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Immunosuppressive medication adherence and
affecting factors in solid organ transplantation patients:
a mixed-methods study

Emine Selda Giindiiz'®, Nihal Kiraz’?®, Aycan Kiiciikkaya’®, Polat Goktas*®

!Department of Medical Services and Techniques, Vocational School of Health Services, Akdeniz University, Antalya, Tiirkiye; *Organ
Transplant Clinic, Akdeniz University, Antalya, Tiirkiye, *Department of Hematology Inpatient Service, Ko¢ University Hospital, Istanbul,
Tiirkiye; *UCD School of Computer Science, University College Dublin, Belfield, Dublin, Ireland

ABSTRACT

Objectives: Transplantation is a form of treatment that requires long-term pharmacotherapy. After transplan-
tation, patients may have difficulty adapting to medication use for various reasons, and this may result in re-
jection. The aim of this study is to determine participants’ medication compliance and the factors affecting it.
Methods: The research was conducted with a sequential explanatory mixed method. In the study, quantitative
data were collected using the Turkish Immunosuppressive Medication Adherence Scale, and qualitative data
were collected using the In-Depth Individual Interview Guide. Quantitative data were analyzed using statistical
methods, and qualitative data were examined according to Braun and Clarke's thematic analysis framework.
Results: In this study, 62.3% of the participants were male, 37.0% were 50 years old and over, 71.3% lived
with their spouse, 54.0% had primary and secondary school education, and 42.0% could not work due to their
current health condition. From a clinical perspective, it was determined that 78% of the transplants were kidney
transplants, and 41.3% were more than 4 years after transplantation. 74.3% of the transplants were from living
donors. The mean score of the immunosuppressive medication compliance scale was determined to be
40.91+4.09. In the qualitative data analysis of the study, factors affecting medication adherence were examined
and the themes of "individual factors", "complexity of the regimen" and "social support resources" were ob-
tained. The sub-themes of the individual factors theme are reluctance, hopelessness and addiction; Sub-themes
of the complexity of the regimen theme are drug side effects and polypharmacy; The sub-themes of the social
support resources theme are loneliness and family pressure.

Conclusions: The factors influencing medication adherence among organ transplant recipients have been in-
vestigated, revealing that adherence levels vary significantly depending on various factors. These findings un-
derscore the importance of tailored care strategies and individualized support approaches.

Keywords: Transplantation, medication adherence, nursing, mixed-methods study

tive care have gradually improved the out- long-term graft loss remains a significant problem [2].

ﬂdvances in surgical technique and periopera- However, despite advances in short-term outcomes,
comes of solid organ transplantation [1]. Graft rejection is one of the main causes of graft loss
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after transplantation; Therefore, understanding the fac-
tors that influence graft rejection is important to pro-
mote graft survival [3]. Additionally, rejection and the
resulting increased burden of immunosuppression in-
crease hospitalization rates, health care costs, and the
risk of death from cardiovascular disease and cancer [4].

Immunosuppressive medications are still consid-
ered a critical component in the post-transplant care
of patients [5]. Immunosuppressive drugs are critical
to improve survival and quality of life of post-trans-
plant patients [6]. Regular use of immunosuppressants
has a crucial role in minimizing graft loss and maxi-
mizing health outcomes in solid organ transplant re-
cipients; However, drug regimens are complex and
difficult [7]. One of the most important and often un-
derestimated modifiable factors that strongly influ-
ences graft fate is drug nonadherence [8].
Incompatibility is one of the three main causes of post-
transplant organ failure, along with organ rejection and
infection [9]. Treatment compliance is defined by the
World Health Organization (WHO) as “the extent to
which the patient's behavior matches clinical prescrip-
tions” [10]. The fact that solid organ transplant pa-
tients have to use many medications for many years
may cause patients to have difficulties in adapting to
medication use [11]. The prevalence of discordance in
solid organ transplant recipients is estimated to be be-
tween 15% and 30% (5). Non-adherence of patients to
medication tends to increase as time passes after trans-
plantation [12].

Knowing the reasons for medication noncompli-
ance is important to increase adherence to medication
therapy. A qualitative study reported that participants
were nonadherent due to unintentional reasons such
as forgetfulness, interference with lifestyle, being
asleep at the time the medication was supposed to be
taken, change in routine, and the impact of side effects
[13]. There are many direct and indirect methods to
determine medication non-compliance. Direct meth-
ods; directly observed therapy, drug administration
visibly supervised by healthcare professionals or care-
givers, swallowable sensor system embedded in pills,
wireless observed therapy, therapeutic drug monitor-
ing in which differences between expected and ob-
served drug blood levels are investigated, indirect
methods; Tracking pill counts, electronic monitoring,
and self-report surveys are recommended [4].

In this context, it is important to determine im-

munosuppressive medication adherence and affecting
factors in patients undergoing solid organ transplanta-
tion and to develop and implement effective strategies
to increase medication adherence of patients after
transplantation. Therefore, this study aims to deter-
mine medication adherence rates and factors affecting
adherence in solid organ transplant patients in Turkey.
The results of this study may help improve the health
and quality of life of post-transplant patients by con-
tributing to the planning and implementation of nurs-
ing interventions to reduce nonadherence.

METHODS

Research Type

This research is an explanatory sequential mixed
methods research in which quantitative and qualitative
research methods are used together and sequentially
to determine immunosuppressive medication adher-
ence and affecting factors in patients undergoing solid
organ transplantation. In the first stage of the research,
quantitative data was collected. After the analysis of
the quantitative data was completed, qualitative inter-
views were conducted with patients with low scale
scores.

Research Place and Time

The research sample consisted of patients who ap-
plied to the Akdeniz University organ transplantation
clinic between May and November 2022 and met the
admission criteria.

Research Population and Sample

Since the number of patients who applied to the
outpatient clinic and met the inclusion criteria for the
study was not known, the number of samples was cal-
culated as at least 289 for a precision rate of 0.05 and
a prevalence of 25% (95% confidence interval) with
the formula used for prevalence research when the
population was unknown [14]. The sample group was
selected by the purposeful sampling method. Patients
who had solid organ transplantation at least two
months ago and were using immunosuppressive drugs,
who could self-administer their medications, who
were literate, who were 18 years of age or older, who
had no communication problems, and who agreed to
participate in the study were included in the study [11].
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In the quantitative dimension of the research, the sam-
ple consisted of 300 patients and qualitative interviews
were conducted with 11 of these patients with low
Turkish Immunosuppressive Medication Adher-
ence Scale scores. Although it is stated that qualita-
tive research requires five to 25 participants [15] and
a small sample group is generally selected [16], it is
also stated that terminating the sample is a criterion
when the data begins to repeat, in other words, when the
data reaches saturation [17]. In this research, transcripts
were made day by day and data saturation was checked.
Since the research data began to repeat, the data collec-
tion process was stopped after the 11" patient.

In this study, the consolidated criteria for reporting
qualitative research (COREQ) guidelines were fol-
lowed.

Data Collection Method

Quantitative data of the study were collected using the
Introductory Information Form and Turkish Im-
munosuppressive Medication Adherence Scale
(TIMAS), and qualitative data were collected using
the In-Depth Individual Interview Guide. Participants
who applied to the Akdeniz University organ trans-
plant clinic, met the inclusion criteria, and agreed to
participate were informed about the study and gave
their written consent. Participants were given the
scales and instructed to complete them completely.
They were also informed that they would be contacted
for an individual interview and their contact informa-
tion was collected. Due to the nature of the explana-
tory sequential mixed methods research, quantitative
data were collected and analyzed first. Participants
with the lowest TIMAS scores were then contacted
and invited for qualitative interviews. Individual face-
to-face interviews were conducted in a private room
in the clinic at a time and date selected by the partici-
pants. All in-depth interviews were conducted by the
same female researcher (PhD) and lasted between 20
and 40 minutes. With the patients’ consent, both
recording and note-taking techniques were used dur-
ing the interviews.

Data Collection Tools
Introductory Information Form

This form was prepared by the researchers and
consists of a total of 14 questions about organ trans-

plantation, as well as demographic data such as the
participants' age, gender, and education level.

Turkish Immunosuppressive Medication Adherence
Scale

This scale, developed by Ozdemir, Talas and Oz-
tuna in 2015, consists of a total of 11 items and a sin-
gle dimension. 5-point and 2-point Likert type rating
is used in the scale scoring. 8 items in the scale require
"never, rarely, sometimes, often, always" answers, and
3 items require "yes-no" answers. The scale includes
2 positive (4, 6) and 9 negative (1, 2, 3,5, 7, 8, 9, 10,
11) attitude expressions. A 5-point Likert-type rating
is used for positive items, from 1 to 5, and for negative
items, from 5 to 1. The lowest score from the scale is
11 and the highest score is 55. The sum of the scores
of each item in the scale constitutes the total score of
the scale. It is interpreted that as the total score from
the scale increases, adherence with medication use in-
creases. The Cronbach alpha coefficient of the scale
was calculated as 0.611 [11]. In this study, cronbach's
alpha was found to be 0.60.

In-Depth Individual Interview Guide

The interview guide, developed by the re-
searchers, consists of four questions designed to ex-
plore  how participants define medication
non-adherence and their perspectives on the factors in-
fluencing it.

Ethical Consideration

Ethics committee approvals were obtained from
the Akdeniz University Faculty of Medicine Non-In-
terventional Clinical Research Ethics Committee (de-
cision no: 530 and date: 25.07.2018) and permission
was obtained from the hospital where the research
would be conducted. Written informed consent was
also obtained from the participants of the study. The
Declaration of Helsinki was adhered to throughout.

Statistical Analysis

When assessing immunosuppressant medication
adherence and other quantitative data in this study, we
used IBM SPSS Statistics (IBM Corp., Armonk, NY,
USA) version 28.0 for comprehensive data analysis.
It facilitated the thorough examination of both cate-
gorical and continuous variables pertinent to our re-
search objectives. Categorical variables such as
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gender, marital status, employment status, and type of
organ transplanted were summarized using frequency
distributions. Continuous variables, including adher-
ence scores, were described using means and standard
deviations, providing a quantitative measure of central
tendency and variability. The normality of the vari-
ables was assessed using the Kolmogorov-Smirnov
test and Q-Q plots. To explore relationships and dif-
ferences within the data, we conducted non-parametric
tests, such as Mann-Whitney U and Kruskal-Wallis
tests, as appropriate. These analyses were particularly
useful in assessing variations across different demo-
graphic groups, organ types, and other variables. We
ensured the reliability of the TIMAS, by calculating
Cronbach’s alpha, which provided a measure of inter-
nal consistency. A P-value of less than .05 was con-
sidered statistically significant in our analyses,
aligning with standard practices in research.

Braun and Clark's thematic analysis steps were
used to analyze qualitative data. The researchers have
received qualitative research training and have quali-
tative research experience. The audio recordings were
transcribed verbatim by the researchers the same day,
and participants were asked to check them when avail-
able [18].

RESULTS

Quantitative Findings

In this study, 62.3% of the participants were male,
37.0% were 50 years old and over, 71.3% lived with
their spouse, 54.0% had primary and secondary school
education, and 42.0% could not work due to their cur-
rent health condition (Table 1).

From a clinical perspective, it was determined that
78% of the transplants were kidney transplants, and
41.3% were more than 4 years after transplantation.
74.3% of the transplants were from living donors,
24.3% from cadavers, and a small portion (1.3%) was
from cross-transplantation. When the relationship with
the donor was examined, 12.3% was from mothers,
9.0% was from fathers, 15.7% was from siblings,
18.7% was from other relatives, and 20.0% was from
unrelated donors (Table 1).

Participants’ satisfaction with the surgery out-
comes was overwhelmingly positive, with 88.7% re-
porting being very satisfied. Only a small percentage

expressed moderate satisfaction (8.3%) or indecision
(2.0%). Regarding post-transplant hospitalizations, 65%
of the participants’ had been hospitalized post-trans-
plant, while 35% had not. Finally, the majority (97%)
reported no difficulties with medication use, whereas a
small portion (3%) faced challenges (Table 1).

Table 2 showcased the TIMAS distribution and
scoring, shedding light on adherence patterns among
this participant group. The descriptive statistics for the
adherence to the immunosuppressive medication reg-
imen revealed significant insights into the participants’
adherence behaviours. The results indicated a gener-
ally high level of adherence, with some areas of con-
cern that merit attention, as provided in the below:

A majority of the participants’ reported a high
level of adherence to their immunosuppressive med-
ication regimen. The mean score for forgetting to take
medication (S1) was 4.53+0.69, indicating that most
participants’ rarely forget to take their medication.
Similarly, the mean score for stopping medication
without consulting a doctor (S2) was 4.95+0.32, sug-
gesting that participants’ overwhelmingly adhere to
their prescribed regimen (Table 2).

The influence of daily activities like school or
work (S3) on medication adherence had a mean score
of 4.74+0.53, reflecting that participants’ generally do
not miss their medication due to these activities. How-
ever, a lower mean score of 3.62+1.79 was observed
for taking forgotten medication within 2-3 hours (S4),
suggesting some delays in medication intake upon re-
membering (Table 2).

Participants’ indicated a high level of vigilance in
obtaining new supplies (S5) with a mean score of
4.66+1.04. Adjusting medication times according to
meal times (S6) had a mean score of 3.98+1.63, im-
plying moderate adherence to timing adjustments
(Table 2).

The burden of taking multiple medications (S8)
and the challenge posed by daily usage (S7) were rated
highly, with mean scores 0f 4.93+0.31 and 4.90+0.40,
respectively. This indicates that most participants’ do
not find the number of medications or daily usage
challenging (Table 2).

In contrast, the responses to questions regarding
the past two weeks’ adherence patterns (S9, S10, and
S11) reflected lower adherence. Participants’ reported
lower adherence to prescribed doses (1.28+1.02), skip-
ping doses (1.36+1.14), and taking medication outside
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Table 1. Overview of organ transplant patients’ demographics, clinical profiles, and post-

transplant outcomes

Variables Median (Q1-Q3; min-max);
Frequency (Percentage)
Gender Female 113 (37.7%)
Male 187 (62.3%)
Age range 18 — 35 years 94 (31.3%)
36 — 49 years 95 (31.7%)
50 years and above 111 (37.0%)
Age in years” 43.5 (32-55; 18-76)
Living arrangement With spouse 214 (71.3%)
Alone 86 (28.7%)
Education level Illiterate 17 (5.7%)
Primary & middle school 162 (54.0%)
High school 78 (26.0%)
University degree 43 (14.3%)
Employment status Employed 74 (24.7%)
Retired 100 (33.3%)
Unable to work due to illness 126 (42.0%)
Transplanted organ Kidney 234 (78%)
Liver 66 (22.0%)
Post—diagnosis treatments Medication therapy 189 (28.8%)
Haemodialysis 151 (23.0%)

Time since transplant

Donor type

Donor relationship

Satisfaction with surgery outcome

Hospitalization post—transplant

Difficulties with medication use

Peritoneal dialysis
Underwent transplantation
Others

Less than 6 months
7 — 12 months

13 month — 2 years
2 — 4 years

Over 4 years

Living donor
Cadaver
Cross—transplantation
Cadaver

Mother

Father

Sibling

Relative

Others

Very satisfied
Moderately satisfied
Undecided

Not very satisfied
No

Yes

No
Yes

30 (4.57%)
283 (43.1%)
3 (0.5%)
61 (20.3)
40 (13.3%)
31 (10.3%)
44 (14.7%)
124 (41.3%)
223 (74.3%)
73 (24.3%)
4(1.3%)
73 (24.3%)
37 (12.3%)
27 (9.0%)
47 (15.7%)
56 (18.7%)
60 (20.0%)
266 (88.7%)
25 (8.3%)
6 (2.0%)

3 (1.0%)
105 (35.0%)
195 (65.0%)

291 (97 %)
9 (3%)

Median (Q1-Q3; min.-max.): The median represents the middle value of the dataset, while the interquartile range, delineated
by the first quartile (Q1, 25th percentile) and the third quartile (Q3, 75th percentile), captures the middle 50% of the data,
indicating its central spread. '"Minimum' denotes the smallest value recorded within the dataset, whereas 'Maximum' refers to

the largest value observed

554



Eur Res J. 2024;10(6):550-560

Immunosuppressive medication adherence and affecting factors

the usual time (1.96+1.71) (Table 2).

The findings suggest that while participants’ gen-
erally show a high level of adherence to their immuno-
suppressive medication, with an overall mean score of
40.91+£4.09, there are specific areas, particularly re-
lated to timely intake and adherence in the immediate
past, where improvement is needed. These insights can
inform targeted interventions to enhance medication
adherence among organ transplant patients (Table 2).

Furthermore, the detailed examination of TIMAS
scores across varied demographic and clinical param-
eters, as provided in Table 3, reveals key insights into
medication adherence behaviours among organ trans-
plant recipients. This comparative analysis, covering
300 participants, showcases the influence of factors
such as gender, type of transplanted organ, donor char-

acteristics, and the duration since the transplantation
on adherence levels. Our findings suggest that while
adherence rates did not significantly differ between
genders (with females displaying a mean score of
40.49 and males a slightly higher mean of 41.18,
P=0.207), the type of transplanted organ did show
variation in adherence, albeit not statistically signifi-
cant (kidney transplant recipients had a mean score of
40.97 versus liver recipients with a mean of 40.74,
P=0.530). This suggests that while there are observ-
able differences in adherence behaviours among these
groups, they do not reach a level of statistical signifi-
cance (Table 3).

Notably, the analysis indicates a nuanced effect of
donor type on adherence. Participants receiving organs
from living donors, cadaver donors, and cross-trans-

Table 2. Descriptive statistics for adherence to immunosuppressive medication regimen and key
adherence-related behaviours among patients (n=300).

Statements Mean£SD
S1: Do you ever forget to take your immunosuppressive medication? 4.53+0.69
S2: Have you stopped taking your immunosuppressive medication without consulting your 4.95+0.32
doctor when you feel well?

S3: Do daily activities (such as school or work) cause you to miss or delay the timing of your 4.74£0.53
immunosuppressive medication?

S4: If you forget to take your immunosuppressive medication, do you take it as soon as you 3.62+1.79
remember within 2-3 hours?

S5: Do you delay obtaining a new supply when your immunosuppressive medications run 4.66x1.04
out?

S6: Do you adjust the times you take your immunosuppressive medication according to your 3.98+1.63
meal times?

S7: Does the daily use of immunosuppressive medication pose a challenge for you, leading to 4.90+0.40
missed doses?

S8: Does the burden of taking multiple immunosuppressive medications lead to missed 4.93+0.31
doses?

S9: In the past two weeks, have you taken less than the prescribed dose of your 1.28+1.02
immunosuppressive medication?

S10: In the past two weeks, have you missed or skipped doses of your immunosuppressive 1.36+1.14
medication?

S11: In the past two weeks, have you taken your immunosuppressive medication a few hours 1.96£1.71

earlier or later than the usual time?

This scale comprises 8 items using a 5-point Likert scale (ranging from “Never” to “Always”) and 3 items requiring a binary
“Yes-No” response. The scale includes 2 positively worded statements (S4 and S6) and 9 negatively worded statements (S1,
S2, S3, S5, S7, S8, S9, S10, S11). For positively worded items, scoring is direct with 1 indicating the lowest level of
agreement/adherence and 5 the highest. For negatively worded items, scoring is reversed with 5 indicating the lowest level and
1 the highest. For binary items (S9, S10 and S11), the “Yes” response is scored as 1 and “No” as 5. SD=standard deviation
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plantation scenarios had mean adherence scores of
41.07,40.32, and 43.50, respectively, with a near-sig-
nificant P-value of 0.092, hinting at a potential trend
worth further exploration. Furthermore, the adherence

Table 3. Comparative analysis of immunosuppressive drug adherence across different study

groups (n=300)

varied across donor relationships, showcasing a range
of mean scores from 40.34 (cadaver donors) to 42.82
(father), although this variation did not achieve statis-
tical significance (P=0.193). This diversity in adher-

Variables Study groups Median Mean£SD
(Q1-Q3)
Gender Female (n=113) 41.0 (38.5-43.5) 40.49+3.78
Male (n=187) 42.0 (39.5-44.5) 41.18+4.27
Test 7Z=-1.263
P value 0.207
Transplanted organ  Kidney (n=234) 42.0 (39.5-44.5) 40.97+4.12
Liver (n=66) 40.5 (38.0-43.0) 40.74+4.02
Test 7=-0.628
P value 0.530
Donor type Living donor (n=223) 42.0 (39.5-44.5) 41.07+4.18
Cadaver (n=73) 40.0 (37.5-42.5) 40.32+3.74
Cross-transplantation (n=4) 43.5 (39.25-47.75) 43.50+4.51
Test x’=4.763
P value 0.092"
Donor relationship Cadaver (n=73) 40.0 (37.5-42.5) 40.34+3.74
Mother (n=37) 42.0 (39.8-44.25) 41.08+3.85
Father (n=27) 43.0 (38.5-47.5) 42.82+5.02
Sibling (n=47) 41.0 (38.0-44.0) 41.11£3.63
Relative (n=56) 42.0 (39.5-42.5) 40.73+4.32
Others (n=60) 42.0 (39.5-42.5) 40.68+4.22
Test x’=7.387
P value 0.193
Time since transplant Less than 6 months (n=61) 40.0 (37.5-42.5) 40.61+3.94
7-12 months (n=41) 43.0 (39.2-46.8) 42.13+4.58
13 month-2 years (n=31) 42.0 (39.0-45.0) 40.77+4 .47
2-4 years (n=44) 42.0 (39.2-44.8) 41.36+3.57
Over 4 years (n=124) 41.0 (38.5-43.5) 40.55+4.06

Test x>=4.308
P value 0.230

Median (Q1-Q3)=The middle value (median) of the dataset and the range between the first quartile (Q1, 25th percentile) and
the third quartile (Q3, 75th percentile), representing the central 50% of the data. Mean+SD=The average value (mean) of the
data plus or minus the standard deviation (SD), which describes the spread of the data around the mean. The symbols *(P<0.05)
denoted levels of statistical significance for differences or correlations, indicating the likelihood that the observed differences
or relationships occurred by chance.
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ence rates underscores the complexity of interpersonal
relationships and their potential impact on medication
adherence (Table 3).

The time elapsed since the transplant also played
a role in adherence behaviours, with scores ranging
from 40.55 (over 4 years post-transplant) to 42.13 (7-
12 months post-transplant), though these differences
were not statistically significant (P=0.230). This sug-
gests that the time factor might influence adherence
patterns, warranting further investigation to under-
stand its implications fully (Table 3).
In summary, the analysis of the TIMAS scale under-
scores that while certain factors like gender, organ
type, donor characteristics, and post-transplant dura-
tion offer insights into adherence behaviours, the sta-
tistical significance of these observations varies. These
findings emphasize the need for personalized interven-
tion strategies targeting specific demographic and clin-
ical characteristics to enhance medication adherence
and ultimately improve outcomes for organ transplant
recipients.

Qualitative Findings

In the qualitative data analysis of the study, factors
affecting medication adherence were examined and
the themes of "individual factors", "complexity of the
regimen" and "social support resources" were ob-
tained. Under the theme of individual factors, patients
expressed their reluctance, hopelessness and feelings
of addiction towards drug use (Table 4).

In the participants' statements, it was determined
that they were reluctant to use medication because
they were tired of using medication, they were afraid
of developing rejection due to repeated hospitaliza-
tions and medication side effects, and that they thought
rejection would occur one day, and that they thought
they were dependent because they were constantly in
need of the hospital or someone else. In the theme of
regimen complexity, participants reported that med-
ication side effects and polypharmacy negatively af-
fected adherence to medication use. In the theme of
social support sources, participants stated that reasons
such as loneliness and family pressure negatively af-
fected their adherence to treatment (Table 4).

Tablo 4. Reasons for participants' non-adherence to medication use (n=11)

Quotations

Main Theme Sub-theme
Individual factors Reluctance
Hopelessness
Addiction
Complexity of the Drug side effects
regimen
Polypharmacy
Social support Loneliness

resources

Family pressure

People get bored sometimes. You have been on dialysis for
years, now medication, medication, medication. Sometimes I
don't feel like doing anything (P*11).

I am in the hospital every month. No matter what I do, there is
no peace for me. I'm fed up. What else can I do? (P4)

It's like you can't live your life, you always have to be in control.
You're lucky, but sometimes you feel like rebelling (P5).

Medications cause insomnia, you feel nauseous, you become
disorganized. Sometimes people can't do everything they need
to do. (P9).

There are so many drugs. Even though I set a reminder,
sometimes I still forget or get confused (P1).

My wife died. What should I ask from whom? That's what I do.
My daughter says come to us, but I can't fit in with anyone, I
can't take shelter in them (P10).

Everyone is telling you something. It's like everyone knows
better than you. I am tired. I feel like getting angry at them and
not taking the medicine secretly. It's like they're constantly
watching you. If you make a mistake they get mad at you like a
child (P2).

The identities of the participants are stated as P1-11 for anonymity.

557



Eur Res J. 2024;10(6):550-560

Giindiiz et al

DISCUSSION

The descriptive analysis of the TIMAS reveals a gen-
erally high adherence level among organ transplant pa-
tients, with an overall mean score of 40.91+4.09. Key
findings indicate strong adherence to medication
schedules, with participants’ rarely forgetting to take
their medication or stopping it without consulting a
doctor. Daily activities like work or school minimally
impact medication adherence, underscoring a commit-
ment to their regimen. However, the study highlights
areas for improvement, notably in managing the
timely intake of missed doses and handling multiple
medications. The most significant concerns arise from
the lower adherence observed in the past two weeks,
particularly in maintaining prescribed doses and ad-
hering to the medication schedule. In a study, the av-
erage TIMAS score of the participants was found to
be 48.10+6.61 [19]. In another study, a statistically sig-
nificant negative relationship was reported between
TIMAS scores and time after transplantation, accord-
ing to the results of Pearson correlation analysis. It was
found that as the time passed after transplantation in-
creased, the TIMAS scores of the participants de-
creased [19]. These findings underscore the need for
targeted interventions to bolster adherence, especially
in addressing short-term lapses. Enhancing patient ed-
ucation and support, particularly in managing complex
medication schedules, could significantly improve
treatment outcomes for organ transplant recipients. The
literature reports that the prevalence of incompatibility
in solid organ transplant recipients is between 15% and
30% [5]. A study reported that 16.47% of patients were
non-compliant with treatment [20]. There are a limited
number of studies reporting the non-compliance rate
with immunosuppressive drug use in transplanted pa-
tients in Turkey [19]. In our study, it appears that the
compliance rate with immunosuppressive drug therapy
is low compared to other results [11, 19].
Furthermore, the findings from our analysis of the
TIMAS offer valuable insights into the nuanced land-
scape of medication adherence among organ transplant
recipients, as detailed in Table 3. The lack of statisti-
cally significant differences in adherence related to
gender and the type of transplanted organ suggests that
while these factors are important to consider, they may
not be the primary determinants of adherence behav-
iour. However, the observed trends in adherence vari-

ations associated with donor type and the time since
transplantation, despite not reaching statistical signif-
icance, highlight potential areas for targeted interven-
tions. Particularly, the near-significant difference in
adherence scores among recipients of organs from liv-
ing donors, cadaver donors, and through cross-trans-
plantation suggests that the source of the organ might
influence participants’ adherence to their immunosup-
pressive medication regimen. Additionally, the varia-
tion in adherence across different donor relationships
and time intervals since transplantation underscores
the complexity of factors influencing adherence.
These findings point towards the importance of devel-
oping personalized, context-sensitive intervention
strategies that address the specific needs and circum-
stances of individual participants’. Although existing
literature has cited interventions such as support tools
(e.g., reminder systems), monitoring strategies, and
continuing education to improve adherence, studies
have largely fallen short of providing conclusive evi-
dence of their effectiveness [21]. By focusing on the
multifaceted nature of medication adherence, health-
care providers can better support organ transplant re-
cipients in achieving optimal outcomes through
improved adherence to their prescribed medication
regimens.

It has been reported that compliance can be af-
fected by a wide variety of factors, both personal and
environmental, and that the characteristics of the dis-
ease or regimen can also affect adherence [22]. In the
qualitative data analysis of the research, the themes of
individual factors, complexity of the regime and social
support sources were obtained. Under the theme of in-
dividual factors, patients expressed their reluctance to
use medication, their hopelessness, and their feelings
of dependence on medication. Research suggests that
having strong beliefs that a medication is needed does
not necessarily lead to adherence to treatment unless
combined with low concerns about taking the medica-
tion [23].

In the theme of Regimen Complexity, participants
reported that medication side effects and polyphar-
macy negatively affected adherence to medication use.
Having a disease that requires regular use of more than
one medication is an important factor that makes med-
ication compliance difficult for individuals [24]. Sim-
ilarly, other studies have reported that polypharmacy
negatively affects medication adherence [25, 26].
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Regarding the theme of social support sources,
participants stated that reasons such as loneliness and
family pressure negatively affected their adherence to
treatment. There is evidence that social support is as-
sociated with increased likelihood of engagement, par-
ticularly regarding the quality of support rather than
the presence of other people [22]. One study reported
that determinants of post-transplant medication adher-
ence were medication-related factors such as inappro-
priate dosing, insufficient medication knowledge
difficulty in remembering medication dosage and tim-
ing, and economic constraints in continuing medical
treatment [20].

Limitations

This study reflects single center findings. Quali-
tative findings cannot be generalized due to their na-
ture. Furthermore, just one of the researchers
conducted the face-to-face interviews, which could
have resulted in an unexpected social bias.

CONCLUSION

This study’s detailed examination of the TIMAS offers
crucial insights into the medication adherence behav-
iours of post-solid organ transplant patients. Contrary
to initial expectations, the results suggest that adher-
ence levels, while generally high, exhibit significant
variability influenced by factors such as gender, type
of transplanted organ, donor characteristics, and the
duration since the transplant. This variability high-
lights the intricate dynamics of medication adherence
within the post-transplant environment, stressing the
need for customized care strategies. The study partic-
ularly illuminates the nuanced challenges that trans-
plant recipients face, including the management of
complex medication regimens and the adaptation of
their daily routines to accommodate these schedules.
Noteworthy are the observed adherence disparities
across different demographic and clinical subgroups,
pinpointing the necessity for individualized education
and support strategies. These are especially critical for
those newly post-transplant or those facing unique per-
sonal challenges.

