesia time or tourniquet time 
(Table 1). There was no statistical significance within or between the two 
groups in terms of TAS, TOS and IMA values at T1 and T2 (p>0.05) (Table 
2). In addition, there was no statistical significance within or between 
the both groups in terms of their TAS, TOS and IMA values according to 
their tourniquet times (0-60 and 61-120 min) (p>0.05) (Table 3).

DISCUSSION

In our study, neither ICB nor GA was superior in terms of the prevention 
of IRI associated with tourniquet use, as determined by measurements 
of IMA, TAS and TOS levels in serum samples at different tourniquet 
times (0-60 min and 61-120 min). 

The use of a tourniquet in extremity surgery can result in the temporary 
occlusion of blood flow and ischaemia, which causes rapid damage to 
metabolically active tissues. Paradoxically, restoration of blood flow 
(reperfusion) is associated with the generation of ROS, which damage 
cellular components. Various methods have been proposed to reduce 
tourniquet-induced IRI. Such methods include ischemic preconditioning, 
which involves intermittent loosening and inflating of the tourniquet.8 
Previous research reported that this practice significantly reduces the 
likelihood of capillary flow arrest or the “no-reflow phenomenon”. In 
addition, some studies have also shown that the use of tourniquets 
in this way increases the ability of muscles to withstand ischaemia for 
some time, while not reducing ischaemia reperfusion, thereby allowing 
tourniquets to be used for longer periods.9 

Immunosuppressive agents, antioxidant agents, steroids, vitamin 
E, vitamin C and glutamine have been used to prevent IRI related to 
tourniquet use.10-12 Various studies have demonstrated the protective 
effects of these agents against IRI in GA. In one study on tourniquet-
induced IRI in anaesthesia, propofol and total intravenous anaesthesia 
were administered to one group of patients undergoing limb surgery, 
and inhalation anaesthesia with isoflurane were administered to 

Figure 1. CONSORT flow diagram (group ICB, infraclavicular block, group GA, general anaesthesia).
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another group. Malondialdehyde (MDA) levels, which are an important 
marker of reperfusion injury, were significantly lower in the propofol 
group.13 Propofol is chemically similar to vitamin E, an endogenous 
antioxidant, and butylated hydroxytoluene, a free radical scavenger.14 
Previous research demonstrated that propofol protected erythrocytes 
against oxidative stress. Propofol accumulates in biomembranes with 
the rapid occurrence of radical scavenging activity due to the release 
of a hydrogen atom from the hydroxyl group.15 Other studies have 
shown that propofol had high lipid solubility and that it accumulated 
in lipophilic membranes, which are very sensitive to oxidative damage, 

and it increased the antioxidant capacity of tissues.16,17 Runzer et al.18 
demonstrated the antioxidant properties of propofol in different 
organs. Another study showed that the antioxidant effect of propofol 
was significantly greater than that of sevoflurane and that propofol 
reduced IRI caused by free oxygen radicals.19 Studies have also shown 
that propofol reduced the pro-inflammatory response in sepsis.20

Another study showing the effects of volatile agents on IRI showed 
that inhalation anaesthetics protected IRI in cardiomyocyte cells 
by selectively activating ATP-sensitive potassium (KATP) channels via 

Table 1. Characteristics of the patients

Group ICB (n=26) Group GA (n=28) p-value

Age (year) 38.5±15.7 36.0±13.3 0.537

Gender (M/F) 16/10 17/11 0.788

BMI (kg/m2) 26.0±3.4 26.4±4.0 0.691

ASA status (I//II) 18/8 20/8 0.845

Surgery duration (min) 72.6±20.9 67.4±16.0 0.310

Aesthetic duration (min) 72.6±21.1 73.3±18.3 0.901

Tourniquet time (min) 52.7±13.3 51.0±14.1 0.652

Differences between groups are insignificant (p>0.05). Patients’ characteristic and surgical data are given as mean ± standard deviation or number of patients. Group ICB: Infraclavicular 
block group, Group GA: General anaesthesia group. ASA: American Society of Anesthesiologists, BMI: Body mass index.

Table 2. Comparison of serum TAS, TOS and IMA levels between and within the groups according to T1 and T2 times

Group ICB (n=26) Group GA (n=28) p-value

TAS (mmol Trolox Eq/L)

T1 1.01±0.29 1.00±0.19 0.862

T2 0.92±0.17 0.92±0.20 0.911

TOS (mmol Trolox Eq/L)

T1 7.22±4.99 10.16±5.15 0.051

T2 9.00±7.55 10.07±5.09 0.540

IMA (ABSUs)

T1 0.89±0.37 0.90±0.31 0.954

T2 0.97±0.25 0.94±0.23 0.675

Plasma levels of total antioxidant status (TAS) (μmol H
2
O

2
 equivalent/L), total oxidant status (TOS) (μmol H

2
O

2
 equivalent/L) and ischemia-modified albumin (IMA) (absorbance 

units=ABSUs). From all patients, preoperatively (T1), 15 min before tourniquet inflation and 2 hours (T2) after tourniquet release. Group ICB: Infraclavicular block group, Group GA: 
General anaesthesia group. No statistically significant difference between or within the groups (p>0.05).

 

Table 3. Comparison of serum TAS, TOS and IMA levels between and within the groups according to the tourniquet times (0-60 and 61-120 minutes)

Group ICB, (n=26) Group GA, (n=28)

0-60 min, (n=11) 61-120 min, (n=15) p-value 0-60 min, (n=13) 61-120 min, (n=15) p-value

TAS (mmol Trolox Eq/L)

T1 0.95±0.14 1.04±0.44 0.744 1.03±0.13 0.97±0.23 0.505

T2 0.91±0.18 0.95±0.14 0.617 0.95±0.20 0.88±0.20 0.539

TOS (mmol Trolox Eq/L)

T1 7.93±4.97 5.29±4.86 0.239 9.55±4.26 10.86±6.12 0.431

T2 9.45±8.15 7.76±6.01 0.621 10.03±3.99 10.12±6.31 0.388

IMA (ABSU)

T1 0.85±0.40 0.99±0.27 0.409 0.93±0.36 0.85±0.23 0.511

T2 0.92±0.21 1.10±0.31 0.109 0.97±0.28 0.91±0.18 0.963

Plasma levels of total antioxidant status (TAS) (μmol H
2
O

2
 equivalent/L), total oxidant status (TOS) (μmol H

2
O

2
 equivalent/L) and ischemia-modified albumin (IMA) (ABSUs), according to the 

tourniquet times (0-60 and 60-120 minutes). Group ICB: Infraclavicular block group, Group GA: General anaesthesia group. No statistically significant difference between and within the 
groups (p>0.05). ABSU: Absorbance units.
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protein kinases.21 Lucchinetti et al.22 suggested that sevoflurane (0.5-1%) 
administered at sedative concentrations in healthy volunteers provided 
protection against endothelial damage by acting on leukocytes and 
preventing leukocyte activation and leukocyte adhesion. Another 
study on 20 patients who underwent elective coronary artery bypass 
surgery showed results which further supported the cardio-protective 
effects of sevoflurane.23 In a study on thoracic surgery patients, at the 6th 
postoperative hour, the IMA level in a sevoflurane group was lower than 
that in a propofol group. Thus, the authors concluded that sevoflurane 
was superior to propofol in preventing IRI.24 Julier et al.25 also found 
that sevoflurane preserves myocardial and renal functions. Budić et al.26 
measured levels of MDA, a lipid peroxidation product, and the activity 
of an antioxidant enzyme, catalase, which is one of the first defence 
mechanisms against free radicals. They concluded that continuous 
propofol infusion and regional anaesthesia techniques attenuate 
tourniquet-induced IRI in paediatric extremity surgery.

Several studies have shown that remifentanil significantly reduced 
apoptosis in hepatic cells, protected mitochondrial cells against oedema 
and protected membranes against IRI, with the authors concluding that 
remifentanil had protective properties against IRI in liver and intestinal 
cells.27,28

Brachial plexus blockade increases blood flow in the extremity and 
in replanted digits by preventing neurally mediated spasm, and it is 
often used to provide sympathectomy and to improve blood flow when 
vascular insufficiency occurs.29

A previous study investigated ischaemia injury in patients undergoing 
elective knee surgery who received sevoflurane and GA or spinal 
anaesthesia. Similar tourniquet times were used in both groups. The 
authors reported that using GA with sevoflurane and nitrous oxide was 
associated with less oxidative stress than using spinal anaesthesia in 
their in vivo ischaemia-reperfusion model. In another study which 
compared sevoflurane and spinal anaesthesia, sevoflurane caused less 
oxidative stress than spinal anaesthesia.19,20 

Some studies have also shown that lidocaine provided protection 
against oxidative stress in erythrocytes. However, only high doses of 
bupivacaine and ropivacaine provided protection against the harmful 
effects of oxidative stress.30 In our study, we showed that there is no 
significant difference for tourniquet-induced IRI between the ICB group 
with the use of a mixture prilocaine and bupivacaine and the GA group.

In contrast to local anaesthesia and GA, brachial plexus blockade 
increases blood flow in the extremity and in replanted digits by 
preventing neurally mediated spasm. Brachial plexus blockade is often 
used to provide analgesia and sympathectomy and to improve blood 
flow when vascular insufficiency occurs. Brachial plexus blockade 
increases blood flow in the extremity and in replanted digits by 
preventing neurally mediated spasm.31,32 

There are only a few studies on the levels of IMA, an indicator of IRI, 
in extremity surgery. In one study, MA and myoglobin levels in serum 
samples before knee arthroscopy using a tourniquet were significantly 
higher than those after surgery.14 Another study suggested that 
the administration of both ketamine and lidocaine infusions may 
significantly decrease skeletal muscle IRI-related high lactate and IMA 

levels.33 In our study, we found no significant difference in IMA levels in 
the pre-operative and post-operative samples.

In our ICB group, we used no systemic aesthetic drugs, and afterwards, 
similar TAS, TOS and IMA levels were observed in this group. In addition, 
in our GA group, which effectively represented the control group, we 
used sevoflurane as an inhaler agent during induction.

Study Limitations

In terms of strengths, standardization was achieved by selecting 
patients who had no history of trauma and no systemic inflammatory 
disorders or planned elective procedures. The limitations included the 
small number of patients, the single centre nature of this study and the 
measurements of post-operative TAS, TOS and IMA levels only once (i.e. 
120 min) after surgery. We think that more significant results may be 
obtained in studies involving larger numbers of patient, and measuring 
TAS, TOS and IMA levels over longer post-operative time periods.

CONCLUSION

In this prospective randomized controlled study, ICB and GA were not 
superior to each other in preventing IRI associated with a tourniquet 
duration of up to 120 min. However, we believe that more clinical 
studies with a longer tourniquet times and a larger number of patients 
are needed in order to clarify these findings.

MAIN POINTS

•  Following the opening of the tourniquet at the end of the operation, 
the re-entry of blood tissue into the general circulation causes a 
large release of oxygen radicals.

•  However, tourniquet-induced ischemic-reperfusion injury (IRI) 
and its effects on human skeletal muscle cells have been poorly 
documented.

•  Intraclavicular nerve block and general anaesthesia were not 
superior to each other in preventing IRI associated with a tourniquet 
duration of up to 120 min.
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INTRODUCTION

In cancer cells, systemic inflammation can be triggered by oncogenic 
alterations, and it contributes to the development of cancer. In 
addition, inflammation indicators may increase in many cancer-related 
conditions such as anorexia, cachexia, and pain. Cancer patients 
at high risk can be identified, and the progression of the illness can 

be predicted using systemic inflammatory signs. These indicators 

are affordable and simply calculated using regular laboratory data. 

Lung cancer, which has a high mortality rate, has a similar incidence 

in men and women.1 It is widely known that white blood cell (WBC) 

subtype counts and WBC counts are involved in systemic inflammations 

or infections. Tumor formation and growth depend on monocytes 
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BACKGROUND/AIMS: Malignant pleural effusion (MPE) patients do not have a good prognosis and are strongly associated with markers of 
systemic inflammation. The current research sought to investigate the association between systemic inflammation and prognosis in lung cancer 
patients with MPE.

MATERIALS AND METHODS: This retrospective analysis was carried out on cases of MPE and lung cancer which occurred between January, 2015 
and December, 2019. The study also examined the association between prognosis and the hematological parameters recorded at the time of 
diagnosis.

RESULTS: This study enrolled 117 people with a median age of 63 years. Of the patients, ninety-two were male (78.6%), and 25 were female 
(21.4%). Following initial diagnosis, the patients were followed up on average for 12 months. Significantly higher levels of monocyte and platelet 
were observed in the group of deceased patients than in the group of living patients (monocyte 0.4±0.1 103/uL in living patients vs 0.6±0.5 
103/uL in deceased patients, p=0.010, platelet 275.9±87.3 103/uL in living patients vs 339.1±113.0103/uL in deceased patients, p=0.020). In 
the univariate model, survival time was strongly predicted by monocytes, neutrophils, platelets, C-reactive protein, albumin, and platelet/
lymphocyte ratio values (p=0.012, p=0.038, p=0.004, p=0.040, p=0.011, p=0.022, respectively). Monocyte and platelet values were found to 
be independent risk factors for survival time, in the simplified multivariate model [monocyte heart ratio (HR): 1,382; 95% confidence interval 
(CI), 1,012-1,887, p=0.042, and platelet HR: 1,002; 95% CI, 1,001-1,004, p=0.009]. 

CONCLUSION: In cases of MPE accompanied by stage-4 lung cancer, high monocyte and platelet levels indicate a poor prognosis.
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and platelets. The immune  system’s  regulation of tumor growth and 
metastasis is essential. Wculek and Malanchi2 proposed that changed 
leukocyte levels in tumor-bearing hosts’ tissues might have an impact 
on particular subgroups of invasive cancer cells. More specifically, it has 
been shown that leukocytes build up in the lung before cancer cells 
invade nearby tissues, and they multiply via the metastatic process.2 
Studies have proven that systemic inflammatory response can predict 
prognosis in a variety of malignancies.3 The majority of lung cancer 
patients had metastatic diseases at the time of diagnosis. It has been 
shown that markers such as low serum albumin levels and high plasma 
C-reactive protein (CRP) play an important role in cancer development 
and progression.4 It has been discovered that in cases with a range of 
malignancies, especially lung cancer, a poor outcome can be predicted 
by neutrophil/lymphocyte ratio (NLR), a systemic inflammatory marker.5 

In determining survival and the course of the disease in patients with 
lung cancer, lymphocyte/monocyte ratio (LMR), NLR, and platelet/
lymphocyte ratio (PLR) are easily detectable laboratory tests which can 
be very helpful. The current research aimed to explore the prognostic 
value of systemic inflammation markers such as LMR, NLR, and PLR in 
stage-4 lung cancer accompanied by malignant pleural effusion (MPE).

MATERIALS AND METHODS 

A retrospective analysis was carried out on cases diagnosed with stage-4 
lung cancer from January, 2015 to December, 2019. The cases were 
examined in terms of LMR, NLR, PLR, and hematological systemic 
inflammation markers. Retrospective analyses were performed on age, 
sex, type of malignancy, hemogram, biochemical results, primary lesion, 
SUV

max
 for pleural fluid, and overall survival (OS) (OS was described as 

the length of time from the diagnosis to the last follow-up or death). A 
comparison was made between the living and deceased patients.

In our research, it was discovered that elevated platelet and monocyte 
counts independently predicted poor prognosis in cases of lung cancer 
accompanied by MPE.

Informed consent was not necessary because of the retrospective 
character of this study.

Study Population

The study population was selected consecutively from a patient 
group with MPE who had been histopathologically diagnosed with 
lung cancer at our medical center between 2015 and 2019. Patients 
who had malignant cells either in their tissue biopsy or pleural fluid 
cytology, patients with no other possible pleural effusion etiology, and 
patients who had suspected malignancy in pleural effusion pathologic 
examination together with massive or localized effusion causing 
ipsilateral lung volume loss were recruited. Between 2015 and 2019, 
2,245 cases diagnosed in our hospital were screened. Of these, 302 
had pleural fluid. The study enrolled 117 cases meeting the inclusion 
criteria.

The following criteria were the requirements for inclusion in this study: 
histologically confirmed lung cancer, proven MPE, and individuals who 
had been undergoing therapy for lung cancer.

The study’s exclusion criteria were as follows: patients undergoing 
curative lung resection; a significant infection present at the time of 
cancer diagnosis; and having an underlying hematological illness.

Ethical Considerations

The Ethics Committee of the University of Health Sciences Ankara 
Atatürk Chest Diseases and Thoracic Surgery Training and Research 
Hospital gave its approval for this investigation (2019/653).

Statistical Method 

The mean, standard deviation, frequency, ratio values median, lowest 
and highest values were calculated as descriptive statistics. The 
Kolmogorov-Smirnov test was used to examine the distribution of the 
variables. Mann-Whitney U test and t-test for independent samples 
were used to examine the quantitative data. The NLR, LMR, and PLR 
values were analyzed using the Mann-Whitney U test. When the Chi-
squared test did not meet the criteria, Fisher’s exact test was performed 
to examine qualitative data. Cox regression (univariate-multivariate) 
was used for survival analysis. The SPSS 27.0 application was used to 
analyze the data.

RESULTS

The study enrolled a total of 117 patients. The median age was 63 years. 
Of the patients, 92 were male (78.6%), and 25 were female (21.4%). 
Distribution according to the histological lung cancer types was found 
as follows: adenocarcinoma (69.2%), squamous cell carcinoma (25.6%), 
and not otherwise specified (5.1%). Following their initial diagnosis, 
the patients had an average of 12 months of follow-up care. Table 1 
includes the hematological, radiological, and pathological data of the 
117 patients and their causes of MPE.

The deceased and the living patient groups did not significantly differ 
from each other in terms of their age or gender distribution (p>0.05). 
In addition, there was no significant difference between the groups’ 
cell type distribution, tumor N stage distribution, tumor diameter, or 
tumor SUV

max
 value (p>0.05). The percentage of positive biopsy results 

did not substantially differ between the groups (p>0.05). There was no 
difference in pleural effusion side distribution or pleural fluid cytology 
rate between the two groups (p>0.05) (Table 2).

There was no difference in lymphocyte, neutrophil, CRP, albumin, 
NLR, PLR, or LMR values   between the deceased and living patient 
groups (p>0.05). The deceased patient group had significantly higher 
monocyte and platelet counts than the living patient group (Living 
patients’ monocyte 0.4±0.1 vs Deceased patients’ monocyte 0.6±0.5), 
(Living patients’ platelets 275.9±87.3 vs Deceased patients’ platelets 
339.1± 113.0) (p=0.010, p=0.020 respectively) (Table 2).

In the univariate model, age, sex, cell type, tumor diameter, tumor 
SUV

max
, T, tumor N stage, pleural fluid localization, pleural fluid 

cytology, pleural fluid FDG, pleural biopsy, lymphocyte, NLR, and 
LMR values were not statistically significant indicators of survival time 
(p>0.05). Monocytes [Heart ratio (HR): 1.420; 95% confidence interval 
(CI), 1.081-1.865, p=0.012], neutrophils (HR: 1.70; 95% CI, 1.23-2.35, 
p=0.038), platelets (HR: 1.002; 95% CI, 1.001-1.004, p=0.004), CRP (HR: 
1.013; 95% CI, 1.001-1.025, p=0.040), albumin (HR: 0.666; 95% CI, 0.487-
0.911, p=0.011), PLR (HR: 1.002; 95% CI, 1.000-1.004, p=0.022) values 
were found to be statistically significant in predicting survival time in a 
univariate model (Table 3).