In light of these findings, there is a clear directive
for the development of targeted interventions and en-
hanced support mechanisms aimed at improving med-

ication adherence for organ transplant recipients.
Healthcare professionals are provided with a founda-
tion to refine patient counselling approaches, tackle
specific adherence obstacles, and ultimately, uplift the
quality of life and clinical outcomes for this patient
group. Future investigations should seek to overcome
the current study’s limitations by broadening the par-
ticipant base and employing varied methodological
designs. Such efforts are crucial to deepen our com-
prehension of adherence behaviours and to fine-tune
intervention strategies for this essential patient demo-
graphic, ensuring they receive the most effective and
personalized care possible.

In addition to the results of this study, methods
such as reducing pill burden, educational-behavioral
intervention, medication reminder intervention, and
remote monitoring are among the ways to increase
medication compliance in the literature. Because med-
ication nonadherence after solid organ transplantation
arises from a diverse set of partly dynamic causes and
is predominantly unintentional, simple or general so-
lutions are not available and therapeutic interventions
require a persistent, holistic, individualized patient ap-
proach and a multidisciplinary support team.
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ABSTRACT

Objectives: To evaluate the relationship between different serum oxidative markers and the delta neutrophil
index and hyperemesis gravidarum.

Methods: One hundred pregnant women were enrolled in the study and divided into two groups. Group 1 in-
cluded 50 women with hyperemesis gravidarum, while Group 2 (control group) included 50 pregnant women
similar in age, gestational week, and body mass index. Serum oxidative markers and complete blood count in-
flammatory markers were compared.

Results: Native thiol and total thiol were significantly lower in the Group 1 when compared with the control
group (P=0.029 for native thiol; P=0.035 for total thiol). Moreover, ischemia-modified albumin (IMA) and
catalase values were significantly higher in the Group 1 than in the control group (P=0.023 for IMA; P=0.021
for catalase). Index1% shows the disulfide/native thiol percent ratio and means that the Group 1 oxidant load
is increased but not statistically significant. Myeloperoxidase, ferroxidase, and the delta neutrophil index did
not differ significantly between the two groups (P=0.591, P=0.793, and P=0.52; respectively).

Conclusions: According to our study, contrary to the literature, although there are differences in some values,
when evaluated individually hyperemesis gravidarum does not impose an extra burden on maternal oxidant-
antioxidant balance.

Keywords: Oxidative hemostasis, hyperemesis gravidarum, delta neutrophil index

yperemesis gravidarum (HG) is an important
reason for hospitalization in the early stages
of pregnancy and is seen in approximately
0.3-3% of pregnancies. Its definition according to the
American College of Obstetricians and Gynecologists
(ACOQG) guidelines in 2015 is still unclear. Constant
nausea and vomiting not associated with other causes,
ketonuria, dehydration, electrolyte disturbances, and

monitoring of approximately 5% of pre-pregnancy
weight loss are frequently determined criteria for the
diagnosis of HG [1]. There are different studies in the
literature on the etiology of HG, which is not eluci-
dated. Psychological causes, pregnancy hormones,
gastritis, and genetic causes were investigated, but the
main cause remains unclear [2-5]. One investigated
etiology is imbalance between oxidant and antioxi-
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dants. When healthy pregnancies were examined, it
was found that antioxidant activity was higher than in
the non-pregnant ones [6]. Many studies have reported
that antioxidants decrease in HG and the situation
shifts towards oxidants [7].

Oxidative stress (OS) is a condition that causes
cellular and molecular damage resulting from an im-
balance between the production of reactive oxygen
species (ROS) and the antioxidant defense system that
buffers oxidative damage. In many pathological con-
ditions associated with pregnancy such as HG, it has
been found that antioxidant activity decreases and the
balance shifts to the oxidant side [2, 8, 9].

There are oxidant and antioxidant mechanisms in
the human body that act against stressors. An enzyme
found in the antioxidant defense system is ferroxidase,
which converts toxic iron to less toxic ferric iron to re-
duce cellular and molecular oxidative damage [10,
11]. Another intracellular antioxidant is catalase
(CAT). Its main purpose is to neutralize intra- and ex-
tracellular hydrogen peroxide, so its level increases in
cases of OS [12]. Myeloperoxidase (MPO) is another
intracellular enzyme found in neutrophils and is in-
volved in the antioxidant system [13]. Thiols are pro-
tective organic components that are specified against
ROS [14]. Thiols contain sulthydryl (SH) groups,
which react with oxidant molecules and change as a
result of oxidation. Proteins mutate due to the changes
in thiol groups, resulting in structural and functional
changes [15]. Ischemia-modified albumin is a bio-
chemical marker that increases in some situations such
as ischemia, acidosis, or hypoxia. A somewhat hy-
poxic intrauterine environment occurs in the physiol-
ogy of pregnancy. Reperfusion and OS that occur
afterward are important for trophoblast development.

In previous publications, IMA elevation was found in
the early pregnancy period [16-18].

The delta neutrophil index (DNI) is a marker
showing the number of immature granulocytes in
human serum. In a limited number of studies, the DNI
was used in patient groups with inflammatory
processes [19]. The number of studies investigating
whether it is associated with hyperemesis is limited.

To the best of our knowledge, our study is the first
to evaluate many more oxidant and antioxidant active
parameters in the same patient with a somewhat larger
number of patients compared to previous studies. The
main aim of our study was to determine the direction
of serum oxidation balance in pregnancy nausea and
vomiting, to clarify the literature, and to give a clear
answer to pregnant women who are very concerned
about themselves and their babies during this process.

METHODS

This case-control study was conducted in the Obstet-
rics and Gynecology clinic of our tertiary hospital be-
tween December 2022 and March 2023. One hundred
pregnant women who were referred to the Obstetrics
Department of our hospital were enrolled. The Ethical
Committee of our hospital approved the study protocol
(No: E2-22-2647, date: 26.10.2022). Informed consent
was obtained from each participant. The diagnostic
criteria for HG were determined by the ACOG Prac-
tice Bulletin No. 153: nausea and vomiting of preg-
nancy. All the pregnant women were in the first
trimester (<14 weeks). Fifty patients with a diagnosis
of HG who were admitted to the hospital for the first
time and had not received any medication for emesis

Table 1. Demographic parameters in HG and control groups

Parameters Control HG P value
Age (years) 27.47+3.81 26.94+5.04 0.560
Gravidity 1.81+0.77 1.96£1.02 0.762
Parity 0.79+0.75 1.124+1.52 0.215
Gestational week 9.74+2.28 10.12+2.25 0.667
BMI (kg/m?) 25.49+4.99 26.94+4.42 0.265

Data are shown as meantstandard deviation, HG=hyperemesis gravidarum, BMI=body mass index. Independent sample t-test

was applied.
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Table 2. Levels of serum oxidative markers in HG and control groups

Parameters HG Control P value
Native thiol (umol/L) 375.35+96.64 414.6+£73.14 0.029*
Total thiol (umol/L) 416.69+106.34 458.04+79.13 0.035*
Disulfide (umol/L) 20.67+7.49 21.72+6.6 0.474
IMA (ABSU) 0.81+0.17 0.72+0.19 0.023*
Index1 (%) 5.6442.11 5.28+1.47 0.336
Myeloperoxidase (U/L) 91.08£19.64 93.4+22.55 0.591
Catalase (U/L) 197.19+£39.11 180.01+31.71 0.021*
Ferroxidase (U/L) 448.37+59.5 445.1+£62.68 0.793

Data are shown as meantstandard deviation, HG=hyperemesis gravidarum, IMA= ischemia-modified albiimin,
index1=disulfide/native thiol percent ratio. Independent sample t-test was applied

*P<0.05 was considered significant.

before were compared with 50 pregnant women sim-
ilar in age, gestational week, and body mass index
(BMI). The number of ketones in the urine of all preg-
nant women in the HG group was the same. Although
the pregnant women in both groups did not have any
chronic disease, the patient group with HG did not
have any additional medical problems other than preg-
nancy to explain their nausea, vomiting, and weight
loss. All participants had intrauterine fetuses with nor-
mal heart rates. The maternal age, BMI, parity, gra-
vidity, and gestational weeks of all the pregnant
women were recorded.

Fasting blood samples from all volunteers before
medication was placed into plain tubes. Sera were sep-
arated after centrifugation at 1600 x g for 10 minutes
and stored at -80 °C until the time of analysis.

Thiol/disulfide homeostasis tests were performed
using an automated spectrophotometric method as de-
scribed by Erel and Neselioglu [15]. The albumin
cobalt binding test was used to detect the presence of
IMA [19]. Ceruloplasmin levels were measured by the
method described by Erel [21]. This method is auto-
mated, colorimetric, and based on the enzymatic oxi-
dation of ferrous ions to ferric ions. Serum MPO
activity was measured by a modification of the o-di-
anisidine method [22]. CAT activity was measured by
Goth’s method [23].

Statistical Analysis
The statistical analysis was performed using SPSS

for Windows 18.0 (IBM, Chicago, IL, USA). The
mean and frequency values of the variables were cal-
culated. The Kolmogorov—Smirnov test was used to
detect whether the numerical values were normally
distributed. Student’s t-test was used to compare nor-
mally distributed values and the Mann—Whitney U test
was used to compare non-normally distributed values.
P<0.05 was considered statistically significant.

RESULTS

Table 1 contains the demographic features of the study
participants including age, gravidity, parity, gestational
week, and BMI. Comparison of the two groups shows
that the participants have a similar distribution in
terms of demographic features.

Table 2 shows the differences between the two
groups in terms of thiol hemostasis, IMA, MPO, CAT,
and ferroxidase. The differences between the groups
were analyzed. Native thiol, total thiol and catalase
levels were lower in the HG group (P=0.029, P=0.035,
and P=0.021; respectively) while the level of IMA was
higher compered to in the control group.

In Table 3, inflammatory markers in complete
blood parameters, especially the DNI, which is asso-
ciated with the severity of the disease in inflammatory
events in recent years, was also compared. No statis-
tically significant difference was found in any of the
complete blood parameters between the groups.
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Table 3. Complete blood count inflammatory markers in HG and control groups

Variables HG Control P value
Neutrophil count (X 10%/L) 6.40+2.18 6.57+1.86 0.632
Lymphocyte count (X 10°/L) 1.9120.62 2.06+0.58 0.142
Monocyte count (X 10%/L) 0.44+0.17 0.40+0.11 0.463
Plateletcrit (%) 0.22+ 0.05 0.22+0.05 0.889
Platelet distribution width (fL) 51.15+£7.21 51.95+£7.25 0.615
Platelet count (X 10°/L) 278.42+74.03 264.46+66.39 0.309
Hemoglobine(g/dL) 12.8+1.21 12.61£1.07 0.173
Neutrophil/lymphocyte ratio 13.51+58.9 3.34£0.99 0.357
Delta neutrophil index (%) 0.32+0.97 0.52+1.81 0.52
Large unstained cell count ( X 10°/L) 0.12+0.54 0.11+0.03 0.30

Data are shown as meantstandard deviation, HG=hyperemesis gravidarum. Mann-whitney u test was applied. *P<0.05 was

considered significant.

DISCUSSION

In many studies on oxidants and HG, it has been stated
that oxidant and antioxidant balance shifts towards the
oxidant side. Contrary to the literature, we believe that
HG may not have caused extra oxidative load for the
mothers.

In thiol/disulfide balance, native and total thiol
levels show antioxidant status while the index1%
value shows the balance between oxidants and antiox-
idants. According to our study, the level of antioxi-
dants in terms of thiol/disulfide was lower in the HG
group (P=0.029 and P=0.035, respectively). The liter-
ature also supports this situation and studies have
found a decrease in total antioxidant activity in HG [6,
8, 24]. In a previous study the balance was shifted to
the oxidant side with the decrease in antioxidants in
26 pregnant women with HG [24]. Index1% shows the
disulfide/native thiol percent ratio and the oxidative
balance. In our study, although there was a decrease
in antioxidant activity, it was not statistically signifi-
cant between the two groups in terms of oxidative bal-
ance (index1%, P=0.336). Therefore, in studies
conducted with thiol/disulfide balance to date, consid-
ering that the number of participants is higher than in
previous studies, we can conclude that the oxidative
balance does not make a significant difference when
HG patients and pregnant women without HG are
compared.

IMA is a rapidly increasing biomarker in clinical
response conditions such as hypoxia, acidosis, and
myocardial ischemia. In previous studies, increased
levels of IMA have been reported in complicated preg-
nancies involving fetal growth retardation, recurrent
pregnancy loss, first-trimester miscarriages, and
preeclampsia [25-29]. Papageorghiou et a/. found that
serum IMA levels are higher in defective endovascular
trophoblast invasion. They argued that the trophoblast
may trigger improper development because of the high
degree of intrauterine hypoxia and subsequent reper-
fusion-related oxidative damage [16]. There are also
different studies in the literature stating that IMA lev-
els increase physiologically in early gestational weeks
[17, 18]. Recently, Uckan et al. [30] found high IMA
levels in 137 women with pregnancies complicated by
HG. Although the level of IMA was significantly
higher in our study, it is not clear whether this marker,
which was already determined to be high in the first
period of pregnancy, increased even more due to HG
or its high level played a role in the etiopathogenesis
of HG.

MPO is a lysosomal enzyme secreted from leuko-
cytes in response to OS. It was reported that the levels
of MPO, which was determined at increased levels in
complicated pregnancies like preeclampsia and idio-
pathic intrauterine growth restriction, did not differ
significantly in the three trimesters in healthy preg-
nancies [31, 32]. There is one study in the literature
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conducted on the relationship between HG and MPO
in 30 women and the results are consistent with those
of our study. They found statistically significant low
levels of MPO in HG [33]. However, in our study, al-
though low MPO levels were observed, there was no
statistically significant difference compared to control
group. This indicates that HG does not cause extra ox-
idative load.

The vast majority of circulating copper is trans-
ported by an oxidase enzyme called ceruloplasmin,
which has antioxidant properties. Ferroxidase enzy-
matically shows the active state of ceruloplasmin [34,
35]. Various researchers investigated ferroxidase and
reported that although it is more dramatic in severe
preeclampsia it is higher in preeclamptic pregnancies
than in normal pregnancies [36, 37]. Another study
states that ceruloplasmin and cholesterol levels can be
used to predict the development of preeclampsia in the
second trimester. Studies investigating the relationship
between OS, antioxidant enzymes, and preeclampsia
attribute the increase in ferroxidase activity to in-
creased OS in preeclampsia [36, 37]. As in other stud-
ies related to HG and ferroxidase, no significant
difference was found in ferroxidase activity when
compared to in pregnant women without HG [8, 33].
Ferroxidase level was not significantly different in
pregnant women without HG than in the HG group in
our study, so this may be one more sign that the oxi-
dant balance is not disturbed.

CAT is an intracellular antioxidant that plays a role
in enzymatic defense. It increases during OS to bal-
ance the redox reactions. ROS play an important role
in pregnancy. However, excessive amounts can over-
ride the antioxidant systems and can cause oxidative
damage. In the 10th-12th weeks of gestation, ROS lev-
els increase physiologically in pregnant women and
this increase is directly proportional to the increase in
CAT levels, which is one of the main endogenous an-
tioxidants. However, if there is insufficient antioxidant
production, the oxidative balance is disturbed and ox-
idative damage may contribute to the development of
pregnancy disorders [38, 39]. Guney ef al. found that
the CAT level was lower in the group with HG. They
reported that it can be explained by the deficiency of
antioxidants taken with nutrients [2]. According to Ege
et al.[33], CAT levels were significantly higher in the
HG group and they state that the level of CAT in-
creases during OS to prevent the increase in oxidative

radicals. Although CAT levels were significantly
higher in the HG group in our study, in light of this in-
formation, considering that the pregnant women in the
study were at 10-12 weeks, it cannot be concluded that
there was extra oxidative load.

The DNI is a marker showing the number of im-
mature granulocytes in human serum. In a limited
number of studies, it was used in patient groups with
inflammatory processes such as sepsis, acute appen-
dicitis, meningitis, decompensated heart failure, acute
gout attack, and acute pancreatitis, and it was thought
that it could guide physicians in determining disease
severity [19]. In a study published recently, it was
mentioned that the DNI was not different in the HG
group, but there was an increase in the neutrophil
count and neutrophil/lymphocyte ratio in the HG
group [40]. No significant change was found in any of
the complete blood parameters in our study.

Limitations

Like other studies in the literature, our study has
some limitations. The pre-pregnancy oxidative status
of the HG group and the control group is not known.
In addition, the fetal and neonatal consequences of de-
creased antioxidants in the HG group are unknown.

CONCLUSION

According to the study, contrary to the literature, HG
does not impose an extra burden on maternal oxidative
balance. Although there is a decrease in antioxidant
levels in terms of thiol/disulfide, we believe that the
physiological mechanisms are trying to protect both
mother and fetus from possible oxidative complica-
tions by keeping the oxidative balance stable. The re-
lationship between oxidative balance and HG
complications can be revealed more clearly with
fetal/neonatal outcomes.
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before being enrolled in the study. The study was re-
viewed and approved by the ethics committee of Re-
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2647 and date: 16.10.2022). All procedures were per-
formed according to the Declaration of Helsinki.
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Retrospective evaluation of functional results and cost
analysis of two different anesthesia methods in carpal
tunnel syndrome surgery
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ABSTRACT

Objectives: The provision of health services at a satisfactory level and low cost is the main objective of all
health systems. For this purpose, we evaluated carpal tunnel surgery performed under local anesthesia in the
local procedure room and under a laryngeal mask in the operating room in terms of cost analysis. In this way,
we aimed to reveal the controllability of health service expenditures and inadequacies in costing.

Methods: A total of 119 patients who underwent local anesthesia (LA) in the local procedure room (Group I)
and 45 patients who underwent laryngeal mask anesthesia (LMA) in the operating room (Group II) were ret-
rospectively evaluated. In the calculation of cost analysis, since there were no hospitalization procedures in
Group I cases, total costs were calculated only in minutes, multiplied by a coefficient of 7. In Group II cases,
total costs were calculated by multiplying total procedure times in minutes by a coefficient of 12 and adding
50 units of hospitalization cost.

Results: Postoperative Quick Disabilities of the Arm, Shoulder, and Hand score is statistically similar in both
groups (P=0.714). The operation duration has an average value of 15.39+£2.37 in the group of patients who re-
ceived local anesthesia and 29.71+4.78 in the group treated in the operating room (P<0.001). It has been found
that the intervention performed in the operating room is 2.2 times more costly than the local intervention.
Conclusion: Our study is extremely valuable in terms of demonstrating that health service expenditures can
be controlled in appropriately selected patients.

Keywords: Cost analyses, carpal tunnel syndrome, anesthesia, local

he main objective of all health systems is to
ensure that health services, which are an in-
dispensable part of human life, are satisfac-
tory and cost-effective. However, especially developed
countries allocate a significant portion of their gross
national product to health expenditures and these ex-
penditures increase year by year [1]. Therefore, calcu-
lating hospital and patient costs in health services and

revealing the structure of these costs plays an impor-
tant role in controlling the costs of health care services
[2, 3]. At the same time, today's rapid technological
advances have manifested themselves in the produc-
tion of health services, as in all other areas, and as a
result, have further increased the costs of hospitals.
However, there are insufficient studies and data on the
cost of health services. The variety of surgical methods
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and the complexity of calculations are important ob-
stacles in costing [3].

Carpal tunnel syndrome (CTS) is common among
the working population, is often attributed to work,
and leads to significant health expenditures and major
disability costs [4]. Surgical treatment of CTS is one
of the most common operations performed on the hand
and patients benefit greatly from this surgery. The ob-
jective of surgery is to relieve pressure on the median
nerve by releasing tension in the transverse carpal lig-
ament. Although there are open, mini-open, and endo-
scopic surgical methods for this purpose; there is no
significant difference in the results of these surgical
methods [5]. However, nowadays mini-open carpal
tunnel release is a preferable method today due to its
positive aspects such as being applicable in a short
time in the local operating room under local anesthesia
(LA) or in the operation room under anesthesia with a
laryngeal mask anesthesia (LMA) [5-7].

At this point, we evaluated carpal tunnel surgery,
which we frequently perform under local anesthesia
in the local procedure room and the operating room
under anesthesia with a laryngeal mask, to make cost
analysis and to be used in planning and control
processes. Our objective was to demonstrate both the
ability to manage health service expenses and the de-
ficiencies in cost estimation.

METHODS

This study was conducted in accordance with the prin-
ciples outlined in the Declaration of Helsinki and re-
ceived approval from the Clinical Research Ethics
Committee of Bursa Uludag University Faculty of
Medicine on June 16, 2021, under the reference num-
ber 2011-KAEK-26/384.

In this retrospective study, we focused on patients
who underwent surgery for CTS between June 2018
and January 2023 at the Orthopedics and Traumatol-
ogy clinic of our hospital. Patients were selected based
on a confirmed diagnosis of CTS through electromyo-
graphy (EMG) following a clinical examination and a
lack of response to conservative treatment. Patients
who received anesthesia other than LA or LMA, who
had bilateral or additional hand surgery in the same
session, who had CTS after fracture, who had periph-
eral neuropathy, who had revision surgery, who had

different surgery techniques other than mini-open and
who did not have a QDASH score were excluded from
the study. A total of 164 cases were included in our
study, with 119 patients undergoing surgery under
local anesthesia (LA) in the local procedure room and
45 patients receiving surgery under laryngeal mask
anesthesia (LMA) in the operating room. Patients were
initially categorized into two groups based on the
anesthesia method employed (LA or LMA).

From the patient registration system, we collected
data on age, gender, surgery date, type of anesthesia,
postoperative complications, total length of hospital
stay, total follow-up times, and total surgical costs for
all cases. Preoperative Quick Disabilities of the Arm,
Shoulder, and Hand (QDASH) scores of all patients
included in the study were retrospectively examined
and recorded.

Fig. 1. Local anesthesia application on carpal tunnel.
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Surgical Procedures

Patients in Group I (LA) had their surgical site
cleaned with povidone-iodine while wearing an arm
cuff. The surgical area was then draped with a sterile
covering. Subsequently, 5 cc of Prilocaine (2%) was
injected into the incision site, and another 5 cc was in-
jected into the carpal tunnel (Fig. 1). Sedation was not
administered to any patient. The surgical procedure
commenced within a minute of local anesthesia, fol-
lowing tourniquet application at 250 mmHg pressure
with the extremity elevated immediately before incision.

Patients in Group II (LMA) were positioned
supine on the operating table, and LMA was adminis-
tered by an anesthesiologist while monitoring the pa-
tient. Tourniquet application at 250 mmHg pressure,
with elevation of the surgical site, was followed by
cleaning the surgical area with povidone-iodine and

Fig. 2. Standard mini-incision applied to patients.

draping it with a sterile cover before the surgery
began.

After these preparatory phases, the same surgical
team performed the surgery in both groups. A roughly
2 cm incision was made distally to the flexor line of
the volar aspect of the wrist (Fig. 2). Blunt dissection
was carried out up to the flexor retinaculum, and sharp
dissection opened the flexor retinaculum. The median
nerve was protected upon its exposure, and the flexor
retinaculum was released proximally and distally. He-
mostasis was maintained, and the skin incision was
primarily sutured, followed by a sterile dressing ap-
plication.

Wrist and finger movements were permitted in the
early postoperative period. Patients in both groups un-
derwent outpatient follow-ups at the 2-week postop-
erative mark, with suture removal occurring between
days 10 and 15. Preoperative and 3-month postopera-
tive evaluations were conducted for both patient
groups using QDASH functional scores to assess sur-
gical success and determine study eligibility. There
was one patient in each group who needed surgery
again. One patient in the LA group underwent surgery
due to a superficial wound infection. The other patient
in the LMA group needed surgery due to the persist-
ence of complaints because of insufficient and no ad-
ditional complications were observed in either patient.

Cost Analysis

To perform a cost analysis, we initially calculated
minute costs for both the local (LA) and operating
rooms (LMA). This involves determining room usage
costs per minute, staff numbers, and unit costs for
drugs and consumables used [8]. We aimed to create
currency-independent coefficients by calculating room
usage costs per minute and determining staff numbers
and unit costs for drugs and consumables. In the time
calculation, the patients' room entry and exit times
were recorded. The standard costs of the rooms (local
(LA) and operating room (LMA)); set usage and con-
sumables were considered the same. The drugs used
for both anesthesia methods were administered stan-
dardly to the patients in each group. Standard 2 per-
sonnel were used for local anesthesia and standard 4
personnel were used for general anesthesia. In the cost
calculation, we determined coefficients of 7 units per
minute for LA cases and 12 units per minute for LMA
cases. While determining the coefficients; Minute
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costs were calculated based on the monthly expenses
of the rooms and staff. In the calculation, staff salaries
and monthly usage costs of both rooms were consid-
ered equal. The cost per minute of two rooms was
found to be 7/12 in proportion. Additionally, in the
LMA group; the 4-hour hospital stay was calculated
by standardizing the drugs used during hospitalization
and for anesthesia. According to this calculation, an
additional cost of 50 units was found in the LMA
group, proportional to the cost of 7 units. As a result,
in LA cases, total costs were calculated by multiplying
the total procedure time by a coefficient of 7, and in
LMA cases total costs were calculated by multiplying
the total procedure time in minutes by a coefficient of
12 and adding 50 units to account for hospitalization
costs.

Statistical Analysis

The data analysis was conducted using IBM SPSS
Statistics Standard Concurrent User Version 26 (IBM
Corp., Armonk, New York, USA). Descriptive statis-
tics were reported, including counts (n), percentages
(%), means=tstandard deviations, and median (mini-
mum and maximum) values. The normality of numer-
ical data distribution was assessed using the
Shapiro-Wilk test. The Mann-Whitney U test was em-
ployed to compare single-measure numerical variables
between the local anesthesia and operating room
groups. Categorical variables were compared using the
Pearson Chi-square test. A significance level of P<0.05
was deemed statistically significant.

RESULTS

The age of patients in the local anesthesia group was
significantly lower than that of patients in the surgical
group. (P=0.003). Gender distribution was similar in
both groups (p=0.866). QDASH scores were statisti-
cally similar between the LA and LMA groups for
both preoperative, postoperative, and delta values
groups (P=0.801).

Preoperative QDASH scores averaged 63.34+6.30
in the LA group and 63.11£7.05 in the LMA group,
showing no statistically significant difference
(P=0.974). Postoperative QDASH scores were
4.46+5.68 in the LA group and 4.07£2.11 in the LMA

group, also with no statistically significant difference
(P=0.714). The QDASH score delta (preoperative-
postoperative) was 58.87+7.36 in the LA group and
was 59.03+7.03 in the LMA group, with no statisti-
cally significant difference (P=0.801).

The operation duration was significantly shorter
in the LA group, with an average of 15.39+2.37 min-
utes, compared to 29.71+4.78 minutes in the LMA
group (P<0.001). It was determined that all of the 4-
hour additional hospital stays were in the LMA group.

The unit cost was lower in the LA group, averag-
ing 7+0.09, in contrast to 12+0.001 in the LMA group
(P<0.001).

Furthermore, the total cost was significantly lower
in the LA group, averaging 107.76+16.61, as opposed
to 345.11£75.98 in the LMA group (P<0.001) (Table 1).

This indicates that interventions performed in the
LMA are 2.2 times more costly than those conducted
with LA. Superficial infection was encountered in one
patient in the LA group and inadequate decompression
complications were encountered in one patient in the
LMA group. Both patients recovered with repeated
surgeries.

DISCUSSION

The existing literature does not provide a consensus
on the ideal anesthesia method or surgical approach
for the treatment of carpal tunnel syndrome. The
choice of anesthesia and surgical approach can often
depend on patient-specific factors and surgeon prefer-
ences. However, the primary objective remains con-
sistent: achieving the most successful clinical outcome
with minimal complications. At this juncture, surgeons
select the surgical intervention that aligns most effec-
tively with the patient's needs.

The surgical technique and anesthesia method
used in carpal tunnel release (CTR) vary depending
on surgeon preference and patient factors [7]. The age
difference between the two groups in our study can be
explained by the patients' own anesthesia preferences.
No criterion was chosen in terms of age, and no study
showing a relationship between anesthesia preference
and age was found in the literature. A prospective
study showed that age, gender or occupation did not
affect the outcome of carpal tunnel decompression in
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Table 1. Comparison of other variables by anesthesia groups
Local anesthesia Larengeal mask Test P
anesthesia value value
Age (years) 54.56+£12.99 48.37+£10.39 z=3.003 0.003
56 (26-88) 47 (32-76)
Gender, n (%)
Male 94 (72.9) 35(27.1.) v*=0.029 0.866
Female 25(71.4) 10(28.6)
QDASH preoperative 63.34+6.30 63.11+7.05 z=0.033 0.974
63.60 (48.7-80) 63.5 (44.6-72.7)
QDASH postoperative 3. months 4.46+5.68 4.07£2.11 z=0.367 0.714
4.5 (0-54) 4.5 (0-9)
QDASH delta 58.87+£7.36 59.03+£7.03 z=0.252 0.801
60 (14.7-73.2) 60.2 (42.3-68.2)
Operation time (min) 15.39+2.37 29.71+4.78 z=9.366 <0.001
15 (10-25) 30 (14-40)
Unit cost 7.00+0.001 12.0£0.001 z=12.666 <0.001
7 (7-7) 12 (12-12)
Total cost 107.76+16.61 345.11£75.98 z=9.479 <0.001
105 (70-175) 360 (168-480)
Hospital total cost 107.76+16.61 391.33+87.18 z=9.475 <0.001

Data are shown as meantstandard deviation or median (minimum-maximum) or n (%). QDASH=Quick Disabilities of the

Arm, Shoulder, and Hand, %=Row Percent, z=Mann-Whitney U test, y>=Chi-Square test statistics.

a series of 608 carpal tunnel decompressions, as as-
sessed by the Boston carpal tunnel score [9].

Regardless of which anesthesia is used during a
patient’s carpal tunnel surgery, the general patient con-
sensus tends toward high rates of satisfaction with the
surgery and a proclivity to choose that treatment
method again, if necessary. Garrett et al. [10] have
found no difference in terms of postoperative func-
tional results and complications between local and se-
dated anesthesia applications. In our study, although
there was no postoperative functional difference be-
tween the two groups, one complication was encoun-
tered in each group and recovery was achieved with
repeated surgery.

In addition, various anesthetic modalities are com-
monly used during CTR, including general, regional,
and local anesthesia. Local anesthesia is associated
with shorter operative times, higher patient satisfaction

scores, and equivalent functional outcomes [7, 11, 12].
In our study, significantly shorter procedure times
were achieved in local anesthesia compared to LMA.

CTR under local anesthesia can be safely per-
formed in an office-based setting with minor proce-
dure field sterility and no prophylactic antibiotics.
More than 70% of hand surgeons in Canada use local
anesthesia for CTR with similar reported outcomes. In
addition to cost savings, local anesthesia is associated
with shorter surgical wait times and increased conven-
ience [7]. Previous studies estimate the potential for
anywhere from 30% to 80% in total cost reduction by
shifting appropriate procedures toward ambulatory
surgery centers and in-office procedure rooms. The
present study evidenced only $390 in anesthesia cost
savings; however, with an estimated 700,000 carpal
tunnel releases occurring per year, this modest cost re-
duction would compound to nearly $300 million in
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cost savings if local procedures are more widely im-
plemented [13]. In our study, the fact that the LMA
group is 2.2 times more costly than the LA group is
also compatible with the literature, and we think that
it is advantageous to prefer local applications in CTS
procedures, primarily in terms of cost.

The practice of outpatient surgery offers several
advantages, including reduced patient wait times for
procedures, fewer complications associated with anes-
thesia, and decreased healthcare expenditures due to
factors such as the absence of mandatory blood tests
and additional consultations [14]. In this regard, the
outcomes of our study reinforce the existing literature
by highlighting the potential for substantial cost sav-
ings in healthcare expenditures associated with carpal
tunnel surgery performed under LA.

Evaluating the efficiency of hospitals and health-
care workers necessitates a comprehensive assessment
of financial calculations, with a clear distinction be-
tween standard and actual costs. Patients diagnosed
with the same medical condition may incur vastly dif-
ferent diagnostic and treatment expenses. Introducing
cost analysis into healthcare services is challenging,
and it remains a significant obstacle to fully under-
standing the underlying reasons for these variations.
While it's acknowledged that human health cannot be
measured solely in monetary terms, it is undeniable
that meeting the need for good health carries a sub-
stantial cost in today's world.

Today, assessing healthcare policy content, which
evolves in response to research and development in
human resources, necessitates a foundation rooted in
cost research. Simultaneously, the central goal of hos-
pital cost management is to deliver healthcare services
with the highest quality and quantity at the lowest pos-
sible cost [1, 15]. In this context, cost studies often
center on surgical procedures, which are generally
cost-intensive. Nevertheless, as demonstrated in our
study, when the surgical procedure and materials used
are identical, the differentiation lies solely in the loca-
tion where the healthcare service is provided. In this
context, the significance of healthcare investment can
be assessed more distinctly. Our study, therefore, un-
veils the extent to which cost discrepancies arise in
surgical practice across two distinct environments. By
comparing the utilization of operating rooms and staff,
two critical cost categories in healthcare expenditures,
while applying the same surgical technique and mate-

rials, we shed light on the multifaceted nature of
healthcare costs.

Limitations

The study is conducted at a single center which
may limit the generalizability of the findings to a
broader population. Different hospitals and healthcare
systems may have varying cost structures and patient
populations.

CONCLUSION

In our study, we show that healthcare expenditures can
be controlled in selected patients with different anes-
thesia applications in two different areas within the
hospital. Such studies can provide important informa-
tion for health services planning and management. In
this way, we think that our study is valuable in that it
can be used in cost analysis and planning and super-
vision processes in today's world where health expen-
ditures have reached very large dimensions.
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ABSTRACT

Objectives: This bibliometric analysis was conducted to determine the trends of studies on cardiovascular dis-
ease risk identification and prevention in primary care from 2013 to 2024 and visualize the latest develop-
ments.

Methods: The data were collected in February-March 2024 from the database “Web of Science Core Collec-
tion,” the analysis was carried out using the VOSviewer program. The change in the number of publications
of the published articles by year, author, country, and institution citation analyses, country, institution, and
author collaboration analyses, journal and author co-citation analyses, and keyword analyses were evaluated.
Results: Five hundred and ninety-two authors from 64 countries and 377 institutions contributed to 443 studies
published in 80 journals between 2013 and 2024 on determining and preventing cardiovascular disease risk in
primary care. "BMC Family Practice" was the journal in which most articles were published, and "Circulation"
was the most cited. The first three countries that support published articles most are the United States, England,
and Australia. Focusing on the topics "blood-pressure control", "coronary-artery calcium", "physician-phar-
macist collaboration”, "low-density lipoprotein cholesterol", "health-risk assessment", "pollution", "primary
care", "coronary heart disease", " cardiovascular disease" and "mortality" will help fill the gap in
the field.

Conclusions: This bibliometric analysis has shown increasing interest in studies related to cardiovascular dis-
ease risk and prevention in primary care. Primary prevention guidelines are important resources in addressing
risk factors. Global collaborations and long-term studies are necessary in this field, led by developed countries
with a high disease burden.

Keywords: Cardiovascular diseases, bibliometrics, primary care, CVD risk, risk identification, risk prevention,
data visualization

prevention",

mon non-communicable disease worldwide, are
the general name for a group of disorders of the
heart and blood vessels and conditions such as coro-

Cardiovascular diseases (CVD), the most com-

nary heart disease, cerebrovascular disease, and rheu-
matic heart disease [1]. Cardiovascular diseases ac-
count for the death of nearly 18 million people
globally each year. The occurrence of cardiovascular
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diseases has almost doubled in the past two decades,
according to the World Health Organization (WHO)
[2]. The leading causes of these diseases include risk
factors such as high blood pressure, obesity, smoking,
a sedentary lifestyle, and an unhealthy diet [3].

Public health strategies to reduce cardiovascular
disease morbidity and mortality include population-
level risk factor reduction and individual-based pri-
mary and secondary prevention and treatment.
Cardiovascular disease risk refers to the likelihood of
experiencing fatal or nonfatal CVD events, such as the
risk of myocardial infarction or stroke, within the next
decade [4]. Individual-based primary prevention tar-
gets high-risk groups and prevents the onset of CVD
by reducing the risk factor. Secondary prevention and
treatment aims at early diagnosis and treatment to pre-
vent disease progression in people with established
CVD [5].

To prevent cardiovascular diseases, it is necessary
to promptly identify people at high risk for primary
prevention, which includes healthy nutrition and
lifestyle interventions, or for treatments, including
drug interventions. Over the past two decades, numer-
ous prediction models have been developed that math-
ematically combine multiple predictors to predict the
risk of developing CVD [6]. For example, tools such
as Framingham [7], SCORE [8], and QRISK (9) are
among the most commonly used. Some of these pre-
diction models are included in the clinical guidelines
for therapeutic management. Health policymakers are
increasingly advocating these models [6].

The national and international guidelines pub-
lished for the prevention of cardiovascular diseases
recommend lifestyle changes such as healthy eating,
increasing physical activity, quitting smoking and los-
ing weight [4, 9-12]. Finding ways to implement
proven interventions to reduce CVD risk factors in at-
risk populations can reduce CVD health inequalities
in primary care [ 13]. Community-based CVD preven-
tion programs are another effective method recom-
mended to reduce medical care costs and the disease
burden attributable to CVDs [14]. Therefore, there has
been a shift towards community-based programs to
prevent CVD in recent years. Thanks to this approach,
even minor improvements in general risk factors can
significantly decrease the CVD burden [15]. Studies
conducted in this field over the last ten years show that
community-based interventions improve CVD risk

factors, especially by reducing blood pressure, serum
LDL-C and triglyceride levels, obesity indices, and
blood sugar, leading to a successful improvement in
CVD risk factors. It is also emphasized that the impact
of these programs on CVD varies depending on the
type of intervention and different cultural and physical
environments [16].

In recent years, the rapid increase and change in
the direction of studies on determining and preventing
CVD risk in primary care make it difficult for re-
searchers to follow the results of current studies.
Therefore, there is an increasing need to identify
trends, map recent developments, and identify re-
search gaps regarding CVD risk identification and pre-
vention in primary care. In addition, it is essential to
evaluate the studies carried out in this field in recent
years to increase confidence in the results of risk iden-
tification and prevention studies on the subject and to
contribute to primary healthcare policies.

Bibliometric analysis is an analytical method used
to obtain formal and quantitative data about a field's
current status. It makes it easier to monitor academic
trends through visualization software. The bibliomet-
ric approach aims to provide quantitative data about
research performance [17]. The researchers' experi-
ences and knowledge inspire the comments based on
these metrics in the field. Researchers use bibliometric
analysis for various reasons, including uncovering
emerging trends in article and journal performance,
patterns of collaboration and research components,
and exploring the intellectual structure of a particular
field in the existing literature [18]. In other words, bib-
liometric analysis is used to map scientific knowledge
in a field by making sense of large volumes of unstruc-
tured data. Therefore, well-done bibliometric studies
can create solid foundations for advancing a field in
new and meaningful ways. They enable academics to
gain a general perspective from a single source, iden-
tify knowledge gaps, derive new ideas for research,
and position their research [19].

As far as is known in the literature, no bibliometric
analysis is related to the determination and prevention
of CVD risk performed in primary care. This biblio-
metric analysis reflects the current evidence by ana-
lyzing the bibliometric properties of articles published
on CVD risk identification and prevention in primary
care. It allows researchers and policymakers to obtain
information about the structure of their field, under-
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stand the research gaps, and evaluate future studies on
CVD risk identification and prevention in primary
care. It will contribute to developing innovative ideas
regarding studies.

Research Questions

*What is the distribution of publications and cita-
tions over the years?

*What are the most influential publications in the
field on the subject?

*What are the most productive journals in the rel-
evant field?

*How are publications distributed by country and
what are the collaborations between countries?

*How is the analysis of keywords used by authors
in publications?

*What are the trending topics of publications by
year?

*What is the thematic map of the publications?

METHODS

Purpose

This bibliometric analysis was conducted to identify
the trends of studies on cardiovascular disease risk
identification and prevention in primary care from
2013 to 2024 and visualize the latest developments.

Table 1. Keyword sequence

Design

This study conducted a bibliometric analysis of
studies on cardiovascular disease risk identification
and prevention in primary care. Bibliometric analysis
is a powerful statistical tool that allows quantitative
and qualitative evaluation of articles [19].

Data and Analysis

Different tools and software are used to perform
bibliometric analysis in the literature. The VOSviewer
program was used in this study. VOSviewer is a soft-
ware tool for creating maps based on data sets and vi-
sualizing and exploring these maps [20]. The analysis
was performed on articles published between 2013
and 2024. Only documents identified as articles in
Web of Science were included in the analysis; other
documents such as recommendations, guidelines, re-
views, letters, or editorials were excluded. The re-
search focused on original articles to seek new
contributions to the literature. The reason for not in-
cluding non-English studies is that language barriers
may complicate the data processing and analysis
process. It was excluded to avoid technical difficulties
due to language differences when analyzing the data.

On 04.03.2024, 533 results were found in the
search by selecting "all fields" in Web of Science with
the keyword sequence in Table 1. Four hundred forty-
eight journal articles from different disciplines, eight

Category

Derivation

Cardiovascular disease
CVD

Risk assessment

Primary prevention

Primary Care

Cardiac Events, Heart Diseases
Cardiac disease
Risk Evaluation
Risk Estimation
Risk Assessments
Risk Analyses
Risk Protection
Preventive health
Public Health
Public Health Practice

Primary health care

(TS=(“* Cardiovascular disease*” OR “*CVD*” OR “Cardiac Events” OR “Heart Diseases” OR “Cardiac disease”)) AND
(TS=(“Risk evaluation” OR “Risk estimation” OR “Risk Assessments” OR “Risk Analyses” OR “Risk assessment”)) AND
(TS=(*“ Primary Care” OR “Preventive health” OR “Public Health” OR “Public Health Practice” OR “Primary health care”))
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editorial content, 76 early appearance studies, 75 re-
view articles, and four book-type works were ac-
cessed, according to years, the oldest being 2013 and
the newest being 2024. In terms of disciplines, the vast
majority of the studies were conducted in the fields of
Medicine (134), Public Health (108), Cardiovascular
Systems (88), Primary health care (56), Peripheral
Vascular Disease (34), Endocrinology Metabolism
(31), Health Science Services (25), Environmental
Sciences (22). Out of 533 results, 443 original articles
were analyzed using author, citation, journal, country,
institution, and keyword analysis.

In order to expand the scope of the study with
more analytical techniques, Bibliometrix software was
used to reveal the research focuses (trend topics) and
thematic trends (thematic map) of the studies [21].

Ethics

Since this study was not conducted on any indi-
vidual and used document analysis as the data collec-
tion method, ethics committee approval is not
required.

RESULTS

The number of publications of the 443 included stud-
ies varies between 3 and 47 by year. The most publi-
cations (n=47, 10.6%) were made in 2016 and 2020,
and the least were published in 2012 (excluding

%,

2
% N 5,

?

2024=3 articles). The number of articles by year is
given in Fig. 1.

Co-authorship of Authors

In the co-authorship analysis of the authors, a net-
work diagram was created to determine the most con-
nected and collaborative authors by selecting the
criteria of at least 1 document and at least 1 citation.
According to the analysis made among the names with
the highest connections, eight are combined in a single
cluster and have 92 connections. It is also seen that the
most cited authors (Roger S. Blumenthal with 8100
citations, Erin D. Michos with 8100 citations, and
Michelle A. Albert with 9039 citations) are not the
most connected. The authors who produce the most
documents do not appear to be among the most con-
nected either (Rod Jackson, Sue Wells, and Andrew
Kerr, respectively) (Fig. 2.).

Citation Analysis of Authors

To identify citation networks, a network map was
created for author citation analysis with the criteria of
at least 1 document and at least 1 citation. In the analy-
sis made on 592 units that were seen to be connected,
a total of 20 clusters, 7580 connections and a total con-
nection strength of 11234 were detected. The most
cited authors were Roger S. Blumenthal with 8100 ci-
tations, Erin D. Michos with 8100 citations, and
Michelle A. Albert with 9039 citations. In terms of
total connection strength, Rod Jackson ranks first with

% %

Fig. 1. The number of publications in 2013-2024.
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Fig. 2. Co-authorship of authors.

626 connections, Sue Wells ranks second with 576
connections, and Matire Harwood ranks third with 436
connections (Fig. 3).

Citation Analysis of Countries

In order to create a network map of the citations
received by publications according to their country of
origin, an analysis was made on 64 observation units
that have a relationship between them within the scope

of the criterion of publishing at least 1 document and
receiving 1 citation by a country. Eight clusters, 213
connections, and 458 total connection strengths were
identified. The countries with the most citations were
the USA (11765 citations), Ireland (8067 citations) and
Italy (5653). Regarding total connection power, the
USA ranks first, Australia ranks second, and the
Netherlands ranks third. In terms of the number of
works, the order is as follows: USA (127 publications),
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Fig. 3. Citations of authors.
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Fig. 4. Citations of countries.

England (93 publications) and Australia (48 publica-
tions) (Fig. 4).

Citation Analysis of Organizations

To create a network map of organizational cita-
tions, an analysis was made on 377 observation units
that have a relationship with each other within the

(_ahvaz jundishapur univ med sci |

l&a VOSviewer

scope of the criteria of publishing at least one docu-
ment and receiving 1 citation by an organization.
While Auckland University (31 publications), Cam-
bridge University (15 publications), Sydney Univer-
sity (14) are represented by publications, the address
organizations of the most cited publications are The
University of North Carolina (8078 citations), North-

univ missouri

charles univ prague

Fig. 5. Citation of organizations.
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Table 2. Top S most cited publications

Puplication title

2019 ACC/AHA Guideline on the Primary Prevention
of Cardiovascular Disease: A Report of the American
College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines

2016 European Guidelines on cardiovascular disease
prevention in clinical practice

Global, Regional, and National Comparative Risk
Assessment of 84 Behavioural, Environmental and
Occupational, and Metabolic Risks or Clusters of
Risks for 195 Countries and Territories, 1990-2017: A
Systematic Analysis for the Global Burden of Disease
Study 2017

Global, regional, and national comparative risk
assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks
in 188 countries, 1990-2013: a systematic analysis for
the Global Burden of Disease Study 2013

Association Between Dietary Factors and Mortality
From Heart Disease, Stroke, and Type 2 Diabetes in
the United States

Author Year Journal Total
citations

Arnett et al. [26] 2019 Circulation 7886

Piepoli et al. [9] 2016  Atherosclerosis 5320

GBD 2017 Risk 2018 Lancet 2686

Factor

Collaborators [29]

GBD 2013 Risk 2015 Lancet 1898

Factors
Collaborators [30]
Micha et al. [31] 2017 JAMA 677

Western University (8051 citations) and Johns Hop-
kins University (8031 citations). Of 18 clusters, 2690
connections and total connection strength were deter-
mined as 3298 (Fig. 5).

Citation Analysis of Documents

According to the analysis made with 114 units se-
lected with the criterion of having received at least one
citation and had connections between them, 18 clus-
ters and 144 connections were obtained. When we
look at the articles published on determining and pre-

venting cardiovascular disease risk in primary care, it
can be seen that Arnett (2019), Piepoli (2016), and
Stanaway (2018) are among the top three most cited
documents (Table 2).

Citation Analysis of Journals

According to the analysis made with 231 units
with links between them, selected with the criterion of
having at least one citation, 15 clusters, and 148 links
were obtained. When we look at the articles published
on determining and preventing the risk of cardiovas-

Table 3. Top S journals with the most citations and publications

Journal Number of Journal Number of
citations publications
1 Circulation 8130 1 BMC Family Practice 12
2  Lancet 4745 2 BMC Public Health 12
3 European Heart Journal 3138 3 Plos One 11
4  Atherosclerosis 2202 4 British Journal of General Practice 11
5  Lancet Diabetes & Endocrinology 788 5 BMIJ Open 10
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& VOSviewer

Fig. 6. Co-occurrence of all keywords.

cular disease in primary care, the most cited journals
are Circulation and Lancet, which appears to be in the
top three of the European Heart Journal. The journals
with the most publications on the subject are BMC
Family Practice, BMC Public Health, and Plos One,
respectively (Table 3).

#ft vosviewer

Co-occurrence of All Keywords

When we look at the most frequently used key-
words in documents on determining and preventing
cardiovascular disease risk in primary care, risk as-
sessment with 95 repetitions, cardiovascular disease
with 77 repetitions, primary care with 48 repetitions,
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Fig. 7. Co-citation of co-authors.
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Fig. 8. Trending topics and thematic map.

and 42 repetitions. It contains the words hypertension
and prevention with 37 repetitions. The strongest state-
ments regarding total connection strength were risk as-
sessment, cardiovascular disease, hypertension, blood
pressure, and primary care. As a result of the analysis
made with 143 observation units that were seen at least
three times and had a relationship between them, a

total of 5 clusters, 3024 connections, and 8482 total
connection strength were detected (Fig. 6).

Co-citation of Co-authors

Different sources cited in a publication are called
co-citation. According to the analysis performed on
152 units with the minimum number of citations se-
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lected as 10, a total of 5 clusters, 5322 links and 33389
total link strength were detected. The most commonly
cited authors were identified as D'agostino (96), Hip-
pisley-cox (92) and World Health Organization (73)

(Fig. 7).

Trending Topics and Thematic Map

Fig. 8 presents the worldwide trend topics of stud-
ies on the subject by year. When we examined the
trend topics of the last year, “children”, " atrial-fibril-
lation" and " pollution" were global trends. The topics
"blood-pressure control," “coronary-artery calcium,”
“physician-pharmacist collaboration,” “density-
lipoprotein cholesterol,” “randomized,” “health-risk
assessment,” “pollution,” “heavy-metals" were niche
themes that did not have a widespread impact. Not
much work has been done on the topics in niche
themes. There is potential here and researchers may
want to evaluate this potential. The basic themes were
" primary-care, coronary-heart-disease, prevention,
cardiovascular-disease, mortality, disease." These
themes were central, but the number of publications
was still low (Fig. 8).

DISCUSSION

In this study, bibliometric analysis of 443 studies pub-
lished on cardiovascular disease risk determination
and prevention in primary care was performed using
the VOSviewer program, and important publications,
influential authors, authors' affiliations, leading coun-
tries and current trends regarding CVD risk assess-
ment in primary care were determined. The unique
value of this study is that there is no study in the liter-
ature that identifies the trends of studies on cardiovas-
cular disease risk identification and prevention in
primary care and visualizes countries, author collabo-
rations, and citation networks. It is thought that this
study will provide important information about the
management of heart diseases in primary care and will
make the current trends clear and understandable.
According to the analysis, it is seen that there has
been an increase in the studies on determining and pre-
venting the risk of cardiovascular disease in primary
care in the last five years. However, it varies from year
to year. The increasing number of publications in this
field in recent years shows that the literature is deep-

ening and expanding. According to WHO, more than
four of the deaths caused by CVD, which is the lead-
ing cause of death in the world, are caused by heart at-
tack and stroke [1]. Additionally, CVDs not only
contribute significantly to the rising healthcare costs
but also impose a high socio-economic burden on the
general population. The review by Flora and Nayak
emphasized that CVDs also create a high socio-eco-
nomic burden on the general population [22]. Deter-
mining the risk of a heart attack is crucial as it can help
in reducing the chances of deaths by up to 80%. Early
risk-specific measures can be taken to prevent heart
attacks, which can significantly reduce the socioeco-
nomic burden on the general population. This high-
lights the importance of increasing research and
developing strategies to combat cardiovascular diseases.
When we look at the partnership and citation
analysis of the authors who contributed to the studies,
it is seen that the number of citations and the link sta-
tus do not show parallelism. Co-authorship is when
two or more authors share their talents and resources
by adopting one of the collaborative methods and col-
laborating to create a scientific work. One of the meth-
ods used to investigate co-authorship collaborations is
an analysis of co-authorship networks [23]. Therefore,
it is seen that there is a different process than the num-
ber of citations of authors. In this study, the most cited
authors (Roger S. Blumenthal, Erin D. Michos, and
Michelle A. Albert) and the most connected authors
(Rod Jackson, Sue Wells, and Andrew Kerr) differ.
Studies on determining and preventing cardiovascular
disease risk in primary care were carried out by au-
thors from 64 different countries, and the most publi-
cations were made in the USA, England and Australia,
respectively. According to the American Heart Asso-
ciation (AHA) in the United States, CVD tops the dis-
ease burden list, and projections show that by 2035,
45% of the U.S. adult population will be diagnosed
with cardiovascular disease, costing more than $1 tril-
lion annually [24]. It has been observed that cardio-
vascular diseases are a leading cause of premature
deaths, accounting for one in four such deaths in the
UK. Similarly, in Australia, these diseases cause about
a quarter of the disease burden and two-thirds of all
deaths. This highlights the severity of the situation
[25]. The rising prevalence of CVD across the world,
particularly in developed countries, has resulted in a
high disease burden that is costly. However, research
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shows that about 85% of CVD cases can be prevented
if primary care is given priority. This highlights the
importance of continued research in this field.

Although there are 997 different institutions con-
tributing to the research studies, universities are the
top contributors. The universities with the most cita-
tions are The University of North Carolina, North
Western University, and Johns Hopkins University, re-
spectively. However, the universities with the most
publications vary depending on the countries in which
they are located. Auckland University (31 publica-
tions), Cambridge University (15 publications), and
Sydney University are among the top universities with
the most publications. It is observed that the countries
that produce the most publications are the USA, Aus-
tralia, and England.

Upon examining the most cited publications, it is
evident that the top 10 publications were published be-
tween 2015 and 2019. These studies are primarily fo-
cused on CVD prevention and evaluation and have
been carried out by extensive research teams over mul-
tiple years of work. These studies have significantly
contributed to the field and have led the way in this
area. Among these studies, the guidelines published
by two leading associations, AHA and the European
Society of Cardiology, are of utmost importance [9,
26]. The increase in the number of citations can be at-
tributed to the use of high-evidence recommendations
and practices in studies pertaining to the identification
and prevention of cardiovascular disease risk in pri-
mary care. These guidelines also provide guidance for
planned studies.

Topics such as "blood-pressure control," "coro-
nary-artery calcium," "physician-pharmacist collabo-
ration," "density-lipoprotein cholesterol,"
"randomized," "health-risk assessment," "pollution,"
"heavy-metals" constitute the trending topics that need
to be focused on in this field. When we look at the top-
ics, it can be stated that the basic CVD risk factors,
such as hypertension, high cholesterol, and atheroscle-
rosis, are still not adequately addressed and that future
research is needed in this field. Another notable trend-
ing topic is the increasing air pollution due to the ef-
fects of global warming. Air pollution and heavy
metals can increase the risk of cardiovascular diseases
(CVD) by causing hardening and inflammation of the
arteries [27]. Therefore, it is essential to consider these
factors in primary healthcare. Wang, Lin et al. con-

ducted a bibliometric analysis and concluded that the
literature includes studies on complications of cardio-
vascular risk, risk factors, and pharmacological pre-
vention strategies [28]. The findings align with the
results of this study. Additionally, the significance of
pharmacological prevention strategies for CVD risk sup-
ports the trending topic of "physician-pharmacist collab-
oration" in our study.

The risk assessment conducted by researchers in
randomized controlled studies, with a high level of ev-
idence, and in planning studies that address risk factors
such as hypertension, high cholesterol, air pollution,
and heavy metals that cause atherosclerosis, will make
significant contributions to the field. Collaborating
with primary healthcare providers and policymakers
to plan primary healthcare policies can help fill the gap
in the field.

In publications related to determining and prevent-
ing the risk of cardiovascular disease in primary care,
the most frequently used keywords are risk assess-
ment, cardiovascular disease, primary care, hyperten-
sion, and prevention. This indicates that researchers
working on this topic are primarily focused on identi-
fying the risk of cardiovascular disease in primary care
settings and the risk factors associated with it, includ-
ing hypertension, dyslipidemia, diabetes, and smok-
ing. The practices are based on guidelines and the
main focus is on risk assessment and prevention.

It is worth noting that the WHO ranks among the top
three co-cited organizations in publications related to
determining and preventing cardiovascular disease
risk in primary care. This is mainly due to the valuable
resources that WHO offers, including prevalence and
incidence data published on its website, high-evidence
recommendations, and guidelines created by large
working groups, which many authors frequently use.

Limitations

The first limitation of the research is that it only
includes studies on identifying and preventing cardio-
vascular disease (CVD) risk that have been published
in journals indexed in the "Web of Science Core Col-
lection" database. The bibliometric analysis did not in-
clude any relevant studies published in non-indexed
journals. The second limitation of the research is that
the research only considered studies published in Eng-
lish, which may have excluded relevant studies pub-
lished in other languages.
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CONCLUSION

This bibliometric analysis examined the current state
of research on identifying and preventing cardiovas-
cular disease risk in primary care. The study identified
the top contributing authors, institutions, collabora-
tions, and trends in the field, finding that interest in
this area has increased in recent years. The analysis
showed that most studies focused on keywords such
as "risk assessment," "cardiovascular disease," "pri-
mary care," "hypertension," and "prevention." If re-
searchers focus on trending topics in future research
like "blood-pressure control," "coronary-artery cal-
cium," "physician-pharmacist collaboration," "low-
density lipoprotein  cholesterol," "health-risk
assessment," "pollution," "primary care," "coronary
heart disease," "prevention," "cardiovascular disease,"
and "mortality," it will help address the existing gap
in the field. This area continues to be an active area of
study for researchers. This bibliometric analysis has
shown that guidelines published in the field of cardio-
vascular disease risk in primary care are crucial re-
sources. Risk factors are also of great importance, and
studies in this field require long-term global collabo-
rations. Developed countries with a high disease bur-
den are leading the field. Therefore, it is believed that
addressing more risk factors, focusing on less ad-
dressed issues, and increasing global cooperation in
studies planned in this field will contribute to expand-
ing international literature in this area.
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ABSTRACT

Objectives: Nurses have important responsibilities in providing effective pain management. This study was
conducted to determine the level of knowledge and practices of rheumatology nurses regarding pain manage-
ment.

Methods: A descriptive study sample was 64 nurses in the rheumatology clinic. Data were collected using the
Nurse Introduction Form and Questionnaire on Knowledge and Practices Regarding Pain Management. The
data were evaluated in the SPSS.

Results: It was determined that 73.4% of the rheumatology nurses did not receive training on pain management.
The pain management knowledge score was moderate, and the knowledge of non-pharmacological pain man-
agement was insufficient. The mean pain management self-confidence score was 6.03+2.01 (0-10), and a pos-
itive correlation was found between the graduation year, working years in rheumatology, and pain management
knowledge score (P<0.05). Findings showed that the rheumatology nurses wanted to receive training on non-
pharmacological interventions in pain management, pain-related psychosocial issues, and pain diagnosis.
Conclusion: Most of the participating rheumatology nurses did not receive training on pain management; their
knowledge was only moderate, and they wanted to receive more training. As nurses’ working years increased,
the pain management self-confidence score increased. It is important to ensure orientation in the clinic by pro-
viding training to nurses who start to work in the rheumatology clinic regarding management and non-phar-
macological interventions.

Keywords: Nursing, pain management, rheumatology

in many different dimensions, including the

physical, mental, emotional, spiritual, existen-
tial, and interpersonal [1, 2]. The definition of pain
The International Association for the Study of Pain
(IASP) states, “Pain is a specific, unpleasant emotional
experience with or without an organic cause, originat-
ing from any part of the body and including all past

T ain is a universal human experience: it appears

experiences of a person.” [3]. Pain is classified as
acute, chronic, and recurrent based on its duration.
Chronic pain is defined as pain that continues longer
than three months, longer than expected, or persists
after recovery [4]. While chronic musculoskeletal pain
is seen in 26-50% of adults, chronic low back pain
may occur in 50-80% of the population at some time
in their lives [5, 6]. However, pain is the predominant
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symptom in most rheumatological diseases and is the
primary reason for hospital admission for patients with
inflammatory arthritis [7]. 68-88% of rheumatoid
arthritis (RA) patients consider pain one of their top
three priorities [8]. Chronic pain is very common in
rheumatological diseases, where it starts for an etio-
logical reason; it becomes the primary problem when
recovery fails, resulting in immitigable pain associated
with poor quality of life and an increased socioeco-
nomic burden [4, 9].