Monocyte (HR: 1.382; 95% CI, 1.012-1.887, p=0.042) and platelet (HR: 
1.002; 95% CI, 1.001-1.004, p=0.009) values were found as independent 
predictive factors in a reduced multivariate model (Table 3).
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DISCUSSION

A very important role in the pathogenesis and progress of cancer is 
played by systemic inflammation. Studies have highlighted the link 
between systemic inflammatory biomarkers and the development of 
several cancer types. We also planned to study the function of systemic 
inflammation biomarkers in advanced lung cancers complicated by 
MPE. In our study, we found that high platelet and monocyte levels 
were independent predictors of a poor prognosis in cases of lung cancer 
accompanied by MPE.

A study which included 101 lung cancer cases with MPE found that 
the cytology exam of pleural fluid was positive in 60.4% of the cases. 

The authors underline pleural fluid cytology’s sensitivity in MPE.6 

Another study involving 165 patients with pathologically proven 
MPE identified positive pleural cytology and positive histology as 
independent predictive factors for survival but found no significance 
in Cox regression.7 Similarly, in our study, positive pleural cytology was 
found to have no significant effect on mortality or survival.

Biomarkers of an inflammatory response, such as LMR, PLR, and NLR, 
have frequently been cited in recent studies on lung cancer prognosis. 
Xu et al.8 found that, apart from N3, PLR had a significant independent 
relationships with the T stage and N stage. NLR and PLR were found 
to be potential biomarkers for Non-small-cell lung cancer (NSCLC) in 

Table 1. Demographic, radiological and pleural fluid characteristics

  Min.-Max. Median Mean ± SD/(n, %)

Age (years) 37.0-77.0 63.0 62.5±7.5

Sex
Female - -  25 (21.4%)

Male - -  92 (78.6%)

Cell type

Adeno - - 81 (69.2%)

SCC - - 30 (25.6%)

NOS - - 6 (5.1%)

Tumor N

I -

-

9 (7.7%)

II - 74 (63.2%)

III - 34 (29.1%)

Pleural 

Biopsy (+) -

-

26 (22.2%)

Biopsy (-) - 14 (12.0%)

No biopsy - 77 (65.8%)

Pleural fluid FDG
>2.5 -

-
57 (48.7%)

<2.5 - 60 (51.3%)

Pleural fluid localization

Right
-

-

61 (52.1%)

Left
-

56 (47.9%)

Pleural fluid cytology

(+)
-

-

64 (54.7%)

(-)
-

53 (45.3%)

Tumor diameter (cm) 2.0-12.0 5.0 4.9±2.2

Tumor SUV
max

2.9-32.0 11.4 12.4±5.4

Lymphocyte (103/uL) 0.6-3.9 1.7 1.8±0.7

Monocyte (103/uL) 0.1-4.8 0.5 0.6±0.5

Neutrophil (103/uL) 2.1-16.7 6.1 6.6±2.7

Platelet (103/uL) 127.0-667.0 303.0 331.0±111.8

CRP (mg/dL) 0.1-98.2 4.1 8.0±13.5

Albumin (mg/dL) 2.3-5.1 3.8 3.8±0.6

NLR 0.9-15.5 3.4 4.1±2.7

PLR 65.1-561.6 180.0 209.1±106.0

LMR 0.2-12.3 3.6 4.0±2.3

Following time (months) 1.0-67.0 12.0 17.3±15.5

Alive - - 15 (12.8%)

Deceased - - 102 (87.2%)

Min.: Minimum, Max.: Maximum, SD: Standard deviation, SCC: Squamous cell carcinoma, NOS: Not otherwise specified, CRP: C-reactive protein, NLR: Neutrophil/lymphocyte ratio, PLR: 
Platelet/lymphocyte ratio, LMR: Lymphocyte/monocyte ratio
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its early stages and could be useful in predicting stages 3 and 4. In both 
surgical and non-surgical NSCLC patients, elevated PLR was found to be 
strongly related to poor OS in a meta-analysis evaluating 5,314 patients 
from 13 studies, with a cut-off value of 160 for PLR; however, the same 
relationship was not discovered in the case of small cell lung cancer (SCLC).9

LMR was connected to both OS and disease-free survival (DFS) in 
another study of NSCLC patients.10 Decreased progression-free survival 
and OS after systemic therapy were linked to higher NLR before 
treatment, according to a meta-analysis by Wang et al.11 (chemotherapy, 
immunotherapy, and targeted therapy). In their retrospective study, 
Wang et al.12 defined the inflammatory response biomarker (IRB) scores 
with 3 parameters, namely NLR, PLR, and LMR, and found that an IRB 
score of 2 or above was an independent predictive factor for poor OS 
and DFS.

High NLR and PLR levels were discovered to be linked to a worse 
OS in a study of 389 individuals with advanced-stage NSCLC taking 
chemotherapy, and a similar significant relationship was also identified 
for total lymphocyte count.13 The results of our study contradict all this 
literature data, but this may be due to our smaller sample size when 
compared to the biomarker studies in the literature.

Previous studies determined that thrombocytosis before treatment was 
a poor indicator of prognosis in malignant mesothelioma, cervix, colon, 
and non-small cell carcinoma.14,15 By generating growth and angiogenic 
factors, tumor-associated macrophages are known to promote 
angiogenesis, encourage the development of tumor cells, and facilitate 
invasion and metastasis.16 According to Hamilton et al.17, circulating 
tumor cells (CTC) interact with macrophages composed of monocytes. 
In SCLC, aggressive invasion of CTC as well as cytokines, chemokines, 
and growth factors are seen. As a result, a high monocyte count 

Table 2. Data comparison between the living and the deceased group

 

 

Living Deceased

p-value
Mean ± SD Median Mean ± SD Median

Age (years) 61.1±8.1 61.0 62.7±7.4 63.0 0.456

Sex
Female 2 (13.3%) - 23 (22.5%) -

0.416
Male 13 (86.7%) - 79 (77.5%) -

Cell type

Adeno 12 (80.0%) - 69 (67.6%) - 0.503

SCC 3 (20.0%) - 27 (26.5%) - 0.526

NOS 0 (0.0%) - 6 (5.9%) - 1.000

Tumor N

I 1 (6.7%) - 8 (7.8%) -

0.931II 9 (60.0%) - 65 (63.7%) -

III 5 (33.3%) - 29 (28.4%) -

Pleural 

Biopsy (+) 2 (50.0%) - 24 (66.7%) -

0.601Biopsy (-) 2 (50.0%) - 12 (33.3%) -

No biopsy 11 - 66 -

Pleural fluid SUV
max

>2.5 8 (53.3%) - 49 (48.0%) -
0.702

<2.5 7 (46.7%) - 53 (52.0%) -

Pleural fluid localization
Right 10 (66.7%) - 51 (50.0%) -

0.228
Left 5 (33.3%) - 51 (50.0%) -

Pleural fluid cytology
(+) 6 (40.0%) - 58 (56.9%) -

0.221
(-) 9 (60.0%) - 44 (43.1%) -

Tumor diameter (cm) 4.9±2.4 5.0 4.9±2.2 5.0 0.843

Tumor SUV
max

12.3±7.2 10.4 12.4±5.1 11.9 0.441

Lymphocyte (103/uL) 1.6±0.6 1.6 1.9±0.7 1.8 0.274

Monocyte (103/uL) 0.4±0.1 0.4 0.6±0.5 0.5 0.010

Neutrophil (103/uL) 5.8±2.9 5.7 6.7±2.6 6.2 0.242

Platelet (103/uL) 275.9±87.3 252.0 339.1±113.0 310.0 0.020

CRP (mg/dL) 8.0±19.8 2.4 8.0±12.5 4.5 0.122

Albumin (mg/dL) 3.8±0.6 4.0 3.8±0.6 3.8 0.701

NLR 3.7±2.1 3.4 4.2±2.8 3.4 0.680

PLR 184.3±91.0 162.6 212.8±108.0 185.2 0.340

LMR 4.6±1.7 4.2 3.9±2.3 3.5 0.082

tt-test /mMann-Whitney U test/X² Chi-squared test

Bold and italic indicate significant values: p<0.05., SD: Standard deviation, SCC: Squamous cell carcinoma, NOS: Not otherwise specified, CRP: C-reactive protein, NLR: Neutrophil/
lymphocyte ratio, PLR: Platelet/lymphocyte ratio, LMR: Lymphocyte/monocyte ratio
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may contribute to tumor progression. In support of these findings, 
monocyte and platelet counts were discovered to be independent 
predictors of OS duration in our research.

Study Limitations

In our study, it was discovered that elevated platelet and monocyte 
levels are independent predictors of poor prognosis in cases of 
lung cancer accompanied by MPE. This suggests that more rapid 
and aggressive treatment should be applied to lung cancer patients 
with increased monocytes and platelets. In addition to conventional 
chemotherapy, developing adjunct therapies for monocyte and 
platelet functions (targeting monocyte-platelet receptors and the 
chemokines, cytokines, and the growth factors secreted from them) 
may facilitate the management of these patients and favorably 
influence their survival.

CONCLUSION

Patients with MPE generally have a poor prognosis. A correlation 
between prognosis and systemic inflammation marker levels has been 
emphasized in a number of previous studies in this patient group. 
This study showed a positive and independent correlation between 
high thrombocyte and monocyte levels and a poor prognosis in lung 
cancer patients with MPE. These are simple, widespread, and low-
cost diagnostic tests which can help provide foresight toward future 
outcomes. In cases of advanced lung cancer with MPE, patients with 
high levels of thrombocytes and monocytes are subject to a poor 
prognosis.

MAIN POINTS 

• Survival of patients with malignant pleural effusion is generally 
poor.

• In lung cancer patients, Neutrophil/lymphocyte ratio, platelet/
lymphocyte ratio, lymphocyte/monocyte ratio and advanced lung 
cancer inflammation index show a strong correlation with prognosis.

• One hundred and seventeen patients were included in the study.

• Monocyte and platelet values were significantly higher in the 
deceased patients’ group than in the living patients’ group (p=0.010, 
p=0.020).

• High monocyte and platelet counts reflect poor prognosis in 
advanced-stage lung cancer cases with malignant pleural effusion.
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Table 3. Patient data in the univariate and multivariate model

Univariate model Multivariate model

HR 95% CI p-value HR 95% CI p-value

Age (years) 1.016 0.988-1.044 0.270 - - -

Sex 1.129 0.703-1.812 0.616 - - -

Cell type 1.094 0.790-1.513 0.589 - - -

Tumor diameter (cm) 1.054 0.960-1.156 0.269 - - -

Tumor SUV
max

0.997 0.964-1.032 0.874 - - -

Tumor N stage 1.130 0.800-1.597 0.488 - - -

Pleural biopsy 1.079 0.855-1.362 0.522 - - -

Pleural fluid SUV
max

1.223 0.826-1.810 0.315 - -

Pleural fluid localization 1.059 0.713-1.571 0.777 - - -

Pleural fluid cytology 0.815 0.549-1.210 0.311 - - -

Lymphocyte (103/uL) 1.148 0.854-1.545 0.361 - - -

Monocyte (103/uL) 1.420 1.081-1.865 0.012 1.382 1.012-1.887 0.042

Neutrophils (103/uL) 1.075 1.004-1.151 0.038 - - -

Platelet (103/uL) 1.002 1.001-1.004 0.004 1.002 1.001-1.004 0.009

CRP (mg/dL) 1.013 1.001-1.025 0.040 - - -

Albumin (mg/dL) 0.666 0.487-0.911 0.011 - - -

NLR 1.060 0.987-1.137 0.108 - - -

PLR 1.002 1.000-1.004 0.022 - - -

LMR 0.905 0.814-1.005 0.062 - - -

Cox regression (forward LR) - - - - -

Bold and italic indicate significant values: p<0.05. HR: Heart ratio, CI: Confidence interval, CRP: C-reactive protein, NLR: Neutrophil/lymphocyte ratio, PLR: Platelet/lymphocyte ratio, LMR: 
Lymphocyte/monocyte ratio
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BACKGROUND/AIMS: This research was conducted with the aim of evaluating vaginal discharge and genital hygiene in women between the 
ages of 18-49 who live in the Turkish Republic of Northern Cyprus.

MATERIALS AND METHODS: This research, which was planned as a descriptive study, was carried out on an online basis. The sample scope 
was determined as 95% confidence interval with a 5% margin of error with at least 382 women using a well-known sampling formula and 408 
women volunteered for this study. The data were collected using a personal information form, vaginal discharge question form and Genital 
Hygiene Behaviors Inventory (GHBI). Number, percentage and average tests were used for the descriptive analysis. The conformity of the 
dependent and independent variables to the normal distribution was tested with the Kolmogorov-Smirnov test. The Independent t-test and 
One-Way ANOVA test were used to determine any differences between dependent and independent variables.

RESULTS: In this study, 36.5% of the participants were between the ages of 25-34, 59.8% were married, and in terms of their levels of education, 
54.9% had university or higher-level qualifications. 8.3% of the women had a previous medical history of a sexually transmitted disease and 
this was continuing in 3.9% of them. It was determined that 46.8% of the women participating in this study had abnormal vaginal discharge. 
It was determined that the abnormal discharge of 14.2% of the women had lasted for 1 month and, for 13% of the women, it had lasted for 
1 year or more. Also, it was seen that 30.2% of the women resorted to traditional methods for dealing with their abnormal vaginal discharge, 
including 11.5% of them who cleaned their vagina with vinegar, soda and/or lemon juice. The average score that the women obtained from the 
“GHBI” was 78.24±12.07 (minimum: 49.0, maximum: 108.0). A statistically significant difference was found between the GHBI mean score of the 
women participating in this study according to their past experiences of having abnormal vaginal discharges, the presence of previous sexually 
transmitted diseases and vaginal douching (p<0.05).

CONCLUSION: It was found that nearly half of the women had abnormal vaginal discharge (curd, green-yellow or grey in color and foul-
smelling). In addition, it was determined that 30.2% of the women resorted to traditional methods for treating their abnormal vaginal discharge, 
including 11.5% of the participants who cleaned their vagina with vinegar, soda and/or lemon juice. Within the scope of primary health care 
services, it is recommended that midwives and nurses question the genital hygiene behaviors of women by both planning home visits and 
during the women’s visits to health institutions, and by providing accurate information on reproductive health, genital hygiene, sexually 
transmitted diseases and family planning through brochures or training booklets.
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INTRODUCTION 

Genital infections are recognized as the most common health problems 
seen in women in their reproductive stage between the ages of 18-49. 
Every year, one million women contract urogenital infections around 
the world and it has been reported that at least 75% of them have a 
history of vaginal infection.1-3 Research conducted in Türkiye shows 
that the frequency of genital tract infections in women is between 
52% and 92%.4-9 

There are many reasons why genital infections are so common in 
women. The anatomic structure in which the urethra, vagina and 
anus are close together increases the risk of genital tract infections. 
Additionally, having multiple sexual partners, poor genital and 
menstrual hygiene, tight and synthetic underwear, bad nutrition, 
systemic diseases such as diabetes, poor obstetric history, stress, 
long term antibiotic and/or steroid use, incorrect genital hygiene 
applications, vaginal douche (VD), tampon use, poor environmental 
conditions, lack of education and many other factors can lead to 
genital infections.9-13 Ensuring genital hygiene is one of the most 
important steps in preventing the serious problems which can be 
caused by genital infections, as well as protecting and maintaining 
women’s health and their reproductive health. This is because when 
genital hygiene is neglected, the tendency for infection increases, and 
if the infection is not treated correctly and in a timely manner, this 
can have a negative impact on the woman’s reproductive ability.1,8,9 
Additionally, genital infections can result in problems such as babies 
with low birth weight, abortion, fetal death, congenital infections in 
newborns, ectopic pregnancy, sepsis, cervical cancer, chronic pelvic 
pain etc.1,9,13 In order to protect and enhance women’s health, it is 
important to provide early diagnosis and treatment services along 
with protective measures against genital infections, and for health 
professionals to provide education and counselling for women.9 

The way each woman describes and perceives vaginal discharge is 
different because many women do not know their body or how to 
identify abnormal vaginal discharge. Some women perceive their 
vaginal discharge as abnormal and consult health institutions, 
whereas even though others may have excessive discharge, they 
think that this is normal and take no action. Women’s perception 
of genital infection risks differ according to their cultural structure, 
socio-economic situation, environmental conditions, stories they 
hear from their loved ones, traditional methods they may use for 
treatment, negative social exclusion and embarrassment with regard 
to gynecological examinations.1,9 Due to these reasons, women often 
resort to traditional methods to solve their problems rather than using 
medical treatments. However genital infections which are not treated 
can cause serious reproductive health problems.1,6 Many studies have 
examined the genital hygiene behaviors of women in Türkiye.9,14,15 
However, no studies have evaluated the genital hygiene behaviors of 
women living in the Turkish Republic of Northern Cyprus (TRNC). It is 
clear that midwives and nurses have an important role in protecting, 
maintaining and treating women’s health conditions. Midwives in 
particular play an important role in determining the groups at risk 
of genital infections, evaluating the presence of genital infections in 
women and maintaining preventive health services in order to prevent 
their occurrence. For this reason, this study aimed to evaluate the 
abnormal vaginal discharge and genital hygiene behaviors of women 
between the ages of 18-49 living in the TRNC.

Research Questions

1. Is there a statistically significant difference between the mean scores 
of the Genital Hygiene Behaviors Inventory (GHBI) of women according 
to some socio-demographic characteristics and their vaginal discharge 
status?

2. Is there a significant difference between women’s socio-demographic 
characteristics and their experiencing abnormal vaginal discharge?

3. Is there a significant difference between the socio-demographic 
characteristics of women and the practice of vaginal douching?

MATERIALS AND METHODS

Study Design and Sampling

This cross-sectional and descriptive study was carried out between 
01.06.2021 and 30.06.2021 on an online basis. The universe of this 
study comprised n=77,920 women between the ages of 18-49 in 
accordance with the TRNC 2011 census. The sample, on the other hand, 
was calculated to be at least 382 women, with a 95% confidence interval 
(CI) with a 5% margin of error, according to a known sampling formula. 
The sample of this study consisted of n=408 women.

Data Collection 

The data collection phase was conducted online. The data were 
collected by the researchers at a specified time on a web basis with 
an online questionnaire form. Invitations to participate in this study 
were shared via social media accounts and the WhatsApp application. 
Individuals who were directed to the link address were presented with 
an information and consent section. Individuals who provided their 
consent were then directed to the research form and participated in 
this study. Completing the online form took an average of 5 minutes.

Data Collection Tools

The data collection form consists of two sections. The first section 
includes all information regarding this study as well as a consent form. 
The second section consists of the data collection forms. In the first part 
of the information form, there are 20 questions including information 
about age, marital status, socio-economic characteristics and obstetric 
history, and some introductory features regarding vaginal discharge. 
The second part consists of 15 questions about vaginal discharge. 
These questions were prepared in line with the purpose of this study. 
Their validity and reliability were not determined. The scope validity 
was evaluated regarding the items on the question form. In order to 
achieve this, the expert opinions of five specialist lecturers of whom 
one specialized in the basics of nursing, one in public health nursing 
and three in the field of midwifery, were taken into account. Necessary 
changes were made to the data collection form according to the 
feedback from these experts. A pilot study of the data collection form 
was conducted with 20 women in the TRNC who were not included 
in the sample group. Any necessary changes were made to the data 
collection form according to the results of the pilot study.

Genital Hygiene Behaviours Inventory: GHBI is a one-dimensional 
scale consisting of 27 questions developed by Ege and Eryılmaz16 in 
2005. Every statement in the inventory is graded between 1 and 4. For 
the positive statements, one 1 point is given for the answer “never”, 
2 for “sometimes”, 3 for “often” and 4 for “always” and vice versa for 
negative statements. Due to the fact that items 17, 26 and 27 in the 
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inventory include negative statements, they are reverse scored. The 
minimum score which can be obtained from the GHBI is 27 and the 
maximum is 108. The total scores obtained from the inventory indicate 
the genital hygiene behavior scores. As the scores obtained from the 
inventory increase, it is evaluated that genital hygiene behaviors 
improve. The Cronbach’s alpha reliability coefficient was calculated to 
be 0.86.16 In the current study, the Cronbach’s alpha value of the scale 
was determined to be 0.77.

Statistical Analysis

The data collected online were evaluated by transferring to the 
Statistical Package for Social Sciences software version (SPSS 21.0- IBM 
SPSS Corp.; Armonk, NY USA) package program. The Cronbach’s α-value 
was calculated in order to test the internal reliability of the scale. The 
number, percentage and test averages were used for descriptive analysis. 
The conformity of the dependent and independent variables to the 
normal distribution was tested with the Kolmogorov-Smirnov test. The 
Independent t-test and One-Way ANOVA test were used to determine 
the difference between the dependent and independent variables. The 
data were evaluated with a 95% CI and p=0.05 as the margin of error.

Approval from the Near East University Hospital Scientific Research Ethic 
Board was obtained before starting this research (approval number: 
2021/1367). It was stated to the participants in the informed consent 
section that this study was voluntary, it could be completed at any time 
and the data would remain anonymous. No payment was made to or 
charged by the participants in this study. However, it was stated that 
they could receive summary information about the results of this study 
upon request.

RESULTS

The women’s socio-demographic information is given in Table 1. 36.5% 
of the participants were between the ages of 25-34 years, 59.8% were 
married and the level of education of 54.9% was university or higher. 
The obstetric and gynecological details of the women are given in Table 
2. It was determined that 46.8% of the women used family planning, 
15.9% of the women used condoms, and 10.5% used intrauterine devices 
(IUD) for family planning. 8.3% of the participants had a previous 

sexually transmitted disease and 3.9% of them still had this disease. It 
was determined that 46.8% of the women in this study had abnormal 
vaginal discharge. It was determined that the discharge of 14.2% of the 
women had lasted for 1 month or less, and 13.0% of them had discharge 
which had lasted for 1 year or more. In addition, it was determined 
that 30.2% of the women resorted to traditional methods to treat their 
abnormal vaginal discharge, including 11.5% of the participants who 
cleaned their vagina with vinegar, soda and/or lemon juice.

The women who participated in this research had a mean score of 
78.24±12.07 (minimum: 49.0, maximum: 108.0) from the “GHB”. A 
comparison of the GHBI mean scores according to the participants’ ages 
and levels of education is given in Table 3. According to this, a statistical 
difference was found between the GHBI mean scores of the women 
according to their ages and levels of education (p<0.05).

Table 4 shows a comparison of the GHBI mean scores of the 
participants according to certain obstetric and gynecological 
specifications and their discharge situations. It was found that there 
was a statistically significant difference between the mean scores 
of the “GHB” according to the women’s status of distinguishing the 
normality of their vaginal discharge, their use of perfume, deodorant, 
or soap to prevent discharge, and keeping their vagina dry to 
prevent discharge (p<0.05). Additionally, a statistically significant 
difference was found between the GHBI mean scores of those who 
had abnormal vaginal discharge, those who had a previous history 
of sexually transmitted diseases and those who applied VD (p<0.05).

DISCUSSION

Genital tract infections, which are commonly seen in women, can be 
prevented and easily treated by changing certain hygiene habits and 
consulting health facilities in the presence of abnormal discharge. 
Therefore, the reproductive health, sexual health, emotional health 
and quality of life of women can be positively affected. According 
to the data of our study, in which the vaginal discharge and genital 
hygiene behaviors of 408 women in the TRNC were evaluated, it was 
determined that nearly half of the women had a history of abnormal 
vaginal discharge. When other studies were examined, it was seen that 

Table 1. Socio-demographic characteristics of the women (n=408)

Socio-demographic characteristics n %

Age group

18-24 age 124 30.4

25-34 age 149 36.5

35-49 age 135 33.1

Marital status
Married 244 59.8

Single 164 40.2

Educational status

Middle school or below 74 18.1

High 110 27.0

University or above 224 54.9

Working status
Working 234 57.4

Not working 174 42.6

Economic status

Low 19 4.7

Medium 268 65.7

High 121 29.7

Child presence
Yes 201 49.3

No 207 50.7
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one out of every two women experience abnormal vaginal discharge 
due to poor genital hygiene habits.3,17-20 Our study showed that this 
was not only related to hygiene habits, but it was also determined 
that about a third of the participants found it difficult to distinguish 
abnormal discharge. Additionally, it was determined that more than 
half of the women who experienced abnormal vaginal discharge did 
not consult health services and that about a third resorted to traditional 
methods (vinegar, soda, lemon juice etc.) in cases of abnormal vaginal 
discharge. The study conducted by Okumuş and Demirci21 showed that 
although 22.8% of the women had abnormal vaginal discharge, they 
did not consult a health facility. The study conducted by Özcan et al.22 
showed that 26.6% of the women waited for their abnormal vaginal 
discharge to clear up on its own and that 13.9% of them resorted to 
traditional methods to treat themselves. Many other studies have 
shown that women use traditional applications for their abnormal 
vaginal discharge and urogenital tract infections, which are commonly 
seen in women.23-25 In our study, the rates of applying to health services 

and using traditional methods in cases of abnormal vaginal discharge 
were found to be slightly higher compared to the literature. There 
are many reasons for this, such as delaying visiting health services for 
economic reasons, the exchange of information about health among 
women, considering an abnormal vaginal discharge to be an infection 
which heals easily, feelings of embarrassment about gynecological 
examinations, and regarding their situation as normal.

VD is a common method applied by women where the vagina is cleaned 
with water or antiseptic liquids.26 In our study, about one third of the 
women stated that they applied VD. The study conducted by Yağmur8 in 
2007 showed that 57.2% of women applied VD, and in similar studies, it 
was reported that 88%, 59%, and 72.7% of women applied VD and that 
this practice increased the risk of infection by 2.5 times.10,27,28 Although 
it is not as high as in the literature, the number of women who applied 
VD in the TRNC was also high. Approximately one out of three women 
stated that they applied VD. The most common reasons why women 
apply VD include “being hygienic”,2 as well as the belief that it is a 

Table 2. Obstetric and gynecological details of the women (n=408)

Obstetric and gynecological features n %

Family planning usage status
Yes 191 46.8

No 217 53.2

Using family planning method

Condom 65 15.9

Intrauterine device 43 10.5

Tablet 32 7.8

Tube ligation 25 6.1

Other (monthly injection and traditional methods) 26 6.5

No 217 53.2

Past sexually transmitted disease status
Yes 34 8.3

No 374 91.7

Vaginal douche application status
Yes 146 35.8

No 262 64.2

Abnormal vaginal discharge
Yes 191 46.8

No 217 53.2

The case of applying to the health service for abnormal 
vaginal discharge

Yes 158 38.7

No 250 61.3

Traditional methods to treat abnormal vaginal discharge
Yes 123 30.2

No 285 69.8

Used traditional methods to treat abnormal vaginal 
discharge

Cleaning the vagina with vinegar, soda or lemon juice 47 11.5

Drink with onion, parsley, chamomile tea 28 6.8

Cleaning the vagina with yoghurt 38 9.4

Other (cleaning with garlic or nettle water) 10 2.5

None 285 69.8

Table 3. Comparison of GHBI mean scores according to some socio-demographic specifications of participants (n=408)

Socio-demographic characteristics GHBI (mean ± SD) F p

Age groups

18-24 age 73.61±12.19

17.53 0.00125-34 age 78.57±12.32

35-49 age 82.14±10.15

Educational status

Middle school and below 75.70±11.62

11.581 0.001High school 74.80±11.87

University and above 80.77±11.76

P<0.05; F: One-Way ANOVA, SD: Standard deviation, GHBI: Genital Hygiene Behaviors Inventory
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contraceptive method and also due to religious views.29 The results of 
our study show that vaginal douching is also a common practice in 
North Cyprus and it is a risk factor for vaginal infections. It is thought 
that this practice, which is adopted as a hygiene practice, is actually an 
application which affects the pH of the vagina and increases exposure 
to infection, but most women are not aware of its potential harm.

It is also thought that another factor which can increase the risk of 
vaginal infection is the family planning method they use as 10.5% of 
the women were using IUD, while 15.9% used condoms as protection. 
It is known that IUDs change the vaginal flora and create a suitable 
environment for anaerobic bacteria causing infection.4 It is thought 
that the very low rate of condom use increases the risk of sexually 
transmitted infections in women whose spouses do not use condoms, 
and this may pave the way for the transmission of other infections 
which may cause abnormal vaginal discharge.

The mean score that the women obtained in this study from the GHBI 
was determined to be 78.24±12.07 (minimum: 49-maximum: 108). 
When it is considered that the highest score which can be obtained from 
this scale is 108, it can be said that the genital hygiene behaviors of the 
women are at the required level. In this study, it was found that the 
GHBI scores significantly increased with age (82.14±10.15) (p<0.001). It 
is known that most women experience genital infections at least once 
in their lifetime. Considering that 66.9% of the women participating in 
this study were young women under the age of 35, it is clear that these 
women have a higher risk of contracting genital tract infections during 
their lifetime. The reason that the older women received higher scores 
from the inventory may be due to them going to the hospital more 
often after experiencing birth, discharge and/or infection and trying to 
apply the information which they have obtained from health workers.

It was found that the GHBI scores (80.77±11.76) of the women with 
university or above levels of education were higher than the women in 
the other groups (p<0.001). Similar to our study, in a study conducted 
with women who applied to a health center, it was reported that their 
GHBI mean score was 80.28 (minimum: 48-maximum: 107). It has 
been reported that hygiene behavior is affected by education, being 
employed and having a higher income.8,30 It has been proven that 

raising the level of education and making women more productive in 
working life have positive effects on women’s health. Educated women 
have the awareness to seek health advice from the right sources, and to 
visit health institutions, instead of using traditional practices, in order 
to receive the right treatment in abnormal situations.

It was found that women who obtained higher scores in the GHBI could 
identify abnormalities in their discharge better than those who received 
lower scores (p<0.001), they understood the importance of keeping 
their vagina dry (p<0.03), they did not apply VD (p<0.007), and they 
avoided applying products such as soap, deodorant and/or perfume 
to their perineal area (p<0.03). Those women with a previous history 
of sexually transmitted diseases had significantly higher GHBI scores 
than those who did not (p<0.005), and this caused these women to be 
uncomfortable due to the negative effects which these infections had 
on their sexual health, reproductive health and quality of life, or they 
were afraid of the possibility that the infection would reoccur resulting 
in them having a more careful attitude towards their genital hygiene.

Study Limitations

Our study is limited to only those women who live in North Cyprus and 
who agreed to participate in this study and so increasing the sample 
size of the study would increase its power.

CONCLUSION

It was determined that about half of the women experienced 
abnormal vaginal discharge. Genital tract infections are diseases which 
can be prevented and quickly treated with the correct hygiene habits 
and timely treatment. However, when most women are faced with 
abnormal vaginal discharge, they do not apply to health establishments 
due to neglect, lack of education, embarrassment or economic reasons. 
Within the scope of primary health care services, it is recommended 
that midwives and nurses investigate the genital hygiene behaviors 
of women both by planning home visits and during women’s visits 
to health institutions, and by providing accurate information on 
reproductive health, genital hygiene, sexually transmitted diseases and 
family planning with brochures or training booklets.

Table 4. Comparison of GHBI mean scores of participants according to certain obstetric and gynecological specifications and vaginal discharge situation 
(n=408)

Vaginal discharge condition
GHBI (mean ± SD) t p-value

n %

Distinguishing normality of vaginal discharge
Yes 283 69.4 82.55±10.02

12.619 0.001
No 125 30.6 68.48±10.54

Use of perfume, deodorant, soap to prevent vaginal discharge
Yes 52 12.7 74.84±9.92

-2.184 0.03
No 356 87.3 78.74±12.28

In abnormal vaginal discharge, the vagina should be kept dry
Yes 220 53.9 79.47±10.06

2.233 0.03
No 188 46.1 76.80±13.94

Abnormal vaginal discharge
Yes 191 46.8 79.51±10.27

1.940 0.05
No 217 53.2 77.19±13.31

Past sexually transmitted disease status
Yes 34 8.3 83.79±1.46

2.824 0.005
No 374 91.7 77.74±12.09

Vaginal douche application status
Yes 146 35.8 76.11±11.53

-2.679 0.007
No 262 64.2 79.43±12.21

P<0.05; t: Independent t-test, SD: Standard deviation, GHBI: Genital Hygiene Behaviors Inventory
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MAIN POINTS

•  About half of the women participating in this study complained of 
abnormal vaginal discharge.

•  About one-third of women used traditional methods to treat their 
abnormal vaginal discharge.

•  Vaginal douche is a common practice among women.

•  Increasing age and educational status of women were associated 
with an increase in the scores they obtained from the “GHBI”.

•  In this study, the GHBI mean scores of the women participating was 
determined to be high, and their Genital Hygiene Behaviors were 
determined to be at the desired level.
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BACKGROUND/AIMS: To investigate the effects of treatment choices in ectopic pregnancy (EP), either surgery or single-dose methotrexate 
approaches, to see whether it leads to the incidence of coronavirus disease-19 (COVID-19) disease after discharge, as well as to determine any 
correlations in changes in cell blood counts (CBC) with the progress of COVID-19 infections.

MATERIALS AND METHODS: This study was conducted with 95 patients who were diagnosed as having EP at University of Health Sciences 
Türkiye, Etlik Zübeyde Hanım Gynaecology Training and Research Hospital. COVID-19 swabs were taken from the patients with EP before 
hospitalization. Demographic parameters, CBCs, post-discharge COVID-19 disease occurrence rates, and infection progress were evaluated.

RESULTS: Ninety-five patients with tubal EP were separated into two groups; 20 patients who underwent surgical intervention (Group 1), and 
75 patients who underwent single-dose methotrexate treatment (Group 2). There was no difference between the groups in terms of their 
demographic characteristics (p>0.05). The mass size was measured using transvaginal ultrasound and the mean mass diameter in Group 2 
was significantly smaller than in Group 1 (Z=4.123; p<0.001). The hospital stay of Group 2 was longer than in group 1 (Z=4.451; p<0.001). No 
patients were infected with COVID-19 before the hospitalization period; however, three (3.1%) patients were COVID-19-positive in the 90-day 
post-treatment period, two of whom had surgical treatment, and the other who received medical treatment. The patient who had medical 
treatment went into self-isolation and used favipiravir medication at home and completely recovered. By contrast, the patients who had surgical 
treatment needed hospital care. The mean neutrophil-lymphocyte ratio (NLR) values were significantly higher for those patients with EP in 
Group 1 compared with Group 2, both pre-treatment and post-treatment (Z=4.108, p<0.001; Z=4.783; p<0.001). Also, significant differences 
were detected between the groups regarding their haemoglobin levels, and white blood cell, platelet, and neutrophil counts (p=0.005 p=0.001, 
p=0.008, and p=0.001 respectively). 

CONCLUSION: Variances in EP treatment modalities and durations of hospitalization days did not increase the transmission of disease or 
mortality scores. It was concluded that methotrexate treatment could be chosen as the first-line treatment for ectopic pregnancy during the 
COVID-19 pandemic for patients. However, healthcare professionals must be aware that medical or surgical treatment approaches for patients 
with EP may change the NLR, which is an independent prognostic factor in COVID-19. 
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INTRODUCTION 

In ectopic pregnancy (EP), the fertilized ovum most frequently implants 
in the fallopian tubes (95%). The incidence of EP is 1% in patients 
aged 24-44 years.1 Approaches for diagnosis [serum human chorionic 
gonadotropin (β-hCG) sensitive values, high-resolution ultrasounds 
(USG)] and treatment (experienced surgeons frequently use laparoscopic 
approaches) in EP are crucial for improving maternal morbidity and 
mortality. Treatment options for stable patients include expectant 
management, surgical treatment, and methotrexate (single or multiple-
dose) administration. Methotrexate treatment is a non-invasive 
treatment approach used in patients with stable hemodynamics and 
smaller mass sizes. It is effective in the early stages of pregnancy as a 
folic acid antagonist, but it can cause anomalies immunodeficiency.2 

After administration, approximately 92% of methotrexate is excreted in 
the urine within the first 24 hours and 1-2% remains in the body.3 The 
obstetrician’s treatment approach selection can change because the 
benefits and harms of methotrexate must be balanced.

The coronavirus disease-2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first identified 
in January, 2020 in a group of patients who developed severe acute 
respiratory symptoms (fever, cough, shortness of breath) in Wuhan 
Province, China. Although approximately 81% of patients with 
COVID-19 have mild symptoms such as a dry cough and fever, which 
do not require hospitalization, 14% have severe symptoms, and 5% 
have rapid-developing acute respiratory distress syndrome.4 On March 
11th, 2020, the first COVID-19 case in our country, Türkiye, was seen. 
As of September 26th, 2021, the mortality rate was almost 0.89%.5 
Governments had to focus on and change hospitalization advice for 
gynaecologic surgeries because of the intensity levels in hospitals. 
Governments had to change their recommendations for hospitalization 
for gynaecologic surgeries because of the COVID-19-related intensity 
levels of hospitals. Due to the hospital occupancy of patients during the 
COVID-19 pandemic, appropriate methods were determined in surgical 
indications to prevent mortality due to emergency surgeries and to 
manage oncological patients.6 Although most patients exhibit mild 
symptoms, some patients have a worse prognosis7 and studies focused 
on prognostic factors such as laboratory data.8

Severe inflammatory responses can provide a weak adaptive immune 
response, resulting in imbalances in the immune response. Therefore, 
circulating biomarkers which can represent inflammation and immune 
status may predict the likelihood and prognosis of COVID-19.9 The 
peripheral white blood cell (WBC) count, neutrophil-to-lymphocyte 
ratio (NLR), and platelet-to-lymphocyte ratio are commonly investigated 
indicators of the systematic inflammatory response.9 Also, NLR can be 
used as a prognostic marker for COVID-19 given the significant difference 
in NLR between those patients who died and those who recovered from 
COVID-19.10 

Given the rapid spread and severe damage of COVID-19, it is important 
to improve and enrich clinical diagnostic and therapeutic research. 
Using methotrexate, which is an immunosuppressive agent, in the 
treatment of EP, has provoked the notion of the possibility of increased 
COVID-19 infections and transmission. In this study, our primary aim 
was to determine the effects of primary methotrexate or surgical 
treatment choices on patients with EP regarding the probability of 
having COVID-19 after treatment and its clinical severity, along with 
alterations in their descriptive laboratory parameters.

MATERIAL AND METHODS

This retrospective single-cohort study included patients who were 
admitted to University of Health Sciences Türkiye, Ankara Etlik Zübeyde 
Hanım Training and Research Hospital early pregnancy department 
with a diagnosis of EP and seronegative COVID-19 results between 
June 1st, 2020, and January 1st, 2021. Approval from the Ankara Etlik 
Zübeyde Hanım Training and Research Hospital Local Ethics Committee 
(approval number: 03, date: 26.02.2021) was received.