Pain is the most common symptom in rheumatol-
ogy patients: it negatively affects patients’ daily activ-
ities and reduces their quality of life. Therefore, pain
management of rheumatology patients is very impor-
tant. Nurses should play an active role in the pain man-
agement of individuals with arthritis and regularly
renew their knowledge of pain management methods
[10]. Nurses must successfully manage pain to provide
safe, quality, and recovery-supporting care. The nurse
should provide the most appropriate individualized
pain management by addressing the patient who is ex-
periencing pain with a holistic approach. Sufficient
pain management is already considered an interna-
tional human right [1]. Therefore, all health profes-
sionals should have the necessary knowledge and
skills to help rheumatology patients manage their pain
better [7]. The American Pain Association defined
pain as the "fifth vital sign" in 2010 [11]. Pain man-
agement in theumatology patients includes assessment
of pain (severity, type, duration), definition of the
causes of pain (inflammatory, degenerative, wide-
spread body pain), determination of the aims/expecta-
tions of treatment, development and implementation
of the treatment plan, pharmacological treatments
(treatment of disease and pain treatment), non-phar-
macological treatments, assessment of the efficiency
of treatment, physical activities and exercise, and pa-
tient education (joint protection, weight control, non-
pharmacological practices) [7, 11]. Uncontrolled pain
in theumatology patients causes negative outcomes
that include limitations in activities of daily life, lim-
ited resting activities, decreased socialization, anxiety,
depression, sleep disorders, loss of appetite, and in-
creased health service use and costs, thereby nega-
tively affecting the quality of life [10]. When effective
pain management is achieved in rheumatology pa-
tients, pain can be reduced, functionality and well-

being can be increased, and individual and social costs
(such as disability, increase in the number of days ab-
sent from work, recurrent hospital admissions, and
hospitalizations) can be reduced [7]. Therefore, nurses
in rtheumatology cases should take responsibility re-
garding pain management to increase patients’ quality
of life.

Nurse-led pain management is a way to improve
the provision of health service: nurses have key roles
in pain management [4]. The global role of nurses in
pain management is to provide pain management in
accordance with the individual and cultural character-
istics of the patient [1]. Nurses should have the neces-
sary knowledge and skills for effective pain
management; however, there are only a limited num-
ber of studies that evaluate the knowledge and prac-
tices of rheumatology nurses on pain management. In
the study, found that rheumatology nurses defined pain
as one of the distressful symptoms, and that they did
not feel competent in pain management due to lack of
information [12]. Some studies have been conducted
with nurses in Turkey [13, 14, 15]; however, no study
was found on pain management by rheumatology
nurses. Studies conducted found that nurses have in-
sufficient knowledge about pain management, pain di-
agnosis, and recommendations for reducing pain, and
pharmacological treatment [13, 14]. However, deter-
mining the fields where nurses’ lack of knowledge and
practices in pain management are inadequate and the
obstacles encountered is important in terms of plan-
ning the solution to the problems. Accordingly, the aim
of our study was to determine the knowledge and prac-
tices of rheumatology nurses on pain management.

METHODS

In the present research, 64 nurses (28 via e-mail and
36 via face-to-face interviews) who were members of
the Turkish Rheumatology Nurses Society, were em-
ployed in a rheumatology clinic, and volunteered to
participate were included. Nurses who were employed
in other clinics despite being a member of the society,
who could not be reached at the time (October 2015-
December 2016) of the study, and who did not com-
plete the questionnaire were excluded from the study.

National Rheumatology Nurses Association of our
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country was established in 2006 under the leadership
of rheumatology nurses. The association, which had
87 registered members at the time of the research, con-
tinues its activities with 99 active members today. In
the sample calculation of the study, the sample size
was found to be 61 with 0=0.05 and 0.95 confidence
level (1-B). In post hoc power analysis; it was con-
cluded that according to this effect size value, it
reached 90% (0.8955774) power at the 95% confi-
dence level and the sample size was sufficient.

Data Collection

The research data were collected using the Nurse
Introduction Form and Questionnaire on Knowledge
and Practices Regarding Pain Management. The ques-
tionnaire forms were sent to the e-mails (n=87) of the
members of the national Rheumatology Nurses Soci-
ety. After the rheumatology nurses filled out the ques-
tionnaire, it was sent to the researcher via e-mail
(n=26). The security of the returned e-mails was
checked. Since there was not enough feedback by
mail, questionnaires were applied face-to-face by
going to the clinics in the cities where the researchers
lived. A total of 38 rheumatology nurses who were
members of the association from 8 clinics were
reached.

Nurse Introduction Form

The form consists of six questions regarding age,
gender, educational status, marital status, graduation
year, and years working as a rheumatology nurse.

Questionnaire on Knowledge and Practices Re-
garding Pain Management

The researchers created the questionnaire by re-
viewing the literature to determine nurses' knowledge
and practices concerning patients having pain and the
management of pain [15, 16]. The questionnaire form
consists of 5 parts, having a total of 22 questions.

1. Causes of Pain

The most common causes of pain in rheumatolog-
ical diseases were listed, and nurses were asked to in-
dicate how often they encountered these conditions in
clinical practice. The causes of pain in patients were
grouped as “inflammatory joint pain (RA, PsA, etc.)”,
“non-inflammatory joint pain (Osteoarthritis, trauma,
etc.)”, “inflammatory back pain (SpA, AS, etc.)”,

“non-inflammatory back pain (mechanical pain, etc.)”
and “widespread body pain (Fibromyalgia, etc.)”.
Nurses were asked to describe their encounter fre-
quency as "rarely, “middle,” or often.”

2. The Status of Knowledge Regarding Pain Manage-
ment

This part assessed the level of knowledge regard-
ing pain management. Nurses were asked whether
they had received pain management education. Eleven
items about pain management were listed to determine
nurses' knowledge of pain management. Nurses were
asked to mark the given information as “true” or
“false”. The score on knowledge regarding pain man-
agement was determined by awarding each correct
item 1 score point (0-11).

3. The Practices Regarding Pain Management

In this section, there are questions to determine the
practices used by nurses in pain management. It in-
cluded questions about diagnosing pain, using a scale
to assess pain, and pain-related record keeping. In ad-
dition, nurses were asked to evaluate their self-confi-
dence in pain management with a 10-cm visual
analogue scale (VAS). The self-confidence score was
scored from O=never to 10=always.

4. The Problems Related to Pain Management

This section has questions to determine the prob-
lems experienced (barriers, ethical dilemmas, subjects
with educational needs) in pain management.

5. The Non-pharmacological Practices

In this section, the non-pharmacological methods
used by nurses in pain management were asked.
Nurses were asked about their knowledge and opin-
ions about non-pharmacological practices (exercise,
hot application, cold application, massage, aromather-
apy, acupressure, acupuncture, yoga, meditation, reiki,
music, other). For each non-pharmacological method,
they were asked to mark the appropriate options
among the options “I consider it beneficial”, “I rec-
ommend it to my patients”, and “I have no idea”.
The nurses completed the questionnaires in approxi-
mately 15-20 minutes.

Ethical Consideration
Ethical approval was obtained from the Scientific
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Ethical Committee of Ege University Faculty of Nurs-
ing (Date: 30.09.2015, numbered 2015-113). More-
over, informed consent was requested from the
Chairman of the Turkish Rheumatology Nurses Soci-
ety and the participants who involved in this study. For
all research, this must include a final section including
details of ethical approval, informed consent, and,
where relevant, registration.

Statistical Analysis

The data were evaluated using the Statistical Pack-
age for the Social Sciences (SPSS) and percentage,
meantstandard deviation, and Pearson correlation
analyses. A P-value of <0.05 was considered signifi-
cant.

RESULTS

Sociodemographic Characteristics of Rheumatol-
ogy Nurses

Considering the distribution of sociodemographic
characteristics of rheumatology nurses, the mean age
of the nurses was 34.68+7.05 years, and most of them
had a bachelor's degree and were married. The mean
time since graduation was 13.43+7.87 years, and the

mean of working years in the rheumatology clinic was
6.42+5.91 years (Table 1).

Knowledge and Practices Regarding Pain Manage-
ment
1. Causes of Pain

Table 2 shows data by frequency of encountering
painful patients according to the reasons described by
rheumatology nurses. Rheumatology nurses reported
that the most common causes of pain were inflamma-
tory joint pain (87.5%) and inflammatory back pain
(51.5%). Non-inflammatory back pain and non-in-
flammatory joint pain were encountered less fre-
quently than the other pain types.

2. The Status of Knowledge Regarding Pain Manage-
ment

The majority of rheumatology nurses reported that
they did not receive training in pain management
(Table 1). The answers given by the nurses to the 11
items prepared to determine the pain management in-
formation are shown in Table 3. Each correct answer

was scored 1 point, and the mean pain management
knowledge score was 7.67+£2.74 (0-11). The three
statements that the nurses answered incorrectly were
as follows: “Rheumatology patients’ pain cannot be
treated with non-pharmacological methods” “Pain
should be treated when it reaches the level that the pa-
tient cannot tolerate any longer”, and “Nurses can
apply non-pharmacological methods independently in
pain management”. No correlation was found between
the knowledge score and graduation time (r=0.061,
P=0.631) and working years in rheumatology
(r=0.061, P=0.633).

3. The Pain Management Practices

Table 4 shows the distribution of rheumatology
nurses’ pain management practices. The majority of
the rheumatology nurses’ did pain assessment regu-
larly and used a scale for pain assessment. The major-
ity of the nurses stated that they asked the patient how
much pain he/she had while making a pain assessment.
Again, the majority of the nurses stated that they ad-
ministered painkillers (analgesic drugs) as ordered by
a physician and contacting the patient’s physician
about pain. The topics included reporting changes in
pain (35), discussing increases in drug amount(s) (11),
discussing drug/administration route changes (7), and

Table 1. Descriptive characteristics of nurses

Characteristics n (%) or
(mean+SD)
Age (years) 34.68+7.05
Educational status
Associate’s degree 4(6.3)
Bachelor’s degree 56 (87.4)
Master’s degree 4(6.3)
Marital status
Married 36 (56.2)
Single 28 (43.8)
Graduation time, years 13.43+7.87
Duration of working in 6.42+5.91
rheumatology, years
Education of pain management
Yes 17 (26.6)
No 47 (73.4)
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Table 2. Frequency of nurses encountering painful patients by reasons

Causes of pain

Encounter Frequency

Rarely Middle Often
% n % n %
Inflammatory joint pain (RA, PsA, etc) 2 3.1 6 9.4 56 875
Non-inflammatory joint pain (Osteoarthritis, trauma, etc) 13 203 24 37.5 27 422
Inflammatory back pain (SpA, AS, etc) 4 6.3 27 42.2 33 515
Non-inflammatory back pain (Mechanical pain, etc) 18 28.1 31 48.4 15 235
Widespread body pain (Fibromyaljia, etc) 10 156 32 50.0 22 344

RA=rheumatoid arthritis, PsA=psoriatic arthritis, SpA=spondylarthritis, As=ankylosing spondylitis

reporting drug side effects (1). The majority of nurses
reported that they kept records about pain and entered
the records on the nurse observation form. Nurses re-
ported that they most frequently needed to decide on
“the identification of pain and its severity,” and “the
drugs and administration time”. The mean pain man-
agement self-confidence score of the rheumatology
nurses was 6.03+£2.01 (0-10). A positive correlation
was found between the self-confidence score and the
graduation year (r=0.268, P=0.038), working years in
rheumatology (r=0.296, P=0.018), and pain manage-
ment knowledge score (r=0.334, P=0.007).

4. The Problems Related to Pain Management
Twenty-eight (43.8%) rheumatology nurses an-

Table 3. Knowledge of pain and pain management

swered “yes” to the question of whether they encoun-
tered any barriers in relieving the pain. These barriers
included insufficient drug ordering (10), lack of pa-
tient cooperation (9), lack of patient/family knowledge
(7), insufficient time (4), and insufficient physician co-
operation (3). The three most important issues with
professional ethical dilemmas in pain management
were problems or anxiety about administering too
many drugs (50.0%), feeling that the pain could not
be relieved sufficiently (46.8%), and conflict with the
physician (35.9%). Considering the distribution of the
subjects that required training on pain management, it
was found that the top three subjects were non-phar-
macological interventions, psychosocial issues related
to pain, and pain diagnosis (Table 5).

Pain and pain management related items

Knowing Unknowing

n Y% n Y%
Pain is a multidimensional experience and the one who best experienced it can 56 875 8 12.5
describe it. (T)
Pain can cause many problems such as loss of appetite and insomnia. (T) 58 90.6 6 9.4
When the pain reaches the level that the patient cannot bear, it should be treated. (F) 25 391 39 609
Pain treatment should always be individualized. (T) 53 828 11 172
Patients can live painlessly with appropriate treatment. (T) 54 844 10 15.6
It is natural for the patient to wait for the pain to pass completely after the treatment. (T) 48 750 16 25.0
There are non-pharmacological pain treatment methods that can be recommended to 45 703 19 29.7
rheumatology patients. (T)
The pain of rheumatology patients cannot be treated with non-pharmacological 14 218 50 782
methods. (F)
Nurses can independently apply non-pharmacological methods in pain management. (T) 38 594 26 40.6
Nurses can recommend non-pharmacological pain treatment methods to their patients. (T) 41 64.1 23 359
Nurses have an important place in the multidisciplinary pain management team. (T) 52 813 12 187

T=True, F=False
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Table 4. Nurses' practices on pain management

Practices n %
Regular pain assessment

No 54 84.4

Yes 10 15.6
Using a scale in pain assessment

Yes 54 84.4

No 10 15.6
When assessing pain

I observe the patient's behavior. 15 23.4

I ask the patient how much pain he has. 41 64.1

I review the physician notes 0 0

I evaluate the verbal information given by my nurse colleagues. 1.6

All 7 10.9
When administering analgesic drugs

I give it less often than ordered. 7.8

I give it more often than is ordered. 0

I give drugs other than analgesic drugs (antiemetic, sedative, etc.) 2 3.1

I give it as ordered. 57 89.1
Non-pharmacological method application in the clinic

Yes 25 39.1

No 39 60.9
Contacting the doctor about pain

Yes 54 84.4

No 10 15.6
Pain related record keeping

Yes 57 89.1

No 7 10.9
Decision-making issue regarding pain

Identifying the pain 10 15.6

Defining the severity of pain 34 53.2

Medicines 13 20.3

Time of drugs 7 10.9
Self-confidence in pain management (0-10) (mean+SD) 6.03+2.01

5. The Non-pharmacological Practices

Twenty-five (39.1%) rheumatology nurses stated
that non-pharmacological practices were performed in
the clinic: cold application (14), physiotherapy (10),
hot application (5), and exercise (1) (Multiple prac-

tices reported). Non-pharmacological methods that the
nurses considered beneficial were exercise (73.4%),
physiotherapy (64.1%), and massage (59.4%). The
non-pharmacological methods they recommended
were cold application (17.2%), massage (17.2%,) and
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Table 5. The problems experienced by nurses in pain management

Problems n %
Barriers in relieving the pain
Yes 28 438
No 36 563
The most important professional ethical dilemmas in pain management*
Worry about giving too much medication 32 50.0
Concern about giving small amounts of medication 16 25.0
Feeling that the patient cannot adequately relieve pain 30 46.8
Worry about addiction 18  28.1
Concern about respiratory depression 21 32.8
Knowing that the patient has pain and not accepting it 8 12.5
Don't doubt that the pain is real 16 25.0
Conflict with the doctor 23 359
Conflict with patient and family 21 328
The subjects that required training on pain management
Pain diagnosis 34 531
Pharmacological management of pain 33 515
Analgesia pumps 23 359
Nonpharmacological interventions 40 625
Psychosocial issues related to pain 38 593
Pain management in special populations 18  28.1
*More than one option is marked.
Table 6. The non-pharmacological practices
Nonpharmacological Beneficial Recommend No idea
Practices
n % n % n %
Exercise 47 73.4 7 10.9 3 4.7
Hot application 28 43.8 10 15.6 13 20.3
Cold application 31 48.4 11 17.2 18 28.1
Massage 38 59.4 11 17.2 11 17.2
Physiotherapy 41 64.1 8 12.5 13 20.3
Herbal tharapy 12 18.8 4 6.3 40 62.5
Aromatherapy 14 21.9 2 3.1 45 70.3
Acupressure 11 17.2 2 3.1 50 78.1
Acupuncture 21 32.8 1 1.6 41 64.1
Yoga 22 344 5 7.8 36 56.3
Meditation 23 35.9 4 6.3 36 56.3
Reiki 14 21.9 2 3.1 47 73.4
Music 28 43.8 9 14.1 27 42.2
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hot application (15.6%). The non-pharmacological
methods that the nurses had no idea about were acu-
pressure (78.1%), reiki (73.4%), and aromatherapy
(70.3%) (Table 6).

DISCUSSION

The majority of the rheumatology nurses did not re-
ceive training on pain management: their knowledge
was only at a moderate level, and they wanted to re-
ceive more training. As nurses' working years in-
creased, the pain management self-confidence score
increased. Pain is among patients’ most frequently re-
ported symptoms: approximately 79% of hospitalized
patients experience pain [17]. Looking at the history
of nursing; it seems to be a longstanding tradition of
comforting the sufferers [18]. Nurses are the health
service providers who are not only responsible for re-
lieving patients’ pain but also play an important role
in managing patients’ pain. However, many interna-
tional organizations dealing with the improvement of
the safety and quality of health of patients have ad-
dressed this problem and reported that nurses provide
insufficient pain management in all countries. Further-
more, it has been emphasized that neglecting patients’
pain is ethically and morally unacceptable [17]. The
European League Against Rheumatism (EULAR) de-
fined rheumatology nurses as the part of the health
care team who make decisions along with patients and
provide evidence-based care. Rheumatology nurses
have several roles, including self-management sup-
port, patient education, person-to-person counselling,
and even telephone counselling. The EULAR, on the
other hand, emphasized that each patient needs to
reach out to a nurse from whom they can receive edu-
cation that will improve their disease management
[19]. Patient education on pain management should
include the causes of pain, pharmacological treatments
and their side effects, non-pharmacological practices,
self-help, physical activity, joint protection exercises,
behavioral changes, and weight control [10, 20]. Parlar
et al. [10], in a study of arthritis patients, found that
those who received education on pain management ex-
perienced decreased pain severity, increased use of
non-pharmacological interventions, and achieved pos-
itive impacts related to coping with pain and daily ac-
tivities.

Causes of Pain

In the management of pain in rheumatological dis-
eases, first of all, the etiology of pain should be deter-
mined. In rheumatological diseases, sources of pain
can be divided into inflammatory, degenerative, and
widespread body pain [7]. Rheumatology nurses re-
ported that the causes of pain they encountered in pa-
tients were often inflammatory joint pain and
inflammatory back pain, less frequently non-inflam-
matory back pain, and non-inflammatory joint pain.
These results show that nurses encounter diseases such
as RA and ankylosing spondylitis (AS) more fre-
quently in clinics. To know if the pain is inflammatory
is important in terms of determining the right applica-
tions (Hot application or thermal water should not be
recommended for inflammatory pain).

The Status of Knowledge Regarding Pain Manage-
ment

It is of vital importance to manage chronic mus-
culoskeletal pain with effective, safe, and low-cost ap-
proaches [21]. Pain management is a primary issue in
rheumatic diseases, and pain management should be
at the center of training and research studies in
rheumatology [11]. A study was conducted to identify
the basic education issues and problems, and then to
suggest solutions for rheumatology clinicians (nurses,
physiotherapists, occupational therapists) and educa-
tors in undergraduate education for rheumatology
practice. That study determined that the roles of nurses
on pain management, administration and monitoring
of analgesics; training and self-management of the pa-
tient should be included in the educational content of
nurses [22]. Another study emphasized that nursing
students’ pain knowledge and attitude scores were low
and that the nursing educators should make more ef-
forts to improve pain education in the current curricu-
lum and ensure nursing students develop pain
management attitudes [23]. Demir Dikmen ef al. [13]
determined that nurses’ knowledge and behavior
scores about patients in pain and their pain manage-
ment were at a moderate level; the authors concluded
that most of the nurses did not have sufficient knowl-
edge about pain diagnosis and management. In our
study, most of the nurses reported that they did not re-
ceive training on pain management and that their pain
management knowledge score was only at a moderate
level. These findings are consistent with the literature.
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For this reason, it is suggested that pain management
should be included more often, both in the content of
undergraduate education and in-service training pro-
grams after graduation.

Pharmacological treatment of pain may remain in-
sufficient in terms of effectiveness, and it has been
also reported to be associated with various toxicities
[11]. Therefore, the authors emphasized that non-phar-
macological pain treatment is an inseparable part of
pain management [24]. This conclusion is supported
by evidence from another study showing that the use
of analgesics can be reduced without increasing pain
by benefitting from non-pharmacological interven-
tions more in pain management guided by nurses [4].
It should be also noted that patients are more willing
to use these methods. Notably, several studies empha-
sized that nurses should provide training and counsel-
ing to their patients on non-pharmacological methods
as well as pharmacological methods in pain manage-
ment [24, 25]. Other studies determined that nurses
initially treated patients in pain with analgesics [4, 14,
26, 27]. One study found that the reason why nurses
used non-pharmacological interventions on a limited
level in pain management was related to their inade-
quate education on pain management [28]. The results
of recent systematic review and meta-analysis studies
showed that non-pharmacological practices were ef-
fective in reducing the pain of rheumatology patients.
Some of these practices were even included in the
American College of Rheumatology (ACR) guidelines
because of their high efficiency [11].

The level of pain experienced by the patients and
patient care outcomes are affected by the knowledge,
attitudes, and behaviors of the nurses providing their
care. It was observed that the insufficiency of nurses’
knowledge and experience is a cause of ineffective
pain management [29]. In our study, a positive corre-
lation was found between the pain management self-
confidence score and the knowledge score, supporting
that information. A previous study determined that
rheumatology nurses mainly rely on informal sources
of information (interactions with physicians and pa-
tients) and their professional experiences gained in the
clinic over the years [30]. In our study, the pain man-
agement self-confidence score increased as the work-
ing years in the rheumatology clinic increased. This
finding can be explained by the above-mentioned in-

formation. However, this learning method is time-con-
suming; therefore, formal evidence-based learning
needs to be facilitated and expanded on pain manage-
ment as an important issue. Accordingly, institutions
and managers of rheumatology clinics also have major
responsibilities. Pain management protocols should be
developed by following the current evidence-based lit-
erature, and nurses should be encouraged to imple-
ment these protocols.

The Practices and Problems Related to Pain Man-
agement

Pain management practices are hindered by three
main obstacles: patients’ obstacles, organizational ob-
stacles, and health service providers’ obstacles.
Nurses’ knowledge of pain management is reported to
be the strongest independent determinant of patients’
pain management practices. Therefore, nurses are rec-
ommended to focus on their knowledge and attitudes
on pain management to improve their practice in pain
management [17]. Demir Dikmen et al. [13] found
that 36.8% of the nurses encountered barriers to ac-
quiring that knowledge. Ryan et a/. [12] conducted a
study with rheumatology nurses and determined that
the most important barriers encountered in pain man-
agement were lack of time and lack of knowledge. In
our study, approximately half of the nurses reported
that they encountered obstacles in pain management,
and that the barriers they encountered were mostly
caused by external reasons (insufficient drug ordering,
lack of patient cooperation, lack of patient/family
knowledge, and insufficient physician cooperation).
Moreover, the three most important issues with pro-
fessional ethical dilemmas in pain management were
found to be problems/anxiety about administering too
many drugs (50.0%), feeling that the pain could not
be relieved sufficiently (46.8%), and conflict with the
physician (35.9%). The subjects requiring training on
pain management were found as non-pharmacological
interventions, psychosocial issues related to pain, and
pain diagnosis. Demir Dikmen et a/. [13] determined
that the issues in which nurses had ethical dilemmas
were fear of “administering overdoses” (36.5%) and
“addiction” (30.6%), and that the subjects that re-
quired information were pain diagnosis (41.9%), phar-
macological management of pain (27.6%),
non-pharmacological interventions in pain manage-
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ment (15.9%). These findings show that the ethical
problems and training requirements of nurses on pain
management are similar in all working environments.

The Non-pharmacological Practices
Non-pharmacological management of pain in
rheumatology patients includes patient education,
physical and occupational therapy, diet and weight
control, physical activity, massage, yoga, meditation,
aromatherapy, behavior therapies that include cogni-
tive-behavioral therapy, and development of self-man-
agement strategies [11]. Rheumatology nurses can
determine pain management-related non-pharmaco-
logical interventions appropriate for their patients, im-
plement these interventions independently, and even
teach them to their patients, implement the methods
concurrently with them, and assess the results together
[31, 32]. Nursing studies conducted with rheumatol-
ogy patients showed that methods such as pain man-
agement training, exercise, massage, aromatherapy,
reflexology, music, and yoga are some of the non-
pharmacological methods that are effective in reduc-
ing pain [10, 33-38]. These results show that
non-pharmacological interventions applied by nurses
in pain management are simple, independently appli-
cable, safe, and most importantly, effective [37]. In
both previous studies and our study, nurses were de-
termined to have insufficient knowledge about using
non-pharmacological interventions and how to recom-
mend them to the patients and that they want to receive
training on this subject [13, 14, 26, 27]. The main rea-
son of the lack of knowledge on non-pharmacological
interventions may be because evidence-based prac-
tices are not included in nursing education and nurses
are not informed about the study results. A study re-
ported that the sources of information of rheumatology
nurses included primarily colleagues and medical doc-
tors and that research-based nursing knowledge and
studies played a limited role [30]. To eliminate these
deficiencies in rheumatology nurses’ training on non-
pharmacological methods, it is necessary to ensure
nurses keep up with relevant studies, to inform nurses
who have difficulties in keeping up about the study re-
sults, and to share information in appropriate learning
environments. Additionally, nurses can be informed
about the courses and certificate programs regarding
non-pharmacological methods including aromather-

apy, acupressure, and reiki which require special edu-
cation, and their participation can be encouraged ac-
cordingly.

Limitations

Due to the low number of nurses who are mem-
bers of the rheumatology nursing association and the
low rate of answering the questionnaires, a limited
number of nurses participated in the study, although
the working period was extended. Giving together data
obtained by different methods (e-mail and face-to-
face) may be another limitation of the study

CONCLUSION

In our study, we found that most of the rheumatology
nurses performed pain assessment; however, their pain
management knowledge and self-confidence were
only at moderate levels. It was seen that the most im-
portant deficiency in nurses’ knowledge was about
non-pharmacological interventions, and that they
wanted to get information on this issue. Furthermore,
it was important that the self-confidence in pain man-
agement increased as the working years in the clinic
increased, indicating that pain management education
should be more often included during undergraduate
nursing education. The literature emphasizes the
preparation of nursing students to analytically imple-
ment their pain knowledge and their acquiring positive
pain attitudes is necessary for their future nursing roles
[23]. Nursing education programs should also include
evidence-based interventions regarding pain manage-
ment. Despite all that, managers should consider that
newly graduated nurses may have deficiencies on pain
management. For this reason, comprehensive in-ser-
vice training on pain management and evidence-based
non-pharmacological interventions should be provided
to nurses who will work in clinics such as rheumatol-
ogy and the results of that training should be evalu-
ated. Nurses should be encouraged to participate in
activities such as conferences, symposiums, and
courses to develop competencies on non-pharmaco-
logical practices (aromatherapy, massage, reiki, yoga,
etc.). In addition, institutions and clinics can develop
pain management protocols, and nurses can follow and
implement these protocols.
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The economic impact of two-stage knee arthroplasty
revisions: a projection for a specialized health center
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ABSTRACT

Objectives: The increase in the number of arthroplasty surgeries worldwide also leads to an increase in revision
surgeries. This study examines the costs of primary and revision arthroplasty treatments in a tertiary university
hospital's orthopedics and traumatology clinic. It also explores the impact of revision surgeries on the healthcare
System.

Methods: Seventy-six patients who had total knee arthroplasty at a university hospital between 01.01.2017
and 30.09.2022 were included in the study. The patients were divided into three groups: primary (n=25), aseptic
reasons one-stage revision (n=27), and septic reasons two-stage revisions (n=24). For each patient included in
the study, detailed documents regarding medical supplies, anesthesia, operating room, intensive care, consul-
tation, medicine/serum, medical treatment, laboratory, blood and blood products, microbiology, radiology,
food, bed, and attendant fees were provided separately by the hospital purchasing and statistics departments.
Results: When comparing the costs of primary, one-stage revision, and two-stage revision surgeries, the average
costs were 5689 Turkish Lira (), 8294.97 £, and 40919.67 £, respectively. In patients with septic reasons, the
group that underwent two-stage revisions had significantly higher costs than the aseptic group in terms of sur-
gery time, hospital stay duration, medication, treatment, surgery, anesthesia, intensive care, laboratory tests,
imaging, blood center services, consultations, visits, meal expenses, and invoiced amount (P<0.001).
Conclusion: Preventing and treating periprosthetic infections is costly and challenging. We need more research
to develop effective protocols and reduce costs. As the number of patients undergoing knee arthroplasty is ex-
pected to rise, healthcare systems must ensure the sustainability of public financial resources, especially in
public university hospitals.

Keywords: Arthroplasty, knee replacement, revision, cost analysis, hospital economics

health problem worldwide [1]. Due to the pop- operations is increasing daily. Since the demand for

O steoarthritis continues to be an essential public  daily life, the number of prosthetic joint replacement
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in the coming years, it is natural to expect that the
number of knee revisions and the economic burden of
prosthetic infections will increase over the years [2].
In a study conducted in Germany, the number of geri-
atric patients is expected to increase in the coming
years, and the use of orthopedic implants will increase
rapidly. The same study predicted that the incidence
of total knee arthroplasty (TKA) operations would in-
crease by 43%, and a total of 225,957 TKA procedures
will be applied in 2050. In addition, it is predicted that
annual TKA revision operations will increase rapidly
by 90% [3].