Selection and Description of Participants

This study included 95 patients with tubal EP who received either 
methotrexate or surgical treatment. All women were followed up 
through transvaginal USG and measurements of beta-hCG (β-hCG) 
and those with a diagnosis of EP received medical or surgical 
treatment. Maternal age, parity, gravidity, mode of conception 
(natural or assisted reproduction method), gestational age, smoking 
habits, ultrasonographic measurements, and previous EP history 
were recorded. We compared the effects of single-dose methotrexate 
treatment with surgical treatment for tubal EP with regards to the 
length of hospital stay, and CBC parameters. In addition, the effect of 
treatment types on whether patients had COVID-19 after discharge was 
evaluated retrospectively. 

Methotrexate treatment was given to hemodynamically stable patients, 
if there were no contraindications for methotrexate administration, 
with β-hCG levels of <6,000 IU/L at the time of diagnosis, tubal EP 
diagnosis with an ectopic pregnancy mass size <45 mm, no history of 
tubal surgery, and no foetal heartbeat. Patients with a decline of 15% in 
β-hCG levels between days 4 and 7 were accepted as having a positive 
response and monitored on an outpatient basis weekly until their β-hCG 
levels were below 5 mU/mL. Surgery was performed on those patients 
who did not meet these criteria, whose hemodynamics deteriorated 
due to tubal rupture during follow-up, had a 15% decrease in β-hCG 
between the fourth and seventh day, and those who had hepatic or renal 
disease and did not respond to medical treatment. According to these 
criteria, the patients were separated into two groups, those who had 
success with methotrexate treatment, and those who required surgery. 
In addition, CBCs were performed after both methotrexate treatment 
and surgical treatment. All hematologic laboratory parameters were 
compared between the groups.

Technical Information

Methotrexate reversibly inhibits the enzyme dihydrofolate reductase. 
Further pregnancy attempts are allowed 3 months after methotrexate 
treatment. Patients with EP between January 1st, 2020 and January 1st, 
2021 were included in this study. All patients were followed up until 
April 1st, 2021 (3 months later due to the continuation of the effects 
of methotrexate) to determine whether they had had COVID-19. The 
patients were screened retrospectively for COVID-19 test results via the 
report system after hospital discharge. After discharge from the hospital, 
COVID-19 test results were scanned via the Hospital Information 
Management System (HIMS) or by phone to inquire whether the patients 
had had COVID-19. Those patients whose personal data could not be 
accessed, who had positive COVID-19 test results when hospitalized, 
with systemic diseases which were contraindicated for methotrexate 
treatment and multiple-dose methotrexate regimes, and those who 
required methotrexate treatment after surgical treatment because of 
treatment failure were not included in this study.
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Statistical Analysis

The data obtained within the scope of this research were statistically 
analysed using the IBM SPSS Statistics program Ver. 23.0 software 
package (IBM Corp. IBM SPSS Statistics for Windows, Armonk, NY: IBM 
Corp.). The normality of the data distribution was examined graphically 
and the Shapiro-Wilk test. Frequency (n) and percentage (%) values 
were calculated in the definition of categorical variables related to the 
medical history, and median [interquartile range (IQR)] values were 
used for the measurement variables. The Mann-Whitney test was used 
to compare non-normally distributed continuous variables and the chi-
squared test was used for categorical variables. Pre-treatment and post-
treatment comparisons in each group were made using the Wilcoxon 
signed-rank test. The level of significance was accepted as p<0.05 in 
all analyses.

RESULTS

This study included 95 patients with tubal EP who were divided 
into two groups: Group 1, those treated with single-dose 50 mg/m2 
intramuscular methotrexate therapy (n=75), and Group 2, patients 
who underwent surgery (n=20). The mean age of the patients was 
31.8±6.0 (range, 19-46) years. Their mean BMI was 26.96±4.53 kg/m2. 
Six (6.3%) patients had chronic diseases (asthma n=2, type 2 diabetes 
mellitus n=2, epilepsy n=1, multiple sclerosis n=1). Twenty-eight 
(29.5%) patients had undergone previous surgery. The most common 
surgery was caesarean section (22.1%). Twenty-two patients were 
smokers and none had allergies. None of the patients had received in 
vitro fertilization treatment before. Twenty-seven (28.4%) patients were 

nulliparous. Eight (8.4%) patients had had elective abortions (Table 1). 
In our study, the median overall hospital length of stay was 5 (IQR 3) 
(min: 3 max: 21) days. A statistically significant difference was detected 
between the groups in terms of hospital stay (p<0.01). 

Most tubal masses were visualized in the right adnexal region (n=51; 
60%); the left adnexal region was n=34, 40%. Ten patients with EP tubal 
masses were not detected using transvaginal USG. The mean tubal mass 
diameter was 21 (IQR=13) (range, 6-40) mm. Free abdominal fluid was 
visualized in 35 patients. The mean volume of abdominal free fluid 
was 41 (IQR=29) (range, 16-140) mm3. The number of patients who had 
ruptured ectopic pregnancies was 22 (23.2%). The ASA PS classification 
of all 26 (27.4%) patients who underwent surgery was ASA II. Ten (50%) 
of these patients underwent left salpingectomy and the other 10 (50%) 
underwent right salpingectomy. 

The masses, which were measured using transvaginal USG diameter, 
in Group 1 were significantly smaller than in Group 2 (Z=4.123; 
p<0.001). The hospital stay in Group 1 was longer than in Group 2 
(Z=4.451; p<0.001). There was no difference between the groups 
in terms of the other demographic characteristics (p>0.05) (Table 
2). Three (3.1%) patients had COVID-19 positive tests after their 
treatments. Table 3 shows which types of treatment were received 
by those patients who became COVID-19 positive, the progress of their 
infection, their survival rates, and their treatment modalities. The mean 
NLR values were significantly higher for those patients with EP in Group 
2 compared with Group 1 both before and post-treatment (Z=4.108, 
p<0.001; Z=4.783; p<0.001). Although NLR decreased after treatment in 

Table 1. Demographic features and obstetric histories of patients 

Surgery (n=20) Methotrexate (n=75) Group comp.

Median (IQR) Median (IQR) Z; p

Age (year)a 31.00 (8.75) 32.50 (9.00) Z:0.347; p=0.728

BMI (kg/m2)a 28.58 (6.07) 26.50 (5.68) Z=1.753; p=0.080

n (%) n (%) Z; p

Chronical diseaseb 1 (5.0) 5 (6.7) Z=0.78; p=0.780

Previous surgeryb 2 (10.0) 26 (34.7) Z=4.622; p=0.032

Smokerb 5 (25.0) 17 (22.7) Z=0.048; p=0.826

Gravidab

1 3 (15.0) 15 (17.6)
Z=0.257; p=0.612

2+ 17 (85.0) 60 (82.4)

Parityb

0 5 (25.0) 21 (28)
Z=0.071; p=0.789

1+ 15 (75.0) 54 (72.0)

Before ectopic pregnancyb

0 17 (85.0) 65 (86.7)
Z=0.037; p=0.847

1+ 3 (15.0) 10 (13.3)

Adnexal mass* Median (IQR) Median (IQR) Z; p

Average size (mm)a 28.00 (17.00) 18.00 (10.25) Z=4.123 p<0.001

Ectopic pregnancy siteb n (%) n (%)

Right 12 (60.0) NA

Left 8 (40.0) NA

Hospitalization Median (IQR) Median (IQR) Z, p

Hospitalizations (day) 4.50 (1.75) 7.00 (3.00) Z=4.451; p<0.001

a: Mann-Whitney test, b: Chi-squared test, BMI: Body mass index, IQR: Interquartile range
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both groups, it did not change significantly during treatment (p=0.108 and 
p=0.431, respectively). Also, significant differences were detected between 
the groups regarding their haemoglobin levels, and WBC, platelet, and 
neutrophil counts (p=0.005, p=0.001, p=0.008, and p=0.001 respectively). 

DISCUSSION 

To the best of our knowledge, this study is the first to compare treatment 
options for EP, the probability of contracting the disease according to 
changes in blood parameters, and the length of hospital stay, and to 
calculate the COVID-19 positivity rates. The post-treatment COVID-19 
rate was 3.1% for our patients with EP (two patients underwent surgery, 
and another who had methotrexate treatment). The methotrexate-
treated patient went into self-isolation, only used favipiravir medication 

at home, and completely recovered. By contrast, the surgically treated 
patients required hospitalization. NLR values were significantly higher 
in those patients with EP in Group 2 compared with Group 1, both 
before and after treatment. 

Medical treatment with methotrexate is used as an alternative to 
surgical treatment because of its potency, cost-effectiveness, and safer 
characteristics in EP.11 Methotrexate reversibly inhibits the enzyme 
dihydrofolate reductase, preventing the conversion of purine and 
pyrimidine synthesis, inhibiting cell growth.12 It is hypothesized that 
patients who receive methotrexate treatment may be more prone to 
infection during the pandemic owing to their immunocompromised 
condition. Patients who use this treatment often need hospital 
monitoring. It may alter hematologic and biochemical parameters, and 

Table 2. Biochemical parameters changes for the treatment modalities

Parameters

Surgery treatment (group 1) (n=20) Methotrexate medication (group 2) (n=75) Group 1 vs. group 2 

Before 
treatment

After treatment
Before vs. after 
treatment

Before 
treatment

After 
treatment

Before 
vs. after 
treatmenta

Before 
treatmentb After treatmentb

Neutrophil to 
lymphocyte 
ratio (NLR)

5.87 (8.07) 4.7 (4.28)
Z=1.605; 
p=0.108

2.44 (1.53) 2.03 (1.41) Z=0.787; 
p=0.431

Z=4.108; 
p<0.001

Z=4.783;

p<0.001

Platelet to 
lymphocyte 
ratio (PLR)

167.92 (107.7) 116.89 (51.7)
Z=2.987; 
p=0.003

130.73 (61.83) 123.53 (62.26)
Z=0.158; 
p=0.874

Z=3.295; 
p<0.001

Z=0.529;

p=0.596

Hb (gr/dL) 12.05 (2.43) 11.2 (2.3)
Z=1.755; 
p=0.079

12.5 (2.2)
12 (1.9)

Z=4.944; 
p<0.001

Z=1.845; 
p=0.065

Z=2.790;

p=0.005

RDW (%) 13.3 (1.28) 13.3 (1.08)
Z=0.698; 
p=0.485

13.6 (1.7) 13.4 (1.7) Z=3.039; 
p=0.002

Z=0.859; 
p=0.390

Z=0.324;

p=0.746

MPV (fL) 9.6 (1.35) 9.65 (1.03)
Z=0.311; 
p=0.756

9.8 (1.6) 9.6 (1.4) Z=1.514; 
p=0.130

Z=0.539; 
p=0.590

Z=0.005;

p=0.996

WBC
(x109/L)

11.675 (7.740) 11.675 (5.875)
Z=0.728; 
p=0.467

7.870 (3.090) 7.170 (2787.5)
Z=3.130; 
p=0.002

Z=4.802; 
p<0.001

Z=4.434;

p<0.001

Lymphocyte 
(%)

1.520 (1.347) 1.925 (787.5)
Z=1.232; 
p=0.218

2.110 (750) 2.040 (800)
Z=1.240;
p=093 

Z=2.698; 
p=0.007

Z=1.269;

p=0.204

Platelet 
(x103/L)

290.500 (79.000) 213.500 (71.500)
Z=3.734; 
p<0.001

273.000 (80.000) 256.500 (91.000)
Z=2.189; 
p=0.029

Z=0.854; 
p=0.393

Z=2657;

p=0.008

Neutrophil 
(%)

8.470 (7082.5) 8.690 (6.835)
Z=0.243; 
p=0.808

5.030 (2.340) 4.460 (2.150)
Z=2.735; 
p=0.006

Z=4.364; 
p<0.001

Z=5.194;

p<0.001

a: Wilcoxon signed rank test, b: Mann-Whitney test, RDW: Red distribution width, MPV: Mean platelet volume, WBC: White blood cell

 

Table 3. Patients characteristics who contracted COVID-19 after EG treatment 

Patient
Age 
(years)

BMI 
(kg/m2)

Smoking 

habits

Additional

disease

Treatment 

type

Hospitalisation 

duration day

Time between 
COVID-19 
diagnosis and 
treatment

Intensive 
care unit 
admission

Medical 
treatment for 
COVID-19

Progress
Recovery 
time 
(days)

1 30 25.9 No No Surgery 10 60 Yes

Favipiravir

enoxaparine 
sodium

Complete 
recovery

18

2 34 28.5 No No Methotrexate 0 10 No

Favipiravir

enoxaparine 
sodium

Complete 
recovery

12

3 35 28.6 No No Surgery 5 56 No

Favipiravir

enoxaparine 
sodium

Complete 
recovery

10

BMI: Body mass index, COVID-19: Coronavirus disease-19
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hence they may be at risk of COVID-19. Some studies which compared 
the clinical and laboratory components of methotrexate and surgical 
treatments showed that NLR was significantly increased in the surgical 
group.13,14 Raised NLR is a prognostic marker for severe COVID-19, 
indicating immediate admission to the intensive care unit (ICU).15 
A meta-analysis of 15 studies including 1,653 patients with severe 
COVID-19 and non-survivor patients showed increased ICU admittance 
rates of RR 2.74 (95% CI: 0.98-7.66) compared with those patients with 
non-severe COVID-19 and those patients who recovered.16 Yang et al.9 
also showed that NLR was an independent prognostic factor in COVID-19. 
According to Eslamijouybari et al.10, NLR used as a prognostic marker for 
COVID-19 showed that an increase in NLR could be a marker for those 
who died from COVID-19 when blood analyses were compared between 
those who died and those who recovered from COVID-19. It may be the 
result of the discharge of numerous cytokines which cause tissue and/or 
organ damage; this situation reduces cellular immunity and alters the 
ability to contract COVID-19 and prevents disease progression.9 In our 
study, the incidence of COVID-19 was 3.1% (n=3 patients). Two patients 
had surgical treatment and the other had medical treatment. The mean 
NLR values were significantly higher for those patients with EP in the 
surgical group compared with the methotrexate group both before and 
after treatment (Z=4.108, p<0.001; Z=4.783; p<0.001). None of these 3 
patients were smokers or had additional disease. The patient who had 
medical treatment went into self-isolation, took Favipiravir medication 
at home, and completely recovered. By contrast, both surgically 
treated patients needed hospitalization. However, no patients died 
and there was no ICU need. The EG patients who were diagnosed with 
COVID-19 after surgical and medical treatment recovered completely 
and their medications were regulated to Favipiravir and Enoxaparin 
sodium. COVID-19 polymerase chain reaction (PCR) positivity was 
identified postoperatively on the 56th and 60th days after treatment. 
Since it is known that the incubation period of COVID-19 infection is 
approximately two weeks,17 these infections diagnosed more than 30 
days after surgery may be a community-acquired infection.

In addition, NLR was considered a usable prognostic factor when 
deciding on the most suitable EP treatment. Kan et al.17 reported 
that patients with EP with tubal rupture had higher NLR than those 
without rupture, and they suggested that NLR could assist obstetricians 
in choosing a treatment approach. Also, in an investigation of 78 
patients with EP with methotrexate treatment success and 37 with 
treatment failure, higher NLR was observed in those patients who had 
methotrexate treatment success. This study indicated that NLR was a 
predictor of methotrexate treatment efficacy.18 However, in our study, 

NLR decreased after treatment in both groups, and did not change 
significantly during treatment (p=0.108 and p=0.431, respectively). Also, 
a significant difference was identified between the groups regarding 
haemoglobin levels, and WBC, platelet, and neutrophil counts.

Another problem in the treatment of EP during the COVID-19 pandemic 
is hospitalization. Thousands of patients worldwide have had difficulty 
accessing hospitals due to the high occupancy rates of hospitals and 
ICUs, leading to a decrease in elective procedures and outpatient visits.19 
With the delays in diagnosis of EP, emergency surgical procedures have 
increased, causing increased morbidity and mortality as an additional 
adverse effect of the COVID-19 pandemic. In their retrospective study, 
Casadio et al.20 showed an increased proportion of ruptured tubal 
EPs requiring emergency surgical interventions during the COVID-19 
lockdown period. Furthermore, Anteby et al.21 reported that, in their 
tertiary medical centre in Israel, although the number of admissions 
to the emergency department considered as suspected extrauterine 
pregnancies did not change, the rate of ruptured extrauterine pregnancies 
was significantly higher during the COVID-19 pandemic (odds ratio: 2.40, 
1.27-4.54). Despite there being no government restrictions in terms of 
emergency department presentations during the pandemic around 
the world, patients with EP presented later with significantly increased 
blood loss and were symptomatic.22 The author explained this as being 
due to postponements in presenting to emergency departments due 
to a fear of socializing and/or overburdening healthcare systems. Also, 
in agreement with other studies,23,24 significantly increased emergency 
surgical procedures were reportedly caused due to interruptions in 
routine scans and later presentations during the COVID-19 pandemic.

Another condition which changes treatment management of EP is 
hospital stay. Hospitalization days are accepted as relevant risk factor 
for COVID-19 infections because of the nature of the disease and the 
human-to-human contamination risk for droplet transmission.25 A single 
institution reported that the hospital-acquired transmission rate was 
almost 6.7% in patients with cancer.25,26 In our study, the median hospital 
stay was 5 (IQR 3) days. Furthermore, there was a statistically significant 
difference detected between the groups, with the methotrexate treatment 
group having a longer hospital stay (p<0.01). The underlying longer stay 
using immunosuppressive treatments can be explained by patients 
requiring at least four days of follow-up until a decline is observed in 
β-hCG levels in our hospital. However, in our study, hospitalization did 
not increase the rate of COVID-19 illness. This may be because patients 
had adapted to the social isolation rules, the restrictions on visitors, and 
compliance with the guidelines during hospitalization. 

Figure 1. Relationship between NLR and PLR levels before and after single-dose methotrexate treatment and surgery. (a) Median NLR ratio in 
groups (before and after treatment), (b) median PLR ratio in groups (before and after treatment)

NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio.

(a) (b)
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Study Limitations

There are several notable limitations to this paper. First, the data were 
obtained from a single clinical trial centre, not from multiple centres. 
Secondly, the experimental data are limited and the data analyses 
are retrospective from the patient records. In addition, only three 
patients developed COVID-19, which may differ from the results of 
other research. Also, pregnant patients are a special group regarding 
COVID-19; they may be more attentive to social distancing in order to 
protect themselves during the COVID-19 pandemic. Social distancing 
may have an impact on the volume and distribution of illness and the 
assessment of exposure situations for COVID-19. Also, several other 
factors such as whole-family characteristics may be important, for 
example, families of more than five people living together at home, the 
demographic characteristics at home, and asymptomatic patients may 
have been included in the population. Screening tests for COVID-19 in 
our hospital were performed using PCR analyses as soon as possible 
upon hospitalization. 

CONCLUSION

Methotrexate treatment may be chosen as the first-line treatment for 
EP during the COVID-19 pandemic. Also, it may be useful during other 
infectious diseases apart from the COVID-19 pandemic. The mean 
NLR values were significantly higher among those patients with EP 
who underwent surgery compared with those who had methotrexate 
treatment both before and post-treatment. Although NLR decreased 
after treatment in both groups, it did not change significantly during 
treatment. The length of hospital stay and immunosuppressive 
treatment procedure did not negatively affect EP treatment. 
Healthcare professionals must be aware that medical or surgical 
treatment approaches in patients with EP may change NLR, which is an 
independent prognostic factor for COVID-19. 

MAIN POINTS 

•  Ectopic pregnancy treatments include expectant management, 
surgical treatment, and methotrexate (single or multiple-dose) 
administration. Methotrexate treatment is a non-invasive treatment 
approach and it is used in patients as the first line treatment but it 
can cause immunodeficiency.

•  The COVID-19 disease has an effect on imbalances in the immune 
response. Blood laboratory parameters are commonly investigated 
indicators of this systematic inflammatory response. NLR can be 
used as a prognostic marker for COVID-19.

•  We discussed the ectopic pregnancy treatment choices, either surgery 
or single doses of methotrexate approaches, and hospitalization days 
effects on the risk of COVID-19 transmission. Secondly, we aimed to 
investigate whether the treatment approaches have an effect on the 
clinical severity after treatment, and compared correlations with 
alter cell blood counts.
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BACKGROUND/AIMS: The development and widespread use of abdominal imaging techniques has increased the incidence of unexpected 
adrenal tumors called adrenal incidentaloma. Adrenal myelolipomas are the second most common incidentalomas. Similar myelolipomatous 
morphology appears as a secondary degenerative change in other adrenal lesions and is called myelolipomatous metaplasia. This study 
investigated the adrenal entities of the last 13 years which had myelolipomatous components.

MATERIALS AND METHODS: In this retrospective observational study, cases diagnosed as adrenal myelolipoma or myelolipomatous 
metaplasia between January, 2009 and January, 2022 were re-examined regarding their age, gender, localization, lesion size, and secondary 
histopathological changes, accompanying pathological diagnoses as well as clinical and radiological data.

RESULTS: Eleven adrenal myelolipoma cases and 6 myelolipomatous metaplasia cases were detected. In myelolipomas, the mean age was 
55.45 years, 73% were female and 82% were located on the right side. The lesions were encapsulated and their mean size was 7 cm. One case 
had a diagnosis of subclinical Cushing’s syndrome and the others were hormonally inactive. Some cases were accompanied with hypertension 
(27%), type 2 diabetes (18%), and asthma (18%). All myelolipomatous metaplasias, which are non-encapsulated, were detected in adrenocortical 
adenomas. The mean age was 58 years; nonencapsulated and 67% were located on the right side with no gender predilection. Concomitant 
hypertension (50%), diabetes /33%, and asthma (33%) were frequent.

CONCLUSION: Adrenal myelolipoma and myelolipomatous metaplasia both contain adipose and myeloid components. Myelolipoma is a 
benign and encapsulated neoplasia which is usually detected incidentally. They frequently coexist with chronic diseases such as hypertension, 
diabetes and asthma.
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INTRODUCTION

The development and widespread use of abdominal imaging 
techniques have increased the incidence of unexpected adrenal 
tumors called adrenal incidentaloma.1,2 These cases, with a reported 
incidence of 10-15% today, are mostly biochemically nonfunctional, 
small, and benign. However, since one in ten cases can be functional 
or show malignancy, their detection and pathological diagnosis are 
important.3-5 Adrenocortical adenomas constitute the majority (60-
70%), while adrenal myelolipomas are the second most common 
adrenal incidentalomas (6-16%).6-9

Adrenal myelolipoma is a benign neoplasm composed of hemopoietic 
and adipose tissues.9 Similar myelolipomatous morphology appears 
as a secondary degenerative change in other adrenal neoplastic and 
non-neoplastic entities, especially in adrenocortical adenoma, and 
is called myelolipomatous metaplasia.10 Lipomatous tumors are rare 
among adrenal tumors. Although myelolipoma is the most common 
tumor in this group, a differential diagnosis should be made with 
myelolipomatous changes in lipomas, teratomas, angiomyolipomas, 
and adrenocortical lesions.

Myelolipoma was first described by Giercke in 1905 and named by 
Oberling in 1929.5,11 The 2017 classification by the World Health 
Organization (WHO) included myelolipoma in the category of 
mesenchymal and stromal tumors of the adrenal cortex, with its current 
clinical and pathological details.7 The 2022 World Health Organization 
bluebook covers a new separate chapter on myelolipoma.12 According 
to one of the hypotheses on the origin of myelolipoma, it is thought 
that cancer, Cushing’s disease, hypertension, diabetes, obesity, and/or 
stressful life conditions lead to necrosis or inflammation in the adrenal 
cortex tissue, causing prolonged endogenous adrenocorticotropic 
hormone stimulation and chronic adrenal stimulation. As a result, 
metaplasia may occur in reticuloendothelial cells, leading to the 
formation of adrenal myelolipoma.1,7,13 According to another 
hypothesis, adipocytes develop from mesenchymal stem cells in 
the vessel walls in the stromal adipose tissue of the adrenal cortex 
under the influence of various stimuli. As they differentiate, these 
adipocytes become inflammatory, stimulating the adrenal cortex to 
release substances which recruit hematopoietic progenitors to the 
environment.6 These also seem to be responsible for the development 
of myelolipomatous metaplasia.10

In this study, which was conducted with our data of the last 13 
years, incidental entities of the adrenal gland which are adrenal 
myelolipoma with adipose and hematopoietic components and 
adrenocortical adenoma with myelolipomatous metaplasia were 
reviewed and discussed in the light of findings in the literature.

MATERIALS AND METHODS

Cases reported as adrenal myelolipoma and myelolipomatous 
metaplasia between January, 2009 and January, 2022 in the University 
of Health Sciences Türkiye, Kartal Dr. Lütfi Kırdar City Hospital, Clinic 
of Medical Pathology were included in this retrospective observational 
study. Paraffin blocks, hematoxylin-eosin-stained slides, pathology 
reports, laboratory data, and patient files were extracted from the 
archive and re-examined. Data regarding these cases such as age, 
gender, location, lesion size and secondary histopathological changes, 
pathological, clinical, and radiological diagnoses were recorded. 
For statistical analysis, using GraphPad Prism 8.0.1, descriptive 

data analysis (mean and percentage values) was performed for 
quantitative data and Independent t-test and chi-squared test were 
used for comparisons. A value of p<0.05 was considered statistically 
significant.

Ethics Committee Approval: University of Health Sciences Türkiye, 
Kartal Dr. Lütfi Kirdar City Hospital Clinical Research Ethical Committee 
(approval number: 2022/514/220/13, date: 22.02.2022).

Statistical Analysis

Statistical analysis between myelolipoma and myelolipomatous 
metaplasia cases did not reveal any statistically significant relationship 
between gender, age, or the location of the lesions (p>0.05).

RESULTS

Myelolipoma

Eleven cases diagnosed as adrenal myelolipoma and 6 cases of 
myelolipomatous metaplasia were included in this study. Adrenal 
myelolipoma cases were between 31 and 72 years old (mean: 55.45); 
8 cases (72.7%) were female, and 3 cases (27.3%) were male; 9 of the 
cases (81.8%) were located in the right and 2 (18.2%) in the left adrenal; 
macroscopically, the cases were round or elliptical and encapsulated, 
with their sizes ranging from 0.6 cm to 11.5 cm (mean: 7.18 cm). 
There were yellow and red-brown areas in the sections (Figure 1). 
Microscopically, the yellow areas consisted of dense adipose tissue, and 
the red-brown areas consisted of erythroid, granulocytic, lymphoid, 
and megakaryocytic cells (Figure 2, 3). Hemorrhagic areas were seen in 
three of the cases with a hemorrhagic infarction in one of them. Other 
degenerative findings were dystrophic calcification and hyalinization. 
Concomitant adrenal cortex adenoma was found in two cases (18.2%). 
The patients presented with abdominal and back pain, abdominal 
swelling, and lower urinary tract complaints, and some cases were 
found incidentally during radiological examination (Table 1). One case 
had a diagnosis of subclinical Cushing’s syndrome. The most common 
diseases accompanying the cases were type 2 diabetes (2 cases, 18.2%), 
asthma (2 cases, 18.2%), and hypertension (3 cases, 27.3%) (Table 1). 
Sarcomatoid urothelial carcinoma of the bladder was reported in one 
case and benign prostatic hypertrophy (BPH) in another case.

Figure 1. Macroscopy of myelolipoma.
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Myelolipomatous Metaplasia

Six myelolipomatous metaplasia cases were detected and all of the 
cases were located in adrenal cortex adenomas. The patients were 
between 50-76 years of age (mean: 58); three (50%) were male and 
three were female. Four of the cases (66.7%) were located on the right, 
and two (33.3%) were on the left side. Microscopically, scattered fat and 
hematopoietic tissue elements were detected within the adenomas 
(Figure 4). Three (50%) cases had a history of hypertension, two (33.3%) 
had diabetes, and two (33.3%) had asthma (Table 2).

DISCUSSION

Adrenal lesions with lipomatous components are usually detected 
incidentally upon radiological examinations of patients for unrelated 
complaints or investigations for other tumors. These unexpected lesions 

are mostly removed due to a suspicion of malignancy.10 Two of these 
lipomatous lesions which are myelolipoma and myelolipomatous 
metaplasia include hematopoietic elements in addition to adipose 
tissue. Although both have similar components, myelolipoma forms 
a well-circumscribed encapsulated/pseudocapsular mass, whereas 
myelolipomatous metaplasia is seen as diffuse, poorly circumscribed 
adipose and myeloid tissue foci within another tumor.10 Although 
several authors report similar etiopathogenetic, clinical, and 
microscopic features, and suggest a developmental link between them, 
for now, they are considered two different entities.10 According to some 
current cytogenetic studies, myelolipoma is a clonal tumor based on 
nonrandom X chromosome inactivation.1,14 A study by Chang et al.15 
defined balanced f(3;21) (q25; p11) translocation in tumor cells in one 
case. New genetic studies in this field will illuminate the origin of these 
tumors and contribute to the management of these patients.

Clinical Features

Anbardar et al.10 reported that adrenal myelolipomas occurred with 
equal frequency in both sexes while in a large series by Lin et al.16, 58% 
of the patients were female. The tumors more frequently involved the 
right adrenal gland.10 In our group, female predominance was more 
prominent (73%) and similarly, right adrenal predilection was higher 
(82%).

According to the literature, myelomatous change (metaplasia), which is 
considered a secondary degenerative change, had a female predilection; 
was mostly on the left adrenal, and the mean age was 52.5 years.10 
Contrarily, our cases were evenly distributed between both genders; 
mostly located in the right adrenal, and our mean age was higher.

The most common complaints of patients with myelolipoma were 
reported as abdominal, hypochondrial, and flank pain.6 Spontaneous 
retroperitoneal hemorrhage was the most important complication, 
especially in large myelolipomas and could progress with local back, 
epigastrium, or flank pain, nausea, vomiting, hypotension, and 
anemia.17 Our cases, apart from than the incidental ones, were also 
admitted to the hospital with abdominal pain and/or distention. In 
our series, all right-sided lesions were asymptomatic. This might be 
because, in these anatomical locations, the tumors are more distant 
from the neural plexuses and peritoneal structures which are sensitive 
to pressure and irritation.

Investigations on myelolipoma have shown that large and bilateral 
tumors develop due to external erythropoietin stimulation in 
hematological disorders such as hereditary spherocytosis, thalassemia 
intermedia, thalassemia major, or sickle cell anemia.7,13 Although in our 
series, we had five large cases of myelolipoma ≥10 cm, these patients 
did not have a history of hematological disease. Hemorrhage is more 
common in large tumors, and probably, intratumoral hemorrhages 
cause tumors to enlarge. However, adrenal myelolipoma cases reported 
in the literature were generally small (˂5 cm) and so far, only two giant 
cases, 31 cm/6,000 g and 34 cm/5,900 g have been reported.1,18,19 The 
myelolipomas in our series were slightly larger than those reported in 
the literature, possibly related to the high prevalence of hemorrhagic 
areas.

According to the literature, up to 10% of adrenal myelolipoma cases 
had hormone hypersecretion.2,5-7,17 Cases with Cushing’s syndrome, 
primary hyperaldosteronism, pheochromocytoma, or congenital 
adrenal hyperplasia have been reported.1,6,11,17 We had one case (0.6 cm) 

Figure 2. Histopathological appearance of myelolipoma composed 
of mature fat cells mixed with hematopoietic elements. (H&E, x200).

H&E: Hematoxylin & eosin

Figure 3. Histopathological appearance of myelolipoma composed 
of mature fat cells mixed with hematopoietic elements. (H&E, x400).

H&E: Hematoxylin & eosin
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with a diagnosis of subclinical Cushing’s syndrome. Although hormonal 
hyperactivity was not detected in the majority of our cases, this 
relationship should be kept in mind in those patients with hormonal 
pathologies.

In our series, the frequency of hypertension, diabetes, and asthma 
was high in both myelolipoma and myelolipomatous metaplasia 
cases similar to the literature.10 In addition, one of our patients with 
a myelolipoma was operated on for sarcomatoid urothelial carcinoma 
of the bladder. In our study, there were BPH patients in both groups. 
These histories support the hypothesis that chronic diseases, previous 
operations, and stress states might be associated with these entities.

According to the literature, 5-6% of myelolipoma cases were seen 

together with adrenocortical adenomas.6,10,17 This coexistence rate was 

much higher (18%) in our series. We plan to observe and re-analyze this 

rate in larger groups.

Myelomatous change was usually observed in adrenocortical adenomas 

and more rarely, in adrenocortical carcinomas, pheochromocytomas, 

and ganglioneuromas.6,20 Adrenal pathology was reported as 

adrenocortical adenoma in 70% of the cases examined by Anbardar et 

al.10 In our group, all myelomatous metaplasia cases were associated 

with adrenocortical adenomas. The rest of the cases in Anbardar et al.’s10 

Table 1. Clinicopathological features of myelolipoma cases

Case 
no

Age, gender Location Size Patient complaints and history Surgical procedure Radiological and other findings

1 64, F Right adrenal 11 cm No complaints. Right adrenalectomy Diffuse hemorrhagic areas on microscopy.

2 47, F Right adrenal 2.7 cm Abdominal and back pain. Right adrenalectomy Association with adrenal cortex adenoma.

3 31, F Right adrenal 10 cm

No complaints.

The mass was detected in the right 
adrenal gland during follow-ups 
2.5 years previously; no surgical 
intervention was made.

A diagnosis of asthma.

Right adrenalectomy

Radiological preliminary diagnosis: Exophytic 
angiomyolipoma in the upper pole of the right 
kidney?

Hamartoma tumor of right adrenal origin?

Secondary degeneration (hemorrhagia and 
hyalinization).

4 55, F Right adrenal 0.6 cm

A diagnosis of asthma, DM and HT.

Upon routine endocrine follow-up, 
bilateral adrenal adenoma was 
detected.

Diagnosis of subclinical Cushing’s 
syndrome.

Laparoscopic right 
adrenalectomy

Abdominal US: appearance thought to be 
compatible with adenoma.

Association with adrenal cortex adenoma.

5 52, F Right adrenal 4.5 cm No complaints.
Right adrenalectomy

Radiological diagnosis: Adenolipoma?

Hemorrhagic areas.

6 72, F Left adrenal 10 cm

Abdominal pain and swelling.

History of HT, DM, CAD.

Left adrenalectomy

Whole abdomen and diffusion MRI: Adenoma?

Diffuse hemorrhagic infarction, dystrophic 
calcification, significant hyalinization, and 
lymphocyte infiltration in capsule.

7 50, M Right adrenal 8 cm

Lower urinary tract symptoms.

History of HT.

Right laparoscopic 
adrenalectomy

Radiological diagnosis:

Left adrenal lipoma? Angiomyolipoma?

8 56, M Right adrenal 10 cm Abdominal pain. Right adrenalectomy Radiological diagnosis: Adrenal adenoma?

9 46, F Right adrenal 11.5 cm No complaints. Right adrenalectomy Radiological diagnosis: Myelolipoma?

10 67, F Right adrenal 4 cm

No complaints.

History of surgery for sarcomatoid 
urothelial bladder carcinoma.

Right adrenalectomy

MRI: Heterogeneous mass lesion measuring 
approximately 3.6x4.4 cm with subcentimetric 
calcifications in the right adrenal gland, 
without F18-FDG uptake.

11 70, M Left adrenal 4.5 cm

No complaints.

History of BPH.

Left adrenalectomy

US preliminary diagnosis: Adenoma?

Adrenal gland CT.

Radiologic diagnosis: Neoplasm of the adrenal 
gland with unclear or unknown behavior.

BPH: Benign prostatic hypertrophy, CAD: Coronary artery disease, CT: Computerized tomography, DM: Diabetes mellitus, F: Female, FDG: Fluorodeoxyglucose, HT: Hypertension, M: Male, 
MRI: Magnetic resonance imaging, US: Ultrasound.
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study were oncocytoma, cavernous hemangioma, adrenal hyperplasia, 

or adrenocortical neoplasms with unknown malignant potential. In our 

study, there was one patient who had undergone cholecystectomy and 

one patient with BPH in the myelolipomatous metaplasia group.

Radiological Features

Ninety percent of adrenal myelolipoma cases are detected by computed 

tomography (CT) and magnetic resonance imaging. A radiological 

diagnosis of at least 50% of them depends on observing an adrenal 

mass consisting of fat.1,10 Lipomatous retroperitoneal lesions like 

lipoma, teratoma, angiomyolipoma, well-differentiated liposarcoma, 

adrenocortical adenoma/carcinoma, and extramedullary hematopoiesis 

are included in the radiological differential diagnosis.8,11 Among our 

cases, the preliminary diagnoses in those who underwent radiological 

examination were angiomyolipoma developing exophytically from 

the upper pole of the right kidney; hamartomatous tumor of right 

adrenal origin; adrenal adenoma; and adrenal lipoma. The exclusion 

of pheochromocytoma, the suspicion of malignancy, and the fact 

that biopsy findings change the treatment are generally accepted 

indications for adrenal biopsy.1 CT-guided fine-needle aspiration biopsy 

(FNAB) is recommended for diagnosis by some authors.11 FNAB was not 

performed on any of our myeloma cases, and the precise diagnosis was 

achieved after the histological examination of the resection materials.

Figure 4. Histopathological appearance of myelolipomatous 
metaplasia (H&E, x100).

H&E: Hematoxylin & eosin

Table 2. Clinicopathological features of the cases with myelolipomatous metaplasia

Case 
no

Age, 
gender

Location
Size Patient complaints and history Surgical procedure

Adrenal neoplasia and radiological 
findings

1 56, M Left adrenal 9 cm
No complaints.

Left adrenalectomy Adrenal cortex adenoma

2 51, M Right adrenal 6 cm

No complaints.

Mass detected in the right adrenal gland 
upon routine check-up.

Right adrenalectomy Adrenal cortex adenoma

3 50, F Left adrenal 10 cm

No complaints.

History of HT and DM.
Left adrenalectomy

Adrenal cortex adenoma

MRI: mass lesion in the left adrenal gland 
measuring 40x33 mm, showing intense 
suppression; may be compatible with 
adenoma.

4 76, F Right adrenal 5.7 cm

Palpitations and sweating.

History of DM.
Right adrenalectomy

Adrenal cortex adenoma

Whole abdomen and diffusion MRI: 
heterogeneous-appearing mass lesion with 
cystic areas measuring 29x53x46 mm and 
contrasting heterogeneously observed in the 
right adrenal gland.

5 67, M Right adrenal 5.5 cm

No complaints.

History of BPH, HT, asthma, 
cholecystectomy, and lumbar hernia 
intervention (surgical).

Right adrenalectomy Adrenal cortex adenoma

6 48, F Right adrenal 7.5 cm

Headache.