The increase in the elderly group and the number
of applied prostheses increase the number of implant
failures. The most common causes of implant failure
and need for revision are instability, mechanical loos-
ening, incorrect prosthesis positioning, dislocation,
polyethylene wear, periprosthetic fractures, and infec-
tion [4]. Periprosthetic infection is a very devastating
complication that increases the time and cost of treat-
ment. The infection rate in knee arthroplasty ranges
from 0,4% to 2% in primary total knee replacement
and 5,6% in revisions [5]. Prosthetic joint infections
(PJIs) have increased, as is obvious, and we anticipate
that this trend will continue as more primary joints are
replaced.

Two-stage revision is the most commonly used
treatment method worldwide in treating infected hip
and knee arthroplasty [6]. In the first stage, the in-
fected prosthesis is removed. The local antibiotic re-
lease aims to fill the formed space with antibiotic bone
cement (spacer). At the same time, systemic infection
control is tried to be achieved with intravenous (IV)
antibiotics. After infection control is ensured with an-
tibiotics lasting an average of 4 months (2-6 months),
the spacer is removed, and the final treatment is im-
plant placement. During all this time, patients undergo
a very costly treatment process, considering prolonged
hospitalizations, long-term drug treatments, and at
least two operations.

Parallel to the increasing number of arthroplasty
cases, revision due to aseptic loosening and two-stage
revision cases due to periprosthetic infection are also
increasing. The cost of managing knee revisions is ex-
pected to increase as an issue for patients, physicians,
and healthcare institutions [7]. Recent research on this
subject is limited because the stated costs are esti-
mated costs. Readmissions, prolonged hospital stays,

long-term medication use, and prolonged post-opera-
tive rehabilitation times account for many of these
high costs. However, more evidence-based informa-
tion is needed to support these measurements [8]. Ex-
isting studies have limitations because they either
report estimates rather than actual costs, provide no
comparison group (such as cases of non-infected pri-
mary total knee arthroplasty), or sum up all orthopedic
surgery cases rather than report on specific procedures
[9-11]. Furthermore, many of these studies needed to
analyze the factors contributing to higher costs beyond
repeated operations.

This study compared primary arthroplasty opera-
tions, revision operations due to aseptic loosening, and
two-stage revision procedures due to periprosthetic in-
fection. Our main aim is to determine the costs of cer-
tain services such as pharmaceutical services
(inpatient and outpatient treatment), medical and sur-
gical supplies, anesthesia services, diagnostic and ra-
diographic evaluations, operating room services,
laboratory costs, blood products, and consultation
services in these groups.

METHODS

This study was conducted at a single specialized terti-
ary care center between January 1, 2017, and Decem-
ber 31, 2022. Patient medical records and infection
monitoring database were reviewed for 524 patients
who underwent total knee arthroplasty in our institu-
tion. The patients were followed for one year from the
first surgery date. Institutional review board approval
was obtained to analyze patient records and data from
the current study (approval number: E-15374210-
010.06.99-349814).

A total of 76 patients were included in the study
and were divided into three separate groups. In the first
group, with the help of a computer-generated program,
a study group of 25 primary total knee arthroplasty
with no infection matched in terms of type of surgical
procedure, date of surgery, age, and gender parameters
was formed. In the second group, 27 patients who un-
derwent revision surgery due to radiological aseptic
loosening in Ewald and did not develop complications
in their follow-up were included. Aseptic loosening
criteria, as stated in Ewald, 1) radiolucent lines <2 mm
regardless of their localization and progression, 2) the
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presence of radiolucent lines reaching the tibial
plateau surface, 3) radiolucent lines in the tibial zone
5-6-7, 4) progressive radiolucent lines are has been ac-
cepted [12]. The third group consisted of 24 patients
who had only deep or joint cavity infections and
needed a two-stage revision following their primary
procedure. A new definition of PJI has recently been
proposed by the European Bone and Joint Infection
Society (EBJIS) [13]. Based on this definition, only
deep infections characterized by extension into the
joint space or deep fascial layers were included in the
study. This group did not include patients who under-
went debridement and washing due to early postoper-
ative infection and superficial infections. There were
no deaths for all three cohorts in our study.

Post-operative care is standard for all patients and
includes post-operative dressing with iodine solution
at intervals of 48 hours, pain control, empirical antibi-
otic therapy, use of pharmaceutical agents for anti-em-
bolic prosody, and physical therapy and rehabilitation
studies.

The detailed documents of the operation costs,
anesthesia, and operating room costs, consultation
costs, pharmaceutical agents costs, laboratory costs,
blood center expenses, microbiology expenses, radi-
ology expenses, and bed and attendant fees of the pa-
tients included in the study were obtained from the
purchasing and statistics department of our hospital.
Operating room costs include implants, intravenous
solutions, surgical supplies, and post-operative recov-
ery. Fees are charged to the laboratory for biochemistry,
hematology, urology, immunology, microbiology, and
histological specimen processing. Radiology costs in-
clude x-rays, ultrasound, computed tomography, and
magnetic resonance imaging scans. The consultation
fees obtained in this study include those from pul-
monology, cardiology, and other internal branches in
inpatient and outpatient settings.

Statistical Analysis

Microsoft Excel spreadsheet program (Version
2013, Microsoft Corporation) was used for data col-
lection, comparison, and calculations. Statistical
analysis of the study’s data was performed using the
SPSS for Windows 23.0 program (SPSS Inc). The
mean, standard deviation, median lowest, highest, fre-
quency, and ratio values were used in the descriptive
statistics. The distribution of the variables was meas-

ured using the Kolmogorov-Smirnov test. In the com-
parison of two independent groups showing normal
distribution, two Independent t-tests were performed,
and One-way Analysis of Variance (One-Way
ANOVA) was used to compare more than two groups.
The Kruskal-Wallis H test was performed to investi-
gate differences between more than two independent
groups that did not conform to normal distribution.
When there was a difference between the groups, to
determine from which group or groups this difference
originated, the Mann—Whitney U test was used to
compare the two groups. The chi-squared test was
used for categorical variables. Statistical significance
was set at a P-value of less than 0.05.

RESULTS

Out of the 76 patients, 60.5% were female and 39.5%
were men. The mean age was 65.5+16 years. While 7
(28%) of 25 patients who underwent primary arthro-
plasty were smoking, 6 (22.2%) of 27 patients who un-
derwent one-stage revision were smokers. Of the 24
patients who underwent two-stage revision, 8 (33.3%)
were smokers. There was no statistical difference be-
tween the groups (P=0.78).

The age and sex distribution did not differ signif-
icantly in the aseptic and septic groups (P>0.05) (Table
1). In the septic group, length of stay, surgery time,
service expenses, drug, laboratory, radiology, opera-
tion-anesthesia, blood and blood product, consulting,
intensive care, and policlinic expenses were signifi-
cantly higher than the aseptic group (P<0.001) (Table 2).

The median hospital stay was 21 (min 2 and max
42) days in the group that underwent two-stage revi-
sion surgery due to periprosthetic knee infection, and
this duration was significantly higher than 3.5 days
(between 2-8 days) in the group that underwent pri-
mary total knee arthroplasty (P<0.001).

The mean number of readmissions in the two-
stage knee revision group was 5.6 (range, 2 to 9), the
mean was 2.4 in the single-stage knee revision group
(range, 2 to 4), and the mean in the primary total knee
arthroplasty group was 0.12 (range, 0 to 2) (P<0.001).

When the hospitalization and service fees of the
patients in the groups were compared, it was found
that the average of 112.39 Turkish Lira (%) in the pri-
mary arthroplasty group, 222.15 % in the patients who
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Table 1. Descriptive characteristics of the data

Characteristisc Data
Age (years) 65£16 58
(40-81)
Gender
Female 46 (60%)
Male 30 (40%)
Cigarette
Use 16 (21%)
Not Use 60 (79%)
Length of stay (days) 23+19 21
(3-42)
Surgery time (min) 209.34+86.42 150
(90-300)
Service expenses 1889+1258 350
(78-12150)
Drug expenditures 1841£313 1370
(88.9-2876)
Laboratory expenses 258.54+205 124
(32-530)
Radiology expenses 90.2+45.4 98
(39.99-156)
Operation, anesthesia expenses 19045.74+12012 18622
(3650-32678.88)
Blood and blood product expenses 1653.54+£1664 461
(14-3745.8)
Consulting expenses 261.75+£260 42
(0-580.99)
Intensive care 414.78+367 420
(0-780)
Policlinic 148.88+93.14 111
(30-286)
Total 23452+16154 20008

(4799-43308.73)

Data are shown as meantstandard deviation or median (minimum-maximum). Expenditure amounts are stated in TL(b).

underwent one-stage revision, and 1027.04 £ in the pa-
tients who underwent two-stage revision (Fig. 1). In
the statistical study, it was found to be significant be-
tween the groups (P<0.001). The cost difference is
thought to be high due to the extended stay in the serv-
ice and the large number of medical supplies used in
patients who underwent two-stage revision.

When the operation and operating room expenses
of the patients were compared, it was found that the
average of the patients who underwent primary arthro-
plasty was 5583.21 &, and the patients who underwent
one-stage revision were 13301.30 £. In comparison,
the average of the patients who underwent two-stage
revision was 31592.44 £ (Fig. 1). A statistically sig-
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Table 2. Comparison of primary, aseptic reasons, one-stage revision and septic reasons, two-stage

revisions knee arthroplasty data

Primary Aseptic reasons, one- Septic reasons, two- P value
stage revision stage revisions
Length of stay (days) 3 6 27 <0.001
(2-4) (3-7) (18-49)
Surgery time (min) 90 150 270 <0.001
(75-120) (120-180) (180-320)
Service expenses 98.98 135.56 1051.31 <0.001
(78-176) (78-350) (467-1210)
Drug expenditures 168 189 2987.33 <0.001
(88.9-189) (88.9-3410) (1987-3865)
Laboratory expenses 42 46 496 <0.001
(32-56) (32-245) (126-530.79)
Radiology expenses 38 40.12 135 <0.001
(32-46) (39.99-150) (110-156)
Operation, anesthesia 3890 6120 31864 <0.001
expenses (3650-4980) (3650-19769) (18111-32678)
Blood and blood 14 103 3354.78 <0.001
product expenses (14-28) (14-464) (230-3745)
Consulting expenses 12 19.37 510 <0.001
(0-48) (0-68) (42-580.99)
Intensive care expenses 0 89.36 780 <0.001
(0-420) (0-780)
Policlinic expenses 49 66.82 216 <0.001
(30-67) (30-131) (49-286)
Total 5689 8294.97 40919.67 <0.001

(4799-8294)

(4799-21174)

(19362-43308)

Data are shown as median (minimum-maximum). Expenditure amounts are stated in TL().

nificant difference exists between the groups
(P<0.001). The fact that patients who underwent two-
stage revision underwent multiple operations and the
cost of the revision implants used confirms this difference.

When the pharmacological costs were compared,
the mean of the primary arthroplasty group was 141.66
£, and the mean of the patients who underwent one-
stage revision was 389.17 £. The mean of the patients
who underwent two-stage revision was 2964.79 &
(Fig. 2). These data were found significant when com-
pared (P<0.001). The high cost of pharmacological
agents in two-stage revisions can be attributed to the
fact that they received both prophylactic and agent-
specific antibiotics during the hospitalization, the

lengthening of the hospitalization period, and the in-
crease in the agents used due to additional patients.

When the blood products of the patients were
added up, it was found that the average of patients who
underwent primary arthroplasty was 34.17 . In com-
parison, it was 182.96 & for the patients who under-
went one-stage revision and 3430.19 & for those who
underwent two-stage revision (Fig. 2). A significant
statistical difference was found between the groups
(P<0.001). The fact that the cost of blood products of
patients who underwent two-stage revision is rela-
tively high indicates that the need for blood product
transfusion is high in preparation for the operation,
during and after the operation.
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Fig. 2. Comparison of intensive care-blood products-drug cost between groups.
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When the intensive care unit expenses of the pa-
tients were added up, it was seen that the patients who
underwent primary arthroplasty did not need intensive
care. While the mean of patients who underwent one-
stage revision was 177.69 &, it was found to be 780.00
} for patients who underwent two-stage revision (Fig.
2). When the data were compared, it was found to be
statistically significant, and it was found that the cost
of intensive care increased due to the increase in the
number of operations and revision operations being
more complex and taking longer (P<0.001).

DISCUSSION

As a result of advancing technological opportunities
and increasing comfort expectations, the number of
hospital applications and operations is rising daily. As
a result of the increase in the elderly population, or-
thopedic prosthesis operations are increasing not only
in our country but also worldwide. As a result of the
increase in primary arthroplasty operations, revision
operations are also increasing in parallel [14-16]. At
the same time, the incidence of periprosthetic knee in-
fections is increasing [10]. Managing these infections
often requires two-stage revision procedures, which
can cost more than mechanical failure and/or aseptic
loosening revisions [17].

In our study, we aimed to reveal the cost items of
primary arthroplasty and revision operations and to
draw attention to the burden on the health system.
Two-stage revision costs due to periprosthetic infec-
tion were observed to triple the costs of revision pro-
cedures due to aseptic loosening. In these infections,
the increasing resistance of microorganisms and the
ineffectiveness of antibiotic treatments are blamed.
For this reason, the doses of antibiotics are increased,
and the duration of use is prolonged. Patients require
long-term hospitalization, and in some cases, addi-
tional operations may be necessary. Therefore, the pre-
vention of periprosthetic infections is essential for
reducing health expenditures.

The results of our study were similar to previous
studies evaluating the economic impact of surgical site
infections following total knee joint arthroplasty [17-
20]. Kapadia et al., mean episode cost, length of hos-
pital stay, and median readmissions were significantly
higher in the infected group compared to the matched

cohort: $88,623 to $25,659, 7.6 to 3.29 days, and 2 to
0. Periprosthetic care after TKA was approximately
the cost of the episode. It was caused by a 3-fold, 2-
fold increase in the average length of hospital stay and
an increase in the median readmission time [20].
Periprosthetic infections following TKA represent a
tremendous economic burden for tertiary-care centers
and patients [19].

It has been observed in the literature that when it
comes to septic-based revision surgery, the cost of
blood products and drugs is significantly higher during
inpatient treatment [21]. A cost analysis of septic total
knee revision surgeries should include all costs cov-
ered by the hospital, including two separate hospital-
izations for the two-stage revision and personnel costs
[22]. This study is important because it takes into ac-
count all costs incurred during inpatient treatment cov-
ered by the hospital, including hospitalization
duration, medication, treatment, surgery, anesthesia,
laboratory tests, imaging, blood center services, con-
sultation, visits, meal costs, total costs, and billing ex-
penses. The study found that the costs incurred in the
septic group were significantly higher than the aseptic
group (P<0.001).

Minimizing the number of revisions per patient is
crucial in reducing the overall cost burden of revision.
This can be achieved by adopting a comprehensive ap-
proach that includes optimal patient selection, pros-
thesis selection, and procedure selection for primary
TKA [23, 24]. Careful evaluation of patient character-
istics, such as age, weight, and comorbidities, is nec-
essary to select the most appropriate prosthesis and
procedure. In addition to these measures, reducing the
number of primary TKA surgeries can be achieved
through effective non-operative knee osteoarthritis
management. This may include weight management
programs to combat obesity, exercise programs to im-
prove joint flexibility and strength, and lifestyle
changes to reduce the risk of joint injury. By imple-
menting these strategies, the incidence of revision sur-
geries can be reduced, and the overall cost burden of
TKA can be minimized.

The financial burden of septic revision TKA with
re-revision can be significantly higher, up to 2.5 times,
compared to septic revision alone. Similarly, it can be
up to 4 times higher than aseptic revision when re-re-
vision is not required. However, cost savings can be
realized by minimizing the occurrence of primary
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TKA that develop PJI, avoiding re-revisions for PJI,
and shortening the length of hospitalization following
revision surgery [25].

Limitations

This study has some limitations. Differences in pa-
tients' socioeconomic status may have introduced con-
founding factors among cohorts, leading to an over-
or underestimation of inconsistencies in costs, number
of readmissions, and length of hospitalization. How-
ever, to minimize any potential bias, patients were se-
lected into groups and matched with the help of a
computer-aided program according to the type of sur-
gical procedure, date of surgery, age, and gender pa-
rameters. Other limitations are the short follow-up
period, the small number of subjects, and the study's
retrospective nature. Longer follow-up, larger sample
sizes, and prospective multicenter studies are needed
to analyze this patient population better. In light of the
COVID pandemic, many countries, including Turkey,
have been experiencing economic difficulties. It has
been observed that the costs of many healthcare prac-
tices, materials and revision knee arthroplasty have in-
creased over the years [26, 27]. However, it is
important to note that the study conducted had a lim-
itation in terms of fair cost distribution between groups
based on the number of years, as it was a direct cost
comparison study. Due to these limitations, the real
economic and personal impact seen in the cohort un-
dergoing two-stage revision surgery may be more sig-
nificant than it is.

CONCLUSION

Preventing and treating periprosthetic infections is
costly and challenging. We need more research to de-
velop effective protocols and reduce costs. As the
number of patients undergoing knee arthroplasty is ex-
pected to rise, healthcare systems must ensure the sus-
tainability of public financial resources, especially in
public university hospitals.
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ABSTRACT

Objectives: Although numerous surgical techniques and fixation methods have been described for the treatment
of hallux rigidus (HR) with arthrodesis, consensus on the gold standard treatment has not been reached. The
aim of this study is to retrospectively compare the clinical and radiological outcomes of compression screw
fixation and plate fixation in the treatment of HR with arthrodesis.

Methods: Patients who underwent arthrodesis surgery due to HR between January 2021 and December 2023
at a single center were retrospectively reviewed. Patients who met the inclusion criteria were divided into two
groups: those who underwent arthrodesis with plate fixation (PLATE) and those who underwent arthrodesis
with compression screw fixation (SCREW). Demographic data including age, gender, affected side, operative
time, hallux valgus angle (HVA), dorsiflexion angle, AOFAS scores, and implant irritation data were compared
among patients with at least 3 months of follow-up.

Results: It was observed that all patients included in the study had successful bone union without any compli-
cations. There were no significant differences between the two groups in terms of age, gender, affected side,
preoperative HVA, and preoperative AOFAS scores (P= 0.970, P= 0.426, P= 0.694, P= 0.216, and P= 0.905,
respectively). The mean operation time and postoperative AOFAS score were lower in the PLATE group com-
pared to the SCREW group (P=0.006 and P=0.004, respectively). However, in the SCREW group, the dorsi-
flexion angle and the rate of implant irritation were lower compared to the PLATE group (P=0.016 and P=0.01,
respectively).

Conclusions: In the surgical treatment of HR, both plate fixation arthrodesis and compression screw arthrodesis
are reliable surgical techniques. While plate fixation arthrodesis is a faster and more practical method, arthrode-
sis with a compression screw results in fewer complaints related to the implant and provides a more functional
recovery.
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Plate and compression screw in arthrodesis of hallux rigidus

allux rigidus (HR) presents as a clinical con-

dition characterized by limited mobility and

pain due to arthrosis of the first metatar-
sophalangeal joint (MPJ1) [1-3]. The MPJ1 actively
participates in the propulsion phase of the gait cycle.
However, in various pathological conditions, often
painful conditions, this joint can be completely dis-
rupted, leading to a decrease in range of motion
(ROM) and restriction of function. At this point, first
metatarsophalangeal arthrodesis (MPA1) emerges as
a long-standing surgical technique [4-6]. This surgical
procedure is preferred to alleviate pain and restore
functional activity. It is particularly effective in the
treatment of various pathologies, such as HR and se-
vere hallux valgus (HV). However, the success and
outcomes of this surgery may vary depending on the
techniques employed [7-9].

The MPA1 procedure can vary depending on the
type of joint surface resection and fixation method.
For instance, these surgeries may rely on different
types of joint surface resections, such as flat, concave,
or convex, and various fixation methods, including
screws, plates, or staples [10-12]. These different tech-
niques can affect the effectiveness and outcomes of
the surgical procedure. In most cases, equipment con-
taining a compression system, such as dorsal plates or
compression screws, is used for performing MPA1
procedures. However, there is still a lack of wide-
spread consensus among surgeons specializing in foot

surgery regarding which method should be considered
the gold standard. This situation demonstrates ongoing
debates and various perspectives concerning the prac-
tical applications of the gold standard [11, 13, 14].

We aim to evaluate the clinical and radiological
outcomes by comparing patients undergoing arthrode-
sis with dorsal plate versus compression screw fixation
for MPAL.

METHODS

Ethics Committee Approval and Study Design

The study was initiated after obtaining approval from
the Necmettin Erbakan University Ethics Committee
with decision number 2023/4836 and conducted in ac-
cordance with the principles outlined in the Helsinki
Declaration. A retrospective study design was devel-
oped to compare the clinical and radiological out-
comes of patients undergoing arthrodesis with either
a plate or compression screw for MPJ1. Patients diag-
nosed with symptomatic MPJ1 osteoarthritis between
January 2021 and December 2023, who subsequently
underwent arthrodesis surgery, were examined.
Among these patients, demographic data including
age, gender, follow-up duration, affected extremity
side, and operation duration were recorded. Patients
meeting the inclusion criteria were divided into two
groups: those who underwent arthrodesis with plate

Fig. 1. Preparation of ball-cup (convex-concave) arthrodesis surfaces in the screw group.
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fixation (PLATE) and those who underwent arthrode-
sis with screw fixation (SCREW).

Inclusion and Exclusion Criteria

Patients with severe HV defined by an M1/P1
angle greater than 40°, inflammatory diseases
(rheumatoid arthritis), or recurrence of HV deformity
(secondary surgery), as well as patients with intellec-
tual or mental disorders and those lost to follow-up,
were determined as exclusion criteria.

Surgical Procedure

All surgical procedures were performed by a sur-
geon following antibiotic prophylaxis (1 gram IV ce-
fazolin) and ensuring necessary sterile conditions.
After applying a tourniquet to the patient's thigh, an
incision was made approximately 0.5- 1 cm above the
junction of the dorsal and plantar surfaces at the level
of the MPJ1, from the superomedial aspect of the toe.
Capsulotomy of the MPJ1 was performed, and osteo-

Fig. 2. Hallux valgus angle measurement. (A) 1. Metatarsal
diaphyseal axis; (B) Proximal phalanx diaphyseal axis.

phytes around the joint were excised. Up to this point,
the surgical procedure was similar for both techniques.
For the PLATE group, the distal articular surface
of the first metatarsal and the proximal phalanx were
excised with osteotomy, and stabilization for osteosyn-
thesis was achieved by placing a plate and locking
screws on the dorsal surface under fluoroscopic guid-
ance. In the SCREW group, the articular surfaces were
prepared using a motorized concave-convex drilling
technique, guided by a previously aligned K-wire,
which was aligned with the diaphyseal axis of the first
metatarsal and the first phalanx of the hallux. Reami-
rization of the articular surface continued until pin-
point bleeding was observed in the subchondral bone
(Fig. 1A-D). Subsequently, fixation for osteosynthesis
was achieved under fluoroscopy with two compres-
sion screws. In both surgical procedures, arthrodesis
was applied with neutral rotation, 5°-15° valgus, and
a dorsiflexion angle of a 5°- 15° according to the
ground (20°- 25° relative to the first metatarsal).
After confirming the position of arthrodesis and
fixation material under radioscopic control, the skin
was closed with 4.0 monofilament sutures, and a com-
pressive bandage was applied to the foot and ankle.
The same rehabilitation program was applied for both
surgical procedures; patients were advised to use a
splint for three weeks postoperatively and were in-
structed not to bear weight on the operated extremity
during this period. After this time, they were allowed
to bear weight with the assistance of rigid-soled shoes
for four weeks, followed by gradually transitioning to
normal shoes with weight-bearing allowed thereafter.

Radiological and Clinical Evaluation

X-ray images were taken with weight-bearing on
the affected toe to measure the preoperative and post-
operative hallux valgus angle (HVA) and postopera-
tive dorsiflexion angle (DFA). The HVA measurement
is determined as the angle formed between the line in-
dicating the longitudinal axis of the first metatarsal
bone and the line indicating the longitudinal axis of
the proximal phalanx on the dorsoplantar radiograph
(Fig. 2). The DFA is determined as the angle formed
between the line indicating the longitudinal axis of the
first metatarsal bone and the line indicating the longi-
tudinal axis of the proximal phalanx on the lateral ra-
diograph (Fig. 3). To evaluate patients' functional
capacities, preoperative and postoperative AOFAS
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Fig. 3. Dorsiflexion angle measurement. (A) 1. Metatarsal lateral diaphyseal axis; (B) Proximal phalanx lateral diaphyseal axis.

scores (American Orthopaedic Foot & Ankle Society)
were examined. Additionally, patients were questioned
about whether the implant used in the postoperative
period caused any irritation during their latest follow-
up appointments.

Statistical Analysis

The data were analyzed using Stata version 16 sta-
tistical software (StataCorp LLC, College Station, TX,
USA). All samples were examined together, and the
two groups were compared with each other based on
the treatment type received. For quantitative variables,
the Student's t-test was used, and for qualitative vari-
ables, the Chi-square test was employed. A signifi-
cance level of P<0.05 was considered statistically
significant.

RESULTS

Out of 47 operated patients, 32 toes (from 31 patients)
meeting the inclusion criteria were included in the
evaluation. Among them, 14 toes underwent arthrode-
sis with a plate, while 18 toes underwent arthrodesis

with a compression screw. It was observed that all
evaluated patients had successful bone union, and
there were no major complications such as nonunion,
implant failure, or reoperation. Only one patient in the
SCREW group experienced intraoperative guide wire
breakage, resulting in an intramedullary guide remain-
ing in the first metatarsal, which could not be re-
moved. However, this situation did not cause pain
complications in the patient, and successful bone
union was observed, so it was considered a minor
complication.

The average follow-up duration was 8.42+4.55
(range: 3-19) months in the PLATE group and
7.8345.84 (range: 3-28) months in the SCREW group,
with no significant difference observed between the
two groups (P=0.434). In the PLATE group, the mean
age was 55.71+12.16 years (range: 38- 74), while in
the SCREW group, it was 55.50+8.35 years (range:
42-72), with no significant difference observed be-
tween the two groups (P=0.970). The male/female
ratio in the PLATE group was 2/12 (14.3%/85.7%),
while in the SCREW group, it was 5/13
(27.8%/72.2%), with no significant difference ob-
served between the two groups (P=0.426). The af-
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fected extremity side (left or right) in the PLATE
group was 3/11 (21.4%/78.6%), while in the SCREW
group, it was 6/12 (33.3%/66.7%), with no significant
difference observed between the two groups (P=
0.694). The mean operation duration was 37.14+11.03
minutes (range: 25-64) in the PLATE group and
50.44+13.72 minutes (range: 28-71) in the SCREW
group, with a significant difference observed between
the two groups (P=0.006) (Table 1).

In radiological measurements, the preoperative
HVA was 16.29+6.7 (range: 9-29) in the PLATE group
and 13.72+8.98 (range: 3-32) in the SCREW group,
with no significant difference observed between the
two groups (P=0.216). The postoperative HVA was
4.71+£2.36 (range: 1-9) in the PLATE group and
3.61+2.38 (range: 0-8) in the SCREW group, with no
significant difference observed between the two
groups (P=0.206). The change in HVA (preoperative-
postoperative) was 11.57+6.81 (range: 3-23) in the

PLATE group and 10.11£8.91 (range: 0-31) in the
SCREW group, with no significant difference ob-
served between the two groups (P=0.350). The post-
operative DFA was 28.79+6.81 (range: 14-36) in the
PLATE group and 22.89+6.23 (range: 12-33) in the
SCREW group, with a significant difference observed
between the two groups (P=0.016) (Table 1).

In the PLATE group, the preoperative AOFAS score
was 28.57+4.58, while in the SCREW group, it was
27.66+6.49, with no significant difference observed
between the two groups (P=0.905). The postoperative
AQOFAS score was 72.14+13.40 in the PLATE group
and 85.83+6.47 in the SCREW group, with a signifi-
cant difference observed between the two groups (P=
0.004). Complaints related to implant irritation were
observed in 5 patients (35.7%) in the PLATE group,
while none were observed in the SCREW group, in-
dicating a significantly higher rate of implant irritation
in the PLATE group (P=0.01) (Table 1).

Table 1. Comparison of parameters of PLATE and SCREW group

Parameter PLATE group SCREW group P value

Age (years) 55.71+£12.16 55.50+8.35 0.970°
(38-74) (42-72)

Gender (Male/female) 2/12 (14.3%/85.7%) 5/13(27.8%/72.2%) 0.426"

Side (Left/right) 3/11 (21.4%/78.6%) 6/12 (33.3%/66.7%) 0.694°

Operation time (minutes) 37.14£11.03 50.44+13.72 0.006"
(25-64) (28-71)

Follow-up duration (months) 8.42+4.55 7.83+5.84 0.434°
(3-19) (3-28)

Preoperative HVA 16.2946.7 13.72+8.98 0.216
(9-29) (3-32)

Postoperative HVA 4.71£2.36 3.61+£2.38 0.206"

(1-9) (0-8)

HVA change 11.57+6.81 10.11£8.91 0.350°
(3-23) (0-31)

DFA 28.79+6.81 22.89+6.23 0.016"
(14-36) (12-33)

Preoperative AOFAS score 28.57+4.58 27.66+6.49 0.905*

Postoperative AOFAS score 72.14+13.40 85.83+6.47 0.004*

Implant irritation 5 (35.7%) 0 (0%) 0.010"

Data are shown as mean+standard deviation (minimum-maximum) or n (%). HVA=Hallux valgus angle, DFA=Dorsiflexion
angle, AOFAS=American Orthopaedic Foot & Ankle Society

“Mann-Withney U test, °Fisher’s exact test
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DISCUSSION

Both plating and compression screw procedures are
reliable surgical treatments for treating HR with
arthrodesis. Although plating is a quicker and more
convenient method, it has been shown that compres-
sion screw arthrodesis leads to fewer issues connected
to the implant and offers superior functional recovery.
Similarities were observed between the two groups in
terms of age, gender, follow-up duration, preoperative
and postoperative HVA, HVA change, and preopera-
tive AOFAS scores. The only advantage that could be
considered for those undergoing arthrodesis with a
plate was the shorter operation duration. The main ad-
vantages observed for those undergoing arthrodesis
with a compression screw compared to those with a
plate were higher postoperative AOFAS scores, fewer
complaints related to implant irritation, and DFA being
closer to the optimal angle range. These results not
only support the safe use of both surgical techniques
in the treatment of HR with arthrodesis but also sug-
gest that patient satisfaction is higher in arthrodesis
with a compression screw prepared with ball-cup
reaming.