History of asthma and HT.

Right adrenalectomy

Right adrenal cortex adenoma measuring 5 cm.

Radiological diagnosis: Pheochromocytoma?

BPH: Benign prostatic hypertrophy, DM: Diabetes mellitus, F: Female, HT: Hypertension, M: Male, MRI: Magnetic resonance imaging.
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Management

Current guidelines on the management of adrenal incidentalomas 
do not require hormonal investigations when the definite diagnosis is 
myelolipoma.8,17 However, an endocrinological examination is useful in 
younger patients with hypertension, diabetes, or prediabetes, and for 
bilateral cases.1 Surgery is recommended in myelolipomas presenting with 
complaints such as pain and swelling or symptoms related to hormone 
secretion, and in cases larger than 5 cm due to the risk of spontaneous 
rupture and retroperitoneal hemorrhage.1,7,9,11 Myelolipomas smaller 
than 5 cm are usually asymptomatic, have no indication for surgical 
intervention, and are followed up with imaging studies.21

CONCLUSION

Adrenal myelolipoma are rare entities which are usually detected 
incidentally. They have a similar histopathological appearance and 
probably a similar origin to myelolipomatous metaplasia. In lipomatous 
adrenal lesions which develop based on chronic diseases, myelolipoma 
and an adrenal entity with myelolipomatous metaplasia should be kept 
in mind.

MAIN POINTS

•  Adrenal myelolipoma is a rare entity which is usually detected 
incidentally.

•  It is composed of adipose and hematopoietic tissue, and has a 
similar histopathological appearance and probably a similar origin 
to myelolipomatous metaplasia.

•  Adrenal myelolipoma is encapsulated, while myelolipomatous 
metaplasia is a diffuse lesion mostly located in an adrenal adenoma.

•  They both frequently coexist with chronic diseases such as 
hypertension, diabetes, and asthma.
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INTRODUCTION

The World Health Organization declared a global pandemic on the 
11th of March, 2020 as coronavirus disease-19 (COVID-19) had been 
spreading globally since late December, 2019. Since then, various 
measures to prevent the spread of this disease were taken in different 
sectors, including education.1 Most countries temporarily closed 
down educational institutions, including, pre-schools, schools and 
universities.2,3 In line with these global measures, the Ministry of 
Education and Culture in the Turkish Republic of North Cyprus (TRNC) 
decided to temporarily close down all educational institutions as the 
first COVID-19 case was reported in the country on the 10th of March, 
2019.4 Similarly, after the first COVID-19 case was announced, on the 

11th of March, 2020, the Turkish government first decided to suspend 
face-to-face education starting on the 16th of March, 2020, which was 
followed by the decision to temporarily close all educational institutions 
on the 25th of March, 2020.5 During this period, some of the universities 
and colleges in different countries decided to postpone the spring 
semester of the 2019-2020 academic year, whereas others decided to 
use distance education.2,6 The Council of Higher Education (CoHE), the 
primary institution responsible for all higher education institutions in 
Türkiye and the TRNC, decided to continue the spring term of the 2019-
2020 academic year via distance education.5,7 Universities in the TRNC 
complied with the decision of the CoHE on distance education so that 
university students could graduate on time.8
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Distance education is an education system in which students and 
lecturers are not in the same physical environment but they can 
simultaneously or sequentially communicate for educational purposes.9 
This education system is frequently used in today’s world parallel to 
the advances in communication and information technologies and 
the increasing importance of life-long learning.10 Although distance 
education has been a widely used method of learning during the 
COVID-19 pandemic, its roots in nursing education can be dated back to 
the 1960s.11,12 In Türkiye, the first associate degree program of nursing 
which used the distance education method was initiated in 1993 but it 
was only in 2009 that the graduates of these programs were granted the 
right to complete a bachelor’s degree.12 However, the global pandemic 
resulted in the temporary replacement of face-to-face learning by 
distance education.12,13 Developments in internet technologies and their 
use in education enabled students to learn by themselves and provided 
a more flexible and individualized learning environment, which, in turn, 
resulted in more positive attitudes towards online education. In addition, 
distance education has several positive aspects, including lower costs 
than face-to-face learning and having better access to various sources of 
information in a relatively short time and to a geographically widespread 
population.14 Despite these positive aspects, technical problems, 
communication deficiency, affective inadequacies, and problems with 
educational materials may have negative effects on the opinions and 
attitudes of students towards distance education.15

Attitude is defined by the Oxford Learner’s Dictionaries as “the way 
that you think and feel about someone or something”. As a positive or 
negative reaction towards a person or an object, attitude is an important 
factor which influences the efficiency of learning.16 The success and 
effectiveness of distance education depends on the attitudes and 
opinions towards this education system. The attitude of an individual 
towards distance education is closely related with their success in 
learning. That is, people with positive attitudes towards distance 
education are more likely to have successful learning outcomes.17 
Developing positive attitudes towards distance education, on the other 
hand, depends on determining the opinions and feelings of the students 
towards this education method. Additionally, determining the opinions 
and attitudes of students towards distance education helps scholars to 
reveal the factors which lead to negative perceptions and to set up the 
learning environment in order to minimize these negative perceptions.16 

Consequently, this study aimed to reveal the opinions and attitudes 
of nursing students towards distance education during the COVID-19 
pandemic. An analysis of the literature on distance education in nursing 
revealed that distance education had positive effects on the cognitive and 
psychomotor skills of nursing students,18,19 and did not significantly differ 
from face-to-face learning.20,21 Studies on distance education in nursing 
during the COVID-19 pandemic found, on the other hand, that student 
satisfaction was moderate or lower, and students experienced internet 
access problems or felt insufficient in terms of clinical practices.13,22,23 In 
contrast to other studies, this study aimed to evaluate both the opinions 
of the nursing students and their attitudes towards online education. 

MATERIALS AND METHODS

The Purpose of This Study

This descriptive study was conducted on nursing students who were 
enrolled in the department of nursing of a private university in the 
TRNC who received distance education during the spring semester of 
the 2019-2020 academic year.

The research questions included the following: 

- What were the opinions of the nursing students on distance education 
during the COVID-19 pandemic?

- What were the attitudes of the nursing students towards distance 
education during the COVID-19 pandemic?

Participants

Two hundred and ten students in the second, third and fourth years of 
the nursing department constituted the study population of this study. 
Voluntary nursing students at the age of 18 or above, who were enrolled 
in the nursing department and who received distance education during 
the spring semester of the 2019-2020 academic year, were included in 
this study. The criteria for exclusion were the students’ decision not to 
participate or being under the age of 18.

Data Collection Tools

We used a descriptive information form (11 items), the Opinions on 
Distance Education Scale (ODES) (18 items) and the Attitude Scale 
towards Distance Education (ASDE) (35 items) for data collection. The 
participants were asked to sign into the Moodle software, which was 
used to access distance education, and to complete the online survey. 
The first part of the survey provided information about the researchers 
and the aims of the research and included a statement regarding 
informed consent. 

Descriptive Information Form

This form was developed by the researchers using the relevant 
literature.24 It includes 11 questions on age, gender, class, computer and 
internet skills and the internet access of the participants. 

Opinions on Distance Education Scale (ODES)

Developed by Yıldırım et al.25, ODES is composed of 18 items which 
measure four dimensions of opinions on distance education, namely: 
personal suitability, effectiveness, instructiveness and familiarity, 
by using a five-point Likert scale, ranging from “strongly disagree” (1 
point) to “strongly agree” (5 points). The maximum scores which can be 
obtained from the personal suitability, effectiveness, instructiveness and 
familiarity subscales are 30, 25, 20 and 15, respectively. The minimum 
and maximum scores which can be obtained range from 5 to 90. The 
Cronbach’s alpha of the scale in the original study and in our study were 
0.864 and 0.758, respectively.25

Attitude Scale towards Distance Education

Developed by Kışla, the ASDE has 35 items which are scored on a five-
point Likert scale. The total scores can range between 35 and 175 
points, with higher scores indicating positive attitudes towards distance 
education. The Cronbach’s alpha of the scale in the original study and 
our study were 0.89 and 0.955, respectively.10 

Data Collection

Following the preparation of the online survey, we asked for the 
permission of the academicians who had lectures with the 2nd, 3rd and 
4th year students to conduct our study before their online course. After 
obtaining permission, we informed the students about the aims and the 
scope of the research and its voluntary nature. We then asked them to 
complete the online survey before the start of their courses via Moodle-



Cevheroğlu et al. Distance Education in the COVID-19 Pandemic of Nursing Students Cyprus J Med Sci 2023;8(1):66-73

68

Microsoft Teams software. After obtaining their informed consent, the 
students were given 15 minutes to complete the survey.

We obtained permission from the Ethical Commission of the Eastern 
Mediterranean University where this study was conducted (approval 
number: ETK 00-2020- 0245) and institutional permission from the 
head of the department of nursing. All participants were informed 
before the study and their consent was obtained. 

Statistical Analysis

SPSS 22.0 (SPSS Inc.; Chicago, IL, USA) was used for the statistical analysis 
of collected data. The Kolmogorov-Smirnov test was used to evaluate 
normality. The Mann-Whitney U and Kruskal-Wallis tests were used for 
data without normal distribution. Spearman’s correlation analysis was 
used to evaluate the relationship between the age of the participants, 
the personal suitability, effectiveness, instructiveness and familiarity 
subscales of the ODES and the mean ODES and ASDE scores. Statistical 
significance was set at p<0.05.

RESULTS

Table 1 presents the findings on the descriptive characteristics of 
the participants and the relationship between their descriptive 
characteristics and the mean ASDE scores. This study was conducted 
on 210 nursing students who received distance education during the 
COVID-19 pandemic. Their mean age was 21.62±1.90. 62.1% had 
personal computers and 55.7% used mobile phones to participate in 
distance education. 52.7% had a moderate level of computer skills and 
27.8% had moderate internet skills. Daily internet use was 7 hours or 
above for 38.9% of the participants and their mean internet use was 
6.58±0.27 hours per day. 74.4% had internet access problems. 

The mean ASDE scores of the participants aged 23 years or above 
(112.00±33.41) were statistically significantly higher than for those 
students aged 20 years or below (86.81±27.26) and between 21 and 22 
years of age (93.19±27.69) (p<0.001). We did not find any statistically 
significant relationship between class standing, gender, the ownership 
of personal computer, the type of distance learning device, internet 
skills, daily internet use or the mean ASDE scores (p>0.05). The 
mean ASDE score of the participants with advanced computer skills 
(120.38±36.31) was significantly higher than for those participants 
with low (101.33±31.49), moderate (91.24±28.37) and high levels of 
computer skills (97.04±31.70) (p<0.001). Finally, the mean ASDE scores 
of the participants without internet access problems (108.40±32.65) 
was significantly higher than for those students with internet access 
problems (91.39±28.66) (p<0.001).

Table 2 shows the mean ODES and ASDE scores of the participants. 
The mean ODES score was 45.50±0.77. The mean scores obtained 
from personal suitability, effectiveness, instructiveness and familiarity 
subscales of ODES were 14.59±0.51, 10.16±0.41, 15.07±0.36 and 
5.70±0.21, respectively. Finally, the mean ASDE score of the participants 
was 95.74±2.15. 

Table 3 evaluates the relationship between the ODES scores and the 
descriptive characteristics of the participants. There was a statistically 
significant relationship between age, mean ODES scores and the scores 
obtained from the personal suitability, effectiveness, and instructiveness 
subscales of the ODES (p<0.001). In other words, the positive opinions 
of nursing students on distance education increased in parallel with 

their increase in age. Additionally, the relationship between gender 
and the instructiveness subscale of ODES was statistically significant 
(p<0.021). That is, female students considered distance education 
as more instructive, however, there was no significant relationship 
between gender, mean ODES scores and the other subscales of ODES 
(p>0.05). We found a statistically significant relationship between the 
computer skills of the participants and the mean scores obtained from 
the effectiveness (p<0.033) and instructiveness (p<0.042) subscales of 
the ODES. Students with advanced (16.38±7.27) and high (15.73±4.52) 
levels of computer skills had more positive opinions on the effectiveness 
of distance education. Regarding the relationship between internet 
access problems and their ODES scores, we found that students without 
internet access problems obtained significantly higher scores from the 
ODES (47.60±10.42; p<0.023) and its subscales of personal suitability 
(16.98±7.95; p<0.009) and effectiveness (12.69±6.41; p<0.001). 
On the other hand, there was a significant relationship between the 
instructiveness (15.69±4.78; p<0.007) and familiarity (6.05±3.10; 
p<0.003) scores of the participants with internet access problems. 
Although not shown in the table, no statistically significant relationship 
was found between the ASDE scores and some introductory student 
characteristics.

Table 4 shows the correlation between the mean ODES and ASDE scores 
of the nursing students. We found a moderate and positive correlation 
between their mean ASDE and ODES scores (r= 0.491; p<0.001). In this 
sense, higher ASDE scores of the participants correlated with higher 
scores obtained from the ODES. 

DISCUSSION

Sufficient technological infrastructure is required for the effective 
participation of university students in distance education.26,27 Within 
this context, Zan and Umut27 analyzed the technological capabilities of 
students during the COVID-19 pandemic and found that 60.25% of the 
students had computers or tables but 40.3% had internet connection 
problems. The study of Li et al.23 reported self-discipline, frequency to 
access the internet, support and help from the university and the use 
of course resources as the facilitators to improve success in the online 
education of nursing students. Our findings were also consistent with 
the literature. At this point, the 6 GB package provided by the CoHE to 
university students was an important institutional support.28 However, in 
addition to internet, the need of university students to have computers 
or tablets might be met by the state or university-sponsored campaigns. 
In order to cope with internet access problems during synchronous 
lectures, we recommend that videos and lecture notes be shared before 
the lecture.29

Keskin and Özer Kaya30 found that the mean internet use of university 
students increased from 2.98±2.12 hours to 5.27±2.98 hours per day 
after the COVID-19 pandemic. Armstrong-Mensah et al.31 also found 
that daily internet use of university students increased to 4 hours 
during the COVID-19 pandemic. In our study, the mean internet use of 
the nursing students was 6.58±0.27 per day. These findings imply that 
daily internet use may have increased due to the transition to distance 
education during the COVID-19 pandemic. Various studies which 
analyzed the skills of using computers and other communication 
technologies found that university students had moderate or high 
levels of computer skills.32-34 Similar to our study, university students 
in the studies of Düşünceli et al.26, Abbasi et al.24 and Karakuş et al.35 

had moderate computer skills. On the other hand, we found that most 
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of our students had internet access problems and used mobile phones 

for their distance education. The studies of Düşünceli et al.26 and 

Abbasi et al.24 had similar findings. Consequently, measures to reduce 

the negative effects of internet outages on distance education, such as 

asynchronous video lectures, might be taken. 

During the COVID-19 pandemic, universities used distance education 

as a rapid response to cope with the crisis.30,36 Due to the rapid pace 

of the transition to distance education, the number of studies on the 

opinions and attitudes of university students towards this new method 

of learning is limited.36 Our study, which aimed to fill this gap, found 
that the opinions and attitudes of nursing students towards distance 
education was negative in general. Additionally, we found a positive 
relationship between the opinions on and attitudes towards distance 
education. In other words, students with positive opinions on distance 
education had also positive attitudes towards this education method. 
There were a number of studies on the opinions on and attitudes 
towards distance education in the literature. Altuntaş Yılmaz found 
that attitudes of physiotherapy and rehabilitation students towards 
distance education during the COVID-19 pandemic were positive.37 Ali 

Table 1. Descriptive characteristics of the participants and the relationship between the scale 

Variables Mean SD

Total scale scoreAge 21.62 1.90

Daily internet usage time 6.58 0.27

Number Percentage Mean (SD) Test X2/Z p

Age group

20 years and below 69 34.0 86.81±27.26

19.68 0.001
21-22 years 83 40.9 93.19±27.69

23 years and above 51 25.1 112.00±33.41

Gender

Male 71 35 97.89±33.23
0.618 0.537

Female 132 65 94.60±29.11

Class

2nd class 71 35 90.45±32.13

4.65 0.0983rd class 78 38.4 95.83±25.46

4th class 54 26.6 102.59±34.23

Owning a computer

Yes 127 62.6 98.37±31.67
-1.406 0.160

No 76 37.4 91.45±28.35

Device used in distance education

Desktop computer 14 6.9 109.57±34.90

2.778 0.249Laptop 76 37.4 95.51±31.33

Mobile phone 113 55.7 94.19±39.33

Computer skills

Low level 40 19.7 101.33±31.49

8.615 0.035
Moderate level 107 52.7 91.24±28.37

High level 48 23.6 97.04±31.70

Advanced level 8 3.9 120.38±36.31

Internet skills

Low level 15 7.4 100.33±26.17

3.763 0.288
Moderate level 97 47.8 94.81±30.09

High level 78 38.4 93.37±30.07

Advanced level 13 6.4 111.69±39.23

Daily internet usage time

3 hours or below 48 23.6 92.77±28.98

2.099 0.3504-6 hours 76 37.4 100.07±33.52

7 hours or above 79 38.9 93.41±28.36

Internet access status 

Hassle-free 52 25.6 108.40±32.65
-3.378 0.001

Problematic 151 74.4 91.39±28.66

Z: Mann-Whitney U test, X2: Kruskal-Wallis H test
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et al.38 found a favorable attitude towards e-learning among nursing 
students. Similarly, Balaman39 found that vocational school students 
had positive perspectives on web-based distance education. In contrast 
to these, other studies reported negative findings. Nursing education, 
which depends on psychomotor skills, requires lab courses and clinical 
practices during the undergraduate studies.40 Especially, existing studies 
on students of nursing and medicine during the COVID-19 pandemic 
showed that the students mostly preferred face-to-face learning and 
believed that distance education was insufficient in terms of lab courses 
and clinical practices.24,30,40 Similarly, the university students in the study 
of Karakuş et al.35 had negative opinions on distance education. In 
regards to this negative side, nursing students experienced difficulties 
in understanding applied courses13 and expressed that distance 
education was not suitable for nursing practice and consequently for 
the department of nursing.8,40 Based on these findings, we may suggest 
that measures to prevent infection from COVID-19 might be taken in 
order to start applied courses as soon as possible. Additionally, students 
might be informed that so any missed lab or clinical practice might be 
compensated for via in-person education at a convenient future date. 
Another reason for the negative opinions and attitudes of university 
students towards distance education may be related with the lack of 
necessary internet and communication infrastructure. Additionally, 
students may not be suited to distance education and may consider it 
as an ineffective method of learning. Students of health sciences are 
especially more anxious regarding distance education since they receive 
online applied courses. In order to overcome this problem, methods 
other than online courses might be preferred for applied courses and 
online courses should be supplemented with virtual simulation practice. 
Simulation in nursing has become one of the alternative methods of 
learning in nursing education due to the possible restrictions caused 
by pandemics, such as the COVID-19 pandemic. Simulation programs 
helps nursing students to analyze clinical cases, plan nursing care and 
evaluate their own performance.29 Additionally, we believe that these 
educations might be complemented with face-to-face courses in order 
to reach program learning outcomes. 