In our study, the mean age of the included patients
was 55 years, and the predominance of female gender
was consistent with previous studies [ 14-16]. Further-
more, prior studies have demonstrated high fusion
rates for MPA1, with Coughlin et al. [17] reporting
98%, Flavin et al. [18] reporting 100% fusion rates,
and Goucher et al. [19] reporting 92%. Our study's
finding of 100% fusion in the included patients aligns
with these previous findings in the literature. However,
Besse et al. reported a fusion rate of 74% in a series
of 54 MPAI cases using pure titanium staple fixation
with ball and cup reamers [20]. This result suggests
that both compression screws and plates provide more
stable fixation in MPA1 compared to staples.

Various arthrodesis techniques have been reported
in the literature, including cross-screw fixation, staple
fixation, single interfragmentary screw fixation, dorsal
compression plating, and combined plate and screw
fixation [11, 13, 14, 21]. Additionally, differences exist
in the preparation of joint surfaces for arthrodesis,
such as plane cuttings or conical reaming. Curtis and
Politi reported in their cadaver study that conical
preparation with interfragmentary screw fixation pro-

vides more rigid stabilization compared to both dorsal
plating with plane resection and interfragmentary
screw fixation [22, 23]. However, Neri et al. [16] in-
dicated in their study that joint surfaces prepared with
plane resection offer the possibility of arthrodesis in
the optimal position without shortening of the first ray.
In our study, successful fusion was observed in both
types of arthrodesis, indicating that both treatment
methods can be safely applied. However, the gold-
standard technique remains controversial. Our study
suggests that the SCREW technique (conical prepara-
tion + interfragmentary screw fixation) is advanta-
geous, as it is associated with fewer complaints related
to implant irritation and better AOFAS scores. A dis-
advantage of this technique is that placing two com-
pressive screws in the appropriate position for the
MPJ1 is more challenging and time-consuming com-
pared to plating for arthrodesis.

Postoperatively, there was an average increase of
approximately 44 points in the AOFAS score for the
PLATE group and 58 points for the SCREW group
compared to preoperative scores. Goucher et al. [19]
reported a 31-point increase in AOFAS score after
MPA1 based on conical preparation and dorsal plating
fixation. While the increase in AOFAS score in our
PLATE group was close to 44 points postoperatively,
the notable increase of 58 points in the AOFAS score
in the SCREW group in our study is worth mention-
ing. We believe there are two reasons for this discrep-
ancy. Firstly, Goucher et al.'s [19] study included a
variety of indications for arthrodesis (such as HV and
HR), whereas our study focused solely on patients di-
agnosed with isolated HR. This is significant because
the symptom of pain in HR patients is more prevalent
than the deformity seen in HV. Another factor is that
Goucher et al. [19] performed arthrodesis solely with
plating, which inevitably increases the likelihood of
implant irritation and decreases satisfaction rates.

In our radiological evaluation, the change in HVA
was 11.5° in patients undergoing arthrodesis with
plates and 10.1° in those with compression screws,
showing a lower angle change compared to the litera-
ture. The angle change was larger in studies by Pydah
et al. [24] (22.6°), Besse et al. [20] (25°), and Neri
et al.[16] (23.2°-20.4°). We attribute the larger angle
change in these studies to the inclusion of patients with
severe HV undergoing arthrodesis, whereas in our
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study, only patients with MPJ1 osteoarthritis were in-
cluded. Postoperative DFA was 28.7° in patients with
plate arthrodesis and 22.89° in those with compression
screw arthrodesis. In a study by Jarabo et al. on
MPAT1, DFA was 21.15° in patients using compression
screws along with plates, while it was 28.44° with
only plate usage. These values are similar to those ob-
tained in our study. Another important point here is
that DFA was higher only in patients undergoing
arthrodesis with plates in both our study and the study
by Garcia-Jarabo et al. [25]. We believe this is due to
the compression forces generated between the dorsal
surface of the bone and the plate during arthrodesis
with plates, resulting in tensile forces on the plantar
surface and thus an increased DFA. In contrast, on sur-
faces prepared with ball cup reaming, compression
screws act as interfragmentary screws along the os-
teotomy line, resulting in less significant increases in
DFA.

Limitations

Our study has some limitations. Being retrospec-
tive, lack of recording of intraoperative fluoroscopy
time, surgeries performed by multiple different sur-
geons, and the use of implants from different brands
are factors that limit the study.

CONCLUSION

In the treatment of HR with arthrodesis, both plating
and compression screw techniques are reliable surgical
methods. While plating is a faster and more practical
approach, it has been observed that compression screw
arthrodesis results in fewer implant-related complaints
and provides better functional recovery.
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molecules working in this pathway. With this abnor-
mal expression, the transcription of genes that cause
various diseases and cancers takes place 3, 5, 6]. With
this activation, both the transcription of proteins work-
ing in the signaling pathway takes place and the tran-
scription control of many genes that play an important
role in proliferation, cell cycle and differentiation
processes is provided [7, 8]. T Cell Factor 7 Like 2
(TCF7L2) and Lymphoid Enhancer Factor-1 (LEF-1)
is a family of DNA-binding transcription factors and
an important component of f-catenin-mediated gene
regulation [9]. Wnt signaling is thought to be effective
through interactions between B-catenin and members
of the transcription factors LEF-1/TCF7L2 family.
LEF-1/TCF7L2 transcription factors mediate a nuclear
response by Wnt signals by interacting with -catenin.
Other cellular events that increase the stability of the
Wnt signal and B-catenin lead to transcriptional acti-
vation with B-catenin and LEF-1/TCF7L2 proteins. In
the absence of Wnt signaling, LEF-1/TCF7L2 proteins
suppress transcription. LEF-1/TCF7L2 transcription
factors can also interact with other cofactors and play
a role in the assembly of multiple protein enhancing
complexes, which may allow the integration of multi-
ple signal transducing pathways. Stabilized -catenin
translocates into the nucleus, binds to LEF-1/TCF7L2
factors, and regulates interactions between LEF-
1/TCF7L2 and nucleus suppressor proteins, a process
that activates Wnt target genes [10]. TCF7L2 regulates
the expression of genes required for embryo implan-
tation via the Wnt/B-catenin signaling pathway. In this
process, it controls critical biological events such as
proliferation, differentiation, and migration of cells.
The function of TCF7L2 is crucial for successful im-
plantation. Therefore, disruption of these mechanisms
may be associated with implantation failure, miscar-
riage, or other reproductive disorders [10].
Implantation of blastocyst in rats, i.e. placement,
binding and subsequent invasion of the trophoblast
into the uterine lumen epithelium, is an important
process that requires complex biological communica-
tion between fetal and maternal tissues. One of the
most critical factors for implantation is that blastocyst
activation is synchronized with uterine receptivity; the
other is controlled by ovarian steroid hormones [11].
In rats, estrogen is essential for proliferation and dif-
ferentiation of the luminal and glandular epithelium
of the uterus, while the coordinated action of estrogen

and progesterone promotes stromal cell differentiation.
Although the factors driving blastocyst activation are
not yet fully understood, various signaling molecules
that prepare the uterus for blastocyst implantation are
thought to be cell transcription factors [11]. Consider-
ing that Wnt signaling plays an important role in em-
bryonic development, it may not be surprising that this
particular pathway plays a role in blastocyst activation,
implantation, and decidualization as well as uterine
growth in mice [12]. Studies have also shown that es-
trogen upregulates the B-catenin-dependent transcrip-
tion factors TCF7L2 and LEF-1 independently of the
estrogen receptor [13]. Interestingly, hormones trigger
the physical interaction of ERa with activated LEF-
I/TCF7L2-3 and this interaction directs it to target
genes dependent on estrogen and Wnt signaling, sug-
gesting that cross-talk between estrogen and Wnt may
be critical for endometrial functions [13]. The attach-
ment of blastocyst has been shown to induce
TCF7L2/B-catenin-dependent signaling in circular
smooth muscle cells of the myometrium and in the
uterine epithelium at the implantation site [14].

In this study, we used immunofluorescence stain-
ing method to reveal the function of TCF7L2, LEF-1
proteins in tissues in the estrus cycle in the rat en-
dometrium. Our results suggest that cell transcription
plays a central role in coordinating the uterine-embryo
interactions required for implantation of TCF7L2 and
LEF-1 with the luminal epithelium at the site of pos-
sible implantation.

METHODS

Experimental Groups

For this study, 5 adult female Wistar albino rats, 6-8
weeks old and weighing between 220 and 250 grams,
were obtained from the Animal Laboratory of
Cumbhuriyet University (Sivas, Turkey). The animals
used in the study were the group in which a normal
estrous cycle was provided at room temperature, with
12-hour light-12-hour dark periods, without preg-
nancy. The animals considered to have entered a nor-
mal estrous cycle were given 3 mg/kg Xylazine HCL
+ 90 mg/kg Ketamine HCL intraperitoneally on the
1%, 2nd 3 and 4th days (diestrous, proestrous, estrous,
metaestrous) after the 5" day and for all animals every
day, and the uterine tissues were taken under anesthe-
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sia with appropriate methods for examination. Routine
follow-up protocols were applied for immunofluores-
cence examinations to demonstrate LEF and TCF7L2
proteins. Sections taken for microscopic evaluation
were evaluated using an Olympus BX51 (Japan) brand
microscope and photographs were taken from appro-
priate areas.

Tissue Preparation

Uterine tissues taken after euthanasia were fixed
in 10% buffered neutral formalin for at least 48 hours
and in 4% paraformaldehyde at +4 degrees for 24
hours. After dehydration with increasing grades of
ethanol using a tissue tracking device, they were
cleared with xylene and blocked in paraffin.

Immunofluorescence Staining Protocol

After the 3-4 um serial sections taken from the tis-
sue samples embedded in paraffin were kept in the
oven for 1 night, deparaffinization was performed in
Xylol. Epitopes were released in 10 mM sodium cit-
rate buffer (pH=6) at maximum power and 550W, re-
spectively, in the microwave oven twice for 5 minutes.
Pappen (Daido Sangyo Co., Ltd. Tokyo, Japan). The
sections were washed in washing solution (PBS-Triton
X-100) twice for 3 minutes. The sections were incu-
bated in SuperBlock (Sky Tech Lab, USA) solution at
room temperature for 30 minutes to prevent nonspe-
cific transport of immunoglobulin. (Serum Blocking).
The sections were incubated overnight with primary
antibodies in a humid dark environment at TCF7L2
and LAEF-1 +4 degrees. It was washed in washing so-
lution (PBS-Triton X-100) 4 times for 3 minutes each.
Secondary antibody Goat Anti-Rabbit 1gG H&L
(Alexa Flour 488): ab150077 abcam) was incubated
at room temperature for 1 hour in a humid environ-
ment. It was washed in washing solution (PBS-Triton
X-100) 4 times for 3 minutes each. Core staining was
performed with 0.5 ug/ml DAPI (Sigma, USA) at
room temperature for 10 minutes. It was washed in
washing solution (PBS-Triton X-100) for 5 minutes.
The closure was done with the closure medium.

RESULTS

Preparations prepared following routine protocols
were stained with hematoxylin-eosin in the first stage

and then examined under a light microscope. In the
second stage, immunofluorescent stains containing
LEF-1 and TCF7L2 antibodies were applied to the
preparations.

Estrous Cycle (Hematoxylin-Eosin)
Proestrous phase

It was observed that the lumen was filled with
fluid. It was determined that mitotic activity continued
in the epithelial cells consisting of single-layered
columnar cells. In the following process, it was ob-
served that the columnar cells gradually increased in
size and transformed into single-layered high colum-
nar cells (Fig. 1. G and H)

Estrous phase

In light microscopic examinations, it was observed
that the uterine lumen distension reached the maximum
level. In aoddition, a significant difference in size was

Fig. 1. Estrous cycle stages: Proestrus (G-H), Estrus (E-F),
Metaestrus (C-D), Diestrus (A-B). UL=uterine lumen,
UE=uterine epithelium, BE=gland epithelium, L=leukocyte,
KD=blood vessel.
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Table 1. TCF7L2 and LEF-1 immunolocalizations in estrous cycle stages

Protein Endometrial region\Estrous cycle Proestrous Estrous Metaestrous Diestrous

LEF-1 PMC - ++ 4+ +
Myometrium - ++ + )
Luminal Epithelium ++ -+ + +
Glandular Epithelium No gland  No gland +++ ++
Endometrial basal stroma + ++ ++ +
Blood vessel ++ +++ ++ +

TCF7L2 PMC +++ +++ ++ ++
Myometrium + 4 ++ 4+
Luminal Epithelium + - - -
Glandular Epithelium No gland  No gland +++ -
Endometrial basal stroma ++ +++ ++ 4
Blood vessel ++ ++ ++ +++

TCF7L2=T Cell Factor 7 Like 2, LEF-1=Lymphoid Enhancer Factor-1, PMC= Perimetrial myometrial area

detected in the uterine epithelial cells arranged in clus-
ters. No leukocytes were found in the uterine prepara-
tions in the estrus stage (Fig. 1. E and F)

Metaestrous phase

While luminal epithelium and gland vacuolar de-
generations continued, mitotic activity was observed
to have started again. In addition, dominant leukocytes
were observed in metaestrus. A decrease was observed
in blood vessels and gland epithelium (Fig 1. C and D).

Diestrous phase

The uterus has cuboidal-prismatic epithelial cells.
In this stage, the lumen of the uterus is observed to ex-
pand. In the uterus in dietrus, the epithelial cells have
atrophic and collapsed features. While sparse degen-
erative cells are observed in the endometrial glands,
stromal edema is detected in the stroma region. It has
been determined that endometrial regeneration has
started again (Fig 1. A and B).

Expression of LEF-1 and TCF7L2 during Estrous
Cycle Stages

This group estrous cycle was examined in 4 basic
stages (diestrous, proestrous, estrous and metaestrous)
based on histological findings. Immunofluorescent dyes
containing LEF-1 and TCF7L2 antibodies were applied
to the preparations prepared following routine proto-

cols, and the immunolocalization levels of these mole-
cules in perimetrial-myometrial connective tissue, my-
ometrium, uterine epithelium, gland epithelium, stroma,
and blood vessels were examined under an immunoflu-
orescent microscope. cake is shown in Table 1.

Proestrous

TCF7L2 molecule was expressed in all regions in
the proestrus phase, which constitutes the 1st stage of
the estrus cycle (Fig. 2. C and D). The most localiza-
tion occurred in the perimetrial myometrial region
(Fig. 2. C). Blood vessels showed a moderate immune
reaction in the form of endothelials. The lowest level
of expression belongs to the luminal epithelium. Im-
munolocalization levels of the LEF-1 molecule were
observed in the highest endometrial basal stroma re-
gion. No localization was observed in the myometrium
and perimetrial myometrial area. The expression level
of the luminal epithelium was expressed as strong
(Fig. 2. A and B).

Estrous

While estrous shows strong expression in
TCF7L2, perimetrial myometrial area and endometrial
basal stroma in the estrus stage, there is no expression
in the luminal epithelium ( Fig. 3. C). While LEF-1
was strongly immunolocalized in endothelials,
TCF7L2 showed moderate expression (Fig. 3. A). The
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highest localization of LEF-1 was observed in the lu-
minal epithelium (Fig. 3. B).

Metaestrous

Uterine epithelium showed the least immunoreac-
tivity compared to almost all stages of the estrous
cycle, while strong localization was observed in the
gland epithelium areas. Very little expression was ob-
served in the endometrial basal stroma areas compared
to the subluminal stromal regions (Fig. 4. A, B, C and
D). It was observed in the metaestrus phase in the
gland epithelial areas where LEF-1 protein was most
expressed throughout the estrous cycle (Fig. 4. A and
B). The TCF7L2 molecule is not localized in the uter-
ine epithelium (Fig. 4. C and D). Moderate immunolo-
calization occurred in the endometrial basal stroma.
While moderate strong expression was observed in
blood vessels in certain areas, unlike other molecules,
moderate strong localization was observed in perime-
trial myometrial connective tissue areas. The level of

PROESTROUS
TZATE W

TCF7L2

Fig. 2. Immunolocalization of LEF-1 and TCF7L2 in the
proestrus phase. BV=Blood vessel, LE=Luminal epithelium,
PMC=Perimetrial myometrial area, EBS=Endometrial basal
stroma.

immunolocalization of TCF7L2 along the my-
ometrium-endometrium border is moderate.

Diestrous

Poor expression was observed in the uterine epithe-
lium, gland epithelium, subluminal stroma and endome-
trial basal stroma of LEF-1. In the blood vessels and
blood vessel stroma, the expression is quite weak in the
same way (Fig. 5. A and B). Localization of the mole-
cule in the perimetrial-myometrial connective tissue re-
gion is poor. The TCF7L2 molecule, on the other hand,
is not expressed in the cytoplasm of the uterine epithe-
lium (Fig. 5. C). It has been determined that TCF7L2
shows strong expression in blood vessels (Fig. 5. D). It
was determined that only TCF7L2, one of the signaling
pathway molecules, was expressed in the perimetrial-
myometrial connective tissue area of the uterus, and the
localization intensity was moderate. Similarly, im-
munolocalization of the molecule in the myometrium
region occurred at a moderate level (Fig. 5. C).

ESTROUS

LEF-1

TCF7L2

Fig. 3. Immunolocalization of LEF-1 and TCF7L2 in the es-
trus stage. BV=Blood vessel, LE=Luminal epithelium,
PMC=Perimetrial myometrial area, EBS=Endometrial basal
stroma, MYO=Myometrium.
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METAESTROUS

LEF-1

TCF7L2

Fig. 4. Immunolocalization of LEF-1 and TCF7L2 in the
metaestrus phase. BV=Blood vessel, LE=Luminal epithelium,
PMC=Perimetrial myometrial area, EBS=Endometrial basal
stroma, GE=Gland Epithelium.

DISCUSSION

Although the embryo-uterine interaction is known to
play an important role in facilitating implantation, it
is known that several signaling pathways are specifi-
cally activated in the uterus in response to signals se-
creted by the blastocyst. Our results show that
blastocyst activates the Wnt-dependent B-catenin sig-
nal in the uterine endometrium and activation of this
pathway is necessary for implantation. These findings
suggest that this paracrine signaling mechanism plays
a central role in coordinating the uterus-embryo inter-
actions required for implantation.

The TCF7L2 molecule is a Wnt/beta-catenin-de-
pendent protein. Binding of the Wnt/protein to the re-
ceptors initiates signal transmission in the cell
membrane and causes the disintegration of the destruc-
tive complex present in the cytosol. As a result of the
dispersion of this chemical complex, the B-catenin,
which is freed from the phosphorylation effect, is in-

DIESTROUS

LEF-1

TCF7L2

Fig. 5. Immunolocalization of LEF-1 and TCF7L2 in the
diestrus phase. BV=Blood vessel, LE=Luminal epithelium,
PMC=Perimetrial myometrial area, EBS=Endometrial basal
stroma, MYO=Myometrium.

troduced into the nucleus, where a direct signal is
transmitted from the cytoplasm to the nucleus [15].
Biomolecules involved in the nuclear activation of the
Wnt/B-catenin signaling pathway were identified as
TCF7L2)/LEF-1 transcription factors. This mecha-
nism is explained as follows: TCF7L2 transcription
factors are found in the nucleus and bind to DNA and
activate gene transcription. Therefore, they are vital in
many cellular processes [16]. The C-terminal ends of
TCF7L2/LEF-1 transcription factors have a DNA
binding site consisting of the sequence "AGAT-
CAAAGGG" that can bind to a specific region of
DNA [17]. This area is called high-mobility group
(HMGQG). In the nucleus, these transcription factors
need to bind to the B-catenin protein in order to be ac-
tivated. Therefore, B-catenin is known to be a coacti-
vator of TCF7L2/LEF transcription factors [18, 19].
The structure formed by this binding of beta-catenin
is called "B-catenin-TCF7L2/LEF1 transcription com-
plex" and it has been determined that this complex will

622



Eur Res J. 2024;10(6):617-625

Dagdeviren

bind to DNA to form target genes [20, 21]. In a study
conducted in 2007, the working mechanism of
TCF7L2/LEF transcription factors argues that while
the signaling pathway of Wnt beta-catenin is inactive,
the transcription factors should also be inactive. He
said that beta-catenin, which is broken down by the
destructive complex effect that is active when the sig-
nal pathway is inactive, cannot enter the nucleus and
cannot activate them because beta-catenin cannot enter
the nucleus and cannot bind to transcription factors.
As a result, it has been stated that genes inhibit tran-
scription and various other proteins such as
Groucho/TLE (Transducin-like-Enhancer of split) and
C-terminal binding proteins (CtBP) in the nucleus also
bind to TCF7L2/LEF transcription factors [22]. This
binding allows to keep transcription factors inactive.
Therefore, these proteins are known as transcription
inhibitors.

The TCF7L2 protein, known as the T cell factor,
increases cytosolic accumulation that inhibits the
degradation of B-catenin and promotes the binding of
TCF7L2 family transcription factors to the lymphoid-
strengthening binding factor, LEF-1 [16, 23]. In un-
stimulated cells, they act as transcription inhibitors in
other preservatives such as Lef/TCF7L2 groucho
transducin-like (TLE) family proteins [24]. Together
with these properties, these receptors provide an acti-
vation site for TCF7L2/LEF upon WNT activation.
Cyclin, which is involved in active TCF7L2/LEF cell
proliferation and invasion, induces the expression of
target genes such as D1 [16]. Pollheimer et al. [25]
associated it with the synthesis of TCF7L2 or
TCF7L2-4 in the formation and differentiation of ex-
travillus trophoblasts or trophoblasts [25]. Regardless
of these studies, in our studies on rat endometrium, the
moderate and strong immune reaction of rats in all
four stages throughout the estrus cycle, especially in
the endometrial basal stroma areas, supported the pres-
ence of a transcription in the nuclei of the cells located
here, but the fact that it is not localized in the uterine
epithelium in the estrus, metaestrus and diestrus peri-
ods suggested that factors that are not yet known may
be effective. The staining of the TCF7L2 molecule in
the nucleus rather than in the cytoplasm shows that it
is a transcription in the nucleus, and it is thought that
this result may be due to the differentiation in the nu-
clei of the decidual cells. LEF, on the other hand, ini-

tiates the recognition of the wnt ligand with transmem-
brane receptors on the cell surface and the cascade that
will redirect it to the nucleus by stabilizing the nor-
mally unstable armadillo repeat protein, beta catenin.
The Lef protein interacts with the Lef/TCF7L2 DNA
binding protein in the beta-catenin nucleus, which has
increased stabilization and amount in the cell depend-
ing on the canonical wnt signal with the TCF7L2 pro-
tein [2]. In a study on LEF-1 protein and endometrial
carcinomas, mutations of the CTNNBI1 gene that
occur in 12-25% of endometrial carcinomas have typ-
ically shown that beta-catenin causes an increase in
cytoplasmic and nuclear accumulation, which subse-
quently leads to activation of LEF-1 and TCF7L2 fam-
ily members. This relationship between activated
LEF-1 protein and mutated beta-catenin has given a
clue that LEF-1 may cause irregularity of molecules
in endometrial cancer cases [2, 26]. Wnt suggests that
beta-catenin will contribute to the regulation of uterine
growth on LEF-1 of the signaling pathway, as well as
to the normal development and function of the uterus
[27]. In a study by Shelton ef a!/. [28] on endometrial
gland formation in mice, they observed that LEF-1
protein may be expressed during uterine development
and estrus period. They reported that the Lef/TCF7L2-
dependent signaling of the LEF-1 expression
Wnt/beta-catenin signaling pathway during uterine de-
velopment had a delicate regulation during the estrous
cycle in mice. They observed that there may be
changes in cell proliferation in the glands during the
estrous cycle. In the same study, they showed that the
expression of LEF-1 in the uterus was effective in both
the development and the formation and control of the
endometrial glands, and in the absence of LEF-1, de-
spite the presence of a normal endometrium, it resulted
in the formation of an unsuccessful uterine gland.
When knockout was characterized in the LEF-1 study
in mice, it was shown that these mice lacked mam-
mary glands and epithelial mesenchymal interactions,
for example, in hair follicles [29]. There have not been
many studies on the presence of LEF-1 in estrus and
its period, but it is known that LEF-1 is a beta-catenin-
dependent transcription factor in the Wnt signaling
pathway. During estrus cycle periods, LEF-1 protein
was expressed at the same level in almost all stages.
It has been confirmed that the estrous cycle is effective
in the development of the glandular gland, especially
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during the metaestrus period, by being expressed in
the glandular epithelium. It was thought that im-
munolocalization in the gland epithelium during the
metaestrus period may be due to the variability of
progesterone and LH levels. In the literature, it is ob-
served that it helps the development of the uterine
gland and that the estrous cycle is mostly expressed
during the proestrus period, and the observed LEF-1
protein gains accuracy by helping the development of
the gland with our findings, but it does not coincide
with the stronger immune reaction of the gland epithe-
lium in the metaestrus of the estrous cycle compared
to the proestrus period.

CONCLUSION

It can be concluded that TCF7L2 and LEF-1 work to-
gether in the Wnt/B-catenin signaling pathway to reg-
ulate the cellular and genetic processes required for
the successful implantation of the embryo into the
uterine wall, and therefore the interaction of these mol-
ecules plays a critical role in the success of implanta-
tion. As a result, it is seen that the transcription in the
cell nucleus occurs by beta-catenin-dependent
TCF7L2/LEF-1 proteins for successful implantation
and the development of the uterine epithelium and
uterine glandular glands.
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ABSTRACT

In modern healthcare services, patient safety is a primary goal. With technological advancements, the com-
plexity of healthcare services increases, which in turn creates increased pressure on health professionals during
decision-making processes and can lead to errors worldwide. Communication gaps, human factors, patient-
originated issues, technical failures, and inadequate policies have been identified as the main causes of medical
errors. While research shows that errors stem from human nature and are inevitable, it is emphasized that it is
possible to develop methods that enhance patient safety. Utilizing digital technologies to improve the quality
and efficiency of healthcare services is a crucial strategy. Innovations such as wearable technologies, mobile
devices, digital media-delivered education and consulting services, telehealth applications, 3D printers, clinical
decision support systems, and implantable biosensors encompass advancements in the digital health field. This
research aims to analyze the complex and dynamic structure of healthcare services in the 21* century, especially
considering the opportunities presented by the integration of artificial intelligence and genomic data, within

the scope of the relevant literature.

Keywords: Personalized medicine, 21% century, healthcare services, patient safety

ccording to the World Health Organization

(WHO), the complexity of health systems can

lead to patient harm, constituting a violation of
patient safety [1]. Patients can face fatal consequences
that become permanent if systematic measures are not
taken to prevent errors in medical settings [2].

The Ministry of Health is the primary institution
responsible for policy formation and the delivery of
health services in Turkey [3]. It was established on
May 3, 1920, following the inauguration of the Grand
National Assembly of Turkey with Law No. 3. Despite
the challenges of the war years from the 1920s to

1923, the state managed to provide health services
through municipal and quarantine doctors, small
health officials, 86 treatment facilities, 6,437 patient
beds, 554 doctors, 69 pharmacists, 4 nurses, 560 health
officers, and 136 midwives by 1946. The "First Ten-
Year National Health Plan" introduced in 1946 never
came into effect due to administrative changes. The
continuation of this plan was the "National Health Pro-
gram and Health Bank Studies" announced on Decem-
ber 8, 1954. This program aimed to increase the
number of doctors and other health workers by divid-
ing the country into seven health regions and estab-
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lishing medical faculties in each. For example, follow-
ing the medical faculties of Istanbul and Ankara Uni-
versities, Ege University Faculty of Medicine began
training students in 1955. Compared to 3,020 doctors
in 1950, there were 8,214 doctors by 2016 [4, 5]. The
number of other health workers (nurses, midwives)
also significantly increased. Along with the health
services provided, the number of hospitals and health
facilities grew, and there were decreases in the preva-
lence of some diseases and in infant mortality rates [6,
7]. Legislation regulating civil society groups, includ-
ing the Turkish Medical Association, pharmacies,
nursing, and the Turkish Pharmacists' Association, was
also established, culminating in the Socialization of
Health Services Law No. 224 in 1961. The true social-
ization of health began in 1963 and was fully imple-
mented in 1983 with the help of state, district, and
provincial hospitals [8].

In 1989, the decree-law established the "Ministry
of Health and Social Assistance" replacing the "Health
Ministry". Primary health services are provided by the
Health Ministry through health centers, maternal and
child health and family planning centers, tuberculosis
dispensaries, malaria centers, and cancer fighting cen-
ters [9, 10]. Secondary and tertiary services are pro-
vided by the Health Ministry along with other public
institutions, foundations, and commercialized health
services. Notably, the Health Transformation Program
in 2003 marked the ministry's shift to a "planning and
supporting" role. The eight themes of the Health
Transformation Program are as follows: (1) Planning
and steering by the Ministry of Health, (2) An all-en-
compassing general health insurance system, (3) Ac-
cessible, affordable, and welcoming health services (to
support system institutions with education and sci-
ence, Quality and accreditation for competent and ef-
fective health services, Institutional structuring in
rational drug and material management), (4) Highly
motivated health workforce equipped with knowledge
and skills, (5) Education and science to support system
institutions, (6) Quality and accreditation for compe-
tent and effective health services, (7) Institutional
structuring in rational drug and material management,
(8) Effective information access in decision-making:
Health information system. In 2007, three additional
headings were added: (1) Health improvement and
healthy life programs for a better future, (2) multi-sec-
toral health responsibility for activating stakeholders

and inter-sectoral collaboration, (3) Transboundary
health services to enhance the country's strength inter-
nationally [11].

Personalized writing techniques can avoid medical
errors and enhance patient safety. Personalized medi-
cine practices can be seen as a significant advance-
ment in preventive and evidence-based health systems.
Most medical procedures today are designed for the
average person accepted by most of the population.
However, each person is unique with a different ge-
netic makeup, which explains why some patients re-
spond positively to a treatment regimen that fails in
others. Researchers have identified genetic variations
in patients' responses to targeted therapies and devel-
oped diagnostic tests based on genetic or other molec-
ular causes. This innovative approach to disease
prevention and treatment focuses on tailoring health
services to everyone’s genetic makeup, environmental
factors, and personal characteristics [12, 13].

HEALTHCARE SERVICES IN THE 21ST CEN-
TURY

Since the 1960s, genetics has become an integral part
of the health system and now plays a primary role in
the prevention and treatment of common chronic dis-
eases such as cancer and heart disease [14]. Renato
Dulbecco realized in 1985 that sequencing the human
genome was essential for advancing cancer research
[15]. The Human Genome Project was initiated in
1990, with its first draft published in 2001 and the final
draft in 2003 [16]. The concept of personalized med-
icine was first introduced to the public in a 1999 Wall
Street Journal article titled "The New Age of Person-
alized Medicine: Targeting Drugs to Unique Genetic
Profiles." This article discussed how even the best
treatments in contemporary pharmacotherapy were ef-
fective in only 50-70% of patients, indicating that this
method was acceptable for all individuals [16, 17].

Developments in biomedical, social, technologi-
cal, and economic disciplines are believed to be the
driving force behind personalized medicine. This strat-
egy is based on finding genetic, epigenomic, and clin-
ical information, including methods to determine how
an individual's genomic profile makes them suscepti-
ble to certain diseases [18].

Standard treatments like chemotherapy and radio-
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therapy do not have the same effect across all patient
populations due to the heterogeneity of diseases. It is
believed that personalized medical practices, by re-
vealing individual biological distinctions, will signif-
icantly contribute to the detection and treatment of
cancer [19]. The identification of individual risk fac-
tors based on genetic or physiological biomarkers for
cardiovascular diseases such as atherosclerosis, heart
failure, and hypertension, and the development of per-
sonalized medicine techniques are crucial for early in-
tervention [20]. Diabetes mellitus is characterized by
significant heterogeneity in genetic risk factors, un-
derlying pathogenic mechanisms, and clinical symp-
toms, making it a complex and diverse disease of the
endocrine system. However, individual characteristics
that can influence clinical outcomes and therapeutic
responses in patients with type 2 diabetes are rarely
considered, and comparable treatment approaches are
often utilized [21].

Personalized drug applications in managing dis-
orders where genetic and environmental factors play
a significant role can facilitate the development of tar-
geted treatments [22, 23].

Another promising area for personalized medicine
applications is dermatological diseases, which are
among the most common and preventable diseases af-
fecting millions. Personalized medicine practices can
reduce side effects that may jeopardize patient safety,
increase patient compliance, and provide economic
benefits through the prevention, early diagnosis, and
treatment processes of dermatological disorders [13].
Pain management is a very important aspect of patient
safety that is considered. While everyone’s pain
threshold varies, basic pain management approaches
are predominantly used worldwide. A study in the
United States on post-surgical pain treatment sug-
gested the use of personalized methods to create indi-
vidualized pain management treatment plans based on
each patient's genetic coding for analgesic metabolism
and pain sensitivity [24].

Another area of interest in personalized medicine
for patient safety is the development of specific pro-
tective and treatment techniques for allergy and
asthma patients [25]. The synthesis of specific Im-
munoglobulin E (IgE) is identified as a feature of an
allergic response defined by exposure to allergens and
the immunological reactions to these antigens [26]. Al-
lergic diseases, being among the most common dis-

eases worldwide and having rapidly increased in
prevalence to date, are likened to a black hole consum-
ing resources in the medical community. Each allergic
patient has unique characteristics managed by clinical
history, response to treatment, cellular mechanisms,
and hereditary and epigenetic control by the environ-
ment. Key terms in this field aiming to improve patient
care and create better prevention and treatment strate-
gies through phenotyping, genotyping, therapy, and
biomarkers include characterizing unique features of
allergy phenotypes to develop targeted allergen im-
munotherapy, which can improve patient safety, en-
hance quality of life, and provide financial benefits
[27, 28].

Personalized drug procedures, although now ex-
pensive for individual patients, have the potential to
minimize long-term expenditures by providing pre-
vention methods that reduce morbidity, more accurate
diagnoses, and more successful treatment regimens.
Thus, scientific evidence about disease pathophysiol-
ogy and genetic risk factors can be used to design a
more efficient drug production method and potentially
provide greater benefits to the pharmaceutical and
medical device industries. Additionally, personalized
medicine facilitates the provision of excellent care
with highly reliable diagnostic and treatment options,
enhances patient safety, and increases patient satisfac-
tion [13, 17].

Achieving desired outcomes in personalized
health applications requires successful collaboration
with stakeholders. Primary stakeholders in this en-
deavor include service providers, service users, gov-
ernments, academia,  biotechnology  firms,
individuals/institutions working in data mining, pa-
tients, authorities, payers, and health professionals
with authority over ethical regulations and legal re-
quirements [29]. Personalized medicine practices have
the potential to enhance patients' quality of life, life
expectancy, and the efficient use of time and money
however, it is a politically complex issue [30].

Health is a policy issue affecting numerous fields
including science, technology, economics, law, and
public administration. Research in Europe and the
United States highlights the importance of government
funding for research in this field [31,32]. Identifying
protective measures for individuals at risk for specific
diseases and determining early intervention methods
based on variables related to disease progression at the
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community level are additional significant contribu-
tions this technology can make to future health poli-
cies [33, 34].

One of the benefits of next-generation technolo-
gies for patient safety is the provision of a large
amount of monitoring-based data. By analyzing this
data, future health policy decisions can be informed.
Future applications of personalized medicine will pro-
vide new sources of information about diagnostic and
treatment options, allowing patients to have more con-
trol over their health in various ways; reliable infor-
mation will be easily accessible; multidisciplinary
clinical decision support systems will be used more
effectively; education for health professionals will be
enhanced, and resources will be more effectively used
for the benefit of the community. The more precise,
reliable, systematic use of data flows is expected to
lay the groundwork for the emergence of new profes-
sions in the health services sector [35].

In terms of patient safety, personalized medicine
methods have made many positive contributions to
health systems, but there are also ethical and legal con-
cerns. One of these concerns is the cost-benefit ratio;
the question is whether the expected benefits of these
highly costly technologies will be realized in
practice.In a world where demand is unlimited, re-
sources are limited, and the costs of health services are
rising, whether investing in personalized medicine is
a cost-effective strategy is debatable [36, 37]. Equal
and equitable access to these technologies, the appro-
priateness of revealing individuals' genetic sequences
in a health sector with intense information asymmetry
in terms of autonomy and privacy, and the accuracy
and reliability of technologies used in the field of per-
sonalized medicine are among the other ethical issues
under discussion.

METHODS

The methodology of this research has been designated
as a literature review. Accordingly, the study is de-
signed to thoroughly examine existing studies and re-
search on precision medicine, artificial intelligence,
and genomic data relevant to the objectives of the re-
search. This process will utilize scientific databases
such as PubMed, Scopus, Web of Science, and Google

Scholar. Keywords include "precision medicine," "ar-

tificial intelligence in healthcare," and "genomic data
and medicine." Selected articles are limited to those
published in the last ten years. Accordingly, the find-
ings section is subdivided based on the data consid-
ered.

RESULTS

Precision Medicine

The broad goal of precision medicine is to tailor treat-
ments, drug types, and dosages to each individual
while also adapting personal prevention methods,
thereby enhancing patient safety [38]. When consid-
ering patient safety, issues such as drug ineffective-
ness, side effects, drug interactions, and patient
dissatisfaction might necessitate trial and error in treat-
ment adjustments, potentially leading to delayed cor-
rect treatment and disease progression [39, 40]. For
diseases with high burdens and mortality rates such as
cancer, diabetes, neurodegenerative diseases, systemic
lupus erythematosus, and rheumatoid arthritis, as well
as less common diseases like infectious meningitis,
encephalitis, and vasculitis, precision medicine tech-
nologies hold promise for early diagnosis and treat-
ment [41, 42]. For example, cancer, considered a
leading cause of death globally, is expected to kill ap-
proximately 35 million people by 2050, but if diag-
nosed early, can be effectively treated [43].

Genomic Data and Medicine

Standard treatments like chemotherapy and radio-
therapy do not have uniform effects across all patient
populations due to the heterogeneity of diseases. Pre-
cision medical practices that reveal individual biolog-
ical distinctions are believed to significantly contribute
to cancer detection and treatment [44-45]. The identi-
fication of individual risk factors based on genetic or
physiological biomarkers is crucial for early interven-
tion in cardiovascular diseases such as atherosclerosis,
heart failure, and hypertension [46]. Diabetes mellitus,
characterized by significant heterogeneity in genetic
risk factors, underlying pathogenic mechanisms, and
clinical symptoms, presents a complex and varied dis-
ease of the endocrine system. However, individual
characteristics that may influence clinical outcomes
and therapeutic responses in patients with type 2 dia-
betes are often overlooked, with frequent reliance on
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comparable treatment approaches [47].

In disorders where genetic and environmental fac-
tors play a significant role, personalized drug applica-
tions can facilitate the development of targeted
treatments [48]. Another promising area for precision
medicine applications is dermatological diseases,
which are among the most common and preventable
diseases affecting millions. Personalized medicine
practices can reduce side effects that may jeopardize
patient safety, enhance patient compliance, and pro-
vide economic benefits through prevention, early di-
agnosis, and treatment processes of dermatological
disorders [49].

Pain Management

Pain management is a critical aspect of patient
safety. Although each individual's pain threshold
varies, basic pain management approaches are pre-
dominantly used worldwide. In the United States, a
study on post-surgical pain treatment recommended
the use of precision methods to create individualized
pain management treatment plans based on each pa-
tient's genetic coding for analgesic metabolism and
pain sensitivity [50, 51].

Healthcare Professional
One-Fits-All Treatment

Expected
Effect

]

Adverse
Effect

\
!
od
T

No Effect

Allergy and Asthma

Another area of interest in personalized medicine
for patient safety is the development of specific pro-
tective and treatment techniques for allergy and
asthma patients. The synthesis of specific Im-
munoglobulin E (IgE) is a feature of an allergic re-
sponse defined by exposure to allergens and the
resulting immunological reactions [52].

Artificial Intelligence and Precision Medicine
Health Services

While personalized drug procedures are now ex-
pensive for individual patients, they hold the potential
to minimize long-term expenses by providing prevention
methods that reduce morbidity, more accurate diagnoses,
and more successful treatment regimes. Thus, scientific
evidence about disease pathophysiology and genetic risk
factors can be used to design a more efficient drug pro-
duction method and potentially provide greater benefits
to the pharmaceutical and medical device industries in
Fig. 1. Additionally, precision medicine facilitates the
provision of excellent care with highly reliable diagnos-
tic and treatment options, enhances patient safety, and
increases patient satisfaction [53].

Al-assisted
personalized treatment

:
XX

|
&

A\

Expected
Effect

Expected
Effect

Expected
Effect

Fig. 1. Personalized Medicine AI vs Traditional Techniques (Created with BioRender.com).
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Achieving desired outcomes in personalized
health applications requires successful collaboration
with stakeholders. Primary stakeholders in this en-
deavor include service providers, service users, gov-
ernments, academia,  biotechnology  firms,
individuals/institutions working in data mining, pa-
tients, authorities, payers, and health professionals
with authority over ethical regulations and legal re-
quirements. Precision medicine practices have the po-
tential to enhance patients' quality of life, life
expectancy, and the efficient use of time and money;
however, it is a politically complex issue [54, 55].

DISCUSSION

Health policy impacts numerous fields including
health, science and technology, economics, law, and
public administration. Studies in Europe and the United
States underscore the importance of government fund-
ing for research in this area [31, 32]. Identifying pro-
tective measures for individuals at risk for specific
diseases and determining early intervention methods
based on community-level disease progression vari-
ables are additional significant contributions this tech-
nology can make to future health policies [56].

One of the benefits of new-generation technolo-
gies in terms of patient safety is that they provide large
amounts of monitoring data. Analyzing this data al-
lows informed decisions about future healthcare poli-
cies to be made. Future applications of precision
medicine will enable patients to take greater control
over their health by providing new sources of infor-
mation about diagnosis and treatment options. In ad-
dition, easy access to reliable information sources will
be provided, multidisciplinary clinical decision sup-
port systems will be used more effectively, the training
of healthcare professionals will be contributed and re-
sources will be used more efficiently for the benefit of
society. More precise, reliable, and systematic use of
data streams will facilitate the emergence of new pro-
fessions in the healthcare sector [24, 48].

Primary healthcare services are defined as services
provided to individuals and families in the community
universally accessible, with full participation, and at a
cost that the community and country can afford. They
are a vital aspect of both the country's health system
and the overall social and economic development of

the population [57].

As a result of market liberalization, private organi-
zations in Turkey, as in the rest of the world, provide
health services under state supervision. The competitive
nature of markets necessitates various marketing strate-
gies. The fact that health care is considered a human
right makes it inevitable to criticize this situation. Due
to the irreparable, irretrievable, and unacceptable nature
of errors in service delivery, and the primary responsi-
bility of health professionals, ethical rules make it im-
perative to distinguish patients from other consumers.
These factors determine the health services provided.
The provision of services that directly affect human
health should be the basis of planned and carefully im-
plemented marketing efforts [58].

CONCLUSION

Health is currently one of the sectors most affected by
the digital revolution. Thanks to digital health tech-
nologies, there is a shift from traditional hospital-
based, treatment-focused approaches to
individual-centered preventive approaches. Soon, per-
sonalized medical applications will play a key role in
preventing, diagnosing, and treating diseases in terms
of patient safety.

Personalized medication applications are particu-
larly promising for various unresolved, uncommon,
autoimmune, and neurodegenerative disorders. Con-
sidering the generational and professional training dif-
ferences between different patient demographics and
health professionals in the community, assessing the
challenges that might be encountered in technology
usage is essential for training health professionals who
will ensure patient safety and planning accordingly. It
is crucial for countries to emphasize these concerns in
their health strategies to improve public health and re-
duce costs over time.
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ABSTRACT

Endometrial polyps and uterine leiomyomas are common gynecological conditions that significantly affect
women's health. Recent studies have begun to explore potential biomarkers that could assist in the early diag-
nosis and understanding of the pathophysiology of these conditions. One such biomarker is Serum Sestrin 2
(SESN2), a protein involved in cellular stress response. This review aims to synthesize research findings on
the relationship between serum SESN2 levels and the presence of endometrial polyps and uterine leiomyomas.
It examines the potential of SESN2 as a diagnostic tool and its role in the underlying mechanisms of these
conditions. Studies suggest that SESN2 levels are elevated in patients with these conditions compared to con-
trols, indicating its involvement in their pathophysiology. Furthermore, the review discusses the implications
of these findings for clinical practice, particularly in terms of early detection and targeted therapies. Future re-
search directions and the need for large-scale studies to validate SESN2 as a clinical marker are also addressed.
This review highlights the importance of biomarkers like SESN2 in enhancing our understanding and man-
agement of gynecological disorders.

Keywords: Sestrin 2, endometrial polyp, uterine leiomyoma, biomarkers

growths of the endometrial glands and stroma

around a vascular core that originate from the
surface of the endometrium [1]. These polyps are pre-
dominantly benign but can occasionally possess atyp-
ical or malignant characteristics. They are a common
cause of abnormal uterine bleeding, which is observed
in up to 68% of affected patients and represents the
most frequent symptom associated with endometrial

polyps [2].

fndometrial polyps are localized hyperplastic

Uterine leiomyomas, or fibroids, are benign tu-
mors derived from the smooth muscle cells of the my-
ometrium and are the most common pelvic tumors in
women [3]. These tumors vary widely in size, number,
and location within the uterus, influencing their clini-
cal manifestations, which most frequently include ex-
cessive menstrual bleeding and pelvic discomfort [4].

The pathophysiology of both endometrial polyps
and uterine leiomyomas is not fully understood,
though oxidative stress and inflammatory processes
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are thought to play significant roles in their develop-
ment [5]. Oxidative stress, defined as a disturbance in
the balance between the production of reactive oxygen
species (free radicals) and antioxidant defenses, is a com-
mon pathway implicated in many pathologies, including
the formation of fibroids and possibly polyps [6].

Sestrin 2 (SESN2) emerges as a critical protein in
regulating oxidative stress and has been linked to var-
ious cellular responses to damage and stress [7]. It is
induced under conditions of oxidative stress and plays
a significant role in cell survival and metabolic regu-
lation [8]. Elevated levels of SESN2 have been ob-
served in patients with endometrial polyps and uterine
leiomyomas, suggesting its involvement in the patho-
genesis of these conditions and its potential utility as
a biomarker for early diagnosis [9].

Given the prevalence and impact of endometrial
polyps and uterine leiomyomas on women's health,
understanding the role of biomarkers such as SESN2
could significantly enhance diagnostic accuracy and
lead to more targeted therapies, ultimately improving
patient outcomes. This review aims to compile and an-
alyze the existing literature on SESN2 in relation to
these common gynecological disorders and to evaluate
its potential as a diagnostic and therapeutic marker
[10].

ENDOMETRIAL POLYPS
LEIOMYOMAS

AND UTERINE

Endometrial polyps and uterine leiomyomas are two
prevalent non-cancerous growths affecting the female
reproductive system, with significant implications for
women's health globally. Endometrial polyps are lo-
calized hyperplastic growths consisting of endometrial
glands, stroma, and blood vessels that project from the
lining of the uterus [11]. They vary in size, can be ses-
sile or pedunculated, and although usually benign,
they can exhibit atypical features or undergo malig-
nant transformation in rare cases [12].

Uterine leiomyomas, commonly known as fi-
broids, are benign smooth muscle tumors originating
from the myometrium, the muscular layer of the uterus
[3]. These tumors are the most common pelvic tumors
in women and can vary greatly in size, number, and
location within the uterus, affecting their clinical pres-

entation and management [13, 14]. Fibroids are rec-
ognized for their impact on menstruation, fertility, and
overall quality of life, contributing to significant
healthcare costs due to their high prevalence and the
morbidity associated with severe cases [15].

Both conditions are important due to their high
prevalence and frequently lead to diagnostic chal-
lenges and diverse treatment modalities. Understand-
ing these conditions has evolved significantly, with
current research focusing on their hormonal regula-
tion, genetic predispositions, and potential environ-
mental triggers [16]. Endometrial polyps and uterine
leiomyomas often present similarly but have distinct
pathophysiological pathways, which are crucial for
tailoring individualized treatment strategies.

The relevance of these conditions in gynecological
health stems from their common occurrence and the
considerable impact they can have on a woman's re-
productive capabilities and quality of life. Understand-
ing and managing these conditions efficiently is
critical, not only to alleviate symptoms but also to pre-
vent potential complications such as infertility and re-
current pregnancy loss, which are significant concerns
associated with these gynecological anomalies [17].

EPIDEMIOLOGY AND RISK FACTORS

The epidemiology of endometrial polyps and uterine
leiomyomas highlights their significant prevalence in
the female population, underscoring a major public
health concern. Endometrial polyps are estimated to
affect approximately 10% to 25% of women, with
their prevalence increasing with age. These polyps are
more commonly diagnosed in women in their 40s and
50s, particularly during the perimenopausal period,
suggesting a link with hormonal changes associated
with the menopausal transition [18].

Uterine leiomyomas are even more prevalent, af-
fecting up to 70-80% of women by the age of 50 [19].
While many cases are asymptomatic and may not re-
quire intervention, a significant proportion of affected
women experience symptoms severe enough to neces-
sitate medical or surgical treatment. The onset of fi-
broids is rarely seen before the onset of menstruation,
and their growth is often influenced by reproductive
hormones, which explains their common development
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during the reproductive years and often a decrease in
size and symptomatology after menopause [20].

Hormonal Imbalances

Both endometrial polyps and uterine leiomyomas
are influenced by hormonal imbalances, particularly by
estrogens and progesterone. Estrogens promote the
growth of both polyps and fibroids, while progesterone
may have a complex role, potentially supporting
growth in some cases while inhibiting it in others [21].
This hormonal influence is pivotal and represents a tar-
get for therapeutic intervention, such as the use of hor-
mone modulators including selective estrogen receptor
modulators (SERMs) and gonadotropin-releasing hor-
mone (GnRH) analogs, which have been shown to re-
duce the size and symptoms of fibroids [22].

Genetic Predispositions

There is a significant genetic component to the
risk of developing both endometrial polyps and uterine
leiomyomas. The familial clustering of fibroids sug-
gests a hereditary component, with studies identifying
specific genetic alterations associated with their
growth, such as mutations in the MED12 gene and
other components related to the extracellular matrix
and cellular proliferation [23]. Similarly, genetic pre-
dispositions have been noted in the development of
endometrial polyps, with a particular association with
syndromes that include a predisposition to polyp for-
mation, such as Lynch syndrome [24].

Environmental Influences

Environmental factors also play a crucial role in
the epidemiology of these conditions. Lifestyle factors
such as obesity, high blood pressure, and a diet high
in red meat have been linked to an increased risk of
fibroids, while physical activity and a diet rich in fruits
and vegetables appear to reduce this risk [25]. Expo-
sure to environmental toxins such as phthalates and
other endocrine-disrupting chemicals has also been
suggested to contribute to the development of both
polyps and fibroids, although more research is needed
to establish these links definitively [26]. In conclusion,
endometrial polyps and uterine leiomyomas are com-
mon gynecological conditions with complex multifac-
torial etiologies involving hormonal, genetic, and
environmental components. Understanding these fac-

tors is crucial for developing prevention strategies, re-
fining diagnostic processes, and tailoring individual-
ized treatments that can effectively manage or mitigate
the conditions.

PATHOPHYSIOLOGY AND GENETIC INSIGHTS

The pathophysiological processes underlying the for-
mation and growth of endometrial polyps and uterine
leiomyomas are complex and involve a confluence of
hormonal influences, genetic mutations, and possibly,
lifestyle factors. These mechanisms are not only cru-
cial for understanding the development of these con-
ditions but also for advancing targeted treatment
strategies.

Hormonal Pathways

Both endometrial polyps and uterine leiomyomas
are significantly influenced by hormonal pathways,
particularly those involving estrogen and proges-
terone, two key regulators of the reproductive system.
Estrogen promotes the proliferation of the endometrial
lining and is thought to contribute to the hyperplastic
growth seen in polyps [27]. In leiomyomas, estrogen
acts to stimulate fibroid growth through the activation
of estrogen receptors, which increases the expression
of genes involved in cell proliferation and decreases
those involved in apoptosis [28]. Progesterone, al-
though traditionally considered antiproliferative, can
have a complex role in the growth dynamics of these
conditions. In fibroids, progesterone has been shown
to contribute to fibroid growth by stimulating the pro-
duction of growth factors and extracellular matrix
components that provide structural support to the tu-
mors [29].

Genetic Mutations

On a genetic level, multiple mutations have been
implicated in the pathogenesis of uterine leiomyomas.
For instance, mutations in the MED12 gene are among
the most common genetic alterations in leiomyomas,
found in up to 70% of cases [30]. These mutations
may alter the function of the mediator complex, which
plays a critical role in transcriptional regulation, po-
tentially leading to dysregulated cell growth. For en-
dometrial polyps, the genetic landscape is less well

The European Research Journal | Volume 10

Issue 6 | November 2024

636



Eur Res J. 2024;10(6):634-643

Serum sestrin 2 in patients with endometrial polyps and uterine leiomyomas

defined, but abnormalities in genes related to hor-
monal regulation and inflammatory pathways are sus-
pected [31]. Additionally, genetic predisposition plays
arole, as evidenced by the higher prevalence of these
conditions in certain familial and hereditary contexts,
such as those associated with hereditary nonpolyposis
colorectal cancer (Lynch syndrome).

Lifestyle Factors

Lifestyle factors also influence the pathophysiol-
ogy of these gynecological conditions. Obesity, high-
fat diet, and lack of physical activity have been
associated with an increased risk of developing fi-
broids. These factors may influence hormone levels,
particularly increasing estrogen levels, which in turn
may exacerbate the growth of leiomyomas and poten-
tially endometrial polyps [32]. Moreover, oxidative
stress and inflammation, which can be exacerbated by
lifestyle factors such as smoking and poor diet, have
also been suggested to contribute to the pathogenesis
of these conditions. Oxidative stress, in particular, can
damage DNA and disrupt normal cell functions, lead-
ing to abnormal cell growth and the development of
polyps and fibroids [33].

Environmental Contributions

Environmental exposures, including certain chem-
icals and pollutants, have been implicated in the in-
creased risk of developing polyps and fibroids.
Endocrine-disrupting chemicals, such as bisphenol A
(BPA) and certain phthalates, which are prevalent in
many consumer products, can mimic or interfere with
the body's natural hormones, particularly estrogen, po-
tentially contributing to the pathophysiology of these
conditions [34]. In conclusion, the formation and
growth of endometrial polyps and uterine leiomyomas
are influenced by a complex interplay of hormonal im-
balances, genetic predispositions, and environmental
and lifestyle factors. Understanding these underlying
mechanisms not only helps in diagnosing and manag-
ing these conditions but also opens up possibilities for
preventive strategies and novel therapeutic approaches
based on molecular and genetic targets.

CLINICAL PRESENTATION AND DIAGNOSIS

Endometrial polyps and uterine leiomyomas, though

often asymptomatic, can present with a range of symp-
toms that significantly affect patients' quality of life
and reproductive health. The approach to diagnosis
combines clinical assessment with sophisticated im-
aging techniques, providing a comprehensive under-
standing of these conditions.

Symptoms of Endometrial Polyps and Uterine
Leiomyomas

The most common symptom associated with en-
dometrial polyps is abnormal uterine bleeding (AUB),
which can manifest as irregular menstrual cycles,
menorrhagia (heavy menstrual bleeding), or bleeding
between periods [35]. Such symptoms can lead to ane-
mia and significantly impact daily life, causing fatigue
and other health complications. Endometrial polyps
are also associated with infertility, as they can interfere
with the implantation of the embryo [36].

Uterine leiomyomas may present with a similar
profile of menstrual irregularities but are particularly
known for causing heavy and prolonged periods.
Other symptoms include pelvic pain or pressure, fre-
quent urination, pain during intercourse, and, in some
cases, complications during pregnancy such as in-
creased risk of miscarriage or preterm labor [37]. The
size and location of fibroids determine the severity and
type of symptoms, with larger fibroids and those lo-
cated within the uterine cavity causing more severe
symptoms.

Diagnostic Procedures

The diagnosis of endometrial polyps typically in-
volves transvaginal ultrasound (TVUS) as a first-line
imaging technique. TVUS is highly effective in iden-
tifying the presence of polyps as focal hyperechoic le-
sions within the endometrial cavity. For a more
detailed assessment, saline infusion sonohysterogra-
phy (SIS) may be used, which provides a clearer
image of the uterine cavity and can distinguish polyps
from other intrauterine abnormalities like submucosal
fibroids [38].

Uterine leiomyomas are also initially evaluated
with TVUS, which can detect the tumors as well-de-
fined, hypoechoic masses within the myometrium.
The number, size, and exact location of fibroids can
be assessed, which is critical for determining the ap-
propriate management strategy. In cases where more
detailed imaging is required, Magnetic Resonance Im-
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aging (MRI) may be utilized. MRI offers excellent soft
tissue contrast and can differentiate fibroids from other
pelvic pathologies, making it invaluable particularly
when surgical intervention is being considered [39].

Additionally, hysteroscopy is an essential diagnos-
tic tool for both conditions when surgical management
is planned or when the intracavitary extent of polyps
or fibroids needs to be precisely determined. This pro-
cedure involves the insertion of a small camera
through the cervix into the uterine cavity, providing a
direct visual assessment of the endometrium, which is
useful for confirming the diagnosis and during the re-
moval of polyps or submucosal fibroids [40].

Accurate diagnosis and effective management of
endometrial polyps and uterine leiomyomas rely heav-
ily on the detailed understanding of their clinical pre-
sentations and the judicious use of advanced
diagnostic tools. The symptoms, while sometimes
nonspecific, are significant indicators of these condi-
tions and can profoundly impact a woman's reproduc-
tive health and quality of life. By integrating clinical
findings with advanced imaging techniques, clinicians
can tailor treatment plans that address both the symp-
toms and the underlying causes of these prevalent gy-
necological conditions.

TREATMENT STRATEGIES AND MANAGE-
MENT

The management of endometrial polyps and uterine
leiomyomas involves a spectrum of treatment options
tailored to the patient's symptoms, reproductive goals,
and the specifics of the condition. Treatment choices
range from conservative observation to pharmacolog-
ical interventions and invasive surgical procedures.
The decision-making process is guided by the severity
of symptoms, the patient's desire for fertility preser-
vation, and the location and size of the lesions.

Pharmacological Interventions

For patients experiencing mild symptoms or when
fertility preservation is a priority, pharmacological
treatment may be the first line of approach. In the case
of uterine leiomyomas, hormone-modulating therapies
are commonly used to reduce symptoms and decrease
fibroid size. These include:

Gonadotropin-Releasing Hormone (GnRH) Agonists

These drugs effectively shrink fibroids by creating
a temporary menopausal state and decreasing estrogen
levels. However, their use is typically limited to short-
term preoperative periods due to the risk of significant
bone density loss with long-term use [42].

Progestins and Progesterone Receptor Modulators
(PRMs)

Medications like mifepristone and ulipristal ac-
etate can control bleeding and decrease fibroid size.
They act by antagonizing progesterone, which is
known to promote fibroid growth [43].

Oral Contraceptives and Levonorgestrel-Releasing In-
trauterine Devices (IUDs)

These are more commonly used for managing
bleeding symptoms rather than reducing fibroid size.
They provide effective contraception and menstrual
cycle regulation, which can be beneficial in managing
AUB associated with fibroids [44].

For endometrial polyps, hormonal therapy may
also be used, particularly in patients who are asymp-
tomatic or have minor symptoms. However, the effec-
tiveness of hormonal treatments in reducing polyp size
or preventing recurrence is less clear and less com-
monly recommended compared to their use in leiomy-
omas.

Surgical Procedures

When pharmacological management is ineffective
or when the polyps or fibroids cause significant symp-
toms, surgical intervention may be necessary:

Hysteroscopic Polypectomy

This is the treatment of choice for symptomatic
endometrial polyps. It involves the removal of polyps
using a hysteroscope, which allows direct visualiza-
tion and excision with minimal invasion [45].