Determining students’ opinions and attitudes towards distance 
education is crucial in order to reveal the factors which may lead to 
negative perceptions, to make necessary interventions to change these 
perceptions and to properly design the learning environment.16 The 
analysis of the relationship between the descriptive characteristics of 
nursing students and their attitudes towards distance education in 
various studies revealed the importance of gender.34,41,42 This study, 
which aimed to determine the opinions and attitudes of nursing students 
towards distance education during the COVID-19 pandemic, found that 

the mean age of the participants was 21.62±1.90 years and most of them 
were female. Our findings were consistent with the findings of other 
studies on nursing students.8,40,43 Unlike these studies, gender in our study 
was not an important factor which influenced the attitudes and opinions 
of the participants. Regarding gender, we only found that female nursing 
students considered distance education as being more instructive. 
Additionally, we found that increasing age correlated with more positive 
opinions and attitudes towards distance education. Similarly, the students 
in the study of Düşünceli et al.26 generally considered distance education 
as being a more effective learning method as their ages increased. In our 
study, older students considered distance education as personally more 
suitable, effective and instructive. 

Sustaining effective distance education without interruption depends on 
the computer skills of the students and their access to the internet. In 
our study, those participants without internet access problems had more 
positive opinions on and attitudes towards distance education. These 
students also considered distance education as a personally suitable and 
effective learning method. On the other hand, those participants with 
internet access problems considered distance education as an instructive 
and familiar method. The study of Barış44 found that university students 
without internet access problems had positive attitudes towards 
distance education. We also found that participants with advanced 
computer skills had more positive attitudes towards distance education 
and considered it as an effective learning method. Additionally, those 
participants with high and moderate levels of computer skills believed 
that distance education was instructive. Ateş and Altun45 evaluated the 
effects of various factors on the attitudes towards distance education and 
found that experience of computer use and perceived computer skills 
significantly influenced attitudes towards distance education. Therefore, 
before starting distance education, students might receive courses to 
improve their computer skills regarding how to use the software for 
distance education. These courses may contribute to positive opinions 
and attitudes towards distance education. 

Study Limitations

The main limitation of this study was related with the fact that it was 
conducted on nursing students from a single university. Therefore, 
our findings may not reflect the opinions and attitudes of all nursing 
students towards distance education. 

CONCLUSION

The opinions and attitudes of nursing students towards distance 
education in our study was generally negative. These opinions and 
attitudes improved as the age of students increased, their internet access 

Table 2. Opinions on distance education scale and attitude scale towards distance education mean scores of the participants

Mean (SD) Min.-max. points

Opinion scale for distance education

Personal suitability 14.59±0.51 1-30

Effectiveness 10.16±0.41 1-25

Instructiveness 15.07±0.36 1-20

Familiarity 5.70±0.21 1-15

Total score average 45.50±0.77 5-90

Attitude scale towards distance education

Total score average 95.74±2.15 35-175

SD: Standard deviation, min: Minimum, max: Maximum
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Table 3. Relationship between opinions on distance education scale scores and descriptive characteristics of the participants

Scale score averages

Personal suitability Effectiveness Teaching Predisposition Total score average

Age 

20 years and below 12.29±5.37 8.04±3.75 16.80±4.18 6.25±3.14 43.38±8.63

21-22 years 13.61±6.80 9.32±5.18 15.25±4.86 5.30±2.82 46.49±10.62

23 years and above 19.29±8.39 14.37±7.12 12.43±5.76 5.57±2.95 51.67±11.98

X2 21.98 27.89 20.69 4.64 19.65

p 0.001 0.001 0.001 0.098 0.001

Gender

Male 15.03±8.08 10.92±6.62 13.86±5.56 5.96±3.24 45.76±12.53

Female 14.36±6.91 9.75±5.40 15.71±4.81 5.55±2.83 45.37±9.99

Z -0.056 -0.825 -2.310 -0.779 -0.243

p 0.955 0.409 0.021 0.436 0.808

Class

2nd class 13.61±7.09 9.41±5.35 15.82±4.82 5.80±3.44 44.64±9.22

3rd class 13.83±6.68 9.54±5.44 15.44±5.07 5.91±2.87 44.72±11.90

4th class 14.60±8.10 12.04±6.76 13.56±5.43 5.22±2.41 44.78±11.36

X2 5.81 5.05 5.73 1.58 3.59

p 0.055 0.080 0.057 0.453 0.166

Owning a computer

Yes 14.85±7.36 10.18±5.78 14.87±5.20 5.58±2.77 45.48±10.94

No 14.17±7.30 10.12±6.06 15.40±5.07 5.87±3.30 45.56±10.96

Z -0.704 -0.495 -0.654 -0.083 -0.286

p 0.481 0.621 0.513 0.934 0.775

Device used in distance education

Desktop computer 17.07±8.77 12.36±7.23 14.64±5.60 5.71±3.56 49.79±12.93

Laptop 14.62±6.80 9.96±5.56 14.88±5.02 5.46±2.63 44.92±10.68

Mobile phone 14.27±7.49 10.02±5.90 15.25±5.21 5.84±3.14 45.37±10.80

X2 1.826 1.815 0.402 0.600 1.612

p 0.401 0.403 0.818 0.741 0.447

Computer skills

Low level 14.08±7.77 10.08±6.04 14.20±5.61 6.40±3.51 44.75±13.49

Moderate level 14.17±7.04 9.52±5.55 15.49±5.00 5.77±2.85 44.94±10.21

High level 15.04±7.15 10.60±5.74 15.73±4.52 5.23±2.85 46.60±10.23

Advanced level 20.13±8.87 16.38±7.27 9.88±5.62 3.88±1.46 50.25±10.22

X2 4.121 8.767 8.199 7.184 2.497

p 0.249 0.033 0.042 0.066 0.476

Internet use skill

Low level 13.47±7.28 9.33±5.52 12.73±5.81 6.33±3.24 41.87±16.90

Moderate level 14.56±7.24 9.95±5.68 15.39±5.02 6.16±3.17 46.06±10.20

High level 14.67±7.31 10.18±5.99 15.55±5.00 5.14±2.63 45.54±10.64

Advanced level 15.69±8.78 12.54±6.70 12.46±5.22 4.69±2.66 45.38±3.79

X2 0.405 2.487 7.546 7.197 1.310

p 0.939 0.478 0.056 0.066 0.727

Daily internet usage time

3 hours or below 13.75±6.56 9.06±4.02 14.38±4.45 5.17±2.30 42.35±9.86

4-6 hours 15.77±7.94 11.14±6.30 14.63±5.12 5.86±3.31 47.41±10.73

7 hours or above 13.96±7.10 9.87±5.84 15.91±4.93 5.85±3.00 45.59±11.39

X2 2.057 3.040 3.519 0.441 5.079

p 0.358 0.219 0.172 0.802 0.079

Internet access status 

Hassle-free 16.98±7.95 12.69±6.41 13.27±5.75 4.65±2.31 47.60±10.42

Problematic 13.77±6.94 9.28±5.42 15.69±4.78 6.05±3.10 44.79±11.26

Z -2.626 -3.749 -2.694 -2.928 -2.271

p 0.009 0.001 0.007 0.003 0.023

Z: Mann-Whitney U test, X2:Kruskal-Wallis H test
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problems decreased and they had higher computer skills. Consequently, 
in case of the possible extension of distance education in universities 
due to the COVID-19 pandemic, universities or the government might 
provide unlimited internet access to university students and initiate 
programs to increase their computer skills. Asynchronous lectures might 
be used as an alternative to synchronous lectures in case of internet 
access problems. In such cases, flipped classroom, lecture videos or 
discussion platforms may be used to gain access to resources prior to the 
course. Additionally, the content of applied courses might be enriched 
and learning methods, such as, virtual reality platforms, digital game-
based learning or video-based learning could be used to improve the 
skills of the students. Given that the course and the length of pandemic 
is currently unknown, universities might prepare emergency plans in 
order to cope with possible developments. Curriculum or course plans 
might be revised in order to compensate for the lab courses and clinical 
practices postponed due to COVID-19 pandemic, with face-to-face 
courses once the universities have reopened. 

MAIN POINTS

•  The opinions and attitudes of nursing students towards distance 
education in our study was generally negative. 

•  These opinions and attitudes improved as the age of students 
increased, their internet access problems decreased and when they 
had higher computer skills.

•  Curriculum or course plans might be revised in order to compensate 
for lab courses and clinical practices postponed due to the COVID-19 
pandemic with face-to-face courses once the universities have 
reopened. 
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INTRODUCTION

Respiration, the most basic physiological human need, is based on 
oxygen (O

2
) reaching the body’s cells and the removal of carbon 

dioxide from cells.1 Since it cannot meet the metabolic requirements, 
O

2
 binds to hemoglobin (Hb) and enters circulation as oxyhemoglobin. 

The binding rate of O
2
 to Hb is defined as “O

2
 saturation” and 

expressed as a percentage. While arterial O
2
 saturation is shown as 

“SaO
2
”, peripheral O

2
 saturation is shown as “SpO

2
”.2,3 SaO

2
 refers to the 

O
2 
saturation of Hb in erythrocytes. The normal O

2 
saturation value is 

between 90-100%.4-6

Monitoring the SpO
2
 levels of patients in the assessment of the 

respiratory process and the vital functions of the patient and for the 
early detection and intervention of hypoxic conditions is one of the 
fundamental duties of the nurse. This level is measured and evaluated 
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by nurses through analysis of an invasive arterial blood gas sample or 
by using a pulse oximeter device non-invasively.7 

Pulse oximeters entering into the health care scene for the first 
time in 1850 with Sechenov’s experiments8 and have now reached 
the ability to follow up patients from home by becoming android-
based mobile devices enabling them to be used easily in non-clinical 
environments with today’s technology.9 Pulse oximeters consist of a 
probe and a monitor.10 There is a photo-transmitter with light emitting 
diodes emitting infrared rays (at 940 nm wave width) and red light (at 
660 nm wave width) on one side of the pulse oximeter probe and a 
photodetector receiving these light wave lengths on the other side. 
In the monitor section, the absorption degree of these wavelengths is 
determined and the O

2
 saturation value and the heart rate are displayed 

on the screen as a wave sample.11 The types of pulse oximeter devices 
are desktop, finger, portable and those which can be connected to bed-
side monitors.12 There are forehead, ear, nose, and finger probes which 
can be connected to pulse oximeter devices. These probes are either 
detachable clip-on or adhere to the skin.6 

Pulse oximeters are easy-to-use and painless10,11 devices which have 
the capability to measure arterial blood O

2 
saturation, do not require 

calibration, have a high accuracy rate and widespread usage in the 
medical world. Pulse oximeters are used in patients with impaired 
respiratory and circulatory system, operating rooms, intensive care 
units, emergency departments, clinics, when transferring patients and 
during patient follow-up at home.6 In addition, pulse oximeters have a 
great importance in determining silent hypoxia during the coronavirus 
disease 19 pandemic period in the current situation.13 The use of pulse 
oximeters which provide information on the patient’s immediate status 
quickly and with low cost is advantageous since they are portable and 
rechargeable. Since the measurements are performed with a non-
invasive method, they do not have any complications such as damaging 
veins. However, burns arising from not replacing the pulse oximeter 
probes at proper intervals, allergies to sticky probes, and tissue ischemia 
risk are some of the disadvantages in their use.6,14,15

The reliability of the SpO
2 

value is affected by having a clean and 
dry area, skin color, nail varnish and henna, perfusion insufficiency, 
excessive movement, ambient light, proper placement of the probe 
and appropriate probe selection. The fact that nurses know the working 
mechanism of pulse oximeters, how to use them and what affects 
O

2
 saturation reduces measurement errors.7,16 Knowing the factors 

affecting the use of pulse oximeters and the reliability of the SpO
2
 values 

measured in pulse oximetry and following up the patient’s oxygenation 
are important in terms of medical treatment and nursing care. The fact 
that nurses evaluate SpO

2
 correctly and prepare a nursing care plan 

concerning any problems in this regard increases the efficiency of the 
care given to the patients.

Studies have revealed that nurses have a lack of knowledge about 
the use of pulse oximeter. For example, in their study, Kiekkas et al.17 
stated that the knowledge mean scores of the nurses on a total of 21 
information evaluation questions were x ͞=12.8±3.2. In this study, it 
was seen that the lack of knowledge was mostly related to the working 
principles of pulse oximeters. In a study which was similar to the present 
study in terms of methodology conducted by Yıldız et al.18 on intensive 
care nurses in a university hospital in Türkiye, it was observed that the 
knowledge mean score was 14.52 out of a total of 26 statements for the 
use and the principles of pulse oximeters. The results of this research 

show that nurses do not have enough knowledge about first aid for 
hypoxic patients. Apart from these, from the late 90s to the present day, 
we have come across several studies investigating the level of nurses’ 
knowledge about the use pulse oximeters in many different countries.19 
Studies have shown that there was a lack of knowledge about the use 
of pulse oximeters, and at this point, training should be organized 
regarding both the use of pulse oximeters and their working principles. 
The study of Stathoulis et al.20 showed the effect of training on the level 
of knowledge of health care personnel.

Pulse oximeters, which are known to be widely used in critical areas, 
have become tools which can be used in daily life from home care to 
critical areas, and even in mobile devices. In terms of patient care and 
safety, it is very important that nurses, responsible for caregiving and 
patient education, have sufficient knowledge and experience about 
pulse oximetry. For these reasons, our research was implemented in all 
units of a university hospital in Türkiye in order to assess the theoretical 
information and the behavior of the nurses regarding pulse oximetry.

MATERIALS AND METHODS

Study Design and Participants

This descriptive study was conducted in a university hospital located 
within the boundaries of Ankara province. The population of the study 
consisted of all the nurses (n=588) working in the university hospital 
located within the boundaries of Ankara province. This research was 
conducted with a total of 393 nurses who volunteered to participate in 
this study and were not off duty or on sick leave at the time of this study. 
The rate of participation in this research was 66.8%.

Data Collection 

The data were collected by using a questionnaire developed by the 
researcher. The questionnaire consisted of three parts. In the first part, 
there were 15 questions about the descriptive characteristics of nurses 
and the use of pulse oximeters. The second part included an information 
test which identifies the pulse oximeter device and consists of correct 
or incorrect statements (a total of 28 statements) about which situations 
can affect the value read in pulse oximeter devices. The second part 
was developed specifically for this study because no instrument which 
captured the relevant content with measured reliability and validity was 
available after a literature review. There are 12 statements which assess 
the possible situations where nurses use pulse oximeters in the last part 
of the questionnaire. The nurses were asked to mark the appropriate 
answers from the options of “always”, “occasionally” or “never” for the 
frequency of use of pulse oximeters.

In order to ensure the content validity of the questionnaire in this 
study, the opinions of three experts in the nursing field and an expert 
in the field of assessment and evaluation in education were obtained. 
Whether or not each item in the questionnaire was appropriate for the 
assessment instrument was evaluated by these experts at the content 
validity phase. The necessary modifications were made in line with 
the suggestions received from the experts. A preliminary application 
was carried out by obtaining the written consent of 20 nurses using a 
face-to-face interview technique through pre-scheduled appointments. 
Those nurses who were interviewed in the pre-practice were excluded 
from the final sample. The questionnaire was evaluated in accordance 
with the feedback received from the preliminary application and it was 
reassessed and arranged in terms of its flow order, function, and quality. 
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This study was conducted between the 15th of March and the 15th of 
June, 2014. The nurses who signed the informed consent form were 
asked to respond to demographic questions and to mark as “correct” 
or “incorrect” options for the knowledge expressions and to mark as 
“always”, “occasionally” or “never” for the behavior expressions. It took 
approximately 20 minutes to complete the questionnaire.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 21.0 (IBM 
SPSS Corp.; Armonk, NY, USA) was used for statistical analyses. The 
demographic data were analyzed in percentages. We eliminated 3 
questionnaire forms as they were not completely filled out. Thus, the 
data obtained from 393 questionnaires were analyzed. One point was 
given for each correct answer of the respondents to the statements, 
and then, the total score was calculated. Mean, standard deviation, 
minimum, and maximum values were used to indicate the knowledge 
scores of the nurses. While the normality of numerical variables was 
examined by the Shapiro-Wilk test, the homogeneity of variances were 
investigated by Levene’s test. Since the parametric test conditions were 
not met, the Mann-Whitney U test was used to examine whether or 
not there was a difference between the knowledge mean scores and 
status of using pulse oximeter of the nurses. Kruskal-Wallis and Siegel-
Castellan tests were used for the multiple group comparisons. Statistical 
significance was set at p<0.05.

Ethics Committee Approval 

The study protocol was officially approved and ethics committee 
approval was obtained from Ankara University Ethics Committee 
(approval number: 160/961, date: 19.12.2013). We obtained written 
permission from the medical directors of the hospitals and written 
informed consent from the nurses who agreed to participate in this 
study.

RESULTS 

Table 1 shows the descriptive characteristics of the nurses participating 
in this study. The average age of the nurses was 33.15±7.39 years and 
39.7% were in the age group of 28-36 years. It was observed that the 
nurses participating in this study received different nursing education, 
and more than half of the nurses (58.5%) had a bachelor’s degree in 
nursing, and 4.6% had postgraduate education in nursing. One out of 
five nurses participating in this study (20.4%) stated that they had been 
working as a nurse for 1-5 years; and another one out of five (20.9%) 
stated they had been working as a nurse for 6-10 years. 33.6% of the 
nurses were working in critical units, 22.4% were working in surgical 
units, and 21.9% were working in internal medicine units.

More than half of the nurses (62.6%) followed up their patients by 
using a pulse oximeter. While patient follow-up pulse oximeter use was 
highest for those cases requiring emergency intervention (43.3%), the 
rate of pulse oximeter use was 21.1% in routine/all patient follow-up. 
When the distribution of the body parts measured by the pulse oximeter 
was examined, on the finger was highest with a rate of 73.4% and on the 
toe was in second place with a rate of 15.7%; whereas, only one person 
was taking measurements from the nose (0.3%) (Table 1).

It was determined that 49.5% of the nurses received their information 
about pulse oximeter at school during their nursing education and 
39.2% received this information in the hospital via in-service training. 

The rate of receiving information from journals and articles was only 
4.9% among the information sources regarding pulse oximeters (Table 1).

Table 2 shows the distribution of responses given by the nurses to the 
pulse oximeter related statements. The “Failure to properly place the 
pulse oximeter probe affects the pulse oximeter value” statement was 
given correct answers at the highest rate (83.5%) from all the statements. 
The nurses gave correct answers with the highest rate (81.7%) for the 
statement about the measurement made on the finger among the 
statements about the correct placement of the light source of the pulse 
oximeter probe. The most incorrectly answered statements about the 
placement of the light source of the pulse oximeter probe were those 
statements about the correct measurement parts of the pulse oximeter 
on the forehead (89.1%), nose (78.4%) and ears (76.1%). 74.6% of the 
nurses gave the correct answer to the statement about the limit of the 
value read from the pulse oximeter and 69.2% gave the correct answer 
to the statement on what the pulse oximeter measures.

The nurses gave correct answers for the statements about the factors 
affecting the value read from pulse oximeter mostly for the proper 
placement of the pulse oximeter probe (83.5%), for shivering and 
tremors (73.5%), and for the humidity of the measurement area (71.8%). 
75.6% of the nurses responded incorrectly to the effect of surgical lights 
on the values given by pulse oximeters (Table 2). 

The knowledge mean score of the nurses to the total of 28 statements 
was x ͞ =15.06±6.0. This result indicated that 53.8% of the statements 
were known correctly by the nurses. There was no nurse who responded 
to all of the statements correctly.