Myomectomy

This surgical procedure involves the removal of
fibroids while preserving the uterus, making it suitable
for women who wish to maintain fertility. Myomec-
tomy can be performed using hysteroscopic, laparo-
scopic, or open surgical techniques depending on the
size and location of the fibroids [46].
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Hysterectomy

This is the definitive treatment for fibroids and in-
volves the removal of the uterus. It is typically re-
served for women with severe symptoms who do not
wish to preserve fertility, or when other treatments
have failed [47].

Criteria for Choosing Treatment Paths
The choice of treatment is influenced by several
factors:

Symptom Severity
More severe symptoms often require more aggres-
sive treatment such as surgery.

Patient's Age and Desire For Children
Fertility-preserving treatments are prioritized for
younger women desiring future pregnancies.

Size and Location of the Growths

Larger or unfavorably located fibroids may require
surgical intervention, whereas smaller and fewer fi-
broids or polyps might be managed with medication.

Patient Preference and Overall Health

Consideration of the patient's personal preferences
and general health condition is crucial in deciding the
treatment approach.

The management of endometrial polyps and uter-
ine leiomyomas requires a personalized approach that
considers the patient's clinical presentation, lifestyle
factors, and reproductive plans. With advancements in
medical treatments and surgical techniques, most
women can achieve significant relief from symptoms
and improvement in quality of life. Ongoing research
continues to refine these treatment options and may
offer more targeted therapies in the future.

ROLE OF SESTRIN 2 IN PATHOGENESIS

Sestrin 2, a highly conserved protein involved in cel-
lular stress responses, has emerged as a significant
player in the pathophysiology of various human dis-
eases, including endometrial polyps and uterine
leiomyomas. Its functions span from antioxidation to
modulation of metabolism and inflammation, which

are pivotal in the context of these gynecological con-
ditions.

Cellular Stress Responses

SESN?2 is known for its role in protecting cells
against oxidative stress and DNA damage. It acts by
activating the AMP-activated protein kinase (AMPK)
and regulating the mammalian target of rapamycin
(mTOR) pathways, which are critical in cellular sur-
vival and metabolism [48]. In the uterine environment,
oxidative stress is a recognized factor contributing to
the pathogenesis of both polyps and fibroids. SESN2's
activation in response to increased oxidative stress
helps maintain cellular integrity by inhibiting mTOR
signaling, thus potentially preventing the uncontrolled
cell proliferation characteristic of polyps and leiomy-
omas [49].

Inflammation

The role of inflammation in the development of
endometrial polyps and uterine leiomyomas is well
documented, with pro-inflammatory cytokines found
elevated in affected tissues. SESN2 modulates inflam-
matory responses by influencing NF-kB signaling
pathways. By controlling these pathways, SESN2
could reduce chronic inflammation and its down-
stream effects, which contribute to the fibrotic
processes seen particularly in leiomyomas [50].

Oxidative Stress

Oxidative stress results from an imbalance be-
tween free radicals and antioxidants in the body, lead-
ing to cell damage. SESN2 enhances the expression
of various antioxidant proteins and enzymes, thus pro-
tecting cells from oxidative damage. This protective
role is crucial in the endometrium, where oxidative
stress can lead to mutations and cellular dysregulation,
fostering the growth of polyps and fibroids [51]. Fur-
thermore, studies have shown that SESN2 expression
is upregulated in the tissues of patients with leiomy-
omas, suggesting that it may be a compensatory re-
sponse to increased oxidative stress in these tumors
[52].

Interactions with Other Cellular Mechanisms
SESN?2 also interacts with other cellular pathways
involved in cell survival and apoptosis, which are dys-
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regulated in the pathogenesis of uterine fibroids and
polyps. For example, its regulation of the p53 pathway
can influence cell cycle arrest and apoptosis, processes
that are often inhibited in fibroid cells and polyp cells
[53]. Additionally, its role in autophagy through the
AMPK and mTOR pathways can affect cellular
cleanup and turnover, impacting the stability and via-
bility of cells in the uterine lining.

IMPLICATIONS FOR TREATMENT AND RE-
SEARCH

Understanding the role of SESN2 in the pathogenesis
of endometrial polyps and uterine leiomyomas offers
potential therapeutic avenues. Targeting the SESN2
pathways could lead to the development of drugs that
modulate its activity, aiming to reduce oxidative stress,
inflammation, and cell proliferation associated with
these conditions. Moreover, SESN2 could serve as a
biomarker for the early detection of these gynecolog-
ical disorders, potentially guiding treatment decisions
and monitoring responses to therapy [54].

SESN2 plays a multifaceted role in the pathogen-
esis of endometrial polyps and uterine leiomyomas
through its involvement in oxidative stress response,
inflammation, and cellular metabolism. Further re-
search into SESN2 and its pathways could illuminate
new strategies for managing these prevalent condi-
tions, improving outcomes for affected women.

IMPLICATIONS FOR FUTURE RESEARCH
AND CLINICAL PRACTICE

The exploration of sestrin 2 (SESN2) as a biomarker
and therapeutic target in the context of endometrial
polyps and uterine leiomyomas is opening new av-
enues in both research and clinical management of
these conditions. The potential applications and bene-
fits of SESN2-focused research are vast, offering
prospects for early diagnosis, personalized treatment
strategies, and improved patient outcomes.

SESN2 as a Biomarker for Early Diagnosis

The ability of SESN2 to respond to cellular stress
and inflammation, key factors in the pathogenesis of
endometrial polyps and uterine leiomyomas, makes it

a promising candidate for a biomarker. Early detection
of these conditions remains a challenge but is crucial
for effective management, especially in preserving fer-
tility and minimizing invasive treatments. Elevated
levels of SESN2 could potentially indicate the early
onset of disease processes before significant symp-
toms manifest, allowing for earlier intervention and
monitoring [56]. Future studies could focus on vali-
dating the sensitivity and specificity of SESN2 levels
in blood or tissue samples as a diagnostic tool in clin-
ical settings.

Therapeutic Interventions Targeting SESN2
Research into SESN2's role in modulating oxida-
tive stress and inflammation suggests that it could be
a target for therapeutic intervention. Developing drugs
that can modulate the activity of SESN2 might help in
managing the growth and symptoms of polyps and
leiomyomas. For instance, enhancing the antioxidant
capabilities of SESN2 or its ability to inhibit cell pro-
liferation pathways could directly impact the develop-
ment and progression of these uterine conditions [57].
Clinical trials could be designed to test such interven-
tions, providing data on their efficacy and safety.

Integration into Personalized Medicine

The heterogeneity in the presentation and progres-
sion of endometrial polyps and uterine leiomyomas
makes personalized treatment approaches necessary.
Understanding individual differences in SESN2 ex-
pression and function could help tailor treatments
based on a patient’s genetic and molecular profile.
This approach could optimize treatment efficacy and
minimize side effects, particularly in managing con-
ditions that affect diverse populations [58].

Future Research Directions
Continued research into SESN2 will also need to
address several critical questions:

Mechanistic Understanding

How exactly does SESN2 interact with other cel-
lular pathways involved in the pathogenesis of en-
dometrial polyps and uterine leiomyomas? Answering
this could uncover additional therapeutic targets.

Longitudinal Studies
What are the long-term implications of modulat-
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ing SESN2 in patients with these conditions? Longi-
tudinal studies could help understand the potential
risks or benefits.

Clinical Trials

How effective are SESN2-targeted therapies in
clinical practice? Rigorous clinical trials are needed to
determine the practical benefits and any potential side
effects of new treatments based on SESN2 modulation.

The ongoing research into sestrin 2 holds signifi-
cant promise for revolutionizing the diagnosis and
treatment of endometrial polyps and uterine leiomy-
omas. By integrating emerging data on SESN2 into
clinical practice, the medical community can poten-
tially improve diagnostic accuracy and treatment out-
comes for patients suffering from these prevalent
gynecological conditions. As research progresses, it is
hoped that SESN2 can be fully utilized not only as a
biomarker for early detection but also as a cornerstone
for targeted therapeutic strategies.

CONCLUSION

The exploration of sestrin 2 in the context of endome-
trial polyps and uterine leiomyomas marks a signifi-
cant advance in our understanding of these common
yet complex gynecological disorders. As we have re-
viewed, the roles of sestrin 2 are multifaceted, encom-
passing the regulation of oxidative stress,
inflammation, and cellular metabolism—key elements
that contribute to the pathogenesis of these conditions.
The potential of sestrin 2 as a biomarker for early
diagnosis and a target for therapeutic intervention
opens new pathways for the effective management of
endometrial polyps and leiomyomas. Its ability to re-
spond to cellular stress and to modulate important
metabolic and inflammatory pathways positions it as
a unique marker that could help in the early detection
of these conditions, potentially guiding treatment
choices and monitoring therapeutic responses. This is
particularly crucial given the often asymptomatic na-
ture of these conditions in their early stages and the
severe impact they can have on a woman's quality of
life and reproductive health.
Furthermore, the possibility of targeting sestrin 2 in
therapeutic interventions offers a promising outlook

for treatments that are more precise and less invasive.
By potentially inhibiting the pathways involved in the
proliferation and survival of the cells that contribute
to these disorders, new treatments could limit the
growth of polyps and fibroids or even prevent their
formation. This approach not only aims to alleviate the
symptoms associated with these conditions but also
addresses the underlying causes, potentially reducing
the need for surgical interventions which carry inher-
ent risks and complications.

However, while the therapeutic implications of
sestrin 2 are promising, significant work remains to be
done. Comprehensive clinical trials are needed to val-
idate the efficacy and safety of these new approaches.
Moreover, the integration of sestrin 2 into clinical
practice will require a collaborative effort among re-
searchers, clinicians, and patients to fully realize its
potential benefits.

In conclusion, the ongoing research into sestrin 2
represents a frontier in gynecological research with the
potential to significantly impact how endometrial
polyps and uterine leiomyomas are diagnosed and
treated. It encourages a shift towards more personal-
ized and precise medical interventions that could
greatly enhance patient outcomes. As this field
evolves, it is expected that sestrin 2 will not only im-
prove our biological understanding of these conditions
but also lead to innovations in their management,
heralding a new era of targeted therapy that could re-
define standards of care in gynecology.
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ABSTRACT

Earthquake-induced crush syndrome and subsequent acute kidney injury are important issues that affect mor-
bidity and mortality. Fasciotomies prolong the length of stay in intensive care unit in patients with compartment
syndrome due to the complications it causes. Infections and delayed wound healing are two common compli-
cations among these. Therefore, early closure of fasciotomy wounds is recommended. Although different treat-
ments can be applied for treatment of wounds, data on this subject in pediatric patients are insufficient. We
report the case of a 15-year-old girl who developed acute renal failure due to crush syndrome after being
trapped in the wreckage for 9 hours and undergoing fasciotomy procedures for four locations, in the left ex-
tremity, two in the thigh and two in the cruris. Hemodialysis, antihypertensive, and antibiotic treatment were
administered during the intensive care follow-up due to acute kidney injury, hypertension, and sepsis. With
negative pressure therapy, silver alginate wound dressing, and hyperbaric oxygen therapy, all wounds epithe-
lialized within two months. However, rehabilitation for drop foot syndrome caused by nerve cuts in the left
extremity continues.

Keywords: Earthquake, fasciotomy wounds, negative pressure therapy (VAC), hyperbaric oxygen therapy

n compartment syndrome, fasciotomy is the only

known treatment option, it can usually save the

extremities [1]. In surgical fasciotomy, the release
of the skin and muscle fascia results in a sudden de-
crease in compartment pressure and a significant in-
crease in the volume of the affected muscle
compartment [2]. However, reperfusion injury caused
by fasciotomy and complications from the procedure
has both local and systemic consequences [3]. Al-
though it is recommended for the fasciotomy wounds

to be closed as soon as possible to reduce the risk of
complications, doing so may result in increased mus-
cle pressure and re-compartment syndrome [4]. Pro-
longed hospitalization, wound infection, the need for
advanced surgery for skin grafting, osteomyelitis,
pain, nerve injury, permanent muscle weakness,
chronic venous insufficiency, and cosmetic issues are
all important issues for fasciotomy patients [5]. Wound
management aims to debride necrotic tissues and min-
imize damage by preventing moisture loss. For this

Corresponding author: Hakan Erdogan, MD., Prof.,
Phone: +90 224 975 00 00, E-mail: drerdoganha@yahoo.com

How to cite this article: Erdogan H, Oto A, Yerci G, Kocer G, Menekse
B. Akturk B, Yildirnm U, Bozdemir S. An earthquake reality: Fasciotomy
wounds and treatments. Eur Res J. 2024;10(6):644-651. doi:
10.18621/eurj. 1465494

@0

Received: April 15, 2024
Accepted: June 26, 2024
Published Online: July 16, 2024

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

)
[=]

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

The European Research Journal | Volume 10

Issue 6 | November 2024

644


http://orcid.org/0000-0003-1058-0320
http://orcid.org/0000-0002-5212-9282
http://orcid.org/0000-0003-0229-2759
http://orcid.org/0009-0002-1921-8010
http://orcid.org/0009-0009-0997-709X
http://orcid.org/0000-0002-6801-4973
http://orcid.org/0000-0001-7930-5672
http://orcid.org/0009-0007-4178-6934
https://doi.org/10.18621/eurj.1465494
https://www.prusamp.com
https://dergipark.org.tr/en/pub/eurj
https://creativecommons.org/licenses/by-nc-nd/4.0/

Eur Res J. 2024;10(6):644-651

Fasciotomy wounds

purpose, there are different treatment options for
wound healing. These include skin grafts, negative
pressure therapy (Vacuum Assisted Closure-VAC),
dermal apposition techniques (Gradual Suture Ap-
proximation), and hyperbaric oxygen therapy
(HBOT). It is unclear which technique is best for treat-
ing wounds, especially in children [6]. Here, a 15-
year-old girl was trapped under the wreckage after the
earthquake and had two fasciotomies in the cruris and
thigh due to compartment syndrome in the left lower
extremity, who also had crush syndrome, is presented.

CASE PRESENTATION

After 9 hours under the wreckage, a 15-year-old girl
developed compartment syndrome in her left lower
extremity. It was discovered that she had four fas-
ciotomies on her left thigh and cruris, and four ses-
sions of hemodialysis (HD) treatment following acute
kidney damage (AKI) due to compartment syndrome.
At the family's request, the case was referred and ad-
mitted to the Bursa City Hospital Pediatric Intensive
Care Clinic (PICU) eight days later. The patient's
physical examination revealed a moderately poor gen-
eral condition, GCS 15, and a suture secondary to
trauma in the frontal region, she was followed up in
the room air at admission. There were fasciotomies on

Table 1. Case laboratory findings

both medial and lateral sides of the left cruris and
thigh, distal pulses were palpable and no fractures
were detected in the extremities. The patient had no
problems in left hip and knee movements, her left foot
flexion and dorsiflexion were limited and she had a
drop foot. She had intense fragrant discharge in more
than one of the thigh fasciotomies. Fasciotomies in the
thigh area had a cavitary appearance. The laboratory
values in the follow-up are shown in Table 1. Cranial
CT and MRI scans were reported as normal. On ad-
mission, the patient had a urine output of <0.3
ml/kg/hour. For forced diuresis, 3000 ml/m? IV fluids
and 2 mg/kg/day furosemide were started.
Piperacillin-Tazobactam and Teicoplanin were started
ampirically according to the glomerular filtration rate
(GFR) after cultures were taken from the wound sites.
Intermittent HD was restarted in the case whose urine
output was not sufficient despite IV fluid and
furosemide, and blood pressure systolic-diastolic
>95p. On the 17" day, HD was performed due to fluid
overload symptoms, blood pressures above 99p, and
consciousness change. Repeated cranial diffusion MRI
and CT scan findings were evaluated as normal. Anti-
hypertensive treatment with amlodipine, enalapril and
propranolol was started for the case with high blood
pressure values. Since the blood pressure was some-
times above 99p during this period, IV esmolol treat-
ment was also applied for 2 days in addition to this

Dayl Day3 Day 7 Day 14 Day 21 Day 30 Day 40 Day 60
Hb (g/dL) 9.4 8.1 8.2 7.2 7 8.6 9.4 11.3
Hct (%) 26.9 23.6 24 20.4 20.2 26.8 27.9 334
WBC (10°/mm®) 20.3 28.7 19.3 13.4 14.3 17.3 9.2 7.4
Plt (10° /mm®) 142 134 143 163 163 315 319 329
Urea (mg/dL) 91.4 106.1 138.7 175.9 107.2 20.1 22.3 19.3
Creatinin (mg/dL) 3.48 4.05 3.65 4.02 1.5 0.44 0.38 0.42
CK (IU/L) 9526 2664 441 217 60 57 61 60
Na (mEq/L) 128 128 130 131 152 144 136 136
K (mEq/L) 3.6 3.5 5.1 53 2.6 4.8 4.5 4.2
Ca (mg/dl) 8.6 8.7 7.5 9.3 12.3 8.6 9.8 9.8
Albumin (g/L) 26.6 21.8 25.4 20.5 30.3 30.4 39 38.9
CRP (mg/L) 46.1 15.3 90.5 28 25.5 47.1 25.1 4.2
Procalcitonin 5.83 2.86 67.8 2.38 0.57 0.85 0.47 0.19
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Fig 1. Fasciotomy wounds at admission.

treatment. HD was performed 8 times in the first 17
days of the patient's stay in the intensive care unit and
23 days in the ward. The patient was followed up for
37 days in the intensive care unit and 23 days in the
ward. In the following days, urination increased, the
findings of compartment syndrome completely re-
gressed, and she did not need HD again. After the 30™
day of her hospitalization, her antihypertensive treat-
ments were gradually reduced and she was discharged
with amlodipine 0.3 mg/kg.

All four fasciotomy wounds were followed closely
from the first day of admission (Fig. 1). Infections due
to fasciotomy wounds are shown in Table 2. The an-
tibiotic treatment was changed to meropenem and col-
istin based on GFR due to the reproduction of
Acinetobacter Baumannii in the initial wound cultures.
Since the growth of colistin-sensitive Acinetobacter
Baumannii continued in repetitive wound cultures, it
was continued for 30 days. Vancomycin was added to
the treatment on the 20™ day of hospitalization due to
Staphylococcus Hominis growth in the blood culture,

and when there was no growth in the blood cultures,
it was discontinued on the 14" day of treatment. Phys-
iotherapy was applied for pain-related limitation of
motion and subsequent muscle weakness. The patient
who was experiencing mood disorders from the begin-
ning did not comply with physiotherapy and avoided
mobilization, prophylactic low molecular weight he-
parin was administered during her stay. The child was
evaluated by a psychiatric physician and mirtazepine
treatment was started.

In addition to antibiotic treatments for fasciotomy
wounds, VAC therapy, silver alginate wound dressing
and HBOT were applied along with general wound
care from hospitalization. The patient had sutures on
the 3™ thigh wound at the earthquake center on admis-
sion due to the "Gradual Suture Approximation" pro-
cedure (Fig. 1). During this period, the wound looked
infected and the sutures were removed, considering
that this procedure was conducted early. A total of 8
sessions of VAC therapy were applied to the medial
and lateral thigh fasciotomies, changing every three
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Table 2. Case wound culture results

Wound 1

Wound 2

Wound 3

Wound 4

Day 1 A. Baumannii A. Baumannii A. Baumannii A. Baumannii
(Colistin sensitive) (Colistin sensitive) (Colistin sensitive) (Colistin sensitive)
Day 14 A. Baumannii A. Baumannii A. Baumannii A. Baumannii
(Colistin sensitive) (Colistin sensitive) (Colistin sensitive) (Colistin sensitive)
Day 21 No Reproduction No Reproduction A. Baumannii A. Baumannii
(Colistin sensitive) (Colistin sensitive)
Day 25 Epitelized Epitelized A. Baumannii A. Baumannii
(Colistin sensitive) (Colistin sensitive)
Day 30 No Reproduction No Reproduction
Day 46 No Reproduction No Reproduction
Day 60 Epitelized

days due to their cavitary appearance. The VAC instil-
lation system, which provided periodic irrigation with
the hypochlorous acid solution (Crystalin®: pH7.1, ac-
tive chloride content 200 ppm), was used in the last
three VAC applications due to the reproduction in the
wound culture. No cavities were observed in the two

A
»‘ s

distal fasciotomies, so daily dressing with silver algi-
nate wound dressing was applied. HBOT treatment,
which was planned to be done daily, could only be ap-
plied for a total of 12 sessions due to the patient's lack
of compliance.

Bleeding in the form of leakage was common, es-

Fig 2. Fasciotmy wounds 3 months after admission.
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pecially during VAC treatment. Erythrocyte transfu-
sion was performed 4 times in the first 15 days. He-
modialysis treatment, frequent blood draw for
examination purposes and bleeding due to VAC treat-
ment were considered causes of anemia. With these
treatments, there was no bacterial growth in the first
and second fasciotomy wounds on the thigh on the 21
day and the wounds were epithelized on the 28" day.
No bacterial growth was found in the third and fourth
wounds of the cruris on the 30™ day, these wounds ep-
ithelized on the 60" day after discharge. It took the
longest time for the number 3 wound, located medial
to the cruris, to be fully epithelialized. The images of
the patient's fasciotomy wounds in the 3 month are
shown in Fig. 2. The patient, whose physiotherapy
compliance is still not good, has lost muscle mass in
both legs as well as drop foot syndrome in the left leg
where a fasciotomy was performed. EMG was
planned for evaluation of nerve damage but the patient
did not consent to EMG. Kidney functions and blood
pressures returned to normal, and outpatient controls
in child psychiatry and pediatric nephrology are per-
formed.

DISCUSSION

According to official figures, 50,783 people died and
122 thousand people were injured in the earthquakes
of 7.8 and 7.5 Mw, which occurred 9 hours apart, the
epicenter of which was in Kahramanmaras Pazarcik
and Ekino6zii districts on February 6, 2023. Compart-
ment syndrome and subsequent AKI are common
problems associated with mortality in cases dug out of
the wreckage during earthquakes [7]. However, wound
infection and sepsis are other serious problems in pa-
tients who develop compartment syndrome and there-
fore undergo fasciotomy [8]. The damage caused by
these wounds lengthens the hospital stay, even if in-
fection problems are well managed. The healing
process is hampered by psychological trauma caused
by the disaster, particularly in pediatric patients. Dur-
ing our patient's hospitalization, serious complications
such as compartment syndrome, AKI, the need for
dialysis as a result of this, stage 2 hypertension, psy-
chological problems that required treatment, wound
infection, and sepsis developed. All these complica-
tions are closely related. Data on the care and treat-

ment of fasciotomy wounds following compartment
syndrome are inadequate in the literature, particularly
in pediatric patients. Therefore, in particular, fas-
ciotomy wounds, related infections and their treatment
are primarily discussed here.

Compartment Syndrome is a medical emergency
characterized by decreased blood flow and oxygen de-
livery to muscle and nerve tissue as well as increased
intramuscular pressure. Increased compartment pres-
sure can result in muscle necrosis, nerve damage, and
limb loss. In order to reduce intramuscular pressure, a
fasciotomy is performed to surgically release the fas-
cia surrounding the compartment. It is critical to close
the fasciotomy wounds as soon as possible to mini-
mize infection, functional loss, and cosmetic risks.

Data on compartment syndrome and fasciotomy
in major earthquakes are limited, and unfortunately,
the majority of them are from Tiirkiye. One of the
biggest data sources we have is the data obtained from
639 patients in 15 hospitals due to crush syndrome in
the 1999 Marmara earthquake by Erek et al/. In this
article, it was reported that fasciotomies were opened
in 323 (50.5%) of the patients and that these fas-
ciotomy wounds were associated with sepsis and mor-
tality [7]. However, information about the treatment
and prognosis of the wounds is not given here. Re-
production in the fasciotomy wounds and sepsis were
the factors that most affected the patient's morbidity
in our case. Aerobic and opportunistic anaerobic bac-
teria have been reported to be the most commonly iso-
lated microorganisms in the wound area of crush
syndrome patients [9]. The importance of early closure
of fasciotomy wounds was mentioned again in the
study evaluating the infections in crush syndrome after
the Marmara earthquake, and especially the risk of
bleeding and infection was emphasized. In this study,
51 growths in 41 fasciotomy wounds from 30 patients
were evaluated, and the three most common bacteria
in wound cultures were found to be Acinetobacter spp
(23 reproduction), Pseudomonas aeruginosa (11 repro-
duction), and Methicillin Resistance Staphylococcus
aureus (9 reproduction) [8]. Acinetobacter Baumannii
growth was observed in recurrent cultures taken from
four wound sites in our patient, and colistin and
meropenem treatment was administered in accordance
with the antibiogram.

After the Marmara earthquake, 16 patients who
underwent fasciotomy were sent to a plastic surgery
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center 400 km away from the earthquake center, and
the treatment results of these patients were reported
by Duman et al. [10]. Accordingly, in 4 patients
(25%) had their extremity amputated after fasciotomy,
4 patients (25%) required rehabilitation after treat-
ment, and 8 patients (50%) were reported to have fully
recovered. Again, it was stated in this study that only
one patient had two fasciotomy wounds that required
rehabilitation after treatment, but no information was
provided about the wound treatment. No case has been
reported in the literature with 4 fasciotomy wounds on
the same extremity after an earthquake. Although there
were 4 fasciotomy wounds in the same extremity, all
wounds healed and closed, and no amputation was re-
quired in our case, however, unfortunately, drop foot
syndrome developed due to nerve damage in this ex-
tremity, and the patient's rehabilitation continues.

A partial-thickness skin graft is a popular option
for the early closure of fasciotomy wounds. However,
the wound area should be suitable for this and there
should be no infection. The use of grafts is limited by
problems such as sensory loss during follow-up, the
risk of graft non-adherence, and, in some cases, poor
cosmetic appearance [6]. This treatment option was
excluded for our patient due to early wound infections
and a large wound area. Another accepted treatment
option for fasciotomy wounds is Gradual Suture Ap-
proximation. Staples are placed along the wound
edges, and the suture is passed crosswise through these
staples and tied lightly. Every 48 hours, it is tightened
at the bedside. It is a simple, safe and cheap method.
Staple displacement, ischemia, and tissue necrosis are
among the rare complications. The presence of infec-
tion in the wound area, however, limits this treatment
option [6]. Our patient also had stitches in accordance
with the “Gradual Suture Approximation” procedure
carried out at the earthquake center. Considering that
these sutures would not be effective on the infected
wound, they were removed. Since the wound closure
was good in later periods, this procedure was not
needed.

In our case, VAC therapy and a silver alginate
wound dressing technique were used to treat four large
fasciotomy wounds on the left extremity. VAC therapy
is a treatment that involves sterile closure of the
wound area and continuously or intermittently apply-
ing negative pressure to the wound. It promotes wound

healing by increasing local blood flow, decreasing
local edema, promoting granulation tissue develop-
ment, fighting infection by reducing bacterial colo-
nization, providing a moist wound environment, and
accelerating epithelialization. Antiedema efficacy of
VAC therapy gains importance in tissue healing in
wounds with prominent edema, such as fasciotomy
wounds [6, 11]. The use of VAC in the treatment of
fasciotomy wounds in pediatric patients has been
shown to be safe and effective. In their 2009 article,
Gabriel et al. reported that the closure time of fas-
ciotomy wounds with the use of VAC therapy in pedi-
atric patients was 5 to 10 days and no complications
were encountered. [12]. However, there are also neg-
ative opinions about VAC treatment. In a recent study,
Kakagia et al. [4] discovered a higher need for skin
grafts, a higher cost, and a more extended treatment
duration in the treatment of VAC when compared to
the Stepped Stitching Approach technique.

In general, VAC therapy is well tolerated in pedi-
atric patients. The most common side effects are pain,
bleeding and skin irritation, but they are usually rare.
It is critical to monitor bleeding in fasciotomy wounds
after VAC application [11, 13]. Our patient's resistance
to treatment was caused by the presence of pain. Fur-
thermore, there was oozing bleeding in wound 3 at
first, but no such complication was observed in the
other wounds. We believe that VAC treatment was the
most effective treatment for our patient's wounds.
Grafts were not required in our patients, although they
were mentioned in the literature, particularly after
VAC treatment. Considering our patient's wounds,
wound healing times were deemed reasonable.

Silver alginate wound dressings are preferred in
the treatment of fasciotomy wounds with abundant ex-
udate due to their natural absorbent and antimicrobial
properties [14]. In our patient, silver alginate ab-
sorbent wound dressing was preferred for distal fas-
ciotomy wounds with a more limited cavitary
structure. It was regarded as an adjunctive treatment
to the primary treatment: VAC treatment.

HBOT is a treatment based on breathing 100%
oxygen in a pressurized cabin. It is intended to benefit
from the antiedema and antihypoxic effects of in-
creased tissue partial oxygen pressure with HBOT in
crush wounds. The literature on the use of HBOT in
pediatric fasciotomy wounds is limited, but available
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data suggest that these patients may benefit from
HBOT. In a 1998 article, it was reported that the re-
sults obtained with HBOT in 13 children with crush
injury were at a desirable level when evaluated on the
parameters of mortality, soft tissue loss and amputa-
tion rate [15]. In a case series of 3 cases in which
HBOT and VAC treatment were applied together and
supported with a gradual suturing approach, it was re-
ported that the wounds closed in 3-18 days [16]. The
12 sessions of HBOT treatment used on our patient
significantly aided the other two treatments. However,
in one case that emerged from the wreckage, taking
the patient with a mask to a closed area was deemed
the most significant disadvantage of this treatment in
pediatric patients. We had to discontinue this treatment
on some days when she received HBOT due to the pa-
tient's resistance. With VAC, silver alginate wound
dressings, and HBOT, the wounds on the thigh healed
in one month and the wounds on the cruris closed in
two months in our patient.

CONCLUSION

As a result, Tiirkiye is located within the earthquake
zone; unfortunately, new earthquakes are expected. In
these earthquakes, fasciotomy wounds will also be en-
countered along with many problems. One of the pri-
mary goals should be to perform surgical fasciotomies
only when necessary. Although this intervention is
often life-saving, it sometimes causes serious compli-
cations. All treatment options for these wounds should
be considered, and appropriate treatment should be
planned. Silver alginate wound dressings and HBOT,
both VAC therapy and supportive treatments, appear
to be good options for pediatric patients. However, we
need more data on this subject especially for the chil-
dren.
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