There was no statistically significant difference between the average ages 
of the nurses and their knowledge mean scores (p>0.05). The difference 
between the knowledge mean scores and educational levels, working 
periods and the units of the nurses was found to be significant (p<0.05). 
When their educational levels were examined, it was observed that the 
knowledge mean scores of those nurses with a bachelor’s degree were 
significantly higher than the knowledge mean scores of those nurses 
with an associate’s degree in nursing and vocational health school 
education in advanced statistical analysis. In the pairwise comparison 
related to the working period, it was determined that the difference 
between the groups was between those nurses working for 20 years or 
more and those nurses working for 1-5 years and the knowledge mean 
scores of those nurses having a working period of 20 years or more were 
significantly lower. The knowledge mean scores of the nurses working in 
the critical units were observed to be higher than that of those working 
in the other units (p<0.05). The difference between the nurses’ status of 
using pulse oximeter and their knowledge mean scores was determined 
to be significant (p<0.05) (Table 3).

Table 4 examines the frequency of nurses’ actions of using pulse 
oximeters in certain possible situations. It was determined that 
the nurses “always” used pulse oximeter for following up patients 
with respiratory problems (79.4%), for following up patients using 
mechanical ventilators (75.1%) and for following up patients after a 
surgical operation (67.4%). 

DISCUSSION 

Pulse oximeters are very important devices for detecting hypoxic events 
which are considered as an additional indicator in assessing vital signs 
which are not visible in various situations.21 Nurses are responsible 
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for knowing how patients’ O
2
 saturation values are measured and the 

correct measurement techniques in order to follow-up the patient’s 
saturation. Therefore, the nurses’ knowledge about pulse oximeters is 
very important in terms of the correct evaluation of the patient.

In our study, the mean score for the knowledge of nurses regarding the 
total of 28 statements including pulse oximeter knowledge statements 

was 15.06±6.0. In this study, it was observed that the knowledge mean 
score of the nurses was not at the expected level when considering 
that more than half of the nurses participating in the present study 
used pulse oximeter in their units and about half of the nurses were 
working in the critical units. This situation revealed that the nurses 
were conducting measurements without knowing the details of the 
technological device they were using. When similar studies were 

Table 1. Descriptive characteristics of the nurses (n=393)

Descriptive characteristics n %

Age groups

19-27 111 28.2

28-36 156 39.7

37-45 101 25.7

46+ 25 6.4

Average age mean score (± SD): 33.15±7.39, minimum: 19, maximum: 53

Educational level/graduation

Vocational health school 77 19.6

Associate degree 68 17.3

Bachelor’s degree 230 58.5

Postgraduate degree 18 4.6

Clinical experience (in years)

<1 43 10.8

1-5 80 20.4

6-10 82 20.9

11-15 58 14.8

16-20 53 13.5

>20 77 19.6

Department

Critical units 132 33.6

Surgical units 88 22.4

Internal units 86 21.9

Outpatient clinic 56 14.2

Mixed units 14 3.6

Special branch nursing 12 3.1

Management 5 1.2

Nurses’ use of pulse oximeter in the units (n=393)

Using 246 62.6

Not using 147 37.4

Body parts measured by pulse oximeter (n=331)†

Finger 246 74.3

Toe 53 16.0

Earlobe 31  9.4

Nose 1  0.3 

Place where the training/information on pulse oximeter was received (n=416)†

At school during nursing education 163 49.5

In the hospital with in-service training 129 39.2 

Experience, learning from other occupational members 68 17.3 

The internet 37 11.2 

Related journals and articles 16 4.9

Conferences, courses, seminars 3 0.8

†Since the nurses responded to more than one option, “n” is multiplied, SD: Standard deviation, min: Minimum, max: Maximum
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examined,17,18,22-24 we came across several studies, the results of which 
are compatible with the results of our research. In the study of Yıldız 
et al.18 that was conducted with nurses of an intensive care unit at a 
university hospital in Türkiye, it was observed that nurses had relatively 
low averages on their knowledge scores for the use of pulse oximeters. 
In their study, the insufficiency of the knowledge score average was 
explained by the fact that most of the participants gained their first 
experience on pulse oximeter use during their clinical practices and 
they did not receive sufficient formal education on pulse oximetry. In 
the study of Nimbalkar et al.22 from India, it was noted that the average 
knowledge score for the use of pulse oximeter was below expectations 
and the average knowledge scores of the nurses with formal education 
were higher for theoretical knowledge questions. The study of 
Milutinovic et al.23 from Serbia stated that the average knowledge scores 
were low mainly for those questions regarding the principles of pulse 
oximeter use and an increase in the level of knowledge for this is a 
situation which can be achieved with formal education, not through 
experience. On the other hand, Kiekkas et al.17 stated that knowledge is 

mostly obtained with clinical experience rather than formal education 
with regards to low levels of pulse oximeter knowledge score averages. 
Seeley et al.24 stated that there were considerable deficiencies regarding 
the theoretical factors affecting the practice and interpretation of pulse 
oximeters in their study with fresh graduates who had some clinical 
experience. The findings of their study are similar to the knowledge 
score average in our study. In our study, half of the participants had 
received information about pulse oximeter at school during their formal 
education, and nearly half of them had received in-service training. The 
low number of those who had received formal education and those 
who had received in-service training after graduation may explain 
the result that the knowledge point average was not at the expected 
level. In addition, the research conducted by Elliot and Williamson25 
in 2020 offers a new perspective on the lack of knowledge of nurses 
on the use of pulse oximeters. Elliot and Williamson25 examined the 
lecture notes about pulse oximetry in 32 current nursing books used 
by undergraduate students and concluded that superficial and variable 
information may be one of the factors associated with this lack of 

Table 2. Distribution of nurses’ responses to statements about pulse oximetry (n=393)

No Statements

Those who gave the correct 
answers

 n %

1. Pulse oximeters are an invasive assessment tool 269 68.4

2. The adhesive pulse oximetry sensors are disposable† 165 42.0

3. Heart rate is assessed by pulse oximeters† 245 62.3

4. Respiratory rate is measured by pulse oximeters 245 62.3

5. Partial oxygen pressure is measured by pulse oximeters 100 25.4

6. Pulse oximeters measure the amount of oxygen carried by hemoglobin† 272 69.2

7. When measuring from the finger, the light source of the pulse oximeter should be on the nail† 321 81.7

8. The location of the pulse oximeter probe should be changed every 8 hours 80 20.4

9. Pulse oximeter probes may cause burns if they remain in the same area for a long time† 101 25.7

10.
In the forehead measurement, the light source of pulse oximeter should be placed just above the eyebrows by centering the 
iris† 43 10.9

11. If the value read from the pulse oximeter is 80, then the patient does not need oxygen support 293 74.6

12. The region in which the pulse oximeter probe is placed should be evaluated for allergic reactions† 196 49.9

13. In measurements on the ears, the light source of the pulse oximeter should be on the tragus 94 23.9

14. In measurements on the nose, the light source of the pulse oximeter should be on the nose wing† 85 21.6

15. The pulse oximeter value is affected by the humidity of the measurement area of pulse oximeter† 282 71.8

16. Dried liquid or blood on the pulse oximeter probe does not affect the pulse oximeter value 266 67.7

17. Failure to place the pulse oximeter probe properly affects the pulse oximeter value† 328 83.5

18. Surgical lights on the pulse oximeter probe do not affect the pulse oximeter value 96 24.4

19. Hypothermic state affects the reading time of the pulse oximeter device† 275 70.0

20. Carbon monoxide poisoning does not affect pulse oximeter values 252 64.1

21. Dark nail polishes affects pulse oximeter values† 265 67.4

22. Fake nails affect pulse oximeter values† 267 67.9

23. The presence of anemia does not affect pulse oximeter values 201 51.1

24. Excessive movement of the probe-inserted extremity affects shivering and tremor pulse oximeter value† 289 73.5

25. Hypotension affects pulse oximeter values† 184 46.8

26. The probe attached to the extremity where the patient follow-up instruments are located does not affect pulse oximeter values 244 62.1

27. Peripheral vascular disease affects pulse oximeter values† 271 69.0

28. A tight connection of the pulse oximeter probe does not affect pulse oximeter values 191 48.6

†Correct statements
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knowledge. When the contents of the books were examined, it was 
determined that there was not enough information on how the pulse 
oximeter works, what the pulse oximeter measures and how O

2
 enters 

the tissues, and there was no correlation between those resources in 
terms of conveying the information completely.25 

Unlike these studies, it was seen in the study of Raza et al.,26 (USA, 
2019) that the knowledge score average of the participants was higher 

than ours and the other studies we discussed above. It is thought that 
this difference arises from the differences in the nursing curriculums 
between countries.26 As in the countries where these studies were 
conducted,17,18,22-24 there is no examination for this field after 
undergraduate graduation in Türkiye. However, U.S. nursing candidates 
must pass the national NCLEX exam upon successful completion of their 
nursing school to be eligible to work as a Registered Nurse.26 This exam 
covers a variety of basics, including information on the respiratory 

Table 3. Distribution of the knowledge mean scores on pulse oximetry according to the descriptive characteristics of the nurses (n=393)

Demographical variables Knowledge mean score (for 28 statements)

Number Mean ± SD Min. Max. Pair-wise comparison

Age groups

19-27 111 16.51±4.2 2 25

28-36 156 15.47±5.5 0 25

-37-45 101 13.35±7.2 0 26

46+ 25 13.00±8.5 0 24

Evaluation† KW=7.623; p>0.05

Educational level/graduation

1. Vocational health school 77 13.66±6.3 0 24 2-3

2. Associate degree 68 10.43±8.0 0 22 2-4

3. Bachelor’s degree 230 16.73±4.1 1 26 1-3

4. Postgraduate degree 18 17.33±5.7 6 25 -

Evaluation‡ KW=39.636; p<0.001

Clinical experience (in years)

1. <1 43 15.37±4.1 2 22

2-6

2. 1-5 80 16.94±3.7 7 25

3. 6-10 82 15.82±5.6 0 25

4. 11-15 58 15.07±5.3 0 23

5. 16-20 53 14.72±6.7 0 25

6. >20 77 12.38±7.9 0 26

Evaluation‡ KW=13.308; p<0.05

Unit

1. Critical units 132 16.70±4.5 2 25

1-4

2. Surgical units 88 15.10±5.3 0 22

3. Internal units 86 15.49±5.2 0 23

4. Outpatient clinic 56 10.82±8.7 0 24

5. Mixed units 14 15.29±5.4 0 21

6. Special branch nursing 12 13.00±8.25 1 26

7. Management 5 15.90±3.9 11 21

Evaluation‡ KW=17.837; p<0.05

Use of pulse oximeters in units by nurses

Using 246 16.98±4.0 0 25

-Not using 147 11.86±7.2 0 26

Total 393 15.06±6.0 0 26

Evaluation† Z=-6.920; p<0.001

In-service training on the use of pulse oximeter

Trained 129 16.86±4.1 0 25

-Not trained 200 16.20±4.7 0 26

Total 329 16.46±4.5 0 26

Evaluation† Z=-1.120 p>0.05

†Kruskal-Wallis test was conducted. ‡Kruskal-Wallis and Siegel Castellan tests were conducted. SD: Standard deviation, Min.: Minimum, Max.: Maximum
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system, such as pulse oximetry. For this reason, students who are 
preparing for this exam are encouraged to have sufficient knowledge 
about pulse oximetry. Thus, the knowledge of the student remains 
up to date after graduation; the high knowledge scores of the nurses 
participating in the U.S. study can be explained by this situation.26

It was observed that the knowledge mean scores of those nurses who 
had higher education, received in-service training, had a working period 
of 1-5 years, and were working in critical units were higher. This can be 
explained by the fact that the education of newly graduated nurses is 
more up-to-date compared to those nurses who have been working for 
6 years or more, and these new graduates are employed more often in 
critical units in our country and they use technology more effectively. 
The fact that technological devices are used more frequently in critical 
areas indicates that the knowledge levels of the nurses working in these 
units are higher. In addition, this situation reveals the effect of in-
service training on the importance of updating information. Stathoulis 
et al.20 emphasize the effectiveness and importance of training related 
to the use of pulse oximeters in their research which was carried 
out with 78 nurses in Greece. It was stated in their research that the 
average knowledge score increased significantly after training. Thus, 
it can be concluded that in-service training increases the knowledge 
levels of nurses. Unlike the results of our study, it was reported that 
the knowledge point averages of those nurses with a working period 
of more than 10 years were found to be higher in the study of Kiekkas 
et al.17 In the results of Nimbalkar’s22 study conducted in a tertiary 
hospital in India, no significant difference was found among the pulse 
oximeter knowledge scores between those nurses working for less than 
one year and for those working for more than one year, and between 
those nurses working in the intensive care unit and those working in 
other units. 

When the distribution of the responses given by the nurses to the 
statement “what pulse oximetry measures” was examined, it was 
observed that they generally did not have exact knowledge on what 
a pulse oximeter measures. It was observed that the nurses knew 
that O

2
 saturation is measured by pulse oximeters but they did not 

know the connection between O
2
 saturation and PaO

2
. This makes us 

think that nurses only superficially use these medical devices in the 
clinical setting. When the studies conducted in different countries were 
examined,18,22,27 their results were found to be compatible with the 
results of the present study. In the study conducted by Yıldız et al.18 with 
72 intensive care nurses in Türkiye, it was stated that “Pulse oximetry 
measures partial O

2 
pressure” was the most frequently given wrong 

answer among the information propositions regarding pulse oximetry. 
In the study conducted by Bader in Saudi Arabia27 which had similar 
features in terms of the method performed, it was stated that only 22% 
of the participants among 66 pediatric nurses gave the correct answer 
to “what the pulse oximeter measures”. In Bader’s study, it was stated 
that while 33% of the nurses knew the measurement value of the O

2
 

saturation read in the pulse oximeter, only 12% of them answered the 
measurement percentage of PaO

2
 correctly. In the study of Milutinovic 

et al.23 in Serbia, it was seen that there was a lack of knowledge on the 
meaning of pulse oximeter values and how to interpret them.

It can be asserted that there is a general lack of theoretical knowledge 
about the use of pulse oximeters by nurses, even when the education 
differences between countries were considered. In addition, these 
findings suggest that nurses access information from other professional 
members through a master-apprentice relationship without obtaining 
information from a guide or source on the subject and they gain 
experience without establishing a cause-effect relationship.

It was observed that more than half of the nurses gave the correct 
answer to the statement about the measurement made on the finger 
from the statements including the correct placement areas of the pulse 
oximeter probe on the body regions measured and they responded to 
the other statements at low rates. This is thought to be associated with 
the fact that measurements are performed mostly on the finger in the 
hospital where the study was conducted.

Correct answers were given mostly to those statements of proper 
placement of the pulse oximeter probe, and shivering and tremor 
among those factors affecting the value given by pulse oximeters. When 
considering that nearly half of the nurses participating in the present 
study were working as critical field nurses, the high level of response to 
this statement was a positive result. Conditions due to perfusion failure 

Table 4. Nurses’ status of evaluating the frequency of behavior related to the use of pulse oximeter in certain possible situations (n=393)

No Behavior/action statements
Always Sometimes Never

No (%) No (%) No (%)

1 I use a pulse oximeter during transfers between clinics. 100 25.4 189 48.1 104 26.5

2 I use a pulse oximeter in the follow-up of patients taking vasodilators and sedative drugs. 201 51.1 104 26.5 88 22.4

3 I use a pulse oximeter in the follow-up of patients taking inotropic drugs. 179 45.5 94 23.9 120 30.5

4
In addition to blood pressure, pulse rate, respiratory rate, and the body temperature, I measure and 
record the values read on the pulse oximeter on the first admission of patients to the clinic.

181 46.1 120 30.5 92 23.4

5 I use a pulse oximeter in the follow-up of patients connected to mechanical ventilators. 295 75.1 34 8.7 64 16.3

6 I use a pulse oximeter during the insertion of central catheter. 205 52.2 99 25.2 89 22.6

7 I use a pulse oximeter during invasive diagnostic methods related to chest diseases. 264 67.2 59 15.0 70 17.8

8
I use a pulse oximeter during invasive diagnostic procedures for the determination of cardiovascular 
diseases.

230 58.5 81 20.6 82 20.9

9
I use a pulse oximeter during the interventional procedures used in the diagnosis of gastrointestinal 
system diseases.

129 32.8 132 33.6 132 33.6

10 I use a pulse oximeter in patient follow-ups in the post-operative period. 265 67.4 61 15.5 67 17.0

11 I use a pulse oximeter in the follow-up of patients with respiratory problems. 312 79.4 35 8.9 46 11.7

12 I use a pulse oximeter in the follow-up of patients undergoing hemodialysis. 173 44.0 124 31.6 96 24.4
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may cause the value read on the pulse oximeter to be misinterpreted. 
Accordingly, it was determined that the nurses participating in our study 
generally gave correct answers to the questions on this subject. In the 
study conducted by Yıldız et al.18, it was stated that 70.8% of the nurses 
who frequently used pulse oximeters knew that a moving extremity 
had an effect on the measurement reliability of the pulse oximeter. 
These findings show similar results with our study. Similarly, most of 
the nurses correctly answered that pulse oximeters cause false readings 
in cases of perfusion failure and in cases of movement in the studies of 
Milutinovic et al.23, Seeley et al.24 and Giuliano and Liu.28 

Since the pulse oximeter is designed to detect oxygenated and reduced 
Hb types, it causes incorrect SpO

2
 reading in the presence of other Hb 

types such as methemoglobin and carboxyhemoglobin. More than 
half of the nurses participating in the present study knew that carbon 
monoxide poisoning has an effect on the value read on pulse oximeters. 
The high rate of correct answers to this statement was an important 
result for our study. At the same time, in our study, we saw that critical 
field nurses had high averages on their knowledge scores. Especially in 
emergency services, nurses who have high levels of knowledge in this 
field may play an active role in the treatment of patients with carbon 
monoxide poisoning. In the study conducted by Lee et al.29 with 44 
emergency workers through a similar method, most of the participants 
correctly knew that carbon monoxide poisoning has an effect on the 
pulse oximeter value, in parallel with our research results.

It is remarkable that the frequency of following up a patient’s vital 
results and also their O

2
 saturation value with pulse oximeter use in 

possible cases was given as “always” at a rate of only 46.1%. The fact 
that this behavior was not always carried out indicated that the nurses 
participating in the present study did not evaluate the O

2
 saturation 

assessment as a vital result and pulse oximeters were not always used 
when necessary. 

In our study, we saw that the frequency of using pulse oximeters in 
situations which required supplementary O

2
 was quite high when the 

actions of the nurses regarding these possible situations was examined 
(Table 4). It was seen in the study of Milutinovic et al.23 that most of 
the nurses stated that a pulse oximeter should be used when patients 
received O

2
 support.

The generalizability of our findings is limited due to the fact that our study 
was a single-center study. Although this study was conducted in a medical 
faculty hospital in a large city in Türkiye, it revealed the conclusion that 
the nurses’ knowledge about pulse oximetry was not at the desired level. 
Our results indicated a significant gap about pulse oximeters and their 
measurement and so we can conclude that continuous training is needed. 
The place of pulse oximeters in the evaluation of vital signs and also 
that the device is a quick source of information about the oxygenation 
of patient are supported by the literature. It is thought that the present 
study can help to determine the training needs of nurses regarding the 
evaluation of O2 saturation, to create a protocol about the use of pulse 
oximeters by hospital management, to eliminate any deficiencies which 
may be experienced in practice, to enhance the quality of patient care 
and to contribute to the literature.

MAIN POINTS

•  The measurement of oxygen saturation is considered as an
additional indicator for measuring vital signs.

•  The measurement of oxygen saturation by pulse oximeters is a part
of nursing care allowing for rapid evaluation of patients.

•  Training should be regulated to meet the knowledge gaps regarding 
pulse oximeters and their measurements.
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